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The electron micrograph shows two cell organelles W and Y.

Organelle Y

Organelle W
Which structures are present in each of the organelle Y and W?
Organelle

RNA

DNA

Ribosomes

Double
membrane

A

W
Y

X
9

X
9

X
9

X
9

B

W
Y

X
X

X
9

X
X

X
9

C

W
Y

9
9

X
9

9
9

9
9

D

W
Y

9
X

9
X

9
X

9
X
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The energy for bond formation in polysaccharides is provided by uridine triphosphate (UTP)
instead of ATP. The stages involved in the formation of a glycosidic bond during cellulose
synthesis include:
1
2
3
4
5

Binding of an activated monosaccharide to the active site of a glycosyltransferase
enzyme
Release of UDP (uridine diphosphate) and water
Formation of a UDP-glucose complex releasing inorganic phosphate
Reaction between a hydroxyl group of a β-glucose and a UDP-glucose complex
Reaction between a hydroxyl group of β-glucose and UTP

What is the sequence of these stages?

3

A

3Æ1Æ5Æ2Æ4

B

3Æ5Æ4Æ1Æ2

C

5Æ1Æ3Æ2Æ4

D

5Æ3Æ1Æ4Æ2

Liposomes are spherical vesicles consisting of a single phospholipid bilayer. They can be
designed to carry pharmaceutical drugs into cells. The figure below shows the structure of a
liposome and two potential drugs, drug 1 and drug 2, that it can carry.

Which of the following statements are true?
1
2
3
4

Liposomes can carry both hydrophobic and hydrophilic drugs.
The interior of the liposome is aqueous.
Liposomes are able to fuse with the cell surface membrane of a cell.
Liposome-based membranes have a rigid structure.

A

1 and 3

B

2 and 3

C

1, 2 and 3

D

2, 3 and 4
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The figure below shows the various ions, molecules and transport proteins that are transported
across a synaptic junction.

Which of the following statements correctly describe the transport of substances across a
synaptic junction.
1
2
3
4

Some substances can readily diffuse across the membrane.
Ions move across the membrane only through protein channels.
Cationic pumps undergo a structural change in order to transport substances across
the membrane.
There are at least two transport mechanisms that require energy expenditure.

A

2 and 4

B

1, 2 and 3

C

1, 3 and 4

D

All of the above
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The diagram below shows three structural features of collagen.

Which structural features are correct?
Feature 2:
Many triple helices held
together with covalent
bonds

Feature 3:
Longitudinal
displacement of
tropocollagen molecules

A

Feature 1:
Triple helices of a
molecule held together
with hydrophobic
interactions
yes

yes

yes

B

no

yes

yes

C

no

yes

no

D

no

no

yes
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The graph below shows the effect of substrate of F6P (fructose 6-phosphate) concentration on
the activity of phosphofructokinase (PFK) at different ATP concentrations in glycolysis.

Using the information above, which statement(s) regarding the above reaction is/are correct?
1
2
3
4

7

ATP acts as a substrate, causing PFK to undergo conformational change, activating
and inactivating the enzyme.
High concentration of ATP binds to the allosteric site of PFK.
ATP acts as a competitive inhibitor.
ADP at high concentration reduces the inhibition of the reaction.

A

4 only

B

3 only

C

2 and 4

D

1 and 4

During DNA replication, the leading strand template first engages a DNA polymerase. The
lagging strand template then loops back at the fork and engages a second molecule of DNA
polymerase. Looping then allows both polymerases to synthesise daughter strands in the same
overall direction.
Which of the following statements explain why looping is observed during DNA replication?
1
2
3
4

The anti-parallel arrangement of the DNA strands.
The RNA primers are required to initiate DNA elongation.
DNA polymerase joins new nucleotides to the 3’ end of the growing strand.
Leading strand has to be synthesised from 5’ to 3’ direction, while lagging strand has to
be synthesised from 3’ to 5’ direction.

A

2 and 4 only

B

2 and 3 only

C

1 and 4 only

D

1 and 3 only
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A culture of bacteria was allowed to reproduce using nucleotides containing 14N for many
generations. The culture was then allowed to reproduce using nucleotides with the heavy
isotope of nitrogen, 15N, for one generation. The DNA of the bacterial cells was then examined
using a centrifuge before it was returned to a culture medium with nucleotides containing 14N.
The DNA of the bacterial cells was then examined again after two subsequent generations in
the culture medium with nucleotides containing 14N.
The diagram below shows the position of the DNA band at Y in the centrifuge tube when the
DNA was first labelled.

Which option shows the number of bands and their respective band positions for the two
subsequent generations in the culture medium with nucleotides containing 14N.

After one generation in 14N medium

After another generation in 14N medium

A

Two bands, 50% at Y and 50% at Z

Two bands, 75% at Y and 25% at Z

B

Two bands, 50% at Y and 50% at Z

Two bands, 25% at Y and 75% at Z

C

Two bands, 50% at X and 50% at Y

Two bands, 75% at X and 25% at Y

D

Two bands, 50% at X and 50% at Y

Two bands, 25% at X and 75% at Y
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The electron micrograph below shows several labelled structures present in a mitochondrion.

Which of the statements below correctly describe the labelled structures?
1

The structure labelled A is the polypeptide chain.

2

The structures labelled B are polyribosomes. Each 70S ribosome consists of a
50S large subunit and a 30S small subunit.

3

The structure labelled C is the 3’ end of template DNA strand.

4

The structure labelled C is the 5’ end of the mRNA strand.

A

1 and 2

B

1 and 4

C

2 and 3

D

1, 2 and 4
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The diagram below shows the structure of an M13 bacteriophage. It consists of a singlestranded circular DNA genome and capsid proteins g3p, g6p, g7p, g8p and g9p. One of the
capsid proteins g3p resembles the tail fibres of a lytic bacteriophage.

From the above information, which of the following statements are true of the M13
bacteriophage?
1
2

The base composition of its genome is such that the ratio of A:T is 1:1.
At least one of the capsid proteins is responsible for binding to a specific protein on
the host cell.
Its genome is injected into the host cell after the phage attaches to the host cell.
It acquires its envelope from the cell membrane of its host cell.

3
4
A
B
C
D
11

1 and 3
2 and 3
1, 2 and 3
2, 3 and 4

A type of bacteria causes fatalities in human. These strains of bacteria possess genes for a
toxin not found in the other harmless strains.
In an attempt to find out how these genes can be transferred between bacteria, several
experimental set-ups were carried out. The results are shown in the table below.
Conditions

Results

DNA isolated from virulent strain is Some virulent strains observed.
incubated with harmless strain.
Virulent and harmless strains of bacteria Some virulent strains observed.
are incubated in a container with no
barrier.
Virulent and harmless strains of bacteria No virulent strain found in the side with
are incubated in a container but separated harmless bacteria.
by physical membrane barrier.
From the information provided only, which of the following gene transfer processes could
have taken place?
1
2
3
A

transformation
conjugation
transduction

1 only

B

2 only

C

1 and 2

D

1 and 3
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The ara operon is required by Escherichia coli for the breakdown of a five-carbon sugar,
arabinose.
The following statements are with regards to the expression of genes in the ara operon:
x

The araB, araA, and araD structural genes code for metabolic enzymes that break down
arabinose.

x

Transcription is activated at araI, the initiator region,
an operator site and a promoter.

x

The araC gene encodes an activator protein
activates transcription of the ara operon.

x

An additional activation event is mediated by the same CAP–cAMP catabolite
repression system that regulates lac operon expression.

x

In the presence of arabinose, both the CAP–cAMP complex and the AraC–arabinose
complex must bind to the initiator region in order for RNA polymerase to bind to
the promoter and transcribe the ara operon.

x

In the absence of arabinose, the AraC protein assumes a different conformation and
represses the ara operon by binding both to araI and to a second operator region, araO,
thereby forming a loop that prevents transcription.

that,

which

when

bound

contains
to

both

arabinose,

Based on the information above, which statement is correct?
A

The presence of high glucose concentration increases the transcription of ara operon.

B

Arabinose is acting as a co-repressor in activating the AraC repressor.

C

Arabinose is acting as an end-product inhibitor when its level is high.

D

The AraC protein can act as both an activator and a repressor.
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Which of the following is true of gene regulation in both prokaryotes and eukaryotes?
A

Gene regulation of eukaryotes involves bending of DNA while in prokaryotes, chemical
modifications to DNA is required.

B

In eukaryotes, increase in efficiency of RNA polymerase requires specific transcription
factors to activate the initiation complex while in prokaryotes, activators are required to
bind directly or adjacent to promoter site to increase efficiency of RNA polymerase.

C

In eukaryotes, RNA polymerase binds to the TATA box while in prokaryotes, RNA
polymerase binds to the regulatory gene.

D

Repressors and activators regulate expression in eukaryotes while prokaryotes are
regulated by repressors only.

Which of the following statement(s) is/are true regarding haematopoietic stem cells and cancer
cells?

A

1

Both are able to move from one location to another.

2

Both are found in cancer patients.

3

Both are specialised cells and capable to differentiate further.

4

Both are capable of indefinite replication.

2 only

B

1 and 3

C

2 and 4

D

1, 2 and 4
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Polymerase chain reactions (PCRs) were carried out on fruit fly DNA. The DNA was added to
four test-tubes and the treatments for the test-tubes are shown in the table below. The primers
were designed to amplify a DNA section which is about 2 kb long.
Test-tube

Reagents

Temperature

1

Forward and reverse primers,
deoxyribonucleotides, Taq polymerase

94°C (for 30 s) Æ 55°C (for 45 s)
Æ 72°C (for 120 s)

2

Forward and reverse primers,
deoxyribonucleotides, Taq polymerase

55°C (for 75 s) Æ 72°C (for 120 s)

3

Forward primers only,
deoxyribonucleotides, Taq polymerase

94°C (for 30 s) Æ 55°C (for 45 s)
Æ 72°C (for 120s)

4

Forward and reverse primers,
deoxyribonucleotides, Taq polymerase

94°C (for 30 s) Æ 55°C (for 45 s)
Æ 37°C (for 120 s)

After the above treatments were completed, gel electrophoresis was carried out on the contents
of each test-tube. Which of the following gels shows the correct results for each of the tubes?
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The following statements describe gene mutation.
1
2
3
4

It can occur in both somatic and sex cells.
It can cause sickle-cell anemia and Down syndrome in humans.
It can affect mRNA splicing if mutation occurs within the intron of the gene.
It can change a dominant allele into a recessive allele, but not a recessive allele to
dominant allele.

Which statements are not correct?

17

A

3 and 4

B

1 and 3

C

2, 3 and 4

D

1, 2 and 4

A newborn baby was diagnosed with Patau syndrome. The diagram below shows her
chromosomes.

This is an example of
A

non-disjunction of sex chromosomes

B

chromosomal translocation

C

aneuploidy

D

polyploidy
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Which statement about the consequences of producing genetically identical cells is not correct?
A

All cells will have the same phenotypes.

B

All diploid cells will have the same alleles at the same loci.

C

All genes will be passed to the daughter cells.

D

All the coding sections of DNA will be preserved.

The diagram below illustrates the development of colorectal cancer.

Which of these statements can be inferred from this multistep model of carcinogenesis?
1

Cells whose APC and β-catenin genes are inactivated have lost density dependent
inhibition.

2

APC and β-catenin genes are most likely tumour suppressor genes.

3

High levels of Ras protein are produced only when both copies of Ras gene are mutated.

4

Two copies of normal p53 alleles must be present to inhibit cell division.

5

Gain-of-function mutation in COX-2 gene is one of the pre-requisites for the formation of
carcinoma.

A

1, 2 and 3

B

1, 2 and 5

C

2, 3 and 4

D

2, 3 and 5
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Two genes involved in coat colour of goats are at loci on different chromosomes.
The colour gene C causes the hairs to have uniform colour and has three alleles.
x
x
x

CDB giving dark brown hairs
CB giving black hairs
CMB giving medium brown hairs

A dominant allele of the agouti gene (AG) causes the development of white hairs between the
coloured hairs giving the coat a shaded appearance.
The table shows the results of crosses between a male goat and two female goats.
parents

offspring

black agouti male

50% uniform, 50% agouti;

x
uniformly dark brown female

50% dark brown, 50% black

black agouti male

all agouti;

x
medium brown agouti female

50% black, 50% medium brown

Which row shows the possible genotypes of the male and female goats?

A

CBCMBAGAG

uniformly dark brown
female
B DB G g
C C A A

B

CBCMBAGAg

CBCDBAgAg

CBCMBAGAG

C

CBCDBAGAG

CDBCMBAGAg

CBCDBAGAg

D

CBCMBAGAg

CBCDBAgAg

CMBCMBAGAG

black agouti male

medium brown agouti
female
MB MB G G
C C A A
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Length of legs, stripes on body, and eye colour of Drosophila were investigated to determine
the linkage of genes controlling these characteristics.
Pure-breeding parents were crossed to produce heterozygous F1. Subsequently, a test cross
was conducted on the F1 Drosophila to determine the relative distance between three different
pairs of genes. The relative distance between the genes is given by the percentage of
recombinants in the offspring.
The results of the test crosses are summarised in the table below.
parent
offspring

F1 individual

test cross
individual

long legs,
striped body

short leg,
plain body

130
long legs,
striped body

122
short legs,
plain body

24
short legs,
striped body

24
long legs,
plain body

long legs,
red eye

short legs,
white eye

79
long legs,
red eye

82
short legs,
white eye

55
long legs,
white eye

50
short legs,
red eye

striped
body,
red eye

plain body,
white eye

113
plain body,
white eye

112
striped body,
red eye

31
striped body,
white eye

36
plain body,
red eye

Which of the following correctly shows the relative position of the three genes controlling the
investigated characteristics?
A

B

C

D
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Chloroplasts contain chlorophyll a and chlorophyll b. Scientists found tobacco plants with a
mutation that caused them to make more chlorophyll b than normal tobacco plants. They
investigated the effect of this mutation on the rate of photosynthesis.
The scientists carried out the following investigation.
x They grew normal and mutant tobacco plants. They grew some of each in low light
intensity and grew others in high light intensity.
x They isolated samples of chloroplasts from mature plants of both types.
x Finally, they measured oxygen production by the chloroplasts they had isolated from the
plants.
x In each trial, the scientists collected oxygen for 15 minutes.
The graph shows the scientists’ results.

What can be concluded by the scientists based on the results they obtained?
1
2
3

The mutant plants that produced more chlorophyll b would grow faster than normal
plants in all light intensities.
At all light intensities, chloroplast from mutant plants have a faster production of ATP
and NADPH, leading to the faster rate of light-independent reaction.
The difference in the oxygen produced by the chloroplasts over 15 minutes from the
mutant plants grown in low and high light intensities at a light intensity of 500 μmol
photons m–2 s–1 during these trials is 35 μmol O2 mg–1.

A

1, 2 and 3

B

1 and 2

C

1 and 3

D

2 and 3
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Chemiosmosis is the term used to describe the synthesis of ATP using a proton gradient across
a membrane in a mitochondrion or chloroplast. It was first demonstrated by Peter Mitchell in
1961.
In some of his experiments, Peter Mitchell carried the following steps:
x
x
x
x

He used mitochondria that had been isolated from cells.
The mitochondria were kept in liquid, in glass tubes, to which ADP, Pi and other
substances were added.
The temperature, pH and water potential were kept constant.
After a period of time, he checked for the presence of ATP.

The table shows the contents of the tubes.
tube

tube contents

1

mitochondria + ADP + Pi + acetyl CoA + oxygen

2

mitochondria + ADP + Pi + acetyl CoA

3

mitochondria + ADP + Pi + low concentration of protons

4

mitochondria + ADP + Pi + high concentration of protons

Based on the information and table provided, which statements are true?
1
2
3

ATP is produced in tube 1 only.
In tube 1, oxygen acts as the final electron donor in oxidative phosphorylation.
If the water potential of the liquid in the glass tube is higher than the water potential
of the mitochondrial matrix, water enters the mitochondria by osmosis, rupturing the
mitochondrial membrane and hence, bursting the mitochondria.

A

1 only

B

3 only

C

1 and 3

D

1, 2 and 3
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Ethylene gas is a plant hormone that regulates plant growth, development and response to
environmental stress. It is produced from leaves, roots, stems, flowers and especially ripened
fruits.
Plants have various ethylene receptors, which are located in the endoplasmic reticulum (ER)
and are all structurally related. The diagram shows the ethylene signalling pathway. Ethylene
receptors are dimeric, transmembrane proteins, with a copper-containing ethylene-binding
domain and a domain that interacts with a cytoplasmic protein called CTR1.

Which statements provide the most direct evidence that the ethylene gas signalling mechanism
functions to mediate gene expression?
1
2
3
4

A

In the absence of ethylene, active CTR1 stimulates the ubiquitination and degradation
in proteasomes of EIN3.
In the absence of ethylene, the active ethylene receptors halts transcription of ethyleneresponsive genes through degradation of EIN3.
In the presence of ethylene, its binding inactivates the receptor, altering their
conformation so that they no longer activate CTR1.
In the presence of ethylene, the EIN3 protein does not undergo selective degradation
and can now activate the transcription of the large number of ethylene-responsive
genes.
1 and 2

B

2 and 3

C

2 and 4

D

3 and 4
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The colouring, toxicity and mating calls within the populations of 170 species of frogs have
gradually changed. These changes are related to the need to attract mates and the effects of
predation.
A study found that the more toxic the male frog, the brighter the colouring and the longer and
louder its calls. Non-toxic male frogs are camouflaged and call briefly from less exposed
positions.
Which of these statements explaining whether these changes are an example of microevolution or macro-evolution could be correct?
1

These changes are an example of macro-evolution because they involve 170 species
of frogs that show variation between the different species.

2

These changes are an example of micro-evolution since they can be explained by the
effect of natural selection acting only within populations.

3

This example is not macro-evolution since the only changes are in colouring, toxicity
and mating calls within populations.

A

1 only

B

2 only

C

2 and 3 only

D

3 only
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The cichlid family of fishes living in Africa’s Lake Victoria have undergone extensive adaptive
radiation. In the cloudy waters of Lake Victoria, the shallow parts of the lake are dominated by
blue light. The depths of the lake, however, are dominated by red light due to the absorption by
sediment particles. Cichlids with colour vision sensitive to blue light prefer to dwell in shallow
waters of the lake, while cichlids with colour vision sensitive to red light dwell in the deeper
waters. Light sensitivity is thought to correlate with the cichlid’s ability to survive.
Male cichlids also display a wide variation of body colouration. Males with blue body colouration
appear brighter in the shallow waters and have greater reproductive success there, while males
with red body colouration appear brighter in the deeper waters and experience greater
reproductive success at these depths.
The following figure summarises the observations made about these cichlids.

How many of the following statements regarding the speciation process of cichlids is true?
1

Disruptive selection has occurred due to variations in light sensitivity in cichlids.

2

Speciation is driven by preferential mate selection by female cichlids.

3

Allopatric speciation due to geographical isolation has taken place.

4

The mechanisms for reproductive isolation in these cichlids are pre-zygotic.

A

1

B

2

C

3

D

4
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The diagram below shows the structure of an antibody.

X

Y

Z

Which of the following correctly matches the events with the regions in which diversity is
generated?
Somatic recombination
X
Y
Y
Z

A
B
C
D
28

Somatic hypermutation
X
X
Y
X

Class switching
Z
Z
Z
Y

The diagram below shows the antibody production during a primary and a secondary immune
response.

Which of the following statement(s) is/are correct?

A

1

Class switching only occurs during the secondary immune response.

2

The secondary immune response is faster and stronger compared to the primary immune
response.

3

Class switching results in the production of antibodies with higher binding affinity during the
secondary immune response.

4

Vaccination ‘primes’ the immune system such that a secondary immune response can be
mounted when the body encounters the actual pathogen.
2 only

B

2 and 4

C

1, 2 and 4

D

All of the above
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Melting at the Arctic as a result of climate change would affect the ecosystems and food webs
there, resulting in loss of species. However, determining the extent of how the loss of one
species might affect other species is a challenge.
Which of the following statements explain why the challenge exists?

30

1
2

The consequences on a food web takes time to observe.
Organisms may adapt their dietary preference when their primary food source is scarce.

3

Ecosystems in the Arctic are poorly understood by scientists given the harsh climate.

4

It is difficult to identify trophic levels in a food chain because of the diverse feeding
behaviours.

A

2 and 4

B

1 and 3

C

1, 3 and 4

D

1, 2 and 4

Climate change has resulted in the spread of malaria beyond the tropics. What is/are some
way(s) to combat its spread?
1

Release Wolbacchia infected male Aedes mosquitoes.

2

Introduce mandatory consumption of antibiotics in citizens as preventive measures.

3

Introduce the sickle cell anaemia allele into human genome.

4

Quarantine travellers who have fever and chills.

A

2 only

B

1 and 3

C

2 and 4

D

4 only
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2
Answer all questions
1

Fig. 1.1 shows an electron micrograph of part of an acinar cell found in the pancreas.

A

B

C
Fig. 1.1
(a)
(i)

With reference to Fig 1.1,
Identify organelle A.
[1]
A: …………………………………………………………………………………………

(ii)

Explain how organelle A can become part of the cell surface membrane.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[2]
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3
(b)

Describe the differences, in structure and function, between of the organelles B and C.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
(c)

[3]

Fig. 1.2 and Fig. 1.3 below show the structure of a human insulin molecule. In Fig. 1.2,
each circle represents one amino acid.

Fig. 1.2

Fig. 1.3
Need a home tutor? Visit smiletutor.sg

4
With reference to Fig. 1.2 and Fig 1.3, describe how insulin attains its three-dimensional
structure.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[4]

[Total: 10]
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Fig. 2.1 shows the structure of molecules and some associated processes found in a cell.

Nucleus

Cytoplasm

Growing polypeptide
chain

Y

Z
X

Fig. 2.1
(a)
(i)

With reference to Fig 2.1,
Outline the events in the nucleus that produces structure X.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[5]
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(ii)

Identify structure Y.
Y: …………………………………………………………………………………………

[1]

Parasites cause diverse types of disease, for example, malaria. Drug treatments are
required to address varying causes of pathogenesis. A new class of drugs has been
developed to block the formation of structure Y in parasites.
(iii) Suggest how the use of such drugs is effective in treating infections.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
(b)

[2]

Explain the role of structure Z in protein synthesis.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[2]

[Total: 10]
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3

In a non-dividing cell as shown in Fig. 3.1, chromatin can be observed in two states –
euchromatin or heterochromatin.

Fig. 3.1
(a)

Describe and explain the difference between the appearance of euchromatin and
heterochromatin.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[2]

Gene expression can be controlled via chromatin modifications. This is a form of
epigenetics, which is defined as changes in gene activity and expression that occur
without alteration in DNA sequence.
(b)

Outline how two forms of epigenetic modifications can prevent transcription.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[5]
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The Chromatin Immunoprecipitation (ChIP) Assay is a popular technique used to
characterise chromatin modifications and analyse the occupancy of transcription factors
at specific loci or throughout the genome of a cell.
In cancerous cells, a high occupancy of transcription factors is observed on a certain
group of genes.
(c)

Explain the role of these transcription factors in the control of gene expression in
cancerous cells.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[3]

[Total: 10]
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4

Fig 4.1 shows the numbers of T helper cells in the blood and the number of HIV viruses in
the body over the course of an untreated HIV infection.

Fig 4.1
(a)

Describe how HIV enters the T helper cells.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
(b)

[2]

State the CELL THEORY and explain how HIV challenges the concepts of what is
considered ‘living’ in the CELL THEORY.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[2]
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(c)

Explain why it is sufficient for HIV to contain only RNA for its reproductive cycle.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
(d)

[3]

With reference to Fig 4.1, explain why an individual is highly susceptible to death between
the 9th and the 10th year of infection.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[3]

[Total: 10]
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5

(a)
(i)

Fig. 5.1 shows what happens in the human body when antigens are encountered.

Fig. 5.1
With reference to Fig 5.1,
State the type of the nuclear division in process A.
A: ……………………………………………………………………………………………

(ii)

[1]

Explain why the daughter cells that arise from process A are genetically different from
each other.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
(iii)

[2]

Describe two differences between structures of X and Y.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[2]
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(b)

Two groups of cells are produced after process A, as shown in Fig. 5.1. Explain the
significance of having these two groups of cells.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
(c)

[3]

Outline how genetic variation can be achieved in another named organ of the human
body.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[2]

[Total: 10]
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6

To study the inheritance of coat colour and eye colour in deer-mice, scientists performed
two crosses. The table below shows the phenotypes of the F1 generations from these two
crosses.
Cross
1
2

Parents (pure bred)
Black eye, coloured female
X
Pink eye, albino male
Black eye, coloured male
X
Pink eye, albino female

F1 phenotype

Number of F1
progeny

All black eye, coloured mice

77

All black eye, coloured mice

68

A black eye, coloured male mouse from the F1 generation was crossed with a pink eye,
albino female mouse and the following F2 offspring were produced:

(a)

Black eye, coloured

147

Black eye, albino

42

Pink eye, coloured

46

Pink eye, albino

117

Explain the purpose of carrying out crosses 1 and 2.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[1]
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(b)

Using suitable symbols, draw a genetic diagram to explain the results of a test cross of a
male mouse from the F1 generation.

[4]
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The chi-squared (F2) test was then performed on these results with the following
information.
Observed

Expected

ሺࡻ െ ࡱሻ
ࡱ

Black eye, coloured

147

………

………

Black eye, albino

42

Pink eye, coloured

46

Pink eye, albino

117

F2 phenotype

(c)

………
………
………

24.05
20.05
9.56

Complete the missing information in the table above and derive the value of calculated F2.
Show your working clearly.

[2]
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The F2 distribution table is shown below.
number of degrees
of freedom (v)
1
2
3
4

(d)

probability
0.05
3.84
5.99
7.82
9.49

Using the calculated value of F2 and the table of probabilities provided in the table above,
explain the conclusions drawn from the F2 test.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[3]

[Total:10]
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7

Palisade cells have both chloroplasts and mitochondria. Exchanges between a
mitochondrion, a chloroplast and the cytoplasm surrounding them are shown in Fig 7.1.

Fig. 7.1
(a)

Explain why oxygen is needed for the production of ATP in the mitochondrion.
………………………………………………………………………………………………………..
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….

[4]
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A leafy shoot is sealed inside a transparent container. The concentration of oxygen in the
atmosphere within this container is measured. In the dark, the oxygen concentration falls.
At high light intensities, the oxygen concentration increases. At a particular light intensity,
the oxygen concentration in the container remains constant.
(b)

Using Fig. 7.1, explain how it is possible for the oxygen concentration to remain constant.
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….

(c)

[2]

The Calvin cycle is part of the light-independent reactions of photosynthesis. These
reactions continue when a plant is moved from light conditions to dark condition, but only
for a very short time.
Explain why this is so.
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….
……………………………………………………………………………………………….……….

[4]

[Total:10]
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8

Fig. 8.1 shows the sequence of events in the glucagon signaling pathway in a hepatocyte.

Stage A

Fig. 8.1
(a)

(i)

Describe how the binding of Gsα subunit would activate adenylyl cyclase.
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..

(ii)

[2]

Explain how Stage A shows signal amplification.
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..
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(iii)

With reference to Fig. 8.1, explain the various cellular responses that lead to an increase in
blood glucose concentration.
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..

(b)

[4]

Explain why glucagon cannot act directly on the DNA in the nucleus.
………………………………………………………………………………………………………………….
………………………………………………………………………………………………………………….

(c)

[1]

When glucagon levels in the environment remain high for several hours, cells usually undergo
desensitisation, such that they no longer respond to that concentration of hormone. This prevents
excessive and prolonged receptor activity.
Suggest how cells can decrease the stimulation of receptor molecules by the presence of high
concentration of ligands.
………………………………………………………………………………………………………………….
………………………………………………………………………………………………………………….
………………………………………………………………………………………………………………….

[2]

[Total : 10]
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9

The marine threespine sticklebacks, Gasterosteus aculeatus is a freshwater fish living in the
lakes of British Columbia, Canada as shown in Fig. 9.1.

Fig. 9.1
In order to investigate the process of speciation in these populations, three small lakes were
studied. Each lake contained two varieties of stickleback: a large, bottom-dwelling variety that
fed on invertebrates near the shore and a small, plankton-eating variety that lived in the open
water. The probability of breeding between pairs of individuals was measured under laboratory
conditions in the following breeding combinations:
I
II
III
IV

different varieties from the same lake
different varieties from different lakes
same variety from different lakes
same variety from the same lake

The data is summarized in Fig. 9.2 below.

Fig. 9.2
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(a)

(i)

Identify the highest and lowest probabilities of breeding for individuals of the same variety
from different lakes.
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..

(ii)

[1]

With reference to Fig. 9.2, describe the differences in probability of breeding between
individuals from the same lake.
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..

(b)

[2]

Scientists were not able to conclude that speciation is taking place in these populations. With
reference to Fig. 9.2 and your knowledge, explain why this is so.
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
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Besides the lakes of British Columbia, Canada, the Hawaiian Islands are also studied for
speciation as they are some of the most isolated islands in the world. The Hawaiian Islands
were formed at different times. The first birds to have flown to these islands probably arrived
millions of years ago from East Asia.
Fig. 9.2A and 9.2B shows the fossils of two extinct species of Hawaiian waterfowl found on two
different islands. The giant Hawaiian goose was a flightless bird whereas the nene could fly.
Until recently, the evolutionary relationships among Hawaiian waterfowl are known only from
bone structures. Fig. 9.2A shows the skulls and mandibles while Fig. 9.2B shows the wing and
leg bones of the giant Hawaiian goose and nene.

Fig. 9.2A Skulls and mandibles of (a) giant Hawaiian goose and (b) nene

Fig. 9.2B Wing (left) and leg bones (right) of (a) giant Hawaii goose and (b) nene.
(Source:https://www.researchgate.net/figure/11540628_fig2_Fig-3-Left-ulna-and-tibiotarsus-a-Bcanadensis-maxima-USNM-555497-b-giant)
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(c)

With reference to Fig 9.2A and 9.2B, discuss whether these fossils can be used to support
Darwin’s theory of evolution.
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………….

(d)

[3]

Explain why molecular data is able to overcome the limitations of this fossil study.
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..

[2]

[Total : 12]
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The mosquito Aedes aegypti is the principal vector of dengue virus (DENV). DENV replicates
within the mosquito, beginning in the midgut tissue and eventually ending up in the saliva glands.
It has been found that a Talaromyces fungus, Tsp, in the midgut makes the A. aegypti mosquito
more susceptible to DENV infection by inhibiting transcription of trypsin genes as shown in Fig.
10.1. Trypsin is a protease.

Fig. 10.1
(a)

Suggest how the presence of trypsin enzymes may inhibit DENV replication.
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
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(b)

Explain how understanding the processes in Fig. 10.1 can help scientists to combat the spread
of dengue.
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..

[2]

Fig. 10.2 shows how antibody-dependent enhancement (ADE) results in a more severe form of
dengue fever when a person who had previously been infected by DENV gets infected again by
a different DENV.

Fig. 10.2
(c)

Describe the interactions at A.
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..

(d)

[2]

Explain how the interactions at A eventually lead to an increased viral load in patients.
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………..

[2]

[Total : 8]
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Section A
Answer all the questions in this section
1

Fig 1.1 shows the feather colours and stripes in chickens. A gene for feather colour in chickens is
carried on an autosome. This gene has two alleles, black (CB) and splashed-white (CW). When a
male chicken with black feathers is mated with a female chicken with splashed-white feathers, all
the offspring have blue feathers. This also occurs when a male chicken with splashed-white
feathers is crossed with a female with black feathers.

Splashed-white
feathers

Black
feathers

Barred feathers

Fig. 1.1
Another gene may cause stripes on feathers (barred feathers). The gene is carried on the X
chromosome. The allele for barred feathers (XA) is dominant to the allele for non-barred feathers
(Xa). In chickens the male is homogametic, while the female is heterogametic.
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(a) A male chicken with black, non-barred feathers was crossed with a female chicken with splashedwhite, barred feathers. All the offspring had blue feathers, but the males were barred and the
females were non-barred.
(i) Using the symbols given, draw a genetic diagram to show this cross.

[2]

(ii) Explain how a farmer could use a breeding programme to find out the genotype of a male
chicken with blue, barred feathers.

[3]
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(b) The table below shows the genotypes and wool length in two breeds of sheep, X and Y, and their
F1 hybrids.
Genotype

Mean wool length/cm

Breed X

DDEEff

18

Breed Y

ddeeFF

14

F1 (breed X x Breed Y)

DdEeFf

16

When the F1 hybrids were crossed, the F2 offspring had a mean wool length ranging from 10 cm
to 22 cm.
Assume that the inheritance of wool length in sheep depends upon alleles at three loci acting
additively and that all variation in wool length in the F2 population is due to the segregation of
alleles at these three loci.
(i) How many different types of gametes would be produced by an organism of genotype
DdEeFF, if all of the genes assort independently?
[1]

(ii) What proportion of the F2 offspring is expected to have a mean wool length of 22 cm? Explain
your reasoning.

[4]
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(c) Fig. 1.2 shows the effect of temperature on the egg-to-adult survival rates and the behaviour of
adult mosquitoes.

Fig. 1.2
Using evidence from Fig. 1.2, explain why it is difficult to reach a valid conclusion about the rate of
transmission of diseases caused by mosquitoes when temperature increases from 30 to 34°C.

[4]
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(d) Chloroquine-resistant (CQR) malarial parasites, P. falciparum, were first reported in 1950s and are
now widespread. The resistance is caused by mutations of a gene known as pfcrt.
(i) Explain whether resistance to chloroquine in P. falciparum is an example of continuous or
discontinuous variation.

[2]

(ii) Suggest why CQR P. falciparum are now widespread.

[4]
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In the non-CQR P. falciparum, chloroquine accumulates in the digestive vacuole of
P. falciparum and interferes with the detoxification of haem in the host red blood cell. This results
in parasite death.
Research shows that there is a point mutation in the pfcrt gene of CQR P. falciparum which leads
to the formation of a chloroquine-resistance transporter located in the digestive vacuole
membrane of CQR P. falciparum.
This mutation changes the amino acid from lysine to threonine at the binding site of the
chloroquine-resistance transporter.
(e) Using the information provided, suggest how this mutation of pfcrt gene increases the chloroquine
resistance in P. falciparum.

[3]

Besides malaria, AIDS is also an infectious disease caused by human immunodeficiency
virus (HIV). Immediately following a HIV infection, there is a period of high levels of HIV in the blood
(viremia). HIV is an intracellular pathogen and would stimulate a strong CD8 cytotoxic T cell
response. Antibodies against HIV glycoproteins and nucleocapsid proteins are also produced. The
immune response against HIV results in a reduction in viremia but does not eliminate the virus
completely.
(f) It is known that HIV infects CD4 T helper cells. Suggest other features about HIV that make it
difficult for the immune response to eliminate it.

[2]
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(g) Fig. 1.3 shows a test that has been developed to find out if a person has antibodies to the HIV
antigen.

Fig. 1.3
(i)

Explain why the solution will remain yellow if a person is not infected with HIV.

[2]

(ii) A mother who was infected with HIV gave birth to a baby. The baby was tested positive using
this test. Suggest why this does not prove that the baby is infected with HIV.

[2]

(h) This test only detects the presence of HIV antibodies. Suggest other additional methods to confirm
if a person has AIDS.

[1]
[30 marks]
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2

Central to the energy metabolism of aerobically respiring cells is the enzyme ATP synthase. It
consists of multiple subunits, coded for by several genes.
The enzyme is located on the inner mitochondrial membrane and catalyses the reversible reaction
of ATP synthesis from ADP in intact mitochondria.

(a) Explain how the components of the inner mitochondrial membrane are significant in driving ATP
synthesis during aerobic respiration.

[3]

In a cell-free or mitochondrial-free system, the same enzyme can also catalyse ATP hydrolysis
when ATP is present. This reaction can be exploited for the investigation of ATP synthase activity.
The enzymatic activity of ATP synthase can be measured indirectly by measuring the relative
NADH concentration in the solution as shown in the reaction below in Fig. 2.1.
ATP produced when phosphoenolpyruvate is converted to pyruvate by pyruvate kinase, is acted
upon by ATP synthase to form ADP.
pyruvate kinase
Phosphoenolpyruvate

pyruvate
ADP

ATP

lactate dehydrogenase
lactate
NADH

NAD+

ATP synthase
Fig. 2.1
The relative concentration of NADH can be tracked with a spectrophotometer as NADH absorbs
light at 340nm while NAD+ and other molecules in the system do not.
(b) In examining the activity of ATP synthase using the reactions in Fig. 2.1, explain why
phosphoenolpyruvate, ATP and NADH need to be in high concentrations.

[2]
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Curcumin, a phytochemical isolated from the rhizome of turmeric, has been shown to affect the
activity of ATP synthase. However, its effect varies according to the source of ATP synthase.
Fig. 2.2 shows the effect of curcumin on ATP synthase molecules isolated from the liver
mitochondria of a rat.
% control refers to ATP synthase activity with reference to activity at 0 μM curcumin.
190

ATP synthase activity / % control

180
170

160
150
140
130
120
110
100
90
80
0

20

40

60

80

100

Concentration of curcumin / μM
Fig. 2.2
(c) With reference to Fig. 2.2, suggest the role of curcumin in ATP synthesis and explain how it
achieves the effect shown.

[3]
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Mitochondrial diseases caused by faulty mitochondria can be passed down from a diseased mother
to her child and cause a long-term impact on the child’s health.
A novel technique, coined ‘Three-parent baby’ seeks to offer mothers a way to have a child without
passing on metabolic diseases caused by faulty mitochondria. Researchers achieve this by
exchanging the diseased mitochondria of a prospective mother with those of a healthy, unrelated
donor: the ’third parent’.
The ‘Three-parent baby’ procedure is designed to work as follows:
x Signing of a consent form containing superficial information of the treatment by the
participating parents to acknowledge that their egg would be undergoing an experimental
technique
x Isolation of participating mother’s eggs
x Freezing and heating the embryo before use of an electrical pulse to fuse the mother's nucleus
into the donor egg
x Fertilization of modified egg with the father’s sperm before implantation into mother’s uterus
x Periodic mitochondrial testing and health monitoring of baby

(d) Comment on the possible ethical concerns of this new technique.

[2]

[10 marks]
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3

Transplantation treatment using cord blood stem cells has the potential to treat many
haematopoietic disorders.
x Small amount of stem cells from the baby’s cord blood could be collected from the umbilical
cord and stored.
x A patient who suffers from haematopoietic disorder can receive cord blood stem cells from a
matching donor, either a sibling or an unrelated donor from the cord blood bank. This mode of
transplantation is known as allogenic transplantation.
x The patient may also receive their own stem cells if their cord blood stem cells had been
stored. This mode of transplantation is known as autologous transplantation.

(a) Explain why cord blood stem cells are suitable for treatment of haematopoietic diseases.

[4]

(b) Comment on the effectiveness of allogenic and autologous transplantation.

[2]
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Targeted gene replacement is another potential treatment method for genetic disorder. In a
particular experiment, a gene locus with mutant Rag 2 allele could be replaced by a normal
dominant allele using the targeted gene replacement method.
To ensure that normal dominant allele was inserted successfully into the cells with Rag 2 mutation,
10 μg of DNA from 3 different cells was digested by restriction enzyme and further analysed. Fig
3.1 shows the result of the analysis.

Fig 3.1
(c) State which cell(s) had the mutant Rag 2 allele successfully replaced and outline the steps taken
to analyse the DNA.

[4]

[10 marks]
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Section B
Answer one question in this section
Write your answers on the lined paper provided at the end of this Question Paper.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answer must be set out in parts (a), (b), etc., as indicated in the question.
4

(a)

‘Life is impossible without membranes.’
Discuss how regulation of membrane fluidity is achieved in living organisms and
justify why the statement above may be true.
[15]

(b)

Singapore’s recent dengue outbreak seems to follow a cyclical pattern, recurring
every six to seven years. Dengue outbreak occurred in 2005 – 2006 and in 2013 –
2014. In every outbreak, the pre-dominant dengue serotype was observed to be
different. Besides following a cyclical pattern, traditional yearly dengue season
peaked from June to September.
Discuss the factors that lead to the cyclical and seasonal epidemic pattern of
dengue outbreak.
[10]
[Total:25]

5

(a)

Discuss the view that all life forms depend on phosphate.

(b)

‘Disease-causing bacteria and viruses naturally evolve faster than their human
hosts, so they will ultimately cause human extinction.’

[10]

Comment on the validity of this statement, including factors that prevent diseases
from wiping out humanity.

[15]

[Total: 25]
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Answer all questions.
1
(a)

You are required to investigate the effect of enzyme concentration on the rate of photosynthesis
using plant extract after they have been incorporated into alginate beads.
(i)

Sketch a fully-labelled graph to show the expected relationship between enzyme
concentration and the rate of photosynthesis.

[2]
The rate of photosynthesis can be measured by the time taken for the colour of an indicator solution
to change. This is indicative of the rate of carbon dioxide being taken in by the plants.
At atmospheric concentration of carbon dioxide, this indicator is yellow in colour.
You are provided with:
x
x
x
x

Sodium alginate, A
Indicator solution, in a container labelled B
Calcium chloride solution, in a container labelled C
Section of a fresh leaf

Before starting the experiment, read through Steps 1 to 13.
Proceed as follows
1
Place the fresh leaf on a white tile and cut the fresh leaf into two squares of 5cm X 5cm. With
a scalpel, carefully remove any large veins and discard them. Continue to cut the leaf into
small pieces. Place all the leaf pieces in the mortar provided and add 5cm3 of cold buffer
solution.
2

Carefully grind the cut leaf using the mortar and pestle provided for about 3 - 5 minutes to
obtain a dark green leaf extract. Using a sieve, pour the leaf extract into a 50ml beaker.

3

Using a 5cm3 syringe, transfer 3cm3 of the plant extract into a vial, taking care not to
introduce air bubbles into the container. Next, transfer 3cm3 of the sodium alginate, A, into
the vial with the plant extract, again taking care not to introduce air bubbles into the
container.

4

Gently mix the plant extract and alginate by stirring the mixture with a glass rod. Do not mix
vigorously as this may introduce air bubbles into the mixture.
Need a home tutor? Visit smiletutor.sg
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5

Attach an empty 10cm3 syringe without its plunger vertically in the clamp stand, as shown in
Fig. 1.1.

Fig. 1.1
6

Pour approximately 30cm3 of calcium chloride, C into a 50ml beaker. Place the beaker
directly underneath the syringe as shown in Fig. 1.1, ensuring a distance of around 3cm
between the syringe nozzle and the surface of the calcium chloride solution.

7

Pour the plant extract and alginate mixture into the syringe. Let all the mixture drip into the
beaker of calcium chloride. Observe the release of drops from the syringe.
You are required to decide on the method that you will use to determine the rate at
which drops are released.
The method should use the apparatus available, take no longer than five minutes and allow
an assessment of the degree of confidence in the results to be made.

(ii)

Describe the method that you plan to use.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………[2]

(iii)

A problem in step 7 is that one variable which should be controlled will vary. From your
observations, identify the variable in step 7 that cannot be controlled and describe the effect
on the results of changing this variable.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………[2]
Need a home tutor? Visit smiletutor.sg
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8

The mixture will form a bead upon contact with calcium chloride. Leave the beads in the
beaker of calcium chloride for 5 minutes to let them solidify.

9

Using a spoon, transfer the beads into an empty beaker, and rinse them using distilled water.
Next, pour away the distilled water and add fresh distilled water. Leave the beads in fresh
distilled water.

10

Using a spoon or a pair of forceps, add 2 alginate beads containing plant extract of similar
size and shape into the boiling tube. Using a syringe, transfer 5cm 3 of B into the boiling tube.
Quickly cap the boiling tube with a stopper.

11

Place the boiling tube into a test tube rack and position the boiling tube 10cm from a lit lamp.
Switch on the lamp and start timing with a stop watch.

12

Record the time taken for the colour of the indicator to change from yellow to green. If the
colour does not change after 480 seconds, record as ‘more than 480’.

13

Repeat steps 10 - 12 with 6, 10, 14 and 18 alginate beads containing plant extract. Manage
your time carefully while conducting the repeated steps.

(iv)

Record your results in a suitable format in the space below.

[3]
(v)

Explain the effect of the number of alginate beads containing plant extract on the rate of
photosynthesis.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
………………………………………………………………………………………………………....[3]
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(vi)

State and explain two assumptions which you have made in order for a colour change to be
observed at step 11.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………[4]

(vii)

State and explain two modifications you would make to steps 1 to 12 to increase the degree
of confidence in your results.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………[4]

(viii)

Suggest a suitable control for this experiment.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………[2]
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(b)

A student used a similar method to investigate the effects of different types of plant extracts on the
rate of photosynthesis. However he used a spectrophotometer to measure the colour change after 8
min of investigation.
Table 1.1
Plant extract

Absorbance / Au
Replicate 1

Replicate 2

Average

A

0.36

0.37

0.37

D

0.74

0.74

0.74

B

0.64

0.65

0.65

C

0.70

0.73

0.72

Draw a chart of the student’s results in Table 1.1 on the following grid, to show the effect of different
plant extracts on the rate of photosynthesis.

[3]
[Total:25]
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2

(a)

You are required to investigate the effects of potassium nitrate and lead nitrate solutions on cells of
the plant material with which you have been supplied.
1

Using a pair of forceps, peel off one or two thin layers of epidermis from the most deeply
pigmented areas of the plant tissue. Remove as little of the underlying tissue as possible.

2

Cut the epidermis so that you have two squares of tissue, each about 3 mm x 3 mm. Place
these squares in a dish of distilled water.

3

Mount one piece of tissue on a microscope slide in distilled water under a cover slip. Label
this as slide A.

4

Mount the other piece of tissue in 1 mol dm-3 potassium nitrate solution under a cover slip.
Label this as slide B.

5

Leave both slides aside for 5 minutes before examining them under the microscope.

(i)

State one observed difference between the appearance of majority of epidermal cells in slide
B from those in slide A.
……………………………………………………………………………………………………………...
…………………………………………………………………………………………………………..[1]

(ii)

Account fully for the change in appearance of the cells when placed in 1 mol dm -3 potassium
nitrate solution.
……………………………………………………………………………………………………………...
……………………………………………………………………………………………………………...
……………………………………………………………………………………………………………...
……………………………………………………………………………………………………………...
……………………………………………………………………………………………………………...
…………………………………………………………………………………………………………..[2]

(iii)

Heavy metals such as lead and copper are toxic to plants.
Predict the appearance of the epidermal cells if the epidermis is mounted in 1 mol dm-3 lead
nitrate solution. Explain your prediction.
……………………………………………………………………………………………………………...
……………………………………………………………………………………………………………...
……………………………………………………………………………………………………………...
……………………………………………………………………………………………………………...
……………………………………………………………………………………………………………...
…………………………………………………………………………………………………………..[2]
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Fig. 2.1 shows the view of a mammalian white blood cell, using an eyepiece graticule and the highpower objective lens of a microscope.

Fig. 2.1
(b)

Use a table to record three observable differences between the blood cell in Fig. 2.1 and the cells
you saw in slide A.

[3]
(c)

The student calibrated the eyepiece graticule against a stage micrometer with the following results:
x Number of eyepiece graticule divisions across 5 stage micrometer division = 25
x One stage micrometer division = 0.01 mm
(i)

Use this information to calculate the actual diameter of the cell in μm. Show your working
clearly.

(ii)

Calculate the magnification of the blood cell in Fig. 2.1. Show your working clearly.

[3]

[2]
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(d)

Fig 2.2 shows the view of a dicot Syringa leaf specimen under x40 objective lens of the
microscope.

Palisade
mesophyll
layer

Fig 2.2
(i)

Source: botit.botany.wisc.edu

Make a plan drawing of Fig 2.2, in the space below. Labels are not required.

[4]
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(ii)

Make a high power labelled drawing of three palisade mesophyll cells as shown in Fig 2.2, in
the space below.

[4]
[Total: 21]
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3

Pipistrellus is a genus of bats in the family Vespertilionidae. Classifying bat species based on their
evolutionary relationship is difficult because of the large diversity of species. Fig. 3.1 shows the
phylogenetic tree of the four known bat species (Pipistrell pipistrellus, Pipistrell pygmaeus, Pipistrell
javanicus and Pipistrellus abramus).

Fig 3.1
Using this information and your own knowledge, design an experiment to show the molecular
homology between four species of bats.
You are not required to indicate the specific volume of reagents to be used.
Your planning must be based on the assumption that you have been provided with the following
equipment and materials.
x
x
x
x
x
x
x
x
x
x
x
x

Tissue samples of the four bats species
Pestle and mortar
DNA extraction buffer solution
Glass rods
Microfuge tubes
Centrifuge machine
Restriction enzyme, HindIII
Suitable reagents for polymerase chain reaction
DNA primers
Thermal cycler
Agarose gel plate
Suitable source of electrical current

Your plan should have a clear and helpful structure to include:
x
x
x
x

an explanation of the theory to support your practical procedure,
a description of the method used,
relevant risk and precaution taken
the correct use of technical and scientific terms
[Total: 9]
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THE END
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Answer all questions
1

Fig. 1.1 shows an electron micrograph of part of an acinar cell found in the pancreas.

A

B

C
F 1.1
Fig.
(a)
(i)

With reference to Fig 1.1,
Identify organelle A.
[1]
A: secretory vesi
vesicle
s cl
si
cle
e

(ii)

Explain how organelle
ga
ane
nelllle A can
can b
become part of the cell surface membrane.
1. secretory vesicle
ve
esi
s cl
c e moves along microtubules and fuses with the cell surface
membrane du
during exocytosis;
2. vesicle membrane contributes to the phospholipid bilayer of cell surface
membrane.
[2]
Need a home tutor? Visit smiletutor.sg
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(b)

Describe the differences in the structure and function of the organelle B and C.
Structure
Membrane bound or not
Ribosomes
Function

B (rough endoplasmic
reticulum)
Single membrane bound
Ribosomes embedded on
outer surface
Transport and package
proteins as transport
vesicles
to
golgi
apparatus/other
organelles/ out of cell for
secretion
Reject: site
synthesis

of

C (nucleolus)
Not membrane bound
No ribosomes
Site of rRNA synthesis/
assembly of rRNA and
proteins
to
form
ribosomal subunits

protein
[3]

(c)

Fig. 1.2 and Fig. 1.3 below show the structure of a human insulin molecule. In Fig. 1.2,
each circle represents one amino acid.

Fig. 1.2

Fig. 1.3
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With reference to Fig. 1.2 and Fig 1.3, describe how insulin attains its three-dimensional
structure.
1. Insulin has a primary structure comprised a specific sequence of amino acids
joined by peptide bonds;
2. primary structure/polypeptide chain coils (“folds” is accepted too, but “coils” is
better) into the secondary structure which comprises α-helices (Reject βpleated sheets) which is held by hydrogen bonds between the C=O and N-H
groups;
3. further folding into the tertiary structure which comprises a three-dimensional
globular insulin subunit, held by R group interactions;
4. COMPULSORY point - intrachain disulfide bonds/ disulphide bonds within
chain A between cys 6 and cys 11 / interchain disulfide bonds between cys
7 (A and B chain) and cys 20 of A chain and cys 19 of B chain (quote any 1);
5. The quaternary structure is the insulin dimer, which comprises two subunits held
together by hydrogen bonds, ionic bonds, disulfide bonds and hydrophobic
interactions between R-groups of amino acid residues.
[4]
[Total: 10]
2

Fig. 2.1 shows the structure of molecules and some associated processes found in a
cell.

Nucleus

Cytoplasm

Growing polypeptide
chain

Y

Z
X

Fig. 2.1
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(a)
(i)

(ii)

With reference to Fig 2.1,
Outline the events that occur in the nucleus that produces structure X.
1. Transcription: RNA polymerase binds to promoter of specific gene, forming a
transcription initiation complex together with general transcription factors;
2. RNA polymerase reads the DNA template strand from 3’ to 5’ direction to form
pre-mRNA / adds ribonucleotides to the 3’OH end of the pre-mRNA strand/ in 5’ to
3’ direction;
3. RNA nucleotides/ribonucleotides are added via complementary base pairing
[5]
with the DNA template;
4. Phosphodiester bonds are formed between ribonucleotides to form pre-mRNA;
5. RNA processing: 7-methylguanose / modified guanine cap added to the 5’ end
of the pre-mRNA strand + 3’ poly(A) tail added to the 3’ end of the pre-mRNA;
6. Introns are excised/cut and exons are joined, forming a mature mRNA.
Identify structure Y.
Y: amino acyl tRNA complex

[1]

Parasites cause diverse types of disease, for example, malaria. Drug treatments are
required to address varying causes of pathogenesis. A new class of drugs has been
developed to block the formation of structure Y in parasites.
(iii) Suggest how the use of such drugs is effective in treating infections.
1. Specific amino acids cannot be brought to the ribosomes;
2. Therefore cannot form functional protein in the parasite.
(b)

[2]

Explain the role of structure Z in protein synthesis.
1. Holds tRNA and mRNA in close proximity for translation to take place;
2. Peptidyl-tRNA (P) site: holds the tRNA carrying the growing polypeptide chain;
3. Aminoacyl-tRNA (A) site: holds the tRNA carrying the next amino acid to be

added to the chain;
4. Ribozyme is a peptidyl transferase which catalyses peptide bond formation

between amino acids.
[2]
[Total: 10]
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3

In a non-dividing cell as shown in Fig. 3.1, chromatin can be observed in two functional
states – euchromatin or heterochromatin.

Fig. 3.1
(a)

Explain the difference
heterochromatin.

between

the

appearance

of

euchromatin

and

x Heterochromatin appears darker/denser than euchromatin
x Heterochromatin more condensed/ more tightly coiled/ more compact than
euchromatin
[2]
Gene expression can be controlled via chromatin modifications. This is a form of
epigenetics, which is defined as changes in gene activity and expression that occur
without alteration in DNA sequence.
(b)

Outline how two forms of epigenetic modifications can prevent transcription.
Two forms of epigenetic modifications: any 2 mechanisms with respective
enzyme involved (M) + one point of elaboration
b
on effect of mechanism (E) – 3 marks
e me
eth
hyl
y gr
g
x [M] DNA methylation where
methyl
groups (-CH3) are added to cytosine bases
in DNA by DNA methyltransferases
yltr
tran
tr
an
nsf
sfer
era
as
s
ses
es
x [E] Proteins that
at bind
bin
ind
in
d to methylated
met
ethy
hylate
hy
t d DNA
te
DNA recruit histone deacetylation enzymes
DN
or HDACs.
de
eac
acet
etyl
et
y atio where acetyl (-COCH3) groups are removed from
yl
x [M] Histone deac
deacetylation
lysine residues found
fo
in the histone tails by histone deacetylases (HDACs)
x [E] Histone proteins become more positively charged
x [M] Histone methylation where methyl groups are added to lysine and arginine
residues on histone tails by histone methyltransferase (NOT methylases)
[5]
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x [E] Methylated histone can attract proteins to bind to the histones
Effect of modifications on chromatin structure and transcription – 2 marks
x Chromatin structure to become more compact/ condensed OR DNA becomes
more tightly wound around histone proteins
x RNA polymerase and general transcription factors cannot access and bind to
the promoter OR Transcription initiation complex cannot assemble at the
promoter, preventing transcription

The Chromatin Immunoprecipitation (ChIP) Assay is a popular technique used to
characterize chromatin modifications and analyze the occupancy of transcription factors
at specific loci or throughout the genome of a cell.
In cancerous cells, a high occupancy of transcription factors is observed on a certain
group of genes.
(c)

Explain the role of these transcription factors in the control of gene expression in
cancerous cells.
1. As basal/general transcription factors binding to the promoter for the
formation of the transcription initiation complex (or facilitate binding of RNA
polymerase to promoter)
2. As activators binding to enhancers to accelerate and stabilize the formation
of transcription initiation complex (or facilitates binding of RNA polymerase to
promoter)
3. [For points 1 and 2] To increase rate of transcription of proto-oncogenes that
leads to high rate of cell division/stimulate the cell cycle (accept: named protooncogenes as example and making ref to stimulating cell division)
4. As repressors binding to silencers to reduce stability of transcription initiation
complex at promoter

[3]

5. [For point 4 only] To decease rate of transcription
t
of tumour suppressor genes
that inhibits cell cycle.
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4

a)

Fig 4.1 shows the numbers of T helper cells in the blood and the number of HIV
viruses in the body over the course of an untreated HIV infection.

Fig 4.1
Describe how HIV enters the T helper cells
x GP120 binds to CD4 receptors on the host cells
x Fusion of HIV envelope to host cell membrane to release nucleocapsid into the
cytoplasm. (Reject: Receptor mediated endocytosis)
x Capsid is degraded by cellular enzymes to release the genome.
Examiner’s comments:
Students are confused between the modes of entry between different types of virus.
Please revise.

[2]

Also many students were not able to state the specific viral glycoproteins and cell
surface receptors involved.

b)

State the Cell theory and explain how HIV challenges the concepts of what is
considered “living” in the Cell theory.
HIV Challenge the cell theory because
1. Cell theory says that all cells come from pre-existing cells but HIV is unable
to replicate independently outside a host cell/ can only replicate in a host cell.
2. Cell theory says cells are the smallest unit of life but viruses are metabolic
inactive
ng o
r a
rg
3. Cell theory states that living
organisms
are composed of cells but viruses
are acellular (no mitochondria,
chondr
dria
dr
ia, ribosomes,
ia
rriibo
b
golgi apparatus, nucleus etc. To
sent
n ia
al organelles)
orrrga
o
ga
g
ane
nelllllles
e )
cite at least 2 essential
Examiner’s comments:
ents:
s::
s
were
ere
en
not
ot a
ot
able
ble tto
bl
o sstate
ta
ate the
the
h cell theory accurately, and hence could not
Most students we
get any markss even
why virus is considered as non-living. Please
eve
ev
en
n ifif they
th
hey
ey could
cou
ould explain
ex
note that the description
esc
scri
sc
rip
pttio
ion of cell
cel
e l theory is one of the learning outcome.

c)

Explain why it is sufficient
uff
ffic
for HIV to contain only RNA for their reproductive cycle.
x +RNA genome undergo reverse transcription to form a double stranded
DNA
x Integrated in to the host chromosomes/DNA (Reject: genome) (by integrase)
x Transcribed by host RNA polymerase to give mRNA
x and translated by host ribosomes to give (poly)proteins

[2]

[3]
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d)

With reference to Fig 4.1, explain why an individual is highly susceptible to death
between the 9 and the 10th year of infection.
x T helper cells decrease from 100 cells/mm3 to a low level of 0 cell/mm3, (while
HIV viruses increases from 104 to 106.5 copies per mL plasma).
(Note: some form of processing of data should be evident, for example, identifying
the number of T helper cells as low. Also, please cite data!))
x

[3]

Give an example of impacts of low T cells count
x Unable to activate B cells
x Unable to activate macrophages
x Unable to secretion cytokines by T helper cells to induces T cell proliferation
x Unable to activate apoptosis in a variety of infected cells

x Individual subjected to opportunistic infection/easily infected by pathogens that
usually do not cause harm.
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5

(a)
(i)

Fig. 5.1 shows what happens in the human body when antigens are encountered.

Fig. 5.1
With reference to Fig 5.1,
State the name of the nuclear division of process A.
[1]

A: Mitosis
(ii)

Explain why the daughter cells that arise from process A are genetically different from
each other.
x Somatic hypermutation occurs;
x In the genes coding for the variable region/ antigen binding site of antibody;

(iii

Describe two differences between the structures of X and Y.
x Different (amino acid sequence) at variable region/ antigen binding sites (of both
heavy and light chains);
x Different constant region of heavy
chain (resulting in different isotype/ class);
y ch

(b)

(c)

[2]

Two groups of cells are
e produced
pro
pr
od
du
uc
ced
ed a
att th
the
e ev
events
ve
that happen after process A as shown
in Fig. 5.1. Explain the
he
e significance
signi
ign
ig
niiffiica
canc
n e of having
hav
a in the two groups of cells.
x One group
p is p
plasma
la
asm
sma
a (B
(B)) ce
cell
cells,
lllls,
s, a
and
n another group is memory (B) cells;
nd
x Plasma cells
lss secrete
sec
ecre
rete
re
te antibodies/
a tibo
an
tiib
bo
odie immunoglobulin for opsonisation/ agglutination/
aggregation of antigen
(state at least one function);
ant
ntig
ig
gen
n (st
x Memory cells result
res
essult
ullt in a faster and more rapid immunological response/ ref to
differentiation to
o plasma cells/ results in secretion of antibodies of higher affinity in a
secondary infection;

[2]

[3]

Outline how genetic variation can be achieved in another named organ of the human
body.
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x Testis/ ovary
x Crossing over and independent assortment during meiosis;

[2]
[Total: 10]

6

To study the inheritance of coat colour and eye colour in deer-mice, scientists
performed two crosses and the table below shows the phenotypes of the F1
generations from these two crosses.
Cross
1
2

Parents (pure bred)
Black eye, coloured female
X
Pink eye, albino male
Black eye, coloured male
X
Pink eye, albino female

F1 phenotype

Number of F1
progeny

All black eye, coloured mice

77

All black eye, coloured mice

68

A black eye, coloured male mouse from the F1 generation was crossed with a pink eye,
albino female mouse and the following F2 offspring were produced:

(a)

Black eye, coloured

147

Black eye, albino

42

Pink eye, coloured

46

Pink eye, albino

117

Explain the purpose of carrying out crosses 1 and 2.
x A reciprocal cross to determine whether the two gene loci for coat colour and
eye colour are sex-linked.
x

The same F1 results (all black eye, coloured mice) for reciprocal cross will suggest
that the two genes are autosomal /not sex-linked. (accept reverse argument)

[1]
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(b)

Using suitable symbols, draw a genetic diagram to explain the results of a test cross of
a male mouse from the F1 generation.
Legend:
B represents the dominant allele for black eye
b represents the recessive allele for pink eye
A represents the dominant allele for coloured coat
a represents the recessive allele for albino
[1]

Parental phenotype:

Black eye, coloured
B

b

A

a

Parental genotype:

Gametes:

x

Pink eye, albino

x

B

b

B

b

A

a

a

A

b

b

a

a

[1*]

b

x

a

Parental gametes
etes Recombinant
gametes
(large no.)

(small no.)

*Correct genotypes for gametes + indicate parental and recombinant gametes [1*]
F2 genotype
[1]

b

a

B

b

B

b

A

a

a

A

(Large no.)
b
B
a

A
Bl k eye,
Black
ye,
urred
ed
coloured

F2 phenotypic rat
ratio
atio
at
io

(Large no.)

(small no.)

(small no.)

b

b

B

b

b

b

a

a

a

a

A

a

Pink
Pi
P
ink
k eeye,
ye,
aalbino
al
b no
bi
no

147
14
47
117
Black
B
Bl
ack eye, : pink eye,
coloured
albino

Black eye, albino

pink
i eye,
coloured

42
46
Black
eye, :
:
pink eye, coloured
albino
[1]

* compulsory point to have (2 compulsory points); max 4

[4]
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The chi-squared (F2) test was then performed on these results with the following
information.
Observed

Expected

Black eye, coloured

295

Black eye, albino

42

88
88

ሺࡻ െ ࡱሻ
ࡱ
39.56
24.05

Pink eye, coloured

46

88

20.05

Pink eye, albino

33

88

9.56

F2 phenotype

(c)

Complete the missing information in the table above and derive the value of calculated
F2. Show your working clearly.
x
x

Correct value of 88 and 39.56 (2 d.p.) and fill in the blanks in table as
instructed
Calculated F2 value of 93.22 (2 d.p.) with working clearly shown

[2]

The F2 distribution table is shown below.
number of degrees
of freedom (v)
1
2
3
4
(d)

probability
0.05
3.84
5.99
7.82
9.49

Using the calculated value of F2 and the table of probabilities provided in the table
above, explain the conclusions drawn from the F2 test.
x

The calculated F2 value of 93.22 is greater than the critical value of 7.82 at
p=0.05/ 5% significance level

x

The probability that the difference between expected and observed number
is due to chance is less than 0.05 OR difference is significant and not due to
chance,

x

147:
7:42
7:
42
42
The observed numberr of 14
147:42:46:117
does not conform to the expected
Mendelian ratio of 1:
1:1:1:1,
:1::1:1,
:1, he
:1
hen
hence
ence tthe two gene loci are linked.

[3]
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7

Palisade cells have both chloroplasts and mitochondria. Exchanges between
a mitochondrion, a chloroplast and the cytoplasm surrounding them are shown
in Fig 4.1.

Fig. 7.1
(a)

Explain why oxygen is needed for the production of ATP in the mitochondrion. [4]
x

Oxygen serves as the final electron acceptor of the electron transport
chain and is reduced to form water.

x

This allows electrons to be transferred along electron carriers of
progressively lower energy levels.

x

Thus releasing energy for proton pumps to actively transport protons from
the mitochondrial matrix to the intermembrane space

x

Forming a proton gradient (reject: proton motive force) across the inner
mitochondrial membrane (hence generating a proton motive force)

x

Chemiosmosis / facilitated diffusion (reject vague terms like
“flow”/”movement”) of protons
ons
ns through hydrophilic channel of ATP synthase,
ns
generating energy forr the
e synthesis
s n
sy
ntthe of ATP from ADP and Pi.

x

Accept: allows
owss NA
NADH
DH
H and
and
d FADH2
FAD
ADH2
H pass electrons to the ETC, become reoxidised,
reaction and Krebs cycle.
d, and
an
nd fe
fed
d back
back to link
lilink
nk re

A leafy shoot
oo
ot iss ssealed
ea
e
aled
le
ed in
iinside
nsi
side
de
e a transparent container. The concentration of
he
e atmosphere
attm
a
mo
osp
sphe
here
r within this container is measured. In the dark, the
oxygen in the
ent
ntrra
nt
ati
tion
o falls.
f
oxygen concentration
At high light intensities, the oxygen concentration
increases. At a p
particular light intensity, the oxygen concentration in the
container remains constant.
(b)

Using Fig. 7.1, explain how it is possible for the oxygen concentration to
[2]
remain constant.
x

At compensation point [1], the rate of photosynthesis and respiration are
the same[1].
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Examiner’s comment:
Some students mentioned that light intensity is at “saturation point”, and has become
the limiting factor. Therefore, oxygen concentration remain constant.
This answer does not make use of Fig 7.1

(c)

The Calvin cycle is part of the light-independent reactions of photosynthesis.
These reactions continue when a plant is moved from light conditions to dark
condition, but only for a very short time.
[4]

Explain why this is the case.
x
x
x
x

ATP and reduced NADPH are produced in light-dependent stage of
photosynthesis.
ATP and NADPH used up in reduction (don’t use “convert”) of glycerate-3phophospahte to glyceraldehyde-3-phosphate.
ATP also used in RuBP regeneration.
Idea that Calvin cycle proceeds for a while due to a store of ATP and NADPH,
but stops when ATP and NADPH are used up.
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8

Fig. 8.1 shows the sequence of events in the glucagon signaling pathway in a hepatocyte.

a)i)

Stage A

Fig. 8.1
(a)

(i)

Describe how the binding of Gsα subunit would activate adenylyl cyclase.
x
x

(ii)

[2]

Explain how Stag
Stage
age A shows
ag
show
sh
o signal amplification.
x

(iii)

Binding of Gsα results in structural
truct
ctur
ct
u al shape / 3D conformation change of Adenylyl
ur
cyclase protein;
Active site of Adenylyl
complementary
to shape of ATP to catalyse the
de
eny
nyly
lyl cyclase
cy
ycl
cla
as
se c
co
om
mp
p
ple
formation off cAMP
cAM
AMP
P fr
from
om ATP;
ATP
P;

One molecule of Adenylyl cyclase can produce many molecules of cAMP;

With reference to Fig. 8.1, explain the various cellular responses that lead to increase in blood
glucose concentration.
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Any 3
x PKA activation stimulates glycogen phosphorylase kinase which in turn activate
glycogen phosphorylase by phosphorylation
x Activated glycogen phosphorylase catalyse breakdown of glycogen to glucose-1phosphate;
x PKA inhibit glycogen synthase, reducing / inhibiting the synthesis of glycogen from
glucose-1-phosphate;
x Activate CREB protein which binds to CRE control element with CBP/P300
transcription factor increase in gluconeogenic gene transcription to increase
gluconeogenesis;
x Stimulate glucose-6-phosphotase to produce more glucose from glucose-6phosphate;

[4]

and
Glucose diffuses through Glut 2 transporter from hepatocyte cytoplasm into the blood;

(b)

Explain why glucagon cannot act directly on the DNA in the nucleus.
Glucagon too large/polar/ hydrophilic to pass through the hydrophobic cell surface membrane;

(c)

[1]

When glucagon levels in the environment remain high for several hours, cells usually undergo
desensitization, such that they no longer respond to that concentration of hormone. This prevents
excessive and prolonged receptor activity.
Suggest how cells can decrease the stimulation of receptor molecules by the presence of high
concentration of ligands.
x
x

Endocytosis (receptor mediated), reducing the number of available cell surface membrane
receptors;
Less ligands binding to receptors, less stimulation of cell signaling pathway;

[2]

[Total : 10]
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The marine threespine sticklebacks, Gasterosteus aculeatus is a freshwater fish living in the lakes
of British Columbia, Canada as shown in Fig. 9.1.

Fig. 9.1
In order to investigate the process of speciation in these populations, three small lakes were
studied. Each lake contained two varieties of stickleback: a large, bottom-dwelling variety that fed
on invertebrates near the shore and a small, plankton-eating variety that lived in the open water.
The probability of breeding between pairs of individuals was measured under laboratory conditions
in the following breeding combinations:
I different varieties from the same lake
II different varieties from different lakes
III same variety from different lakes
IV same variety from the same lake
The data are summarized in Fig. 9.1 below.

I

(a)

(i)

I

Fig.
Fi
ig. 9.1

Identify the highest
hig
ghe
he
est
st and
st
and
nd lowest
low
owes probabilities of breeding for individuals of the same variety
from different lakes.
lak
akke
es
s.
x

Highest probability: 0.58 (Allow answers from 0.57–0.59) and Lowest probability: 0.25
(Allow answers from 0.24–0.26)
Both required for the mark.
[1]
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(ii)

With reference to Fig. 9.1, describe the differences in probability of breeding between
individuals from the same lake.
[2]
x IV combination (of the same variety): Individuals have higher breeding probability (0.280.57);
x I combination - Individuals of different varieties have a lower probability of breeding
(0.13-0.16);
x The probability of breeding between individuals of the same variety shows a larger
range of values / narrower range if of different variety;
[Any 2]

(b)

Scientists were not able to conclude that speciation is taking place in these populations. With
reference to Fig. 9.1 and your knowledge, explain why this is so.
x
x

Sympatric speciation is taking place because different varieties from the same lake have a
low probability of breeding (I and II)
Different feeding habits or habitat (shore versus open water) contribute to low breeding
probability/ reproductive isolation/reducing interbreeding and gene flow between the varieties
in each lake;

x

No evidence of allopatric speciation as same varieties from different lakes do not show
strong reproductive isolation/ Comparing exp III and IV, they show similar range of breeding
probability OR Comparing II and I, II (different varieties from different lakes) have higher
breeding probability than I (different varieties from different lakes)

x
x
x
x
x

Not able to conclude – sample size many not be sufficient,
no data for common ancestry for sympatric speciation,
large spread of data for III and IV and
number of samples for I and II smaller (3 and 4) compared to III and IV.
No data on how much time has passed. Speciation will require accumulation of genetic
differences over several generations.

Besides the lakes of British Columbia, Canada, the Hawaiian Islands are also studied for
speciation as they are some of the most isolated islands in the world. The Hawaiian Islands were
formed at different times. The first birds to have flown to these islands probably arrived millions of
years ago from East Asia.
Fig. 9.2 shows the fossils of two extinct species
p
of Hawaiian waterfowl found on two different
islands. The giant Hawaiian goose wass a flightless
bird whereas the nene could fly.
flilg
Until recently, the evolutionaryy relationships
relat
atio
at
tio
ons
nshi
hips a
among
mo Hawaiian waterfowl are known only from bone
structures. Fig. 9.2A shows
ws the
the skulls
th
sk
kulllls an
and
d ma
man
mandibles while Fig. 9.2B shows the wing and leg
bones of the giant Hawaiian
awai
a ia
an goose
go
g
oos
o e and
an
a
nd nene.
nen
ne
ne
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Fig. 9.2A Skulls and mandibles of (a) giant Hawaiian goose and (b) nene

Fig. 9.2B Wing (left) and leg bones (right) of (a) giant Hawaii goose and (b) nene.
(Source: https://www.researchgate.net/figure/11540628_fig2_Fig-3-Left-ulna-and-tibiotarsus-aB-canadensis-maxima-USNM-555497-b-giant)
(c) With reference to Fig 9.2A and 9.2B, discuss whether these fossils can be used to support
Darwin’s theory of evolution.
x Explanation of Darwin’s theory of evolution – idea of descent from a common ancestor with
modification to adapt to different environmental conditions/ selective pressures;
Can be used:
● Same basic structure of skulls and wing and leg bones indicate shared ancestry;
● Leg bones of giant Hawaii goose is much longer and stouter than nene modified to suit a landbound type of locomotion/ loss of flight;
● Skull and the mandibles show significant differences in size modified to adapt to differences in
the types of food they eat/ to different types of food available;
Cannot be used:
● Lack of an ‘ancestral’ fossil for comparison, so difficult to determine if the 2 sets of bones are
“modified” from a common structure;;
● Differences in structure of wing bones are not significant, so inconclusive about modification to
adapt to different selective pressures for locomotion/flying (i.e. flight vs flightless);

[3]

(d) Explain why molecular data is able to overcome the limitations of this fossil study
Eg. of molecular data: DNA and/or proteins;;
.
● Different species of Hawaiian waterfowl exhibit different bone morphology, as shown by
nene and giant Hawaiian goose (idea of closely related species showing distinct
morphological features);;
● May be used to confirm that the
e major
maj phenotypic differences between nene and giant
Hawaiian goose may be due
e to ssmall
m lll g
ma
genetic differences;; (although this sounds like bullet
1, it is not - it illustrates the
e effect
eff
ffecct of master
mas regulatory genes such as key TFs)
● Molecular data are un
unambiguous
nam
ambi
bigu
g o
gu
ou
us an
and
do
ob
objective/
bje
Molecular data being easily converted to
numerical form
m forr analysis
ana
naly
lysi
ly
sis
s to check
che
heck
he
ckk ffor
or analogous or homologous structures;;
● Based on “calibrated
c li
ca
l br
brat
ated
at
ed
d mo
molecular
mole
le
ec
cu
ula
l r clocks”, the percentage of DNA/RNA/amino acid
differences ca
can
an be u
used
se
ed tto
o estimate
e
the time of divergence between two closely related
species.
● can use extensive
sivve regions
r
of genome (coding and non-coding) /many genes/ amino acid
sequences for comparison;;
● Scientists are able to use both living and dead specimen material in classification of
organisms/ Intact DNA have been extracted from fossils and compared to those in existing
[2]
species to deduce evolutionary history.
2 max
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[Total : 12]
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The mosquito Aedes aegypti is the principal vector of dengue virus (DENV). DENV replicates within
the mosquito, beginning in the midgut tissue and eventually ending up in the saliva glands.
It has been found that a Talaromyces fungus, Tsp, in the midgut makes the A. aegypti mosquito more
susceptible to DENV infection by inhibiting transcription of trypsin genes as shown in Fig. 10.1. Trypsin
is a protease.

Fig. 10.1
(a)

Suggest how the presence of trypsin enzymes may inhibit DENV replication.
x
x

(b)

Protease so degrade/ hydrolyse viral proteins;
Cannot form viral structural protein or enzyme, with one named e.g. - capsid,
glycoprotein, enzymes

[2]

Explain how understanding the processes
processse
sess in Fig.
Fig 10.1 can help scientists to combat the spread
of dengue.
[2]
x
x
x

Usage of ant
anti-fungal
ti-fu
fung
ngal
ng
a medicine
medi
me
dici
di
cine
ci
n to
to kill
k fungus so it does not facilitate virus replication;
Usage of drugs
ugs
gss that
tha
hatt switch
sw
wittc
ch
h on
o trypsin production in midgut;
AVP;

Fig. 10.2 shows how antibody-dependent enhancement (ADE) results in a more severe form of
dengue fever when a person who had previously been infected by DENV gets infected again by
a different DENV.
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Fig. 10.2
(c)

Describe the interactions at A.
x
x

Fc region of Ab are complementary in shape to the Fc receptor of the monocyte.
Bond by hydrogen bond, ionic bonds (at least one mentioned)
[2]

(d)

Explain how the interactions at A eventually lead to increased viral load.
x
x
x

[2]

Facilitate entry of virus into monocyte;
Virus replicates within monocyte;
Accept: Virus does not get neutralised/ opsonised fully

[Total : 8]
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Section A
Answer all the questions in this section
1

A gene for feather colour in chickens is carried on an autosome. This gene has two
alleles, black (CB) and splashed-white (CW). When a male chicken with black feathers is
mated with a female chicken with splashed-white feathers, all the offspring have blue
feathers. This also occurs when a male chicken with splashed-white feathers is crossed
with a female with black feathers.

Splashed-white
feathers

Black
feather

Barred feathers

Another gene may cause stripes on feathers (barred feathers). The gene is carried on the
X chromosome. The allele for barred feathers (XA) is dominant to the allele for nonbarred feathers (Xa). In chickens the male is homogametic, while the female is
heterogametic.
(a) A male chicken with black, non-barred feathers was crossed with a female chicken

with splashed-white, barred feathers. All the offspring had blue feathers, but the
males were barred and the females were non-barred.
(i) Using the symbols given,
ven, draw
dra
raw
w a genetic
g
diagram to show this cross.

Parental phenotype
oty
type
ty
pe

Male
Male,
Male
l , black, nonbarred
feathers
b
a

Female, splashedwhite, barred feathers

Parental
tal
all phenotype
phe
he
eno
no
n
oty
type
yp
pe
e

CBCB XaXa

CWCW XAY

Gametes

CB Xa

CW XA CW Y

F1 genotypes

CBCW XAXa

CBCW XaY

F1 Phenotypes

Male blue barred

Female

blue

non-
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barred
[2]

(ii) Explain how a farmer could use a breeding programme to find out the genotype of

a male chicken with blue, barred feathers.
The male chicken genotype is homozygous / heterozygous for barred
feathers CBCW XAXA or CBCW XAXa;
Cross the male chicken with a non-barred splashed white female CBCW XaY
and check the offspring;
If the offspring are all barred then the male is homozygous for barred;
If the ratio of offspring is 1 barred male : 1 non-barred male : 1 barred female
: 1 non-barred female (half the offspring are non-barred given a large enough
sample size) then the male was heterozygous for barred feathers;
[3]

(b) The table below shows the genotypes and wool length in two breeds of sheep, X and

Y, and their F1 hybrids.
Genotype

Mean wool length/cm

Breed X

DDEEff

18

Breed Y

ddeeFF

14

F1 (breed X x Breed Y)

DdEeFf

16

When the F1 were crossed among themselves, the F2 offspring had a mean wool
length ranging from 10cm to 22cm.
Assume that the inheritance of wool length in sheep depends upon alleles at three
loci acting additively and that all variation in wool length in the F2 population is due to
the segregation of alleles at these three loci.
(i) How many different types of gametes would be produced by an organism of

genotype DdEeFF, if all of the genes assort independently?
4
[1]
portio
io
on of
of tthe
he F
he
2 of
offs
fsp
fs
pri are expected to have a mean wool length of
(ii) What proportion
F2
offspring
Exp
xpla
pla
ain
n your
you
ou
urr reasoning.
reas
re
ason
o in
22 cm? Explain
F2 offspring
g tthat
hatt ha
ha
has
as me
m
mean wool length of 22cm have a genotype of DDEEFF;
Genes D, E and
nd F contribute to wool lengh in the same manner additively;
Probability of being homozygous at each of the locus D, E and F is 1/4;
Probability of being DDEEFF= ¼ x ¼ x ¼ = 1/64 if the 3 pairs of alleles
segregate independently;
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[4]
(c) Fig. 1.1 shows the effect of temperature on the egg-to-adult survival rates and the behaviour
of adult mosquitoes.
Egg-to-Adult Survival

Probability

Eggs per female per day

Fecundity

Temperature/ °C

Temperature/ °C

Lifespan/ days

Temperature/ °C
Average

(a)

Biting Rate

Rate/ 1 per day

Adult Lifespan

Temperature/ °C
Upper and lower limits

Fig. 1.1
Using evidence from Fig. 1.1, explain
xplai
ain
ai
n wh
why
y iit is difficult to reach a valid conclusion about the
rate of transmission of diseases
eases
es ccaused
es
ause
au
sed
d by
by mosquitoes when temperature increases from
30 to 34°C.
[4]
(Pt 1,2,3 - Any 2 fo
for
or 1 mark)
mark
ma
rk))
rk
1. As temperature
pe
era
r tu
ture
re increases
incr
in
crea
cr
ease
ea
se
es from
f o 30°C to 34°C, the AVERAGE fecundity decreases
fr
from 8 to 3 eggs
e gs llaid
eg
aid
ai
dp
pe
per
er fe
female per day,
2. the AVERAGE
AG
GE eg
egg-to-adult
gg-to
t
survival rate decreases from probability of 0.8 to 0.5,
3. the AVERAGE
GE
E li
llifespan
f
fe
of adult mosquitoes decreases from 23 to 14 days.
4. Thus, there will be fewer mosquitoes in the environment, thus the OVERALL
possibility of transmission of mosquito diseases is likely to decrease,
5. even though the AVERAGE biting rate increases from 0.31 to 0.34 per 1 (mosquito)
per day.
6. Wide range of upper and lower limits for fecundity and adult lifespan.
7. Small sample size.
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8. Standard deviation error bar not indicated for all temperatures. SDE bar does not
overlap (sig.ly different) for fecundity but overlaps for adult lifespan (not sig.ly
different).
9. Requires a statistical test (T-test) to confirm the sig.ly different for fecundity.
(d)

Chloroquine-resistant (CQR) malarial parasites, P. falciparum, were first reported in 1950s
and are now widespread. The resistance is caused by mutations of a gene known as pfcrt.
(i) Explain whether resistance to chloroquine in P. falciparum is an example of continuous or
discontinuous variation.
[2]
x
x
x

Discontinuous variation
It involves only a single gene
Different alleles have large effect/ gives discrete groups of resistant or non-resistant
parasite

(ii) Explain why CQR P. falciparum are now widespread.

[4]

x
x
x

Variation in the population of P. falciparum due to random mutations
Use of chloroquine acts as selection pressure on the P. falciparum population
Chloroquine-resistant P. falciparum are at selective advantage and are likely to survive to
reproduce

x
x

..and pass their CQR allele/ mutated pfcrt allele to their fertile and viable offspring
Allele frequency for CQR allele/ mutated pfcrt increases over many generations within
the P. falciparum population.

In the non-CQR P. falciparum, chloroquine accumulates in the digestive vacuole of
P. falciparum and interferes with the detoxification of haem in the host red blood cell. This
results in parasite death.
Research shows that there is a point mutation in the pfcrt gene of CQR P. falciparum which
leads to the formation of a chloroquine-resistance transporter located in the digestive
vacuole membrane of CQR P. falciparum.
This mutation changes the amino acid from lysine to threonine at the binding site of the
chloroquine-resistance transporter.
(e)

Using the information provided, suggest
ugg
how this mutation of pfcrt gene increases the
chloroquine resistance in P. falciparum.
[3]
cipa
aru
rum
m.

x

Base-pair substitution of a nu
nucleotide
att tthe
n
clleo
cle
eoti
tide a
he 1st or 2nd nucleotide of the triplet in the pfcrt gene
of CQR P. falciparum

x

NA
Ac
odon
od
on th
that
att co
c
de for threonine instead of lysine
..change in mRNA
codon
codes

x

..alters the shape off tthe
he bi
binding site of pfcrt protein to become complementary to chloroquine
/ change the charge of the binding site in pfcrt protein to allow binding to chloroquine

x

..chloroquine is transported out of the digestive vacuole.

Besides malaria, AIDS is also an infectious disease caused by human immunodeficiency virus (HIV).
Immediately following a HIV infection, there is a period of high levels of HIV in the blood (viremia).
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HIV is an intracellular pathogen and would stimulate a strong CD8 cytotoxic T cell response.
Antibodies against HIV glycoproteins and nucleocapsid proteins are also produced. The immune
response against HIV results in a reduction in viremia but does not eliminate the virus completely.
(f)

It is known that HIV infects CD4 T helper cells. Suggest other features about HIV that make it
difficult for the immune response to eliminate it. for the development of an effective vaccine
[2]
x

The HIV double-stranded DNA can integrate into the host genome to form provirus and lie
dormant within the host cell, thus, evades the detection by immune response.

x

Reverse transcription is prone to errors and reverse transcriptase does not proofread..

x

…HIV has very high mutation rate / antigenic drift in the gene coding for viral
glycoprotein, hence antibodies can no longer complementarily bind to the mutated viral
glycoprotein.

x

HIV has very high replication rate which produces more viral particles than it can be
eliminated (hence, antibodies might not be effective against the high viral load)

x

Antibodies not effective against the different strains that arise.
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Fig. 1.2 shows a test that has been developed to find out if a person has antibodies to the HIV
antigen.

Fig. 1.2
(g) Explain why the solution will remain yellow if a person is not infected with HIV.
x
x

[2]

HIV antibody is not present
..second antibody will not bind to the HIV antibody/ enzyme is not present

(h) A mother who was infected with HIV gave birth to a baby. The baby was tested positive using this
test. Suggest why this does not prove that the baby is infected with HIV.
[2]
x
x

from
o their mothers
Children receive HIV antibodiess fr
rn blue/
blu
ue/ will
wilil always test positive
..so solution will always turn

(i) This test only detects
presence
HIV antibodies. Suggest other additional methods to
ects
ts tthe
ts
he p
he
res
se
enc
n e of HI
confirm if a person
[1]
on
n has
has
as AIDS.
AIDS
AI
S.
x
x

To diagnose
e AIDS,
AIDS
AI
DS
S, need
nee to look for AIDS-related symptoms (ORA)
..look at number
ber
e of helper T cells

[30 marks]
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2

Central to the energy metabolism of aerobically respiring cells is the enzyme ATP synthase. It
consists of multiple subunits, coded for by several genes.
The enzyme is located on the inner mitochondrial membrane and catalyses the reversible
reaction of ATP synthesis from ADP in intact mitochondria. Here, the proton motive force is
required to drive ATP synthesis.

(a)

Explain how the components of the inner mitochondrial membrane are significant in driving
ATP synthesis during aerobic respiration.
[3]
[Important structure – hydrophobic fatty acid tails]
x Hydrophobic fatty acid tails / hydrocarbon chains / hydrophobic core of inner
mitochondrial membrane repels / does not allow hydrophilic / charged H+ ions to pass
through membrane Æ allows proton gradient to be established;
[Important composition – series of electron carriers]
x Electrons passed down a series of electron carriers / ETC down the energy levels;
(until they reach final electron acceptor – oxygen)
x Energy released during transfer of electrons along series of electron carriers used to
pump H+ ions from mitochondrial matrix into intermembrane space;
[Important composition – ATP synthase]
x hydrophilic channel of ATP synthase allows facilitated diffusion of H+ ions from
intermembrane space to mitochondrial matrix to be coupled with ATP synthesis;

In a cell-free or mitochondrial-free system, the same enzyme can also catalyse ATP
hydrolysis when ATP is present. This reaction can be exploited for the investigation of ATP
synthase activity.
The enzymatic activity of ATP synthase can be measured indirectly by measuring the relative
NADH concentration in the solution as shown in the reaction below in Fig. 2.1.
ATP produced when phosphoenolpyruvate is converted to pyruvate by pyruvate kinase, is
acted upon by ATP synthase to form ADP.
pyruvate kinase

lactate dehydrogenase

Phosphoenolpyruvate

pyruvate
ADP

ATP

lactate
NADH

NAD+

ATP
P synt
synthase
ntha
nt
hase
ha
se
Fig.
Fi
ig.
g 2.1
co
on
nce
en
nttra
attiiion
on
o
n of
of NADH
NAD can be tracked with a spectrophotometer as NADH
NA
The relative concentration
34
40
0nM
nM while
whi
hile
le
e NAD
NA + and other molecules in the system do not.
absorbs light att 340nM

(b)

In examining the activity of ATP synthase using the reactions in Fig. 2.1, explain why
phosphoenolpyruvate, ATP and NADH need to be in high concentrations.
[2]
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x So that phosphoenolpyruvate, ATP and NADH are not limiting factors in the overall
reaction;
x Ref. to allow reaction to proceed forward;
x Allows rate of depletion of NADH and hence decrease in absorbance to reflect ATP
synthase activity;
Curcumin, a phytochemical isolated from the rhizome of turmeric, has been shown to affect
the activity of ATP synthase. However, its effect varies according to the source of ATP
synthase.
Fig. 2.2 shows the effect of curcumin on ATP synthase molecules isolated from the liver
mitochondria of a rat.
% control refers to ATP synthase activity with reference to activity at 0 μM curcumin.

Fig. 2.2
(c)

sugg
ges
e t the
the role
r
With reference to Fig. 2.2, suggest
of curcumin in ATP synthesis and explain how it
wn.
n.
achieves the effect shown.
rcum
umin
um
n]: A
ctiv
ct
ivat
iv
ator
at
o to A
TP synthase
x Role of curcumin]:
Activator
ATP
atta] ATP
ATP sy
synt
nttha
hase
s activity is above 100% control for all concentrations of
se
x [Quote data]
synthase
R qu
quot
ote
ot
e for
fo
or any
a y single curcumin concentration;
an
curcumin OR
quote
OR
e
x [Quote data] e.g.
as curcumin concentration increases from 0/20μM to 100μM, ATP
synthase activity increases from 100/110% control to 180% control;
x [Explain effect]: Slight change in 3D conformation such that it binds more readily to
substrate (i.e. ADP and inorganic phosphate)
Mitochondrial diseases caused by faulty mitochondria can be passed down from a diseased
mother to her child and cause a long-term impact on the child’s health.
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A novel technique, coined ‘Three-parent baby’ seeks to offer mothers a way to have a child
without passing on metabolic diseases caused by faulty mitochondria. Researchers achieve
this by exchanging the diseased mitochondria of a prospective mother with those of a
healthy, unrelated donor: the ’third parent’.
The ‘Three-parent baby’ procedure is designed to work as follows:

(d)

x

Signing of a consent form to acknowledge that their egg would be undergoing an
experimental technique

x

Isolation of participating mother’s eggs

x

Freezing and heating the embryo before use of an electrical pulse to fuse the mother's
nucleus into the donor egg.

x

Fertilization of modified egg with the father’s sperm before implantation into mother’s
uterus

x

Periodic mitochondrial testing and health monitoring of baby

Comment on the possible ethical concerns of this new technique.
x
x
x
x
x
x

[2]

Lack of informed consent due to inability of participating parents to understand
medical terms involved
Infringement of donor privacy/ right of resulting offspring to know their genetic
parentage and lines of ancestry
Accessibility to procedures is dependent on the economic status of the
participating parents
Use of/destroying of human embryos generated during research or during the
treatment process; some argue that an embryo has personhood and has equal rights
as an adult
Safety/health of egg donor due to use of powerful hormone therapy, stoppage of
normal ovarian functions and superovulation to provide eggs for use in treatment
Uncontrollable and unforeseeable consequence in lineage that affects future
generation and modifies genetic heritage in an irreversible way
AVP
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Transplantation treatment using cord blood stem cells has the potential to treat many haematopoietic
disorder.
x Small amount of stem cells from the baby’s cord blood could be collected from the umbilical cord
and stored.
x

A patient who suffers from haematopoietic disorder can receive cord blood stem cells from a
matching donor, either a sibling or an unrelated donor from the cord blood bank. This mode of
transplantation is known as allogenic transplantation.

x

The patient may also receive their own stem cells if their cord blood stem cells had been stored.
This mode of transplantation is known as autologous transplantation.

(a) Explain why cord blood stem cells are suitable for treatment of haematopoietic diseases. [4]
x
x
x
x
x

They are capable of self-renewal via mitosis,
to produce a continuous supply of stem cells
Less repeated treatment required.
Stem cells can differentiation into specialised blood cells under suitable condition (via
differentiate gene expression)
to replace the non-functional cells (that arise due to gene mutation)

(b) Comment on the effectiveness of allogenic and autologous transplantation. [2]

Allogenic translation [1]
x
x
x

Higher risk of rejection of foreign stem cells
Patients need to take immunosuppressant drugs (which may have side effects)
Difficulty in finding a match/suitable for people who have not stored their cord blood.

Autologous transplantation [1]
x
x

Lower risk of rejection (idea of rejection awarded only once)
If patient suffers from inherited/genetic blood disorder, stem cells would have the same
mutation and hence cannot be used for curing off diseases.

(c) Targeted gene replacement is another potential treatment method for genetic disorder. In a
particular experiment, a gene locus with mutant Rag 2 allele could be replaced by a normal
dominant allele using the targeted gene replacement method.
To ensure that normal dominant allele was inserted successfully into the cells with Rag 2
mutation, 10 microgram of DNA from 3 different cells was digested by restriction enzyme and
further analysed. Fig 3.2 shows the result of the analysis.
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x
x
x
x
x

x
x

Fig 3.2
State which cell(s) had the mutant Rag 2 allele successfully replaced and outline the
steps taken to analyse the DNA.
[4]
Cell 1 and 2
Gel electrophoresis conducted/add DNA to agarose gel to separate DNA fragments
based on size
under direct current, from negative to positive terminal.
Denature DNA using NaOH and transfer of DNA to a nitrocellulose membrane (via
capillary action)
(Radioactive/chromogenic/fluorescent) labelled, single stranded DNA/RNA probe,
Complementary to the target DNA sequences/Rag 2 gene locus (award mark for listing 2
characteristics of probe) added.
Detect via a relevant method eg. Fluorescence (chromogenic probe) or
autoradiography (DNA appears as a dark band)
Resma: Alternative ans can be PCR + GE?
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Section B
Answer one question in this section
Write your answers on the lined paper provided at the end of this Question Paper.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answer must be set out in parts (a), (b), etc., as indicated in the question.
4

(a)

‘Life is impossible without membranes.’
Discuss how regulation of membrane fluidity is achieved in living organisms and
justify why the statement above may be true.
[15]
Plan of essay:
i) How membrane fluidity is regulated (7 max)
ii) Diverse roles of membranes in named processes (max 10)
x Membranes fluidity is dependent on the proportion of phospholipids with
unsaturated hydrocarbon tails and cholesterol
x Unsaturated hydrocarbon/fatty acid tails have kinks that keep the
phospholipid molecules in the ͒membrane from packing close together at
lower temperatures, enhancing membrane fluidity ͒(Accept reverse argument)
x Cholesterol prevents close packing of phospholipids in the membrane,
preventing membrane from freezing at lower temperatures ͒
x Membrane prevented from being overly fluid / integrity of the membrane is
maintained at higher temperature as cholesterol restricts phospholipid
movement
x stabilizing the lipid bilayer
yer through hydrophobic interactions between
cholesterol and fatty
y ac
acid
cid ta
tails. (Accept: hydrophobic interactions between
fatty acid tails stablise
abllis
i e th
the
he me
m
membrane)
m r
mb
͒
hatt length
len
engt
gth
h of ffatty
atty
at
ty a
acid
cid
ci
d tails
tta
ail also help with the maintenance of membrane
x idea that
fluidity,
dity
t , since
ty
sinc
si
nce longer
long
lo
ng
ger tails
tail will result in greater amount of hydrophobic
act
cttio
ons between
bettwe
w e the tails and hence, decrease in membrane fluidity
interactions
(acceptt re
reverse
eve
erse argument); ͒
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Context
Selectively
permeable
/S

Roles
1. Being
selectively
permeable/membrane
movement of substances into and out of cell;
2.
3.

Compartmentalisation
/C

4.
5.
6.
7.
8.
9.

regulates

Accept max 1 elaboration from the list below:
Non-polar/uncharged (ignore: hydrophobic) molecules are
able to dissolve and diffuse through;
Ions/charged and/or most polar molecules
(ignore:
hydrophilic) are repelled;
(Generic principle cannot be replaced by H+)
Formation of unique environment for highly specialised
activities in the cells;
e.g. lysosomes maintain an acidic environment that
favours its enzymes to work;
localization of enzymes for reactions to take place so that
they are not suppose to catalyse reactions that they are
not supposed to;
e.g.: enzymes in Calvin Cycle in stroma;
accumulation of ions to generate a concentration gradient;
e.g.
proton gradient established across a named
memberane/H+
in
intermembranal
space
in
mitochondria/within thylakoid space/ in chloroplasts
establishes a proton gradient for chemiosmosis* and
formation of ATP; (no need to talk abt atp synthase if
mention abt chemiosmosis)

10. Storage of food source;
11. e.g. starch in plant cells are stored in amyloplasts;
R: starch grain, make sure it is membrane bound
Localisation
of proteins
of a related
function
/L

12. Allows functionally-related proteins to be grouped together
to enhance sequential biochemical processes;
13. e.g. enzymes and proteins are grouped into photosystems
II and I on thylakoid membrane of chloroplast so that
electrons from photosystem II are shuttled to photosystem
I during photophosphorylation;

Increase
surface area
/I

14. Highly folded increases surface area to hold more;
15. e.g.: electron
ectro
transport chains/ ATP synthase
cristae/inner
e/inn
nner
nn
er mi
mitochondrial membrane of mitochondria;

Cell-cell
recognition
and
adhesion
n
/R

16.
6.. Glyc
Gl
Glycoproteins
ycop
op
pro
rote
tein
in
ns / glycolipids are involved in cell-cell
recognition;
reco
re
cogn
gn
nitio
on;
17. (a
17
(any
ny 1 e.g.)
e.g
g)
eg:
eg
g: T cell
c receptor on membranes of naïve T cells + how it
helps
h
he
l
to recognize peptide: MC on antigen presenting
cells;
18. Some transmembrane proteins serve as cell surface
receptors to transfer information from environment into cell
when specific molecules (ligands) bind to them;
19. E.g. glucagon (hormone) bind to glucagon receptor in
membrane which triggers a cascade of chemical reactions
leading to hydrolysis of glycogen to glucose;
E.g. insulin
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AVP: eg. Ref to lack of membranes in some viruses which contributes to its non-living characteristics
of obligate parasite.
QWC: explanation of one mechanism of regulation of membrane fluidity + ref to 2 different
context [1m]

(b)

Singapore’s recent dengue outbreak seems to follow a cyclical pattern, recurring
every six to seven years. Dengue outbreak occurred in 2005 – 2006 and in 2013 –
2014. In every outbreak, the pre-dominant dengue serotype was observed to be
different. Besides following a cyclical pattern, traditional yearly dengue season
peaked from June to September.
Discuss the factors that lead to the cyclical and seasonal epidemic pattern of
dengue outbreak.
[10]

Seasonal epidemic pattern
Effects on vectors
x

In months of warmer temperatures, increased metabolism Æ shorten
maturation cycle/faster reproduction rate (hence increase in the mosquito
vectors population)

x

Female mosquitoes feed/bite more frequently due to increase rate of
digestion, (hence aiding in the transmission of the dengue virus and malaria
parasites)

x

Monsoon season may lead to increase in rainfall and flooding event, which
will increase the number of breeding sites available for mosquitoes (leading
to a further increase in numbers)

Effect on virus
x

In addition to effects on vector breeding, a hotter environment also shortens
the extrinsic incubation period for dengue virus, allowing mosquitoes to
become infectious more quickly after a blood meal.

Cyclical epidemic pattern
x

after a year of disease outbreak, large population are immune towards
dengue virus/population herd immunity as many individuals possess
immunity against dengue

x

effect may decrease over time, both in individuals
However, this protective effe
as immunity wanes,
s, and
nd in
in the
th population as a whole, as the proportion of
individuals with
h prior
pri
r or
or infections
in
nffec
ecti
tio
ti
ons drops.

x

Dengue
gue
e outbreaks
out
utbr
brea
eaks
ks h
have
avve an int
interesting pattern of recurring periodically every
sixx tto
o sev
seven
ev
ven years.
ye
ea
ars
ars
s. Th
This
i is
i due to the problem of waning herd immunity and
a bu
build-up
uilld-up
up of
up
of susceptible
susc
su
sce
sc
persons.

x

a
e ffour strains of dengue DEN-1, DEN-2, DEN-3, and DEN-4.
There ar
are

x

Switch in predominant dengue serotypes from one outbreak to another.
(For eg, in the current dengue surge, DEN-2 is the most predominant
serotype, but DEN-3 is the second most common serotype circulating,
unlike in previous years when it was DEN-1.
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x

Herd immunity has developed against the most common circulating dengue
serotypes, but is rendered ineffective when there is a major serotype switch.
(So, in a population of a specific geographical location that has been
exposed to DEN-2, a serotype switch from DEN-1 to DEN-3, can increase
the number of severe dengue infections.)

QWC: 1 point each of cyclical and seasonal, each point with explanation of effect
on vector and virus.
[Total:25]
5

(a)

Discuss the view that all life forms depend on phosphate.
[Nucleic acids]
1. Phosphate being one of the component of a nucleotide
2. Needed to form phosphodiester bonds in a polynucleotide
3. DNA: contains genetic information needed to synthesize proteins for cells to
function
4. mRNA: conveys genetic information from nucleus to the cytoplasm
5. tRNA: carries amino acids to the ribosome for synthesis of polypeptide
6. rRNA: forms part of ribosome, the translation machinery
7. telomerase RNA: forms part of telomerase, where it is a template for extension
of telomere
8. snRNA: part of spliceosome, needed for RNA splicing to produce mature mRNA

[10]

[Phospholipids in biological membranes]
9. Forms phospholipids, which is the building blocks of biological membranes
10. Due to its hydrophilicity, membrane forms a bilayer, where the phosphate group
faces the aqueous external environment and aqueous cytosol
11. Membranes are fluid, which is important for substances to be transported in and
out of cell
12. Phosphate of phospholipids also interact with proteins to allow their embedment
13. Phosphate of phospholipids also interact with cholesterol to regulate membrane
fluidity
[ATP]
14. Energy molecule that releases energy upon hydrolysis of phosphate bond
15. For phosphorylation of glucose and fructose during glycolysis
16. To convert glycerate-3-phosphate to 1,3-bisphosphoglycerate in Calvin cycle
17. For active transport of substances against concentration gradient
18. Named example: e.g. pump p
protons from cytosol into lysosomes to maintain
acidic pH
19. For movement of vesicles
icless w
within
itithi
h n tthe cell
20. As a substrate for
or adenyl
ade
de
enyyl cy
ccyclase
ycl
c as
a e to produce the second messenger cyclic AMP
(cAMP)
21. AVP
[GTP]
22. To activate
atte G-protein
G-pr
pro
ote
[Protein activation via phosphorylation by kinases]
23. Needed by kinases to phosphorylate and hence activate proteins e.g. during
phosphorylation cascade in signal transduction
(b)

“Disease-causing bacteria and viruses naturally evolve faster than their human

[15]
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hosts, so they will ultimately cause human extinction.” Comment on the validity of
this statement, including factors that prevent diseases from wiping out humanity.
TRUE [maximum 8 marks]
x Mutation creates new allele (in both prokaryotes and eukaryotes) (award
once)
Bacteria
x Binary fission to produce daughter cells is fast;
x Shorter generation time than eukaryotic human host;
x Idea of asexual reproduction does not require two different parents;
x Genetic variation by transduction, conjugation, transformation;
x Transfer of new alleles;
x Examples of alleles that can cause human extinction: e.g. antibiotic
resistance/ increased virulence (maximum 2 marks);
x Between same species or between different species;
Viruses
x
x
x
x

Antigenic drift/ mutation
Antigenic shift
Idea of different serotypes/ strains
Idea of no vaccination for some disease, e.g. dengue virus;

Will not cause human extinction [maximum 8 marks]
Human (Biological factors)
x Ref to memory (B and T) cells in adaptive immunity;
x Ref to huge varieties of antibodies generated due to somatic
recombination, somatic hypermutation, and class switching;
x Ref to high affinity antibodies;
x Meiosis as the source of variation;
x Crossing over (in prophase I of meiosis);
x Independent assortment (in prophase II of meiosis);
Factors that prevent diseases from wiping out humanity (Societal
developments)
x Idea of vaccination (to eliminate diseases);
x Ref to herd immunity;
x
Ref to understanding of replication cycle/ mode of transmission of
pathogens helping to develop new drugs;
x Ref to one mechanism of new drugs that can inhibit bacteria/virus
infection (e.g. competitive/
mpet
etititi iv non-competitive inhibitor);
et
x Ref to governments
men
nts
s ssharing
h ri
ha
r n public health information/ travel warning
advisoryy

[Total: 25]
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Answer all questions.
1
(a)

You are required to investigate the effect of enzyme concentration on the rate of photosynthesis
using plant extract after they have been incorporated into alginate beads.
(i)

Sketch a fully-labelled graph to show the expected relationship between enzyme
concentration and the rate of photosynthesis.

1. Correct axis;
2. Line starts at origin (0,0) with positive gradient, and may or may not plateau (but it should
not dip);
[2]
The rate of photosynthesis can be measured by the time taken for the colour of an indicator solution
to change. This is indicative of the rate of carbon dioxide being taken in by the plants.
At atmospheric concentration of carbon dioxide, this indicator is yellow in colour.
You are provided with:
x
x
x
x

Sodium alginate, A
Indicator solution, in a container labelled B
Calcium chloride solution, in a container labelled C
Section of a fresh leaf

Before starting the experiment, read through Steps 1 to 13.
Proceed as follows
1

Place the fresh leaf on a white tile and cut the fresh leaf into two squares of 5cm X 5cm. With
a scalpel, carefully remove any
and discard them. Continue to cut the leaf into
ny large
larg
la
rge
rg
e veins
v
small pieces. Place all the
he leaf
aff p
a
pieces
iece
ie
ces
ce
s iin the mortar provided and add 5cm3 of cold buffer
solution.

2

Carefully grind
ind
d th
tthe
he cu
ccut
ut lle
leaf
eaf us
u
using
sin
ing th
the
h mortar and pestle provided for about 3 - 5 minutes to
obtain a darkk green
gre
gr
ee
en leaf
en
leaf
le
af extract.
ext
x ra
xt
ract
c Using a sieve, pour the leaf extract into a 50ml beaker.

3

Using a 5cm3 sy
syringe,
yri
rin
nge transfer 3cm3 of the plant extract into a vial, taking care not to
bb
introduce air bubbles
into the container. Next, transfer 3cm3 of the sodium alginate, A, into
the vial with the plant extract, again taking care not to introduce air bubbles into the
container.

4

Gently mix the plant extract and alginate by stirring the mixture with a glass rod. Do not mix
vigorously as this may introduce air bubbles into the mixture.
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5

Attach an empty 10cm3 syringe without its plunger vertically in the clamp stand, as shown in
Fig. 1.1.

Fig. 1.1
6

Pour approximately 30cm3 of calcium chloride, C into a 50ml beaker. Place the beaker
directly underneath the syringe as shown in Fig. 1.1, ensuring a distance of around 3cm
between the syringe nozzle and the surface of the calcium chloride solution.

7

Pour the plant extract and alginate mixture into the syringe. Let all the mixture drip into the
beaker of calcium chloride. Observe the release of drops from the syringe.
You are required to decide on the method that you will use to determine the rate at
which drops are released.
The method should use the apparatus available, take no longer than five minutes and allow
an assessment of the degree of confidence in the results to be made.

(ii)

Describe the method that you plan to use.
x

[2]

Method: Count no of drops in a set between 1min to 5 minutes interval, time using a
stopwatch.
Additional note: start timing only when the first drop is observed ( not counting the first
drop)

x

Perform (at least 2) replicates / Repeat step to get replicates.

Accept: Measure time taken for 10
10 drops
drrop
ps to be released then take 10/ time taken
Reject: measure the time taken
en for
en
fo
orr 1 drop
dro
op to be
b released then take 1/t

(iii)

A problem in step
ste
ep 7 is
is tthat
hat o
ha
one
ne variable
varia
va
which should be controlled will vary. From your
observations,
s, identify
ide
d nt
ntiffy the
tth
he variable
he
vari
va
riab
ab
ble in
i step 7 that cannot be controlled and describe the effect
on the resultss of
of changing
cha
ch
an
ngi
ging
ng this
this variable.
x

Variable: Number
mb
m
be of plant cells in each alginate bead each time the plant extract-alginate
mixture drips into the CaCl2 solution.

x

Effect on the results: Plant cells contain chloroplasts and enzymes eg. Rubisco for Calvin
cycle Æ enzyme concentration change Æ rate of respiration change ( correct r/s)
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4
8

The mixture will form a bead upon contact with calcium chloride. Leave the beads in the
beaker of calcium chloride for 5 minutes to let them solidify.

9

Using a spoon, transfer the beads into an empty beaker, and rinse them using distilled water.
Next, pour away the distilled water and add fresh distilled water. Leave the beads in fresh
distilled water.

10

Using a spoon or a pair of forceps, add 2 alginate beads containing plant extract of similar
size and shape into the boiling tube. Using a syringe, transfer 5cm 3 of B into the boiling tube.
Quickly cap the boiling tube with a stopper.

11

Place the boiling tube into a test tube rack and position the boiling tube 10cm from a lit lamp.
Switch on the lamp and start timing with a stop watch.

12

Record the time taken for the colour of the indicator to change from yellow to green. If the
colour does not change after 480 seconds, record as ‘more than 480’.

13

Repeat steps 10 - 12 with 6, 10, 14 and 18 alginate beads containing plant extract. Manage
your time carefully while conducting the repeated steps.

(iv)

Record your results in a suitable format in the space below.
No of beads
2
6
10
14
18

Time taken for yellow
bromothymol blue to turn
green/s
More than 480
447
388
250
45

1. Correct independent variable taking first column/row (number of alginate beads),
correct independent variable (time taken for colour change/s);
2. Precision of raw data: whole number for seconds,
3. Trend is correct; faster timing for change in colour for larger number of beads
(v)

[3]
Explain the effect of the number of alginate beads containing plant extract on the rate of [3]
photosynthesis.
1. Concentration of enzyme increases
nc
with number of beads, hence greater rate of
photosynthesis;
2. Increase rate of carbon
rbon fixation
ffiixa
xati
tion
o in Calvin cycle/ light independent stage;
on
3. Increase in the
he number
n mb
nu
be
err of
of active
a tiv sites, hence increased frequency of effective
ac
collisions, hence
he
encce higher
high
hi
gher
gh
er rat
rate
ate of
at
o formation
form
[ESC];
4. Less CO
O2 in tthe
he iindicator
ndic
nd
icat
ic
ator
at
orr ssolution/more,
olut
ol
hence less acidic (and pH increases), rate of
colour
urr of
of indicator
in
ndi
dica
cato
ca
torr in
to
increases.
ncr
crea
eas
[max 3m]
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(vi)

State and explain two assumptions which you have made in order for a colour change to be [4]
observed at step 11.
1. Assume that CO2 is present in the indicator solution;
2. as it is a substrate for Calvin cycle/light-independent reaction to occur.
3. Chloroplasts are still intact/enzyme (rubisco) not denatured (by heat from the lamp)
4. Electron transport chain/ chlorophyll are required in specific order/ orientation/
position in membrane/ thylakoid lumen for specific reactions to occur/carbon fixation
can occur as rubisco is not denatured.
5. Rate of respiration is not equal to the rate of photosynthesis;
6. so that there will be a change in carbon dioxide concentration which will result in a
colour change;

(vii)

State and explain two modifications you would make to steps 1 to 12 to increase the degree [4]
of confidence in your results.
1. Use a syringe with a plunger/micropipette to release to obtain beads of containing the
same volume of plant extract
2. So that the amount of enzymes per bead is consistent/ total concentration of
enzymes;
3. Conduct the experiment in a dark room/use a light tunnel to block off surrounding light
(reject: conduct expt in the “dark”. You must explain the method to achieve the dark
condtion)
4. To prevent light pollution/surround light from affect the rate of photosynthesis
5. Use cool light source/ low energy bulb/ transparent heat sink AW (A! water
shield)/conduct experiment in a thermostatic water bath
6. to prevent heating effect of lamp/idea of affecting enzyme activity due to increasing in
temperature);
7. use of a spectrophotometer to measure absorbance
8. Observation of color change by eye is subjective.
9. Conducting replicates to find average timing (only 1 mark awarded)

(viii)

Suggest a suitable control for this experiment.
[2]
1. Add (two) alginate beads replacing the plant extract with equal volume of
distilled water to indicator solution,
2. under the same experimental
nta
al conditions
c
as the other treatments;
he rise
risse in
in pH is due to enzymes and not due to any other
3. Control shows that the
factor.
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(b)

A student used a similar method to investigate the effects of different types of plant extracts on the
rate of photosynthesis. However he used a spectrophotometer to measure the colour change after 8
min of investigation.
Table 1.1
Plant extract

Absorbance / Au
Replicate 1

Replicate 2

Average

A

0.36

0.37

0.37

D

0.74

0.74

0.74

B

0.64

0.65

0.65

C

0.70

0.73

0.72

Draw a chart of the student’s results in Table 1.1 on the following grid, to show the effect of different [3]
plant extracts on the rate of photosynthesis.
1. Both axis correctly labelled with units,
x-axis: Plant extract; A, B, C, D (must be in sequence)
y-axis: Average absorbance/ Au; (Reject: rate of Photosynthesis)
2. Appropriate scale: graph is at least 50% of grid and intervals are equidistant and
interval markings must be shown, (should indicate the origin as well)
Size of bars must be equal, equal interval between bars
No odd scale is accepted (each 10 sq should correct to “1”, “2”, “5” units). All other
scales are considered odd as reading of scale become difficult,
(No marks if student plotted a line graph or include the raw data resulting in 3 bars
plotted for each extract)
3. Points plotted accurately. (if odd scale is used, no need to check points)
[Total:25]

2

(a)

You are required to investigate the effects of potassium nitrate and lead nitrate solutions on cells of
the plant material with which you have been supplied.
1

Using a pair of forceps, peel off one or two thin layers of epidermis from the most deeply
pigmented areas of the plant tissue. Remove as little of the underlying tissue as possible.

2

Cut the epidermis so that you
u have
ha
ave ttwo
wo squares of tissue, each about 3 mm x 3 mm. Place
these squares in a dish off distilled
dissti
tilllled
lle
ed
d water.
wat
ater
e.

3

Mount one piece
ce of
of tissue
tiisssue
sue on
su
on a microscope
mic
icro
rosc
ro
slide in distilled water under a cover slip. Label
this as slide A.
A.

4

Mount the other piece
piie
p
piec
ec
ce of tissue
ti
in 1 mol dm-3 potassium nitrate solution under a cover slip.
Label this as slide
e B.
B

5

Leave both slides aside for 5 minutes before examining them under the microscope.

(i)

State one observed difference between the appearance of majority of epidermal cells in slide [1]
B from those in slide A.
1. Plasmolysis (or shrinkage of cell membrane from cell walls) observed in epidermal
Need a home tutor? Visit smiletutor.sg
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cells of slide B
(ii)

Account fully for the change in appearance of the cells when placed in 1 mol dm -3 potassium [2]
nitrate solution.
1. 1 moldm-3 sodium nitrate has lower water potential than cell sap (OR reverse
argument)
2. water diffuses/leaves/moves out of epidermal cells by osmosis;
3. retention of pigments in the vacuole due to the high molecular weight of pigments that
prevents it from diffusing across the tonoplast/cell surface membrane

(iii)

Heavy metals such as lead and copper are toxic to plants.

[2]
-3

Predict the appearance of the epidermal cells if the epidermis is mounted in 1 mol dm lead
nitrate solution. Explain your prediction.
1. pigments leaked out of the cells / content dispersed/cells appear to be colourless
2. (heavy metal - lead) disrupts structure of membrane of tonoplast and cell surface
membrane, loss of membrane selective permeability
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Fig. 2.1 shows the view of a mammalian white blood cell, using an eyepiece graticule and the highpower objective lens of a microscope.

Fig. 2.1
(b)

(c)

Use a table to record three observable differences between the blood cell in Fig. 2.1 and the cells [3]
you saw in slide A.
Feature
Presence of cell wall
Shape of cell

Blood cell
Cell wall absent
Circular/round in shape

Shape of nucleus

U-shaped/presence of
lobes in nucleus

(Plant) Epidermal cell
Cell wall present
Elongated/rectangular in
shape
Nucleus is round in shape

The student calibrated the eyepiece graticule against a stage micrometer with the following results:
x Number of eyepiece graticule divisions across 5 stage micrometer division = 25
x One stage micrometer division = 0.01 mm
(i)

Use this information to calculate the actual diameter of the cell in μm. Show your working [3]
clearly.
Length of 1 division on eyepiece graticule = (0.01x5)/25 = 0.002 mm = 2

m;

Actual diameter of cell = Number of eyepiece divisions x length of 1 eyepiece
division
= 14 x 2
= 28 m;
1. correct calculation of 1 division of eyepiece graticule (2

m)

2. shows correct number of eyepiece
piece
c division
ce
d
that measures diameter of cell (e.g. 14)
3. obtains correct calculation
atio
on off actual
act
c ua
al diameter
da
di
+ answer in whole number
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(ii)

Calculate the magnification of the blood cell in Fig. 2.1. Show your working clearly.

[2]

Magnification of blood cell = diameter of cell in diagram / actual diameter of cell
= 4.8 cm x 10000 / 18
= X1714.3 (1 d.p.)

(d)

m

1.

shows correct measurement of diameter in diagram

2.

correct final answer + answer in whole number or 1 d.p.

Fig 2.2 shows the view of a dicot Syringa leaf specimen under x40 objective lens of the
microscope.

Palisade
mesophyll
layer

Fig 2.2
(i)

Source: botit.botany.wisc.edu

Make a plan drawing of Fig 2.2, in the space below. Labels are not required.
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10
(ii)

Make a high power labelled drawing of three palisade mesophyll cells as shown in Fig 2.2, in [4[
the space below.
1.

Draws three palisade mesophyll cells of correct shape (i.e. rectangular)

2.

Layers and structures in correct proportion (e.g. double lines for cell walls)

3.

Include labels of structures
a. Cell wall
b. Cell membrane
c. Nucleus

4.

Includes appropriate title for drawing that includes scientific name of specimen
(underlined) and total magnification e.g.

[4]
[Total: 21]
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3

Pipistrellus is a genus of bats in the family Vespertilionidae. Classifying bat species based on their
evolutionary relationship is difficult because of the large diversity of species. Fig. 3.1 shows the
phylogenetic tree of the four known bat species (Pipistrell pipistrellus, Pipistrell pygmaeus, Pipistrell
javanicus and Pipistrellus abramus).

Fig 3.1
Using this information and your own knowledge, design an experiment to show the molecular
homology between four species of bats.
You are not required to indicate the specific volume of reagents to be used.
Your planning must be based on the assumption that you have been provided with the following
equipment and materials.
x
x
x
x
x
x
x
x
x
x
x
x

Tissue samples of the four bats species
Pestle and mortar
DNA extraction buffer solution
Glass rods
Microfuge tubes
Centrifuge machine
Restriction enzyme, HindIII
Suitable reagents for polymerase chain reaction
DNA primers
Thermal cycler
Agarose gel plate
Suitable source of electrical
current
rica
al cu
curre

Your plan should have a clear
earr and
and helpful
an
help
he
elp
lpffu
ul structure
stru
st
ruct
ru
cttur
u to include:
x
x
x
x

an explanation
xp
pla
an
na
ati
tio
on
no
off tth
the
he theory
the
th
eor to support your practical procedure,
a description
used,
cri
riipt
ptio
on of
of the
the method
m
relevantt risk
ris
isk and
isk
and precaution taken
the correctt use of technical and scientific terms
[Total: 9]

Theory (3 marks max)
(The evolutionary relationship between different bats species can be determined by comparing the
similarity of DNA sequence of a common / conserved gene)
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T1: Closely related bats species will have very similar DNA base sequence whereas distantly related
species will have more different DNA base sequences (due to accumulation of different mutations);
T2: This could be due to mutations resulting in deletion or insertion of nucleotides of the gene;
T3: Differences in base sequences may result in the formation or deletion of a restriction site which
will result in different species giving different number and length of restriction fragments after
digestion with the appropriate same restriction enzyme HindIII;
Procedure (7 marks max)
Extraction of DNA from tissues
P1: 10g of bats tissue samples from the 3 species were homogenized separately and grind using
pestle and mortar.
P2: Add 10ml DNA extraction buffer solution to the homogenized tissue. Stir the mixture using
glass rod;
Preparation of DNA for extraction
P3: Add 1ml of the mixture is added to a centrifuge tube and the mixture is centrifuged, and the
supernatant containing DNA is then transferred to a fresh centrifuge tube;
(The heavier cell debris gets spun down by centrifugal force, leaving the DNA in the supernatant)
Amplification of DNA using polymerase chain reaction (PCR) at thermal cycler
Use a thermal cycler to amplify the common gene of the 4 species using appropriate set of DNA
primers flanking the common DNA sequence;
PCR step / cycle
Denaturation
Annealing
Extension
Total 30 cycles

Temperature / oC
95
50
72

Duration / s [1]
60
60
60

Reagents per PCR tube
Volume / μl
DNA Taq polymerase mix including free DNA 20
nucleotides
Forward DNA primer (1μM)
5
Backward DNA primer (1μM)
5
Buffer
5
DNA template (supernatant)
5
P4: Student will be awarded mark for stat
stating
tin
ing
g all the reagents needed, e.g. DNA primers, Taq DNA
polymerase, DNA template, free DNA
nucleotides,
NA n
ucle
uc
leot
le
otid
ot
i e etc;
P5: Student will be awarded mark
ma
ark
k for
fo
orr briefly
bri
r ef
efly
ly stating
sta
the temperature and event happening at each
stage;
cte
ted DNA
te
DN
NA
Digestion of extracted
P6: Digest/ Cut the
e 10
1
10μl
0μ
μll am
a
amplified
mpl
plififfie
ied DNA into restriction fragments, with 1μl HindIII in a 37oC
incubator for 1h;
Gel electrophoresis
P7: Prepare 1% agarose gel. Pour the molten gel into gel casting tray. Insert the comb and let the
gel set for 30 minutes. The comb will create the wells;
P8: Add 1μl loading dye to 10μl of digested DNA. Dispense the DNA samples into the wells of the
gel using micropipette;
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P9: Switch on a direct current: Run at 100V for 1h.
Visualization of DNA band patterns/ genetic fingerprint
P10: Soak the gel in a solution of ethidium bromide and view the gel under UV light to compare
the band patterns of the different species;

Analysis:

A1: Hypothetical results – drawn to depict correct evolutionary relationship or clearly described;
A2: Appropriate diagram drawn showing the band patterns;
Safety and Risks:
ino
oge
g which is harmful to the body. Avoid direct
S1: Ethidium bromide (EtBr) is a carcinogen
skin contact with the chemical by wear
wearing
rin
ing
g gl
glo
gloves while handling the EtBr-stained gel;
S2: Gel electrophoresis uses ele
electric
ec
cttri
ric c
cu
current
urrren
ent ru
running through the gel tank with buffer. Ensure
that no current is switched on
nw
while
hille
hi
e ssetting
ettting up
up the
th
he gel electrophoresis set up;
S3: Bats may contain
nb
bacteria
ac
cteri
tte
eri
ria o
ria
orr other
otth
herr pathogens.
pat
ath
ho
Gloves should be worn when handling
their tissues to avoid
id
d ccross
ros
ro
ss
s iinfection
nffec
ecti
tion
tion
on b
by
y bats’
b t pathogens;
ba
Reliability:
R1: Avoid cross contamination
min
nat
atio of bats’ DNA with DNA from external sources, e.g. human by
ensuring that gloves are worn and homogenisation of tissues are done in aseptic conditions;
Reject: Generic statements on not being electrocuted, or being cut by glassware, or being scalded
by hot items

THE END
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1

The diagram shows an electron micrograph of a plasma cell.

B

A
C

D

Which statement best describes the labelled structures in the cell?

2

A

Structure A is large as the genes for immunoglobulin are long, since V(D)J
recombination has not yet occurred.

B

Structure B contains immunoglobulins, which are meant for secretion.

C

Structure C is fluid, allowing invagination to occur so that the cell can engulf pathogens.

D

Structure D is present in large amounts to allow a high rate of immunoglobulin synthesis.

The cytochrome b6f complex is part of the electron transport chain located in the thylakoid
membrane. It transports protons across the thylakoid membrane.
Which statement does not explain why this is an active process?

ACJC

A

Energy released from electrons is coupled to the movement of protons across the
thylakoid membrane.

B

A high concentration of protons is created in the thylakoid space.

C

There is a pore in the complex, allowing for the movement of protons across the
thylakoid membrane.

D

Protons are transported across the thylakoid membrane only in the presence of light.
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3

The diagram shows the chemical structure of a lipoprotein.

How many amino acid residues are there in this lipoprotein?

ACJC

A

9

B

10

C

11

D

13
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4

Plant biomass contains only cellulose, hemicellulose and lignin, and it can be converted to
glucose to be used as fuel.
Lignin does not consist of carbohydrate monomers, while hemicellulose consists of various
monosaccharides, such as mannose, galactose and arabinose but not glucose.
An investigation was conducted on the pulp of four types of plant biomass to see which has
the most potential for the production of fuel. The graph shows the glucose yield from the
enzymatic hydrolysis of a fixed mass of pulp.

Duration of hydrolysis / h

Which statement is not a valid inference of the information provided?

ACJC

A

Poplar and beech have the highest potential of being used for the production of fuel.

B

The rate of hydrolysis for most of the plants is reaching its maximum at around 50 hours.

C

Glycosidic bonds were hydrolysed in these reactions.

D

Hemp plant biomass has the highest amount of lignin and hemicellulose.
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5

The diagram shows the synthesis of a haemoglobin molecule in a red blood cell. Some of
the steps in the process are labelled W, X, Y and Z.
transferrin

Iron

amino acids

W
α and β subunits

X
αβ dimer

iron

Y
Iron
α2β2 globin

iron
MITOCHONDRION

protoporphyrin

haem

Z
haemoglobin

Which row shows the bonds formed at steps W, X, Y and Z?

ACJC

W

X

Y

Z

A

Peptide and
hydrogen bonds

Ionic bonds and
hydrophobic
interactions

Hydrogen bonds

Hydrophobic
interactions

B

Peptide and
hydrogen bonds

Hydrogen and ionic
bonds

Hydrophobic
interactions and
disulfide bonds

Ionic bonds

C

Peptide bonds

Ionic bonds and
hydrophobic
interactions

Hydrogen bonds

Ionic bonds

D

Peptide bonds

Hydrogen and ionic
bonds

Hydrophobic
interactions and
disulfide bonds

Hydrophobic
interactions
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The following graphs show how the activities of enzymes X, Y and Z vary due to changes in
temperature and pH.
Z

Y

Rate of reaction

X

0

10

20

30

40

50

60

70

Temperature/ °C

Y

X
Rate of reaction

Z

0

2

4

6

8

10

12

14

pH

Which statement best explains the different activities of enzymes X, Y and Z?

ACJC

A

At 10°C and pH 2, both enzyme X and its substrate have the highest amount of kinetic
energy.

B

At 50°C and pH 10, numerous hydrogen bonds between R groups of amino acid
residues of enzyme Y are broken.

C

At 30°C and pH 7.9, most of the R groups of the catalytic amino acid residues of enzyme
Y are negatively charged.

D

At 50°C and pH 12, substrate is bound to the active site of enzyme Z by hydrophobic
interactions.
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How many of the following statements are true for all enzymes?

A

8

1

They lose the shape of their active site at temperatures above 70°C.

2

They catalyse the breakdown of large molecules into smaller molecules by straining
the bonds in the large molecules.

3

They have an active site that is complementary in shape and charge to only one
substrate molecule.

4

They reduce the activation energy of a reaction.

1

B

2

C

3

D

4

Alpha thalassemia major is a genetic disorder that prevents the production of functional alpha
globin, resulting in low red blood cell count. The most common therapy during pregnancy is
to carry out regular blood transfusions to the foetus within the uterus, providing the foetus
with functional red blood cells throughout the pregnancy. After birth, the baby requires a
suitable bone marrow transplant to be cured from the disease.
Recently, researchers conducted clinical trials in which they included maternal
haematopoietic stem cells within the blood transfusions to the foetuses. Some of the babies
were successfully cured from alpha thalassemia major, and did not require further treatment
after birth.
Which statement explains the success of the clinical trials for some of the babies?

ACJC

A

The foetal haematopoietic stem cells are able to differentiate into functional red blood
cells.

B

The foetal haematopoietic stem cells are removed by the maternal haematopoietic stem
cells.

C

The maternal haematopoietic stem cells are multipotent and give rise to functional red
blood cells.

D

The maternal haematopoietic stem cells are genetically identical to the foetal cells.
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A plasmid has an origin of transfer (oriT) to allow the transfer of DNA from a donor to a
recipient cell during bacterial conjugation. Genes that are transferred into the recipient cell
first are closer to oriT on the plasmid. A sample of donor cells was mixed with a sample of
recipient cells. The genotypes of these cells are:
Key:
Donor cell:
bio+ leu+ lacZ+ gal+
+ : present
Recipient cell: bio leu lacZ gal
- : absent
Conjugation of bacteria was disrupted at various time points, stopping the transfer of DNA.
The recipient cells containing the respective genes after the various time points are shown
in the graph.

Percentage
of recipient
cells
containing
specified
gene

bio+
leu+

lacZ+

Which statements can be deduced from the information provided?

ACJC

1

Of the four genes, the gal gene is the furthest from oriT.

2

None of the recipient cells would be able to hydrolyse lactose before 18 minutes if
lactose was added to the medium.

3

The leu gene is located closer to the bio gene than the lac gene on the plasmid.

4

The transfer of all four genes to all recipient cells in the sample took 45 minutes.

A

1, 2, 3 and 4

B

1, 2 and 3 only

C

1 and 4 only

D

2 and 3 only
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The hantavirus can cause fatal diseases in humans.
Four features of the hantavirus shared with some other viruses are listed:
1

negative-sense RNA

2

phospholipid bilayer

3

endonuclease that cleaves mRNA

4

RNA-dependent RNA polymerase

Which of these features would also be expected in an influenza virus?
A
11

12

1, 2, 3 and 4

B

1, 2 and 4 only

C

1, 3 and 4 only

D

2 and 3 only

Which statement describes DNA replication and transcription correctly?
A

DNA replication and transcription require the use of DNA polymerase and RNA
polymerase respectively and both molecules read the DNA template in a 5’ to 3’
direction.

B

DNA replication and transcription require the use of DNA polymerase and RNA
polymerase respectively and both molecules unwind and unzip the double stranded
DNA molecule.

C

DNA replication and transcription require the use of deoxyribonucleotides and
ribonucleotides respectively and both molecules contain phosphoester bonds.

D

Both DNA replication and transcription require the use of single-stranded DNA binding
proteins to stabilise the DNA template used during the processes.

A prokaryotic chromosome is digested with an endonuclease that cuts it at only one site. It
is then fused with a telomere sequence at one end. A copy of this chromosome is introduced
into a eukaryotic cell.
Which of the following are likely to happen after numerous rounds of cell division?

A

ACJC

1

The modified prokaryotic chromosome is shortened.

2

The modified prokaryotic chromosome will be fused with another eukaryotic
chromosome.

3

There will be a loss of coding sequences from the modified prokaryotic chromosome.

4

There will be a loss of non-coding sequences from the modified prokaryotic
chromosome.

1, 2, 3 and 4

B

1, 3 and 4 only

C

1 and 3 only
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Insulin is produced in the β cells of the pancreas. Insulin is first synthesised as preproinsulin.
The detailed biochemical pathway of insulin production is shown in the diagram.
Preproinsulin

Mature
insulin

Proinsulin

Hydrolysis by
endopeptidase

Golgi Body

Rough Endoplasmic Reticulum

Which mechanism would result in an increase in the production rate of a mature insulin
protein?
A

Synthesis of less translation initiation factors

B

Synthesis of more enzymes involved in processes such as glycosylation, methylation
and phosphorylation

C

Synthesis of more endopeptidase

D

Synthesis of more enzymes that attach ubiquitin to insulin

`

ACJC
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When a patient is diagnosed with cancer, the diagnosis will include the stage of the cancer.
There are typically five stages.
Stage
0
1

Description
Small localised tumour mass which has not spread to nearby tissues.
Small localised tumour mass that has not grown deeply into nearby
tissues. It has not spread to the lymph nodes or other parts of the body.
Larger tumour mass which has grown more deeply into nearby tissues. It
may has also spread to lymph nodes but not to other parts of the body.
Cancer has spread to other organs or parts of the body.

2 and 3
4

The expression of genes I – IV was studied in three different individuals:
x
x
x

Normal, not suffering from cancer
Stage 0 cancer
Stage 4 cancer

These genes have been implicated in cancer development. The amount of mRNA transcribed
from these genes was quantified.
4.5

Amount of mRNA/ μg

4
3.5
3
2.5
2
1.5
1
0.5
0
Gene I

Gene II

Gene III
Normal
Stage 0

Gene IV
Stage 4

Which of the following is likely to be the correct identities of genes I to IV?

ACJC

Gene I

Gene II

Gene III

Gene IV

A

Proto-oncogene

Tumour suppressor
gene

Gene coding for
telomerase

Gene involved in
angiogenesis

B

Proto-oncogene

Tumour suppressor
gene

Gene involved in
angiogenesis

Gene involved in
contact inhibition

C

Tumour suppressor
gene

Proto-oncogene

Gene coding for
telomerase

Gene involved in
angiogenesis

D

Tumour suppressor
gene

Proto-oncogene

Gene involved in
angiogenesis

Gene involved in
anchorage
dependence
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A mutation in the lacI gene results in the production of a lac repressor protein that is unable
to bind to allolactose.
Which row correctly shows the level of expression of the lac operon in the mutant cell in the
presence or absence of lactose and/or glucose?

16

Lactose

Glucose

Level of lac operon expression

A

Absent

Absent

Zero

B

Absent

Present

Low

C

Present

Absent

High

D

Present

Present

Low

These statements describe a series of processes in the yeast mitotic cell cycle.
1

Cohesin complexes assemble at DNA cohesion sites found on identical DNA
molecules.

2

Cohesion sites are regions of highly condensed chromatin.

3

Identical DNA molecules are attached at cohesion sites during chromatin
condensation.

4

Enzyme X catalyses the proteolytic cleavage of a subunit of cohesin.

5

Cohesin complexes are removed, allowing accurate chromosomal segregation.

Which stage of the mitotic cell cycle cannot proceed if enzyme X is dysfunctional?

ACJC

A

S phase of interphase

B

prophase

C

metaphase

D

anaphase
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A study was carried out on 500 people, some of whom were smokers. The study investigated
the link between percentage of deaths due to lung cancer and their smoking habits. The age
at which they started smoking and the number of cigarettes smoked per day were recorded
in the graph.

Which of the following statements can be deduced from the information provided?

ACJC

1

People who never smoked have the lowest percentage of deaths due to lung cancer.

2

The earlier a person starts smoking, the higher the percentage of deaths due to lung
cancer.

3

The fewer the number of cigarettes smoked per day, the lower the percentage of
deaths due to lung cancer.

4

Smoke contains carcinogens that can cause DNA damage and gene mutations that
shorten an individual’s lifespan.

A

1, 2 and 3

B

1 and 4 only

C

2 and 3 only

D

3 and 4 only

9744/01/Prelim 2019 Need

[Turn Over
a home tutor? Visit smiletutor.sg

14
18

A pure-breeding black fowl is crossed with a pure-breeding white fowl. All the progeny are
blue. Sibling cross is carried out and there are black, white as well as blue progeny.
Which statement most likely explains the above crosses?

19

A

It is a monohybrid cross involving two alleles that exhibit incomplete dominance.

B

It is a monohybrid cross involving three different alleles.

C

It is a dihybrid cross involving two alleles that exhibit incomplete dominance at each
gene locus.

D

It is a dihybrid cross involving three different alleles at each gene locus.

The pedigree diagram shows the inheritance of the familial hypercholesterolemia in a family.
Individuals with familial hypercholesterolemia show increased rate of atherosclerosis,
leading to death by 40 years old.

What is the probability of Individuals 16 and 17 having a child who is male and has familial
hypercholesterolemia?

ACJC

A

1 in 2

B

1 in 4

C

1 in 8

D

1 in 16
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In cats, two genes control the production of fur colour.
x

x

The tyrosinase-related protein-1 (TYRP1) gene controls the amount of black pigment
produced. It has three alleles: B for black pigment, b for chocolate pigment and b l for
cinnamon colour. B is completely dominant over b and bl, b is completely dominant
over bl.
The dilute gene controls the distribution of the pigment in the fur. It has two alleles.
The recessive allele, d, results in the dilution of black to grey, chocolate to lilac and
cinnamon to fawn.

Which flowchart correctly shows the production of fur colour in cats?
A

B

C

D

ACJC
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The flowchart outlines the process of anaerobic respiration in yeast cells.

Which of the statements regarding the identities of the compounds is not correct?

22

A

Compound W can also be synthesised in the anaerobic respiration of plant cells.

B

Compound X is a waste product.

C

Compound Y is necessary for more rounds of glycolysis.

D

Compound Z acts as an oxidising agent.

The figure shows an electron micrograph of part of a leaf cell.

Which option correctly shows the locations where substances involved in photosynthesis are
used or produced?

ACJC

Usage of reduced NADP

Production of ATP

Production of hexose

A

X

Y

X

B

X

X

Y

C

Y

X

Y

D

Y

Y

X
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The energy required for Calvin cycle comes from the light-dependent reaction. An
investigation was conducted with light of two different wavelengths, 653 nm and 700 nm, on
isolated chloroplasts. The rate of production of oxygen gas was measured for each of the
following four experimental conditions.
Experiment 1 Experiment 2 Experiment 3 Experiment 4 -

Two different wavelengths of 653 nm and 700 nm given 10 seconds apart
Two different wavelengths of 653 nm and 700 nm given at the same time
One wavelength of 653 nm given
One wavelength of 700 nm given

Rate of oxygen produced
(nmol per hour)

The light intensity was the same for each of the four experiments and the rate of production
of oxygen gas was measured.

Experiment

Which of the following is a possible conclusion from this experiment?

ACJC

A

Rate of photosynthesis is higher by 4% in experiment 2 than in experiment 1.

B

The longer wavelength of 700 nm and the shorter wavelength of 653 nm work cooperatively to produce a higher rate of photosynthesis.

C

PS I absorbs light at 700 nm while PS II absorbs light at 653 nm.

D

The number of wavelengths given is the only limiting factor in this experiment.
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The pertussis toxin produced by the bacterium, Bordetella pertussis, can inhibit the
autophosphorylation of the tyrosine residues of receptor tyrosine kinases (RTK).
Which processes can be inhibited as a result of the presence of the pertussis toxin?
1
2
3
4

25

Dimerisation of RTK
Activation of RTK
Activation of downstream relay proteins
Production of glucagon

A

1, 2 and 4

B

2, 3 and 4

C

1 and 3 only

D

2 and 3 only

Researchers have found evidence of natural selection in humans.
x

x
x
x
x

In ancestral populations, only babies and children needed to digest the milk sugar,
lactose. The gene coding for the enzyme lactase (LCT gene) was switched off before
adulthood.
Today, lactose-intolerant adults cannot digest lactose, leading to abdominal pain after
eating food containing lactose.
A mutation in the LCT gene results in adults to be able to digest lactose. This is called
lactose persistence.
Lactose persistence increased in populations in Europe several thousand years ago.
The increase in lactose persistence in Europe coincided with an increase in farming of
cows for milk.

Which statement does not explain why there was selection for lactose persistence in humans
several thousand years ago?

ACJC

A

Reliance on milk products selects for individuals who are able to digest lactose due to
the presence of the mutated LCT gene in them.

B

Compared to lactose-intolerant individuals, individuals with lactose persistence are likely
to get fewer side effects after consuming food containing lactose.

C

On average, more individuals who produce high levels of lactase in their lifetime live to
reproductive age, as they are able to utilise an additional source of nutrient.

D

Individuals with lactose persistence consume more milk than the rest of the population
and pass on the mutant allele to their offspring.

9744/01/Prelim 2019 Need

[Turn Over
a home tutor? Visit smiletutor.sg

19
26

Analysis of the genome of primates reveals many DNA segments that have been duplicated
known as segmental duplications (SDs).
It is possible to deduce the phylogenetic relationships of various primates by studying the
SDs. Human-specific SDs occurred after humans and chimpanzees diverged. Common
SDs shared between humans and chimpanzees (human-chimpanzee shared SDs) occurred
after their common ancestor diverged from gorillas and so on.
The chart shows the number of SDs in different groups of primates.
250

Number of SDs

200

150

100

50

0

Humanspecific
SDs

Humanchimpanzee
shared SDs

Humanchimpanzeegorilla
shared SDs

Humanchimpanzeegorillaorangutan
shared SDs

Which statements could be deduced from the chart above?

ACJC

1

The number of SDs that can be found in humans but not in other primates is 133.

2

Since the separation of orangutans from other primates, the number of shared SDs
present in the other primate group decreases.

3

It is possible for a few SDs to be found in humans and gorillas but not chimpanzees
because the same SDs occurred independently in both humans and gorillas.

4

Orangutans are more closely related to chimpanzees than they are to gorillas.

A

1, 2 and 4

B

2 and 3 only

C

3 and 4 only

D

1 only

9744/01/Prelim 2019 Need

[Turn Over
a home tutor? Visit smiletutor.sg

20
27

Cichlids are freshwater fish that are found widely in the southern continental regions as
shown as the shaded regions on the map.

Key
1
2
3
4
5

Worldwide distribution of cichlids
Geographical region
Approximate number of species
Central and South America
400
Africa
1600
Madagascar
More than 18
Middle East
5
India
3

Which statement correctly explains the worldwide distribution of modern-day cichlid species?

ACJC

A

Species found in Madagascar are more closely related to species from Africa rather than
those found in the Middle East as there is gene flow between the populations.

B

Geographical isolation has occurred resulting in different cichlid species, as there is a
large body of water between South America and Africa.

C

When the ancient Gondwana supercontinent broke up, ancestor cichlid populations
were subjected to different selection pressures resulting in the species in Africa and
those in Middle and South America to undergo sympatric speciation.

D

Continental drift separated the ancestors of the modern species of cichlid, leading to
the presence of analogous structures in them.
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The diagram shows the exposure of a person to Mycobacterium tuberculosis and subsequent
progression of tuberculosis (TB).

Which of the statements are not correct?

29

ACJC

1

When an infected person is in the latent TB infection stage, transmission of M.
tuberculosis to others is unlikely to occur.

2

At the centre of the tubercle, helper T cells release M. tuberculosis into the cavity.

3

Phagocytosis of M. tuberculosis by macrophages starts in the subclinical TB disease
stage.

4

In the active TB disease stage, an infected person’s lungs will be destroyed
progressively as more tubercles rupture.

A

1 and 3

B

1 and 4

C

2 and 3

D

2 and 4

Which row does not correctly describe innate and adaptive immunity?
Innate immunity

Adaptive immunity

A

Primarily functions in clearance of
infection

Primarily functions in controlling spread of
infection

B

Immediate response

Delayed response

C

Activated by antigens found on many
pathogens

Activated by antigens found on specific
pathogens

D

Involves mast cells and macrophages

Involves T and B lymphocytes
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The spider-orchid only flowers for a relatively brief time. Its flower resembles a spider and emits
a scent that mimics that of a female bee, tricking male bees into attempting to mate with the
flowers, thereby allowing the plant’s pollination.
The bees emerge in spring after hibernation and take flight, with the males flying earlier than
the females.
Global warming has resulted in temperatures in the spring months to be higher than before,
affecting the interaction between the spider-orchid and the male bees.
Which statements are possible concerns of higher temperatures in spring?

ACJC

1

Female bees are emerging from hibernation earlier than usual, competing with the
orchid flower and preventing it from being pollinated by the male bees.

2

The spider-orchid flowers earlier, resulting in desynchronisation between the
pollination process and the hatching of the bee larvae.

3

The hatching process of the bee larvae is slower as some of the enzymes involved
are inactivated at higher temperatures, resulting in the later emergence of the bees.

A

1, 2 and 3

B

1 and 2 only

C

1 and 3 only

D

2 and 3 only
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Fig.1.1 shows an electron micrograph of part of a cell.

X
Y

Fig. 1.1
(a) (i)

Describe one function of the proteins present in organelles X and Y.

[2]
(ii) Organelles X and Y are both membrane-bound.
State two advantages of membranes in cells.

[2]

ACJC
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Fig. 1.2 shows the structural components of a virus that causes measles. The diameter of the
virus ranges from 300 nm and 1000 nm. It can be found in the nose and throat mucus of
infected people. It multiplies by entering and taking over the mechanisms of DNA replication of
its host cell.

For
examiner’s
use

E
Fig. 1.2
(b) With reference to the information above and your own knowledge, discuss how this virus
challenges the tenets of the cell theory.

[4]
[Total: 8]
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Fig. 2.1 shows the structure of a type of phospholipid known as phosphatidylcholine.

E
Fig. 2.1
(a) Contrast the structure of the phosphatidylcholine in Fig. 2.1 with the structure of a
triglyceride molecule.

[2]
(b) Plants use both lipids and carbohydrates for energy storage. Explain how the structure of
triglycerides make them more suitable for energy storage than starch.

[2]

ACJC
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(c) Phospholipase is an enzyme that can break down phospholipids, and it is found in bee
venom. Suggest how bee venom destroys red blood cells.

[2]

(d) Anagrelide is a drug that inhibits the action of phospholipase. An experiment was carried
out to determine whether anagrelide is a competitive or non-competitive inhibitor. The
results show that the rate of enzyme activity does not reach Vmax at high phospholipid
concentration.
State which type of inhibitor anagrelide is and explain your answer.

[3]
[Total: 9]

ACJC
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3

Fig. 3.1 shows four of the incorrect suggestions for the structure of the DNA molecule before the
actual structure was published in 1953.
B

A

For
examiner’s
use

Legend
Hydrogen bond

C

E

D

Fig. 3.1
(a) One of the structures suggested in Fig. 3.1 is most similar to the one accepted today.
Identify the structure and explain your choice.

[3]
(b) Explain why the structure identified in (a) is rejected as the actual structure of DNA despite
being the most similar to it.

[1]

ACJC
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Repeating nucleotide sequences are common in the genome of eukaryotes. These repeating
sequences are non-coding and have been commonly referred to as ‘junk DNA’. ‘Junk DNA’
implies that these DNA sequences do not serve any function.

For
examiner’s
use

(c) Suggest why the term ‘junk DNA’ is misleading.

[2]
Both eukaryotes and prokaryotes contain DNA as their genome. However, the overall
organisation of their genetic information is quite different.
(d) State three differences between the organisation of genetic information in eukaryotes and
prokaryotes.

[3]
[Total: 9]

ACJC
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4

Fig. 4.1 shows a micrograph of a multicellular structure formed several days after fertilisation of
an egg by a sperm. A type of stem cell can be extracted from this structure.

For
examiner’s
use

E
Fig. 4.1
(a) Identify the stem cells extracted from the structure shown in Fig. 4.1 and describe the
normal function of these stem cells.

[2]
The level of gene expression in cells can be studied by measuring the time taken for mRNA in
the cell to be broken down, which is indicated by the half-life of the mRNA.
(b) Outline how an RNA transcript is modified to form a mature mRNA in a eukaryotic cell.

[3]
(c) Describe the significance of one of the modifications outlined in your answers to (b).

[1]
ACJC
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Research on stem cells have been carried out to investigate the mechanisms by which their
undifferentiated state was maintained. One particular gene of interest, Cnot3, was studied for its
effects on the expression of other genes involved in cell differentiation.

For
examiner’s
use

Fig. 4.2 shows the half-life of different mRNA molecules when measured in normal stem cells
(wild type, WT) and in mutant stem cells lacking the Cnot3 gene (–Cnot3). With the exception of
Cnot3, the total number of different mRNA did not change.
Number of
different mRNA

E

Number of
different mRNA

WT

-Cnot3

mRNA half life (hour)

mRNA half life (hour)

Fig. 4.2
(d) Describe the effects of the Cnot3 gene on the expression of other genes.

[3]
(e) Suggest how the Cnot3 gene regulates the expression of other genes.

[3]
[Total: 12]
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Fig. 5.1 shows a virus attaching to the surface of its host cell.

E
Fig. 5.1
(a) Describe two structural features characteristic of the type of host cell shown in Fig. 5.1.

[2]
(b) Outline the different processes by which genetic variation may arise in the type of host cell
shown in Fig. 5.1.

[4]

ACJC
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Ciprofloxacin is an antibiotic that acts as an inhibitor of the enzyme DNA topoisomerase
(Fig. 5.2). The inhibition of DNA topoisomerase in target cells prevent DNA from unwinding
properly, therefore disrupting the process of DNA replication.

For
examiner’s
use

E
Fig. 5.2
(c) Briefly describe how topoisomerase allows the unwinding of DNA to be carried out properly.

[1]
(d) Describe two differences in the mode of action of ciprofloxacin and penicillin.

[2]
(e) Suggest why ciprofloxacin may also inhibit the replication of mitochondrial DNA.

[1]
[Total: 10]
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6

A member of an endangered species was found to be infertile. Analyses found that the germline
cells were not able to undergo meiosis properly.
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(a) Explain the role of meiosis in producing offspring.

[2]
In nuclear division, CenH3 is a protein which associates the kinetochore complex with DNA. The
mRNA sequence of the CenH3 gene in dysfunctional germline cells was slightly different from
normal cells.
(b) Explain if the failure in meiosis is more likely caused by a gene mutation or chromosomal
aberration.

[3]
(c) Describe the consequences of this mutation on meiosis.

[3]
[Total: 8]
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In the sweet pea, Lathyrus odoratus, flower colour and shape of pollen grains are coded for by
two different genes. The allele for purple flowers, A, is dominant to the allele for red flowers, a,
and the allele for long pollen grains, B, is dominant to the allele for round pollen grains, b.
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Flower colour is caused by pigments known as anthocyanins, which are synthesised in flower
cells. Fig. 7.1 shows the molecular structure of the anthocyanin resulting in purple flowers.

E

Fig. 7.1
(a) With reference to the information provided, explain how the gene for flower colour results
in the purple phenotype.

[3]
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A sweet pea plant that is heterozygous for both flower colour and shape of pollen grain is
crossed with a sweet pea plant with red flowers and round pollen grains. The results of this
cross are shown in Table 7.1.
Table 7.1
offspring phenotype
red flowers, long pollen grains
red flowers, round pollen grains
purple flowers, long pollen grains
purple flowers, round pollen grains

number of offspring
380
25
30
365

(b) Draw a genetic diagram to show how the above cross resulted in the offspring shown in
Table 7.1.

[4]
(c) Explain why there are offspring with red flowers, round pollen grains and purple flowers,
long pollen grains.

[3]
[Total: 10]
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8

Fish and amphibians belong to two separate classes – Class Chondrichthyes and Class
Amphibia respectively.
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(a) State the basis of biological classification.

[1]
(b) Describe the limitations of using morphology in classifying species.

[2]
Some species of fish and amphibians have many phenotypic similarities. Fig. 8.1a and 8.1b
show the similarities in bone structure between fins of lobe-finned fish and limbs of a primitive
amphibian.

Fig. 8.1a Lobe-finned fish

Fig. 8.1b Primitive amphibian

(c) Explain how the similarities in bone structure support the theory of evolution.

[3]
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Among extant fish, the coelacanth and the lungfish are thought to be most closely related to
amphibians. The amino acid sequences of the α chain of coelacanth and lungfish haemoglobin
were compared to that of two species of amphibians, Xenopus laevis (Xl) and Rana catesbeiana
(Rc). The results are shown in Table 8.1.
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Table 8.1

Type of fish
Coelacanth
Lungfish

Percentage of matches of amino acid sequence
Species of amphibian
Xl
Rc
45.4
48.2
40.7
37.9

(d) (i) With reference to Table 8.1, draw a phylogenetic tree demonstrating the relationship
between the three types of organisms – coelacanth, lungfish and amphibians.

[1]
(ii) Explain your answer in (d)(i).

[3]
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(e) Describe the advantages of using molecular methods to compare evolutionary
relationships.

[3]
[Total: 13]
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9

Colostrum is a form of milk produced by mammals to feed their newborn babies for the first few
days after birth. Molecule Y shown in Fig. 9.1 is found in colostrum from cows.

Fig. 9.1
(a) Outline how the presence of a foreign antigen may lead to the production of Molecule Y
shown in Fig. 9.1.

[4]
(b) The chances of survival of a calf increase if it drinks colostrum. State one reason why
colostrum increases the chances of survival of a calf.

[1]
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(c) Explain how class switching occurs to produce a diversity of Molecule Y.

[3]
[Total: 8]
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10 New research predicts that rising global temperatures will reduce yields in the world’s largest
corn-producing regions and could lead to food shortages. Fig. 10.1 shows the global maize
production projections under two different warming scenarios.

E

U.S.A.

CHINA

BRAZIL

ARGENTINA

Fig. 10.1
(a) With reference to Fig. 10.1, describe the impact of rising temperatures from 2ºC to 4ºC on
global maize production projections and its consequences.

[3]
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(b) With reference to Fig. 10.1 and your own knowledge on photosynthesis, explain how rising
temperatures affect the growth of maize.

[3]
(c) Based on the maize production projections in Fig. 10.1, other wild crops such as peanut,
potato and cow peas could reduce in numbers and become extinct. Predict the possible
consequences of a reduced biodiversity in the region where these wild crops could be
found.

[2]
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Fig. 10.2 shows the absorption and action spectra of photosynthetic pigments in maize.

E
Fig. 10.2
(d) State what is meant by the absorption and action spectra of photosynthetic pigments.

[2]
(e) The action spectrum is obtained by measuring the rate of oxygen released during
photosynthesis. Explain why the production of oxygen during photosynthesis is an indicator
of the growth of maize plants.

[3]
[Total: 13]
END OF PAPER
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Section A
Answer all the questions in this section.
1

The mitochondria in a cell undergo fusion and fission regularly. When mitochondria fuse, the
contents within the different mitochondria are mixed together. Scientists hypothesised that mutated
mitochondrial DNA (mtDNA) and damaged proteins can be sorted and accumulated within one
mitochondrion during the fission process. Mitochondrial fusion and fission ensure that most
mitochondria contain normal mtDNA and functional proteins. Fig. 1.1 shows the mitochondrial
fusion-fission cycle.

Fig. 1.1
Membrane proteins such as mitofusins and Fis1 are important in facilitating mitochondrial fusion
and fission processes respectively.
(a) (i) Explain how the fluid mosaic model is relevant to mitochondrial fusion and fission.

[4]
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A group of scientists studied the change in expression of mitofusin and Fis1 mRNA in the rat
muscle cells after 45, 90 and 120 minutes of exercise. The change in the amount of mRNA
produced after each exercise duration as compared to the resting conditions is indicated as the
“fold change”. The results are shown in Fig. 1.2.

Fig. 1.2
(ii) Describe the relative changes in the expression of mitofusin and Fis1 under the different
conditions.

[3]
(iii) At 120 minutes of exercise, it was observed that there were many mitochondria which were
smaller than usual. With reference to Fig. 1.1 and Fig. 1.2, explain these observations.

[2]
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Replication of mtDNA is continuous throughout the cell cycle, giving rise to many copies of mtDNA
per mitochondrion. Fig. 1.3 shows a schematic diagram of the initiation of mtDNA replication.

Fig. 1.3
(b) Compare the process in Fig. 1.3 and the polymerase chain reaction.

[4]
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The mtDNA contains 37 genes, of which 13 code for protein subunits of the different electron
carrier complexes embedded in the inner mitochondrial membrane. Mutations in the mtDNA often
occur in the form of multiple or large-scale deletions involving several genes. As the number of
mutated mtDNA copies increases in the cell, an individual will start to show symptoms such as
lethargy and lactate accumulation. The levels of normal and mutated mtDNA copies in the cells
can be monitored using the following procedure:
1. Cells are homogenised. The cell mixture is first centrifuged at low speed and the pellet
(solid residue) is removed.
2. The supernatant (liquid component) is then centrifuged again at a higher speed so that the
mitochondria can be found in the pellet.
3. The purified mitochondria are homogenised.
4. Restriction enzymes, EcoRI, are added. EcoRI will cut the mtDNA at specific nucleotide
sequences.
5. Gel electrophoresis is carried out. DNA fragments are visualised using ethidium bromide.
Scientists carried out the above procedure using normal and mutated mtDNA copies within cells
from two different individuals – a patient suffering from lethargy and lactate accumulation and a
healthy individual. The results are shown in the gel electrophoregram in Fig. 1.4. The molecular
weight markers were loaded in lane M. DNA sample from the patient was loaded in lane 1, while
DNA sample from the healthy individual was loaded in lane 2.

Fig. 1.4
(c) (i) Explain why it was necessary to remove the pellet in step 1.
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(ii) Describe the principles of gel electrophoresis.

[3]
(iii) Using the information provided, explain why different band patterns are observed for lanes
1 and 2.

[3]
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Newborns have a large amount of brown fat tissue, which contains abundant mitochondria. Brown
fat cells express the protein, thermogenin, which is embedded in the inner mitochondrial
membrane. Protons flow through the channel in thermogenin instead of ATP synthase. As a result,
the proton gradient is less steep, and energy is released in the form of heat. This keeps the babies
warm.
The mitochondrial matrix has a pH of about 7.8. The intermembrane space of mitochondria in
different cells exhibit different pH values, as shown in Table 1.1.
Table 1.1
Cells from which mitochondria
are isolated
Resting muscle
Muscle during exercise
Brown fat

pH in intermembrane space
7.0
6.8
7.4

(d) (i) Explain the difference in pH values in the intermembrane space and the matrix of the
mitochondria in the resting muscle cells.

[4]
(ii) Explain how low oxygen concentration will result in the newborns suffering from a drop in
body temperatures.

[3]
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(iii) The respiratory processes in the mitochondria require oxygen. Explain how oxygen is
transported into the mitochondria.

[2]
[Total: 30]
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Antibodies are proteins produced by the mammalian immune system.
(a) Describe two ways antibodies can mediate the removal of pathogen from the host’s system.

[2]
HIV-Enzyme-Linked ImmunoSorbent Assay (HIV-ELISA) is a type of blood test used to diagnose
chronic infection with Human Immunodeficiency Virus (HIV). The concentration of HIV antigens in
blood samples obtained from a patient who is infected with HIV can be measured using antibodies
specific for these antigens.
Fig. 2.1 illustrates how the HIV-ELISA works. HIV antigens from the blood samples are
immobilised on the surface of wells and incubated with an enzyme-labelled antibody. Excess
unbound antibodies are washed off and the enzyme's substrate is then added. The enzymecatalysed reaction results in a colour change, from colourless to yellow. The concentration of the
HIV antigens can be quantified by measuring the absorbance of each sample at the end of the
assay.

Fig. 2.1
(b) (i) With reference to Fig. 2.1 and the information provided, explain how the structure of an
antibody allows it to be used in the assay.

[3]
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(ii) Draw a graph to show the expected relationship between the concentration of antigen and
absorbance.

[1]

(iii) Suggest two reasons why HIV-ELISA may sometimes fail to detect the presence of HIV
antigen in the blood sample of the patient.

[2]
(c) Describe how HIV results in the death of the host cell.

[2]
[Total: 10]

ACJC

9744/03/Prelim 2019

Need a home tutor? Visit smiletutor.sg
[Turn over

11
3

For
Examiner’s
Use

Elevated atmospheric carbon dioxide (CO2) concentration is a major contributor of climate change.
The levels of CO2 has increased from the pre-industrial revolution period of 280 ppm in 1750 to
393 ppm in 2012. Atmospheric CO2 is expected to increase to 900 ppm by the end of the 21st
century.
(a) Explain how human activities have significantly contributed to the increase in CO2 levels in the
atmosphere.

[3]
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It has been observed that the levels of CO2 have an effect on the morphology of plants. The
stomatal density of existing and fossilised plants was observed in relation to the concentration of
CO2 in the atmosphere. Existing plants are indicated by open symbols (¡) and fossilised plants are
indicated by filled symbols (i) in Fig. 3.1.

Fig. 3.1
(b) With reference to Fig. 3.1, describe the overall trend observed.

[2]
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Research has identified several molecules that may be involved in stomatal density in developing
leaves at elevated CO2 levels. One such molecule is the stress hormone, abscisic acid (ABA).
ABA binds to the ABA-G Protein-Linked Receptor (ABA-GPLR) and increases the expression of
genes involved in stomatal development such as ASI and RAB. A schematic representation of the
pathway is shown in Fig. 3.2. Dashed arrows represent multiple steps.

Fig. 3.2
(c) Using the information provided and your own knowledge, describe the mechanism by which
ABA affects stomatal density in developing leaves.

[5]
[Total: 10]
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Answer one question in this section.
Write your answers on the separate writing paper provided.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a) and (b), as indicated in the question.
4

(a)

Rabbits, which are usually found in meadows and woods, show a variation of coat
colour. Five genes control the distribution of pigments, resulting in a range of coat
colours ranging from black to brown. Coat colour is darker at cold temperatures and
lighter at warm temperatures. Some of the five genes have multiple variants at each
gene loci and the expression of one gene is also temperature sensitive.
Explain whether coat colour shows continuous or discontinuous variation and discuss,
with the use of the various species concepts, whether two rabbits showing distinctive
coat colours can be considered as the same or different species.
[15]

(b)

In the debate of “nature versus nurture”, “nature” often refers to genetic factors while
“nurture” refers to the environmental variables that can influence phenotypes. Discuss
the extent to which phenotypic variation in a population is influenced by “nature”
and “nurture”.
[10]
[Total: 25]

5

The development of cancer is a multi-step process that involves the accumulation of
mutations. While some mutations occur spontaneously due to errors in DNA replication,
others could be induced by environmental factors or biological agents. These mutations
might cause cells to bypass cell cycle checkpoints. The risk of developing some types of
cancer such as cervical cancer or stomach cancer can be reduced in susceptible individuals
with the use of vaccination or antibiotics.
(a)

Explain how chromosomal aberrations can lead to the dysregulation of the cell cycle
and suggest why gene mutations do not always lead to the formation of a tumour. [15]

(b)

Studies have shown a correlation between human papillomavirus infection with
cervical cancer, and infection by certain strains of Helicobacter pylori with stomach
cancer. Discuss the usefulness of vaccination and antibiotics in minimising the risk of
an individual developing cancer.
[10]
[Total: 25]
[End of Paper]
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Answer all questions.
1

Amylase A catalyses the hydrolysis of starch into a reducing sugar, glucose.
You are required to follow the time course of this enzyme-catalysed reaction by testing the
reaction mixture for glucose. Samples of the reaction mixture are drawn at intervals over 15
minutes and tested for glucose using Benedict’s solution.
The progress of the reaction will be determined by estimating the amount of glucose formed from
starch, using a standard curve.
You are provided with:
x
x
x
x

5 cm3 of 4% glucose solution, G
15 cm3 of Benedict’s solution, B
5 cm3 of amylase solution, A
10 cm3 of starch solution, S

Proceed as follows.
Section A: Preparation of standard curve using different concentrations of the glucose
solution
1

Set up a water bath of suitable depth and heat it to boiling.

2

Label five test tubes 0.25%, 0.50%, 1.00%, 2.00% and 4.00% glucose solution and add
0.5 cm3 of Benedict’s solution, B, to each test tube.

3

Prepare the different concentrations of glucose using the 4.00% glucose solution, G,
provided.
You are required to make up a sufficient volume of each concentration of glucose solution
in the small vials provided so that, once the serial dilution has been completed, there is a
volume of 2.0 cm3 for each solution.
Complete Table 1.1 to show how you will make the glucose solutions in Vials 2 to 5.
Table 1.1
Concentration of
glucose solution / %
Vial of glucose
solution to be diluted
Volume of the
glucose solution to
be diluted / cm3
Volume of distilled
water / cm3

Vial 1

Vial 2

Vial 3

Vial 4

Vial 5

4.00

2.00

1.00

0.50

0.25

1

2

3

4

[2]
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4

Stir the contents of each vial with a clean, dry glass rod.

5

Add 0.5 cm3 of glucose solution prepared in Vial 5 to the corresponding test tube prepared
in Step 2 to conduct Benedict’s Test.

6

Place this test tube into the boiling water bath and observe the test tube very carefully for
the first sign of a colour change. This is the end point of the reaction. As soon as you
see this colour change, record the time taken for the reaction to reach the end-point.

7

Repeat steps 5 and 6 with the other concentrations of glucose solution.

8

Record your observations in the table provided.
Concentration of
glucose solution / %

Time taken for reaction
to reach end point / s

Mass of glucose / mg

0.25
0.50
1.00

5.00

2.00
4.00

[2]
9

ACJC

Given that 0.5 cm3 of the 1% glucose solution contained 5.00 mg of glucose, complete the
table above to estimate the mass of glucose which was added in each of the other four
tubes.
[1]

9744/04 Prelim 2019

Need a home tutor? Visit smiletutor.sg
[Turn over]

For
Examiner’s
Use

4
10 Use your data to plot a standard curve of time taken to reach end point and mass of glucose.

[4]
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Section B: Investigation of the time course of the enzyme-catalysed reaction
You will follow the time course of this enzyme-catalysed reaction by testing the reaction mixture
for glucose. The time intervals you will use are 5, 10 and 15 minutes.
You are advised to read steps 11 to 21 before proceeding.
Proceed as follows.
11 Maintain a boiling water bath.
12 Label 3 test tubes with the time intervals.
13 Prepare another water bath between 35 °C and 40 °C in a large plastic beaker.
14 Put 5 cm3 of starch, S, into a vial and cover it with a cap.
15 Put the vial into the water bath in the large plastic beaker. Allow 3 minutes for contents of
S in the vial to reach the same temperature.
16 Put 2 cm3 of amylase A into the vial and put the vial back into the water bath. You need to
ensure that the enzyme is thoroughly mixed with the substrate.
17 Start timing the time course.
18 After 5 minutes, remove 0.5 cm3 of reaction mixtures from the vial and place the sample
this in an empty test tube with the correspondingly-labelled time. Replace the vial into the
water bath.
19 Place the test tube in the boiling water bath immediately for 30 seconds before removing
it from the water bath and leaving it on the test tube rack to cool.
State why this step is necessary.

[1]
20 Repeat steps 18 and 19 at the other time intervals.
21 At the end of the 15 minutes, test the contents of the test tubes for glucose using Benedict’s
solution, B. Record the time taken for the reaction to reach the end-point. If there is no
colour change by 5 minutes, record “more than 300”.
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22 Record your results in the space below.

[3]
23 Using the standard curve, estimate the mass of glucose produced after 15 minutes of the
reaction.

[1]
24 Describe a suitable control for this investigation and explain why it is necessary.

[2]
25 Explain why this experiment would have yielded different results if it was conducted at
10 °C.

[2]
[Total: 18 marks]
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2 There are molecules on the surface of yeast cells which cause the cells to stick together. When
a yeast suspension is placed in a test-tube some of the cells sink slowly to the bottom.
(a) (i)

Show clearly on Fig. 2.1 what you would expect the contents of the test-tube to look like
after 5 minutes. You will gain marks for clear labels.
[2]

After 5 minutes
Fig 2.1
You are required to investigate the effect of the independent variable, pH, on the sedimentation
of a yeast cell suspension.
You are provided with:
x pH3 buffer solution, P3
x pH3 buffer solution, P5
x Yeast suspension, Y
x Calcium chloride solution, C
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(ii) Use the marker provided to mark a line half-way along the length of each test-tube as shown in
Fig. 2.2.
You will need to put 1 cm3 of calcium chloride solution, C, in each test-tube and then an equal
volume of yeast suspension, Y, and each buffer solution so that the mixture will fill the test-tube
to the half-way mark as shown in Fig. 2.2.

Fig. 2.2
Describe a method to measure the dependent variable. Include in your plan,
x
x
x

steps you used to work out the volume of Y and volume of each buffer solution to use
the use of graph paper
the time intervals used for the experiment over a period of 5 minutes.

Your method should be set out in a logical order.

[5]
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(iii) State the volume of Y and the volume of each buffer solution to use.
volume of Y ....................................................
volume of each buffer solution ........................

[1]

Proceed as follows.
1

Label one test-tube for each pH.

2

Put the volume of pH 3 buffer solution, p3, stated in (iii), into a test-tube labelled pH3.

3

Put 1 cm3 of C to the same test-tube.

4

Repeat steps 3 and 4 with pH 5 buffer solution, p5.

5

Stir the yeast suspension, Y, with a glass rod.

6

Put the volume of Y, stated in (iii), into each test-tube to make the total volume up to the
half-way mark.

7

Stopper the test-tubes with bungs and invert the test-tubes twice to mix well.

8

Immediately start timing. Carry out the method stated in (ii) to measure the dependent
variable and record the observations at your selected time intervals. You may need to lift
each test-tube to eye level to take each reading. Take care not to disturb the contents of the
test-tube.
(iv) Record your results in the space below.

[3]
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(v) State the degree of uncertainty of using the graph paper scale as a measure.

[1]
(vi) Identify one significant source of error in this investigation and explain the improvement you
would make to rectify this error.

[2]
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(b) Many people are intolerant to the disaccharide lactose, which is found in milk.
The enzyme lactase is used commercially to catalyse the breakdown of lactose to the
monosaccharides glucose and galactose. These sugars taste sweeter and are easier to digest
than lactose.
Enzymes can be immobilised in a number of different ways, using different materials.
Fig. 2.3 shows three ways of immobilisation of enzymes.

Fig. 2.3
A student carried out an investigation to compare the activity of the enzyme lactase that had
been immobilised in the three different ways shown in Fig. 2.3.
x
x

A solution containing 20 mg cm–3 of lactose was poured through a column containing the
immobilised enzyme.
The solution containing the products was collected and the concentration of glucose
measured.

Table 2.1 shows the student’s results.
Table 2.1

(i)

ACJC

Complete Table 2.1 to show the values of the mean total glucose collected.
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Table 2.2 shows the results of a number of statistical tests to find out if the differences in the
activity of enzyme lactase were significant.
Table 2.2

(ii)

State what is meant by ‘significant at P < 0.05’.

[2]
(iii)

The student concluded that immobilising lactase by adsorption onto the surface of glass
beads (A) has a greater activity than either of the other ways of immobilising the enzyme.
With reference to Tables 2.1 and 2.2, state the evidence that supports this conclusion.

[2]
[Total: 19 marks]
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3

R1 is a slide of a stained transverse section through a root of the plant Helianthus annuus, the
common sunflower.
You are not expected to be familiar with this specimen.

Fig. 3.1
(a) (i) Draw a large plan diagram of half of the root as shown in Fig. 3.1.
Use one ruled label line and the letter T to identify the tissue that is made up of cells
adapted for the transport of water.

[5]
(ii) Suggest one observable feature which supports the identification of the tissue T as being
made up of cells that are adapted for the transport of water.

ACJC
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An eyepiece graticule scale can be used to measure the length of cells. To obtain an actual length,
the graticule scale must be calibrated against a stage micrometer.
However, to obtain values for calculating a ratio, it is not necessary to calibrate the eyepiece
graticule scale.
(b)

Observe R1 using the x10 objective lens.
Use the eyepiece graticule scale to find
x
x

the radius of the region containing tissue T
the radius of root

State the ratio between the radius of the region containing tissue T to the radius of root.
You may lose marks if you do not show all the steps in finding the ratio.

ratio

ACJC
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Fig. 3.2 is a photomicrograph of a stained transverse section through a stem of the same plant
species.

J
N

K

M

L
Fig. 3.2
(c)

ACJC

Prepare the space below so that it is suitable for you to record observable differences between
the specimen in slide R1 and the specimen in Fig. 3.2.
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(d)

Use the scale bar and the lines in Fig. 3.2 to find the actual width, in μm, of the vascular
bundles labelled J, K, L, M and N.
You may lose marks if you do not show your working.

J

ACJC

μm, K

μm, L

μm, M
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(e)

Fig. 3.3 shows a diagram of a stage micrometer scale that is being used to calibrate an
eyepiece graticule.
One division, on either the stage micrometer scale or the eyepiece graticule, is the distance
between two adjacent lines.
The length of one division on this stage micrometer is 0.01mm.

Fig. 3.3
Using this particular stage micrometer, where one division is 0.01mm, calculate the actual
length of one eyepiece graticule unit, in μm, in Fig. 3.3.

[2]
[Total: 18 marks]
ACJC
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Fig.1.1 shows an electron micrograph of part of a cell.

X
Y

Fig. 1.1
(a) (i)

Describe one function of the proteins present in organelles X and Y.
X:
1. ATP synthase synthesises ATP during oxidative phosphorylation;
2. Electron carriers in electron transport chain transfers electrons, releasing
energy for chemiosmosis;
3. Enzymes for Krebs Cycle catalyse substrate-level phosphorylation /
dehydrogenation;
4. AVP: Any function of a protein / enzyme / ribosomal proteins within
mitochondrion;
Y:
5. Enzymes for lipid synthesis;
6. Enzymes for detoxification of drugs and poisons (in liver cells);
7. Enzymes for carbohydrate metabolism / e.g. breaking down glycogen to
glucose;
R! if answers is on function
tion
n of
of organelle
org
instead of a protein in organelle

[2]

(ii) Organelles X and
dYa
are
r b
re
both
oth me
ot
memb
membrane-bound.
mbra
mb
ra
an
wo advantages
ad
dvant
va
an
nttag
ge
es
s of
of membranes
memb
m ra
State two
in cells.
Compartmentalisation
tm
me
en
nta
nta
tali
lis
sa
at on
ati
n
1. Physically
cal
ally
al
y separate
se
s
epa
parrate incompatible chemical reactions so they occur at the
same time;
me ;
2. Separate
ed
different reactions temporally by time or sequence e.g. rER to GA /
correct timing;
3. Allow high concentrations of enzymes and molecules to accumulate in
specific compartments / larger surface area for attachment of
proteins/enzymes/ribosomes to increase rate / efficiency of reaction;
4. formation of optimal environment so as to allow specific reactions to occur;
ACJC
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5. Allows for attachment of proteins to carry out a specific function e.g. ATP
synthase, receptor / carry out a series of reaction in the right order e.g.
electron carriers in the ETC;
6. Regulates movement of substances across membranes resulting in
[2]
selective permeability;
Fig. 1.2 shows the structural components of a virus that causes measles. The diameter of the
virus ranges from 300 nm and 1000 nm. It can be found in the nose and throat mucus of
infected people. It multiplies by entering and taking over the mechanisms of DNA replication of
its host cell.

Fig. 1.2
(b) With reference to the information above and your own knowledge, discuss how this virus
challenges the tenets of the cell theory.
[4]
Tenets of cell theory
that are relevant to
this question (min 1):
Counter statement to
the tenet (min 1):
Evidence for “not a
cell” or “more basic”:
ba
as
siic”
c”:
Evidence of living
characteristics:
Min 1 for pt 5-9

ACJC

Option 1
1. all living things consist of
cells;

Option 2
2. the smallest unit of living
thing is the cell;

3. However,
weve
ver,
ve
r, the
the virus
4. However, the virus is
challenges
simpler / more basic than
ch
ha
alllle
en
ng
ges tthe
he cell theory
as
the cell;
as it
it is
is acellular
ace
cell
l ul
ular
a / not a cell;
5.. Th
5
T
They
hey
ey do
o not
not have
h
organelles;
6. The virus is a lot smaller
(300-1000nm) than a cell;
7. They are also able to adapt to the external conditions;
7.
8. They are able to reproduce;
9. It has its own genetic material (which codes for viral
proteins);
[Total: 8]
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Fig. 2.1 shows the structure of a type of phospholipid known as phosphatidylcholine.

E
Fig. 2.1
(a) Contrast the structure of the phosphatidylcholine in Fig. 2.1 with the structure of a
triglyceride molecule.
1. Apart from the hydrocarbon tails, phospholipid has phosphate group/phosphate
and choline attached to glycerol, while triglyceride does not have any other group
attached to glycerol;
2. Phospholipid has 2 hydrocarbon tails / ester bonds, while triglyceride has 3;
[2]
(b) Plants use both lipids and carbohydrates for energy storage. Explain how the structure of
triglycerides make them more suitable for energy storage than starch.
1. Long hydrocarbon tails has many C-H bonds / more H than O;
2. More / twice as much energy released
el
per unit mass;
[2]

(c) Phospholipase
se iss a
an
n en
e
enzyme
nzy
zyme
me tthat
h t ca
ha
can break down phospholipids, and it is found in bee
ge
est
st how
how
ow bee
bee
ee venom
ven
enom
o destroys red blood cells.
venom. Suggest
1. Phospholipid
ip
pid
id bilayer
biilla
layer
yer makes
m
up the cell surface membrane of red blood cells;
2. Phospholipase
pas
as
a
se catalyses
cata
ca
the hydrolysis of ester linkages in phospholipids;
3. Breaking down
wn of phospholipids disrupt the bilayer, hence red blood cells
rupture/lyse;
[2]
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(d) Anagrelide is a drug that inhibits the action of phospholipase. An experiment was carried
out to determine whether anagrelide is a competitive or non-competitive inhibitor. The
results show that the rate of enzyme activity does not reach Vmax at high phospholipid
concentration.
State which type of inhibitor anagrelide is and explain your answer.
1. Non-competitive;
2. Anagrelide binds to a site other than the active site, resulting in a change in the
3D conformation of phospholipase;
R! Allosteric site
3. Hence, at high phospholipid concentration, fewer available active sites /
phospholipid does not compete with anagrelide, so Vmax is not reached;
Must make reference to context to score full 3m
[3]
[Total: 9]
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Fig. 3.1 shows four of the incorrect suggestions for the structure of the DNA molecule before the
actual structure was published in 1953.
B

A

For
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use

Legend
Hydrogen bond

C

E

D

Fig. 3.1
(a) One of the structures suggested in Fig. 3.1 is most similar to the one accepted today.
Identify the structure and explain your choice.
1. Structure B;
2. Structure shown is double-stranded DNA;
3. The strands are anti-parallel;
4. Complementary base-pairing between purines and pyrimidines / A base pair with
T and C base pair / form hydrogen bond with G;
@ 1m [3]
(b) Explain why the structure identified in (a) is rejected as the actual structure of DNA despite
being the most similar to it.
1. The number of hydrogen bonds shown between G and C is 2 which is wrong,
instead of 3;
@ 1m [1]
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Repeating nucleotide sequences are common in the genome of eukaryotes. These repeating
sequences are non-coding and have been commonly referred to as ‘junk DNA’. ‘Junk DNA’
implies that these DNA sequences do not serve any function.
(c) Suggest why the term ‘junk DNA’ is misleading.
1. *The term is misleading as some repeating sequences do have a function;
2. E.g. any function of centromere
the adhesion point for sister chromatids in a chromosome/
site of assembly of the kinetochore/
essential for the equal segregation of sister chromatids during mitosis and
chromatids in meiosis II, and the segregation of homologous chromosomes
during meiosis I to opposite poles, and hence to daughter nuclei/
help organise the chromatin within the interphase nucleus;
3. E.g. any function of telomere
protect genes at the ends of chromosomes from being eroded during semiconservative DNA replication/
prevent chromosomal end-to-end fusions/
protect chromosomal ends from inappropriate enzymatic degradation/
act as signals for cells to enter replicative senescence, where cells stop dividing
and may undergo apoptosis;
*compulsory pt

@ 1m [2]

Both eukaryotes and prokaryotes contain DNA as their genome. However, the overall
organisation of their genetic information is quite different.
(d) State three differences between the organisation of genetic information in eukaryotes and
prokaryotes.
[3]
Feature
Eukaryotes
Prokaryotes
Telomeres
1. Present in chromosomes
Absent (since DNA is circular);
Centromeres
2. Present in chromosomes
Absent;
Small amount of non-coding
Amount of non- 3. Most DNA is non-coding /
DNA (as most of the DNA codes
little DNA codes for proteins
coding DNA
for protein, tRNA and rRNA);
4. Introns are present in
Introns
Introns are generally absent;
between exons
5. Genes are far apart from
Genes are closely packed (as
Arrangement of
each other (as there is large
there is little non-coding DNA
genes
amounts of non-coding DNA
between genes);
between them
them);
em
e
m)
6. Non-coding
codi
diing
d
gD
DNA
NA is made up
Non-coding DNA is mostly made
of bo
both
oth
h re
rregulatory
egu
gulla
atory (e.g.
up of regulatory sequences
Regulatory
promoters,
pr
p
rom
omo
otter
ers
s,, enhancers,
enh
han
a c
sequences
(such as promoters and
silencers)
s
si
ilenc
le
enc
ncer
e s)) and
and
nd repetitive
r
operators);
sequences
se
s
equen
quen
qu
nce
ce
es
7.. Pr
7
P
Pres
Presence
re
es
sen of massive
Most DNA is unique / Limited
Repetitive DNA
NA
A
amounts
of repetitive DNA
amount of repetitive DNA;
am
8 Genes involved in the same
8.
Genes involved in the same
Genes involved
d
metabolic pathway are
pathway are usually
in same
organised into operons / Each
physically separated from
metabolic
one another / Each gene has operon with many genes has
pathway
one promoter
one promoter;
[Total: 9]
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Fig. 4.1 shows a micrograph of a multicellular structure formed several days after fertilisation of
an egg by a sperm. A type of stem cell can be extracted from this structure.

For
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E
Fig. 4.1
(a) Identify the stem cells extracted from the structure shown in Fig. 4.1 and describe the
normal function of these stem cells.
1. They are embryonic stem cells;
A! pluripotent stem cells
2. which have the ability to differentiate to form any organ / the three germ layers /
all cell types except extra-embryonic membranes;
No E.C.F.

[2]

The level of gene expression in cells can be studied by measuring the time taken for mRNA in
the cell to be broken down, which is indicated by the half-life of the mRNA.
(b) Outline how an RNA transcript is modified to form a mature mRNA in a eukaryotic cell.
1. Where a modified guanosine cap is added to the 5’ end of pre-mRNA;
2. while a polyadenine tail is added to the 3’ end;
3. Introns found in pre-mRNA are excised and the exons are spliced together by
spliceosomes;
[3]
(c) Describe the significance of one
ne o
off the
the modifications
m
outlined in your answers to (b).
Addition of 5’ cap or 3’ poly(A)
pol
oly((A)
oly(
ol
A) tail:
tai
ail:
l:
1. Protect the mRNA
NA
A from
ffrro
om
m degradation
de
eg
gra
rada
dati
da
tion
ti
o by exonucleases;
on
2. (allow binding
ng
go
off pr
p
proteins)
rot
ote
otei
eiins
ns) to
o ffacilitate
acil
ac
i it
the export of mRNA through nuclear pores;
3. (allow binding
indi
diin
ng
go
off pr
p
proteins)
rot
otei
ein
ns
s) to
t ffacilitate
a
the initiation of translation;
Excision of in
introns:
ntr
tron
ons
s::
4. Removal off non-coding
no
on
n-co
codi
co
din regions of the mRNA to ensure accurate coding of amino
di
acid sequence
nc
ce during
d
du
translation / OWTTE;
5. Allow for alternative
er
splicing of exons / OWTTE;
No E.C.F.
[1]
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Research on stem cells have been carried out to investigate the mechanisms by which their
undifferentiated state was maintained. One particular gene of interest, Cnot3, was studied for its
effects on the expression of other genes involved in cell differentiation.

For
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Fig. 4.2 shows the half-life of different mRNA molecules when measured in normal stem cells
(wild type, WT) and in mutant stem cells lacking the Cnot3 gene (–Cnot3). With the exception of
Cnot3, the total number of different mRNA did not change.
Number of
different mRNA

E

Number of
different mRNA

WT

-Cnot3

mRNA half life (hour)

mRNA half life (hour)

Fig. 4.2
(d) Describe the effects of the Cnot3 gene on the expression of other genes.
1. In the absence of Cnot3 gene, there is a general increase in the half-life of mRNA
coded by other genes;
Cnot3 gene results in decrease in the half-life of mRNA coded by other genes
2. Quote appropriate and specific figures e.g.:
a. number of mRNA having a half-life of 24 hours is ~80 to 90 in wild-type cells,
but number of mRNA having a half-life of 24 hours increased to ~170 to 180 in
mutant cells OR
b. highest number of mRNA molecules with a half-life of 6 or 7 hours in wild-type
cells, but highest number of mRNA molecules with a half-life of 24 hours in
mutant cells);
R! 25 hours
3. Therefore, Cnot3 gene decreases the expression of other genes / decreased
protein synthesis;
[3]
(e) Suggest how the Cnot3 gene
ge
g
ene
ne regulates
reg
egu
ullat
ates
e the expression of other genes.
es
1. Cnot3 gene codes
odes
s fo
f or d
for
de
deadenylases
ead
den
enyl
ylas
yl
ase
as
es / exonucleases which shortens the 3’ poly(A)
tail;
2. Which triggers
rig
gg
ge
ers
s enzymes
enz
zym
ymes
ymes
es to
to remove
re
the 5’ cap;
3. Leading to
oh
hydrolysis
yd
y
dro
roly
lysi
sis
s / degradation
d
of mRNA;
4. mRNA templates
pllat
ates lacking
lac
la
/ cannot be used for translation;
[3]
[Total: 12]
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Fig. 5.1 shows a virus attaching to the surface of its host cell.

E
Fig. 5.1
(a) Describe two structural features characteristic of the type of host cell shown in Fig. 5.1.
Any 2 of the following:
1. Unicellular;
2. Bounded by a peptidoglycan cell wall;
3. Contains circular DNA;
4. Contains 70S ribosomes;
5. Lacks membrane-bound organelles;
[2]
(b) Outline the different processes by which genetic variation may arise in the type of host cell
shown in Fig. 5.1.
1. Mutations can give rise to new alleles;
2. Transformation involves the exogenous DNA molecule to be taken up by
competent recipient cells;
3. Transduction involves the transfer of bacteria DNA through a bacteriophage;
4. (During transformation or transduction) DNA from the donor cell may undergo
homologous recombination with a homologous segment of the recipient cell’s
chromosome, resulting in new combination of alleles;
5. Conjugation involves the transfer
sfe of F plasmid from F+ to F- cell through direct
contact via a mating bridge;
ge;
[4]

ACJC

9744/02/Prelim 2019

Need a home tutor? Visit smiletutor.sg
[Turn over

11

Ciprofloxacin is an antibiotic that acts as an inhibitor of the enzyme DNA topoisomerase
(Fig. 5.2). The inhibition of DNA topoisomerase in target cells prevent DNA from unwinding
properly, therefore disrupting the process of DNA replication.
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E
Fig. 5.2
(c) Briefly describe how topoisomerase allows the unwinding of DNA to be carried out properly.
1. Topoisomerase creates a double-stranded break ahead of the replication fork, so
as to prevent the formation of supercoils;
[1]
(d) Describe two differences in the mode of action of ciprofloxacin and penicillin.
Max 2:
Basis
Enzymes inhibited
Process disrupted
Effect on cell

[2]
Penicilin
inhibits
penicillin-binding
protein / transpeptidase;
2. Disrupts DNA
A replication / disrupts cell wall synthesis /
prevent unwinding
unwi
wind
ndin
nd
cross-linking;
3. Does
s nott k
kill
i l target
il
tarrge cell / only Results in osmotic lysis of
ta
prevents
new
cells
prev
ven
ntts
sn
ew c
ew
e ls
el
s from being bacterial cell;
formed
fo
orm
me
ed
d
Ciprofloxacin
1. Inhibits topoisomerase

(e) Suggest why ciprofloxacin
cipr
prrrof
p
oflo
of
lox
xa
aci
cin
n may
m also inhibit the replication of mitochondrial DNA.
1. Mitochondrion
rio
on ma
m
may
y have a prokaryotic origin hence its enzymes may be similar
in structure to that of bacteria / ciprofloxacin targets enzymes which replicate
circular DNA only;
[1]
[Total: 10]
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A member of an endangered species was found to be infertile. Analyses found that the germline
cells were not able to undergo meiosis properly.
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(a) Explain the role of meiosis in producing offspring.
1. Meiosis allow for the formation of haploid / half the ploidy level of gametes;
2. which can fuse to form diploid organisms / prevent doubling of chromosomes
with each successive generation;
3. Meiosis results in the formation of genetically different gametes and hence
offspring;
[2]
In nuclear division, CenH3 is a protein which associates the kinetochore complex with DNA. The
mRNA sequence of the CenH3 gene in dysfunctional germline cells was slightly different from
normal cells.
(b) Explain if the failure in meiosis is more likely caused by a gene mutation or chromosomal
aberration.
1. Gene mutation;
2. The difference in the mRNA sequence indicates that the DNA sequence of only
one gene was changed / slight changes;
3. A chromosomal aberration would result in major/no changes to DNA sequence;
[3]
(c) Describe the consequences of this mutation on meiosis.
1. The kinetochore complex is not able to attach to the centromere of the
chromosomes;
2. So the spindle fibres are not able to attach to the chromosomes;
3. Cell cycle would not move past the M checkpoint;
4. Bivalents / pairs of homologous chromosomes would not be aligned at the
metaphase plate at metaphase I;
5. Non-disjunction of homologous chromosomes / homologous chromosomes do
not separate in Anaphase I;
6. Some gametes having additional / missing chromosomes / no gametes are
formed;
[3]
[Total: 8]
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7

In the sweet pea, Lathyrus odoratus, flower colour and shape of pollen grains are coded for by
two different genes. The allele for purple flowers, A, is dominant to the allele for red flowers, a,
and the allele for long pollen grains, B, is dominant to the allele for round pollen grains, b.
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Flower colour is caused by pigments known as anthocyanins, which are synthesised in flower
cells. Fig. 7.1 shows the molecular structure of the anthocyanin resulting in purple flowers.

E

Fig. 7.1
(a) With reference to the information provided, explain how the gene for flower colour results
in the purple phenotype.
1. Gene for flower colour is a DNA sequence used as a template for transcription to
produce mRNA;
2. mRNA is used as template for translation to form a polypeptide/protein;
3. This protein/enzyme is involved in the biochemical process producing
anthocyanin;
[3]
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A sweet pea plant that is heterozygous for both flower colour and shape of pollen grain is
crossed with a sweet pea plant with red flowers and round pollen grains. The results of this
cross are shown in Table 7.1.
Table 7.1
offspring phenotype
red flowers, long pollen grains
red flowers, round pollen grains
purple flowers, long pollen grains
purple flowers, round pollen grains

number of offspring
380
25
30
365

(b) Draw a genetic diagram to show how the above cross resulted in the offspring shown in
Table 7.1.
P phenotype
P genotype
Gametes

purple flowers and long pollen x red flowers and round pollen
(Ab)(aB) x (ab)(ab);
(aB) (Ab) (AB) (ab)

F1 genotype
F1 phenotype

(ab) ;

Recombinant gametes
(Ab)(ab)
(aB)(ab)
(ab)(ab)
(AB)(ab);
Purple flowers, Red flowers, Red flowers, Purple flowers,
Round pollen
Long pollen
Round pollen
Long pollen ;

Recombinant phenotypes
Note: ‘recombinant’ can be marked for either under gametes or F1 phenotype/genotype
[4]
(c) Explain why there are offspring with red flowers, round pollen grains and purple flowers,
long pollen grains.
1. Gene for flower colour and gene for pollen grain length are found on the same
chromosome (autosomal linkage);
2. Crossing over of non-sister chromatids of homologous chromosomes occurred
at a chiasma between the 2 genes at prophase I, resulting in exchange of
segments of the chromosomes;
3. Allele A is now on same chromosome as allele B / Allele a is now on same
chromosome as allele b in recombinant gametes [allow E.C.F. from (b)];
4. When these recombinant gametes, (AB)/(ab) genotype, fused with gametes
with genotype (ab), recombinant
nt phenotypes are produced;
[3]
[Total: 10]
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8

Fish and amphibians belong to two separate classes – Class Chondrichthyes and Class
Amphibia respectively.
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use

(a) State the basis of biological classification.
1. Organisation of species according to shared characteristics;
[1]
(b) Describe the limitations of using morphology in classifying species.
1. Individuals in the same species may look very different depending on their
gender or stage of life cycle;
2. Individuals which are not related may have similar structures due to convergent
evolution;
3. Differences between species at the genetic level may not show up in the
phenotype;
[2]
Some species of fish and amphibians have many phenotypic similarities. Fig. 8.1a and 8.1b
show the similarities in bone structure between fins of lobe-finned fish and limbs of a primitive
amphibian.

Fig. 8.1a Lobe-finned fish

Fig. 8.1b Primitive amphibian

(c) Explain how the similarities in bone structure support the theory of evolution.
Descent:
1. The fins of the lobe-finned fish and limbs of amphibians are homologous
structures;
2. Which were originated/derived from a common ancestor (due to a common set of
genes);
With modification:
3. Although the fins and limbs
mbs
s ha
have different functions, they have the same bone
arrangement / similar
ar bone
b ne
bo
e structure;
str
truc
uctu
uc
t r
4. Structures have been
bee
be
en
nm
mo
modified
odi
difi
fied for
forr different
d
purposes due to different selection
pressures in
n dif
different
iiffffe
e
ere
ren
re
ntt environments
en
nv
viron
onme
on
ment over time, leading to divergent evolution;
me
[3]
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Among extant fish, the coelacanth and the lungfish are thought to be most closely related to
amphibians. The amino acid sequences of the α chain of coelacanth and lungfish haemoglobin
were compared to that of two species of amphibians, Xenopus laevis (Xl) and Rana catesbeiana
(Rc). The results are shown in Table 8.1.

For
examiner’s
use

Table 8.1

Type of fish
Coelacanth
Lungfish

Percentage of matches of amino acid sequence
Species of amphibian
Xl
Rc
45.4
48.2
40.7
37.9

(d) (i) With reference to Table 8.1, draw a phylogenetic tree demonstrating the relationship
between the three types of organisms – coelacanth, lungfish and amphibians.
1. Coelacanth and amphibians share a more recent common ancestor than lungfish;
Lungfish
Coelacanth
[1]

Amphibians

(ii) Explain your answer in (d)(i).
1. Higher percentage of matches amino acid sequence between coelacanth and
amphibians than lungfish;
2. Similarities between coelacanth and amphibians ranged 45.4 to 48.2% while
lungfish and amphibians only share 37.9-40.7% similarity / Similarities
between coelacanth and amphibians averaged 46.8% while lungfish and
amphibians only share an average of 39.3% similarity;
3. Indicating that coelacanth are more closely related / more recent common
ancestor;
[3]

(e) Describe the advantages of using molecular methods to compare evolutionary
relationships.
1. Molecular methods are unambiguous and objective;
2. Results are quantifiable;
3. And are therefore open
en to
os
st
statistical
ttat
a is
isti
tica analysis;
ti
4. Silent mutation
n taken
take
ta
ken into
in
ntto
o consideration
con
onsi
siide
when quantifying differences when
molecular methods
me
eth
ho
od
ds are
are used
ar
us
u
sed
d / Th
These methods are able to reveal that some major
phenotypic
yp
pic
c di
differences
iff
ffere
en
nce
ces ma
ces
may
ya
actually be due to small genetic differences;
5. Able to distinguish
sttin
ngu
guis
ish
h between
be
convergent and divergent evolution;
6. Scientists are able to use both living and dead specimen material in
classification of organisms / All known life forms from different taxa can be
compared since all organisms possess nucleic acids as the genetic material /
amino acids in proteins;
[3]
[Total: 13]
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Colostrum is a form of milk produced by mammals to feed their newborn babies for the first few
days after birth. A diversity of molecule Y shown in Fig. 9.1 is found in colostrum from cows.

Fig. 9.1
(a) Outline how the presence of a foreign antigen may lead to the production of Molecule Y
shown in Fig. 9.1.
1. Naïve B cells take the foreign antigen into the cell via receptor-mediated
endocytosis OR
Macrophages/dendritic cells engulf foreign antigen by phagocytosis (and carry
out intracellular digestion);
2. And present the antigen on their cell surface;
3. Activated helper T cells binds and secrete cytokines;
4. B cells are activated and undergo clonal expansion;
5. and differentiate into plasma cells that secrete antibodies;
@ 1m
[4]
(b) The chances of survival of a calf increase if it drinks colostrum. State one reason why
colostrum increases the chances of survival of a calf.
1. (Calf immune system takes time to develop, hence) presence of antibodies in the
colostrum neutralises the pathogen by agglutination/opsonisation/activation of
complement system/preventing pathogen from binding to host cell receptors;
2. Passive immunity in the form of transferred antibodies is conferred to the calf;
@ 1m [1]
(c) Explain how class switching occurs to produce a diversity of Molecule Y.
1. Class switching is stimulated in plasma cells in the presence of cytokines
released by helper T cells;
2. Gene segments coding
g for th
the
e C domains
d
are removed irreversibly;
3. and the intact gene
e se
segments
eg
gm
men
ents
t c
coding
odin for the V domain are rejoined to a different
gene segment cod
coding
odin
od
ing fo
ffor
or th
the
e C domains
d
do
/ Recombination of a gene segment
coding forr th
tthe
he C domains
do
d
oma
ain
ins of tthe
h heavy chain with the intact gene segments
orr the
o
the
he V domains
do
om
mai
ains
ns occurs;
occ
oc
coding for
4. The rejoined
ned
ed V a
ed
and
nd C ge
nd
g
gene
n segments are transcribed to mRNA which is translated
into a heavy
vy
y chain
chain
ha
h
ain polypeptide;
po
5. Resulting in
n a different
di
Fc region of the antibody / constant domain of the heavy
chain hence changing the class of the antibody;
See “heavy chain” at least once in answers. [3]
@ 1m
[Total: 8]
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10 New research predicts that rising global temperatures will reduce yields in the world’s largest
corn-producing regions and could lead to food shortages. Fig. 10.1 shows the global maize
production projections under two different warming scenarios.

E

U.S.A.

CHINA

BRAZIL

ARGENTINA

Fig. 10.1
(a) With reference to Fig. 10.1, describe the impact of rising temperatures from 2ºC to 4ºC on
global maize production projections and its consequences.
1. * Increasing temperature from 2ºC to 4ºC results in a decrease in yield of maize
by more than twice / significant / steep;
2. * (data) Relevant quote from Fig. 10.1 (comparison in any country or an average
across countries e.g. 17.8% to 46.5% drop in U.S.A. or difference of 28.7% in
U.S.A.);
Impact of maize yield decrease (max 1):
3. Food shortages can lead to starvation/ famine;
4. Decrease in food supply for livestock/ poultry, leading to further food shortages;
5. Lower income/ loss of income for farmers, resulting in poverty/ economy of
country worsens;
*compulsory marking pt [3]
(b) With reference
ce
e tto
o F
Fi
Fig.
ig
g.. 10.1.
10.
0.1.
1. and
an your own knowledge on photosynthesis, explain how
rising temperatures
tu
ures
res affect
re
affffec
ectt the
th growth of maize.
1. Denaturation
on
n of e
enzymes in Calvin cycle e.g. Rubisco when temperatures rise
above optimum
um temperature for growth of maize;
2. Lower rate of carbon fixation / 3-phosphoglycerate (PGA) reduction /
regeneration of ribulose bisphosphate (RUBP) / Calvin cycle, resulting in less
glyceraldehyde-3-phosphate (GALP) / triose phosphate (TP);
3. less organic compounds synthesised and hence, less growth;
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[3]
(c) Based on the maize production projections in Fig. 10.1, other wild crops such as peanut,
potato and cow peas could reduce in numbers and become extinct. Predict the possible
consequences of a reduced biodiversity in the region where these wild crops could be
found.
1. Reduced genetic diversity, hence reduced resilience/ increased susceptibility of
crops when faced with extreme weather events such as droughts/ floods/
diseases;
2. Reduced food source for animals, can result in reduction/extinction of
populations/disruption in food chain/ food web;
3. Loss of habitats for animals which live among the wild crops;
4. AVP / loss of biomedicine;

[2]
Fig. 10.2 shows the absorption and action spectra of photosynthetic pigments in maize.

W
Fig.
Fig 10.2
(d) State what is meant
ean
a t by
by the
th
he
e absorption
ab
bs
sorpt
ptio
ion
io
n and
a action spectra of photosynthetic pigments.
1. The absorption
orp
pti
tion
n spe
spectrum
pe
p
ect
ctrum
rum is
ru
is a graph showing the relative absorbance of different
wavelengths
th
hs of
of llight
ight
ig
ht by
by a pigment;
2. The action s
spectrum
pect
pect
pe
ctrrum is a graph showing how the different wavelengths of light
affects the rate
ra
ate
t of photosynthesis / effectiveness / efficiency in stimulating the
process of photosynthesis;
[2]
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(e) The action spectrum is obtained by measuring the rate of oxygen released during
photosynthesis. Explain why the production of oxygen during photosynthesis is an indicator
of the growth of maize plants.
1. During light dependent reactions, photolysis of water occurred and oxygen is
produced as a result;
2. Photolysis of water also releases electrons to fill the electron gap in chlorophyll a
/ P680 / PSII which are accepted by NADP+ to form reduced NADP;
3. Which is required for the reduction of PGA to glyceraldehyde-3-phosphate
(GALP), which is used to synthesise organic compounds for plant growth;
[3]
[Total: 13]
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Section A
Answer all the questions in this section.
1

The mitochondria in a cell undergo fusion and fission regularly. When mitochondria fuse, the
contents within the different mitochondria are mixed together. Scientists hypothesised that mutated
mitochondrial DNA (mtDNA) and damaged proteins can be sorted and accumulated within one
mitochondrion during the fission process. Mitochondrial fusion and fission ensure that most
mitochondria contain normal mtDNA and functional proteins. Fig. 1.1 shows the mitochondrial
fusion-fission cycle.

Fig. 1.1
Membrane proteins such as mitofusins and Fis1 are important in facilitating mitochondrial fusion
and fission processes respectively.
(a) (i) Explain how the fluid mosaic model is relevant to mitochondrial fusion and fission.
Fluid:
1. The mitochondrial membrane is fluid as it is made up of a phospholipid bilayer
and proteins which are held together by weak hydrophobic interactions;
2. Membrane fluidity allows the phospholipids to move and hence allows for
membrane to pinch off / break apart (fission) / for two membranes to come
together to form a continuous membrane (fusion);
Mosaic:
3. It is mosaic as the protei
protein
ein
ei
n molecules such as mitofusins and Fis1 are
embedded amongst the llipid
ip
pid m
molecules
ol
in a scattered / random manner;
4. so as to ensure
e tth
that
hatt m
mitofusins
iittof
ofus
usin
i s a
and Fis1 proteins are always present in the
different mitochondria
toch
ho
on
ndria
dria
dr
a to al
allow
allo
ow both
bot fusion and fission to occur continuously;
bo
5. or mitofusins
ofus
sin
ins may
may a
ma
allow
al
llow
lo
ow adhesion
adhe
ad
h
/ binds to mitochondria to facilitate fusion /
AVP on
n ffacilitating
ac
a
acil
cil
ilittat
atin
ng fission;
ffiis
ss
sio
ion
Mention mitofusins
ito
ofu
fusi
sin
ns
s/F
Fis1
is1 at least once for full 4m
is
[4]
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A group of scientists studied the change in expression of mitofusin and Fis1 mRNA in the rat
muscle cells after 45, 90 and 120 minutes of exercise. The change in the amount of mRNA
produced after each exercise duration as compared to the resting conditions is indicated as the
“fold change”. The results are shown in Fig. 1.2.

Fig. 1.2
(ii) Describe the relative changes in the expression of mitofusin and Fis1 under the different
conditions.
Trend:
1. As the exercise duration increases, the levels of mitofusin mRNA decreases
and that of Fis1 mRNA increases;
Data:
2. As the exercise period increases from 0 to 120min, the fold change value of
mitofusin mRNA decreases from 1 to 0.1;
3. while the fold change value of Fis1 mRNA increases from 1 to 2.7;
[3]
(iii) At 120 minutes of exercise,
erci
c se
e, itit was
was
a o
observed
b er
bs
that there were many mitochondria which were
smaller than usual.
al. W
With
itth re
rreference
effe
erenc
nce
nc
e to F
Fig.
ig 1.1 and Fig. 1.2, explain these observations.
1. High levels
ve
els
s of
of Fis1
Fis
Fi
s1
1m
mR
mRNA
RN
NA
A results
resu in more Fis1 proteins to facilitate fission /
re
low levels
eve
vels
ve
ls o
off mitofusin
miitto
mito
offu
us
siin mRNA
m
mR
results in less mitofusin proteins to facilitate
fusion;;
2. There will
lll b
be
e a hi
h
higher rate of mitochondrial fission than fusion;

[2]
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The mtDNA contains 37 genes, of which 13 code for protein subunits of the different electron
carrier complexes embedded in the inner mitochondrial membrane. Mutations in the mtDNA often
occur in the form of multiple or large-scale deletions involving several genes. As the number of
mutated mtDNA copies increases in the cell, an individual will start to show symptoms such as
lethargy and lactate accumulation. The levels of normal and mutated mtDNA copies in the cells
can be monitored using the following procedure:
1. Cells are homogenised. The cell mixture is first centrifuged at low speed and the pellet
(solid residue) is removed.
2. The supernatant (liquid component) is then centrifuged again at a higher speed so that the
mitochondria can be found in the pellet.
3. The purified mitochondria are homogenised.
4. Restriction enzymes, EcoRI, are added. EcoRI will cut the mtDNA at specific nucleotide
sequences.
5. Gel electrophoresis is carried out. DNA fragments are visualised using ethidium bromide.
Scientists carried out the above procedure using normal and mutated mtDNA copies within cells
from two different individuals – a patient suffering from lethargy and lactate accumulation and a
healthy individual. The results are shown in the gel electrophoregram in Fig. 1.4. The molecular
weight markers were loaded in lane M. DNA sample from the patient was loaded in lane 1, while
DNA sample from the healthy individual was loaded in lane 2.

Fig. 1.4
(c) (i) Explain why it w
was
as n
as
necessary
ec
e
ces
ess
sa to remove the pellet in step 1.
1. The largest
es
st an
and
d densest organelle is the nucleus and step 1 removes the
nucleus;
R! if mentioned with other organelles
2. Nucleus contains genomic DNA which can contaminate the isolation of the
mitochondrial DNA;
[2]
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(ii) Describe the principles of gel electrophoresis.
1. Gel electrophoresis separates DNA fragments based on differences in their
sizes / charge-mass ratio / molecular weight / length / smaller fragments travel
a longer distance within a given time;
2. As the agarose gel acts as a molecular sieve for the DNA fragments;
3. Negatively-charged DNA moves towards the positive electrode when an
electrical current / field is applied for a fixed duration;
[3]
(iii) Using the information provided, explain why different band patterns are observed for lanes
1 and 2.
1. (Data) In lane 1, there are smear / multiple bands corresponding to fragments
of sizes below 9.4 kb, while in lane 2, there is a thick band corresponding to
fragment of size 9.4 kb;
2. Due to the accumulation of mutations, there are different nucleotide
sequences;
3. leading to different number of restriction sites found at different locations
within the mtDNA; (idea of different, either number or location is fine)
4. As many genes are deleted, many different / smaller fragments can be found
further away from the well;
Max 3
[3]
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Newborns have a large amount of brown fat tissue, which contains abundant mitochondria. Brown
fat cells express the protein, thermogenin, which is embedded in the inner mitochondrial
membrane. Protons flow through the channel in thermogenin instead of ATP synthase. As a result,
the proton gradient is less steep, and energy is released in the form of heat. This keeps the babies
warm.
The mitochondrial matrix has a pH of about 7.8. The intermembrane space of mitochondria in
different cells exhibit different pH values, as shown in Table 1.1.
Table 1.1
Cells from which mitochondria
are isolated
Resting muscle
Muscle during exercise
Brown fat

pH in intermembrane space
7.0
6.8
7.4

(d) (i) Explain the difference in pH values in the intermembrane space and the matrix of the
mitochondria in the resting muscle cells.
1. (data) The intermembrane space has a lower pH value of 7.0 vs. pH 7.8 in the
matrix;
2. Reduced NAD and FAD release high energy electrons;
3. And electrons are passed down the electron transport chain (electron carriers
of decreasing energy levels), energy is released;
4. Energy is used to pump proton from the matrix into the intermembrane space,
building a proton pool / establish a proton gradient; *Ref to one correct
location
[4]
(ii) Explain how low oxygen concentration will result in the newborns suffering from a drop in
body temperatures.
1. Oxygen acts as the final electron and proton acceptor in the electron transport
chain;
2. When the concentration of oxygen is low, less reduced NAD and FAD are not
able to release electrons into the ETC / less transfer of electrons down the
electron carriers;
3. The proton pool is quickly dissipated / reduction of proton gradient (as the
protons flow through ATP synthase and /or thermogenin);
4. Less protons flow through thermogenin,
the
and less heat is produced;
[3]
(iii) The respiratory
ator
orry processes
ory
prroces
p
oce
oc
es
sses
se
s
es in
in the
the mitochondria require oxygen. Explain how oxygen is
nto
o tthe
he m
he
ititocho
itoc
h nd
ndr
transported in
into
mitochondria.
1. Oxygen is
s a small
smal
sm
alll A
AND
N non-polar molecule;
2. Hence, it can
ca
an diffuse
diff
across the hydrophobic core / through the transient pores
of the phospholipid
sp
bilayer;
[2]
[Total: 30]
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Antibodies are proteins produced by the mammalian immune system.
(a) Describe two ways antibodies can mediate the removal of pathogen from the host’s system.
Antibodies bind to antigens on the pathogen and carry out:
1. Neutralisation whereby they prevent pathogen from binding to host cell receptors
and gaining entry into host cell;
2. Opsonisation – so that phagocytes recognise and phagocytose the pathogen;
3. Antibodies can trigger activation of complement system, which result in
formation of pores in the cell surface membrane and osmotic lysis of targeted
cells;
[2]
HIV-Enzyme-Linked ImmunoSorbent Assay (HIV-ELISA) is a type of blood test used to diagnose
chronic infection with Human Immunodeficiency Virus (HIV). The concentration of HIV antigens in
blood samples obtained from a patient who is infected with HIV can be measured using antibodies
specific for these antigens.
Fig. 2.1 illustrates how the HIV-ELISA works. HIV antigens from the blood samples are
immobilised on the surface of wells and incubated with an enzyme-labelled antibody. Excess
unbound antibodies are washed off and the enzyme's substrate is then added. The enzymecatalysed reaction results in a colour change, from colourless to yellow. The concentration of the
HIV antigens can be quantified by measuring the absorbance of each sample at the end of the
assay.

Fig. 2.1
(b) (i) With reference to Fig. 2.1 and
d the
he iinformation provided, explain how the structure of an
antibody allows it to be used
ed in
n the
the assay.
ass
s
1. The Fab region / var
variable
arria
ab
blle (V)
(V) domains
dom
/ antigen binding sites of the antibodies
have a unique
que 3D
3D conformation;
con
nform
mat
atio
ion
io
n;
2. The antigen
tige
ge
g
en bi
b
binding
ind
ndiin
ng s
si
sites
ite
es ar
a
are
e complementary to the 3D conformation of the
HIV antigen
nti
tig
tige
ti
ge
en iim
immobilised
mm
mmo
mo
ob
biilis
lised in the well;
li
3. The antibody
ibo
bo
ody
dy h
has
as a binding site formed by the Fc region / constant domains of
the heavy
vy
y c
chain, for enzyme to bind for catalysis / formation of
coloured/yellow product;
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[3]
(ii) Draw a graph to show the expected relationship between the concentration of antigen and
absorbance.

A! so long as it is upward trend (e.g. exponential or plateau at high conc.)

[1]

(iii) Suggest two reasons why HIV-ELISA may sometimes fail to detect the presence of HIV
antigen in the blood sample of the patient.
1. The HIV provirus is integrated in the DNA of infected host cells and remains
dormant / latent / no or low expression of the HIV antigens;
2. Concentration of HIV antigen in the patient’s blood sample is too low for
detection;
3. Antibody used is not specific to different strains of HIV virus / for the
particular HIV variant that the patient is infected with / any idea of changing
3D conformation of HIV antigen;
4. AVP;
[2]
(c) Describe how HIV results in the death of the host cell.
1. Helper T cells infected with HIV may bind to adjacent uninfected CD4+ T
cells/macrophages and fuse together, forming giant syncytium;
2. The syncytium may lyse / is recognised and killed by cytotoxic T cells which
induce apoptosis of host cell;;
OR
3. Release of HIV particles
les
s require
req
qui
u re
e the
the evagination of host cell membrane during
budding resulting
g in
in lloss
oss of
os
of h
host
ostt ce
os
cell
ell membrane;
4. induced apoptosis
apop
opto
op
t s
siis of
of host
hos
ost cell;
c ll
ce
ll;
OR
[2]
5. Natural killer// cytotoxic
cyt
T cells release perforin and granzymes;
6. Inducing apoptosis / osmotic lysis of host cell;
[Total: 10]
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Elevated atmospheric carbon dioxide (CO2) concentration is a major contributor of climate change.
The levels of CO2 has increased from the pre-industrial revolution period of 280 ppm in 1750 to
393 ppm in 2012. Atmospheric CO2 is expected to increase to 900 ppm by the end of the 21st
century.
(a) Explain how human activities have significantly contributed to the increase in CO2 levels in the
atmosphere.
1. Burning of fossil fuels such as coal, a carbon-intensive fuel which contributes to
the increase of CO2 levels in the atmosphere;
2. Deforestation, which results in a diminishing carbon sink / burning of trees and
soil disturbances which also increase the amount of CO2 in the atmosphere;
3. Purpose: allowing human activities such as transportation / production of
electricity / timber / agricultural / settlements
R! Increased meat consumption because mainly contributes to methane production

[3]
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It has been observed that the levels of CO2 have an effect on the morphology of plants. The
stomatal density of existing and fossilised plants was observed in relation to the concentration of
CO2 in the atmosphere. Existing plants are indicated by open symbols (¡) and fossilised plants are
indicated by filled symbols (i) in Fig. 3.1.

Fig. 3.1
(b) With reference to Fig. 3.1, describe the overall trend observed.
1. As concentration of carbon dioxide increased, stomatal density decreases for
both existing and fossil plants;
2. At (100 – 130) 110ppm of carbon dioxide concentration,
stomatal density is (480 – 495) 490 mm-2 and at 2000 ppm of carbon dioxide
stomatal density is (150 – 180) 170 mm-2;

[2]
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Research has identified several molecules that may be involved in stomatal density in developing
leaves at elevated CO2 levels. One such molecule is the stress hormone, abscisic acid (ABA).
ABA binds to the ABA-G Protein-Linked Receptor (ABA-GPLR) and increases the expression of
genes involved in stomatal development such as ASI and RAB. A schematic representation of the
pathway is shown in Fig. 3.2. Dashed arrows represent multiple steps.

Fig. 3.2
(c) Using the information provided and your own knowledge, describe the mechanism by which
ABA affects stomatal density in developing leaves.
1. Binding of ABA to the (binding site on the ) ABA receptor causes the receptor to
change its 3D conformation which allows it to bind a specific G protein;
2. G protein replaces GDP with GTP and is activated;
3. G protein binds to and activate adenyl cyclase resulting in production of cAMP /
protein kinases / phosphorylation cascade / relay proteins;
4. hence activating membrane-bound phospholipase D (PLD);
5. Phospholipase D breaks down/converts phospholipid A (PA) to phosphatidic
acid (PPA);
6. PPA activates a series of relay proteins / kinases / phosphorylation cascade;
7. PPA activates / resulting in the activation of an activator which binds to the
enhancer / expression of mor
more
ore transcription factors which bind to promoters,
and increase transcription
ption
n of A
ASI and RAB genes, leading to a change in
stomatal development
entt (in
nh
hi
high
igh
igh
g C
CO
O2 levels) / AVP to increase transcription;
[5]
[Total: 10]
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Section B
Answer one question in this section.
Write your answers on the separate writing paper provided.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a) and (b), as indicated in the question.
4

(a)

Rabbits, which are usually found in meadows and woods, show a variation of coat
colour. Five genes control the distribution of pigments, resulting in a range of coat
colours ranging from black to brown. Coat colour is darker at cold temperatures and
lighter at warm temperatures. Some of the five genes have multiple variants at each
gene loci and the expression of one gene is also temperature sensitive.
Explain whether coat colour shows continuous or discontinuous variation and discuss,
with the use of the various species concepts, whether two rabbits showing distinctive
coat colours can be considered as the same or different species.
[15]

(b)

In the debate of “nature versus nurture”, “nature” often refers to genetic factors while
“nurture” refers to the environmental variables that can influence phenotypes. Discuss
the extent to which phenotypic variation in a population is influenced by “nature”
and “nurture”.
[10]
[Total: 25]

5

The development of cancer is a multi-step process that involves the accumulation of
mutations. While some mutations occur spontaneously due to errors in DNA replication,
others could be induced by environmental factors or biological agents. These mutations
might cause cells to bypass cell cycle checkpoints. The risk of developing some types of
cancer such as cervical cancer or stomach cancer can be reduced in susceptible individuals
with the use of vaccination or antibiotics.
(a)

Explain how chromosomal aberrations can lead to the dysregulation of the cell cycle
and suggest why gene mutations
ons do not always lead to the formation of a tumour. [15]

(b)

Studies have shown
n a ccorrelation
orrre
o
rela
lati
la
tio
ti
on between human papillomavirus infection with
cervical cancer, and
infection
by
certain
strains of Helicobacter pylori with stomach
nd inf
nd
nffe
ec
cti
tio
on
n b
y ce
ert
cancer. Discuss
cusss th
the
he usefulness
use
us
efful
u ne
ess of
of vaccination
va
and antibiotics in minimising the risk of
an individual
[10]
vidua
al developing
develo
de
deve
velo
ve
lop
piing
ng cancer.
can
ncer
ce
ce
[Total: 25]
[End of Paper]
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Essay Answers
4

(a)

Rabbits, which are usually found in meadows and woods, show a variation of coat
colour. Five genes control the distribution of pigments, resulting in a range of coat
colours ranging from black to brown. Coat colour is darker at cold temperatures and
lighter at warm temperatures. Some of the five genes have multiple variants at each
gene loci and the expression of one gene is also temperature sensitive.
Explain whether coat colour shows continuous or discontinuous variation and discuss,
with the use of the various species concepts, whether two rabbits showing distinctive
coat colours can be considered as the same or different species.
[15]

Variation of coat colour [max 7m]
1. Coat colour shows continuous variation;
2. The variation shows graded/non-discrete phenotypes / a complete/unbroken/smooth
range/spectrum of forms from one extreme to the other;
3. frequency distribution shows a normal distribution curve (x-axis the phenotype and yaxis is frequency);
4. E.g. Different distribution of pigments will allow for a variety of coat colours to be seen
e.g. black to brown;
5. Coat colour is a form of polygenic inheritance / determined by several different genes;
6. E.g. expression of coat colour involves five different genes;
7. which each have a small and additive effect;
8. Some of the five genes have multiple alleles;
9. hence giving rise to multiple combination of genotypes, hence increasing the variations
possible leading to a continuum of graded phenotype;
10. Variation in phenotypes are also largely influenced by environmental conditions;
(exclude awarding marks for this point if its influenced by temperature)
11. E.g. There is a temperature sensitive gene that controls fur pigmentation/colour, hence
coat colour is darker in cold temperature and lighter in warm temperature / heat
prevents the development of dark pigment;
Species concepts [max 8m]
Species concept
How we can use the concept to
argue for same or different
species
12. biological species 13. Since the five genes only affect
concept defines a
the coat colour
o
of the rabbits
species
as
a
and not
ot tr
traits
rai
aits which affect their
population, whose
ability
bility
y to interbreed
int
nter
e
with each
members
are
other,
o
ot
her,
he
r, h
hence
enc
en
ce th
ce
they can still be
actually
or
considered
c
co
ons
nsid
i er
ered
ed
d a
as the same
potentially capable
apa
pa
p
abl
ble
species
s
sp
pec
ecie
ies OR
O
of
interbreeding
ee
ed
diing
ng
coat
c
co
oat
colour
affected
the
with one another,
th
he
err,
rabbits’ ability to interbreed
rab
in
a
natural
ural
al
hence they are not the same
environment,
tto
species;
produce
viable
fertile offspring;
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Additional
supporting
explanation to Qn on rabbits
14. The rabbits that are of
different coat colour may
choose to breed with
rabbits
of
similar
/
specific
colours
/
selective / preferential
breeding
of
specific
rabbits with specific coat
colour, hence they do not
interbreed and are not
considered
the
same
species;
15. Limitation: It is difficult to
know if geographically
isolated populations can
potentially interbreed; R!
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16. ecological species
concept is based
on
a
species’
ecological niche –
its
unique
and
particular role in an
ecosystem;
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How we can use the concept to Additional
supporting
argue for same or different explanation to Qn on rabbits
species
asexual / fossil
17. Since the rabbits with different 18. because of their different
coat colours still occupy the
ability to camouflage in
same unique and particular
different
environments/
role in an ecosystem, hence
be preyed on by different
they can still be considered as
predators, hence they do
the same species OR
not occupy the same
Rabbits with different coat
unique and particular role
colours may occupy different
in an ecosystem;
niche hence they are not 19. Limitation: changes in
considered the same species;
behaviours/predators etc.
may result in different
definition of species;

20. genetic
species 21. Since
the
rabbits
are 22. Multiple variants / alleles
at each gene locus result
concept
defined
genetically similar / low genetic
species based on
variation / do not have
in different nucleotide
the
genetic
sufficient genetic differences /
sequences in rabbits with
different coat colours,
distance between
distance hence they are
populations
and
considered the same species
hence
they
have
sufficient
genetic
whether
the
OR
populations
are
there is sufficient genetic
differences;
genetically isolated
differences / distance to be 23. Limitation: Difficult in
inferring how different
from each other;
considered
as
different
two species should be
species;
genetically;
24. ^Limitation:
genetic
distance
should
be
measured using the entire
genome, but often, only a
small part of the genome
(5 genes in this context)
is used;
25. phylogenetic
26. Since the rabbits form the 27. The rabbits share a high
species
concept
smallest group
gr
that shares a
degree of similarity in
defines a species
same / rrecent
e
/ common
homologous
structures
based
on
their
ancestor,
ncesttorr, hence
henc they can still
he
(same) / do not share
genetic history and
b
be
c
considered
onsi
on
side
d red the same
sufficiently high degree of
evolutionary
species
s
sp
pe
ec
cie
i s OR
homology (different);
relationships,, with
w tth
wi
h
The
T
Th
he rra
he
rabbits
abb
b it
its has a more distant 28. ^Limitation:
genetic
reference to ttheir
heir
heir
he
ir
common
co
c
omm
mmo ancestor and hence
distance
should
be
considered
as
different
homologous
co
measured using the entire
genome, but often, only a
structures
and
nd
species;
small part of the genome
nucleotide
and
d
(5 genes in this context)
protein sequences;
is used;
29. *Limitation:
Differences
between rabbit species at
the genetic level may not
ACJC
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How we can use the concept to Additional
supporting
argue for same or different explanation to Qn on rabbits
species
show
up
in
the
phenotype;

30. morphological
31. Rabbits have different coat 32. Examples
of
rabbit
species
concept
colours but they look largely
morphologies to suggest
defines
species
similar to each other based on
that
they are
same
based on physical
physical characteristics, hence
species
e.g.
defining
resemblances and
they can be considered the
bunny ears / fur / size
differences
/
same species OR
etc.;
compare physical
Since the rabbits look very 33. *Limitation:
Differences
appearances;
different from each other
between rabbit species at
the genetic level may not
because of their different coat
colours, hence they can be
show
up
in
the
considered different species;
phenotype;
^Pt 24 and 28 mark once.
*Pt 29 and 33 mark once.
34. QWC: At least 2 valid points from first part of Qn. At least 2 species concepts mentioned
for second part of Qn;
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4

(b)

In the debate of “nature versus nurture”, “nature” often refers to genetic factors while
“nurture” refers to the environmental variables that can influence phenotypes. Discuss
the extent to which phenotypic variation in a population is influenced by “nature”
and “nurture”.
[10]
1. Stand: The phenotype of individual organisms results from the interaction of the
individual’s genotype as well as the environment in which it lives in;
Influences by “nature”
2. Genotype / the genetic makeup of an organism is made up of genes which are
sequences of deoxyribonucleotides;
3. Genes are transcribed to form mRNAs;
4. mRNAs are translated into polypeptides / proteins;
5. These proteins have particular functions / roles and may affect metabolic pathways,
giving rise to the phenotype of the organism; A! correctly phrased e.g.
6. Genetic variation in the form of different alleles / sequences of DNA among different
individuals (A! in context of mutation);
7. Presence of dominant allele will result in the dominant trait being expressed;
8. Require both copies of alleles to be recessive in order to express the recessive trait;
9. Gene interaction can also result in specific traits to be expressed;
10. Gender determined by sex chromosomes inherited;
11. (“Nature” effect only) Named examples of genetic disorders due to the genetic makeup /
genotype: sickle cell anaemia / haemophilia / Down’s syndrome / predisposition to
cancer;
AVP. Processes in meiosis & sexual reprod resulting in genetic variation, e.g. crossing over,
independent assortment, random fusion of gametes;
Influences by “nurture” / environment 12. Environmental factors may affect the level of expression of different genes / Ref. to
epigenetics;
13. Ref. to specific mechanisms of the control of gene expression (e.g. methylation of DNA);
14. Heat prevents the development of black pigment in Himalayan rabbits hence black fur
only grow in cooler parts of the body / the queen bees are differentiated from the female
worker bees as queens are fed on a diet of royal jelly;
15. There could be acquired traits / characteristics resulting from environmental influence;
16. Example: Such as cancer due to prolonged exposure to a carcinogen / permanent
injuries due to an accident / Ref. to specific example;
“Nature” and “Nurture” changing phenotypic variation in the populations
17. In natural selection;
18. Environmental factors may act as selection
sel
pressures;
19. Individuals with the favourable
e phenotypes
ph
hen
enot
oy
selected for;
20. More of these individuals
s with
witth favourable
f vo
fa
vou
ura
phenotypes are able to survive to sexual
maturity and pass on the
alleles
he
ea
llle
elle
es
s coding
cod
odin
i g for
f advantageous traits to the next generation /
higher reproductive
ve success;
suc
su
cc
cess
es
ss;
21. Over time, increase
crea
as
se
e iin
n fr
ffrequency
req
equ
eque
ue
en
nc
cy of
o alleles coding for favourable traits in the gene pool
of the population;
tio
io
on;
n;
22. Environmental fa
factors
act
ctor
ors such
such
h as natural disasters / (new volcanic) islands may lead to a
reduction of population
pul
ullat
atio
ion size;
io
23. Resulting in bottleneck
effect / founder effect respectively i.e. genetic drift;
en
24. Effect/extent of the change in phenotypic variation is larger for smaller populations;
25. These change the frequency of alleles in the population drastically, hence changing the
phenotypic variation within the population;
AVP. Ref to artificial selection;
26. QWC – At least one valid point from “nature”, “nurture” and variation in “population”;
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The development of cancer is a multi-step process that involves the accumulation of
mutations. While some mutations occur spontaneously due to errors in DNA replication,
others could be induced by environmental factors or biological agents. These mutations
might cause cells to bypass cell cycle checkpoints. The risk of developing some types of
cancer such as cervical cancer or stomach cancer can be reduced in susceptible individuals
with the use of vaccination or antibiotics.
(a)

Explain how chromosomal aberrations can lead to the dysregulation of the cell cycle
and suggest why gene mutations do not always lead to the formation of a tumour. [15]

Chromosomal aberrations and cancer-related genes (max 9m)
1. Proto-oncogenes code for proteins that stimulate cell division;
2. Tumour suppressor genes code for proteins that inhibit cell division;
3. Chromosomal aberrations can be in the form of a change in the structure of
chromosomes or the number of chromosomes;
4. Translocation can occur, where a section of a chromosome breaks off and attaches to a
non-homologous chromosome;
5. A proto-oncogene may be moved from its normal location in one chromosome to
another, where it is placed under the control of enhancers / a more active promoter
which stimulates cell division;
6. A tumour suppressor gene could be moved and placed under the control of silencers / a
less active promoter which inhibits cell division;
7. Deletion involves the loss of a section of the chromosome (where the breaks occur at
two points along the length of a chromosome);
8. The possible loss of tumour suppressor genes in the deleted section will lead to a lack
of expression of its gene product which inhibits cell division;
9. Inversion occurs when a segment of nucleotide sequences/section of chromosome
separates, reversed its sequence and rejoins at original position;
10. Which may result in the nucleotide sequence of the tumour suppressor gene being read
in the reversed manner / wrongly / results in different mRNA / a.a. sequence;
11. resulting in the formation of a non-functional (A! mutant) tumour suppressor protein to
inhibit cell division/initiate DNA repair/promote apoptosis;
12. Duplication involves replication of a section of the chromosome, resulting in an
increased number of copies of certain
i genes / a set of gene loci is repeated;
13. The multiple copies of a proto-oncogene
nco
oge
g
will lead to an increased expression of its gene
product / excess (onco)proteins
eins
s wh
whic
which
ich
ic
hs
stimulates cell division;
14. Aneuploidy / polyploidy
ploidy
dy can
dy
ca
an
n resu
result
sult
su
lt from
fro
rom non-disjunction during mitosis or meiosis /
failure of sister
er chromatids
ch
ch
hro
rom
ro
roma
ma
a
attid
ds
s to
to separate
sepa
se
during anaphase / failure of homologous
chromosomes
es
s to
o separate
sep
eparrat
ate during
du
d
uri
ring
n anaphase I / failure of chromatids to separate during
anaphase II;
15. An increase in tthe
he n
he
number
umb of copies of a proto-oncogene will lead to an increased
um
expression of its gene
gen product / excess (onco)proteins which stimulates cell division;
AVP. A loss of chromosome/n-1 may lead to loss of tumour suppressor gene which leads
to a lack of expression of its gene product which inhibits cell division.
Dysregulation of cell cycle
16. Loss of proteins involved in regulating cell cycle check point / Future cell cycle is not
inhibited when DNA is damaged;
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17. Leading to uncontrolled cell division;
Why gene mutations do not always lead to tumour formation (max 6m)
Ref. to multi-step model of cancer
18. A single gene mutation only affects one gene, unlike chromosomal mutations;
19. (In a diploid organism), both copies of the tumour suppressor gene must be mutated so
that no functional gene product can be produced, to result in abnormal cell proliferation
OR
If mutation occurs only in one copy of tumour suppressor gene, and the other copy of
tumour suppressor gene was able to code for sufficient functional proteins to prevent
the cell from dividing abnormally;
20. Accumulation of mutations in several genes are required in a single cell lineage before
the cell becomes cancerous;
21. Provide e.g. of such genes referred to in Point 20 (genes controlling anchorage
dependence or density-dependent inhibition, genes coding for telomerase, genes
controlling the process of angiogenesis);
Ref. to mutations that lead to no/little change in proteins (silent/neutral)
22. Mutations may have occurred within introns, which are excised from the primary RNA
transcript after translation, hence are non-coding;
23. The changed codon might still code for the same amino acid due to the degeneracy of
the genetic code;
24. The changed codon might code for a different amino acid with a similar R group /
chemical property, hence not affecting protein structure;
25. The amino acid affected by the mutation may not serve a critical role in the protein
which it is found in / non-essential amino acid;
26. AVP where examples of mutations in cancer-critical genes do not lead to tumour
formation;
27. QWC – At least two valid points from both parts of the question;
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Studies have shown a correlation between human papillomavirus infection with
cervical cancer, and infection by certain strains of Helicobacter pylori with stomach
cancer. Discuss the usefulness of vaccination and antibiotics in minimising the risk of
an individual developing cancer.
[10]

1. Stand: Vaccination and antibiotics can be useful in minimising the risk of cancer
(sometimes) but may not be useful;
Vaccination (max 5m)
Useful
2. Vaccination may protect against /
prevent infections with subsequent
exposure to pathogen and subsequent
development of cancer;
3. Cancer results from the insertional
mutagenesis during viral replication /
viral genome integration results in
mutated cancer-related genes / human
papilloma virus produce proteins which
inhibit tumour suppressor proteins (such
as p53) and so promote inappropriate
cell division;
4. A vaccine contains a weakened or
inactivated form of a foreign pathogen;
5. Meant to induce immunological memory
to a disease due to the formation of
memory T and B cells during the
adaptive immune response;
6. Herd immunity may also be extended to
people who are not vaccinated, if a
sufficiently large proportion of the
population is vaccinated;

Antibiotics (max 5m)
Useful
11. Bacterial
infections
predisposing
individuals to cancer can also be treated/
rea
prevented using antibiotics;

Not Useful (instead it poses a risk)
AVP. Vaccination only prevents diseases
and does not treat patients who are already
infected;

7. However, live vaccines carry the risk of
reverting to its virulent form, causing
disease / risk of producing serious
infection
in
immunocompromised
individuals;
8. Vaccines may also lead to rare adverse
reactions due to allergies;
9. The vaccines may not protect against all
strains of pathogens / only contain a
specific strain of pathogen;
10. Vaccines may not always work for the
patients to benefit due to e.g. limited
efficacy / expire / limited shelf life;
Not Useful (instead it poses a risk)
AVP. Antibiotics is only temporary, and
does not prevent infection nor produce
immunological memory;

12. Antibiotics are substances
anc
ces
e w
which
hiic
h
ch
h ki
kill or
or 14. However, antibiotics may lead to rare
inhibit the growth off bac
bacteria;
ac
a
cte
terriia;
a;
adverse reactions due to allergies;
13. E.g. penicillin w
wh
which
hich
ich inhi
ic
iinhibits
in
nh
hiib
biits
ts tthe
h cr
he
cross- 15. Or cause side effects due to similarities
ac
cte
eri
ria ce
c
ell
ll w
all, lleading
all,
al
e
between the target prokaryotic cells and
linking of bacteria
cell
wall,
to
osmotic lysis off tthe
he c
he
cell;
ell;
el
the eukaryotic host cells;
16. Antibiotics may select for antibioticresistant bacteria resulting in bacterial
infections that are hard to eradicate /
treat;
17. Antibiotics may not always work for the
patients to benefit due to e.g. limited
efficacy / expire / limited shelf life;
AVP. May kill harmless/beneficial bacteria in
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the body
Both are not useful against non-infectious causative factors of cancer:
18. However, both are not useful to prevent against cancer which results from a noninfectious causative factor;
Either:
19. E.g. named chemical carcinogen (polycyclic aromatic hydrocarbons, or PAHs / ethidium
bromide)
20. Describe the effect of the named chemical carcinogen (bind to / intercalates within DNA
of cells to cause damage of DNA)
OR:
21. E.g. named radiation type (X-rays, gamma-rays, radon gas, non-ionising radiation);
22. Describe the effect of the named radiation type (high energy radiation produces free
radicals which are chemically very reactive which can interact with DNA to result in
chromosomal aberrations / UV light results in DNA mutations by causing covalent
linking of thymine bases that are adjacent on a DNA strand);
OR:
23. E.g. inherited mutant allele;
24. which results in a predisposition to cancer;
25. QWC – At least one valid point for vaccination and antibiotics each AND one point on
non-infectious causative factor;
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2
Answer all questions.
1

Amylase A catalyses the hydrolysis of starch into a reducing sugar, glucose.
You are required to follow the time course of this enzyme-catalysed reaction by testing the
reaction mixture for glucose. Samples of the reaction mixture are drawn at intervals over 15
minutes and tested for glucose using Benedict’s solution.
The progress of the reaction will be determined by estimating the amount of glucose formed from
starch, using a standard curve.
You are provided with:
x
x
x
x

5 cm3 of 4% glucose solution, G
15 cm3 of Benedict’s solution, B
5 cm3 of amylase solution, A
10 cm3 of starch solution, S

Proceed as follows.
Section A: Preparation of standard curve using different concentrations of the glucose
solution
1

Set up a water bath of suitable depth and heat it to boiling.

2

Label five test tubes 0.25%, 0.50%, 1.00%, 2.00% and 4.00% glucose solution and add
0.5 cm3 of Benedict’s solution, B, to each test tube.

3

Prepare the different concentrations of glucose using the 4.00% glucose solution, G,
provided.
You are required to make up a sufficient volume of each concentration of glucose solution
in the small vials provided so that, once the serial dilution has been completed, there is a
volume of 2.0 cm3 for each solution.
Complete Table 1.1 to show how you will make the glucose solutions in Vials 2 to 5.
Table 1.1
Concentration of
glucose solution / %
Vial of glucose
solution to be d
diluted
iillut
uted
d
Volume
e of
o tthe
he
e
glucose so
solution
olu
uttiiion
on tto
on
o
be diluted
d / ccm
m3
Volume of distilled
diist
still
water / cm3

Viall 1

Vial 2

Vial 3

Vial 4

Vial 5

4.00
4.
00

2.00

1.00

0.50

0.25

1

2

3

4

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0
[2]

1.
2.
ACJC

Completes table to correctly make up at least 2.0 cm3 of Tubes 2-5;
Volumes must be recorded to 1 dp;
9744/04 Prelim 2019

Need a home tutor? Visit smiletutor.sg
[Turn over]

For
Examiner’s
Use

3
4

Stir the contents of each vial with a clean, dry glass rod.

5

Add 0.5 cm3 of glucose solution prepared in Vial 5 to the corresponding test tube prepared
in Step 2 to conduct Benedict’s Test.

6

Place this test tube into the boiling water bath and observe the test tube very carefully for
the first sign of a colour change. This is the end point of the reaction. As soon as you
see this colour change, record the time taken for the reaction to reach the end-point.

7

Repeat steps 5 and 6 with the other concentrations of glucose solution.

8

Record your observations in the table provided.
Concentration of
glucose solution / %
0.25
0.50
1.00
2.00
4.00

1.
2.

Time taken for reaction
to reach end point / s
32
19
20
14
14

Mass of glucose / mg
1.25
2.50
5.00
10.0
20.0

Time recorded to whole number;
Decreasing trend of time taken (t taken for 0.25% > 4.00%) AND max 50 s for any of
[glucose] (data points above 50s must be identified as anomaly);
[2]

9

Given that 0.5 cm3 of the 1% glucose solution contained 5.00 mg of glucose, complete the
table above to estimate the mass of glucose which was added in each of the other four
tubes.

1.

Correct calculation of mass - 3 s.f.;
[1]
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10 Use your data to plot a standard curve of time taken to reach end point and mass of glucose.

[4]
1. Appropriate
axes
with correct units (mass of glucose must be on x-axis);
iat
atte a
ax
xes llabels
ab
2. Axes scaled
ed
da
appropriately
pp
so that graph takes up at least 50% of the grid AND all
divisions are equidistant;
3. All points are plotted correctly to within ½ a small square;
4. Appropriate line of best fit with no extrapolation beyond extreme measured data /
Dot-to-dot plot;
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5
Section B: Investigation of the time course of the enzyme-catalysed reaction
You will follow the time course of this enzyme-catalysed reaction by testing the reaction mixture
for glucose. The time intervals you will use are 5, 10 and 15 minutes.
You are advised to read steps 11 to 21 before proceeding.
Proceed as follows.
11 Maintain a boiling water bath.
12 Label 3 test tubes with the time intervals.
13 Prepare another water bath between 35 °C and 40 °C in a large plastic beaker.
14 Put 5 cm3 of starch, S, into a vial and cover it with a cap.
15 Put the vial into the water bath in the large plastic beaker. Allow 3 minutes for contents of
S in the vial to reach the same temperature.
16 Put 2 cm3 of amylase A into the vial and put the vial back into the water bath. You need to
ensure that the enzyme is thoroughly mixed with the substrate.
17 Start timing the time course.
18 After 5 minutes, remove 0.5 cm3 of reaction mixtures from the vial and place the sample
this in an empty test tube with the correspondingly-labelled time. Replace the vial into the
water bath.
19 Place the test tube in the boiling water bath immediately for 30 seconds before removing
it from the water bath and leaving it on the test tube rack to cool.
State why this step is necessary.
The solution is heated to denature the amylase, to stop hydrolysis of starch / so
that the reaction stops at the correct time or time intervals;
[1]
20 Repeat steps 18 and 19 at the
he o
other
ther time intervals.
th
21 At the end of the 15
of the test tubes for glucose using Benedict’s
5 minutes,
min
inutte
es
s, test
tte
est the
the contents
con
R c
Re
co
ord
rd the
the
he time
tim
ime taken
take
ta
ken
ke
n for
fo the reaction to reach the end-point. If there is no
solution, B. Record
ha
ang
ge by
by 5 minutes,
miinu
m
nutte
nute
es, rrecord
ec
colour change
“more than 300”.
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6
22 Record your results in the space below.
Time interval /
minute
(A! min)
5
10
15
1.
2.
3.

Time taken for reaction to
reach end point / s
36
26
27

Table layout: Independent variable (time interval) to occupy leftmost column;
Appropriate column headings + Units;
Data – Precision of raw data: to the nearest second AND Trend: t taken not more
than 100 s and R! increasing trend with time;

[3]
23 Using the standard curve, estimate the mass of glucose produced after 15 minutes of the
reaction.
read off student’s standard curve on pg4 AND correct units (ecf for wrong units in
graph);
[1]
24 Describe a suitable control for this investigation and explain why it is necessary.
1.
2.
3.
4.

Use 2 cm3 of distilled water instead of enzyme A;
This is to ensure that the enzyme was responsible for the hydrolysis of the
substrate;
OR
Replace 5cm3 of starch with distilled water;
To show that the presence of glucose is due to hydrolysis of starch;

[2]
25 Explain wh
why
hy tth
this
hiss experiment
ex
xp
pe
errim
imen
entt would
w
have yielded different results if it was conducted at
10 °C.
1. At 10
0 °C,
° the frequency of effective collisions between amylase and starch
°C
is reduced due to low kinetic energy;
2. Lower rate of formation of enzyme-substrate complexes and hence products
formed, the amount of time taken to reach end point will increase at all times;
[2]
[Total: 18 marks]
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2 There are molecules on the surface of yeast cells which cause the cells to stick together. When
a yeast suspension is placed in a test-tube some of the cells sink slowly to the bottom.
(a) (i)

Show clearly on Fig. 2.1 what you would expect the contents of the test-tube to look
like after 5 minutes. You will gain marks for clear labels.
[2]

After 5 minutes
Fig 2.1
1. Line drawn level with half way mark, AND more yeast drawn towards bottom of
tube or another line to show a separate region;
2. One label or description;
You are required to investigate the effect of the independent variable, pH, on the sedimentation
of a yeast cell suspension.
You are provided with:
x pH3 buffer solution, P3
x pH3 buffer solution, P5
x Yeast suspension, Y
x Calcium chloride solution, C
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(ii) Use the marker provided to mark a line half-way along the length of each test-tube as shown in
Fig. 2.2.
You will need to put 1 cm3 of calcium chloride solution, C, in each test-tube and then an equal
volume of yeast suspension, Y, and each buffer solution so that the mixture will fill the test-tube
to the half-way mark as shown in Fig. 2.2.

Fig. 2.2
Describe a method to measure the dependent variable. Include in your plan,
x
x
x

steps you used to work out the volume of Y and volume of each buffer solution to use
the use of graph paper
the time intervals used for the experiment over a period of 5 minutes.

Your method should be set out in a logical order.
Steps to work out volume of Y and each buffer solution:
1. Fill the test-tube with distilled water till the half-way mark. Measure the volume
to water used using a syringe;
2. subtract 1 cm3 calcium chloride and divide remaining volume by 2;
Method of measurement
3. Use graph paper, to measure distance/length;
4. from halfway mark to top of sediment/ bottom of tube to top of sediment;
5. in one minute intervals (A! specify
ify regular interval), for five consecutive minutes;

[5]
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(iii) Carry out the steps required as in (ii) and state the volume of Y and the volume of each buffer
solution to use.
volume of Y ....................................................
volume of each buffer solution ........................

[1]

volume of Y equal to volume of buffer AND cm3 / ml on both AND accurate to 1 d.p AND
between 4.0 to 5.0 cm3;
Proceed as follows.
1

Label one test-tube for each pH.

2

Put the volume of pH 3 buffer solution, p3, stated in (iii), into the test-tube labelled pH 3.

3

Put 1 cm3 of C to the same test-tube.

4

Repeat steps 3 and 4 with pH 5 buffer solution, p5.

5

Stir the yeast suspension, Y, with a glass rod.

6

Put the volume of Y, stated in (iii), into each test-tube to make the total volume up to the
half-way mark.

7

Stopper the test-tubes with bungs and invert the test-tubes twice to mix well.

8

Immediately start timing. Carry out the method stated in (ii) to measure the dependent
variable and record the observations at your selected time intervals. You may need to lift
each test-tube to eye level to take each reading. Take care not to disturb the contents of the
test-tube.
(iv) Record your results in the space below.
pH of buffer solution
3

5

Duration / min
1
2
3
4
5
1
2
3
4
5

Height of clear layer / mm
0
2
4
36
44
4
8
12
16
20

1. Correct
rec layout (pH as IV on left most column or top most row) AND correct
units for headers AND headers correspond with data recorded;
2. Data: follow plan described AND correct precision (e.g. time to whole
number, length measured using ruler - 1 mm or 0.1 cm or length measured
using graph paper – graph paper unit or 2 mm or 0.2 cm);
3. Trend: sedimentation occurs slower at pH 5 or same as pH 3;
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(v) State the degree of uncertainty of using the graph paper scale as a measure.
+/– 2 mm or +/– 0.2 cm or +/– whole or 1 small square / graph paper unit;
[1]
(vi) Identify one significant source of error in this investigation and explain the improvement
you would make to rectify this error.
Source of error
Difficulty in viewing separate layers
1. There are bubbles on the surface of
the solution which interfere with the
accuracy of readings taken;

Solution
2. Place a contrasting background
against test tube / Use colorimeter (as
yeast in pH5 sediment slower,
concentration of yeast in will be lower
in the sediment);

Graph paper usage:
3.Difficulty of the graph paper lining
up with the level of solution in the
test tube;
4. Level of solution may fall within a
grid of the graph paper and cannot be
measured accurately;
6. Amount of yeast present in each
test tube may differ as the mixture is
not homogenous;

5. Use graph paper with smaller
divisions / ruler / vernier calipers;

7. Weigh out initial mass of yeast;

1m for error + 1m for solution

[2]
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(b)

Many people are intolerant to the disaccharide lactose, which is found in milk.
The enzyme lactase is used commercially to catalyse the breakdown of lactose to the
monosaccharides glucose and galactose. These sugars taste sweeter and are easier to digest
than lactose.
Enzymes can be immobilised in a number of different ways, using different materials.
Fig. 2.3 shows three ways of immobilisation of enzymes.

Fig. 2.3
A student carried out an investigation to compare the activity of the enzyme lactase that had
been immobilised in the three different ways shown in Fig. 2.3.
x
x

A solution containing 20 mg cm–3 of lactose was poured through a column containing the
immobilised enzyme.
The solution containing the products was collected and the concentration of glucose
measured.

Table 2.1 shows the student’s results.
Table 2.1

(c) (i)

Complete Table 2.1 to show the values of the mean total glucose collected.

[1]

315, 240;
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Table 2.2 shows the results of a number of statistical tests to find out if the differences in the
activity of enzyme lactase were significant.
Table 2.2

(ii)

State what is meant by ‘significant at P < 0.05’.
1. significant: idea that the (observed) result or difference is caused by a
factor other than chance / immobilisation / is not due to chance;
2. 5% or < 5% chance / probability that the (observed) result / difference
occur by chance;
OR
95% or > 95% chance / probability that the(observed) result / difference
are caused by an outside effect / not due to chance;
R! 5% of the results are caused by chance

[2]
(iii) The student concluded that immobilising lactase by adsorption onto the surface of glass
beads (A) has a greater activity than either of the other ways of immobilising the
enzyme.
With reference to Tables 2.1 and 2.2, state the evidence that supports this conclusion.
1. (Table 2.1 shows) method A gives the highest (mean) total glucose
collected at 315 mg;
2. (Table 2. 2) supports
pportts as s
stats.
t t tests shows that the differences between
ta
method A and
d B an
and
nd between
betw
be
twee
een method
ee
m
A and C are significant at P < 0.05;

[2]
[Total: 19 marks]
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3

R1 is a slide of a stained transverse section through a root of the plant Helianthus annuus, the
common sunflower.
You are not expected to be familiar with this specimen.

Fig. 3.1
(a) (i) Draw a large plan diagram of half of the root as shown in Fig. 3.1.
Use one ruled label line and the letter T to identify the tissue that is made up of cells
adapted for the transport of water.

1.

Accuracy

x

Correct proportions of tissue types (Width of stele and width
between en
endodermis and epidermis approximately 1:1 AND
endodermis
drawn thinly)
ode
erm
rmis
is d
2.
Accuracy
x Show
Sh
ho
ow
w all
allll the
the structures
str
that can be seen in the defined part (at
least
lle
eas
st 1 line
line for
forr epidermis
ep
and at least 1 line for endodermis)
x Individual
IIn
Indi
ndi
divi
vidu
ual cells
cel
e ls should not be drawn
3.
Clarity
ty
y
x Use
Us
U
se off s
sharp
ha pencil to draw clear single neat lines
4.
Scale
x Use
Us
se a
at least 2/3 of space provided
5.
Label
x Uses
U
label line + correct label of xylem region with letter T
See R1 photo at end of d
document
[5]
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(ii) Suggest one observable feature which supports the identification of the tissue T as being
made up of cells that are adapted for the transport of water.
Tissues have large lumen or are hollow;
OR
Cells have lignified / thick cell wall / no cytoplasmic content;
R! cells have holes

[1]

An eyepiece graticule scale can be used to measure the length of cells. To obtain an actual length,
the graticule scale must be calibrated against a stage micrometer.
However, to obtain values for calculating a ratio, it is not necessary to calibrate the eyepiece
graticule scale.
(b)

Observe R1 using the x10 objective lens.
Use the eyepiece graticule scale to find
x
x

the radius of the region containing tissue T
the radius of root

State the ratio of the radius of the region containing tissue T to the radius of root.
You may lose marks if you do not show all the steps in finding the ratio.
Radius of region containing tissue T = 30 ocular graticule units
Radius of root = 60 ocular graticule units;
Ratio of radius of tissue T to root is 1:2;
1. Shows measurements for both radius – radius of root > radius of region containing
tissue T, not exceeding 100 ocular graticule divisions AND correct description;
2. Precision of measurement as whole numbers for ocular graticule divisions;
3. Presentation of ratio to the lowest common denominator and correct calculation;

ratio
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Fig. 3.2 is a photomicrograph of a stained transverse section through a stem of the same plant
species.

J
N

K

M

L
Fig. 3.2
(c)

Prepare the space below so that it is suitable for you to record observable differences between
spec
sp
e
the specimen in slide R1 and the specimen
in Fig. 3.2.
1. Presentation of differences
nc
ces
e in
in a ta
tabl
table;
ble
bl
e;
Feature
Location of Vascular
scul
ula
ul
arr ttissue(s)
issu
is
sue(s
( s)

R1
2. Centre of specimen
2

Cell types in centre
nttrre
eo
off s
sp
specimen
pec
ecim
ime
im
Number of regions
s containing
cont
co
ntai
a ni
vascular tissues
Size/Diameter of specimen
AVP. Edge of specimen / Protruding
structure / Epithelial cells
R! ref. to cell

3. Two or more types
4. One region

Fig. 3.2
Arranged around the
perimeter of the specimen;
One type;
Many regions;

5. Smaller
Bigger;
Rough / Yes /
Smooth / No /
Vary in size and shape Regular in size and shape
@ 1m per valid comparison, max 3
@ 1m for table heading
[4]
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(d)

Use the scale bar and the lines in Fig. 3.2 to find the actual width, in μm, of the vascular
bundles labelled J, K, L, M and N.
You may lose marks if you do not show your working.
Length of scale bar = 1.3cm, which is equivalent to 308 μm;
Actual width of J = 1.9 to 2.0 /1.3 x 308 = 450 μm
Actual width of K = 1.7 to 1.8 /1.3 x 308 = 426 μm
Actual width of L = 1.7 /1.3 x 308 = 403 μm
Actual width of M = 2.2 to 2.3 /1.3 x 308 = 545 μm
Actual width of N = 2.2 /1.3 x 308 = 521 μm;

1. Measures length of scale bar correctly and equate to 308μm;
2. Measures length of vascular bundles correctly and shows workings;
3. Correct answers calculated for all bundles;
J

ACJC
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(e)

Fig. 3.3 shows a diagram of a stage micrometer scale that is being used to calibrate an
eyepiece graticule.
One division, on either the stage micrometer scale or the eyepiece graticule, is the distance
between two adjacent lines.
The length of one division on this stage micrometer is 0.01mm.

Fig. 3.3
Using this particular stage micrometer, where one division is 0.01mm, calculate the actual
length of one eyepiece graticule unit, in μm, in Fig. 3.3.
1. Correct working and calculation of one eyepiece graticule unit;
2. Correct conversion to μm;
My working:
01 m
m/ 4 (A! 4 to 4.5) = 0.0025 mm = 2.5 μm
1 eyepiece graticule unit = 0.01
mm/

[2]
[Total: 18 marks]
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PREPARATION LIST
Q1:

2019 Prelim Paper 4 Q1

Material
Glucose solution (4%), labelled G
Benedict’s solution, labelled B
Amylase solution (1%), labelled A
Starch solution (1%), labelled S
Access to hot water (80˚C)
Distilled water

Per Student
5 ml
15 ml
5 ml
10 ml

Apparatus/Item
Large glass beaker (500 ml)
Large plastic beaker (500 ml)
Test tubes
Bunsen burner
Tripod stand and wire gauze
Lighter (per bench)
Syringe (5 ml)
Syringe (1 ml)
Glass rod
Stopwatch
Thermometer
Vial with cap (40 ml)
Small vial
Small plastic beaker (50 ml)
Test tube rack

Per Student
1
1
8
1
1
1
3
3
1
1
1
1
4
1
1
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PREPARATION LIST

Q2:

2019 Prelim Paper 4

Material
pH 3 solution (labelled p3)
pH 5 solution (labelled p5) – actual solution used is pH 4
Yeast suspension, labelled Y
Calcium chloride solution, labelled C

Per Student
3 ml
3 ml
10 ml
2 ml

Apparatus/Item
Glass rod
Graph paper
Test tubes
Syringe (5 ml)
Syringe (1 ml)
Ruler
Stopwatch
Marker
Rubber bung

Per Student
1
1
2
3
1
1
1
1
2
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BIOLOGY PRACTICAL PREPARATION LIST
Q3: Prelim 2019 Paper 4
Question 2
Material
R1 slide
(Total 50 per shift required)

Per Student
1

Per Bench

Per Lab

Apparatus/Item
Microscope

Per Student
1

Per Bench

Per Lab

Root of the plant
ntt Helianthus
Helliian
He
ia
an
ntth
hus
us a
annuus,
nnu
nn
uus the common sunflower.
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Multiple Choice Questions (30 marks)
Answer all questions in this section.
1

The figure below shows organelles found in an eukaryotic cell.

1

2

3

Which of the following option correctly matches the structures 1, 2 and 3 to
their respective functions?
1

2

3

A

Involved in proteins
glycosylation

Site of lipid synthesis

To convert light energy
to chemical energy

B

Site of protein
synthesis

Site of detoxification
reaction

Supplying cellular
energy

C

Site of detoxification
reaction

Involved in protein
glycosylation

Remove worn out
organelles

D

Site of protein
synthesis

Contains proteins to be
secreted

Storage of starch
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2

A scientist carried out an experiment to separate cell structures in animal cells.
The cells were broken open to release the cell structures. This extract was
filtered into a centrifuge tube and then spun in a centrifuge. The heaviest cell
structure sank to the bottom-forming pellet 1, as shown in the diagram.

The liquid above pellet 1 was poured into a clean centrifuge tube and spun in
the centrifuge at a higher speed to separate the next heaviest cell structure. This
cell structure sank to the bottom, forming pellet 2.
This procedure was repeated twice more to obtain pellet 3 and pellet 4, each
containing a single type of cell structure.
Which row shows the order in which the cell structures were collected?
Pellet 1

Pellet 2

Pellet 3

Pellet 4

A

Nucleus

Lysosomes

Mitochondria

Ribosomes

B

Nucleus

Mitochondria

Lysosomes

Ribosomes

C

Ribosomes

Lysosomes

Mitochondria

Nucleus

D

Ribosomes

Mitochondria

Lysosomes

Nucleus
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3

A student prepared three solutions of sugars, X, Y and Z, and diluted them to
varying concentrations. A sample of each was heated with Benedict’s reagent,
with or without prior acid hydrolysis. The results are shown below.

concentration of solution / moldm-3
0.0001

0.001

0.01

no acid

with
acid

no acid

with
acid

no acid

with
acid

X

blue
solution

blue
solution

green
mixture

green
mixture

orange
mixture

orange
mixture

Y

blue
solution

green
mixture

blue
solution

green
mixture

blue
mixture

orange
mixture

Z

blue
solution

green
mixture

green
mixture

green
mixture

orange
mixture

orange
mixture

Based on the results, which of the following conclusions are not correct?
A Solution Y consist of disaccharides only.
B Solution X consists of monosaccharides only.
C Solution X consists of monosaccharides and disaccharides.
D Solution Z consists of monosaccharides and disaccharides.
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The diagram shows the molecular structure of a chemical that can inhibit the
activity of reverse transcriptase, an enzyme that synthesizes DNA by reading an
RNA template. It is an analogue of a naturally occurring nucleic acid monomer.

Molecule X
Which one of the following is correct?
Molecule X

Naturally occurring monomer

A Acts as a competitive inhibitor

Is an activated deoxyribonucleotide

B Acts as a non-competitive inhibitor

Is an activated ribonucleotide

C Acts as a competitive inhibitor

Is an activated ribonucleotide

D Acts as a non-competitive inhibitor

Is an activated deoxyribonucleotide
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Many eukaryotic cells have proteins as part of their plasma membranes. An
experiment was performed on two different animal cells. The diagram shows the
positions and shapes of two proteins on the plasma membranes of the two
different cells.

These cells were then fused. After one hour, the plasma membrane of the
resulting living cell was observed. The diagram shows the changed positions of
the proteins.

What best explains the redistribution of proteins on the plasma membrane?
A the amphipathic nature of the phospholipid bilayer
B the fluidity of the phospholipid bilayer
C the presence of cholesterol at high temperature in the plasma membrane
D the presence of saturated fatty acid chains of phospholipids in the plasma
membrane
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The diagram represents some biochemical reactions involved in protein
synthesis. A section of the DNA is shown. 1 – 4 represents molecules involved
in the reactions. 5 represents a bond catalysed. W, X, Y and Z represents
directions.

Which of the following is correct?
_______ are coded
directly from DNA.

_______ represents 5’
end of the molecule.

__________ is the
enzyme involved in
catalysing bond 5.

A

1 and 2

Z

peptidyl transferase

B

1 and 2

Y

aminoacyl tRNA
synthethase

C

1, 2 and 3

X

aminoacyl tRNA
synthethase

D

1, 2 and 4

W

peptidyl transferase
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7

One complete turn of the double helix of DNA contains 10 pairs of bases and is
3.4 nm long.
What is the approximate length of the DNA coding sequence of lysozyme, a
protein of 129 amino acids?
A 44 nm
B 66 nm
C 113 nm
D 132 nm

8

A DNA molecule was subjected to several gene mutations, involving the
substitution of one nitrogenous base for another. The mutations have changed
the base sequence of one strand of the DNA molecule. The diagram below
shows the DNA molecule with one normal strand and one mutated strand.

If both the normal and mutant DNA strands undergo 1 round of replication, what
is the number of hydrogen bonds in each daughter molecule?
Number of hydrogen bonds in
daughter DNA molecule made from
normal DNA strand

Number of hydrogen bonds in
daughter DNA molecule made from
mutated DNA strand

A

30

28

B

28

28

C

30

30

D

28

30
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Part of the genetic code specifying amino acids is shown in the table below.

Part of the messenger RNA molecule controlling the production of a short
chain of amino acids includes the following nucleotide sequence:

From this information, which of the predictions stated below is incorrect?
A The insertion of an additional nucleotide near the beginning of the sequence
would be expected to result in greater change in the amino acid chain than
an insertion near the end of the sequence
B The substitution of a different nucleotide at position 12 would produce no
alteration in the amino acid in the polypeptide chain.
C The substitution of a different nucleotide at position 13 would result in the
production of an amino acid in the polypeptide chain with one alteration.
D The deletion of a nucleotide at position 5 would result only in an alteration in
the second amino acid in the chain.
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A student obtained a sample of DNA. mRNA was transcribed from this DNA and
the two samples were subsequently purified. He then separated the two strands
of the DNA sample.
The base compositions of each strand and that of the mRNA were analysed.
The results of the analysis are shown in the table below.
A

G

C

T

U

DNA strand 1

19.1

26.0

31.0

23.9

0.0

DNA strand 2

24.2

30.8

25.7

19.3

0.0

DNA strand 3

20.5

25.2

29.8

24.5

0.0

mRNA

19.0

25.9

30.8

0.0

24.3

Which strand of DNA serves as template for mRNA synthesis?
A Strand 1
B Strand 2
C Strand 3
D None of the above

11

Which of the following statements are true of both HIV and influenza virus?
1 Carries negative sense single stranded RNA
2 Enters host cell by receptor mediated endocytosis
3 Carries specific enzymes not found in the host cell
4 Genetic variation due to mistakes in replication
5 Exits host cell by budding
A 1, 3 and 5 only
B 2, 3 and 4 only
C 2, 4 and 5 only
D 3, 4 and 5 only
Need a home tutor? Visit smiletutor.sg

11

12

Relaxase is an enzyme recently discovered to play a role in bacterial
conjugation. The figure below illustrates its function.

Edited from https://www.sciencedirect.com/science/article/pii/S0092867417304233

Which statement correctly describes the role of relaxase in bacterial
conjugation?
A Forms the cytoplasmic mating bridge.
B Unwinds the double stranded DNA to single stranded DNA.
C Replicate the F plasmid by rolling circle mechanism.
D Transfers the F plasmid to the recipient cell.
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Which statement correctly describes the eukaryotic chromosome?
A Contains mostly non-coding sequences concentrated at the ends of the
chromosomes.
B During nuclear division, the middle segment of the chromosome is always
associated with spindle fibers.
C When the cell is dividing, the chromosomes are not attached to histone
proteins.
D Under the microscope, cells undergoing nuclear division appears to have
chromosomes thicker than those in cells not undergoing nuclear division.

14

In the human genome, a single gene on chromosome 11 codes for two different
peptide hormones. One has 32 amino acids and plays a role in calcium
metabolism. The other has 37 amino acids and stimulates dilation of arteries.
At which stage in the process is there a difference that determines which
peptide is made?
A Between DNA and pre-mRNA
B Between mRNA and rRNA
C Between pre-mRNA and mRNA
D Between rRNA and tRNA
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The data below shows the results of electrophoresis of PCR fragments
amplified using primers for the site that has been shown to be altered in
Huntington's disease.
The inherited mutation in the Huntington's disease gene abnormally repeats
the nucleotide sequence CAG from 36 up to more than 120 times of that. The
male parent, shown as individual 2, had the onset of Huntington's disease
when he was 40 years old.
Six of his children (individuals 3, 5, 7, 8, 10, 11) suffer from Huntington's
disease, and the age at which the symptoms first began is shown by the
number below the band from the PCR fragment.
Individuals

What is the likely outcome for the normal individuals 4, 6, and 9?
A Individuals 4 and 9 do not have the trait, and will not get Huntington's
disease, but individual 6 is likely to start the disease when he reaches his
father's age of 40.
B Individuals 4, 6, and 9 have not inherited the defect causing Huntington's
disease.
C Individuals 4, 6, and 9 will still develop Huntington's disease at some point
in their lives, since the disease is inherited as a dominant trait.
D Two of the three will develop the disease, since it is inherited as a
dominant trait, but the data does not allow you to predict which two.
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A student performed the following steps in a Southern blot experiment to
determine the number of copies of a particular gene that has been inserted in a
genetically modified organism.
1 Transfer of DNA to nitrocellulose membrane.
2 Restriction digestion of genomic DNA.
3 Cleaved DNA separated using gel electrophoresis.
4 Create radioactive probe.
5 Incubate probe and membrane.
Which is the correct sequence?
A 2Æ3Æ1Æ4Æ5
B 2Æ3Æ1Æ5Æ4
C 4Æ5Æ1Æ2Æ3
D 5Æ4Æ3Æ2Æ1
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Some of the features of different types of stem cells are listed.
1

They are able to develop into all cell types of the body to form a whole
organism

2

They can develop into a wide range of different types of cell

3

They have active telomerase enzyme

4

They can only develop into a limited range of cell types

Which of the following will be shown by embryonic stem cells?
A 1 and 2
B 1 and 3
C 2 and 3
D 3 and 4
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Nocodazole is a chemical used in the study of mitosis. It causes all mitotic cells
to be arrested at metaphase.
Which statement(s) correctly identify how this chemical might work?
1 Inhibits chromatin condensing in the nucleus
2 Prevents replication of the centrioles
3 Stops sister chromatids from migrating to opposite poles.

19

A

1, 2 and 3

B

1 and 2 only

C

1 and 3 only

D

3 only

No crossing over occurs during meiosis in male fruit flies of the species
Drosophila melanogaster.
The diagram shows the four pairs of homologous chromosomes present in a
testis cell of a male fly.

Which set of chromosomes in a gamete nucleus shows the genetic variation
resulting from independent assortment?
A

B

C

D
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The pedigree shows the inheritance of a dominant genetic condition in a family
for three generations.

Which evidence indicates that this genetic condition is autosomal?
A Affected females always have affected sons.
B Affected males do not pass it on to their sons.
C Affected parents always have affected offspring.
D Males and females are equally affected.
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The following experiment was set up in a laboratory for 12 hours.

Why was the balloon inflated after 12 hours?
A Water is photolysed.
B Glucose is converted to pyruvate.
C Glucose is converted to lactic acid.
D Glucose is completely hydrolysed.
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Some photosynthetic organisms containing chloroplasts that lack PS II
(photosystem II) are able to survive. The best way to detect the lack of PS II in
these organisms would be to _____________.
A determine if they have thylakoids in the chloroplasts
B test for liberation of oxygen in the light
C test for carbon fixation in the dark
D determine the production of starch

23

Cyanide is a poison that blocks the passage of electrons along the electron
transport chain.
Assuming that all other conditions are optimal, which one of the following
options would see an effect on ATP synthesis with the addition of cyanide?
A Cytoplasm lacking in organelles incubated with lactate.
B Cytoplasm lacking in organelles incubated with pyruvate.
C Mitochondria suspension incubated with pyruvate.
D Mitochondria suspension incubated with fructose 1,6 bisphosphate.
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The diagram shows the JAK-STAT cell signalling pathway.

Which of the following statements are correct?
1 EPO is a type of steroid hormone.
2 Phosphorylation of STAT causes them to dimerize.
3 Gene expression is terminated when phosphatases remove phosphate
groups from STAT dimers.
4 Signal amplification occurs as JAK phosphorylates multiple tyrosine
residues on the EPO receptor.
A 1 and 3 only
B 2 and 3 only
C 2 and 4 only
D 2, 3 and 4 only
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The graph shows the change in the number of vancomycin resistant bacterial
samples from some New York hospitals from 1992 to 1994. Forty samples were
taken each month from randomly selected patients who had become infected
with bacteria in the hospital.

Which statement most accurately describes the cause of the changes in the
frequency of the vancomycin resistant phenotype?
A effect of artificial selection
B effect of natural selection
C purely due to random mating in the population
D purely due to geographical isolation
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A group of scientists was studying how zebras got its stripes and they found that
the stripes prevented a species of blood-sucking horseflies from landing on
them. This species of horsefly is common in the part of Africa where zebra lived
and they carry lethal diseases.
The figure below shows the types of selection pressure.

What type of selection pressure can explain the evolution of stripes on Zebras?
A X and Y only
B Y and Z only
C X and Z only
D X, Y and Z
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Two individuals took part in a study to investigate the effectiveness of two
different types of immunisation. Individual S received an injection of antibodies
against tetanus and Individual T received a tetanus vaccination.
Which of the following shows correctly the changes to the antibody
concentration in the blood of S and T?

Need a home tutor? Visit smiletutor.sg

23

28

The figure below illustrates the B cell maturation process.

Which of the following cannot be concluded from the figure?
A V(D)J recombination occurs in the bone marrow.
B Class switching takes place in the peripheral lymphoid tissue.
C There are many forms of membrane bound Immunoglobulin (Ig).
D Class switching takes place in naïve B cells for the expression of both IgM
and IgD.
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Which row correctly matches the human activity to its corresponding effect due
to climate change?
Human activities

Effects

A Over-hunting of animals

Reduction in biodiversity

B Increased usage of cars

More wild animals killed on the
expressways

C Burning of forests in West Sumatra, Heavy rains and heat waves in
Indonesia
different parts of the world
D Pollution
factories

from

toxic

runoff

from Bleaching of coral reefs
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The graph shows the predicted change in global temperatures using three
different models, P, Q and R. Model Q assumes that no new factors act to
influence the rate of climate change.

The predictions of models P and R can be explained using some of the following
statements.
1 An increased global temperature and reduced rainfall will lead to an
increase in forest fires.
2 Permanently frozen soil and sediment in the Arctic will begin to thaw as
global temperature increase.
3 Rising sea temperature will cause increase growth of photosynthetic
algae.
4 Rising sea temperatures will reduce the solubility of greenhouse gases in
the oceans.
Which of these statements support prediction of models P and R?
Statements that support
prediction P

Statements that support
prediction R

A

1 and 3

2 and 4

B

1, 2 and 4

3

C

2

1, 3 and 4

D

3 and 4

1 and 2
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Structured Questions (100 marks)
Answer all questions in this section.
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Question 1
Fig. 1 shows a goblet cell from the colon of a rat, which can be found scattered among
the epithelial cells that line the intestinal tract. The goblet cell produces mucus that
contains a protein known as mucin which is subsequently packaged into mucigen
granules before being secreted out of the cell.

Fig. 1
(a) Name organelles A and B. [2]
A
B
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(b) With reference to the Fig. 1, describe the secretion of mucin out of the cell
starting from organelle A. [4]
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The endosymbiotic theory proposes that the origin of eukaryotic cells was from
prokaryotic organisms. Mitochondria and chloroplasts of eukaryotic cells were
believed to be once free-living prokaryotic cells. They were prokaryotes that ended
up inside of other cells.
Cardiolipin is a protein utilised in oxidative phosphorylation to generate the proton
motive force in the mitochondria. The same protein is used in bacteria to perform the
role of electron transport.
(c) Describe the structural similarities between mitochondria and prokaryotic cells
that support the theory of endosymbiosis. [3]

Total: [9]
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Question 2
Fig. 2.1 shows a molecule of haemoglobin. The haem group plays an important role in
the function of haemoglobin.
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Fig. 2.1

(a) With reference to Fig. 2.1 and your knowledge, describe two structural differences
between tropocollagen and haemoglobin. [2]

(b) Explain two advantages of having four subunits in haemoglobin. [2]
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Myoglobin is a protein found in the muscle cells of animals. It functions as an oxygen
storage unit, providing oxygen to the working muscles. Fig. 2.2 shows the oxygen
dissociation curves for myoglobin, fetal haemoglobin and adult haemoglobin. A higher
percentage saturation means that the molecule has a higher affinity for oxygen.
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Fig. 2.2
(c) (i)

With reference to Fig. 2.2, compare the effect of increasing partial pressure
of oxygen from 3kPa to 10kPa on myoglobin and adult haemoglobin. [3]
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(ii)

Suggest two reasons for the difference between the percentage saturation
of myoglobin and that of adult haemoglobin at low partial pressures of
oxygen. [2]
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Examiner’s
use

Total:[9]
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Fig. 3.1 is a diagram showing DNA replication.

Fig. 3.1

(a) (i)

Identify the bases labelled X and Y on Fig. 3.1 and state whether they are
purine or pyrimidine. [2]
X:
Y:

(ii)

Explain how Fig. 3.1 shows semi-conservative replication. [3]
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Fig. 3.2 shows the structure of dideoxycytidine triphosphate (ddCTP), a potential
replication substrate.
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Fig. 3.2
ddCTP was added to a DNA replication reaction in large excess over the concentration
of deoxycytidine triphosphates (dCTP), the usual replication substrate.
(b) Explain how the addition of ddCTP would affect DNA replication. [4]
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(c) A sequence of DNA to be amplified by the Polymerase Chain Reaction is shown
in Fig. 3.3 below.
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Fig. 3.3
You are given the following primers:
H:

5’ – ATTCTCGATCGG – 3’

O:

5’ – CTTCCGATCGAG – 3’

W:

5’ – TAAGAGCTAGCC – 3’

A:

5’ – TCGATATGATCG – 3’

R:

5’ – GCTAGTATAGCT – 3’

D:

5’ – CGATCATATCGA – 3’

(i)

State which pair of primers should be used for the amplification of the target
sequence. [1]

(ii)

Explain the limitations of PCR as a tool in molecular biology. [3]
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(d) Scientists have found a new method of copying DNA that is faster than PCR. The
new method, called helicase-dependent amplification (HDA), uses the enzyme
helicase to separate the two strands of DNA. This means that DNA can be copied
at a constant temperature of 37°C. In all other mechanical aspects, HDA works in
exactly the same way as PCR.
(i)

Explain why HDA will not work with Taq DNA polymerase. [2]

(ii)

Suggest why HDA is faster than PCR in amplifying DNA. [1]

For
Examiner’s
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Total:[16]
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Fig. 4 is an electron micrograph showing the process of protein synthesis in a
prokaryote.

Fig. 4
(a) Identify structures A and C. [2]
A:
C:
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(b) State four differences between transcription and translation in yeast cells. [4]
Features

Transcription
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Translation

Organelle

Template

Nonenzymatic
molecules
required

Products

Total:[6]
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Question 5
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(a) Transduction is a well-studied type of horizontal gene transfer. State the
significance of horizontal gene transfer. [2]
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The mechanisms for generalized and specialized transduction had been well studied.
Lateral transduction is recently discovered as a type of horizontal gene transfer with
gene transfer efficiency 1000-fold higher than specialized transduction. Fig. 5 illustrates
the specialized and lateral transduction mechanisms.
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Adapted from
Chiang YN, Penade´s JR, Chen J (2019). PLoS Pathog.

Fig. 5
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(b) With reference to Fig. 5,
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(i)

describe what happened in A. [3]

(ii)

explain why lateral transduction has a much higher gene transfer efficiency
than specialized transduction. [2]
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(c) Bacteriophage has been used in therapy to treat bacterial infection. With the
discovery of lateral transduction, evaluate the appropriateness of using
bacteriophage in treating bacterial infection. [3]
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Total: [10]
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Question 6
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Fig. 6 shows a model of chromatin structure during transcription.

Adapted from
C.M. Hernandez-Garcia, J.J. Finer (2014). PlantScience

Fig. 6
(a) With reference to Fig. 6, explain the role of A in transcription. [4]
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(b) A nucleosome is boxed in Fig. 6. Explain one modification to this nucleosome that
can inhibit transcription. [3]
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(c) Outline the sequence of transcription that take place after the event seen in Fig.
6. [3]

Total: [10]
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Question 7
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Pure-breeding tomato plants with purple stems and yellow leaves were crossed with
pure-breeding tomato plants with white stems and green leaves.
All the offspring (F1) had purple stems and green leaves.
These plants were allowed to self-pollinate and the phenotypes of the resultant
offspring (F2) were recorded.
303 Purple stems and green leaves
101 Purple stems and yellow leaves
98 White stems and green leaves
28 White stems and yellow leaves

(a) Use the symbols P for the allele for purple stems and G for the allele for green
leaves.
Draw a genetic diagram to explain the results of the crosses above. [4]
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A scientist suggested that a hypothesis that the phenotypic ratio of the F 2 was 9:3:3:1.
A chi-squared test was carried out and the value calculated was 0.50. Table 7 below
shows part of the chi-squared distribution table.
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Table 7
Probability
Degrees of
freedom

0.90

0.50

0.10

0.05

0.01

2

0.21

1.39

4.61

5.99

9.21

3

0.58

2.37

6.25

7.81

11.34

4

1.06

3.36

7.78

9.49

13.28

5

1.61

4.35

9.24

11.07

15.09

6

2.20

5.35

10.64

12.59

16.81

(b) Explain the significance of the chi-squared value for these results. [3]

Total:[7]
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Question 8
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(a) ATP is synthesized in three sites within a plant cell.
(i)

State exactly where ATP is synthesized. [1]

(ii)

Outline how ATP is synthesized in each site. [3]

(iii) Briefly explain why ATP needs to be synthesized in three different sites
within the same plant cell. [3]
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Fig. 8 shows a graph of photosynthesis rate against carbon dioxide concentration.
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Fig. 8

(b) With reference to Fig. 8, explain how an increase in carbon dioxide concentration
affects the rate of photosynthesis. [2]

Total: [9]
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Question 9
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(a) The mTOR intracellular signalling pathway is critical in the control of cell growth.
Fig. 9 shows the signalling system that drives cell growth in a normal cell.

Fig. 9
(i)

Describe how the growth factor leads to the activation of mTOR protein in
Fig. 9. [3]
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(ii)

Contrast the above pathway with glucagon signaling pathway. [3]
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(b) Describe how the receptor tyrosine kinase and glucose transporter is held in the
membrane. [2]

Total:[8]
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Question 10
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Paleo-geochemical evidence suggests that the atmosphere began to be oxygenated
only 2.4 billion years ago. This is known as the Great Oxidation Event (GOE). Before
that, the atmosphere was anoxic (contained no oxygen).
The GOE is believed to have resulted in the mass extinction of anaerobic organisms
and the emergence of many unicellular species capable of detoxifying oxygen. Aerobic
multicellular organisms arose approximately 1 billion years ago.
(a) Explain the factor which acted as a force of natural selection in the development
of aerobic organisms. [2]

(b) The deep sea remained anoxic until 0.5 billion years ago.
Predict the variety of aerobic multicellular organisms present in the deep sea
compared to those on land. [3]

Total: [5]
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Question 11
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The folic acid synthesis pathway is an important process required for the growth of
most bacteria (Fig. 11).

Fig. 11
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An unknown bacteria has resulted in a disease. To treat bacterial infection, the bacteria
either needs to be killed or prevented from multiplying. The doctor administered an
antibiotic that targets the folic acid synthesis pathway.

For
Examiner’s
use

(a) With reference to Fig. 11, identify the final product of the folic acid synthesis
pathway. [1]

(b) Suggest how the antibiotic may treat bacterial infection. [3]

Total: [4]
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Question 12
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Over thousands and millions of years, the Earth's climate changes with periods of
warming and cooling. Fig. 12 is a diagram showing the topographical profile of two
mountains in the tropics during a warm phase and a cool phase in the Earth's climate.
The shape of the lines corresponds to a vertical section through the mountains to show
their height and shape. The distribution of rain forest vegetation is also shown.

Fig. 12
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(a)

Describe and explain the effect of climate change on the distribution of rain forest
vegetation in the tropics, as shown in Fig.12. [5]
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(b) Explain how human activities could have contributed to an increase in global
temperatures. [2]

Total:[7]
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Section A: Long Structured Questions (50 marks)
Answer all questions in this section.

For
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use

Question 1
Cancer Stem Cells (CSCs) are a small subpopulation of cells within tumours with
capabilities of self-renewal, differentiation, and tumour formation. Fig. 1.1 shows
how leukemic CSCs can be formed.

Fig. 1.1
(a)

With reference to Fig. 1.1,
(i)

explain the normal functions of hematopoietic stem cells. [3]
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(ii) explain how mitosis in stem cells results in the development of an
organism. [2]
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15 to 20 percent of leukemia patients who undergo cancer treatment and achieve an
initial complete remission will have the disease return. This is known as tumour
relapse. To combat this problem, some doctors have recommended a more targeted
treatment known as cancer stem cell specific therapy. Fig. 1.2 shows both forms of
treatment.
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Fig 1.2
(b)

(i)

With reference to Fig. 1.2, distinguish both forms of treatment. [2]

(ii) Comment if telomerase inhibitors are used in conventional cancer
therapy or cancer stem cell specific therapy. [1]
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The mitotic index is defined as the ratio between the number of cells in a population
undergoing mitosis and the total number of cells in a population. A high mitotic index
is observed during processes that promote cell division.
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Table 1 shows the survival rate of different cancer patients with varying mitotic index.
Table 1
Mitotic index / mm2

(c)

Sample
size

Survival rate / %
5-year

10-year

0

316

97.8 ± 0.4

93.4 ± 0.8

0.01 – 5.00

281

91.3 ± 0.7

86.3 ± 0.7

5.00 – 10.99

204

78.1 ± 1.1

68.2 ± 2.6

11.00 – 19.99

325

67.3 ± 2.7

56.8 ± 3.7

≥20

249

60.2 ± 3.1

47.9 ± 4.9

(i)

Give two evidences that the data in Table 1 is reliable. [1]

(ii) Describe the effect of mitotic index on the 10-year survival rate of
patients. [1]

Total: [10]
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Question 2
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Vitamins are important co-enzymes in eukaryotes. Some vitamins can be synthesized
by the body (e.g. vitamin Q) but most vitamins can only be obtained from our diet.
Vitamin Q plays an important role in respiration (See Fig. 2.1).

Fig. 2.1
(a)

With reference to Fig. 2.1, describe the role of vitamin Q (labelled ‘Q’) in
respiration. [4]
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An example of vitamin that must be obtained from our diet is vitamin C. Gulonolactone
(L) oxidase (GULO) is the enzyme responsible for the final step in the vitamin C
synthesis. This enzyme is non-functional in some animals (e.g. guinea pigs and
humans) due to deletions in the GULO gene coding for this enzyme.

For
Examiner’s
use

Fig. 2.2 shows the GULO gene segment of 4 animals. The GULO enzyme is
functional in mouse and cow, but non-functional in guinea pig and human.

Fig. 2.2
(b)

Define the term ‘exon’. [1]

(c)

Explain why the deletion in cow’s GULO gene resulted in a functional enzyme
but the deletion in guinea pig’s resulted in a non-functional enzyme. [3]
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(d)

Two students, A and B, each constructed a phylogenetic diagram using the
information provided in Fig. 2.2. Their drawings are shown in Fig. 2.3 below.
The branch points are numbered.
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Fig. 2.3
(i)

Explain the significance of a branch point in a phylogenetic diagram. [1]

(ii) With reference to Fig. 2.2 and 2.3, explain which student’s phylogenetic
diagram is more likely correct. [4]
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(e)

Vitamin C is an important co-enzyme in collagen synthesis. It is required for
the activation of lysyl hydroxylase, an enzyme which catalyzes the
hydroxylation of lysine residues.
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Vitamin C deficiency gives rise to scurvy. People who suffer from scurvy have
gums that easily bleeds, even to the slightest amount of friction.
Collagen is an important component of connective tissues under the gum.
Suggest how vitamin C deficiency lead to bleeding gums. [2]

Total: [15]
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Question 3
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Cyanobacteria are a phylum of bacteria that obtain their energy through
photosynthesis. The internal structure of a typical cyanobacterium is shown in Fig 3.1
below.

Fig. 3.1

The outer cytosolic surface of each thylakoid (the surface facing into the cytosol) is
studded with particles called phycobilisomes, which consist of chlorophyll type a and
accessory pigments called phycobiliproteins.
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(a) (i)

(ii)

With reference to Fig. 3.1, evaluate whether cyanobacteria should be
considered as prokaryote or eukaryote. [3]
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Explain whether cyanobacteria conforms to the cell theory. [3]

(iii) Compare and contrast the thylakoid in cyanobacteria and plant cells. [2]
Similarity:

Difference:
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Prochlorococcus is a genus of marine cyanobacteria and is the most abundant
photosynthetic organism on Earth.
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Prochlorococcus lacks the catalase enzyme, which breaks down hydrogen peroxide,
a product of many biological processes that is toxic to Prochlorococcus. On the other
hand, various marine species of another bacteria, Alteromonas, makes plenty of this
enzyme to share and breaks down the hydrogen peroxide to benefit both organisms.
With increased ocean acidity in the water, Alteromonas takes on a different
behaviour. When researchers from Columbia University, University of Alabama at
Birmingham, and University of Tennessee tested the Prochlorococcus - Altermonas
relationship under 800 parts per million CO2 (the amount of CO2 expected to be in
the atmosphere by 2100), Alteromonas became more antagonistic to
Prochlororoccus. Alteromonas was found to produce less catalase and instead began
producing proteins that increased the free radicals surrounding it. Prochlorococcus is
unable to get rid of these toxins and Alteromonas begins to consume the dying cells.
(b) Using the above information, explain how an increase in carbon dioxide levels
in the atmosphere will lead to a positive feedback loop. [5]
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In 2016, a researcher, Howard, discovered a new type of cyanobacterium which he
named Dunman hiscolaris.

For
Examiner’s
use

To investigate whether Dunman hiscolaris was capable of carrying out carbon
fixation, Howard sought to demonstrate the presence of the enzyme ribulose-1,5bisphosphate carboxylase/oxygenase (RuBisCO) in the cytoplasm of the
cyanobacterium.
To visualise the localisation of RuBisCO in living cells, Howard used a technique
known as immunofluorescence (Fig. 3.2). In this technique, Howard used antibodies
that specifically targeted the enzyme RuBisCO. The antibodies were attached to a
fluorescent dye (fluorophore) that allowed for visualisation under a fluorescence
microscope.

Fig. 3.2
When Howard incubated these antibodies with living Dunman hiscolaris cells, he was
unable to detect the presence of RuBisCO within any of the cells. However, further
experiments using gel electrophoresis, Southern Blot and Western Blot proved that
both the gene and protein for RuBisCO were present in these cells. Additionally, when
Howard conducted immunofluorescence using antibodies specific for competence
factors, he was able to detect fluorescence on the surface of living Dunman hiscolaris
cells.
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(c) Explain why immunofluorescence failed to detect the presence of RuBisCO in
living cells. [2]

For
Examiner’s
use
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To enhance the resilience of Dunman hiscolaris, Howard thought it would be a good
idea to transfer the lac operon from Escherichia coli to Dunman hiscolaris.

For
Examiner’s
use

To carry out the horizontal gene transfer, Howard used an apparatus known as the
Davis U-tube as shown in Fig. 3.3.

Fig. 3.3

(d) (i)

Explain one precaution that Howard should have taken when setting up the
apparatus shown in Fig. 3.3. [2]
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(ii)

In the experiment shown in Fig 3.3, Howard placed Escherichia coli and
Dunman hiscolaris in the U-tube separated by a filter, thus preventing
direct cell contact but allowing growth to occur in a common medium.
Unbeknownst to Howard, the medium also contained a temperature
sensitive nuclease.

For
Examiner’s
use

When samples were removed after 24 hours, Howard was disappointed to
discover that none of the Dunman hiscolaris cells had taken up the lac
operon. In a fit of anger, Howard left the laboratory to ponder over his life
decisions and future career.
Using your knowledge of horizontal gene transfer, explain why the lac
operon failed to transfer over to Dunman hiscolaris. [3]

Transformation:

Transduction:

Conjugation:
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(iii) After a week of self-contemplation, Howard returned to the laboratory again
to retrieve samples from his original U-tube setup. This time, he discovered
the presence of the lac operon in Dunman hiscolaris cells.

For
Examiner’s
use

During this week, the curtain was not drawn and the set up was left
exposed to sunlight.
Suggest how the cyanobacterium, Dunman hiscolaris, was able to take up
the lac operon this time round. [4]

(iv) Overjoyed by this breakthrough, Howard decided to name the modified
cyanobacterium Howard isawesome.
Using the concept of species, comment on Howard’s decision to classify
the modified cyanobacterium as a new species. [1]

Total: [25]
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Section B: Free-Response Question (25 marks)
Answer only one question.
Write your answers on the writing paper provided.
Answer each part (a) and (b) on a fresh piece of writing paper.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in sections (a), (b) etc., as indicated in the question.
A NIL RETURN is required.
Question 4
(a)

Digestion of nutrients in humans include chemically breaking down the different [10]
classes of large biomolecules into their constituents. The digested materials then enter
the microvilli cells in the small intestine in various ways based on their properties. For
example, glucose enters the microvilli against a concentration gradient. The other
biomolecules enter the microvilli by moving down a concentration gradient.
Explain the chemical digestion and absorption of biomolecules in small intestines of
humans.

(b)

Explain how variation occurs naturally in mammals.

[15]
Total: [25]

OR
Question 5
(a)

Discuss if vaccine can be considered a form of selection pressure that drives evolution [10]
of influenza virus.

(b)

BRCA genes are tumour suppressor genes. Harmful mutations in this gene may result [15]
in breast-ovarian cancer in affected persons. For example, a recent large study
estimated that about 72% of women who inherit a harmful BRCA1 mutation will
develop breast cancer by the age of 80. However, there are many variations in these
mutations of the BRCA genes, some mutations in the BRCA gene may be harmless.
Explain the environmental factors that can increase the likelihood of developing breast
cancer and the types and effects of gene mutations that result in different severities of
breast cancer. [15]
Total: [25]
END OF PAPER
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List of Apparatus and Materials
Item

Apparatus / Reagents / Chemicals

Quantity

1

Blunt forceps

1

2

Scalpel

1

3

30 cm ruler

1

4

White tile

1

5

Distilled water in bottle

1

6

Permanent marker

1

7

Stopwatch

1

8

Paper towels

some

ITEMS FOR QUESTION 1
Item

Apparatus / Reagents / Chemicals

Quantity

9

Vial labelled T

1

10

Vial labelled E

1

11

Vial labelled F

1

12

Test tube labelled Y

1

13

1

14

Plant tissue immersed in distilled water in
beaker labelled X
10 cm3 syringe

15

5 cm3 syringe

1

16

Test tubes

7

17

Boiling tube

1

18

Rubber bung

1

19

Test tube rack

1

20

Beaker labelled tap water

1

21

Beaker labelled hot water with towel

1

22

Beaker labelled water bath

1

23

Thermometer

1

24

Stainless steel pin

1

1

2
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ITEMS FOR QUESTION 2
Item

Apparatus / Reagents / Chemicals

Quantity

25

Microscope

1 (shared)

26

1

27

Cylinder of peeled potato in petri dish labelled
P1
Iodine

28

Microscope slide

1

29

Coverslip

1

30

Mounted needle

1

31

Pasteur pipette

1

32

Petri dish base

1

33

Plastic vials

2

34

Glass rod

1

35

1 cm3 syringe

1

36

5 cm3 syringe

1

37

Spotting tile

1

38

Vial labelled EP

1

39

Vial labelled EL

1

40

Vial labelled S

1

1

3
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QUESTION 1
In this investigation, you will use a chemical called TTC to investigate the rate of
respiration in two different tissues, X and Y.
TTC is able to diffuse into living cells.
Respiring tissues convert TTC (colourless) to formazan (pink).

Formazan can be extracted from respiring tissues using ethanol. The colour intensity
of an ethanol extract from a plant tissue incubated with TTC for 15 minutes provides
a measure of the rate of respiration of the plant tissue.
You are required to:
x

obtain an ethanol extract from plant tissue X after incubation in a solution of TTC
for 15 minutes

x

find the concentration of formazan in the ethanol extract from plant tissue X

x

compare this with an ethanol extract prepared in the same way from plant tissue
Y.

You are provided with:
x

one cylinder of plant tissue X immersed in distilled water, in a beaker labelled X

x

TTC solution, in a vial labelled T

x

10.0% formazan solution, in a vial labelled F

x

ethanol, in a vial labelled E

x

ethanol extract from plant tissue Y, in a test tube labelled Y.

Ethanol is harmful and flammable. The lid on the specimen tube of ethanol
should be kept on, when not in use.
Before proceeding further, use the beaker labelled hot water to collect approximately
200 cm3 of hot water.

4
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Proceed as follows.
1 Cut five discs from the cylinder of plant tissue X, as shown in Fig. 1.1. Each disc
should have a thickness of approximately 2mm.

2 Put back the remainder of the cylinder of plant tissue X into the beaker of water.
3 Push all five discs on to a pin. Arrange these so that there is a small space between
each disc and all the discs are positioned nearest the pointed end of the pin, as
shown in Fig. 1.2.

4 Put the loaded pin into the boiling tube so that the pointed end is at the bottom.
Label the boiling tube X.
5 Put 10.0 cm3 TTC solution, T, into the boiling tube so that all the discs are
submerged.
6 Use tap water and the hot water that you have collected to set up a water-bath at
a temperature of 40-45°C.

5
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7 Place the boiling tube containing X in the water-bath and incubate for 15 minutes.
During this 15-minute period, it is not necessary to maintain the temperature of the
water-bath.
During this incubation period, continue with steps 8 and 9.
8 You are required to make up a final volume of 5.0 cm 3 of six different
concentrations of formazan solution to act as colour intensity standards. These
must include 0.0% (distilled water) and 10.0% formazan solutions.
In order to make a range of colour intensity standards, you will make simple
dilutions of 10.0% formazan solution, F.
(a)

(i)

Show, in a table, how you will make up the formazan solutions using the
10.0% formazan solution, F, and distilled water. [3]

9 Prepare the different concentrations of formazan solution in test tubes.
10 After the 15-minute incubation in step 7, remove the boiling tube X from the waterbath. Dispose of the TTC solution, keeping the loaded pin of discs in the boiling
tube.
11 Remove the loaded pin of discs from the boiling tube and, using blunt forceps, push
the discs off the pin back into this boiling tube.
12 Put 5.0 cm3 of ethanol, E, into the boiling tube containing the discs of plant tissue
X. Seal the boiling tube with a rubber bung and shake the boiling tube for three
minutes.

6
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13 After shaking, pour the ethanol from the boiling tube into a clean test-tube, leaving
the discs of plant tissue X in the boiling tube. Label the test-tube X. This is the
ethanol extract of plant tissue X.
Fig. 1.3 shows a line representing the range of colour intensities that could be
recorded. The colour intensities of the 0.0% and 10.0% formazan solutions are
indicated with arrows labelled 0.0 and 10.0.

Fig. 1.3
(ii)

Complete Fig. 1.3, using arrows and labels, to show where the other
percentage concentrations of formazan solution that you prepared in step
9 should be placed. [1]

14 Compare the colour intensity of the ethanol extract in test-tube X with the colour
intensity standards prepared in step 9.
The actual colour of the ethanol extract may not match that of the colour intensity
standards. It is the colour intensity, rather than the actual colour, that you need to
compare.
15 Use an arrow and label to indicate on the line in Fig. 1.3 the colour intensity of
extract X.
(iii)

To compare the rate of respiration of plant tissue X with the rate of
respiration of plant tissue Y, the ethanol extract of plant tissue Y must
have been prepared in the same way as ethanol extract from plant
tissue X.
State two variables that would have needed to have been controlled
when preparing the ethanol extract from plant tissue Y. [2]

7
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(iv)

Compare the colour intensity of the ethanol extract in test-tube Y with
the colour intensity standards prepared in step 9.
Use an arrow and label to indicate on the line in Fig. 1.3 the colour
intensity of extract Y. [1]

(v)

Using the results for extracts X and Y shown on Fig. 1.3, state which of
the two plant tissues has the higher rate of respiration.
Explain your answer. [1]
Plant tissue ………………….
Reason:

(vi)

Suggest a suitable control for this experiment to show that it is the TTC
that causes the change in colour intensity. [1]

(vii)

Explain why the cylinders of plant tissues were cut into discs. [1]

(viii) Confidence in the results of this investigation may be limited by the lack
of replication and sources of error.
Describe two significant sources of error in this procedure. [2]

8
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(b)

A student used a similar method to investigate the effect of different glucose
concentrations on the rate of respiration in a plant tissue. Instead of using
colour standards to assess colour intensity, the student used a colorimeter to
measure the light absorbance of each plant tissue ethanol extract. As the
colour intensity increases, the light absorbance of the extracts also increases.
Table 1.1 shows the results obtained by the student.

(i)

On the grid provided, plot a graph of the data shown in Table 1.1. [4]

9
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(c)

(ii)

Use the graph to describe the effect of glucose concentration on the
rate of respiration of the plant tissue. [2]

(iii)

Explain the effect of glucose concentration on the rate of respiration of
the plant tissue. [3]

A student planned to investigate the effect of temperature on the rate of
respiration in photosynthetic leaf cells of a temperate plant in the desert. This
temperate plant normally thrives in temperature ranging from 15-20°C. The
desert has a temperature range of 30-40°C.
The procedure was modified so that the discs of plant tissue were replaced by
suspensions of active leaf cells. Formazan was then extracted from the cells
using ethanol.
The colour intensity of the ethanol extract was measured using a colorimeter.
(i)

State a hypothesis for the effect of desert temperature on the rate of
respiration on this plant. [1]

10
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(ii)

Use biological knowledge to explain your hypothesis. [2]

(iii)

State the temperatures that could be selected to test your hypothesis
and describe how the temperature could be changed. [2]
Temperatures selected:

How temperature changed:

11
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(iv)

There are a number of variables that could affect the results of the
investigation.
Complete Table 1.2 to show how light and two other variables could
be controlled so that they do not affect the results of the investigation.
[3]
Table 1.2
Variable to be
controlled

Description of how the variable could be
controlled

light

Total: [29]

12
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QUESTION 2
During this question, you will require access to a microscope.
(a)

Fig. 2.1 is a photomicrograph of a stained transverse section through part of a
plant leaf.
You are not expected to be familiar with this specimen.

14
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(i)

Draw a plan diagram of the region of the leaf indicated between the
lines on Fig. 2.1.
A plan diagram shows the arrangement of different tissues. Your
drawing should show the correct shape and proportion of the different
tissues.
No cells should be drawn.
Labels are not required. [5]

15
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Fig. 2.2 is a photomicrograph of a different part of the same leaf.

(ii)

There are observable differences between the upper and lower halves
of the leaf shown in Fig. 2.2. Identify three differences between the
upper and lower halves of the leaf.
For each of the three differences, draw one label line to a feature in Fig.
2.2 that shows this difference. Label the three features F, G and H.
You may label each feature in either the upper half or the lower half of
Fig. 2.2. Each labelled feature must relate to a separate difference.
Complete Table 2.1 to describe the difference between the upper and
lower halves of the leaf for each of these three features. [4]
Table 2.1
feature

upper half

lower half

F

G

H

16
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Fig. 2.3 shows the same specimen as Fig. 2.2 viewed through a microscope
fitted with an eyepiece graticule.

(iii)

At the magnification used in Fig. 2.3, a measurement of 10 eyepiece
graticule units corresponds to an actual measurement of 60μm.
Use the eyepiece graticule to find the actual thickness of the leaf at the
position shown by the line L – L in Fig. 2.3.
Show your working. [3]

17
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(b)

You are provided with a sample of plant tissue:
x

P1, a cylinder of peeled potato, in a Petri dish labelled P1.

You are required to:
x
x
x

make a microscope slide of the sample of plant tissue P1
record observations of the cells
stain the cells using iodine solution.

Proceed as follows.
1 Label one microscope slide P1.
2 Using a scalpel, cut the potato cylinder P1 to show a fresh vertical surface, as
shown in Fig. 2.4(a).
3 Cut a wedge-shaped piece of potato so that the thin edge is as narrow as
possible, as shown in Fig. 2.4(b). Put the wedge into a clean Petri dish.
4 Add distilled water to the Petri dish to cover the potato wedge.
5 Repeat steps 2 and 3 to obtain at least 5 wedges of potato tissue immersed in
distilled water in the Petri dish.
6 Select the wedge of potato with the thinnest edge and place it in the middle of the
slide labelled P1.
7 Cut the wedge of potato as shown in Fig. 2.4(c) and leave the thinnest piece of
tissue on the slide.
8 Put one or two drops of distilled water on to the thin piece of tissue on the slide.
9 Add a coverslip to the slide and use a paper towel to absorb any excess liquid.

18
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10 Use your microscope, with an appropriate objective lens, to search slide P1 to
find two cells that both contain at least three granules. The cells do not need to
be adjacent. You will need to adjust the fine focus of the microscope as you
search. Ignore granules that may have been released from the cells during slide
preparation.
(i)

Draw the two whole cells that you have selected on slide P1.
Use an appropriate objective lens so that your drawing of each cell can
be as detailed as possible.
Labels are not required. [4]

11 Remove slide P1 from the microscope and add a drop of iodine solution to one
side of the coverslip. Hold the edge of a paper towel against the opposite side of
the coverslip as shown in Fig. 2.5. The iodine solution will spread out under the
coverslip.

20
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(ii)

Observe the cells on slide P1.
Describe the distribution of starch in the cells on slide P1. [1]

(iii)

Explain why some plant cells contain starch. [1]

21
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(c)

Leaf cells were broken up to release their contents. The mixture was filtered
to leave extract EL.
Potato cells were broken up to release their contents and this mixture was
filtered to leave extract EP.
A student suggested the hypothesis that:
‘an extract made from potato cells contains more amylase to break down
starch than an extract from leaf cells’.
The student carried out some preliminary tests to find the volumes of extract
and starch solution to use when testing this hypothesis. The student found that
the best volumes of extract and starch solution to use were in a ratio of 1:3.
The student also noted that when amylase was present in the extract, the
complete breakdown of starch occurred within 180 seconds at room
temperature.
Use the results of the preliminary tests to plan and carry out an investigation
to provide results that will enable you to support or reject this hypothesis.
You are provided with:
x
x
x

only 10 cm3 of an extract made from a leaf cell suspension, in a vial
labelled EL
only 10 cm3 of an extract made from a potato cell suspension, in a vial
labelled EP
only 20 cm3 of 1% starch solution in a vial labelled S.

Using the plastic vials and other apparatus provided, plan and carry out a
method to obtain results to support or reject the student’s hypothesis.

22
Need a home tutor? Visit smiletutor.sg

(i)

State the dependent variable. [1]

(ii)

Outline the steps in your method that you used to collect results. [3]

(iii)

Record your results in a suitable format in the space provided. [3]

23
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(iv)

State whether or not your results in (c)(iii) support the student’s
hypothesis.
Give a reason for your decision. [1]

Total: [26]
END OF PAPER
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2

Paper 2
Question 1
(a)

A: Rough endoplasmic reticulum
B: Nucleus

(b)

Mucin protein is synthesised by bound ribosomes and folded within the cisternae
of rough endoplasmic reticulum before there are packaged into transport vesicles
that pinch off;
Vesicles then fuse with the cis face of the Golgi apparatus where they undergo
chemical modification such as glycosylation;
The mucigen granule pinch off from the trans face of the Golgi Apparatus and
travel along microtubules to the cell membrane;
The mucigen granule membrane fuses with cell surface membrane emptying
mucus by exocytosis;

(c)

Both mitochondria and prokaryotic cells have 70S ribosomes;
Both mitochondria and prokaryotic cells have circular DNA;
Both mitochondria and prokaryotic cells have the same cardiolipin protein which
performs similar cellular respiratory functions;
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3
Question 2
(a)

Tropocollagen is made up of 3 loose helices / helical strands while haemoglobin
is made up of 2 α-subunit and 2 β-subunit chains/ 4 polypeptide chains;
Tropocollagen has a fibrous, long, strand-like structure while haemoglobin has a
globular compact and highly folded structure;
Tropocollagen has no non-protein component, unlike haemoglobin which has 4
haem groups;
2 max

(b)

Binding of 4 oxygen molecules per haemoglobin results in increased oxygen
carrying capacity / more efficient transport of oxygen molecules;
Binding of oxygen molecule (to 1 haem group) in 1 subunit changes the 3D
conformation of that subunit, which causes change in 3D conformation of the other
subunits, making it easier for the other 3 subunits to pick up oxygen;

(c)

(i)

As partial pressure of oxygen increases, the percentage saturation with
oxygen increases at a decreasing rate for both myoglobin and adult
haemoglobin;
When partial pressure increases from 3 to 10kPa, the percentage saturation
with oxygen increased from 20% to 91% for adult haemoglobin and 78% to
98% for myoglobin;
However, at 3kPa or 10 kPa partial pressure of oxygen, the percentage
saturation with oxygen is always higher for myoglobin as compared to adult
haemoglobin;

(ii)

Myoglobin has a higher
gher
er a
affinity
f
of oxygen than adult haemoglobin so that it
can accept oxygen
ygen th
that
at iis
s re
rreleased by adult haemoglobin;
This allows
allow
ws myoglobin
myog
my
oglobi
biin to act
act as
a a oxygen storage unit, providing oxygen to
the
e working
wo
w
orrkking
in
ng muscles
mu
m
ussccle
les during
durin prolonged exercise / low oxygen conditions;
du
My
Myoglobin
yog
oglo
glo
lobi
lobi
bin ha
has ffewer haem groups as compared to adult haemoglobin hence
it hass a lower
low affinity for oxygen;
2 max

Question 3
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4
(a)

(i)

X: Cytosine (pyrimidine);
Y: Thymine (pyrimidine);

(ii)

The two parental DNA strands separate due to the breaking of hydrogen
bonds between complementary bases;
Each strand acts as a template for the synthesis of new complementary DNA
strands;
Each new DNA molecule contains one parental DNA strand and one newly
synthesised daughter DNA strand;

(b)

Daughter strands would be synthesised until the first guanine base (G)
encountered in parental / template strand;
Since ddCTP has a similar shape / 3D conformation to dCTP, ddCTP can be
incorporated into daughter strands instead of dCTP;
ddCTP competes with dCTP for the active site of DNA polymerase and forms
phosphodiester bond with 3’ hydroxyl group of daughter strand;
Since ddCTP lacks 3’ hydroxyl group on the pentose, the incorporated ddC
nucleotide cannot form phosphodiester bond with incoming dNTPs;
Extension of daughter strand is terminated / stops;
4 max

(c)

(i)

Primers A and H;
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5

(ii)

1. DNA sequences flanking the target gene or sequence must be known to
enable synthesis of primers flanking the target DNA sequence;
2. The total amount of polymerase chain reaction (PCR) product is limited
due to any one reason:
x template may not be available due to strand breaks or failure of the
DNA to dissociated from other macromolecules during purification
and the initial thermocycles
x the amount of enzyme is finite and eventually activity may decrease.
x as the concentration of the double-stranded product reaches high
levels, competition increases between annealing of template (PCR
product) to primer and reannealing of the complementary template
strands.
3. Length of DNA that can be copied is limited to about 0.1 to 5 kb as it
becomes increasingly more difficult to obtain efficient amplification as the
desired product length increases;
4. Taq polymerase used in PCR does not have a built-in 3’ to 5’
proofreading ability leading to a higher than normal rate of replication
error / mutation;
5. Non-specific binding of primers may result in the wrong sequence being
amplified;
3 max

(d)

(i)

The optimal temperature for Taq polymerase is 72°C;
At a constant temperature of 37°C where HDA is carried out, Taq
polymerase will be inactive;
nact
ctiv
ct
ive
iv

(ii)

Since HDA
Ao
op
operates
p
per
erra
e
atte
es
sa
att a co
cconstant
ns
temperature, time is not wasted in heating
and co
cooling
the
ool
o in
ng th
he mixture;
mi ur
mi
mixtur
ure;
e;
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Question 4
(a)

A: Ribosomes
C: DNA

(b)
Features

Transcription

Translation

Nucleus

Free ribosomes in cytoplasm and
ribosomes bound to the RER

Template

DNA anti-sense strand

Mature mRNA

Non-enzymatic
molecules
required (any 2)

Free ribonucleotides in
nucleoplasm
Transcription factors

Amino acid attached to tRNA
Ribosomes
Release factors
GTP

Products

mRNA, rRNA and tRNA

Polypeptide

Organelles
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Question 5
(a)

Leads to genetic recombination in prokaryotes / bacteria;
Resulting in genetic variation / diversity;

(b)

(i)

Bacteriophage tail fibers adsorb / attach to bacteria / prokaryotic surface /
cell wall receptors;
Bacteriophage genome is injected into the bacterial cytoplasm ;
Bacteriophage genome is integrated / inserted into bacterial chromosome to
form prophage;

(ii)

Replication of prophage take place before excision in lateral gene transfer
mechanism;
With multiple copies of prophage produced, the chances of mistake in
excision to include bacterial genome is increased, hence more
bacteriophages are likely to carry bacterial genes;
In contrast, excision of bacteriophage genome occurs before replication in
specialized transduction. The chance of a mistake in excision is low;

(c)

Arguments against use of bacteriophage (1 max) With the high rate of horizontal gene transfer by lateral transduction, there is high
chance of antibiotic resistance gene being transferred from one bacteria to
another, resulting in the development of multidrug resistant bacterial strain / AW;
Arguments for use of phage (1 max) Bacteriophage genome is inserted into bacterial chromosomes. Hence, antibiotic
resistance gene, which are found on plasmids, will not be transferred via lateral
transduction;
Not all phage are
re capable
cap
apa
ap
ab
ble
le o
off un
u
undergoing
de
lateral transduction e.g T4 phage can
only undergo
generalized
Unless the mechanism employed by the
go g
en
e
ne
erral
raliizzed ttransduction.
rans
ra
nsdu
ns
ducti
du
phage
used
phage
be used with caution;
e us
se
ed
d iis
s cl
cclear,
lea
ear,
ear,
r, p
hage
ha
g should
sho

Question 6
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(a)

A are the activator proteins; R-singular
Binds to the enhancer, causing the DNA to bend;
allowing interaction with other transcription factors / proteins to facilitate RNA Pol
II binding to the promoter;
Transcription initiation complex is stabilized, thereby increasing the rate of
transcription;

(b)

Lysine residues on the histone tails may be deacetylated ;
Exposing the positive charges ;
Increasing affinity to negatively charged DNA ;
Causing chromatin to condense / become heterochromatin ;
3 Max

(c)

DNA double helix unwind, exposing the template DNA strand;
Ribonucleotides are added by complementary base pairing of G, C, A, U to C, G,
T, A on the template strand;
RNA pol II catalyses the formation of phosphodiester bonds between the
ribonucleotides;
mRNA is synthesized in 5’ to 3’ direction;
Polyadenylation signal sequence / termination sequence signals protein to cleave
the growing chain of mRNA and terminate transcription;
3 Max
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Question 7
(a)

Parental
phenotypes:
Parental genotype:

Purple stem
Yellow leaves

x

White stem
Green leaves

PPgg

x

ppGG

Pg

x

pG

Gametes formed:
F1 genotypes:

All PpGg

F1 phenotypes:

Purple stem and green leaves

F1 x F1:
Gametes formed:

PpGg
PG

Pg

x
pG

pg

1M

PpGg

x

PG

Pg

pG

pg

1M
Punnett square
PG

Pg

pG

pg

PG

PPGG

PPGg

PpGG

PpGg

Pg

PPGg

PPgg

PpGg

Ppgg

pG

PpGG

PpGg

ppGG

ppGg

pg

PpGg

Ppgg

ppGg

ppgg

F2 genotype
F2 phenotype
otyp
ype
yp
Phenotypic
icc
Ratio

1 PPGG
GG
4 PpGg
Pp
pGg
g
2 PPGg
PP
P
PG
Gg
g
2 PpGG
Pp
P
pG
GG
G
Purple
P
Pu
urp
ple
e sstem
tte
tem
em
Green
Gr
G
reen leaves
lea
le
av

1 PPgg
2 Ppgg

1 ppGG
1 ppGg

1 ppgg

Purple stem
Yellow leaves

White stem
Green leaves

White stem
Yellow leaves

9

3

3

1

1M

1M
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(b)

At degrees of freedom = 3, the critical value is 7.81 at p=0.05. The p-value is >0.90;
The calculated value of 0.50 is less than the critical value of 7.81. Therefore, there
is no significant difference between the observed numbers and expected ratio. Any
difference is due to chance;
The conclusion is that the alleles for stem colour and leaf colour follow the laws of
independent assortment and it follows the ratio of 9:3:3:1;

Question 8
(a)

(i)

Cytoplasm + mitochondrial matrix + chloroplast stroma;

(ii)

Cytoplasm:
Synthesized during glycolysis via substrate level phosphorylation;
Mitochondrial matrix:
Synthesized during Kreb cycle via substrate level phosphorylation
Chloroplast stroma
Synthesized via photophosphorylation;

(iii)

Mitochondria and chloroplast are membrane bound, hence by
compartmentalizing the processes of ATP synthesis within these organelles,
optimal condition is provided for high efficiency in ATP synthesis;
ATP synthesized in the chloroplast stroma is used in the Calvin cycle to
produce sugar during photosynthesis;
ATP is synthesized in mitochondrial matrix during aerobic respiration to
provide cells with large amount of energy for cellular activities;
In the absence of oxygen
oxyg
ygen
yg
en / during anaerobic respiration, a small amount of
ATP is synthesized
to maintain cellular activities for a short
sized
d iin
n th
the
e ccytoplasm
yt
period off time
me /AVP;
me
/AV
AVP
P;;

(b)

As CO
O2 cco
concentration
onc
nce
en
nttrra
attio
io
on
n increases,
iin
ncrrea
e s
rate of photosynthesis increases;
CO2 is a ssubstrate
ub
u
bst
stra
rate
ra
t ffor light independent stage of photosynthesis / Calvin cycle. As
more substrates
bst
strat are available for higher rate of effective collision with enzyme
RUBISCO, more E-S complexes are formed;
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Question 9
(a)

(i)

The ligand growth factor is complementary to the receptor binding site of the
receptor tyrosine kinase;
Upon binding, the receptor dimerises and cross-phosphorylates its tyrosine
residues and becomes activated;
Activated tyrosine kinase receptor then activates / phosphorylates PI 3kinase which activates / phosphorylates Akt protein kinase;
Akt protein kinase phosphorylates other kinases in a phosphorylation
cascade and activates the mTOR protein;
3 max

(ii)

The glucagon receptor is a G-protein coupled receptor while the growth
factor receptor is a receptor tyrosine kinase;
Enzyme adenylyl cyclase is involved in production of cAMP which acts as a
second messenger
The cellular response for glucagon increases glucose transport out of the
cell while mTOR increases glucose transport into the cell

(b)

Hydrophobic interactions occur between the hydrophobic core/hydrocarbon tails
of phospholipid bilayer and hydrophobic R groups of amino acid;
Hydrogen/ionic bonds are formed between charged/ hydrophilic phosphate heads
of phospholipids and hydrophilic R groups of amino acids in cytoplasmic and
extracellular regions of the proteins;
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Question 10
(a)

Oxygen is toxic so organisms which are capable of detoxifying oxygen are
selected for;
survive and reproduce to pass on the desirable allele / gene to their offspring;

(b)

Less variation in deep sea;
The deep sea was oxygenated 1.9 billion years after the land / atmosphere was
oxygenated;
Hence, there was shorter time for adaptive radiation / AW;

Question 11
(a)

ribonucleotide;

(b)

Antibiotic act as an enzyme inhibitor;
Mode of action; e.g.
x Structurally similar to (any one) PABA / dihydrofolic acid / tetrahydrofolic
acid, hence compete for active site of enzyme
x Binds to allosteric site of enzyme that converts (any one) PABA to
dihydrofolic acid / dihydrofolic acid to tetrahydrofolic acid / tetrahydrofolic
acid to ribonucleotide
Synthesis of RNA is prevented thus bacteria cannot undergo transcription hence
no proteins can be synthesized;
DNA replication / binary fission, hence unable to reproduce, treating the infection
m l
mu
by preventing bacteria from multiplying;
3 max
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Question 12
(a)

Describe
During the warm phase, the distribution of the rainforest vegetation ranges from
900 to 1800m above sea level. During the cool phase, the distribution of the
rainforest vegetation ranges from 0 to 1000m above sea level;
The distribution of vegetation is continuous in the cool phase, whereas the
distribution of vegetation is patchy in the warm phase;
Explain
As temperature increases, the distribution for rainforest vegetation moves
upwards;
Rainforest vegetation will only grow in temperature range of 21 – 27°C (must quote
values);

(b)

Burning of fossil fuels such as coal, natural gas and oil releases greenhouse gases
such as CO2 and CH4;
Increased greenhouse gases in the atmosphere absorb more infrared radiation /
heat and re-emit it back to Earth, causing global temperatures to rise;
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Paper 3 - Section A
Question 1
(a)

(i)

Hematopoietic stem cells undergo self-renewal to maintain a constant pool
of stem cells which can be differentiated;
Hematopoietic stem cells undergo differentiation to form common myeloid
progenitor and common lymphoid progenitor cells OR red blood cells and
B/T/NK cells which carry out specialised functions;
If these specialised cells are worn out or damaged, the stem cells can
differentiate and replace these cells, repairing the body;

(ii)

Mitosis ensures that the new cells produced are genetically identical to the
parent;
Mitosis and differentiation of stem cells into many specialised cells, forming
tissues and organs, resulting in the growth of the organism;

(b)

(i)

Conventional cancer therapy removes the highly differentiated cancer cells
while stem cell specific therapy removes only the cancer stem cell;
Conventional cancer therapy results in tumour relapse which is cancer cells
growing back while cancer stem cell specific therapy results in tumour
regression;

(c)

(ii)

Conventional cancer therapy + as it targets all actively dividing cells in the
body and not specific to cancer stem cells / AVP;

(i)

The sample size for each category is large + survival rate percentage
deviation is small;

(ii)

As the mitotic index
ex increases
in
ncr
crea
e s from 0 to ≥20 / mm2, the 10-year survival
rate of patients
ts decreases
dec
eccre
reas
a es from
fro 93.4% to 4
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Question 2
(a)

Vitamin Q is an electron carrier (R: protein);
Carries electron from complex / protein I to complex / protein III;
Proton pumped / actively transported across the membrane from matrix to
intermembrane space;
Proton diffuse via ATP synthase, generating ATP via oxidative phosphorylation /
chemiosmosis;

(b)

Coding DNA expressed to give functional product (e.g. protein) ;

(c)

The deletion in cow’s GULO gene were only in the last 3 exons, giving rise to a
protein that is truncated / shortened ;
The structure of the active site was likely not affected ;
The additional deletions of exons 1, 5 and 6 in guinea pig’s GULO gene had likely
resulted in a protein with an altered 3D conformation and the active site structure
is lost. ;
These exons could also have coded for the catalytic residues;
3 Max
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(d)

(i)

A branch point refers to divergence from a common ancestor;

(ii)

Student B is more likely correct.;
Based on Fig. 2.2, cow, guinea pig and human have deletion of exons 13,
14 and 15. These exons are present in mouse. This means that there was
an ancestor species which obtained these deletions which diverged at
branch point B1.;
Then at B2, deletion of exons 1, 5 and 6 gave rise to a common ancestor for
guinea pig and human.;
Further deletion of exons 2, 3 and 8 gave rise to humans at branch point B3.;

(e)

The lack of vitamin C results in no lysyl hydroxylase being activated to form
hydroxylysine residues;
There is no cross-linking between tropocollagen molecules to form microfibrils and
fibrils resulting in low tensile strength of collagen which causes the gums to bleed
easily;
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Question 3
(a)

(i)

Evidence for prokaryote e.g. no nucleus / ER / GA / mitochondria, diameter
(1.5 Pm) more similar to prokaryotes than eukaryotes;
Evidence for eukaryote e.g. presence of membranous structure (thylakoid),
linear chromosomes;

(ii)

Yes. Cyanobacterium cells are the smallest unit of life;
all cyanobacterium cells come from pre-existing cyanobacterium cells;
and living cyanobacteria are composed of cells;

(iii)

Similarity: Thylakoids in both cyanobacteria and plant cells contain
chlorophyll a and accessory pigments in the membrane;
Difference: In cyanobacteria, thylakoids are single whereas in plant cells,
thylakoids are stacked (granum) in chloroplasts;
AVP;

(b)

As the levels of carbon dioxide in the atmosphere rises, more carbon dioxide
reacts with seawater in the ocean to form carbonic acid. This causes the acidity of
seawater to increase;
Increase in ocean acidity causes Alteromonas to produce less catalase and
instead begin producing proteins (e.g. SOD) that increase the free radicals
surrounding it;
Prochlorococcus is unable to get rid of these toxins and undergoes oxidative
stress, causing Prochlorococcus to die;
With less Prochlorococcus
coccu
cuss ar
cu
around,
arou
o
less carbon dioxide is removed from the
atmosphere by photosynthesis;
ph
hot
o os
osyyn
ntth
hes
e is
is;;
This leads
eads
dss to
d
to a positive
po
p
osi
siti
tivve
e ffeedback
e db
ee
dba loop as more carbon dioxide in the atmosphere
will eventually
amplify
ve
entua
nttua
n
ualllly
ly am
a
m
mpl
pliiffy th
pl
the levels of carbon dioxide in the atmosphere;
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(c)

Membrane is selectively permeable due to hydrophobic core;
Antibodies are too large / polar to pass through the membrane;
Hence cannot reach RuBisCO which is located in the cytoplasm of the
cyanobacteria;
2 max

(d)

(i)

To prevent contamination, infection or growth of harmful microorganisms,
Howard should use aseptic techniques when setting up the apparatus;
Example of aseptic technique (e.g. autoclave, disinfectant etc.);

(ii)

Transformation: Presence of nuclease will digest any naked DNA, thereby
preventing transformation;
Transduction: Bacteriophages are specific and can only infect certain
bacteria i.e. a bacteriophage that infects E.coli may not be able to infect
D.hiscolaris;
Conjugation: Filter prevents direct cell contact, hence conjugation bridge
cannot form;

Need a home tutor? Visit smiletutor.sg

19
(iii)

Thermolabile nuclease may have degraded / denatured over time due to
increase in temperature;
Over the period of one week, some E.coli cells may have died due to lack of
nutrients;
D.hiscolaris can still survive due to photosynthesis;
DNA / Plasmid containing the lac operon can now pass through the filter;
Lac operon was taken up by D.hiscolaris via transformation;
4 max

(iv)

Support: The modified cyanobacterium should be considered as a new
species because it now occupies a different ecological niche (ecological
concept of species);
OR
Against: The modified cyanobacterium should NOT be considered as a new
species because it still possesses a similar morphology as D.hiscolaris
(morphological concept of species);
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Paper 3 - Section B
4a Digestion of nutrients in humans include chemically breaking down the different classes of large
biomolecules into their constituents. The digested materials then enter the microvilli cells in the
small intestine in various ways based on their properties. For example, glucose enters the microvilli
against a concentration gradient. The other biomolecules enter the microvilli by moving down a
concentration gradient.
Explain the chemical digestion and absorption of biomolecules in small intestines of humans. [10]
Digestion (4 max):
1. The purpose of digestion is because large biomolecules are too large to enter the cell
hence they must be broken down into smaller molecules before it can be absorbed.
Enzymes such as peptidase and lipase help in the chemical digestion;
2. Digestion involves the hydrolysis of the large polymers into monomers by addition of water;
3. For carbohydrates, polymer (starch / glycogen, R: cellulose) is broken down into
monosaccharide (α-glucose / galactose / fructose) via the breakage of the glycosidic
bonds;
4. For proteins, protein is broken down into amino acids via the breakage of the peptide
bonds;
5. For lipids, triglyceride is broken down into glycerol and fatty acids via the breakage of the
ester bonds;
Absorption (5 max):
6. The cell membrane of the microvilli is selectively permeable, allowing only (small,
hydrophobic, non-polar and uncharged, at least 2 examples) molecules to enter;
7. Glucose enters the microvilli via active transport, which involves the use of a transport
protein and energy in the form of ATP to move substances against a concentration
gradient;
8. Glucose is large, hydrophilic and polar hence it requires a transport protein with carrier
lined with hydrophilic amino acids to move into the cell;
9. Amino acids have different properties based on their R groups. (Large, hydrophilic, polar,
amin acids enter the microvilli via facilitated diffusion, which
charged, at least 1 example) amino
n a concentration
con
once
c n
ce
involves movement down
gradient through a carrier protein;
r, uncharged,
unccha
harg
rg e
ed
d, hydrophobic,
hyd
hy
drop
10. (Small, non-polar,
at least 2 examples) amino acids can diffuse
miiccrrov
m
ro iilllil cells,
cells
ls, down
ls
down a concentration gradient;
directly into the microvilli
accid
ds with
wiith
w
h short
sho
hort
rt hydrocarbon
hyd
ydro
oca
carb
b tails are small and hydrophobic, can diffuse directly into
11. Fattyy acids
icrro
ovvilillii cells,
cel
ells
ells
ls,
s, down
down a concentration gradient;
do
the mi
microvilli
bio
om
mo
ole
lecu
cule
cu
l s such as lipid-soluble vitamins / cholesterol can be absorbed into the
12. Some biomolecules
cel
lls via diffusion down a concentration gradient;
microvilli ce
cells
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4(b) Explain how variation occurs naturally in mammals. [15]
Gene Mutation
1. Mutations in genes can be caused by errors during DNA replication;
2. Examples of gene mutations: e.g. insertion, deletion, substitution, inversion;
3. Examples of effects of gene mutations: e.g. nonsense, missense, silent;
4. Results in formation of new alleles;
Chromosomal Aberration
5. (Structural) Examples of structural aberrations e.g. deletion, inversion, translocation,
duplication;
6. (Numerical) Caused by non-disjunction of sister chromatids during anaphase (or anaphase II);
7. (Numerical) Caused by non-disjunction of homologous chromosomes during anaphase I;
8. Leads to aneuploidy and/or polyploidy;
Sexual Reproduction
9. Crossing over between non-sister chromatids of homologous chromosomes during prophase
I;
10. Results in different combination of alleles in gametes;
11. Independent assortment of homologous chromosomes during metaphase I;
12. Results in different combination of paternal and maternal chromosomes;
13. Random fusion of gametes during fertilization;
Environmental Influence
14. Environmental factors may contribute to phenotypic variation between individuals with identical
genotypes (must give at least one example e.g. temperature, nutrients);
Immune System
15. Somatic recombination occurs on the B cell / T cell receptors genes in undifferentiated B / T
cells;
16. Random selection and
d joining
joiini
n ng
g of
of V, (D,)
(D,
D ) J segments in the light/ heavy chain;
17. Giving rise to different
regions/
binding site;
iffere
en
ntt vvariable
ar able re
aria
ar
egi
g on
ons/
s/ antigen
ant
18. Somatic hy
hypermutation
occurs
antibody
gene coding for variable region of activated B cells;
yper
pe
p
erm
rmut
uta
attion
ion oc
io
o
ccu
curs
s iin
na
nt
n production
prro
oduct
duccttio
du
on antibodies
anti
tibo
b di / antigen receptors with higher affinity to antigen;
19. Results in
hin
in
ng oc
occu
curs in antibody gene coding for Fc region;
cu
20. Class switching
occurs
ati of different effector cells for immune response;
21. Allowing activation
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5a Discuss if vaccine can be considered a form of selection pressure that drives evolution of
influenza virus. [10]
Brief outline on how vaccine works
1. Vaccines are substances that contains antigens which the immune system responds to + One
influenza virus antigen example – hemagglutinin / neuraminidase;
2. Vaccines artificially induces / elicits a primary immune response against the antigen on the
pathogen. ;
3. Upon infection by the influenza virus, memory B / plasma cells in the body then undergoes
clonal expansion and secretes antibodies specific to the antigen on influenza virus ;
4. Resulting in a fast and strong secondary immune response against the virus;

Vaccine can be considered selection pressure
5. There are many strains of influenza virus;
PENALISE ONCE for using “species” instead of “strain”.
6. When one is vaccinated against one strain of influenza virus, that strain will not be able to
multiply/proliferate within that person;
PENALISE ONCE for using “survive” instead of “multiply/proliferate”
7. Hence, this strain of influenza virus is selected against in the body of the vaccinated individual;
8. Assuming herd immunity within the human population, this strain of influenza virus will likely be
eliminated;
9. However, the antibodies are specific to the particular antigen on a strain of influenza virus (e.g.
H1N1);
10. another strain of influenza virus (e.g. H3N4) can still infect and multiply in this person / spread
in the population;
11. Hence, the strain of influenza virus not vaccinated against is selected for;
12. Shifting the allele frequency of influenza virus (microevolution);

Vaccine cannot be considered selection
ction
on pressure.
pr
13. However, even withoutt the
th
he vaccine,
vva
vacc
acc
c in
ne, humans
hu
can still naturally develop immunity against
influenza virus;
14. Hence the vaccine
vacc
cccccin
ne merely
mere
me
relyy speeds
sp
pe
eed
ds up the
th rate of influenza viral evolution;
15. Therefore,
e, vaccine
va
accci
cine
ne should
ssh
hou
ould
d not
not be
b considered the selection pressure. The selection pressure is
the immune
e ssystem;
yste
ys
em
m;;
16. The vaccine iss a
also
lso unable to select against the virus in people who are immune-suppressed /
ls
immuno-deficient or who does not elicit an immune response ;
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5b BRCA genes are tumour suppressor genes. Harmful mutations in this gene may result in breastovarian cancer in affected persons. For example, a recent large study estimated that about 72% of
women who inherit a harmful BRCA1 mutation will develop breast cancer by the age of 80.
However, there are many variations in these mutations of the BRCA genes, some mutations in the
BRCA gene may be harmless.
Explain the environmental factors that can increase the likelihood of developing breast cancer and
the types and effects of gene mutations that result in different severities of breast cancer. [15]
Environmental factors (4 max):
1. Carcinogen, for example, alkylating agent such as nitrogen mustards. OR Benzene /
Carbon monoxide in cigarette smoking;
2. These carcinogens can cause base mispairings during DNA replication;
3. High energy beams / wavelengths such as ultraviolet radiation / X-rays / gamma rays.
4. The radiation excites DNA molecules in the cells, causing aberrant covalent bonds to form
between adjacent cytosine bases, producing a dimer;
5. Viruses can cause some cancers by causing genetic changes in cells. These viruses
integrate their viral sequences into the cellular DNA;

Gene mutations that are harmful BRCA1 mutation:
6a. Insertion / Deletion mutation can result in a frameshift mutation;
7a. A frameshift mutation results in a shift in the reading frame of the codons on mRNA
downstream from the point of insertion or deletion;
8a. The misread codons encode a different amino acid sequence in the polypeptide
downstream, resulting in the production of a non-functional BRCA tumour suppressor protein
which results in the development of severe breast cancer;
6b. Base pair substitution mutation can result in a nonsense mutation;
7b. A stop codon is introduced early in the amino acid sequence;
8b. The mutated BRCA protein is very short and non-functional which results in the
ce
development of severe breast cancer;
mutattion ccan
an result in a missense mutation;
6c. Base pair substitution mutation
o acid
accid
d with
wiitth different
diiff
d
f er
eren
ent property
en
pro
7c. A different amino
is coded for instead of the original amino acid.
utate
ed BRCA
BRC
BR
CA
A p
r te
ro
ein is
is misfolded
m
8c. The mutated
protein
and non-functional which results in the
pm
me
en
nt of
of ssevere
ev
e
ver
ere
re br
b
rea
east cancer;
canc
development
breast
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9. BRCA tumour suppressor gene has undergone a loss of function mutation and it is
recessive as both copies of the gene needs to be mutated in cancer cells;
10. The mutated cell, being unable to repair DNA damage, accumulates a total of 5 to 8
mutation;
11. At least one copy of the proto-oncogene of the cell undergoes a gain of function mutation
to become an oncogene;
12. The cancer is able to undergo angiogenesis (develop new blood vessels) / metastasis (able
to invade other tissues);
13. The mutation can be located in the promoter of the BRCA gene, resulting in RNA
polymerase unable to bind and there is no transcription of the BRCA protein;
Gene mutations that are harmless mutation / no breast cancer (4 max):
14. Base pair substitution mutation can result in a silent mutation;
15. A silent mutation is when the mutation results in a change in the codon that codes for the
same amino acid as the genetic code is degenerate;
16. The mutation can be located in the intron of the BRCA gene, which is not translated, has
no effect on the protein.
17. Since the translated amino acid is the same, the BRCA tumour suppressor protein
produced is functional;
18. The tumour suppressor protein is able to carry out repair of DNA damage / control cell
division / trigger apoptosis and therefore, breast cancer may not develop;
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Answer Scheme
1 (a)(i)
Table showing simple dilution of formazan solution at various concentrations/%
Concentration of
formazan solution
/%
0.0
2.0
4.0
6.0
8.0
10.0

Volume of 10.0%
formazan solution /
cm3
0.0
1.0
2.0
3.0
4.0
5.0

Volume of distilled
water / cm3

Total volume / cm3

5.0
4.0
3.0
2.0
1.0
0.0

5.0
5.0
5.0
5.0
5.0
5.0

Appropriate headings with units;
Correct total volume and calculations (1 d.p.);
Correct concentration of formazan solution – 6 concentrations including 0.0% and 10.0%;
1 (a)(ii)

Appropriate intervals
rv
va
alls for
for th
fo
the ot
the
o
other
h 4 percentage concentrations of formazan with arrows

niits
s should
sho
houl be included;
and labels. No units

1
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1 (a)(iii)
Number of discs of plant tissue;
Mass of plant tissue;
Concentration of ethanol;
Concentration of TTC;
AVP;
2 max
1 (a)(iv)

Position of label for Y between 8-10%, position of X between 0-2%;
1 (a)(v)
Plant tissue Y.
Y has colour intensity more intense than 8.0% formazan while X has colour intensity less
intense than 2.0% indicating that more TTC has been converted to formazan in Y;
1 (a)(vi)
Submerge the plant tissue in 10.0cm3 of distilled water instead of TTC before ethanol
extraction;
1 (a)(vii)
To increase surface area for TTC to diffuse into the cells at a faster rate;
1 (a)(viii)
The comparison of colour intensity of ethanol extract with formazan solution colour standards
is subjective;
OR
The actual colour of the ethanol extract does not match the formazan solution colour
standards, hence the colour intensity of X is difficult to determine and the result is highly
subjective;
As temperature is not controlled during the 15 minutes incubation period, the rate at which
TTC may diffuse into the cells / rate at which TTC is converted to formazan may decrease
over time as temperature decreases.;
s.;
AVP;
2 max

2
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1 (b)(i)

Graph at least ½ of grid provided;
Appropriate axis and labels (with units);
Correct points plotted;
Best fit or point-to-point line;
1 (b)(ii)
As glucose concentration increases from 0.0-15.0%, light absorbance increases, at a
decreasing rate, from 0.25 to 0.44;
As glucose concentration decreases from 15.0-40.0%, light absorbance decreases from 0.44
to 0.12;
1 (b)(iii)
Since glucose is the main respiratory substrate, as glucose / substrate concentration
increases, rate of respiration increases up to 15.0% glucose;
This is due to increase in rate of effective collision between glucose and enzymes forming
E-S complex at higher rate;
As glucose concentration increases beyond 15.0%, exo-osmosis results in the cells becoming
stressed and causing a decrease in the
he
e rate
ra of respiration / AVP;
1 (c)(i)
As temperature increases,
decreases;
ess, the
tth
he rate
rate
ra
te of
of respiration
resp
re
spir
sp
irrat
a
OR
The high desert
rt temperature
t m
te
mp
per
erat
atu
urre results
res
re
su
ultlts
s in
i a low rate of respiration;
1 (c)(ii)
High / increasing temperature
breaks weak bonds + (as least one bond) such as hydrogen
emp
mpe
mp
erat
bonds, hydrophobic interaction
and ionic bonds;
i
The enzymes loses its specific 3D configuration / active site and is denatured;
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1 (c)(iii)
30°C, 32°C, 34°C, 36°C, 38°C, 40°C
Temperature between 30-40°C, at least 5 data points with regular interval;
How temperature changedIncubate the boiling tubes with leaf suspension and TTC into thermostatically controlled
water bath monitored using a thermometer / AVP;
1 (c)(iv)

Variable to be
controlled

Description of how the variable could be
controlled

light

Use bench lamp that emits little heat and place
it at fixed distance from the boiling tubes;

Volume of leaf
suspension / TTC
/ ethanol

Add fixed volume;

Concentration of
TTC / ethanol

Use fixed concentration;

AVP;
2 (a)(i)

d;
Size - at least ½ the space provided;
Lines - Smooth and continuous;;
Proportion - accurate proportion;
ortio
on;
n;
Accuracy – presence off 3 tti
tissue
the
issue ttypes
yp
pes iin
n th
he vascular bundle and other layers;
Shape – accurate shape
and other layers;
sha
h pe
pe of
of the
the vascular
th
va
v
asc
cul
ular
ar bundle
bu

4
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2 (a)(ii)

3 features labelled with straight line drawn;

feature

upper half

lower half

F

Cells are long.

Cells are round.

G

Cells are tightly packed with no
pockets of space in between.

Cells are loosely packed and there are
large pockets of space with no cells.

H

Pores are absent.

Pores are present on the epidermal
layer.

AVP;
2 (a)(iii)
10 eyepiece graticule units = 60μm
99 eyepiece graticule units = 99/10 x 60 = 594 μm
Correct reading of Fig to obtain 99 units;
Correct calculations;
Correct units;

5
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2 (b)(i)

Smooth and continuous lines;
Large drawing (use at least ½ the space given);
Appropriate proportion;
Accuracy – only cell wall and starch grains (at least 3 granules, clustered);
2 (b)(ii)
Starch are within the granules in the cells;
2 (b)(iii)
Excess glucose stored as starch in these cells as energy source when required;
2 (c)(i)
Time taken for complete hydrolysis of starch;

6
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2 (c)(ii)
1. Add 9 cm3 of starch solution and 3 cm3 of EL extract in a test tube, stir with glass rod
and start stop watch immediately.
Extract to starch volume in ratio of 1:3 with max of 10cm3 starch used;
2. Using a Pasteur pipette, take a sample of mixture every 15 seconds and place it on a
spotting tile.
Fixed time interval;
3. Add 1 drop of iodine to the sample. Record time at which the mixture stops changing
the iodine colour from brown to blue black.
Method of starch measurement and result collection;
2 (c) (iii)
Extract

Time taken for
complete hydrolysis
of starch / s

EP

15

EL

30

Appropriate headings;
Record of time to whole number in seconds;
Time for EP shorter than EL;
2 (c) (iv)
Yes, the student’s hypothesis is supported + EP Extract took shorter time to completely
hydrolyse starch, suggesting that potato extract contained more amylase;

7
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A student made notes describing photomicrographs of four cells.
cell 1

Grey cytoplasm at edge of cell contains many black lines and spots. Large
white area in centre of cell.

cell 2

Grey cytoplasm contains many black lines and spots which fill the entire cell.

cell 3

Pale blue cytoplasm surrounds a single dark blue spot.

cell 4

Many green structures are enclosed within a rectangular shape with visible
boundaries.

Which table identifies the type of cell and the type of microscope used to take each
photograph?
A

B

animal cell

plant cell

electron
microscope

1

2

light
microscope

3

4

animal cell

plant cell

electron
microscope

1

2

light
microscope

4

3

C

D

animal cell

plant cell

electron
microscope

2

1

light
microscope

3

4

animal cell

plant cell

electron
microscope

2

1

light
microscope

4

3
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The diagram shows the structure of the cell membrane with molecules labelled 1 to 6.

Which row correctly identifies function of two of the numbered molecules?
molecule

function

molecule

function

A

1

acts as an antigen

4

stabilises the membrane

B

2

acts as an receptor

5

active transport

C

3

facilitated diffusion

4

regulates the fluidity of the
membrane

D

6

active transport

5

acts as an enzyme
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Raffinose is the most abundant trisaccharide found in nature.
The diagram shows the structure of raffinose.

Which statement correctly describes raffinose?

4

A

Raffinose is made up of two hexoses and one pentose.

B

Raffinose gives rise to three different types of sugar monomers upon complete
hydrolysis.

C

Raffinose is made up of monosaccharides joined by α(1,6) glycosidic bond and α(1,4)
glycosidic bond.

D

When raffinose is boiled with Benedict’s solution for five minutes, a brick-red precipitate
is observed.

Christian Anfinsen was awarded the Nobel Prize in 1972 for his work on the structure of
ribonuclease (RNase).
The diagram shows Anfinsen’s experiment on the denaturation and renaturation of RNase.

reduction by
addition of
mercaptoethanol

oxidation by
removal of
mercaptoethanol

catalytically active RNase

catalytically active RNase
unfolded RNase

What conclusion can be made based on these observations?
A

Unfolded RNase, with all disulfide bonds broken, is still enzymatically active.

B

Amino acid sequence of RNase determines its tertiary structure.

C

Denaturation of RNase requires energy input in the form of heat.

D

Renaturation of RNase requires more information encoded by the RNase gene.
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An investigation was carried out on the effect of temperature on an enzyme-catalysed
reaction.
The enzyme and its substrate were initially placed into separate test-tubes and raised to the
temperature required. They were then mixed and placed into four tubes, W, X, Y and Z.
These tubes were incubated for the time and at the temperature stated. The mass of the
product formed was then measured. The results are shown in the table.
Tube

incubation time / s

incubation
temperature / °C

mass of product / μg

W

30

25

2.5

X

30

45

5.0

Y

600

25

32.0

Z

600

45

10.0

Which conclusion is valid?
A

For every 10°C increase in temperature, the rate of the reaction doubled.

B

The shorter the incubation time, the more product is formed.

C

The activation energy gained at 25°C is lower than that at 45°C.

D

The rates of reaction in both tubes Y and Z differ markedly due to denaturation.
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Scientists investigated the use of induced pluripotent stem cells (iPS cells) to treat type I
diabetes in mice. The scientists used four transcription factors to reprogramme skin cells to
form iPS cells.
The scientists then stimulated the in vitro differentiation of iPS cells into pancreatic cells.
The scientists set up three experimental groups:
x

Group A – 30 mice with type I diabetes received pancreatic cell transplants derived
from iPS cells.

x

Group B – 30 mice with type I diabetes were left untreated.

x

Group C – 30 mice without diabetes were left untreated.

The scientists measured the blood glucose concentration of all the mice on a weekly basis
for 12 weeks. The results obtained are shown in the graph.

Which statements are valid?

A

1

Each of the four transcription factors bound to the promoter region of specific
genes and stimulated transcription by allowing RNA polymerase to bind.

2

The use of iPS cells is effective in treating diabetes.

3

Mice and humans are mammals and hence this investigation will be useful in
determining similar effectiveness of such a treatment.

4

Short-term and long-term effects are not known in humans.

1, 2, 3 and 4

B

1 and 2 only

C

2 and 3 only

D

3 and 4 only
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A short piece of DNA, 19 base pairs long, was analysed to find the number of nucleotide
bases in each of the polynucleotide strands. Some of the results are shown in the table.
number of nucleotide bases
A

C

G

T

strand 1

4

strand 2

7

5

1

Strand 1 has three nucleotide bases containing C.

2

The ratio of purine to pyrimidine in strand 2 is the same as that in strand 1.

3

There are 48 hydrogen bonds between strands 1 and 2.

4

Replacing thymine with uracil in strand 2 will result in more hydrogen bonds
between the two strands.

Which statements are correct?
A
8

1 and 2

B

1 and 3

C

2 and 4

D

3 and 4

The diagram shows a transmission electron micrograph of a replication bubble. Structures
labelled M and N are the replication forks and origin of replication respectively.

M

N

Which statement is not valid?
A

Each daughter strand will be synthesised both continuously and discontinuously.

B

Synthesis of DNA at M will only allow formation of leading strand.

C

N has a high proportion of A-T base pairs that allows for separation of the parental
strands.

D

DNA synthesis at N will proceed in the 5’ o 3’ direction on both strands.
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Rifampin is an antibiotic that fights bacteria and prevents the spread within the human body.
The diagram shows the effect of rifampin on transcription at 0, 40 and 70 seconds.

0 sec

40 sec

70 sec

Which statements are correct?

A

1

There are no new transcripts formed.

2

There is no effect on transcription elongation.

3

The effect on RNA polymerase occurs only from 70 sec onwards.

4

The types of polypeptide synthesised becomes more varied.

1 and 2

B

2 and 4

C

3 and 4

D

1, 2 and 3
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The relationship between genome size and number of protein-coding genes is represented
in the scatter plot. The individual circles represent different organisms with the respective
genome size.
Organisms with large genomes are grouped in the square labelled Y and those with small
genomes are grouped in the square labelled X.
Y

X

Which statement is correct?
A

Organisms in Y are likely to have the highest gene density.

B

There are more non-coding sequences in organisms in Y than X.

C

The size of genes of organisms in Y are likely to be bigger than those in X due to the
presence of exons.

D

The complexity of an organism is directly proportional to its genome size.
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The telomere and centromere play important roles in maintaining the proper structure of
chromosomes.
Which combination is correct?

12

telomere

centromere

A

regulates the onset of cell senescence in
eukaryotic and prokaryotic cells

remains constant in length throughout
lifetime of a cell

B

prevents fusion of chromosomal ends in
prokaryotes

contains genes coding for kinetochore
complex proteins

C

prevent loss of structural genes during
DNA replication

necessary for proper chromosomal
segregation during binary fission

D

made up of DNA rich in tandem repeats

DNA exists as heterochromatin

Ebola viruses are RNA viruses endemic to regions of west and equatorial Africa. They are
pathogens that are primarily transmitted by human-to-human contact with infected body fluids
and result in high mortality.
The diagram shows the structure of the Ebola virus.

The RNA genome of Ebola viruses cannot be directly translated to synthesise viral proteins.
Which row correctly describes Ebola viruses?
presence of
envelope

genome

requires vector for
transmission

release from host
cells

A

absent

positive-sense RNA

yes

exocytosis

B

absent

negative-sense
RNA

no

budding

C

present

positive-sense RNA

no

exocytosis

D

present

negative-sense
RNA

no

budding
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The diagram represents a length of DNA in bacterium Escherichia coli, which forms the trp
operon and its associated regulatory gene.
Parts of the trp operon and its associated regulatory gene are labelled E, F, G and H. They
have different functions.

Which correctly identifies the functions of E, F, G and H?

14

E

F

G

H

A

binding of trp
repressor protein

binding of DNA
polymerase

binding of
tryptophan corepressor

codes for inducible
enzymes

B

binding of trp
repressor protein

binding of RNA
polymerase

binding of
tryptophan corepressor

codes for
repressible
enzymes

C

codes for trp
repressor protein

binding of DNA
polymerase

binding of trp
repressor protein

codes for inducible
enzymes

D

codes for trp
repressor protein

binding of RNA
polymerase

binding of trp
repressor protein

codes for
repressible
enzymes

Gene expression can be regulated by modification made to the poly-A tail of mRNA.
Which row is correct?
modification by

type of regulation

outcome

A

exonuclease

transcriptional

rapid reduction in amount
of protein produced

B

endonuclease

translational

rapid change to 3D
conformation of protein
produced

C

endonuclease

translational

rapid reduction in amount
of protein produced

D

exonuclease

transcriptional

rapid change to 3D
conformation of protein
produced
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Sickle cell anaemia is caused by a change in the sixth amino acid of the β-globin polypeptide
chain involving the amino acids glutamic acid (Glu) and valine (Val).
The DNA sequences for Glu and Val are shown in the table.
amino acid

DNA codes

Glu

CTT CTC

Val

CAA CAG CAT CAC

Which combination correctly shows the mutation to β-globin that will result in sickle cell
anaemia?
original DNA
sequence

mutant DNA
sequence

type of mutation

effect of change

A

CTC

CAC

missense

addition of
hydrophobic residue

B

CTC

CAT

nonsense

loss of
hydrophobic residue

C

CAC

CTC

missense

addition of
hydrophobic residue

D

CAC

CTT

neutral

loss of
hydrophobic residue
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The diagram illustrates a tissue sample with two cell types labelled 1 and 2.
cell type 1

cell type 2

A student attempted to compare some of the characteristics of these two cell types as shown
in the table.
characteristics of cell

cell type 1

cell type 2

hyperactive ras

N

O

normal p53

P

Q

contact inhibition between cells

R

S

secrete signals for increased
formation of blood vessels

T

U

can enter the circulatory system

V

W

cell was previously irradiated with X-rays

X

Y

Which combination of letters links cell types 1 and 2 to their correct characteristics?
A

N, S, V and X

B

P, S, W and Y

C

O, R, V and W

D

S, T, U and X
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The photomicrograph shows plant cells in different stages of the mitotic cell cycle.

2
1

3
4

Which row matches the name of a stage, a description of some of the events happening at
this stage and a cell undergoing this stage of the mitotic cell cycle?
name of stage

description

cell

A

anaphase

Centromeres divide. Daughter chromosomes are pulled
to poles of the cell in a V-shaped pattern.

1

B

prophase

Centriole pairs migrate to opposite poles of the cell.

2

C

metaphase

Spindle microtubules attach to the centromeres of
chromosomes.

3

D

telophase

Cell plate develops across the metaphase plate of the
cell. Chromatin decondenses.

4
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The graph shows changes in the DNA content within a cell at different stages of cell and
nuclear division.

fertilisation
8x
DNA content per
cell / arbitrary unit 4x
2x

time

Which row is correct?
DNA content per cell / arbitrary unit
fertilisation

end of meiosis 1

end of meiosis 2

end of mitosis

A

2x

4x

2x

4x

B

4x

4x

2x

4x

C

4x

4x

4x

8x

D

8x

8x

4x

8x
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Domestic goats, Capra hircus, show a wide range of coat patterns and colours.
One gene involved in coat colour and pattern has multiple alleles. Four of these alleles are:
x

A, the allele for white, is dominant to all others

x

Ab, the allele for badgerface (stripes on face) and Ag, the allele for grey, are
codominant

x

a, the allele for black, is recessive to all others

A cross between a black goat and a white goat produced a white goat. This white offspring
was crossed with a grey goat. The genotype of the grey goat was not known.
Which combination correctly shows all the possible offspring genotypes and phenotypes that
could result from the cross between the white offspring and the grey goat?

20

A

Aa (white), aa (black) only

B

AAg (white), Aga (grey) only

C

AAg (white), AAb (white), Aga (grey), Aba (badgerface)

D

AAg (white), Aa (white), Aga (grey), aa (black)

The pedigree shows red-green colour blindness that occurs amongst some individuals in a
family.

Which statements are correct?

A

1

Individual II-3 and II-4 must be carriers of the recessive allele for red-green colour
blindness.

2

The probability individual III-1 and III-4 are carriers of the recessive allele for redgreen colour blindness is 0.50.

3

The probability individual IV-1 is colour blind is 0.50.

1 only

B

3 only

C

1 and 2 only

D

2 and 3 only
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In Drosophila, the recessive eye mutation white is X-linked while another recessive mutation
sepia (resulting in a dark eye) is autosomal. White is epistatic to the expression of sepia.
A cross between a true-breeding white-eyed female and a sepia male resulted in the following
F1 generation:
x

wild-type females, which are double heterozygous, and

x

white-eyed males.

Which is the correct phenotypic ratio of the F2 generation when the F1 generation is crossed?
A

3 wild-type male : 4 white-eyed male : 1 sepia male : 3 wild-type female :
4 white-eyed female : 1 sepia female

B

3 wild-type male : 4 white-eyed male : 1 sepia male : 6 wild-type female :
2 sepia female

C

6 wild-type male : 2 sepia male : 3 wild-type female : 4 white-eyed female :
1 sepia female

D

4 wild-type male : 3 white-eyed male : 1 sepia male : 4 wild-type female :
3 white-eyed female : 1 sepia female
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Unicellular algae were grown in a culture supplied with oxygen gas (O2) and water (H2O)
containing the 16O oxygen isotope. The algae were then briefly supplied with oxygen gas
containing a mixture of 16O and 18O isotopes. Over the course of the next hour, lighting
conditions were varied and the concentrations of the two isotopes in the culture were
measured.

Which statements correctly explain the trends seen in the data?

A
23

1

The concentration of 18O2 decreases at a constant rate irrespective of light or dark
due to anaerobic respiration occurring at a constant rate in the algae.

2

The concentrations of both isotopes decrease at an equal rate in the dark due to
both molecules fitting the active site of the last enzyme in the electron transport
chain equally well.

3

The concentration of 16O2 increases in the light due to photolysis of water, where
the water molecules were previously produced by oxidative phosphorylation in the
algae.

1, 2 and 3

B

1 and 2 only

C

2 and 3 only

D

1 only

The enzymes decarboxylase and dehydrogenase are involved in aerobic respiration. They
are labelled P and Q respectively in the table shown.
Which row is correct?
glycolysis

©

link reaction

Krebs cycle

P

Q

P

Q

P

Q

A

9

9

8

9

9

9

B

9

8

9

8

8

9

C

8

9

9

9

9

9

D

8

9

9
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The diagram shows the molecular structure of a G-protein linked receptor (GPLR) embedded
in a cell surface membrane.
P

N-terminus

Q

R

cytosol
S
C-terminus

Which statements correctly relate the properties of GPLR to the function it plays?

A

1

P is made up of hydrophilic amino acid residues for solubility in aqueous medium.

2

Q has variable amino acids between different types of GPLRs for activation of Gproteins.

3

R is made up of hydrophobic amino acid residues for stabilization within
phospholipid bilayer.

4

S has amino acid residues that interact with G-proteins.

1 and 2 only

B

3 and 4 only

C

1, 3 and 4

D

1, 2, 3 and 4
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Regressive evolution is a change in a population over time that involves the loss of certain
phenotypic characteristics. It is thought to be caused by either genetic drift or natural
selection.
An example of regressive evolution is the loss of eyes in one form of the Mexican cavefish,
Astyanax mexicanus. These eyeless cavefish live in caves that are in total darkness.
There are three theories to explain how the loss of eyes in the cavefish has occurred.
Theory 1
There is no advantage to having eyes in a cave that is in total darkness, where energy
sources are scarce. Having eyes is a disadvantage as there may be an energy cost.
Theory 2
A mutation has occurred in a single gene. This mutation has two effects:
• a lack of eye development
• an increase in the number of chemoreceptors on the skin.
Theory 3
Various mutations occurred in the genes responsible for eye development over a period of
time. By chance, these mutations increased in frequency in small isolated populations.
Eventually this produced a population of eyeless cavefish.
Which row is correct about the cause of loss of eyes in cavefish Astyanax mexicanus?
theory that
describes genetic
drift

theory that
describes natural
selection

reason for choice of
theory that describes natural selection

A

3 only

2 only

more chemoreceptors allow detection of
more food with less energy required

B

2 only

3 only

different mutations are advantageous in
increasing the allele frequency by chance
in small populations

C

3 only

1 and 2 only

availability of energy sources acts as the
selection pressure and having more
chemoreceptors is a selective advantage

D

1 and 2 only

1 and 3 only

having eyes is a selective disadvantage
and the lower energy needed allows for
the mutants to thrive in small populations
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Cytochrome c is an electron carrier involved in oxidative phosphorylation. It is a protein that
transfers electrons between two large proteins cytochrome bc1 and cytochrome oxidase that
are found in the electron transport chain as shown in the diagram.

The cytochrome oxidase molecule is different in different species of organisms. The following
diagram shows the enzyme from a cow and a bacterium. The shaded section in each
represents the polypeptide chains, which are very similar in both organisms. This is the area
of the enzyme that binds to the cytochrome c.

Which statements are correct in describing the role of cytochromes in evolution?

A

1

Cytochrome c detaches when it is reduced due to conformational changes to its
structure.

2

The shaded regions represent the active site of cytochrome oxidase molecule and
it is complementary in shape to the cytochrome c.

3

The base sequences for cytochrome c, cytochrome bc1 and cytochrome oxidase
code for the respective polypeptide chains that are highly conserved in all
organisms.

4

Homology and divergent evolution are observed.

1 and 2 only

B

2 and 3 only

C

3 and 4 only

D

2, 3 and 4
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99.9% of all species that have ever existed on Earth are now extinct.
Which statement best explains this fact?

28

A

Climate change events that are associated with large comet or asteroid impacts occur
faster than organisms can evolve and adapt to new environmental conditions.

B

Genetic variations within a population occur through random mutations, and given
enough time, the environment will change in such a way that existing phenotypes will
not survive.

C

The accumulation of random mutations in the genome of all organisms eventually leads
to frameshift mutations in critical genes and are ultimately lethal.

D

The rapid increase in global temperatures in the past 100 years, combined with ocean
acidification, heavy metal contamination and ozone depletion caused by human
activities have caused the rapid extinction.

Home pregnancy test kits are used to detect the presence of the hormone Human Chorionic
Gonadotropin (HCG) using antibodies.
The production of antibodies against HCG involves injecting the hormone into an animal.
The diagram shows the effect of injecting HCG into the animal.

Which statements correctly explain the effects of HCG in bringing about immune responses?

A

1

After the first injection of HCG, antibody concentration is greater in the blood
leading to a more rapid secondary immune response.

2

After the second injection of HCG, memory cells divide rapidly to produce large
numbers of plasma cells.

3

The second injection of HCG lowers the affinity of antigen-presenting cells such
as macrophages for the antigen.

1 only

B

2 only

C

1 and 2 only

D

2 and 3 only
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Which row is correct for each disease?
influenza

HIV / AIDS

tuberculosis

small pox

A

caused by an
enveloped virus

causes reduction in
number of Tlymphocytes

no effective
antibiotics available

herd immunity
resulted in its
eradication

B

disrupts function of
epithelial cells of
respiratory tract

may be carried by a
vector

air-borne infection

no effective
vaccination
available

C

yearly vaccinations
required

vulnerable to
opportunistic
infections

tubercles formed in
lungs rupture when
immunity is
weakened

caused by a Variola
virus

D

carried by birds

caused by a
retrovirus

caused by
bacteriophage

transmitted from
person to person
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Nations in South and Southeast Asia have experienced large outbreaks of mosquito-borne
infectious diseases such as dengue and Chikungunya.
A study has been conducted to investigate the relationship between maximum monthly
temperature and outbreak probability of mosquito-borne infectious diseases.
The results are shown in the graph.

outbreak
probability

0.05

0.00
24

26

28

30

32

36

34

maximum monthly temperature / qC
Which statements explain the effect of maximum monthly temperature on the outbreak of
mosquito-borne infectious diseases?

A

1

As maximum monthly temperature increases beyond 33.5 qC, length of the
mosquitoes’ life cycle shortens and hence, outbreak probability increases.

2

As maximum monthly temperature increases beyond 33.5 qC, virus cannot
develop and hence, outbreak probability decreases.

3

There will be a poleward shift, rather than a poleward expansion, in regions most
susceptible to mosquito-borne disease outbreaks if global warming persists.

1 only

B

3 only

C

1 and 2 only

D

2 and 3 only
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BOOKLET I
QUESTION 1
In Escherichia coli, the catabolite activator protein (CAP) is a DNA-binding protein. CAP is involved
in the transcription of genes that code for enzymes involved in sugar metabolism.
CAP is formed from two identical polypeptides, each of which is made up of 209 amino acids. Each
polypeptide is organised into two distinct domains:
x
a cAMP-binding domain (CBD) that contains a long α-helix to mediate dimerisation, and
x
a DNA-binding domain (DBD).
Fig. 1.1 shows the structure of CAP.

Fig. 1.1
(a)

Describe the different levels of protein structure of CAP.

[4]
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Fig. 1.2 is another diagrammatic representation of the structure of CAP. Upon binding of cAMP, CAP
binds to a specific DNA sequence from which it can activate transcription.

Fig. 1.2
(b)

(i) Describe how binding of cAMP to CAP activates transcription.

[3]
(ii) Identify the bond formed between CAP and DNA.
[1]
(c)

With reference to Fig. 1.1 and Fig. 1.2, suggest why CAP is capable of undergoing allosteric
regulation.

[2]
[Total: 10]
Need a home tutor? Visit smiletutor.sg
©

Hwa Chong Institution 2019

9744 H2 Biology / JC2 Preliminary Examinations / Paper 2

4
QUESTION 2
The development of a mouse from a fertilised egg into an adult is regulated by variations in DNA
methylation.
Fig. 2.1 shows the developmental stages of a mouse with corresponding levels of DNA methylation.
R, S and T represent the zygote, blastocyst and embryo respectively.

egg cell

zygote

morula

blastocyst

embryo

adult

sperm cell
R

relative level
of DNA
methylation

T

S

zygote

blastocyst

embryo

developmental stage
Fig. 2.1
(a)

Compare the features of a cell derived from the zygote with that from the inner cell mass of
the blastocyst.

[3]
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(b)

Explain how changes to DNA methylation from R to S bring about differentiation.

[4]
(c)

At different developmental stages of the mouse, the control of the telomerase gene expression
is crucial.
State and explain if the telomerase gene in cells is likely to be methylated from T to an adult
mouse.

[2]
[Total: 9]
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QUESTION 3
Fig. 3.1 shows all the chromosomes present in one human cell during mitosis.
A scientist stained and photographed the chromosomes. In Fig. 3.2, the scientist has arranged the
images of these chromosomes in homologous pairs.

Fig. 3.1

(a)

Fig. 3.2

With reference to Fig. 3.1,
(i)

explain why this cell was undergoing mitosis

[2]
(ii) identify the stage of mitosis shown.
[1]
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(b)

Explain why the scientist was able to arrange the chromosomes in homologous pairs as shown
in Fig. 3.2.

[3]
(c)

The dark stain used on the chromosomes binds more to some areas of the chromosomes than
others, giving the chromosomes a striped appearance.
Suggest ways in which the structure of the chromosome could differ along its length to result
in the stain binding more in some areas.

[2]
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Fig. 3.3 is an electron micrograph that shows a bacterium undergoing asexual reproduction.

Fig. 3.3
(d)

(i) Name the process of asexual reproduction shown.
[1]
(ii) Mitosis produces genetically identical daughter cells, similar to asexual reproduction in
bacterial cells.
Outline how the process of asexual reproduction in bacteria results in genetically identical
daughter cells.

[3]
[Total: 12]
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QUESTION 4
Smoking is a common cause for cancer due to mutations caused by the chemicals inhaled.
A person who gives up smoking decreases their risk of developing lung cancer, a non-infectious
disease.
(a)

(i) Describe how smoking causes lung cancer.

[2]
(ii) Explain why lung cancer is described as a non-infectious disease.

[2]
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Caspase genes are considered cancer-critical genes and mutations to them are often found in
smokers.
A generalised pathway involving several caspase proteins and the Poly-ADP-ribose polymerase
(PARP) is shown in Fig. 4.1.
molecular signal

caspase 8

caspase 3

cleaved PARP

apoptosis
Fig. 4.1
(b)

(i) Based on the information provided in Fig. 4.1, explain if the caspase 8 gene should be
considered a proto-oncogene or a tumour suppressor gene.

[3]
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(ii) Explain why a mutation to caspase 8 gene is insufficient to cause cancer in smokers.

[4]
[Total: 11]
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QUESTION 5
In mice, two recessive disorders, droopy ears and flaky tail, are caused by genes that are located 6
centimorgan (cM) apart on chromosome 3.
A researcher crossed a true-breeding mouse with normal ears (D) and a flaky tail (f) to a truebreeding mouse with droopy ears (d) and a normal tail (F).
The F1 offspring were then test crossed to mice with droopy ears and flaky tails, producing 100
offspring.
(a)

(i) Define what is meant by a true-breeding mouse in this context.

[1]
(ii) Given that the genes for ear and tail types are located 6 cM apart on chromosome 3,
complete Table 5.1 with the expected numbers for each of the following phenotypes from
the test cross.
Table 5.1
phenotypes

expected numbers

normal ears, flaky tail
droopy ears, normal tail
normal ears, normal tail
droopy ears, flaky tail
[1]
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(b)

(i) Using the symbols provided, draw a genetic diagram to clearly show the results of the test
cross.

[4]
(ii) Explain your results to (b)(i).

[2]
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The observed results of the test cross are shown in Table 5.2.
Table 5.2
normal ears,
flaky tail

droopy ears,
normal tail

normal ears,
normal tail

droopy ears,
flaky tail

51

46

2

1

A chi-squared (F2) test was carried out to compare the observed results with the expected results of
the test cross.
The formula for the F2 test is given as follows:
F2 = ∑

(O  E ) 2
E

Table 5.3 is the table of probabilities.
Table 5.3

degrees of freedom

probability
0.10

0.05

0.01

1

2.71

3.84

6.64

2

4.69

5.99

9.21

3

6.25

7.82

11.35

4

7.78

9.49

13.28

The calculated F2 value for the observed results is 2.03.
(c)

Explain the conclusion that may be drawn from the calculated F2 value.

[3]
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The researcher claimed that the observed test cross results can be simplified to 1:1 based on the
parental phenotypes.
(d)

Suggest why the researcher’s claim is valid.

[2]
[Total: 13]
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QUESTION 6
Fig. 6.1 is an electron micrograph of a secretory cell with structures labelled X and Y.

X

Y

Fig. 6.1
(a)

Identify structures X and Y. In each case, relate one visible feature that allows the structure to
perform its functions.

[4]
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The chemiosmotic theory was first put forth by Peter Mitchell in 1961. It describes the synthesis of
ATP using a proton gradient across a membrane in a mitochondrion or chloroplast.
In some of his experiments, Peter Mitchell used mitochondria that had been isolated from cells.
x
x
x

The mitochondria were kept in liquid, in glass dishes, to which ADP, Pi and other substances
were added.
The temperature, pH and water potential were kept constant.
After a period of time, he checked for the presence of ATP.

The contents of some of the dishes are shown in Table 6.1.
Table 6.1
dish

(b)

contents

ATP

1

mitochondria + ADP + Pi + acetyl CoA + oxygen



2

mitochondria + ADP + Pi + acetyl CoA

x

3

mitochondria + ADP + Pi + low concentration of protons

x

4

mitochondria + ADP + Pi + high concentration of protons



Explain how the results from Table 6.1 support the chemiosmotic theory.

[4]
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(c)

(i)

Account for the consequences to a mitochondrion if the water potential of the liquid in the
dishes is less negative than the water potential of the mitochondrial matrix.

[2]
(i) Explain the role of the mitochondrial matrix in aerobic respiration.

[3]
[Total: 13]
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QUESTION 7
Fig. 7.1 shows the action of the hormone insulin on liver cells to regulate the concentration of blood
glucose.

Fig. 7.1
(a)

Outline the process of insulin-receptor interaction.

[4]
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(b)

Describe the nature of IP3 and explain its significance in insulin signalling.

[3]
(c)

Explain how GLUT4 transporters regulate the concentration of blood glucose.

[2]
(d)

Liver cells may over time, lose their responsiveness to insulin, even though the concentration
of insulin remains unchanged.
Suggest why this phenomenon may occur.

[1]
[Total: 10]
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QUESTION 8
Two species of chimpanzees, the chimpanzee and the bonobo, are the closest living relatives of
humans.
Fig. 8.1 is a diagram representing the current classification of chimpanzees and humans within the
Family Hominidae.
common ancestor of Hominidae

orang utan

gorilla

chimpanzee

bonobo

human

Pongo

Gorilla

Pan troglodytes

Pan paniscus

Homo sapiens

Fig. 8.1
(a)

Describe how Fig. 8.1 can be interpreted as the current classification of chimpanzees and
humans within the Family Hominidae.

[2]
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Humans and chimpanzees are currently classified within the same family. Chimpanzees were once
classified separately from humans in the Family Pongidae along with gorillas and orang utans.
Fig. 8.2 shows a human hand and a chimpanzee hand.

H. sapiens

P. troglodytes
Fig. 8.2

(b)

Describe two differences between the two images that could have been used to classify
humans and chimpanzees in separate families.

[2]
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Differences between the nucleotide base sequences can be used to estimate the length of time
since two species diverged from one another.
Fig. 8.3 shows the line of best fit for the differences in DNA between pairs of primate species plotted
against the number of years since the two species diverged from a common ancestor.
6

5

4

percentage of
DNA bases that
are different
3
chimpanzee /
human
2
orang utan /
human
1

chimpanzee /
bonobo

0

0

5

10

15

20

25

30

35

time since species diverged
/ millions of years
Fig. 8.3
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(c)

(i) Calculate the rate of DNA change using the data in Fig. 8.3.

answer

(ii)

% per million years
[2]

The mutation rate in mammals can vary by as much as 20% between species.
Use Fig. 8.3 to calculate the time since the phylogeny of humans diverged from
chimpanzees, and the range over which this estimate may vary.

time since divergence
range
[2]
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Some scientists have suggested that humans and chimpanzees should be reclassified as belonging
to the same genus.
(d)

Evaluate their suggestion using evidence from Figs. 8.1 to 8.3 and your own knowledge of
the scientific basis for the classification of organisms.

[6]
One type of gene is known as a homeobox gene. The base sequences of homeobox genes in
humans and chimpanzees are almost identical.
(e)

State a conclusion about the evolutionary relationship between humans and chimpanzees that
can be drawn from this piece of evidence.

[1]
[Total: 15]
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QUESTION 9
Plant biodiversity varies throughout the world and is dependent on many factors, particularly climate.
Fig. 9.1 shows the relationship between the number of plant genera and the mean annual rainfall in
seven countries.
3000

China

Brazil
Malaysia
Peru

2000

Australia
numberr of
plantt
genera
ra

1000

0

Saudi
Arabia

0

500

Algeria

1000

1500

2000

2500

3000

mean annual rainfall / mm
Fig. 9.1
(a)

(i)

Describe the relationship between the number of plant genera and the mean annual
rainfall in these seven countries.

[2]
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Global warming has led to changes in rainfall in many parts of the world.
(ii) Discuss how changes in rainfall can affect plant biodiversity.

[2]
The Millennium Seed Bank is located in the United Kingdom. So far it has successfully stored seeds
from 10% of the world’s wild plant species.
(b)

Suggest the benefits to humans of conserving plant species.

[3]
[Total: 7]
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BOOKLET I
SECTION A
Answer all the questions in this section.
QUESTION 1
In bacteria, Cas9 is a nuclease enzyme that serves as a form of cellular defense. Cas9 binds to a
guide RNA (gRNA) forming the Cas9-gRNA complex, which targets and cleaves bacteriophage DNA
during a bacteriophage infection.
Fig 1.1 shows a summary of the natural activity of Cas9 with steps labelled 1 to 6.

1 infection by bacteriophage
Ȕ

inserted
phage DNA
3 insertion of
Ȕ

phage DNA
2 cleavage of
Ȕ

phage DNA by
bacterial
nucleases

phage DNA
fragment into
the bacterial
chromosome

4 expression of
Ȕ

inserted phage
DNA as gRNA
Cas9

cleavage of specific phage
DNA by Cas9-gRNA complex
in subsequent infections

6
Ȕ

5 binding of gRNA
Ȕ

to Cas9 to form the
Cas9-gRNA complex

Fig. 1.1

(a)

(i)

Outline how the bacteriophage adsorbs to the host cell in step 1.

[2]
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(ii)

Identify the process shown by step 4 and explain how gRNA is formed.

[4]

(iii)

Suggest why Cas9 binds to gRNA in step 5 and not to phage DNA.

[2]

(iv)

The Cas9 gene is found in approximately 50% of all known bacterial sequences.
With reference to step 6, explain how presence of the Cas9 gene enhances the survival
of the bacterial species.

[4]
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Gene editing is a new technique in genetic engineering. It involves the use of Cas9 in which DNA is
deleted from the genome of a living organism.
To study the effects of Cas9, transgenic pigs can be used. Transgenic pigs have been genetically
modified to contain the GFP gene coding for green fluorescent protein, originally sourced from
jellyfish.
Cas9 is injected into pig zygotes along with gRNA that is complementary to the target GFP gene.
Cas9 causes a deletion in the GFP gene in the zygotes, preventing its expression.
The toxicity and efficiency of the new technique were tested on four groups of pig zygotes. These
pig zygotes were produced by in vitro fertilisation (IVF) using:
x
x

ova from a female non-transgenic pig
sperms from a male transgenic pig whose somatic (body) cells contained one copy of the
GFP gene per cell.

The pig zygotes in three groups were injected with different concentrations of Cas9-gRNA complex
targeted at the GFP gene.
The fourth group of pig zygotes (control group) was not injected with Cas9-gRNA complex.
(b)

Explain why the GFP gene was chosen for testing the new technique.

[2]
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Some of the zygotes in each group survived and after six days each had developed into a group of
cells called a blastocyst.
The blastocysts were counted using a light microscope. A filter was then added to the microscope,
so that only blastocysts expressing the green fluorescent protein showed up. These were counted
and the results are summarised in Table 1.1.
Table 1.1
concentration of
Cas9-gRNA complex /
ng mm-3
0 (control)

(c)

(i)

number of blastocysts
seen under white light

number of blastocysts
seen under filter

68

46

10

40

0

20

24

0

50

15

0

Calculate the percentage of zygotes in the control group that were transgenic.
Show your working.

% [1]

(ii)

Explain whether the percentage you calculated for (i) is higher or lower than expected.

[2]
(iii)

Name a statistical test that would allow you to test the significance of the difference
between the percentage you calculated in (i) and the expected percentage.
[1]
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(iv)

State the best concentration of Cas9-gRNA complex to use to cause a deletion in the
GFP gene and give reasons for your choice.

[3]

(d)

Fig. 1.2 shows the results from a second trial of the new technique, analysed by gel
electrophoresis.
x
x
x

Lanes 1 to 4 show DNA from four pigs born after Cas9-gRNA complex was used to cause
a deletion in a target gene coding for a cell surface protein.
Lane 5 shows DNA from their surrogate mother.
Lane 6 shows DNA from another normal pig for comparison.

The size of the DNA fragments is given in kilobase pairs (kbp) as shown in Fig. 1.2.
1kbp is 1000 base pairs of DNA.
The target gene measures 6kbp and codes for a cell surface protein that is essential for the
porcine reproductive and respiratory syndrome virus (PRRSV) to infect cells in the pig’s body.

6kbp
4kbp

Fig. 1.2
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(i)

Outline the principles of gel electrophoresis.

[3]
(ii)

Explain what Fig. 1.2 indicates about the success of the new technique in causing a
deletion in a gene in pigs so that they show resistance to PRRSV.

[4]
(e)

Discuss the ethical implications of genetically editing pig zygotes for experiments.

[2]
[Total: 30]
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QUESTION 2
A global strategy to tackle malaria involves the rapid diagnostic testing (RDT) of individuals who may
have malaria. This involves testing human blood samples for the presence of proteins specific to
Plasmodium. RDT test sticks make use of monoclonal antibodies (mAbs).
mAbs are antibodies that are all identical to each other. mAbs are produced in vitro by fusing a
plasma cell with a cancer cell to produce a hybridoma, which divides repeatedly to form many
genetically identical cells that all produce the same antibodies.
Table 2.1 contains information about two RDT test sticks.
Table 2.1
test stick

Plasmodium protein
tested for

1

pLDH
(parasite lactate
dehydrogenase)

2

HRP-2
(histidine-rich protein 2)

species of Plasmodium
that produce the protein
P. vivax
P. falciparum
P. ovale
P. malariae
P. falciparum only

Some details of the design of these RDT test sticks are shown in Fig. 2.1.

Fig. 2.1

The immobilised monoclonal antibodies in the test window are not visible.
If the blood sample contains a Plasmodium protein that can be detected by the RDT test stick:
x
x
x

the mobile monoclonal antibodies bind to one part of the protein
the immobilised monoclonal antibodies bind to another part of the protein
a coloured line in the test window indicates a positive result for the protein.
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(a)

(i)

With reference to Table 2.1 and Fig. 2.1, explain why test stick 1 and test stick 2 will
contain different mobile monoclonal antibodies.

[2]
Two blood samples were removed from a person. One sample was added to test stick 1 and the
other sample was added to test stick 2.
(ii)

With reference to Table 2.1 and Fig. 2.1, explain what can be diagnosed for this person
from a positive result for test stick 1 and a negative result for test stick 2.

[2]

(b)

Another team of researchers isolated particular Plasmodium proteins and tested these
antigens' potential as vaccine targets. They introduced one of the antigens to human liver cells
growing in a dish, then exposed the cells to rabbit antibodies that recognize and block the
protein's activity.
Outline the process during B cell development that allows our immune system to produce
antibodies that recognise a range of Plasmodium proteins.

[4]
[Total: 8]
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QUESTION 3
(a)

Grass crops such as maize, sorghum and sugarcane are C4 plants. They are common grass
crops of tropical regions. They are termed ‘C4’ because the first product of photosynthesis is
a four carbon compound. The first carbon dioxide acceptor is phosphoenolpyruvate (PEP).
Oats and wheat, commonly grown in temperate regions, are C3 plants. Most plants are C3
plants. They are termed ‘C3’ because the first product of photosynthesis is a three carbon
compound.
The C4 pathway for fixing carbon dioxide was worked out in 1966 by Hatch and Slack. Some
of the results from their investigation were recorded in Table 3.1. All rates were measured
under high light intensities and at 30°C.
Table 3.1

(i)

grass crop

rate of fixation of
carbon dioxide
/ arbitrary units

rate of activity
of rubisco
/ arbitrary units

rate of activity of
PEP carboxylase
/ arbitrary units

maize

3.5

0.62

17.50

sorghum

3.1

0.35

15.80

sugarcane

2.9

0.30

18.50

oats

1.6

4.50

0.33

wheat

1.7

4.70

0.29

State the role of rubisco in the Calvin cycle.

[1]

(ii)

Compare the rates of fixation of carbon dioxide in C3 and C4 grasses.

[2]
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(iii)

Suggest the advantages of PEP carboxylase in C4 plants.

[2]

(b)

Rainforests are carbon sinks that play a critical role in mitigating climate change.
Explain how forests can serve as carbon sinks.

[3]
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(c)

The impact of climate change is a major threat not only for mankind but also for life on earth
as a whole.
Fig. 3.1 shows the distribution of the tundra biome and Fig. 3.2 the number of polar bears living
in this biome.

Arctic Circle, 66.5 qN

Tropic of Cancer, 23.5 qN
Equator
Tropic of Capricorn, 23.5 qS

Key
Tundra biome

Fig. 3.1

Fig. 3.2
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With reference to Figs. 3.1 and 3.2, describe and explain the evidence which suggest that
polar bears are at risk of extinction as a result of climate change.

[4]
[Total: 12]
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SECTION B
Answer one question in this section.
Write your answers on the lined paper provided at the end of this Question Paper.
Your answer should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a) and (b), as indicated in the question.
QUESTION 4
(a)

A scientific theory is a way of interpreting the natural world. The cell theory, which is a single
unified theory of cellular organisation, is an example where scientists have looked for trends
and exceptions.
Using knowledge of the cell theory, describe the universal features of cells and suggest ways
to test and challenge the cell theory.
[15]

(b)

Outline how genetic exchange in prokaryotes bring about variation and discuss the possible
fate of the transferred DNA.
[10]
[Total: 25]

QUESTION 5
(a)

In the 1800s, Gregor Mendel formulated the Laws of Segregation and Independent Assortment
based on his observations on pea plants.
Explain how the behaviour of chromosomes during meiosis supports Mendel’s laws and
suggest why it would be more difficult to investigate the patterns of inheritance in man than in
peas.
[15]

(b)

Cell cycle checkpoints keep meiotic divisions faithful and accurate. Despite these checkpoints,
errors in meiosis can still occur.
Outline the possible errors in meiosis and their impact on the evolutionary outcomes of a
species.
[10]
[Total: 25]

--- END OF PAPER--Copyright Acknowledgments:
Acknowledgement is herein given to third-party sources for the use of third-party owned material protected by copyright
in this document which is administered internally for assessment purposes only.

Need a home tutor? Visit smiletutor.sg
©

Hwa Chong Institution 2019

9744 H2 Biology / JC2 Preliminary Examinations / Paper 3

HWA CHONG INSTITUTION
JC2 Preliminary Examinations
Higher 2
CANDIDATE NAME

CT GROUP

18S7 __

INDEX
NUMBER

CENTRE NUMBER

BIOLOGY

9744/04
3 September 2019

Paper 4 Practical

2 hours 30 minutes

No additional materials are required.

INSTRUCTIONS TO CANDIDATES
There are three question booklets (I to III) to this paper. Write your name, CT group, Centre
number and index number in the spaces provided at the top of this cover page.
Answer all questions in the spaces provided on the question paper.
Shift

Laboratory

INFORMATION FOR CANDIDATES

For Examiners' Use

The use of an approved scientific calculator is expected, where
appropriate.

1

/ 23

You may lose marks if you do not show your working or if you
do not use appropriate units.

2

/ 17

The number of marks is given in brackets [ ] at the end of each
question or part question.

3

/ 15

You are reminded of the need for good English and clear
presentation in your answers.

Total

/ 55

This document consists of 18 printed pages.
QUESTION 1
©

Hwa Chong Institution 2019

Need a home tutor? Visit smiletutor.sg

9744 H2 Biology / JC2 Preliminary Examinations / Paper 4

2
You are advised to read the whole of this question before starting the practical work, as you will
need to make decisions about how to obtain high quality results using the apparatus and materials
provided.
Browning in fruits, such as bananas, is the result of oxidation of colourless substances to a coloured
substance. Fruits possess many polyphenol oxidase enzymes that catalyse the sequence of
reactions involved. In banana, one of these enzymes is dopa oxidase.
The sequence of reactions is as follows:

dopa oxidase
L-dopa

spontaneous reaction
dopaquinone

dopachrome

You will investigate:
x

the effect of a change in concentration of L-dopa on the rate of the reaction catalysed by dopa
oxidase

x

the effect of substance X on the rate of the reaction catalysed by dopa oxidase.

You are provided with:
x

one piece of banana

x

50 mmol dm–3 L-dopa solution, in a vial labelled L

x

distilled water, in a vial labelled W

x

pH7 buffer, in a vial labelled pH7 buffer

x

substance X, in a vial labelled X
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(a) Sketch a graph in the space below to show the relationship between L-dopa concentration and
rate of reaction catalysed by dopa oxidase.
On the same axes, sketch another graph to show the effect of substance X on the rate of reaction
if substance X is a competitive inhibitor.

[2]
Proceed as follows.
1

You are required to make up a final volume of 20 cm 3 of five different concentrations (10, 20,
30, 40, 50 mmol dm–3) of L-dopa solutions.

(b)

Complete Table 1.1, to show how you will make up the L-dopa solutions using the 50 mmol
dm–3 L-dopa solution, L, and distilled water, W.
Table 1.1

final concentration of
L-dopa / mmol dm–3

volume of L / cm3

volume of W / cm3

total volume / cm3

[2]
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2

Using the scalpel and white tile, cut 2 mm of the piece of banana provided from both ends to
remove the tissues that were exposed to air. Discard these tissues. Remove the banana skin.
Chop the remaining banana into small pieces on a white tile.

3

Place the chopped banana pieces into a mortar and add in 10 cm3 of distilled water. Use the
pestle to homogenise by crushing and grinding the banana to obtain a mash. Add in another
30 cm3 of distilled water and stir well. Using the sieve, one layer of muslin cloth and a plastic
vial, filter the banana mash. This will be the enzyme extract that contains dopa oxidase. Label
the vial as E.

4

Label a test-tube C. The contents of this test-tube will be used as a colour comparator.

5

To test-tube C, add 2 cm3 of 50 mmol dm–3 L-dopa solution and 1 cm3 of pH7 buffer.
Do not add any E at this stage.

6

Label five test-tubes P1 to P5 and label another five test-tubes X1 to X5.

7

Add 1 cm3 of pH7 buffer solution to all ten test-tubes (P1 to P5 and X1 to X5).

8

Add 1 cm3 of distilled water to test-tubes P1 to P5 and to test-tube C.

9

Add 1 cm3 of the solution of substance X to test-tubes X1 to X5.

10

Add 2 cm3 of the 10 mmol dm–3 solution of L-dopa to test-tube P1 and add 2 cm3 of the
10 mmol dm–3 solution of L-dopa to test-tube X1.

11

Add 2 cm3 of the 20 mmol dm–3 solution of L-dopa to test-tube P2 and add 2 cm3 of the
20 mmol dm–3 solution of L-dopa to test-tube X2.

12

Repeat step 11 with the remaining test-tubes, P3 to P5 and X3 to X5, so that they have
increasing concentrations of L-dopa (30 - 50 mmol dm–3).

13

Add 1 cm3 of the E to test-tube C. Do not shake or stir the test-tube. Leave the test-tube for
two minutes.

14

Add 1 cm3 of the E to each of the test-tubes P5 and X5. Observe the lower half of each testtube and record the time taken to reach the colour shown by the colour comparator (test-tube
C). If this end point has not been reached after 10 minutes, record the time taken as 600
seconds.

15

Record your results in the space provided for (c)(i) on page 5.

16

Repeat step 14 for the remaining pairs of test-tubes, P4 and X4, P3 and X3, P2 and X2, P1
and X1.

17

Record your results in the space provided for (c)(i) on page 5.
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(c) (i) Calculate the rate of reaction for each of the reaction mixtures.
Calculate the rate as 1000/t where t = the time taken to reach the colour of the colour
comparator (test-tube C).
Record all your results and calculations in a suitable form in the space below.

[6]
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(ii) Plot a graph to show the rate of reaction catalysed by dopa oxidase with and without substance
X on the grid provided.

©
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(d) It is suggested that substance X is a competitive inhibitor of dopa oxidase.
Discuss what the results from (c)(ii) suggest about the relationship predicted in part (a).

[3]

(e) Discuss two limitations of this investigation and the ways in which the procedure could be
changed to improve the quality of the results.

[4]
(f) In an actual experiment conducted, it was found that the Vmax of the reaction is 50 s-1.
Using your graph in (c)(ii), determine the Km for the reaction without the competitive inhibitor X.
Km = …………………………………………..
[1]
[Total: 23]
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QUESTION 2
Guard cells are part of the leaf epidermis and they flank the stomatal pores. They contain
chloroplasts allowing for the process of photosynthesis to occur.
The opening and closing of stomata involves the movement of potassium ions into and out of guard
cells. Opening and closing of stomata is influenced by a number of environmental factors, for
example light and temperature.
A student investigated the effect of potassium chloride (KCl) on the opening of stomata.
The student was provided with:
x 500 cm3 of 250 mmol dm–3 KCl solution
x freshly picked leaves from a plant that had been kept in the dark and a high concentration of
carbon dioxide for an hour. This ensured that all the stomata were closed.
Strips of leaf tissue were obtained by cutting a leaf into sections as shown in Fig. 2.1.

Fig. 2.1
The student floated three strips of leaf tissue in each of a range of buffered potassium chloride
solutions for 2 hours and then recorded the number of open stomata.
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(a) The student used the 250 mmol dm–3 KCl solution to make 100 cm3 of four other concentrations
by reducing the concentration by 50 mmol dm–3 each time.
Describe a procedure that the student could use to prepare these four concentrations.

[3]
(b) (i)

Suggest a hypothesis that the student could test about the effect of KCl on the opening
and closing of stomata.

[1]
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(ii)

Describe a method that the student could use to investigate the effect of different
concentrations of KCl on the opening of stomata.
The description of your method should be detailed enough for another person to follow
and should not repeat the details from (a) of how to dilute the 250 mmol dm–3 solution of
KCl.

[5]
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(c) The student also tested the hypothesis:
The more light the wider the stomata open.
x

Eight leaves from young plants that had been kept in the dark for 24 hours were covered by
metal foil.

x

A fluorescent lamp of fixed intensity was placed 10 cm from the plant. The metal foil was
removed from the leaves.

x

Two leaves were removed at the start of the experiment and three epidermal strips were
made from each leaf. An epidermal strip is made by peeling the epidermis from a leaf as a
single layer.

x

The diameter of the stomatal aperture of five of the stomata with the widest aperture on each
strip was measured.

x

At one hour intervals two more leaves were removed and the same procedure repeated.

Fig. 2.2 shows stomata at different stages of opening.

Fig. 2.2
(i)

Outline how the student could find the actual diameter of a stomatal aperture.

[2]
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Table 2.1 shows the results of the student’s experiment.
Table 2.1
diameter of stomatal aperture / Pm

time / min
0 (control)

0.5

0.1

0.2

0.3

0.4

0.1

0.5

0.2

0.3

0.3

0.1

0.2

0.2

0.2

0.4

60

0.9

1.1

1.0

1.3

1.2

1.8

1.5

0.8

0.2

1.3

1.1

0.8

1.0

1.9

0.9

120

1.9

2.4

2.6

2.6

2.5

2.2

2.8

2.4

2.4

3.9

2.6

2.3

2.5

2.2

2.7

180

4.1

4.8

4.2

4.0

5.7

4.7

3.9

4.1

5.5

4.5

4.3

4.0

3.1

4.1

4.3

(ii) On Table 2.1, draw circles around two values that are anomalous.

[1]

(iii) The student calculated the mean diameter of the stomatal apertures and the rate at which
the diameter of the stomatal apertures increased.
Table 2.2 shows some of these calculations.
Table 2.2
time / min

mean diameter of stomatal
apertures / Pm

rate of increase of diameter of
stomatal apertures / Pm min-1

0

0.3

60

1.2

0.015

120

2.5

0.022

180

4.6

Complete Table 2.2 by calculating the rate of increase of the diameter of the stomatal
apertures between 120 minutes and 180 minutes.
Space for working

[1]
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(d) In a further investigation, the student used a colourimeter to find out the chlorophyll content of
four different types of leaves as he hypothesised that chlorophyll content is another significant
factor which affects the rate of photosynthesis.
Table 2.3 shows the students’ results from the colourimeter measurements made on 10 samples
of each of the four types of leaf.
Table 2.3
type of leaf

mean absorbance ± s

ivy

0.28 ± 0.08

geranium

0.32 ± 0.1

spiderwort

0.43 ± 0.18

sorghum

0.39 ± 0.21

The students decided to use the t̻test to test the hypothesis that:
The difference in the chlorophyll concentration between spiderwort and each of
the other plants is significant.
The formula for the t̻test is shown in Fig. 2.3.

ݐൌ

ȁ࢞
ഥ ି࢞
ഥ ȁ
࢙

࢙





v = degrees of freedom
s = standard deviation
n = sample size
ݔҧ = mean

  ݒൌ ݊ଵ  ݊ଶ െ ʹ

ඨቆ  ା  ቇ



Fig. 2.3
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Comment on the use of the t ̻test by:
(i) stating how many values of t the student should calculate and explaining your answer

[2]
(ii) explaining how the student would find out if the results of his t̻tests were significant.

[2]
[Total: 17]
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QUESTION 3
M1 is a slide of a stained transverse section through a plant leaf.
You are not expected to be familiar with this specimen.
Use a sharp pencil for drawing.
(a)(i)

Draw a large plan diagram of the section of the leaf (midrib) shown by the shaded area in
Fig. 3.1.

Fig. 3.1
You are expected to draw the correct shape and proportions of the different tissues.

[4]
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(a)(ii) Observe the upper epidermis of the leaf on M1. The upper epidermis has no guard cells.
Select one group of two adjacent, touching cells from the upper epidermis and one adjacent,
touching cell from the palisade tissue below.
Each cell must touch at least one of the other cells.
Make a large drawing of this group of three cells.
Use one ruled label line and the label P to identify a structure that produces ATP.

[3]
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(b) Fig. 3.2 is a photomicrograph of a stained transverse section of part of a leaf from a different
species. A grid has been placed over the photomicrograph to help you answer the question.
Each square is 1 cm2.
You are not expected to be familiar with this specimen.

V

Fig. 3.2

(b)(i)

Describe how you will use the grid to find the total area of the part of the leaf shown in Fig.
3.2. You do not need to include the trichomes.

[1]

(b)(ii) Use the procedure you have described in (b)(i) to find:
the total area of the part of the leaf shown in Fig. 3.2 ………………………………….. cm2
the area of the leaf section occupied by the vascular bundle, labelled V. …………… cm2
[2]
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(b)(iii) Calculate the percentage of the part of the leaf shown in Fig. 3.2 that is occupied by the
vascular bundle, labelled V.
Show all the steps of your working.

......................... %

[2]

(b)(iv) Suggest how you could modify the procedure you have used in (b)(ii) to give a more accurate
estimate of the area of the leaf.

[1]

(c)

Observe the leaf on M1 and the part of the leaf shown in Fig. 3.2 and identify the differences
between them.
Record the observable differences in Table 3.1.
Table 3.1
feature

M1

Fig. 3.2

[2]
[Total:15]
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HWA CHONG INSTITUTION (COLLEGE SECTION)
2019 JC2 9744 H2 BIOLOGY
PRELIMINARY EXAMINATION PAPER 2 MARK SCHEME
QUESTION 1
(a)

Describe the different levels of protein structure of CAP.
x
x
x
x

(b)

(b)

ref. to each polypeptide having sequence of 209 amino acids joined by peptide bonds
ref. to α helices / E pleated sheets stabilised by hydrogen bonds
ref. to specific 3D conformation by R group interactions
ref. to two polypeptide chains

(i)
x
x
x
x
x

[4]

Describe how binding of cAMP to CAP activates transcription.

[3]

ref. to rotation of the helices in DBD
ref. to helices in DBD moving closer
ref. to change in specific 3D conformation of DBD
ref. to correct orientation of the helices to interact with DNA
ref. to facilitation of binding of RNA polymerase

(ii)

Identify the bond formed between CAP and DNA.

[1]

ionic bond / hydrogen bond / hydrophobic interaction
(c)

With reference to Fig. 1.1 and Fig. 1.2, suggest why CAP is capable of undergoing
allosteric regulation.
[2]
x
x
x
x

CAP has two polypeptides
ref. to CBD as the allosteric site
ref. to CAP alternates between the active and inactive forms
binding of cAMP to CBD increases the affinity of DBD to the DNA
[Total: 10]

QUESTION 2
(a)

Compare the features of a cell derived from the zygote with that from the inner cell mass of
a blastocyst.
[3]
x
x
x
x
x

ref. to both cells are capable of long term self-renewal / mitosis
ref. to both cells are unspecialized
e
ref. to both cells can be differentiated
feren
enti
ta
ref. to level of the different
potential of the cells
erent developmental
dev
evel
elop
el
o m
ref. to the different
of the cells
nt levels
le
eve
ellss of
of DNA
D A methylation
DN
met
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(b)

Explain how the changes to DNA methylation from R to S bring about differentiation.
x
x
x
x

(c)

[4]

DNA methylation is decreased from R to S
DNA is not attracted to histones/ DNA will not be tightly packed
Accessible to transcription machinery / formation of transcription initiation complex
expression of genes necessary for differentiation

Control of the expression of the telomerase gene is crucial at different developmental
stages of the mouse.
State and explain if the telomerase gene in cells is likely to be methylated from T to an
adult mouse.
[2]
x
x

No because telomerase is required even in adult stem cell /
Yes because telomerase is inactivated in terminally differentiated cells
[Total: 9]

QUESTION 3
(a)

(i) Explain why this cell was undergoing mitosis.
x
x

[2]

Each chromosome is made up of two chromatids
Ref to chromosomes not arranged in homologous pairs
[1]

(ii) Identify the stage of mitosis shown
Prophase / metaphase
(b)

Explain why the scientist was able to arrange the chromosomes in homologous pair as
shown in Fig 3.2.
x
x
x

(c)

[3]

Pairs of homologous chromosomes are structurally similar
ref. to similar size / shape
ref. to similar centromere position

Suggest ways the structure of the chromosome could differ along its length to result in the
stain binding more in some areas.
[2]
x
x

ref. to differences in base sequences
ref. to differences in histone proteins / interaction with histone proteins

(d)(i) Name the process of asexual reproduction
shown.
repro
rodu
ro
d

[1]

Binary fission

Need a home tutor? Visit smiletutor.sg

HWA CHONG INSTITUTION / 2018-2019 H2 BIOLOGY / Preliminary Examination Paper 2 / MS

2

(ii)

Outline how the process of asexual reproduction in bacteria results in genetically
identical daughter cells.
x
x
x

[3]

Bacteria chromosome is attached to the plasma membrane before DNA replication
Semi-conservative DNA replication of the bacterial chromosome occurs
ref to septum extends as the cell membrane invaginates / grows inwards and
peptidoglycan / cell wall materials are added to it, dividing the bacterial cell into two
daughter cells, each with one chromosome
[Total: 12]

QUESTION 4
(a)(i)

Describe how smoking causes lung cancer.
x
x
x

[2]

Ref to polycyclic aromatic hydrocarbons
forming adducts and damaging DNA
causes mutations to cancer critical genes

(a)(ii) Explain why lung cancer is described as a non-infectious disease.
x
x
x
x
x

[2]

ref to cancer being a genetic disease/ mutations to DNA
ref to not caused by a pathogen
ref caused by lifestyle choice
ref cannot be passed onto another person / not transmissible / AW
abnormal condition (affecting an organism) / condition that reduces the effectiveness of
the functions of the organism / AW

(b)(i) Based on the information provided in Fig 4.1, explain if caspases 8 should be considered a
proto-oncogene or a tumour suppressor gene.
[3]
x
x
x

tumour suppressor gene
activates caspase 3 which cleaves PARP
thus it is part of pathway resulting in apoptosis / prevent uncontrolled cell division

(b)(ii) Explain why a mutation to caspase 8 gene is insufficient to cause cancer in smokers.
x
x
x

Ref to multi-step model
Accumulation of mutation/ same lineage of cell
Ref to loss of single copy insufficient
cien
ent for disease

x
x
x
x

Ref to gain of function
n mu
m
mutation
tati
ta
tio
on
n tto
o pr
proto oncogene to form oncogene
ref to angiogenesis
esis
iss
ref to metastasis
astas
asis
as
is
ref to telomerase
erra
ase
ase
se

[4]

[Total: 11]
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QUESTION 5
(a)(i)

Define what is meant by a true-breeding mouse in this context.

[1]

ref. to homozygous / have the same alleles, at both gene loci
(ii) Given that the genes for ear and tail types are located 6 cM apart on chromosome 3,
complete Table 5.1 with the expected numbers for each of the following phenotypes from
the test cross.
[1]
Table 5.1
phenotypes

expected numbers

normal ears, flaky tail

47

droopy ears, normal tail

47

normal ears, normal tail

3

droopy ears, flaky tail

3

(b)(i) Using the symbols provided, draw a genetic diagram to clearly show the results of the test
cross.
[4]
F1 test cross

Gametes

normal ears, normal tail

x

droopy ears, flaky tail

Df
dF

x

df
df

Df

dF

DF

df

df

Random fertilization

Male
gametes

df

offspring phenotypes

Df

Female gametes
dF
DF

df

Df
df

dF
df

DF
df

df
df

normal ears,
flaky tail

droopy ears,
normal tail

normal ears,
normal tail

droopy ears,
flaky tail

parental

(ii)

Explain your results to (b)(i).
i).
x
x

(c)

[2]

ref. to incomplete
ete linkage
lin
nkka
age
ge
ref. to crossing
ssing
ng over
ng
over
er between
bet
etwe
ween
we
en the
t e 2 genes, resulting in majority of offspring with
th
parental
minority
with recombinant phenotypes
tall phenotypes
ph
he
enoty
eno
no
oty
ype
pes and
and mi
mino
n

Explain the co
conclusion
may be drawn from the calculated F2 value.
onc
nclu
ussiion
on tthat
ha
at m
x
x
x

(d)

recombinants

[3]

smaller than F2crit
small
ref. to F2calcc sm
ref. to deviation between observed and expected results not significant
ref. to results support conclusion that both genes located 6 cM apart / incompletely
linked on chromosome 3

Suggest why the researcher’s claim is valid.
x

ref. to complete linkage

[2]
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x

ref. to crossing over between the 2 genes being rare
[Total: 13]

QUESTION 6
(a) Identify structures X and Y. In each case, relate one visible feature that allows the structure to
perform its functions.
[4]
x
x

X: mitochondrion
Highly folded inner membrane / cristae for embedding electron carriers

x
x

Y: Golgi apparatus
Stack of flattened, membrane-bound sacs / cisternae for modification / packaging of ER
products / proteins

(b) Explain how the results from Table 6.1 support the chemiosmotic theory.

[4]

x
x

Ref to appropriate quote
Aerobic respiration occurs allowing electron transfer coupled to generation of proton
gradient for ATP synthesis in dish 1 and not in dish 2

x
x

Generation of proton gradient in the intermembrane space
Diffusion of protons from intermembrane space to matrix coupled to ATP synthesis in dish
4 and not in dish 3

(c) (i) Discuss the consequences to a mitochondrion if the water potential of the liquid in the
dishes is less negative than the water potential of the mitochondrial matrix.
[2]
x
x

Water enters mitochondrial matrix by osmosis down the water potential gradient
Membrane ruptures resulting in bursting of mitochondrion

(ii) Explain the role of the mitochondrial matrix in aerobic respiration.
x
x
x

[3]

Site of link reaction / Krebs cycle
Link reaction: oxidative decarboxylation forming acetyl-coA / NADH
Krebs cycle: completely oxidised glucose / AW
[Total: 13]
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QUESTION 7
(a) Outline the process of insulin-receptor interaction.
x
x
x
x
x

[4]

Ref to insulin binding to complementary site of RTK / signal reception
Ref to dimerisation of two subunits of RTK / conformational change of RTK
Ref to activation of tyrosine kinase
Ref to autophosphorylation / cross phosphorylation of tyrosine residues by tyrosine kinase
Ref to activation of RTK

(b) Describe the nature of IP3 and explain its significance in insulin signalling.
x
x
x

[3]

Nature: Ref to small non-protein molecule / second messenger / relay molecule
Significance: Ref to relay molecule that activates downstream protein Akt
Significance: Ref to signal amplification / large scale response / fast response

(c) Explain how GLUT4 transporters regulate the concentration of blood glucose.
x
x

[2]

Ref to carrier function of GLUT4 to transport glucose from outside of cell to inside of cell
ref to decrease of concentration of blood glucose

(d) Liver cells may over time, lose their responsiveness to insulin, even though the concentration
of insulin remains unchanged. Suggest why this phenomenon may occur.
[1]
x
x

Ref to mutation in the gene coding for insulin receptor / GLUT4 transporters / PI 3- kinase /
Akt
Ref to, change in the shape / loss of function / reduction in number, of insulin receptor /
GLUT4 transporters / PI 3- kinase / Akt as cell / tissue ages
[Total: 10]

QUESTION 8
(a) Describe how Fig. 8.1 can be interpreted as the current classification of chimpanzees and
humans within the Family Hominidae.
[2]
x
x

Ref to idea of phylogeny, to show evolutionary relationships / AW
Share a recent common ancestor

(b) Describe two differences between the
e two images that could have been used to classify
humans and chimpanzees in separate
[2]
arate
e families.
fam
ivel
ellyy))
e
Chimpanzee has (relatively)
x smaller / shorter
ter / tthinner
h nn
hi
nner
nner
er , tthumb
hu
h
umb
x longer / narrower,
arrro
ow
wer
er,
r, palm
pa
p
allm
m
x thicker / longer
ger
err fingers
e
fin
ng
ge
errss
x wider wrists
(c) (i) Calculate the rate of DNA change using the data in Fig. 8.3.
x
x

[2]

correct working shown
answer given to 2 s.f. to 3 s.f.
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(ii) The mutation rate in mammals can vary by as much as 20% between species.
Use Fig. 9.3 to calculate the time since the phylogeny of humans diverged from
chimpanzees, and the range over which this estimate may vary.
[2]
time since divergence
5.0 – 5.5 million years
range
4.0 - 4.4 to 6.0 - 6.6 (million years)
(d) Evaluate their suggestion using evidence from Figs. 8.1 to 8.3 and your own knowledge of the
scientific basis for the classification of organisms.
[6]
Valid (V) because
the indicative point may be subsumed within reference to a supporting figure
x recent divergence, with relevant comparative figures to support from Fig 8.3
x ref to similarities in hand anatomy, as seen in Fig. 8.2
x occupy same branch on phylogenetic tree / AW, as seen in Fig 8.1
Invalid (I) because
the indicative point may be subsumed within reference to a supporting figure
x divergence less recent than chimpanzee and bonobo, with relevant comparative figures to
support from Fig 8.3 / as seen in Fig. 8.1
x different anatomy, as seen in Fig 8.2
Principles of classification
x ref to phylogeny is basis of classification
x species that, diverged recently / share similar base sequence, occupy same group
x recognition that molecular sequences/ data is more accurate than comparative anatomy
(e) State a conclusion about the evolutionary relationship between humans and chimpanzees that
can be drawn from this piece of evidence.
[1]
x
x

share a recent common ancestor
close, evolutionary relationship
[Total: 15]

QUESTION 9
(a)(i)

Describe the
e rel
relationship
ella
e
attio
ons
nshi
hip be
b
between
ettw
wee
een
n th
tthe number of plant genera and the mean annual rainfall
in these seven
[2]
evve
en
n countries.
cou
ounttri
rie
ess.
x
x
x

Ref to overall
era
rallll trend
ra
tre
rend (i.e. positive correlation) / number of plant genera increases as
mean annual
al rainfall increases
Ref to paired figures (i.e. genera number and mean annual rainfall in 2 named
countries showing the trend) correctly quoted with units
Ref to China not fitting the trend

(a)(ii) Discuss how changes in rainfall can affect plant biodiversity.

[2]
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x
x
x
(b)

Ref to increase / decrease in rainfall / increased incidence of flooding / drought, shorter
/ longer rainy season
Ref to relevant consequence on plants (e.g. plant wilting from loss of water / plant
rotting from waterlogged roots / plants infected by pests and pathogens)
Ref to idea of decrease / increase, in genetic diversity / species diversity

Suggest the benefits to humans of conserving plant species.
x
x
x
x
x
x
x

[3]

may be of use in the future
(may produce) medicines / AW
resources (for humans)e.g. wood for building / fibres for clothes / fuel / food / agriculture
maintain, gene pool / genetic diversity
to maintain stability in ecosystems
aesthetic reasons
(eco)tourism
[Total: 7]
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HWA CHONG INSTITUTION (COLLEGE SECTION)
2019 JC2 9744 H2 BIOLOGY
PRELIMINARY EXAMINATION PAPER 3 MARK SCHEME
SECTION A
QUESTION 1
(a) (i) Outline how the bacteriophage adsorbs to the host cell in step 1.
x
x

[2]

Bacteria phage have tail fibres with a specific 3D conformation
which bind / attach to, complementary cells surface receptors on bacteria

(ii) Identify the process shown by step 4 and explain how gRNA is formed.
x
x
x
x
x
x

[4]

ref to transcription
RNA polymerase binds to promoter/ formation of transcription initiation complex
ref to reading of template DNA strand in 3’-5’
ref to complementary base pairing
ref to formation of RNA in 5’-3’
ref to formation of phosphodiester bond

(iii) Suggest why Cas9 binds to gRNA in step 5 and to phage DNA.
x
x
x

[2]

Cas9 binding site has a specific 3D conformation
Which is complementary to gRNA only
ref to RNA being single-stranded / different conformation from DNA

(iv) With reference to step 6, explain how presence of the Cas9 gene enhances the survival of
the bacterial species.
[4]
x
x
x
x
x
x
x

ref to natural selection
Selection pressure is the presence of phage that lyse cells
Cells with Cas9 gene have a selective advantage
are not lysed
since Cas9-gRNA complex can cleave specific phage DNA in subsequent infection
Cas9 gene is passed on to next generation
Resulting in an increase in allelic frequency of Cas9 in the gene pool / greater proportion of
cells possessing Cas9 gene

(b) Explain why the GFP gene was chosen for testing the new technique.
x
x

[2]

ref to marker
gen
e e was
wa deleted
no fluorescence, means GFP gene

erccen
enta
tage
ge o
z go
zy
gote
es in th
(c) (i) Calculate the percentage
off zygotes
the control group that were transgenic.
orrk
kin
ing
g..
Show your wo
working.
x

[1]

46/68 = 67.6
6 or
or 68
8

tic test that would allow you to test the significance of the difference
(ii) Name a statistical
between the percentage you calculated in (i) and the expected percentage.
[1]
x
x

higher
Since 50% of offspring are expected to get GFP gene from heterozygous male
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(iii) Name a statistical test that would allow you to test the significance of the difference
between the percentage you calculated in (i) and the expected
percentage.
[1]
x

Chi-squared test

(iv) State the best concentration of Cas9-gRNA complex to use to cause a deletion in
the GFP gene and give reasons for your choice.
[3]
x
x
x
x

10 ng mm-3
more cells/ ORA
less toxic /ORA
No blastocysts seen under filter / (low concentration) as successful as higher
concentrations / all blastocysts have deleted GFP

(d) (i) Outline the principles of gel electrophoresis.
x
x
x
x

[3]

Separate DNA fragment by size / length
Negatively charged DNA will migrate to the positively charged anode when electric current
is applied
The agarose gel acts as a “molecular sieve” to impede the movement of DNA fragment OR
smaller/ shorter DNA are less impeded/ move faster through the gel
ref to DNA ladder to compare size

(ii) Explain what Fig. 1.2 indicates about the success of the new technique in causing a
deletion in a gene in pigs so that they show resistance to PRRSV
[4]
x
x
x
x
x

lanes 1–4 show 4 kbp fragment
so technique is 100% successful
(6 kbp gene has) 2 kbp, deleted
pigs 1–4 have no normal cell surface protein
PRRSV, cannot infect the, cells / pigs (1–4)

(e) Discuss the ethical implications of genetically editing pig zygotes for experiments
x
x
x
x
x

[2]

ref to use of knowledge gained from experiments to maximise greater good
ref to no need for human donor, sanctity/ respect for human life
ref to pigs being used as food already
ref to devaluing / lack of respect to the life of the pig
ref to lack of respect for religious beliefs
[Total: 30]
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QUESTION 2
(a)

(i) With reference to Table 2.1 and Fig. 2.2, explain why test stick 1 and test stick 2 will
contain different mobile monoclonal antibodies.
[2]
x
x
x
x

testing for the presence of different, antigens / (Plasmodium) proteins / epitopes
antibodies are, specific / have specific shape
different monoclonal antibodies have, different, variable regions / antigen binding
sites
(pLDH / HRP-2 / Plasmodium) protein, binds to / complexes with, (monoclonal)
antibody

(ii) With reference to Table 3.1 and Fig. 3.2, explain what can be diagnosed for this person
from a positive result for test stick 1 and a negative result for test stick 2.
[2]
x (positive result of test strip 1) pLDH present, (so) the person, has malaria / is
infected by Plasmodium
x (negative result of test strip 2) HRP-2 not present, (so) the cause of malaria is not /
the person is not infected by, P. falciparum
x (negative result of test strip 2) HRP-2 not present, (so) the person is infected by
Plasmodium other than P. falciparum
(b)

Outline the process during B-cell development that allows our immune system to produce
antibodies that recognise a range of Plasmodium proteins.
[4]
x
x

ref. to somatic recombination
ref. to V, D, J gene segments are, selected randomly during V(D)J rearrangement, to
give many combinations of heavy chains / ref. to V, J gene segments are, selected
randomly during V(D)J rearrangement, to give many combinations of light chains

x

ref. to formation of junction between gene segments is not precise, creating different
coding sequences at the joint
ref. to random assortment / combinations of, light and heavy chains
[Total: 8]

x

QUESTION 3
(a)

(i) State the role of rubisco in the Calvin cycle.

[1]

x Rubisco catalyses the fixation of carbon (dioxide)
x It catalyses reaction between RuBP and CO2
(ii) Compare the rates of fixation
ation
n of carbon
car
arbo
b dioxide in C3 and C4 grasses.
x
x

[2]

Rate of fixation
grasses
higher
on in
n C4
C4 g
rra
asses
es h
ighe
ig
her tthan C3 grasses
he
e in
in C
4 is
is 3.17
3.1
17 a.u.
a..u. and
a
and m
Mean rate
C4
mean rate in C3 1.65 a.u.

(iii) Suggest the
th
he advantages
ad
a
dv
va
ant
ntag
ntag
ages
e of PEP carboxylase in C4 plants.
x
x
x

[2]

ot rreact with oxygen, thus prevents photorespiration
PEP does not
Conversion of malic and aspartic acids into CO2 within bundle sheath cells acts to
concentrate CO2
Thus, increases efficiency of the reaction between CO2 and RuBP catalysed by rubisco
/ result in a higher maximum rate of photosynthesis
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(b)

Explain how forests can serve as carbon sinks.

[3]

x Plants / trees in forests undergo photosynthesis, where they take in CO2 from the
atmosphere and fix the CO2 in the light-independent reaction / Calvin cycle
x Thus, carbon atoms being incorporated into sugar/organic molecules/glucose
x which are further polymerised to form macromolecules such as starch for storage /
cellulose for structural growth of the plants / trees
(c)

With reference to Figs. 3.1 and 3.2, describe the evidence which suggests that the polar bear
is at risk of extinction as a result of climate change.
[4]
x
x

Climate change results in global warming / rising temperatures, which leads to earlier
spring melting / shrinking of sea ice floating in the Arctic ocean and ice sheets on the
island of Greenland OR increased risk of permafrost melting
These contributes to habitat loss / fewer hunting grounds for polar bear

any two from:
x which is evident from the very low populations of polar bears in some areas, e.g. less
than 200 in Area 12 and Area 8 (Lancaster Sound / Kane Basin)
x declining populations in 6 / 50% / of areas e.g. Area 7, 8, 11, 12, 15, 18
x a population range of less than 2000 in areas where the populations are declining e.g.
Area 7, 8, 11, 12, 15, 18
x even in areas where the population is stable e.g. Area 9, 10, 14, 17, the range is only
1000–3000
x there are only a few, areas e.g. Area 6, 13, 15 where the population is currently
increasing
x population change and population numbers are unknown for large areas e.g. Area 1, 2, 3,
4, 5
[Total: 12]
SECTION B
QUESTION 4
(a)

A scientific theory is a way of interpreting the natural world. The cell theory, which is a single
unified theory of cellular organisation, is an example where scientists have looked for trends
and exceptions.
Using knowledge of the cell theory, describe the universal features of cells and suggest ways
to test and challenge the cell theory.
[15]
1.
2.
3.
4.
5.
6.
7.
8.

all known living organisms are made
mad
ade
e up of one or more cells
the cell is the fundamental unit of
of structure
stru
st
ru
uc
and function in living organisms
all living cells on Earth store
stor
ore hereditary
or
ore
he
h
ere
redi
dita
tary information
ta
in
/ genetic material
ref. to deoxyribonucleic
ucle
eic
ic acid
ac
ciid / DNA
DN
D
NA
all living cells arise
ari
rise
ri
e from
fro
rom
om pre-existing
pre-ex
pr
e issti
ting
ng cells
c
ref. to cell division
div
iiv
vis
vis
isio
s on / mitosis
mito
mi
tos
siis / binary
bin
bi
nar fission
all cells undergo
de
erg
go DNA
DNA re
DN
rreplication,
repl
epl
p ic
icat
to replicate / copy their hereditary information
DNA is passed
ed
d fr
from
ro
om
m parent
par
a e cell to daughter cell via cell division

9. using microscopes
10. ref to different types of microscopes serving different purposes in study of cells
11. estimating the size of cells
12. ref. to various experimental techniques to gain knowledge of DNA replication / cell
metabolism / biochemical pathway etc
13. idea that viruses challenge the cell theory
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14. viruses are acellular and do not have protoplasm
15. lack the necessary molecular machinery to conduct many of the biochemical reactions a
normal cell would need
16. cannot replicate unless they have entered a suitable host cell
(b) Outline how genetic exchange in prokaryotes bring about variation and discuss the possible
fate of the transferred DNA.
[10]
1. transformation, competent bacterial cells, takes up DNA fragments
2. transduction, accidental incorporation / packaging of random fragment of DNA, from donor
bacterium into a phage capsid
3. transduction, excision of prophage is imprecise, taking with it a small region of bacterial
DNA adjacent to prophage insertion site
4. conjugation, F plasmid is transferred from F+ cell to F- cell, via cytoplasmic mating bridge
5. homologous recombination of DNA fragment takes place, with a homologous section of the
recipient cell’s chromosome
6. resulting in different combinations of specific genes/ alleles, in prokaryotes
7. degraded / digested, by bacteria enzymes
8. ref. to recombined with bacterial chromosome
9. replicates by itself, if exist as plasmid / if phage genome possess own origin of replication /
replicates with bacterial chromosome
10. expression of genes in DNA
[Total: 25]
QUESTION 5
(a) In the 1800s, Gregor Mendel formulated the Laws of Segregation and Independent Assortment
based on his observations on pea plants.
Explain how the behaviour of chromosomes during meiosis supports Mendel’s laws and
suggest why it would be more difficult to investigate the patterns of inheritance in man than in
peas.
[15]
1. alleles occur in pairs
2. each allele is located on one of the pair of homologous chromosomes
3. when homologous chromosomes separate from each other during anaphase I, they take
their alleles with them
4. each gamete receives only one of each type of chromosome
5. during the formation of gametes, the paired alleles separate randomly
6. each gamete receives one or the other
th allele with equal likelihood
7. two characters being controlled
d byy two
two
w genes
8. which are located on two gene
on
e lo
loci
ci o
n ttwo different chromosomes
9. independent assortment
off ho
homologous
ent
ntt o
h
om
mo
olo
logo
gous chromosomes occurs during metaphase I
go
10. resulting in random
om se
ssegregation
eg
grreg
egat
a ion
n of paternal
pat
ater
e n and maternal chromosomes in gametes
11. for each pair
whichever
allele
air wh
w
hic
ich
he
eve
ver a
ver
al
lle
le tthe
lele
he gamete receives does not influence the outcome of
segregation
n of
of any
anyy other
oth
the
th
her
er pair
pa
aiir
12. the segregation
one
pair
tio
on o
off o
ne
n
ep
air of
ai
o alleles is independent of the segregation of other pairs
13. independent assortment
stipulates that all four combinations will be formed with equal
asss
so
ort
rtme
m
probabilities
14. some human characters displaying continuous variation
15. human having longer gestation / generation time than pea plants
16. human having a smaller number of offspring than pea plants
17. possibility of obtaining true breeding pea plants
18. bioethics, e.g. respect for human choice of partners as compared with pea plants
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(b) Cell cycle checkpoints keep meiotic divisions faithful and accurate. Despite these checkpoints,
errors in meiosis can still occur.
Outline the possible errors in meiosis and discuss their impact on the evolutionary outcomes of
a species.
[10]
1. unequal crossing over
2. faulty attachment of kinetochore microtubules to centromeres
3. failure of the M checkpoint
4. non-disjunction
5. change in chromosome number
6. change in number of sets of chromosome
7. change in chromosome structure
8. variations in phenotypes ;;
9. natural selection
10. sympatric speciation
11. new species may become extinct
12. new species may coexist with parental species
13. new species may replace the parental species
14. adaptive radiation
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HWA CHONG INSTITUTION (COLLEGE SECTION)
2019 JC2 9744 H2 BIOLOGY
PRELIMINARY EXAMINATION PAPER 4 MARK SCHEME

QUESTION 1
(a)

In the space below, sketch a graph to show the relationship between L-dopa concentration
and rate of reaction catalysed by dopa oxidase.
On the same axes, sketch another graph to show the effect of substance X on the rate of
reaction if substance X is a competitive inhibitor.
[2]
1.
2.

(b)

correct shape of graph without X
correct shape of graph with X

Complete Table 2.1, to show how you will make up the L-dopa solutions using the 50 mmol
[2]
dm–3 L-dopa solution, L, and distilled water, W.
1. correct values for final concentration + total volume
2. correct values for volume of L + volume of W

(c)(i) Calculate the rate of reaction for each of the reaction mixtures.
Calculate the rate as 1000/t where t = the time taken to reach the colour of the colour
comparator (test-tube C).
Record all your results and calculations in a suitable form in the space below.
1.
2.
3.
4.
5.
6.

[6]

informative column headings
concentration of L-dopa shown in table
results for P agree with expected trend shown in (a)
results for substance X agree with expected trend shown in (a)
rates of reaction calculated correctly
time taken recorded to whole numbers + rates of reaction shown to consistent number
of decimal places / significant figures

(c)(ii) Plot a graph to show the rate of reaction catalysed by dopa oxidase with and without
d.
substance X on the grid provided.
[5]
1.
2.
3.
4.
5.

labe
els
ls a
nd
n
du
nitts
ni
axes with correct labels
and
units
ble sc
sscale
ca
alle s
so
o tthat
ha
at th
the
e gr
grap
use of sensible
graph occupy at least 50% of the grid in both the x
ire
ect
ctiio
ons
ons
ns
and y directions
ct and
and accurate
an
accu
ac
curra
atte
e plotting
plo
lott
ttiin of graphs to ± half a small square
tt
correct
-po
po
p
oin
int ru
rruled
ule
ed liline
point-to-point
lines
ellled
ed / kkey
e given
lines labelled
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(d)

It is suggested that substance X is a competitive inhibitor of dopa oxidase.
Discuss what the results from (c)(ii) suggest about the relationship predicted in part (a). [3]
if results support relationship predicted,
1. comparative data quote to illustrate effect of X
2. (initial) rate increases with and without, X / inhibitor
3. rate of reaction is lower with, X / inhibitor / ORA
4. X binds to active site
5. at high concentrations L-dopa competes successfully with X / Vmax is or becomes the
same as without X
if results don’t support relationship predicted,
6. ref to possibility that X is a non-competitive inhibitor
7. ref. to the need to use higher concentrations of L-dopa / substrate to see if it is a
competitive inhibitor

(e)

Discuss two limitations of the investigation and the ways in which the procedure could be
changed to improve the quality of the results.
[4]
1.
2.
3.

4.

limitation
no, pilot / trial

improvement
experiment to practise determining the end
point
perform replicates / repeat whole
only one result for each concentration
investigation at least twice
not enough intermediate concentrations use higher concentration of, L-dopa /
of, L-dopa / substrate
substrate, to find out if X is competitive or
not
use closer intervals of concentration of Ldopa
idea that end point is, difficult to use a colorimeter to determine rate of
determine / subjective, so timings are, change in, absorbance / transmission
under / over, estimates
use a colorimeter to determine when a
or
particular absorbance is reached
results are not a measure of the initial A: any method to quantify precipitate, e.g.
te changes filter / spin in a centrifuge, and measure
rate of the reaction / rate
o reach
rea
ach end
end point
during the time taken to

5.
6.

temperature not controlled
co
onttrro
olle
lllled
ed
use a thermostatically controlled water bath
syringes are
re not
ott very
o
ver
ery precise
prrec
ecis
isse / large
la
use micropipette / use graduated pipette /
ntage
ge error
ge
err
rror
or
percentage
use a mechanical pipette / use a burette
A: use a syringe with more, calibrations /
finer scale

(f) In an actual experiment conducted, it was found that the Vmax of the reaction is 50 s-1.
Using your graph in (c)(ii), determine the Km for the reaction without the competitive inhibitor
X.
[1]
Km = correct value at ½ Vmax
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QUESTION 2
(a)

The student used the 250 mmol dm–3 KCl solution to make 100 cm3 of four other
concentrations by reducing the concentration by 50 mmol dm–3 each time.
Describe a procedure that the student could use to prepare these four concentrations.
1.
2.
3.

[3]

correct volumes of water and KCl solution for making all four dilutions with units
method of measuring volumes
ref. to stirring / mixing

(b)(i) Suggest a hypothesis that the student could test about the effect of KCl on the opening and
closing of stomata.
[1]
idea of:
the higher the concentration of KCl the greater / lower the number of stomata open / ora
or
the number of open stomata is directly proportional / inversely proportional to the
concentration of potassium chloride / ora
R in terms of degree / speed of opening and closing of stomata e.g. more KCl the stomata
are wider
(ii) Describe a method that the student could use to investigate the effect of different
concentrations of KCl on the opening of stomata.
The description of your method should be detailed enough for another person to follow and
should not repeat the details from (a) of how to dilute the 250 mmol dm–3 solution of KCl. [5]
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

ref. to putting the strips into solutions in appropriate containers
ref. to keeping in the dark
ref. to mounting on a slide and using a microscope
ref. to count / record the number of stomata that are open or closed
ref. to a method standardising the counting open / closed stomata
ref. to making several counts on each leaf strip and taking a mean / to identify anomalies
ref. to using suitable equipment for cutting and measuring strips
ref. to a method of maintaining a constant temperature
covering to prevent evaporation
on
n
ref. to low risk, examples
s of hazard
haza
ha
zard
za
rd and precaution

(c)(i) Outline how the student
uden
nt could
coul
co
ou
ulld find
d the
he a
actual
ctu diameter of a stomatal aperture.
ct
1.
2.
3.

[2]

ref. to using
measure
sin
ing graticule
in
grra
g
atticcul
ule to
om
e
ea
calibrating
g the
the graticule
th
grat
gr
atic
atic
icul
ule with a micrometer / AW
ul
convert / calibrate
aliibr
brat
brat
ate the
t graticule units to μm / mm
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(ii) On Table 2.1, draw circles around two values that are anomalous.

(iii)

[1]

Complete Table 2.2 by calculating the rate of increase of the diameter of the stomatal
apertures between 120 minutes and 180 minutes.
[1]
Rate of increase of diameter of stomatal apertures = (4.6 – 2.5) Pm / (180 – 120) min
= 0.035 Pm min -1

(d)

Comment on the use of the t ̻test by:

(d)(i) stating how many values of t the student should calculate and explaining your answer

[2]

1. 3
2. idea of carrying out t ̻test on spiderwort and the other plants / AW
(ii) explaining how the student would find out if the results of his t̻tests were significant.

[2]

1. calculate / find / use, the degrees of freedom / v
2. ref. to critical / table, value at, 0.05 or 5%
3. if value of t, greater than / >, critical / table, value, the difference is significant / ORA
[Total:17]
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QUESTION 3
(a)(i)

Draw a large plan diagram of the section of the leaf (midrib) shown by the shaded area in
Fig. 3.1.
[4]
1
2
3
4

correct size + no cells + no shading
correct arrangement + subdivision of vascular bundle
correct shape
correct proportion

(a)(ii) Make a large drawing of this group of three cells.
Use one ruled label line and the label P to identify a structure that produces ATP.
1
2
3
(b)(i)

[3]

correct size + cell wall shown as double lines + no shading
each cell touching at least one of the other cells in the group
label line + label P to identify chloroplast

Describe how you will use the grid to find the total area of the part of the leaf shown in Fig.
3.2. You do not need to include the trichomes.
[1]
count the number of squares completely filled + count the number of squares more than
half-filled

(b)(ii) Use the procedure you have described in (b)(i) to find:
the total area of the part of the leaf shown in Fig. 3.2,
the area of the leaf section occupied by the vascular bundle, labelled V.
1
2

[2]

records the total area of the leaf showing in Fig. 3.2 to a whole number
records the area of the leaf section occupied by the vascular bundle V to a whole
number

(b)(iii) Calculate the percentage of the part of the leaf shown in Fig. 3.2 that is occupied by the
vascular bundle, labelled V.
Show all the steps of your working.
[2]
1
2

shows the value for the area of V y the value for the area of the leaf section × 100%
answer to the correct degree of accuracy

(b)(iv) Suggest how you could modify the procedure you have used in (b)(ii) to give a more
a off tthe
he le
accurate estimate of the area
leaf.
[1]
mal
alllle
a
ler sq
le
qu
ua
arre
es
using a grid with smaller
squares
(c)

e leaf
leaf
le
af on
n M1
M1 an
and
d tthe part of the leaf shown in Fig. 3.2 and identify the
Observe the
etw
twee
een them
tthem.
th
hem
differences be
between
bsserva
erva
er
vab
ble differences in Table 3.1.
Record the observable
[2]
1
2
3

M1 few trichomes and Fig. 3.2 many trichomes
M1 many air spaces and Fig. 3.2 few air spaces
M1 palisade mesophyll cells present and Fig. 3.2 palisade mesophyll cells absent
[Total:15]
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1.

The figure below shows an electron micrograph of a cell from the root of thale cress,
Arabidopsis thaliana.

Which of the following statement(s) is/are true?
I

W and X are both mitochondrion that are oriented differently.

II

Y is a mitochondrion undergoing mitosis.

III Z is a phospholipid bilayer that regulates movement of substances.
IV There are no chloroplast present in the cell.

A I and II only
B III and IV only
C I, III and IV only

D All of the above
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2.

The diagram shows the relationships between some important molecules and bonds
found in living organisms.

What is represented by circles numbered 1, 2 and 3?
1
A
B
C
D

bonds formed by
condensation
bonds formed by
condensation
bonds formed by
hydrolysis
bonds formed by
hydrolysis

2

3

carbohydrates

proteins

proteins

lipids

lipids

proteins

proteins

carbohydrates
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3.

The following diagram shows a ribbon model of a molecule of haemoglobin.

Which of the following terms correctly match to the description given in the boxes?

A
B
C
D

E

F

haem

α-helix

haem

β-helix

haem

α-helix

haem

α-helix

G

H

J

quaternary

primary

tertiary

structure

structure

structure

quaternary

primary

tertiary

structure

structure

structure

tertiary

primary

quaternary

structure

structure

structure

tertiary
structure

peptide bond

quaternary
structure
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4.

A student investigated the effect of substrate concentration on the rate of enzymecatalysed reaction at the optimum temperature of 35oC. Subsequently, he repeated the
experiment, but lowered the temperature to 25oC.
Which of the following correctly shows the result of the two sets of experiments?
A

B

C

D
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5.

The following shows the structure of membrane in a plant cell during different seasons
of the year.
X

Y

Which of the following is true?
A X shows the membrane during summer, as it is more fluid to prevent membrane from
melting.
B Y shows the membrane during summer, as it is more viscous to prevent membrane
from melting.
C X shows the membrane during winter, as it is more viscous to prevent membrane
from freezing.

D Y shows the membrane during winter, as it is more fluid to prevent membrane from
freezing.
6.

The following figure shows floppase, a protein found on the cell surface membrane that
functions to move phospholipids from the inner layer to the outer layer.

Which of the following statements are likely to be correct?
I

The presence of the hydrophilic phosphate head limits the diffusion of
phospholipids between layers.

II

Floppase provides a hydrophobic channel to facilitate the movement of
phospholipids from inner to outer layer.

III Floppase ensures that the membrane layers are symmetrical.
IV Floppase has the ability to diffuse laterally within the membrane.

A I and IV only
B II and III only
C I, II and III only
D I, II and IV only
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7.

Radioactively-labelled nucleotides are introduced into a cell.

In which cell structures will the radioactivity first become concentrated?
A I and II only
B I and IV only
C II and III only

D III and IV only
8.

DNA and RNA both contain nucleotides with adenine.
Which of the following below is true, regarding a DNA nucleotide with adenine, a RNA
nucleotide with adenine and ATP?
I

All three contains nitrogen.

II

All three contains three phosphate groups.

III Only DNA nucleotide with adenine has a deoxyribose, while the other two
contains ribose.
IV Both DNA and RNA nucleotide with adenine can be broken down to release
energy for the synthesis of ATP.

A I and III only
B II and IV only
C I, II and III only
D I, III and IV only
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9.

The following diagram shows a replication bubble section of an eukaryotic DNA molecule
undergoing DNA replication.

Which statements regarding the replication of DNA are correct?
I

At replication fork 1, synthesis of the daughter strand of DNA strand 2 requires
multiple RNA primers.

II

At replication fork 2, synthesis of the daughter strand of DNA strand 2 is
continuous.

III Daughter strands of both DNA strands 1 and 2 will face the end replication
problem.
IV At the end of replication, a pair of homologous chromosome is formed.

A I and II only
B II and IV only
C I, II and III only
D I, III and IV only
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11.

A study on the effect of colchicine on mitotic cell cycle was carried out using clam
embryos. The study involved two setups, one with colchicine and one without colchicine.
A sample was obtained from both setups at every five minutes interval to identify the
stage of mitotic cell cycle that the cell is currently at. The study also used radioactively
labelled amino acids to monitor cyclin levels. The results are shown in the diagram below.

Which of the following can in inferred from the results?
I

In the absence of colchicine, the cell entered a new mitotic cell cycle every 30
minutes.

II

In the presence of colchicine, the cell is continuously dividing without leaving
mitosis.

III High levels of cyclin is required for entry to mitosis while low levels is required for
the cell to complete mitosis.
IV Presence of colchicine prevents the degradation of cyclin.

A I and II only
B I and IV only
C II and III only

D I, III and IV only
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12.

A karyotype study showed that an embryo has an abnormal number of sex
chromosomes, XXY.
Which of the following statement(s) regarding the formation XXY embryo is/are true?
I

Non-disjunction could have occurred during meiosis in either parent, but not both.

II

Non-disjunction can only occur during meiosis in the mother.

III Non-disjunction can occur during either meiosis I or meiosis II of either parent.
IV One of the parental gamete was diploid while the other was haploid.

A II only
B I and III only
C I and IV only

D II and IV only
13.

Three events that may result in cancer are listed.
x

mutation in a tumour suppressor gene

x

translocation of a proto-oncogene

x

exposure to carcinogens and ionising radiation that increase the rate of mutation

K-ras and c-myc are proto-oncogenes. The inheritance of mutated alleles of either of
these genes increases the risk of pancreatic cancer.
Which of these statements best explain why only some of the people who inherit either
of these mutated alleles develop pancreatic cancer?
I

Pancreatic cancer requires the inheritance of both mutated k-ras and c-myc
alleles to develop.

II

Exposure to carcinogens and ionising radiation varies largely among individuals.

III Mutations to tumour suppressor genes and proto-oncogenes accumulate
randomly with age.
IV All three events must happen for pancreatic cancer to develop.

A I and IV only
B II and III only
C I, II and III only

D II, III and IV only
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14.

The following figure shows the production of all blood cells from Cell W.

Which of the following statement is true?
A Cell W does not have the ability to self-renew.
B Cell X is multipotent .
C Cell Y is unipotent.

D Cell Z is a specialised cell and has more genes than cell W, X and Y.
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15.

Which of the following correctly describes HIV and influenza virus?
Attachment
HIV
GP120 on
A

sialic acid
containing
receptor
haemagglutinin

B

on CD4
receptor

Entry

influenza

HIV

haemagglutinin

receptor

on CD4

mediated

receptor

endocytosis

influenza

membrane

membrane

containing

fusion

fusion

influenza

DNA

RNA

RNA

RNA

DNA

RNA

RNA

RNA

receptor

GP120 on CD4

on sialic acid

membrane

receptor

containing

fusion

receptor
mediated
endocytosis

haemagglutinin
GP120 on CD4

on sialic acid

membrane

receptor

containing

fusion

receptor
mediated
endocytosis

receptor

16.

fusion

sialic acid

receptor

D

membrane

HIV

GP120 on

Neuraminidase
C

Genome

Which of the following correctly outlines the sequential steps involved in using southern
blot to identify a specific gene from an extracted DNA sample?
A Gel electrophoresis, incubating with radioactive gene probe, transferring band to
nitrocellulose membrane, visualisation via autoradiography.
B Gel electrophoresis, transferring band to nitrocellulose membrane, incubating with
radioactive gene probe, visualisation via autoradiography.
C Gel electrophoresis, transferring band to nitrocellulose membrane, incubating with
ethidium bromide, visualisation via UV light.
D Gel electrophoresis, incubating with ethidium bromide, transferring band to
nitrocellulose membrane, visualisation via UV light.
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17.

In fruit flies the eye colour gene has two alleles, allele R coding for red eyes is dominant
over allele r coding for purple eyes. The gene coding for wing type also has two alleles,
allele N for normal wings and allele n for vestigial wings. Pure breeding fruit flies with red
eyes and normal wings were crossed with pure breeding fruit flies with purple eyes and
vestigial wings. F1 offspring obtained was then bred with fruit flies with purple eyes and
vestigial wings. The results of the cross is shown below:
phenotype

number

red eyes and normal wings

23

red eyes and vestigial wings

235

purple eyes and normal wings

226

purple eyes and vestigial wings

16

Which of the following shows the likely location of the two genes and arrangement of the
alleles in the F1 offspring?
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18.

The following are information regarding Fabry disease.
x

It is a rare genetic disease

x

Individuals with the disease lack the enzyme alpha galactosidase that results in
the accumulation of a glycolipid in the blood vessels, tissues and organs, causing
impairment of proper functions.

x

It is found more commonly in males than females.

x

Some females that appear normal can pass the disease on to their children.

x

Some females that appear normal may show symptoms occasionally.

Which of the following can be inferred from the information provided?
I

The gene coding for the enzyme alpha galactosidase is on the X chromosome.

II

Females that have two normal alleles may occasionally show symptoms of the
disease.

III Symptoms of the disease would be widespread throughout and not isolated to
any body parts.
IV The mutant allele causing the disease is a recessive allele.

A I and IV only
B II and IV only
C I, II and III only

D I, III and IV only
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19.

In sweet pea plants, the trait for purple flowers P is dominant to the trait for red flowers
p. Similarly, the trait for long pollen, L is dominant to the trait for round pollen l. A dihybrid
cross was carried out followed by a chi-squared test. The p-value obtained was 0.12.
Which of the following shows the correct expected ratio, degree of freedom and
interpretation of result for the chi-squared test at 5% level of significance?

expected

degree of

ratio

freedom

interpretation of result
There is a 12% probability that the difference is not

A

9:3:3:1

3

due to chance. The difference is significant and is
different from the expected ratio.
There is an 88% probability that the difference is due

B

1:1:1:1

3

to chance. The difference is insignificant and is the
same as the expected ratio.
There is an 88% probability that the difference is not

C

1:1:1:1

2

due to chance. The difference is significant and is
different from the expected ratio.
There is a 12% probability that the difference is due

D

9:3:3:1

3

to chance. The difference is insignificant and is the
same as the expected ratio.
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20.

Lac operon present in bacteria responds to the changes in concentration of glucose and
lactose. In a study, the following mutants were generated.
I

Lac repressor does not bind to allolactose.

II

Operator sequence is mutated, lac repressor is unable to bind.

III CAP remains active in the absence of cAMP.
IV CAP binding site is mutated, activated CAP is unable to bind.

Which of the following mutation combinations would give the indicated outcome in the
presence of glucose and absence of lactose?
constantly active at a high

constantly active at a low

constantly inactivated

level

level

A

II and III

I and IV

II

B

II and III

II and IV

I

C

II and IV

I and III

IV

D

II and IV

II and III

I
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21.

The following diagram shows an eukaryotic gene and the non-coding region upstream
of it. Three non-coding regions X, Y and Z have been identified as binding sites for
protein U, V and W respectively. To investigate the function of regions X, Y and Z,
deletion study was carried out. The results are shown in the following table.

nucleotides deleted

amount of mRNA (a.u.)

none

244

-30 to 0

0

-1296 to -965

436

-2212 to -2015

57

Based on the results, what is the likely identity of region X, Y and Z and protein U, V and
W?
X

Y

Z

U

V

A

enhancer

silencer

promoter

activator

repressor

B

activator

repressor

promoter

enhancer

silencer

C

enhancer

operator

promoter

inducer

repressor

D

enhancer

silencer

activator

repressor

origin of
transcription

W
RNA
polymerase
RNA
polymerase
RNA
polymerase
DNA
polymerase
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22.

Which of the following combinations isolated in a test-tube would allow mitochondria to
begin ATP synthesis?
A mitochondria + ADP + Pi + pyruvate
B mitochondria + ADP + Pi + glucose + oxygen
C mitochondria + ADP + Pi + high concentration of protons (H+)
D mitochondria + ADP + Pi + NAD+ + FAD

23.

F.F blackman carried out a series of experiments that measured the rate of
photosynthesis for plants that were either exposed to light continuously or exposed to
alternating periods of light and darkness. The total period of exposure to light was the
same for all plants. All other factors were kept constant. The results were as follows:
x

More photosynthesis resulted from brief flashes of light than from continuous
exposure to light.

x

Separating the flashes of light by longer intervals resulted in more photosynthesis.

x

When the flashes of light were made shorter, there was no less photosynthesis.

Which of the following are valid inferences based on the information provided?
I

Photosynthesis involves a stage that does not directly depend on light availability.

II

The stage of photosynthesis that requires light reaches its maximum rate almost
instantaneously.

III Rate of photosynthesis would increase with less light exposure.
IV The stage of photosynthesis that needs light depends on a substance produced
by a different stage.
A I and IV only
B II and III only
C I, II and III only
D I, II and IV only
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24.

Mutant alleles that cause medical conditions negatively affect the health of the
individuals. Some homozygous for specific mutant alleles would lead to death of the
individuals before birth.
Which of the following could be reasons why these mutant alleles could still be passed
on to subsequent generations?
I

The mutant allele could provide selective advantage that increases the
individual’s fitness under a specific selection pressure.

II

The symptoms of the medical condition are only expressed after the individual’s
reproductive age.

III Medical advances allows individuals to better cope with the medical condition
and avoid cases of homozygous mutant.
IV Dominant normal allele masks the effect of the recessive mutant allele.

A I and III only
B I and IV only
C II and IV only
D I, II and IV only
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25.

The Eurasian blackcap, Sylvia atricapilla is a migratory bird that spends its summers in
Germany where it breeds. Prior to 1960s, during winter, they would migrate southwest
to Spain where they would spend their winter. Their migratory direction is determined
genetically. In the 1960s, backyard bird feeding became popular in Britain, S. atricapilla
that happen to migrate to Britain were able to survive winter successfully, thereafter
returning to Germany in the summer to breed. The figure shows the two migratory routes
of S. atricapilla.

In 2009, researchers found that there were significant genetic and morphological
difference between S. articapilla that took different migratory routes.
Which of the following could account for the difference?
I

S. atricapilla had the preference to mate with others that follow the same
migration route, preventing gene flow of those that took different migratory routes.

II

The different migratory route resulted in geographical isolation of the S. atricapilla
population, preventing gene flow of those that took different migratory routes.

III The different migratory route resulted in a postzygotic barrier in which offspring
resulting from parents that took different migratory routes were sterile.
IV S. atricapilla that migrated to Britain could return to Germany earlier to breed,
whereas those that migrated to Spain arrived later to breed, resulting in temporal
isolation.

A I and III only
B I and IV only
C II, III and IV only
D I, II and IV only
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26.

Epinephrine (adrenaline) signalling in heart muscle cells causes changes in gene
expression and membrane proteins to control the contractions and regulate heart
function. One of which is an increase in rate of heartbeat. One side-effect of high caffeine
dose is increase in rate of heartbeat. The following diagram shows how caffine is
involved in the signalling pathway of epinephrine.

Based on the information provided, which of the following statement(s) is/are true?
I

In the presence of caffine, epinephrine signalling will be prolonged even after
epinephrine is no longer bound to the receptor.

II

cAMP activates PKA via phosphorylation, leading to a phosphorylation cascade
that amplifies the epinephrine signal.

III Activated PKA translocates into the nucleus to act as an enhancer binding to the
activator to up regulate gene expression.
IV Presence of caffeine alone will be sufficient to trigger epinephrine signalling
pathway.

A I only
B I and II only
C II and III only

D I, III and IV only
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27.

Bacillus Calmette-Guérin (BCG) vaccine is a vaccine primarily used against tuberculosis.
Which of the following statement is correct about tuberculosis?
A Vaccinated individuals will be able to mount a stronger response against the actual
infection as the vaccine is long lasting and remains in the body for life.
B People infected with tuberculosis will not be infectious if the disease is in the latent
phase.
C During the latent phase of tuberculosis, Mycobacterium tuberculosis integrates its
DNA into the chromosome of macrophages.

D Transmission of the disease will increase with a larger percentage of the population
being administered with the BCG vaccine.
28.

Which of the following is not a limitation of using live-attenuated vaccines?
A It is not suitable for individuals with weakened immune system.
B It is not stable for transport to developing countries.
C It is challenging to ensure that it is both safe and able to stimulate the immune
system sufficiently.

D It hijacks the host cell machinery to replicate, causing symptoms like fever and rash.
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29.

The bee, Anthophora plumipes, is common in the UK. It is active in the spring, when
environmental temperature often varies widely. The bee can only fly when the
temperature of the flight muscles in its thorax is sufficiently high.
The temperatures of both thorax and abdomen were measured during flight at a range
of environmental temperatures. The results are shown in the graph.

Which statements are correct conclusions from the graph and information given?
I

The bees are able to fly in a temperature range of at least 20oC.

II

At environmental temperatures between 5oC and 25oC, the temperatures during
flight of both the thorax and abdomen are higher than the environmental
temperature.

III The bees can warm their flight muscles so that they can fly at low environmental
temperatures.
IV Heat is generated in the abdomen and passed to the thorax.

A I and II only
B II and III only
C III and IV only

D All of the above
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30.

The following figure shows the distribution of malaria in the Americas in 2012.

Which of the following factors could be limiting the distribution of malaria to area P?
I

Climate in area P is optimal for growth for Anopheles mosquitoes.

II

Area Q has a good control to drain stagnant water.

III The percentage of the population that is vaccinated in area Q remains relatively
high over 90%.
IV Climate in area P is cool enough for the survival of Plasmodium during extrinsic
incubation period.

A I and III only
B II and IV only
C I, II and III only

D All of the above
End of Paper
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Answer all questions in this section.
1.

Fig. 1.1 shows the structure of a prokaryotic cell.

Fig. 1.1
Fig. 1.1 has not been fully labelled to confirm that the cell is prokaryotic.
(a) State what other information could be added to two of the labels to confirm that this
cell is prokaryotic and not eukaryotic.
…………………………………….….……………………………………………………...
…………………………………….….……………………………………………………...
…………………………………….….……………………………………………………...
…………………………………….….…………………………………………………..[2]
Binary fission is one of the most common method of cell division in prokaryotes, while
eukaryotes divide via the mitotic cell division.
(b) Describe one similarity and one difference between binary fission and mitotic cell
division.
…………………………………….….……………………………………………………...
…………………………………….….……………………………………………………...
…………………………………….….……………………………………………………...
…………………………………….….…………………………………………………..[2]
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(c) Penicillin is an antibiotic that is commonly used to treat bacterial infection. Penicillin
works by disrupting the function of the enzyme involved in the synthesis of bacterial
cell wall.
(i)

State the enzyme that penicillin targets in bacteria.
………………………….….…………………………………………………..[1]

Molecular studies have found that penicillin is able to form a permanent covalent
bond with the active site of the target enzyme. Fig. 1.2 shows the effect of substrate
concentration against the rate of cell wall synthesis with and without penicillin.

Fig. 1.2
(ii)

Account for the difference in the graph with penicillin.
………………………….….……………………………………………………...
………………………….….……………………………………………………...
………………………….….……………………………………………………...
………………………….….……………………………………………………...
………………………….….……………………………………………………...
………………………….….……………………………………………………...
………………………….….……………………………………………………...
………………………….….…………………………………………………..[4]
[Total: 9]
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2.

Table 2.1 shows two processes in which ATP is synthesised in photosynthesis.
Table 2.1
Energy
conversion

Cyclic

Electron donor

Final electron acceptor

P700

photophosphorylation
Non-cyclic

Water

photophosphorylation

(a) Fill in the blanks in Table 2.1.

[3]

In cellular respiration, ATP is synthesised via substrate-level phosphorylation and
oxidative phosphorylation
(b) State the cellular location(s) for each of the reactions:
Substrate-level phosphorylation
…………………………………….….…………………………………………………..[1]
Oxidative phosphorylation
……………………………...…………………………………………………………….[1]
Both chloroplast and mitochondria have the ability to synthesise ATP.
(c) Explain why a plant cell cannot rely on the ATP synthesised in chloroplast for all its
energy requirement.
……………………………...……………………………………………………………….
……………………………...……………………………………………………………….
……………………………...……………………………………………………………….
……………………………...…………………………………………………………….[2]
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Calvin cycle occurs during photosynthesis, while Krebs cycle occurs during cellular
respiration.
(d) Explain why both Calvin cycle and Krebs cycle are termed as a ‘cycle’.
……………………………...……………………………………………………………….
……………………………...……………………………………………………………….
……………………………...……………………………………………………………….
……………………………...…………………………………………………………….[2]
[Total: 9]
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3.

Cystic fibrosis is a recessive genetic disease. The extent of the disease is dependent
on the type of mutation that occurred in the CFTR gene. Table 3.1 shows a class I
mutation that accounts for about 20% of cystic fibrosis occurrences. The nucleotide
sequence for DNA codon 539 to 544 of the template strand in 5 ‘to 3’ direction is shown
for both the normal and mutant sequence.
Table 3.1
5’

codon

539

540

541

542

543

544

normal

TCC

ACC

TTC

TCC

AAG

AAC

mutant

TCC

ACC

TTC

TCA

AAG

AAC

3’

(a) With reference to Table 3.1,
(i)

identify the type of mutation that occurred.
…………………………………………………………………………………[1]

(ii)

describe the effect of this mutation on the structure of CFTR synthesised.
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
…………………………………………………………………………………[4]
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(b) Fig. 3.1 shows the karyotype of two individuals, A and B, suffering from two
different genetic diseases.

A

B
Fig. 3.1

The chromosomes were stained using Giemsa stain that forms dark and light
bands based on the structure of the chromosome.
(i)

Suggest the structure of the chromosome that appears as dark and light
bands.
Light bands ………………………………………………………………………..
…………………………………………………………………………………...[1]
Dark bands …...……………………………………………………………….......
…………………………………………………………………………………...[1]

The mutation in individual A and B is circled in Fig. 3.1.
(ii)

With reference to Fig. 3.1, distinguish between the type of mutation seen in
individual A and B.

………………………………...…………………………………………………….
………………………………...…………………………………………………….
……………………………..……….……………………………………………….
…………………...………...…………………………………………………….[2]
[Total: 9]
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4.

James Watson, Francis Crick along with the help of Rosalind Franklin and Erwin
Chargaff deduced the structure of DNA.
(a) Erwin Chargaff found that the proportions of the bases A, T, C and G were different
in different species, but within each species:
x

the proportion of A was equal to the proportion of T

x

the proportion of G was equal to the proportion of C.

The four bases found in DNA can be classified as purine or pyrimidine.
(i)

Identify which bases are purine and pyrimidine.
purine …………………………………
pyrimidine …………………………….
[2]

(ii)

Explain how Chargaff’s findings helped Watson and Crick work out the
structure of DNA.
……………………………………………………………………………………....
……………………………………………………………………………………....
……………………………………………………………………………………....
…...………………………………………………………………………………….
...…………………………………………………………………………………….
………………………………………………………………………………...…[3]
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Control of gene expression is crucial in controlling the amount of protein product within
the cell, such that resources are utilised efficiently.
(b) Table 4.1 shows different ways in which gene expression can be controlled.
Complete Table 4.1 by indicating the mechanism and explanation.
Table 4.1
effect on amount of
mechanism

protein product

explanation

produced (increase /
decrease)

neutralises charge on lysine residues,
increase

causes DNA to be less tightly coiled
around histone

lengthening of
mRNA poly-A-tail

increase

synthesising a short
RNA molecule that
is complementary to

decrease

start of mRNA

decrease

targeted proteins are degraded by
proteasome

[4]
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Testosterone is a steroid hormone produced naturally by the body. In males, one of
the target cell for testosterone is the prostate cell, which plays a role in the
development of male characteristics.
Both testosterone and insulin are ligands that bind to specific receptors.
(c) Distinguish between the structure of testosterone and insulin.
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
………………………………………………………………………………………….[2]
Fig. 4.1 shows testosterone signalling in a prostate cell.

Fig. 4.1
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(d) Prostate cancer is one of the most common cancer among men. In some prostate
cancer, it is common to find a mutant form of the androgen receptor (AR) that
cannot be bound by heat shock protein (HSP), as such it is always in its active
form.
(i)

Using your knowledge of cancer development, state the class of gene that
a normal androgen receptor gene belongs to.
………………………………………………………………………………….[1]

Prostate specific antigen (PSA) is a protein secreted by prostate cells. It is required
for the normal functioning of the male sex organ. In prostate cancer detection, a
common method is to detect for elevated levels of PSA.
(ii)

With reference to Fig. 4.1, describe how a mutated androgen receptor
could lead to elevated levels of PSA.
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
…………………………………………………………………………………[4]
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Mutant androgen receptor is just one of many other mutations found in prostate
cancer.
(iii)

Explain why multiple mutations are required in the development of cancer.
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
…………………………………………………………………………………[4]
[Total: 20]
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5.

In pigeons, the sex chromosomes are termed as Z chromosome and W chromosome.
Male pigeons are homogametic, ZZ while female pigeons are heterogametic, ZW.
Tyrp1 gene is located on the Z chromosome and the gene determines feather colours
in pigeons. There are three alleles of Tyrp1 gene:
ZBA coding for ash-red feathers
ZB+ coding for blue feathers
Zb coding for brown feathers
Table 5.1 shows three different crosses and the resulting phenotypes of offspring.
Table 5.1
Parental phenotype

offspring phenotype

male

female

male

female

pure bred blue

ash-red

all ash-red

all blue

pure bred brown

blue

all blue

all brown

pure bred ash-red

brown

all ash-red

(a) With reference to the information provided and Table 5.1, state one possible
genotype for a non-pure bred male pigeon with ash-red feathers.
………………………………………………………………………………………….[1]
Another gene on an autosomal chromosome, Sox10, codes for an activator to Tyrp1
gene. Dominant allele E codes for a functional activator, while recessive allele e codes
for a non-functional activator. When Tyrp1 gene is not expressed, the pigeon feather
turns red.
(b) State the type of interaction between Sox10 gene and Tyrp1 gene.
………………………………………………………………………………………….[1]
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Pure-breeding male with ash-red feathers was crossed with a red female. The resulting
F1 generation all had ash-red feathers. F1 generation was then allowed to interbreed.
The results are shown in Table 5.2.
Table 5.2
phenotype

number

ash-red

898

brown

294

red

408

(c) Draw a genetic diagram to show the cross between F1 generation.

[5]
[Total: 7]
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6.

In an attempt to directly observe and record data for speciation, a group of scientist
studied a species of lytic phage, EvoC. Phages are known to attach to bacteria via
binding of specific receptors. LamB and OmpF are examples of such receptors
expressed by Escherichia coli (E. coli). Uniquely, EvoC is able to recognise and bind
to either LamB or OmpF, thereby able to infect E. coli that expresses either of the
specific receptor, LamB or OmpF.
(a) Phages that infects a same species of bacteria are classified under one species.
(i)

State the species concept used to define the phage.
…………………………………………………………………………………[1]

Viruses are known to have high mutation rates. Despite not having a mechanism for
sexual reproduction, advantageous mutations can still be spread via genetic
recombination.
(ii)

Using your knowledge of bacteriophage reproductive cycle, suggest how
genetic recombination can occur in a population of bacteriophage.

……………………………………………………………………………………
…………………………………………………………………………………[1]
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The group of scientists genetically modified E. coli such that it only expresses either
one of the receptor. They then created two separate set-ups in an attempt to observe
speciation:
x

Group A: Phage EvoC + E. coli expressing only LamB receptor.

x

Group B: Phage EvoC + E. coli expressing only OmpF receptor.

Phages in group A and B were then allowed to propagate in isolation. The results are
as follows:
x

Group A: All viral progenies now only specifically infect E. coli expressing
LamB receptor and are unable to infect E. coli expressing OmpF receptor.

x

Group B: All viral progenies now only specifically infect E. coli expressing
OmpF receptor and are unable to infect E. coli expressing LamB receptor.

(b) State the type of speciation that the group of scientists are modelling.
……………………………………………………………………………………….…[1]
To find an explanation for the observation, the group of scientists then went on to
measure the rate of absorption to the receptors in the original EvoC phages and the
progenies from Group A and B. The results are shown in Fig. 6.1.

Fig. 6.1
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(c) With reference to Fig. 6.1 and the information provided,

(i)

state the selection pressure acting on EvoC phages in this experiment.
………………………………………………………………………………..…….
…………………………………………………………………………………..[1]

(ii)

state which trait was selected against in group A.
Group A …………………………………………………………………………..
……………………………………………………………………………….….[1]

(iii)

based on your answers in c(i) and c(ii), explain the results obtained from
group A.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
………………………………………………………………………………….[4]

(iv)

justify if speciation has occurred.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
………………………………………………………………………………….[2]

(v)

Suggest a reason why the scientists chose to use phage to study speciation.
………..……………………………………………………………….……………
………..…………………………………………………………………………[1]
[Total: 12]
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7.

Table 7.1 shows different stages in the life cycle of a female Aedes aegypti (A. aegypti).
Table 7.1
Stage

Aquatic

Terrestrial

Able to transmit dengue virus

Eggs
Larva
Pupa
Adult

(a) Place a tick (9) in appropriate boxes that applies to each stage.

[2]

Fig. 7.1 shows the dengue virus (DENV) infection and its reproductive cycle in A.
aegypti.

Fig. 7.1
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The period between midgut infection and becoming infective is termed as the ‘extrinsic
incubation period’.
(b) With reference to Fig. 7.1,
(i)

account for the change in virus concentration upon midgut infection to when
A. aegypti is considered infective.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………[3]

(ii)

compare the reproductive cycle of DENV and influenza.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………[4]
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Fig. 7.2 shows the development of a primary dengue infection with timing of diagnostic
test.

Fig. 7.2
(c) Polymerase chain reaction (PCR) and gel electrophoresis can be carried out on a
sample of DNA extracted from the patient’s blood to identify the presence of DENV.
PCR is a powerful molecular technique as it is able to amplify a target sequence
from a mixture of DNA.
(i)

Identify the type of blood cell that would contain the patient’s DNA.
.…………..………………………………………………………………………[1]

(ii)

Describe how PCR is able to specifically amplify DENV DNA only.
.…………..………………………………………………………………………….
.…………..………………………………………………………………………….
.…………..………………………………………………………………………….
.…………..………………………………………………………………………[2]
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The PCR products can be visualised to analyse the results.
(iii)

State how the PCR products can be visualised without the use of probes.
…………………………………………………………………………………….
…………………………………………………………………………………[1]

(iv)

Based on the method stated in c(iii), describe what would be the expected
result for a patient with DENV infection.
…………………………………………………………………………………….
…………………………………………………………………………………[1]

(v)

Suggest why PCR would only be effective at least three days after infection.
…………………………………………………………………………………….
…………………………………………………………………………………[1]

lgM was produced on day 2 of illness, while lgG was produced on day 6 of illness
(vi)

With reference to Fig. 7.2, describe the process occurring between day 2
and day 6 of illness causing the production of lgG.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………[3]
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(d) In the space provided below, draw a labelled diagram of an antibody.

[4]
(e) Patients who recover from the infection by one particular serotype of DENV gain
lifetime immunity against that particular serotype.
(i)

State the type of immunity achieved.
……………………………………………………………………...……………[1]

(ii)

Explain why patients would only be immune to the same serotype but not
to all DENV serotypes.
……………………………………………………………………………………...
……………………………………………………………………………………...
……………………………………………………………………………………...
…………………………………………………………………………………..[2]
[Total: 25]
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8. Global atmospheric carbon dioxide level has been rising at an accelerating rate over
the past decade, causing changes in climate.
Carbon dioxide is one of the major greenhouse gases, whereas compared to oxygen,
oxygen is not classified as a greenhouse gas.
(a) Describe the property of carbon dioxide for it to be classified as a greenhouse gas.
……………………………………………………………………………………………….
……………………………………………………………………………………………[1]
Due to increase in greenhouse gases, global temperature has been on the rise,
including the oceans. Marine organisms like corals are temperature sensitive. Fig. 8.1
shows the distribution of corals over a period of time.

Fig. 8.1
(b) With reference to Fig. 8.1, describe how the distribution of corals has changed from
1975 to 2010.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………[2]
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(c) Explain why the change in distribution occurred.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………[4]
(d) Suggest possible impacts due to the change in distribution of corals.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………[2]
[Total: 9]
End of Paper
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Section A
Answer all questions in this section.
1.

The immune system plays an active role in the prevention of cancer development. Fig.
1.1 shows how an immune cell interacts with a cancer cell.

Fig. 1.1
(a)

Define the term, ‘antigen’.
….....……………………..…………..……………..………………………………[1]
Need a home tutor? Visit smiletutor.sg
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The immune system is able to identify normal cells as the antigen displayed on the cell
surface is normal and termed as self-antigen. However, in cancer cells, instead of
displaying self-antigens, they display tumour antigens and thus are recognised as
foreign by the immune system.
(b)

Account for the presence of tumour antigen within cancer cells.
….....………………..…..……………………………………………………………..
….....…………………….……………………………………………………………..
….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[2]

(c)

With reference to Fig. 1.1, describe how the cancer cell presents tumour
antigen.
….....………………….....……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....…………………….……………………………………………………………..
….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[4]

It is important that the immune cells do not recognise and bind to normal cells
displaying self-antigens.
(d)

State how the immune cell in Fig. 1.1 is able to specifically recognise only
cancer cells.
….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[1]
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The activation of T-cells is highly regulated. There are various receptors on T-cells that
play a role in the regulation of T-cell activation. The various receptors along with their
ligands are shown in Fig. 1.2.

Fig. 1.2
To investigate the roles of CD28 and CTLA-4 receptor in the activation of T-cells, the
following three monoclonal antibodies were used. Table 1.1 shows the target and
effects of the three monoclonal antibodies.
Table 1.1
monoclonal
antibody

target

anti-CD28

CD28 receptor on T-cells

anti-CTLA-4

CTLA-4 receptor on T-cells

anti-CD3

co-receptor CD3 associated
with TCR on T-cells

effect
mimics ligand binding and activates
CD28 receptor
mimics ligand binding and activates
CTLA-4 receptor
mimics ligand binding and activates
co-receptor CD3 which triggers the
activation of TCR
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A population of T-cells were harvested from mice and exposed to different sets of the
three monoclonal antibodies. The number of activated T-cells were then quantified
using radioactivity in terms of counts per minute (cpm). Fig. 1.3 shows the results.

Fig. 1.3
(e)

The activated T-cells generated upon successful activation are all genetically
identical.
(i)

State the process that accounts for the large increase in numbers of
activated T-cells upon successful activation.
….....……………………..…………..……………..…………………………...[1]

(ii)

Explain how one activated T-cell can give rise to a population of genetically
identical daughter cell.
….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..…………………………...[4]
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It is hypothesised that CD28 receptor and CTLA-4 receptor could regulate activation
of T-cells by either providing co-activation or inhibitory signals.
(f)

With reference to Fig. 1.3, fill in the box below with a (9) to indicate the effect
of the receptors on T-cell activation.

Receptor

Provides co-activation

Provides inhibitory

signal

signal

CD28
CTLA-4
[2]
Programmed death-1 (PD-1) is another receptor on T-cells that controls an immune
checkpoint. When bound by its ligand, programmed cell death-ligand 1 (PD-L1), it
suppresses CD8+ T-cell activation and function. A study was carried out to compare
the concentration of PD-L1 protein in normal and cancer lung cells. The results are
shown in Fig. 1.4.

Fig. 1.4
β-actin is a housekeeping protein and its concentration is relatively the same in normal
and cancer cell types. In this experiment, the density of the band will vary with the
volume of sample added.
(g)

Suggest the purpose of showing the level of β-actin protein in each sample.
….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[1]
Need a home tutor? Visit smiletutor.sg

9744/03/PU3 Preliminary Exams/2019

7

To investigate the cause for elevated levels of PD-L1, the levels of mRNA and DNA
methylation of PD-L1 gene promoter region were compared. The results are shown in
Fig. 1.5.

Fig. 1.5
(h)

With reference to Fig. 1.5, account for the levels of PD-L1 mRNA and
methylation of PD-L1 gene promoter region.
….....………………….....……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....…………………….……………………………………………………………..
….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[4]
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Other studies have shown that cancer cells in the early stages have lower levels of
PD-L1 protein as compared to cancer cells in the later stages.
(i)

Using your knowledge of natural selection, explain why cancer cells in later
stages have higher levels of PD-L1 protein.
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....………………..…..……………………………………………………………..
….....…………………….……………………………………………………………..
….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[4]
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In 2018, the Nobel Prize for medicine was awarded to a pair of scientist who showed
that by inhibiting CTLA-4 and PD-1 receptors, it can boost the immune system in the
fight against cancer. They used two monoclonal antibodies, the targets and effects are
shown in Table 1.2.
Table 1.2
monoclonal antibody
ipilimumab
nivolumab

target

effect

binds specifically to
CTLA-4 receptor
binds specifically to PD-1
receptor

inhibits receptor by
preventing the binding of
actual ligand

Clinical trials for the combination use of these two monoclonal antibodies have shown
promising results.
(j)

With reference to Fig. 1.2 and Table 1.2, explain why using an antibody specific
for CTLA-4 ligand is not as useful as using ipilimumab, which targets the CTLA4 receptor.
….....………………..…..……………………………………………………………..
….....…………………….……………………………………………………………..
….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[2]
[Total: 26]
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2. Fig. 2.1 shows United Kingdom’s methane emissions by source from 1990 to 2010.

Fig. 2.1
With reference to Fig. 2.1,
(a)

State one factor that would fall under the ‘Others’ category.
….....………………….....……………………………………………………………..
….....………………..…..……………………………………………………………[1]

(b)

Comment on the change in methane emissions in the United Kingdom from
1990 to 2010.
…......………………….....……………………………………………………………..
…......………………….....……………………………………………………………..
…......………………….....……………………………………………………………..
…......………………….....……………………………………………………………..
…......………………….....……………………………………………………………..
….....………………..…..…………………………………………………………...[3]
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Hydroxyl radical is a naturally occurring molecule in the atmosphere. It is one of the
strongest oxidant in the atmosphere. It was coined as the “detergent of the
atmosphere”, as it is able to break down harmful gases in the atmosphere via oxidation.
An example is its ability to oxidise and break down methane:

(c)

State two anthropogenic sources of methane emission.
…….…......………………….....………………………………………………………
…….…......………………….....………………………………………………………
…….…......………………….....………………………………………………………
…….…......………………….....……………………………………………………[2]

(d)

With reference to the information provided, discuss the extent to which hydroxyl
radical is able to mitigate enhanced global warming resulting from the rising
level of methane emission.
…......………………….....………………………………………………………
…......………………….....………………………………………………………
…......………………….....………………………………………………………
…......………………….....………………………………………………………
…......………………….....………………………………………………………
….....………………..…..………………………………………………………[3]
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A rising concern due to climate change is the spread of infectious disease. The H5N1
avian influenza virus outbreak in 2006 and Zika virus outbreak in 2015 are examples
of infectious diseases. H5N1 avian influenza is an air-borned disease that can be
transmitted from human to human. It was first transmitted to humans by birds. Zika
virus is a mosquito-borned disease that is mainly transmitted by the mosquito, Aedes
aegypti.
(e)

Compare between infectious and genetic disease.
…….…......………………….....………………………………………………………
…….…......………………….....………………………………………………………
…….…......………………….....………………………………………………………
…….…......………………….....……………………………………………………[2]

The H5N1 influenza strain was unexpected in 2006, as such there was no vaccine
prepared against it. This resulted in a pandemic with global outbreak of the disease.
(f)

State the process that led to the formation of the H5N1 influenza strain.
…….…......………………….....……………………………………………………[1]

Need a home tutor? Visit smiletutor.sg

9744/03/PU3 Preliminary Exams/2019

13

Fig. 2.2 shows the range of outbreak for H5N1 avian influenza, while Fig. 2.3 shows
the range of outbreak for Zika virus.

Fig. 2.2

Fig. 2.3
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(g)

(i) With reference to Fig. 2.2 and Fig. 2.3, account for the difference in the
extent of outbreak of both infectious diseases.
….....………………..…..…………………………………………………………
….....………………..…..…………………………………………………………
….....………………….....………………………………………………………..
….....………………..…..…………………………………………………………
….....………………..…..…………………………………………………………
….....……………………..…………..……………..………………………….[3]

Due to prompt and collective international effort, the Zika virus outbreak was
successfully brought under control by 2016. The status of Zika virus is still being strictly
monitored by the World Health Organisation.
(ii) With rising global temperature, predict and explain how might a future Zika
outbreak be compared to the outbreak in 2015.
….....………………..…..…………………………………………………………
….....………………..…..…………………………………………………………
….....………………….....………………………………………………………..
….....………………..…..…………………………………………………………
….....………………….....………………………………………………………..
….....………………..…..…………………………………………………………
….....………………..…..…………………………………………………………
….....……………………..…………..……………..………………………….[4]
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Wolbachia is a gram-negative parasitic bacteria that largely infects insects and is
reliant on the female host to transmit subsequent generations to the hosts’ offspring.
There are a variety of strains of Wolbachia in nature. Fig. 2.4 shows the outcomes of
mating for insects infected with Wolbachia.

Fig. 2.4
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Currently, Wolbachia is not naturally found to infect Aedes aegypti. In Singapore, the
National Environment Agency (NEA) is carrying out field trials by releasing male Aedes
aegypti infected with Wolbachia into zones that are at high risk of dengue fever.
(h)

(i) With reference to Fig. 2.4 and your own knowledge, explain why NEA does
not release female Aedes aegypti infected with Wolbachia.
….....………………..…..…………………………………………………………..
….....………………..…..…………………………………………………………..
….....………………….....………………………………………………………….
….....………………..…..……………………………………………………….[2]
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Due to the predicted rise in global temperature, studies have been carried out to
investigate the effect of temperature on the growth of Wolbachia within Aedes aegypti.
The results are shown in Fig. 2.5, growth of Wolbachia is measured in terms of density
(a.u.).

Fig. 2.5
(ii) With reference to Fig. 2.4 and Fig. 2.5, justify if the use of Wolbachia would
still be viable in the future with warmer temperatures.
….....………………..…..…………………………………………………………..
….....………………..…..…………………………………………………………..
….....………………….....………………………………………………………….
….....………………..…..……………………………………………………….[2]
(iii) Suggest why temperatures beyond 37oC would not be of a significant
concern for the use of Wolbachia to reduce Aedes aegypti population.

….....………………….....………………………………………………………….
….....………………..…..……………………………………………………….[1]
24]
Need a home tutor? Visit [Total:
smiletutor.sg

9744/03/PU3 Preliminary Exams/2019

19

Section B
Answer one question in this section.
Write your answers to the question on the separate writing paper provided.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous pose, where appropriate.
Your answers must be set out in parts (a) and (b), as indicated in the question.
3

(a)

In Himalayan rabbits the tyrosinase gene codes for the enzyme tyrosinase that
catalyses the conversion of tyrosine to melanin, a black pigment responsible for black
fur in Himalayan rabbits. The Himalayan rabbit fur colour changes with the seasons.
With reference to the mode of action of enzyme, explain how the environment
determines the fur colour of Himalayan rabbit and describe the evolutionary
[15]

advantage for this trait.

(b)

The development and activation of B-cells and development of cancer cells can be
seen as an evolutionary process in terms of how different triggers or cellular functions
acts as selection pressure to select for specific cells to divide.
With reference to your knowledge in evolution, compare the development and
activation of B-cells and the development of cancer cells.

.
[10]
[Total: 25]

4

(a)

Metabolic processes are dependent on the movement of various substrates and
products. The mode of transport is dependent on the nature of the molecule.
With reference to named examples, discuss the role of different modes of cellular
transport in plants.
[15]

(b)

Climate change is not of a big concern, as with rising carbon dioxide level and
temperatures, the rate of photosynthesis in plants increases. As such, carbon dioxide
level and temperature will eventually decrease again.
Discuss the validity of this argument.

[10]
[Total: 25]

End of Paper
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Candidates with access to microscope at the start of the paper are given the first 45 minutes
to use it. Please answer QUESTION 2 within this time frame.
Candidates with no access to microscope at the start of the paper will be given access 1 hour
45 minutes after the start of the paper. You may proceed with QUESTION 1 first.
Answer all questions
1. In this question you will investigate the effect of carbon dioxide (CO2) concentration on the

rate of photosynthesis in leaf disks.
(a) Sketch a fully-labelled graph to show the expected relationship between the rate of
photosynthesis and CO2 concentration, as CO2 concentration increases.
Explain the shape of your graph.

……………………………………………………………………………………………………….
……………………………………………………………………………………………………….
……………………………………………………………………………………………………….
……………………………………………………………………………………………………….
……………………………………………………………………………………………………[4]
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In your investigation, sodium bicarbonate solution will be a source of dissolved carbon
dioxide. Carbon dioxide concentration will be controlled by varying the concentration of
sodium bicarbonate solution.
You are provided with:
Labelled

contents

hazard

Volume(cm3)

S

1% sodium
bicarbonate
solution

Irritant
Harmful

200

D

Liquid detergent

Irritant
Harmful

5

Leaves soaked in
water and wrapped
none
in aluminum*
*keep leaves in the dark by ensuring aluminum is covering the beaker when not in use
L

(b) You are required to make simple dilutions of the 1% sodium bicarbonate solution, S. You
will need to prepare 50 cm3 for each concentration.
Decide four other concentrations of sodium bicarbonate solution to prepare using simple
dilutions of S.
Draw a table to show how you will prepare four other concentrations, including the provided
1% sodium bicarbonate solution.

[3]
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Read through steps 1 to 7 and prepare a table to record your results in d(ii), before starting
the investigation.
Proceed as follows:
1

Prepare all the concentrations of sodium bicarbonate solution as decided in (b) using
the beakers provided.

2

Using the Pasteur pipette, add 1 drop of liquid detergent to each of the sodium
bicarbonate solution. Gently stir the solution with a glass rod, ensure that no bubbles
are formed.

3

Place one leaf onto the white tile and press the cork borer against it to make a leaf
disk. You will require four leaf disks. Avoid major leaf veins. You should be able to
obtain 4 leaf disks from 1 leaf.

4

Remove the piston of a 10cm3 syringe and place the four leaf disks into the syringe
barrel.

5

Replace the piston and push on the piston until only a small volume of air remains. Be
careful to ensure that the leaf disks are not crushed. Use a piece of aluminum to wrap
around the syringe, keeping the leaf disks in the dark.

6

Repeat steps 3 to 5 for the other four syringes. You should have a total of five syringes,
each with four leaf disks in them.

7

Using one of the five prepared syringes, remove the aluminum foil and draw from the
1% sodium bicarbonate solution until the syringe is roughly half-filled. Ensure no air
bubbles are present.

(c) Invert the syringe and observe the position of the leaf disks, re-wrap the syringe with the
same piece of aluminum. Label the position of the leaf disks in Fig. 1.1 with a cross (X).
Explain your answer.

Fig. 1.1
……………………………………………………………………………………………………….
……………………………………………………………………………………………………….
……………………………………………………………………………………………………[2]
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8

Repeat step 7 for the four other concentrations of sodium bicarbonate respectively.
Ensuring that you wrap each syringe with aluminum to keep the leaf disks in the dark.

9

Using the syringe with 1% sodium bicarbonate, hold it in the inverted position and
remove the aluminum cover. Place a finger over the opening and press against it firmly.

10 Pull piston back while keeping your finger tightly sealing the opening, hold for 10
seconds, as shown in Fig. 1.2(a). While holding, shake the syringe gently to ensure
that the leaf disks remain suspended in the solution and are not stuck to the sides of
the syringe.
11 Release the piston and push the piston as much as possible while keeping your finger
tightly over the opening of the syringe, as shown in Fig. 1.2(b).
12 Remove your finger from the opening of the syringe, all the leaf disks should be at the
bottom of the syringe, as shown in Fig. 1.2(c). If not all the leaf disks are at the bottom,
repeat steps 10 to 12 for a maximum of two more times. If the leaf disks are still not
at the bottom, use the Pasteur pipette, add 2 to 3 drops of detergent into the 1% sodium
bicarbonate solution in the beaker, and repeat steps 3 to 12 using a set of new leaf
disks.
13 Immediately cover the syringe with the same piece of aluminum foil to ensure that the
leaf disks are not exposed to light.
14 Repeat steps 9 to 13 for the other syringes.
15 Remove the aluminum from the syringe containing 1% sodium bicarbonate and place
it over the beaker containing 1% sodium bicarbonate, remove the piston and gently
pour the 1% sodium bicarbonate along with the leaf disks into the beaker.
16 Repeat step 15 for the other syringes. Ensure that there are no overlapping leaf disks
in each beaker.
17 Place all the beakers under the lamp and start the stopwatch immediately. Ensure that
the light source is as close to each beaker as possible.
18 For 15 minutes, at every minute interval, record the number of floating leaf disks in
each beaker.
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Fig. 1.2(a)

Fig. 1.2(b)

Fig. 1.2(c)
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(d) (i) State the product of photosynthesis that causes the leaf disks to float.
………………………………………………………………………………………….…… [1]
(ii) Record your results in an appropriate table in the space below. Your table should
include the initial time point of 0 minute.

[3]
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(e) The rate of photosynthesis can be estimated by the time taken for 50% of the leaf disks to
float, termed as the effective time, ET50.
(i) Using your results from d(ii), estimate the ET50 for each sodium bicarbonate
concentration to the closest 0.5 minute.

[1]
(ii)Assuming each leaf disks were cut to the exact same area, state two other reasons that
could contribute to the difference in time taken to float.
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………[2]
ET50 is similar to the median time taken for the leaf disks to float.
(iii) Based on your data obtained in d(ii), justify if the use of ET50 or mean time would be a
better indication of rate of photosynthesis.
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………[2]
Need a home tutor? Visit smiletutor.sg
9744/04/PU3 Preliminary Exams/2019

[Turn over

10

(f) (i) One experimental error in this investigation was the lack of control, describe a suitable
control that could have been used in this investigation.
………………………………………………………………………………………………….
………………………………………………………………………………………………[1]
(ii) Besides the lack of control setup, state two other limitations in this investigation.

………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………[2]
(iii) Predict and explain what would happen to the floating leaf disks if you were to cover
the beaker with aluminum foil to prevent exposure of light over a period of time.
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………[2]
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A student carried out a similar experiment as the one above except that he investigated
the effect of light intensity on the rate of photosynthesis in a different plant species.
He calculated the ET50 values and subsequently 1/ET50 which is directly proportional to
the rate of photosynthesis. The results are shown in Table 1.1.
Table 1.1
Light

Effective time, ET50 (min)

1/Average ET50
Average

(min-1)

19.0

18.5

0.0541

17.0

16.5

16.5

0.0606

14.5

15.0

14.0

14.5

0.0690

8000

12.0

12.5

13.0

12.5

0.0800

10 000

10.5

11.5

11.0

11.0

0.0909

intensity

Replicate

Replicate

Replicate

(lx)

1

2

3

2000

18.5

18.0

4000

16.0

6000
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(iv) Draw a graph of the student’s results on the following grid to show the effect of light
intensity on rate of photosynthesis.

[3]

[Total: 26]
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2. You will investigate starch grains from different types of plant in this question.

You are provided with starch grains from two different types of plant, labelled F and G.
Starch grains from different plants can differ in shape and size. You are required to:
x observe and draw starch grains from two different types of plant
x compare the starch grains from these two different types of plant

Proceed as follows:
1

Using a pipette, stir the sample gently and place two drops of F onto a clean and dry
microscope slide.

2

Cover the microscope slide with a coverslip and use a paper towel to remove any
excess liquid.

3

View the slide using the microscope.

4

Using an appropriate magnification, select three starch grains that differ in size.

5

Make a large drawing in (a)(i) of the three starch grains that you have selected.

6

Repeat steps 1 to 5 for sample G.
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(a) (i) Make a large drawing of the three starch grains from F and the three starch grains from
G. Calculate the actual size of one starch grain from F and G respectively.
Sample F:

Sample G:

[4]
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(ii) Describe three observable differences between starch grains from F and G.
F

G

[3]
Fig. 2.1 is a photomicrograph of starch grains from another plant type in a field of view.
Fig. 2.1 shows many starch grains. There are too many starch grains to count, so the
technique of sampling may be used to estimate the number of starch grains in the field of
view.

Magnification x400
Fig. 2.1
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A sample should be counted in a known smaller area and then the result could be
multiplied to obtain an estimate of the number of starch grains in the whole field of view.
For example, if the number of starch grains is counted in an eighth of the area of the field
of view then this number would be multiplied by 8 to obtain the total number in the area of
the field of view.
One eighth of the area of the field of view has been marked out by two dashed lines in Fig.
2.1.
(b) (i) Count and record the sample number of starch grains in the eighth of the area of the
field of view.
x

Mark clearly on Fig. 2.1 each of the starch grains counted.

x

Estimate the number of starch grains in the whole field of view.

You will lose marks if you do not show your working.

number of starch grains in the field of view ……………………….. [2]
To find the area of the field of view you need to calculate the actual length of line r, the
radius of the circle.
(ii) Using the magnification on Fig. 2.1, calculate the actual length of line r in μm.

actual length ………………………μm [1]
(iv) Using the actual length of line r, calculate the area of the field of view by applying the
formula for the area of a circle:
area of a circle ߨ ݎଶ
ߨ ൌ ͵ǤͳͶ
 ݎൌ radius of field of view

area of field of view ………………………μm2 [1]
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(iv) Calculate the number of starch grains per μm2 using your answers from b(i) and b(iii).
You will lose marks if you do not show your working.

number of starch grains per μm2 ………………………μm2 [2]

(c) A student observed 10 storage cells of the two different types of plants F and G
respectively to quantify the average number of starch grains found in the two types of
plants. The results are shown in Table 2.1.
(i) State a statistical test that could have been used to determine whether the difference
in number of starch grains between plants F and G is significant.
.………………………………………………………………………………………………[1]
(ii) A summary of the student’s results is shown in Table 2.1
Table 2.1
mean number of starch grains

significance of

plant F

plant G

difference

11

12

p > 0.05

With reference to Table 2.1, comment on what the results show.
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
.………………………………………………………………………………………………[2]
[Total: 16]
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3. Under anaerobic conditions, yeast cells break down glucose to produce ethanol and

carbon dioxide. When carbon dioxide dissolves, it forms a weak acid. The activity of the
yeast cells can be determined by measuring the change in pH using Universal Indicator
paper. The colour chart for the Universal Indicator paper is shown in Fig. 3.1.

Fig. 3.1
A yeast suspension is assumed to be of neutral pH.
As yeast cells continues to breakdown glucose, the concentration of ethanol rises to a
toxic level that kills the yeast cells.
You are to plan an experiment to investigate the highest concentration of ethanol that is
tolerable by yeast cells.
The following are optimal condition for the growth of 1g of yeast:
x

Temperature of 45oC

x

10cm3 of 1% glucose solution

The pH of the yeast mixture can be obtained by using a glass rod to remove a drop of the
mixture and touching a piece of the Universal Indicator paper. You should obtain two sets
of pH readings:
1. Prior the addition of ethanol
2. Six minutes after the addition of ethanol
The difference in pH between these two readings would allow you to infer the effect of
ethanol.
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In your plan, you must use:
x

Dried yeast

x

1% glucose solution

x

15% ethanol

x

Glass rod

x

Universal Indicator paper

x

White tile

x

Stopwatch

You may select from the following apparatus in the design of your experiment:
x

normal laboratory glassware e.g. test tubes, boiling tubes, beakers, measuring
cylinders, graduated pipettes, etc

x

syringes

x

thermostatically controlled water bath

x

weighing balance

Your plan should:
x

have a clear and helpful structure such that the method you used is able to be
repeated by anyone reading it

x

be illustrated by relevant diagram(s), if necessary, to show, for example, the
arrangement of the apparatus used

x

identify the independent and dependent variables

x

describe the method with the scientific reasoning used to decide the method so
that the results are as accurate and repeatable as possible

x

include layout of results tables and graphs with clear headings and labels

x

use the correct technical and scientific terms

x

include reference to safety measures to minimize any risks associated with the
proposed experiment.
[Total: 13]
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………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
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………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
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1.

The figure below shows an electron micrograph of a cell from the root of thale cress,
Arabidopsis thaliana.

Ans : C

Which of the following statement(s) is/are true?
I

W and X are both mitochondrion that are oriented differently.

II

Y is a mitochondrion undergoing mitosis.

III Z is a phospholipid bilayer that regulates movement of substances.
IV There are no chloroplast present in the cell.

A I and II only
B III and IV only
C I, III and IV only

D All of the above
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2.

The diagram shows the relationships between some important molecules and bonds
found in living organisms.
Ans : A

What is represented by circles numbered 1, 2 and 3?
1
A
B
C
D

bonds formed by
condensation
bonds formed by
condensation
bonds formed by
hydrolysis
bonds formed by
hydrolysis

2

3

carbohydrates

proteins

proteins

lipids

lipids

proteins

proteins

carbohydrates
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3.

The following diagram shows a ribbon model of a molecule of haemoglobin.
Ans : C

Which of the following terms correctly match to the description given in the boxes?
E
F
G
H
J
A
B
C
D

haem

α-helix
α-he
helilix

haem
aem
m

β-helix
β-he
helilixx

haem
h
ha
aem
em

α-helix

haem

α-helix

quaternary

primary

tertiary

structure

structure

structure

quaternary

primary

tertiary

structure

structure

structure

tertiary

primary

quaternary

structure

structure

structure

tertiary
structure

peptide bond

quaternary
structure
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4.

A student investigated the effect of substrate concentration on the rate of enzymecatalysed reaction at the optimum temperature of 35oC. Subsequently, he repeated the
experiment, but lowered the temperature to 25oC.

Ans : B

Which of the following correctly shows the result of the two sets of experiments?
A

B

C

D
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5.

The following shows the structure of membrane in a plant cell during different seasons
of the year.

Ans : B

X

Y

Which of the following is true?
A X shows the membrane during summer, as it is more fluid to prevent membrane from
melting.
B Y shows the membrane during summer, as it is more viscous to prevent membrane
from melting.
C X shows the membrane during winter, as it is more viscous to prevent membrane
from freezing.

D Y shows the membrane during winter, as it is more fluid to prevent membrane from
freezing.
6.

The following figure shows floppase, a protein found on the cell surface membrane that
functions to move phospholipids from the inner layer to the outer layer.

Ans : A

Which of the following statements are likely to be correct?
I

e hydrophilic
hyd
hy
The presence of the
phosphate head limits the diffusion of
t ee
en layers.
laye
la
yers
ye
r .
phospholipids betw
between

II

Floppase
channel to facilitate the movement of
e provides
pro
rovi
vid
de
es a hydrophobic
hydr
hy
drop
dr
opho
op
phospholipids
hos
o p
ph
holip
ipid
ds fr
ffrom
rom
om inner
inn
ner
e to
t outer layer.

III Floppase
ensures
that the membrane layers are symmetrical.
ppa
passe
pa
ee
nssur
n
ures
es th
IV Floppase
pase
se has
ha the ability to diffuse laterally within the membrane.

A I and IV only
B II and III only
C I, II and III only
D I, II and IV only

Need a home tutor? Visit smiletutor.sg

9744/01/PU3 Preliminary Exams/2019

7

7.

Radioactively-labelled nucleotides are introduced into a cell.
Ans : C

In which cell structures will the radioactivity first become concentrated?
A I and II only
B I and IV only
C II and III only

D III and IV only
8.

DNA and RNA both contain nucleotides with adenine.
Which of the following below is true, regarding a DNA nucleotide with adenine, a RNA
nucleotide with adenine, and ATP?
I

All three contain nitrogen.

II

All three contain three phosphate groups.

Ans : A

ith adenine has a deoxyribose, while the other two
III Only DNA nucleotide wi
with
contains ribose.
IV Both DNA
and
RNA
nucleotide
A a
nd
n
d R
NA n
NA
ucle
uc
leot
le
otid
ot
id
de with adenine can be broken down to release
energy
ergy
gyy ffor
g
orr the
o
the
he synthesis
syn
ynthes
thesis of
th
of ATP.
A

A I and III on
only
nly
ly
B II and IV only
C I, II and III only
D I, III and IV only
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9.

The following diagram shows a replication bubble section of an eukaryotic DNA molecule
undergoing DNA replication.
Ans : C

Which statements regarding the replication of DNA are correct?
I

At replication fork 1, synthesis of the daughter strand of DNA strand 2 requires
multiple RNA primers.

II

At replication fork 2, synthesis of the daughter strand of DNA strand 2 is
continuous.

III Daughter strands of both DNA strands 1 and 2 will face the end replication
problem.
IV At the end of replication, a pair of homologous chromosome is formed.

A I and II only
B II and IV only
C I, II and III only
D I, III and IV only
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10.

The figure below is a photomicrograph showing some cells in interphase and some cells
in different stages of mitosis.
Ans : A

Which of the following correctly identifies events occurring at each stage?
1

2

3

4

5
elevated rate

A

identical sister

chromosome

chromatids

aligned in one

pulled apart

row

spindle fibres
begin to form

nuclear

of

envelope

transcription

reassembling

and
translation

homologous
B

chromosomes
pulled apart

homologous
C

chromosomes
pulled apart
non-identical
den
en
e
n
nti
ttiica
al

D

sister
err
chromatids
dss
pulled apart

homologous

crossing over

chromosome

chromosome

between non-

condenses

aligned in two

sister

back to

rows

chromatids

chromatin

homologous
chromosome
osome
me

spindle fibres

aligned
alig
gne
ned in
in two
two

begin to form
b

rrows
ro
ows
w
cchromosome
ch
hro
omo
m
aligned in one
al
row

nuclear
envelope
reassembling

elevated rate
of
transcription
and
translation
DNA
replication

crossing over

chromosome

between non-

decondenses

DNA

sister

back to

replication

chromatids

chromatin
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11.

A study on the effect of colchicine on mitotic cell cycle was carried out using clam
embryos. The study involved two setups, one with colchicine and one without colchicine.
A sample was obtained from both setups at every five minutes interval to identify the
stage of mitotic cell cycle that the cell is currently at. The study also used radioactively
labelled amino acids to monitor cyclin levels. The results are shown in the diagram below.
Ans : D

Which of the following can in inferred from the results?
I

In the absence of colchicine, the cell entered a new mitotic cell cycle every 30
minutes.

II

In the presence of colchicine, the cell is continuously dividing without leaving
mitosis.

III High levels of cyclin is required for entry to mitosis while low levels is required for
the cell to complete mitosis.
sis.
IV Presence of colchicine
icine
e prevents
pre
reve
ven the degradation of cyclin.
ve

A I and II on
only
nlyy
B I and IV
only
Vo
on
nlyy
C II and III on
only
nly
ly

D I, III and IV
V only
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12.

A karyotype study showed that an embryo has an abnormal number of sex
chromosomes, XXY.

Ans : B

Which of the following statement(s) regarding the formation XXY embryo is/are true?
I

Non-disjunction could have occurred during meiosis in either parent, but not both.

II

Non-disjunction can only occur during meiosis in the mother.

III Non-disjunction can occur during either meiosis I or meiosis II of either parent.
IV One of the parental gamete was diploid while the other was haploid.

A II only
B I and III only
C I and IV only

D II and IV only
13.

Three events that may result in cancer are listed.
Ans : B

x

mutation in a tumour suppressor gene

x

translocation of a proto-oncogene

x

exposure to carcinogens and ionising radiation that increase the rate of mutation

K-ras and c-myc are proto-oncogenes. The inheritance of mutated alleles of either of
these genes increases the risk of pancreatic cancer.
Which of these statements best explain why only some of the people who inherit either
of these mutated alleles develop pancreatic cancer?
I

res the inheritance of both mutated k-ras and c-myc
Pancreatic cancer requires
p
alleles to develop.

II

Exposure to
radiation varies largely among individuals.
o carcinogens
cca
arcin
rcin
rc
nog
ogen
ens and
an ionising
i n
io

III Mutations
suppressor
genes and proto-oncogenes accumulate
ation
on
o
ns tto
o ttumour
umou
um
our su
sup
pp
randomly
with
age.
nd
do
om
mlyy w
iitth ag
a
ge.
IV All three
events
hre
re
ee ev
even
ents must happen for pancreatic cancer to develop.
en

A I and IV only
B II and III only
C I, II and III only

D II, III and IV only
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14.

The following figure shows the production of all blood cells from Cell W.
Ans : B

Which of the following statement is true?
A Cell W does not have the ability to self-renew.
B Cell X is multipotent .
C Cell Y is unipotent.

D Cell Z is a specialised cell and has more genes than cell W, X and Y.
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15.

Which of the following correctly describes HIV and influenza virus?
Attachment
HIV
GP120 on
A

sialic acid
containing
receptor
haemagglutinin

B

on CD4
receptor

influenza

HIV

haemagglutinin

receptor

on CD4

mediated

receptor

endocytosis

fusion

sialic acid

membrane

membrane

containing

fusion

fusion

influenza

DNA

RNA

RNA

RNA

DNA

RNA

RNA

RNA

receptor

GP120 on CD4

on sialic acid

membrane

receptor

containing

fusion

receptor
mediated
endocytosis

haemagglutinin
GP120 on CD4

on sialic acid

membrane

receptor

containing

fusion

receptor
mediated
endocytosis

receptor

16.

membrane

HIV

GP120 on

receptor

D

Genome

influenza

Neuraminidase
C

Ans : D

Entry

Which of the following correctly outlines the sequential steps involved in using southern
blot to identify a specific gene from an extracted DNA sample?

Ans : B

A Gel electrophoresis, incubating with radioactive gene probe, transferring band to
nitrocellulose membrane, visualisation via autoradiography.
B Gel electrophoresis, transferring
rin band to nitrocellulose membrane, incubating with
radioactive gene probe,
via autoradiography.
e, visualisation
visu
sual
su
alis
al
isat
is
C Gel electrophoresis,
resiis,
s transferring
tra
ran
ns
sfe
ferr
err
rrin
ing band
in
ba to nitrocellulose membrane, incubating with
ethidium bromide,
bromi
miide
m
de, visualisation
visu
vi
ua
allisat
atio
at
ion
io
n via UV light.
D Gel electrophoresis,
with ethidium bromide, transferring band to
ellec
ecttrrop
ph
ho
ore
ressiis,
s, incubating
inc
n u
nitrocellulose
visualisation via UV light.
ulo
lo
ose
se membrane,
mem
embr
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17.

In fruit flies the eye colour gene has two alleles, allele R coding for red eyes is dominant
over allele r coding for purple eyes. The gene coding for wing type also has two alleles,
allele N for normal wings and allele n for vestigial wings. Pure breeding fruit flies with red
eyes and normal wings were crossed with pure breeding fruit flies with purple eyes and
vestigial wings. F1 offspring obtained was then bred with fruit flies with purple eyes and
vestigial wings. The results of the cross is shown below:

Ans : A

phenotype

number

red eyes and normal wings

23

red eyes and vestigial wings

235

purple eyes and normal wings

226

purple eyes and vestigial wings

16

Which of the following shows the likely location of the two genes and arrangement of the
alleles in the F1 offspring?
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18.

The following are information regarding Fabry disease.
Ans : D

x

It is a rare genetic disease

x

Individuals with the disease lack the enzyme alpha galactosidase that results in
the accumulation of a glycolipid in the blood vessels, tissues and organs, causing
impairment of proper functions.

x

It is found more commonly in males than females.

x

Some females that appear normal can pass the disease on to their children.

x

Some females that appear normal may show symptoms occasionally.

Which of the following can be inferred from the information provided?
I

The gene coding for the enzyme alpha galactosidase is on the X chromosome.

II

Females that have two normal alleles may occasionally show symptoms of the
disease.

III Symptoms of the disease would be widespread throughout and not isolated to
any body parts.
IV The mutant allele causing the disease is a recessive allele.

A I and IV only
B II and IV only
C I, II and III only

D I, III and IV only

Need a home tutor? Visit smiletutor.sg

9744/01/PU3 Preliminary Exams/2019

[Turn over

16

19.

In sweet pea plants, the trait for purple flowers P is dominant to the trait for red flowers
p. Similarly, the trait for long pollen, L is dominant to the trait for round pollen l. A dihybrid
cross was carried out followed by a chi-squared test. The p-value obtained was 0.12.
Which of the following shows the correct expected ratio, degree of freedom and
interpretation of result for the chi-squared test at 5% level of significance?

expected

degree of

ratio

freedom

interpretation of result
There is a 12% probability that the difference is not

A

9:3:3:1

3

due to chance. The difference is significant and is
different from the expected ratio.
There is an 88% probability that the difference is due

B

1:1:1:1

3

to chance. The difference is insignificant and is the
same as the expected ratio.
There is an 88% probability that the difference is not

C

1:1:1:1

2

due to chance. The difference is significant and is
different from the expected ratio.
There is a 12% probability that the difference is due

D

9:3:3:1

3

to chance. The difference is insignificant and is the
same as the expected ratio.
Ans : D
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20.

Lac operon present in bacteria responds to the changes in concentration of glucose and
lactose. In a study, the following mutants were generated.

Ans : B

I

Lac repressor does not bind to allolactose.

II

Operator sequence is mutated, lac repressor is unable to bind.

III CAP remains active in the absence of cAMP.
IV CAP binding site is mutated, activated CAP is unable to bind.

Which of the following mutation combinations would give the indicated outcome in the
presence of glucose and absence of lactose?
constantly active at a high

constantly active at a low

constantly inactivated

level

level

A

II and III

I and IV

II

B

II and III

II and IV

I

C

II and IV

I and III

IV

D

II and IV

II and III

I
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21.

The following diagram shows an eukaryotic gene and the non-coding region upstream
of it. Three non-coding regions X, Y and Z have been identified as binding sites for
protein U, V and W respectively. To investigate the function of regions X, Y and Z,
deletion study was carried out. The results are shown in the following table.
Ans : A

nucleotides deleted

amount of mRNA (a.u.)

none

244

-30 to 0

0

-1296 to -965

436

-2212 to -2015

57

Based on the results, what is the likely identity of region X, Y and Z and protein U, V and
W?
X

Y

Z

U

V

A

enhancer

silencer

promoter

activator

repressor

B

activator

repressor

promoter

enhancer

silencer

C

enhancer

operator

promoter

inducer

repressor

D

enhancer

silencer

activator

repressor

origin of
transcription

W
RNA
polymerase
RNA
polymerase
RNA
polymerase
DNA
polymerase
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22.

Which of the following combinations isolated in a test-tube would allow mitochondria to
begin ATP synthesis?
Ans: C

A mitochondria + ADP + Pi + pyruvate
B mitochondria + ADP + Pi + glucose + oxygen
C mitochondria + ADP + Pi + high concentration of protons (H+)
D mitochondria + ADP + Pi + NAD+ + FAD

23.

F.F blackman carried out a series of experiments that measured the rate of
photosynthesis for plants that were either exposed to light continuously or exposed to
alternating periods of light and darkness. The total period of exposure to light was the
same for all plants. All other factors were kept constant. The results were as follows:
x

More photosynthesis resulted from brief flashes of light than from continuous
exposure to light.

x

Separating the flashes of light by longer intervals resulted in more photosynthesis.

x

When the flashes of light were made shorter, there was no less photosynthesis.

Which of the following are valid inferences based on the information provided?
I

Photosynthesis involves a stage that does not directly depend on light availability.

II

The stage of photosynthesis that requires light reaches its maximum rate almost
instantaneously.

III Rate of photosynthesis would increase with less light exposure.
IV The stage of photosynthesis that needs light depends on a substance produced
by a different stage.

Ans : D

A I and IV only
B II and III only
C I, II and IIII on
only
nly
ly
D I, II and
only
nd
d IIV
V on
nly
ly
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24.

Mutant alleles that cause medical conditions negatively affect the health of the
individuals. Some homozygous for specific mutant alleles would lead to death of the
individuals before birth.
Which of the following could be reasons why these mutant alleles could still be passed
on to subsequent generations?
I

The mutant allele could provide selective advantage that increases the
individual’s fitness under a specific selection pressure.

II

The symptoms of the medical condition are only expressed after the individual’s
reproductive age.

III Medical advances allows individuals to better cope with the medical condition
and avoid cases of homozygous mutant.
IV Dominant normal allele masks the effect of the recessive mutant allele.
Ans : D

A I and III only
B I and IV only
C II and IV only
D I, II and IV only
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25.

The Eurasian blackcap, Sylvia atricapilla is a migratory bird that spends its summers in
Germany where it breeds. Prior to 1960s, during winter, they would migrate southwest
to Spain where they would spend their winter. Their migratory direction is determined
genetically. In the 1960s, backyard bird feeding became popular in Britain, S. atricapilla
that happen to migrate to Britain were able to survive winter successfully, thereafter
returning to Germany in the summer to breed. The figure shows the two migratory routes
of S. atricapilla.

In 2009, researchers found that there were significant genetic and morphological
difference between S. articapilla that took different migratory routes.
Which of the following could account for the difference?
I

S. atricapilla had the preference to mate with others that follow the same
migration route, preventing gene flow of those that took different migratory routes.

II

The different migratory route resulted in geographical isolation of the S. atricapilla
population, preventing gene flow of those that took different migratory routes.

III The different migratory route resulted in a postzygotic barrier in which offspring
resulting from parents that ttook different migratory routes were sterile.
IV S. atricapilla that migrated
igrat
ated
at
ed to Britain could return to Germany earlier to breed,
whereas those
that
migrated
Spain arrived later to breed, resulting in temporal
se th
hat
at m
igra
ig
r te
ted
d to S
isolation.
on.

A I and III on
only
nlyy
B I and IV only
nly
l

Ans : B

C II, III and IV only
D I, II and IV only
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26.

Epinephrine (adrenaline) signalling in heart muscle cells causes changes in gene
expression and membrane proteins to control the contractions and regulate heart
function. One of which is an increase in rate of heartbeat. One side-effect of high caffeine
dose is increase in rate of heartbeat. The following diagram shows how caffine is
involved in the signalling pathway of epinephrine.
Ans : A

Based on the information provided, which of the following statement(s) is/are true?
I

In the presence of caffine, epinephrine signalling will be prolonged even after
epinephrine is no longer bound to the receptor.

II

cAMP activates PKA via phosphorylation, leading to a phosphorylation cascade
that amplifies the epinephrine signal.

III Activated PKA translocates into the nucleus to act as an enhancer binding to the
activator to up regulate gene expression.
IV Presence of caffeine
eine alone
alo
lone
ne will
w be sufficient to trigger epinephrine signalling
pathway.

A I only
B I and II on
only
nly
ly
C II and III only
nl

D I, III and IV only
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27.

Bacillus Calmette-Guérin (BCG) vaccine is a vaccine primarily used against tuberculosis.
Which of the following statement is correct about tuberculosis?

Ans : B

A Vaccinated individuals will be able to mount a stronger response against the actual
infection as the vaccine is long lasting and remains in the body for life.
B People infected with tuberculosis will not be infectious if the disease is in the latent
phase.
C During the latent phase of tuberculosis, Mycobacterium tuberculosis integrates its
DNA into the chromosome of macrophages.

D Transmission of the disease will increase with a larger percentage of the population
being administered with the BCG vaccine.
28.

Which of the following is not a limitation of using live-attenuated vaccines?
Ans : D

A It is not suitable for individuals with weakened immune system.
B It is not stable for transport to developing countries.
C It is challenging to ensure that it is both safe and able to stimulate the immune
system sufficiently.

D It hijacks the host cell machinery to replicate, causing symptoms like fever and rash.
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29.

The bee, Anthophora plumipes, is common in the UK. It is active in the spring, when
environmental temperature often varies widely. The bee can only fly when the
temperature of the flight muscles in its thorax is sufficiently high. Ans : B
The temperatures of both thorax and abdomen were measured during flight at a range
of environmental temperatures. The results are shown in the graph.

Which statements are correct conclusions from the graph and information given?
I

The bees are able to fly in a temperature range of at least 20oC.

II

At environmental temperatures
pera
atu
tur between 5oC and 25oC, the temperatures during
flight of both the
he thorax
tho
ho
ora
r x and
an abdomen are higher than the environmental
temperature.
ure
e.

III The
bees
warm
flight muscles so that they can fly at low environmental
eb
be
ees
es ccan
an w
an
arm th
arm
ar
ttheir
hei
eirr flig
temperatures.
mp
per
era
attu
urre
ess.
IV Heat iss generated
in the abdomen and passed to the thorax.
gene
ge
n r

A I and II only
B II and III only
C III and IV only

D All of the above
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30.

The following figure shows the distribution of malaria in the Americas in 2012.
Ans : C

Which of the following factors could be limiting the distribution of malaria to area P?
I

Climate in area P is optimal for growth for Anopheles mosquitoes.

II

Area Q has a good control to drain stagnant water.

III The percentage of the population that is vaccinated in area Q remains relatively
high over 90%.
IV Climate in area P is cool enough for the survival of Plasmodium during extrinsic
incubation period.

A I and III only
B II and IV only
C I, II and III only

D All of the above
End of Paper
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Answer all questions in this section.
1.

Fig. 1.1 shows the structure of a prokaryotic cell.

Fig. 1.1
Fig. 1.1 has not been fully labelled to confirm that the cell is prokaryotic.
(a) State what other information could be added to two of the labels to confirm that this
cell is prokaryotic and not eukaryotic.
1. Peptidoglycan cell wall /non-cellulose cell wall;
…………………………………….….……………………………………………………...
2. Naked /circular DNA / free in cytoplasm / lack histones;
3. 70S ribosome;
…………………………………….….……………………………………………………...
; for 1 mark, max 2 marks

…………………………………….….……………………………………………………...
…………………………………….….…………………………………………………..[2]
Binary fission is one of the most common method of cell division in prokaryotes, while
Similarities
divide
the mitotic cell division.
1. eukaryotes
Both involves
DNAvia
replication;
2. The cell grows larger prior to division;
divvis
isio
i
3. (b)
Replicated
l DNA
DN
Nand
A is equally
equa
eq
divided tobetween
daughterbinary
cells / Both
processes
form cell
two
Describechromosomal
one similarity
one difference
fission
and mitotic
genetically identical daughter
daug
ug
u
ght
hter
er cells;
cellls
ls;;
division.
ax 1 ma
m
rkk
; for
1 mark, max
mark
Differencess

…………………………………….….……………………………………………………...

4. In binary
y fi
ffission
iss
ssio
ion there
ther
th
ere is no
n disintegration of nuclear envelope, while in mitosis, disintegration
of nuclearr e
envelope
nvel
nv
nvel
elop
ope o
op
occurs during prophase;
…………………………………….….……………………………………………………...
5. In binary fission,
sssio
ion each duplicated DNA molecules are attached to opposite poles of the plasma
membrane, whereas in mitosis, spindle fibres formed to attach to the centromere where sister
…………………………………….….……………………………………………………...
chromatids
are joined together to separate the sister chromatids during anaphase;
6. Binary fission does not have distinct cellular phases while mitotic cell cycle is made up of G1,
S, …………………………………….….…………………………………………………..[2]
G2 and M phase;
7. In binary fission, DNA replication occurs simultaneously as cell divides, whereas in mitotic cell
cycle, DNA replication is completed in S-phase before the cell proceeds to divide;
8. In mitosis, chromatin condenses into chromosome during prophase, whereas there is no
Need a home tutor? Visit smiletutor.sg
condensation of DNA during binary fission;
9744/02/PU3 Preliminary Exams/2019
9. Mitotic cell cycle requires a longer time as compared to binary fission /ORA;
; for 1 mark, max 1 mark

3

(c) Penicillin is an antibiotic that is commonly used to treat bacterial infection. Penicillin
works by disrupting the function of the enzyme involved in the synthesis of bacterial
cell wall.
(i) Transpeptidase;
State the enzyme that penicillin targets in bacteria.
; for 1 mark

………………………….….…………………………………………………..[1]
Molecular studies have found that penicillin is able to form a permanent covalent
bond with the active site of the target enzyme. Fig. 1.2 shows the effect of substrate
concentration against the rate of cell wall synthesis with and without penicillin.

Fig. 1.2
(ii)

Account for the difference in the graph with penicillin.
1. Lower rate of cell wall synthesis at every substrate concentration;
Formation of covalent bond causes penicillin to act like a non-competitive
2. ………………………….….……………………………………………………...
inhibitor / inhibits transpeptidase
s
permanently;
3. ………………………….….……………………………………………………...
Increasing substrate
rate
e cconcentration
on
is unable to overcome the inhibition;
; for 1 mark,, maxx 2 ma
mark
marks
rks
rk

………………………….….……………………………………………………...

4. Structure
truct
cttu
urre off penicillin
pen
nic
icililllilin
n is complementary to shape of active site of
………………………….….……………………………………………………...
ttranspeptidase;
tr
an
nsp
spep
ptida
dase
se
se;
5. De
5.
D
Decreases
ec r e
ea
ase
ase
ses number
numb
nu
ber of effective transpeptidase / substrate unable to bind to
………………………….….……………………………………………………...
ttranspeptidase;
tran
tr
ran
ansp
ansp
sp
pe
epti
tida
d se
da
6. De
6
Decrease
D
ecr
crea
ease rate of effective collision at every substrate concentration;
ea
7. ………………………….….……………………………………………………...
Decr
De
Decrease rate of ES complex formation / no. of ES complexes formed per
unit time at every substrate concentration;
; for 1 mark, max 2 marks
………………………….….……………………………………………………...

………………………….….…………………………………………………..[4]
[Total: 9]
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2.

Table 2.1 shows two processes in which ATP is synthesised in photosynthesis.
Table 2.1
Energy
conversion

Cyclic
photophosphorylation
Non-cyclic
photophosphorylation

Light energy to
chemical
energy;
; for 1 mark

Electron donor

Final electron acceptor

P700

PSI / P700;
;for 1 mark

Water

NADP+;
;for 1 mark

(a) Fill in the blanks in Table 2.1.

[3]

In cellular respiration, ATP is synthesised via substrate-level phosphorylation and
oxidative phosphorylation
(b) State the cellular location(s) for each of the reactions:
Substrate-level phosphorylation
Cytosol AND mitochondrial matrix;
; for 1 mark
…………………………………….….…………………………………………………..[1]

Oxidative phosphorylation
Inner mitochondrial membrane;

……………………………...…………………………………………………………….[1]
; for 1 mark
Both chloroplast and mitochondria have the ability to synthesise ATP.
ell cannot
can
anno
not rely
no
r
(c) Explain why a plant cell
on the ATP synthesised in chloroplast for all its
me
entt.
energy requirement.
1. ATP
P sy
synthesised
ynt
nthe
hessiise
ised
sed during
se
d riing the
du
the
h light dependent stage is used for Calvin cycle to
convert
co
c
o
nv
n
v
ver
e
er
r
t
inorganic
i
n
or
o
r
g
ga
a
ni
n
i
c
carbon
carb
ca
r
rb
o
into
organic carbon / carbon fixation / reduction;
……………………………...……………………………………………………………….
; fo
ffor
or 1 ma
m
rk
rk
mark
2. Plan
Plants
ants
an
ts would
wou
oulld not be able to survive in prolonged period of darkness / night
……………………………...……………………………………………………………….
/OWTTE;
WTT
WT
TE
3. ATP
P synthesised in chloroplast is not transported out of the chloroplast;
……………………………...……………………………………………………………….
4. ATP synthesised by chloroplast is not sufficient;
; for 1 mark, max 1 mark

……………………………...…………………………………………………………….[2]

Need a home tutor? Visit smiletutor.sg

9744/02/PU3 Preliminary Exams/2019

5

Calvin cycle occurs during photosynthesis, while Krebs cycle occurs during cellular
respiration.
(d) Explain why both Calvin cycle and Krebs cycle are termed as a ‘cycle’.
1. Initial reactants of Calvin cycle and Krebs cycle are regenerated;

……………………………...……………………………………………………………….
2. Ribulose bisphosphate/RuBP in Calvin cycle AND oxaloacetate in Krebs cycle;
3. No clear end-product;

……………………………...……………………………………………………………….
; for 1 mark
……………………………...……………………………………………………………….
……………………………...…………………………………………………………….[2]
[Total: 9]
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3.

Cystic fibrosis is a recessive genetic disease. The extent of the disease is dependent
on the type of mutation that occurred in the CFTR gene. Table 3.1 shows a class I
mutation that accounts for about 20% of cystic fibrosis occurrences. The nucleotide
sequence for DNA codon 539 to 544 of the template strand in 5 ‘to 3’ direction is shown
for both the normal and mutant sequence.
Table 3.1
5’

codon

539

540

541

542

543

544

normal

TCC

ACC

TTC

TCC

AAG

AAC

mutant

TCC

ACC

TTC

TCA

AAG

AAC

3’

(a) With reference to Table 3.1,
(i)

identify the type of mutation that occurred.

substitution of “C” for “A” on the 3rd base of the 542nd codon;
; for 1 mark

…………………………………………………………………………………[1]
(ii)

describe the effect of this mutation on the structure of CFTR synthesised.
1. Nonsense mutation; (R:missense)
2. ……………………………………………………………………………………
Substitution in Codon 542 caused it to code for a pre-mature stop codon, 5’UGA-3’;
3. ……………………………………………………………………………………
During translation, this will result in a truncated/shorter polypeptide;
4. Primary structure / number of amino acid of polypeptide chain is affected,
which alters the folding and 3D conformation of CFTR;
5. ……………………………………………………………………………………
; for 1 mark

……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
……
…………………………………………………………………………………[4]
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(b) Fig. 3.1 shows the karyotype of two individuals, A and B, suffering from two
different genetic diseases.

A

B
Fig. 3.1

The chromosomes were stained using Giemsa stain that forms dark and light
bands based on the structure of the chromosome.
(i)

Suggest the structure of the chromosome that appears as dark and light
bands.
Light
bands
………………………………………………………………………..
Light
bands:
Euchromatin / loosely packed;
Dark bands: Heterochromatin / tightly packed;

…………………………………………………………………………………...[1]
; for 1 mark
Dark bands …...……………………………………………………………….......
…………………………………………………………………………………...[1]
The mutation in individual A and B is circled in Fig. 3.1.
(ii)

With reference to Fig. 3.1, distinguish between the type of mutation seen in
individual A and B.

………………………………...…………………………………………………….
1. A is
a numerical
rica
al /a
/aneuploidy
an
ne
eu
up
plo
oid
idy ch
chromosomal mutation whereas B is a structural
chromosomal
oso
om
ma
al mutation;
muta
mu
t ttiion
n;
………………………………...…………………………………………………….
2. A sh
shows
how
ws trisomy
triissom
tr
om y 18
1 / three
thre
th
ree copies of chromosome 18, whereas B shows a
cchromosomal
ch
hro
romo
moso
soma
mal translocation
tra sl
tran
tr
sloc
ocati between chromosome 22 and 9;
oc
; for
fo……………………………..……….……………………………………………….
fo
r1m
ma
mark
ark
k
………
……
…………………...………...…………………………………………………….[2]
[Total: 9]
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4.

James Watson, Francis Crick along with the help of Rosalind Franklin and Erwin
Chargaff deduced the structure of DNA.
(a) Erwin Chargaff found that the proportions of the bases A, T, C and G were different
in different species, but within each species:
x

the proportion of A was equal to the proportion of T

x

the proportion of G was equal to the proportion of C.

The four bases found in DNA can be classified as purine or pyrimidine.
(i)

Identify which bases are purine and pyrimidine.
Purine: A and G;
purine …………………………………
Pyrimidine: C and T;
; for 1 mark

pyrimidine …………………………….
[2]
(ii)

Explain how Chargaff’s findings helped Watson and Crick work out the
structure of DNA.
1. There is complementary base pairing within the DNA molecule;
2. A with T AND G with C / each purine base paired with another
pyrimidine base;
……………………………………………………………………………………....
3. Held by hydrogen bonds;
4. Which leads to the deduction that DNA molecule contains 2 strands
……………………………………………………………………………………....
/ double helix;
5. Distance between strands remains the same / uniform width
…...………………………………………………………………………………….
between the 2 strands;
; for 1 mark, max 3 marks

……………………………………………………………………………………....

...…………………………………………………………………………………….
………
………
………………………………………………………………………………...…[3]
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Control of gene expression is crucial in controlling the amount of protein product within
the cell, such that resources are utilised efficiently.
(b) Table 4.1 shows different ways in which gene expression can be controlled.
Complete Table 4.1 by indicating the mechanism and explanation.
Table 4.1
mechanism

effect on amount of
protein product

Histone acetylation /
methylation;
; for 1 mark

decrease)
neutralises charge on lysine residues,
increase

lengthening of
mRNA poly-A-tail

explanation

produced (increase /

increase

Increase
half-life
stability
mRNA, which
causes DNA
to be/ less
tightlyofcoiled
increases amount of polypeptides translated from
around histone
it;
; for 1 mark

synthesising a short
RNA molecule that
is complementary to

decrease

ribosome unable to bind mRNA / no translation;
; for 1 mark

start of mRNA

Addition of ubiquitin
tag
to
protein
/
ubiquitylation;
; for 1 mark

decrease

targeted proteins are degraded by
proteasome

[4]
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Testosterone is a steroid hormone produced naturally by the body. In males, one of
the target cell for testosterone is the prostate cell, which plays a role in the
development of male characteristics.
Both testosterone and insulin are ligands that bind to specific receptors.
(c) Distinguish between the structure of testosterone and insulin.
1. Testosterone is a lipid, whereas insulin is a protein;
2.…………………………………………………………………………………………….
Testosterone is hydrophobic, whereas insulin is hydrophilic;
3. Testosterone is relatively smaller compared to insulin /ORA;
4.…………………………………………………………………………………………….
Testosterone is not a polymer / not made up of monomers, whereas insulin is a
polymer made up of amino acids / is a polypeptide;
; for 1 mark, max 2 marks
…………………………………………………………………………………………….

………………………………………………………………………………………….[2]
Fig. 4.1 shows testosterone signalling in a prostate cell.

Fig. 4.1
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(d) Prostate cancer is one of the most common cancer among men. In some prostate
cancer, it is common to find a mutant form of the androgen receptor (AR) that
cannot be bound by heat shock protein (HSP), as such it is always in its active
form.
(i)

Using your knowledge of cancer development, state the class of gene that
a normal androgen receptor gene belongs to.
Proto-oncogene;
; for 1 mark
………………………………………………………………………………….[1]

Prostate specific antigen (PSA) is a protein secreted by prostate cells. It is required
for the normal functioning of the male sex organ. In prostate cancer detection, a
common method is to detect for elevated levels of PSA.
(ii)

With reference to Fig. 4.1, describe how a mutated androgen receptor
could lead to elevated levels of PSA.
……………………………………………………………………………………
1. Gain-of-function mutation to androgen receptor causes it to be
constitutively active / activated without presence of testosterone /

……………………………………………………………………………………
OWTTE;
2. It is able to constantly dimerise and enter the nucleus;

……………………………………………………………………………………
3. Functioning as an activator, by binding onto androgen response
element,

……………………………………………………………………………………
4. Androgen response element is an enhancer to specific genes like
the gene coding for PSA;

……………………………………………………………………………………
; for 1 mark, max 3 marks
5. Leading to upregulation of transcription of gene coding for PSA;
; for 1 mark
……………………………………………………………………………………

……………………………………………………………………………………
…………………………………………………………………………………[4]
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Mutant androgen receptor is just one of many other mutations found in prostate
cancer.
(iii)

1. Cancer is a multistep model disease;
2. Accumulation
of mutations
to required
both proto-oncogenes
and tumour
Explain
why multiple mutations
are
in the development
of cancer.
suppressor genes are required;
3. Gain-of-function mutations to one proto-oncogene converting it to
……………………………………………………………………………………
oncogene;
4. Loss-of-function mutations to tumour suppressor genes;
……………………………………………………………………………………
5. Activation of telomerase gene / angiogenesis / metastasis;
6. Causes cell cycle checkpoints to be defective / dysregulation in
……………………………………………………………………………………
cell cycle / ignore apoptotic signal / ignore cell death, allowing
accumulation of further mutations;
……………………………………………………………………………………
; for 1 mark, max 3 marks
7. Eventually leading to uncontrolled cell division (R: uncontrolled
growth);
……………………………………………………………………………………
; for 1 mark

……………………………………………………………………………………
……………………………………………………………………………………
…………………………………………………………………………………[4]
[Total: 20]
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5.

In pigeons, the sex chromosomes are termed as Z chromosome and W chromosome.
Male pigeons are homogametic, ZZ while female pigeons are heterogametic, ZW.
Tyrp1 gene is located on the Z chromosome and the gene determines feather colours
in pigeons. There are three alleles of Tyrp1 gene:
ZBA coding for ash-red feathers
ZB+ coding for blue feathers
Zb coding for brown feathers
Table 5.1 shows three different crosses and the resulting phenotypes of offspring.
Table 5.1
Parental phenotype

offspring phenotype

male

female

male

female

pure bred blue

ash-red

all ash-red

all blue

pure bred brown

blue

all blue

all brown

pure bred ash-red

brown

all ash-red

(a) With reference to the information provided and Table 5.1, state one possible
genotype for a non-pure bred male pigeon with ash-red feathers.
ZBAZB+/ ZBAZb;
………………………………………………………………………………………….[1]
; for 1 mark
Another gene on an autosomal chromosome, Sox10, codes for an activator to Tyrp1
gene. Dominant allele E codes for a functional activator, while recessive allele e codes
for a non-functional activator. When Tyrp1 gene is not expressed, the pigeon feather
turns red.
(b) State the type of interaction
Sox10 gene and Tyrp1 gene.
racttio
ion
n between
b tw
be
(Recessive)
esssi
sive
ve
e) epistasis;
ep
e
pis
ista
tasi
asi
sis
s;
;
fo
for
o
r
1
m
ma
mark
a
rk
r
k
………………………………………………………………………………………….[1]
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Pure-breeding male with ash-red feathers was crossed with a red female. The resulting
F1 generation all had ash-red feathers. F1 generation was then allowed to interbreed.
The results are shown in Table 5.2.
Table 5.2
phenotype

number

ash-red

898

brown

294

red

408

(c) Draw a genetic diagram to show the cross between F1 generation.
Parental phenotype

ash-red, male

ash-red, female

Parental genotype

EeZBAZb

EeZBAW

Gametes

EZBA EZb eZBA eZb

EZBA EW

eZBA

eW

Punnett square

EZBA

EZb
eZBA
eZb

EZBA

EW

eZBA

eW

EEZBAZBA

EEZBAW

EeZBAZBA

EeZBAW

ash-red

ash-red

ash-red

ash-red

EEZBAZb

EEZbW

EeZBAZb

EeZbW

ash-red

brown

ash-red

brown

EeZBAZBA

EeZBAW

eeZBAZBA

eeZBAW

ash-red

ash-red

red

red

EeZBAZb

EeZbW

eeZBAZb

eeZbW

ash-red

brown

red

red

Offspring genotype
EEZ
ZBAAZBAA

EEZbW
EE

eeZBAZBA

EEZ
EE
E
EZBAAZb

2 EeZbW

eeZBAW

EEZ
E
EE
EZBBAAW

eeZBAZb

BA
2 EeZ
EeZBA
Ee
W

eeZbW

BA BA

2 Ee
E
EeZ
Z Z

2 EeZBAZb

Offspring phenotype
Offspring phenotypic ratio

ash-red

brown

red

9

3

4

[5]
1. Correct parental genotype;
2. Correct gametes;
[Total: 7]
3. Correct Punnett square;
a home
tutor?
smiletutor.sg
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5. Correct offspring ratio (9:3:4);
; for 1 mark
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6.

In an attempt to directly observe and record data for speciation, a group of scientist
studied a species of lytic phage, EvoC. Phages are known to attach to bacteria via
binding of specific receptors. LamB and OmpF are examples of such receptors
expressed by Escherichia coli (E. coli). Uniquely, EvoC is able to recognise and bind
to either LamB or OmpF, thereby able to infect E. coli that expresses either of the
specific receptor, LamB or OmpF.
(a) Phages that infects a same species of bacteria are classified under one species.
(i)

State the species concept used to define the phage.
Ecological species concept;
; for 1 mark
…………………………………………………………………………………[1]

Viruses are known to have high mutation rates. Despite not having a mechanism for
sexual reproduction, advantageous mutations can still be spread via genetic
recombination.
(ii)

Using your knowledge of bacteriophage reproductive cycle, suggest how
genetic recombination can occur in a population of bacteriophage.
1. When individual phage of the same species infects the same bacteria

……………………………………………………………………………………
/ host;
2. Ref. to transduction with recipient host already infected with a phage
(R: transformation/ conjugation)
…………………………………………………………………………………[1]
; for 1 mark, max 1 mark
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The group of scientists genetically modified E. coli such that it only expresses either
one of the receptor. They then created two separate set-ups in an attempt to observe
speciation:
x

Group A: Phage EvoC + E. coli expressing only LamB receptor.

x

Group B: Phage EvoC + E. coli expressing only OmpF receptor.

Phages in group A and B were then allowed to propagate in isolation. The results are
as follows:
x

Group A: All viral progenies now only specifically infect E. coli expressing
LamB receptor and are unable to infect E. coli expressing OmpF receptor.

x

Group B: All viral progenies now only specifically infect E. coli expressing
OmpF receptor and are unable to infect E. coli expressing LamB receptor.

(b) State the type of speciation that the group of scientists are modelling.
Allopatric speciation;
; for 1 mark
……………………………………………………………………………………….…[1]

To find an explanation for the observation, the group of scientists then went on to
measure the rate of absorption to the receptors in the original EvoC phages and the
progenies from Group A and B. The results are shown in Fig. 6.1.

Fig. 6.1
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(c) ith reference to Fig. 6.1 and the information provided,

(i)

state the selection pressure acting on EvoC phages in this experiment.
Type of bacteria receptor present;
; for 1 mark
………………………………………………………………………………..…….

…………………………………………………………………………………..[1]
(ii)

state which trait was selected against in group A.
Group A …………………………………………………………………………..
Adsorption to OmpF receptor;
; for 1 mark

……………………………………………………………………………….….[1]
(iii)

based on your answers in c(i) and c(ii), explain the results obtained from
group A.

1. EvoC adsorption rate to both OmpF and LamB were at similar rates;
2. Genetic variation due to random mutation was present in initial EvoC populations, some EvoC
adsorption…………………………………………………………………………………….
rate to OmpF/LamB was slightly faster/slower /OWTTE ;
3. Allele coding for adsorption to OmpF was selected against, as its expression was considered a
…………………………………………………………………………………….
waste of resources;
4. Allele coding for higher adsorption to LamB was selected for, as it confer a faster rate of
…………………………………………………………………………………….
reproduction;
5. Allele coding for adsorption to OmpF was not passed down to subsequent viral progenies;
…………………………………………………………………………………….
6. Allele coding
for higher adsorption rate to LamB was passed down to subsequent viral progenies;
7. As the two groups were kept separated, there was no gene flow;
8. Increase in
allele frequency for adsorption to LamB while decrease in allele frequency for
…………………………………………………………………………………….
adsorption to OmpF;
9. Ref to directional
selection;
…………………………………………………………………………………….
10. Group A accumulate its own genetic differences and eventually, group A progenies specialised in
adsorption…………………………………………………………………………………….
to LamB / lost ability in adsorption to OmpF /OWTTE;
; for 1 mark, max 4 marks

………………………………………………………………………………….[4]
(iv)

justify if speciation has occurred.

1. Yes, speciation has
s occurred;
occ
ccur
u
2. Group
A progenies
eniess and
and group
gro B progenies can only infect E.coli that expresses
gr
…………………………………………………………………………………….
LamB only
y an
and
nd O
Om
OmpF
mpF
pF o
only
nly re
respectively / ORA;
OR
…………………………………………………………………………………….
3. No
No,
o, spec
sp
speciation
pe
ecciia
ati
tion
tion
o d
did
iid
d not
not o
occur;
c u
cc
4. Ev
EvoC
E
v
o
oC
C
can
an
a
n
still
s
t
ti
i
l
ll
l
infect
i
nfec
nf
ec
ect
c
t
E.coli
E
that expresses both LamB and OmpF;
…………………………………………………………………………………….
; for
fo
or 1 ma
m
mark
ark
rk

………………………………………………………………………………….[2]
(v)

Suggest a reason why the scientists chose to use phage to study speciation.
………..……………………………………………………………….……………
Fast generation time /OWTTE;
; for 1 mark

………..…………………………………………………………………………[1]
[Total: 12]
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7.

Table 7.1 shows different stages in the life cycle of a female Aedes aegypti (A. aegypti).
Table 7.1
Stage

Aquatic

Eggs

9

Larva

9

Pupa

9

Adult

Terrestrial

Able to transmit dengue virus

1. Correct identification of aquatic and terrestrial stages;
2. Correct identification of only adult being capable of
transmitting dengue virus;
; for 1 mark

9

9

(a) Place a tick (9) in appropriate boxes that applies to each stage.

[2]

Fig. 7.1 shows the dengue virus (DENV) infection and its reproductive cycle in A.
aegypti.

Fig. 7.1
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The period between midgut infection and becoming infective is termed as the ‘extrinsic
incubation period’.
(b) With reference to Fig. 7.1,
(i)

account for the change in virus concentration upon midgut infection to when
A. aegypti is considered infective.

1. Virus concentration decreased drastically upon infection to 2 days post-infection,
as virus…………………………………………………………………………………….
are entering mid-gut epithelium cells / digested by enzymes in gut;
2. 2 more days is required for viral replication before virus concentration is high
enough…………………………………………………………………………………….
to be spread to other tissues / OWTTE;
3. As DENV is spread to other tissues, it continues to replicate, further increasing
virus concentration;
…………………………………………………………………………………….
4. When virus concetration gets high enough to infective level at day 10 is when A.
aegypti is considered to be infective;
…………………………………………………………………………………….
5. Ref to virus reaches salivary gland of A. aegypti by day 10;
; for 1 mark, max 3 marks

…………………………………………………………………………………….
…………………………………………………………………………………[3]

(ii)

compare the reproductive cycle of DENV and influenza.

Similarities

…………………………………………………………………………………….
1. Both enters
via receptor-mediated endocytosis;
2. Both forms an endocytic vesicle that fuses with viral membrane to release
…………………………………………………………………………………….
nucleocapsid;
3. Both involves uncoating / degradation of nucleocapsid to release viral RNA;
…………………………………………………………………………………….
4. Both involves
viral RNA dependent RNA polymerase to synthesise new viral
RNA
…………………………………………………………………………………….
5. Both hijacks
bound ribosomes on RER to synthesise viral proteins;
; for 1 mark, max 2 marks
…………………………………………………………………………………….

Differences

6. Dengue…………………………………………………………………………………….
virus E glycoprotein binds to specific glycoprotein receptors on host cell
surface membrane, whereas for influenza hemagglutinin binds to sialic acid
…………………………………………………………………………………[4]
containing
receptor;
7. Dengue viral envelope proteins
ein are embedded on RER, whereas influenza
envelope proteins are embedded
mbedd
dded
dd
e on host cell surface membrane;
8. Dengue nucleocapsid
sid is a
assembled
s em
ss
embl
b e near RER and subsequently enters RER,
whereas influenza
nza
a nucleocapsid
nu
ucclle
eo
occa
aps
psid
id is a
assembled beneath cell surface membrane
and does not e
enter
nter
nt
nter
er tthe
he
h
e RER
RER;
ER;
ER
9. Dengue
gue
e virus
v ru
vi
rus
us obtained
ob
btta
aiine
in
ne
ed its
itts envelope
env
after budding off from RER, whereas
influenza
ue
enz
nza obtains
obtain
ob
ns itit envelope
env
nvel
elop
el
o only after budding off from host cell;
10. Dengue
gue
ue
e virus
virrus
us is
is matured
matu
ma
ture after leaving Golgi apparatus, whereas influenza is only
tu
matured
ed
d af
a
after
fte
ter leaving
ter
leav
le
host cell;
11. Dengue vvirus
irus leaves host via exocytosis, whereas influenza leaves by budding;
ir
; for 1 mark, max 2 marks
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Fig. 7.2 shows the development of a primary dengue infection with timing of diagnostic
test.

Fig. 7.2
(c) Polymerase chain reaction (PCR) and gel electrophoresis can be carried out on a
sample of DNA extracted from the patient’s blood to identify the presence of DENV.
PCR is a powerful molecular technique as it is able to amplify a target sequence
from a mixture of DNA.
(i)

Identify the type of blood cell that would contain the patient’s DNA.
White blood cells / lymphocytes;
; for 1 mark
.…………..………………………………………………………………………[1]

(ii)

Describe how PCR is able to specifically amplify DENV DNA only.
1. Using a pair o
off fo
forw
forward
war
ard and reverse primer;
2. that iss complementary
co
omp
mple
lem
me
ent
ntar
a y to a specific region found only on DENV genome /
.…………..………………………………………………………………………….
flanking
flan
nkkiin
ng
gD
DENV
ENV ge
geno
genome
nome
no
me / O
OWTTE;

.…………..………………………………………………………………………….
3.. P
3
Provides
Pr
rov
rov
ovid
des
es free
fre
re
ee
e 3’
3 –
–OH
OH end that restricts Taq polymerase to elongate only the
target
tta
arg
get
et sequence
seque
eq
e
que
uenc
nce /OWTTE;
nc
.…………..………………………………………………………………………….
; fo
or 1 ma
mark
for
mark, max 2 marks

.…………..………………………………………………………………………[2]
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The PCR products can be visualised to analyse the results.
(iii)

State how the PCR products can be visualised without the use of probes.
Stain DNA using ethidium bromide and visualise using UV light;

…………………………………………………………………………………….
; for 1 mark
…………………………………………………………………………………[1]
(iv)

Based on the method stated in c(iii), describe what would be the expected
result for a patient with DENV infection.
Presence of a thick band;
…………………………………………………………………………………….
; for 1 mark

…………………………………………………………………………………[1]
(v)

Suggest why PCR would only be effective at least three days after infection.
1. Virus concentrations are too low to be detected / primers are unable to
…………………………………………………………………………………….
bind;
2. PCR would give a false negative / OWTTE;
…………………………………………………………………………………[1]
; for 1 mark, max 1 mark

lgM was produced on day 2 of illness, while lgG was produced on day 6 of illness
(vi)

With reference to Fig. 7.2, describe the process occurring between day 2
and day 6 of illness causing the production of lgG.

…………………………………………………………………………………….
1. Class
switching;
; for 1 mark
…………………………………………………………………………………….

2. Signalled by cytokines released from CD4+ T-helper cells;
…………………………………………………………………………………….
3. Gene
locus containing constant gene segments undergoes DNA
recombination;
…………………………………………………………………………………….
4. Gene
segment coding for lgG is selected and looped, excising /remove
gene segments in between;
…………………………………………………………………………………….
5. Resulting
in the expression
sion of the selected lgG gene segment in the
heavy chain to produce
duce
e lgG;
lgG
gG;
6. Recombination
n is cat
catalysed
attal
alys
y ed b
by
y activation-induced cytidine deaminase;
…………………………………………………………………………………[3]
; for 1 mark,
rk,, ma
m
max
x2m
ma
marks
ark
r s
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(d) In the space provided below, draw a labelled diagram of an antibody.

1. Y-shaped, 4 polypeptide chain, with heavy and light chain labelled;
2. 3 disulphide bonds (1 between heavy chain, 1 between each heavy and
light chain);
3. C and V region of heavy and light chain correctly labelled OR Fc and Fab
region labelled;
4. Antigen binding site labelled;
; for 1 mark

[4]
(e) Patients who recover from the infection by one particular serotype of DENV gain
lifetime immunity against that particular serotype.
(i)

State the type of immunity achieved.
Natural active immunity;

……………………………………………………………………...……………[1]
; for 1 mark
(ii)

pa
p
ati
tie
en
nts would
woul only be immune to the same serotype but not
Explain whyy patients
o all
allll DENV
DE
EN
NV serotypes.
sero
se
r ty
type
pes.
pe
s.
to
1.. Different
1
Diff
Di
fferen
ere
er
en
nt DE
nt
D
DENV
NV serotypes have different epitopes / antigens;
……………………………………………………………………………………...
2. Th
2.
The
T
he re
rece
receptors
ce
cept
on memory T and B cells formed by the initial serotype
are
ar
e only
o
complementary to epitope present on antigens of the initial
……………………………………………………………………………………...
sserotypes;
3. Receptors are not complementary to epitopes present on antigens of
……………………………………………………………………………………...
other serotypes / absence of memory T and B cells specific for other
serotypes
…………………………………………………………………………………..[2]
; for 1 mark

[Total: 25]
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8. Global atmospheric carbon dioxide level has been rising at an accelerating rate over
the past decade, causing changes in climate.
Carbon dioxide is one of the major greenhouse gases, whereas compared to oxygen,
oxygen is not classified as a greenhouse gas.
(a) Describe the property of carbon dioxide for it to be classified as a greenhouse gas.
Able to absorb solar radiation;

……………………………………………………………………………………………….
; for 1 mark
……………………………………………………………………………………………[1]
Due to increase in greenhouse gases, global temperature has been on the rise,
including the oceans. Marine organisms like corals are temperature sensitive. Fig. 8.1
shows the distribution of corals over a period of time.

Fig. 8.1
(b) With reference to
how the distribution of corals has changed from
t Fig.
Fii 8.1,
F
8 1 describe
d
1. Corals
Co
C
o
ora
ra
alss have
hav
ave shifted
shiffte
sh
ted
ed from
fr
low latitudes / equator region / tropics from 1975 to

higher
hi
h
ig
gh
her
er llatitudes
attit
a
atit
itud
udes
es / beyond
b
be
tropics / sub-tropics in 2010;
1975 to
2010.
; for
for
fo
or 1 ma
m
ark
mark
2. Coral
Co
ora
ral density
ral
dens was higher in low latitudes / equator region / tropics, whereas coral
de
density
nsit was low in higher latitudes / beyond tropics / sub-tropics from 1975 to
……………………………………………………………………………………………….
1990;
3. Coral density decreased in low latitudes / equator region / tropics, whereas coral
……………………………………………………………………………………………….
density increased in higher latitudes / beyond tropics / sub-tropics from 1990
onwards;
……………………………………………………………………………………………….
4. There were much more corals in both latitudes in 1987 as compared to 2010;
5. At low latitudes, coral density decreased from 1975 to 2010;
……………………………………………………………………………………………[2]
6. At higher latitudes, coral density increased from 1975 to 2010;
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(c) Explain why the change in distribution occurred.
1. Low latitude got warmer, warmer water placed corals under heat stress /

……………………………………………………………………………………………….
cause coral bleaching;
2. High temperature disrupts photosynthesis in zooxanthellae, causing

……………………………………………………………………………………………….
excess products that become toxic;
3. Which damages metabolism of coral polyp, which expels zooxanthellae;

……………………………………………………………………………………………….
4. Corals and zooxanthellae are in a symbiotic relationship, without nutrients
provided by zooxanthellae, corals eventually die;

……………………………………………………………………………………………….
5. New polyps are unable to grow in low latitudes;
; for 1 mark, max 3 marks

……………………………………………………………………………………………….
6. High latitudes with previously non-suitable temperature becomes warm

……………………………………………………………………………………………….
enough /OWTTE;
7. Polyps that drift to higher latitudes are able grow and develop a healthy

……………………………………………………………………………………………….
relationship with zooxanthellae;
; for 1 mark

……………………………………………………………………………………………[4]
(d) Suggest possible impacts due to the change in distribution of corals.
1. As corals are habitats to other organisms, they may be a shift in
biodiversity from low latitudes to higher latitudes /OWTTE;
……………………………………………………………………………………………….
2. Loss of biodiversity;
3. Loss of coastal protection in tropics region;
……………………………………………………………………………………………….
4. Change in global food supply distribution of fishes that depends on corals;
5. Shift in tourism
6. Loss of biomedicine
……………………………………………………………………………………………….
7. AVP
; for 1 mark, max 2 marks
……………………………………………………………………………………………[2]

[Total: 9]
End of Paper
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Section A
Answer all questions in this section.
1.

The immune system plays an active role in the prevention of cancer development. Fig.
1.1 shows how an immune cell interacts with a cancer cell.

Fig. 1.1
(a)

Define the term, ‘antigen’.
any foreign molecule that is specifically recognised and
….....……………………..…………..……………..………………………………[1]
responded by immune cells;
Need a home tutor? Visit smiletutor.sg
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The immune system is able to identify normal cells as the antigen displayed on the cell
surface is normal and termed as self-antigen. However, in cancer cells, instead of
displaying self-antigens, they display tumour antigens and thus are recognised as
foreign by the immune system.
(b)

Account for the presence of tumour antigen within cancer cells.
1. Mutation occurred that altered the nucleotide sequence / coding region of

….....………………..…..……………………………………………………………..
normal proteins;
; for 1 mark

….....…………………….……………………………………………………………..
2. Cause a change in amino acid sequence / primary structure of protein
coded / express / translate an abnormal/non-functional protien;
3. Result in a different folding / 3D conformation / function of the normal
….....…………………….……………………………………………………………..
protein;
; for 1 mark, max 1 mark
….....……………………..…………..……………..………………………………[2]

(c)

With reference to Fig. 1.1, describe how the cancer cell presents tumour
antigen.
1. Tumour antigen is hydrolysed / degraded into smaller antigenic peptides
by proteasome;
….....………………….....……………………………………………………………..
2. Antigenic peptide is transported into the rough endoplasmic reticulum /ER
by TAP complex;
….....………………..…..……………………………………………………………..
3. Antigenic peptide is mounted onto / binds MHC class I, forming a Class I
MHC:peptide complex;
….....………………..…..……………………………………………………………..
4. Class I MHC:peptide complex is packed into a secretory vesicle which is
then transported to the cell surface membrane
….....………………..…..……………………………………………………………..
5. The secretory vesicle fuses with the cell surface membrane, embedding
the Class I MHC:peptide complex on the cell surface membrane;
….....………………..…..……………………………………………………………..
; for 1 mark, max 4 marks

….....…………………….……………………………………………………………..
….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[4]

he immune
imm
mmun
mm
une
e cells
ce do not recognise and bind to normal cells
It is important that the
anti
ttiige
gens
ns.
displaying self-antigens.
(d)

Sttatte how
how the
ho
the immune
th
imm
im
State
cell in Fig. 1.1 is able to specifically recognise only
ncce
err cells.
cel
ellls
ls
cancer

x

….....…………………….……………………………………………………………..
T-cell receptor has
an unique antigen binding site that is complementary to the shape of a
specific epitope on the antigenic peptide;

….....……………………..…………..……………..………………………………[1]
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The activation of T-cells is highly regulated. There are various receptors on T-cells that
play a role in the regulation of T-cell activation. The various receptors along with their
ligands are shown in Fig. 1.2.

Fig. 1.2
To investigate the roles of CD28 and CTLA-4 receptor in the activation of T-cells, the
following three monoclonal antibodies were used. Table 1.1 shows the target and
effects of the three monoclonal antibodies.
Table 1.1
monoclonal
antibody

target
rg
get
e

anti-CD28

CD28
CD
C
D
D28
28
2
8 receptor
recce
ep
pto
torr on T-cells
T-

anti-CTLA-4
TLA
LA
A-4
4

CTLA-4
CT
C
TL
LA
A-4 receptor
re
on T-cells

anti-CD3

co-receptor CD3 associated
with TCR on T-cells

effect
mimics ligand binding and activates
CD28 receptor
mimics ligand binding and activates
CTLA-4 receptor
mimics ligand binding and activates
co-receptor CD3 which triggers the
activation of TCR
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A population of T-cells were harvested from mice and exposed to different sets of the
three monoclonal antibodies. The number of activated T-cells were then quantified
using radioactivity in terms of counts per minute (cpm). Fig. 1.3 shows the results.

Fig. 1.3
(e)

The activated T-cells generated upon successful activation are all genetically
identical.
(i)

State the process that accounts for the large increase in numbers of
activated T-cells upon successful activation.
1. clonal expansion
; for 1 mark

….....……………………..…………..……………..…………………………...[1]
(ii)

Explain how one activated T-cell can give rise to a population of genetically
identical daughter cell.
….....……………………..…………..……………..……………………………...
……
1. Mitosis;

….....……………………..…………..……………..……………………………...
2. DNA replication
eplicat
attio
ion occurs
occu
oc
curs during S-phase that doubles the DNA content /
forms
rmss genetically
ge
g
ene
nettiicca
alllly
y id
identic
identical sister chromatids;

….....……………………..…………..……………..……………………………...
3.. Ch
Chromosomes
hromo
ro
omo
mosomes
so s line
so
line
ne up
up along
al
the metaphase plate and sister
chromatids
ch
hrro
oma
mattiids
ds are
re pulled
pulle apart / centromere separates;

….....……………………..…………..……………..……………………………...
4 mo
4.
move
m
ovve
e towards
tow
owar
ards
ds opposite poles;
5.. E
5
En
Ensures
nsu
sure
sure
ress th
that the sister chromatids are dividedly even between the 2

….....……………………..…………..……………..……………………………...
daughter cells;
daugh
da
; for 1 mark, max 4 marks

….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..……………………………...
….....……………………..…………..……………..…………………………...[4]
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It is hypothesised that CD28 receptor and CTLA-4 receptor could regulate activation
of T-cells by either providing co-activation or inhibitory signals.
(f)

With reference to Fig. 1.3, fill in the box below with a (9) to indicate the effect
of the receptors on T-cell activation.

Receptor
CD28

Provides co-activation

Provides inhibitory

signal

signal

9
9

CTLA-4
CD28: coactivation;
CTLA-4: inhibitory;
; for 1 mark

[2]

Programmed death-1 (PD-1) is another receptor on T-cells that controls an immune
checkpoint. When bound by its ligand, programmed cell death-ligand 1 (PD-L1), it
suppresses CD8+ T-cell activation and function. A study was carried out to compare
the concentration of PD-L1 protein in normal and cancer lung cells. The results are
shown in Fig. 1.4.

Fig. 1.4
β-actin is a housekeeping
usek
ekkee
eep
piing
ng protein
prot
otei
ot
ein
ei
n and
and its
i concentration is relatively the same in normal
and cancer
types.
experiment, the density of the band will vary with the
ncer
err ccell
elll ty
e
yp
pe
ess.. IIn
n tthis
hs e
hi
volume off sample
samp
sa
ple
e added.
add
dde
dded
(g)

Suggest the purpose of showing the level of β-actin protein in each sample.
1. If the band for B-actin is equally thick/dense for all sample, it would show
that equal volumes of each sample were injected, allowing for a valid
….....…………………….……………………………………………………………..
comparison in band thickness/density of the protein of interest; / OWTTE
2. Positive control;
….....……………………..…………..……………..………………………………[1]
; for 1 mark,
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To investigate the cause for elevated levels of PD-L1, the levels of mRNA and DNA
methylation of PD-L1 gene promoter region were compared. The results are shown in
Fig. 1.5.

Fig. 1.5
(h)

With reference to Fig. 1.5, account for the levels of PD-L1 mRNA and
methylation of PD-L1 gene promoter region.
1. Promoter region of cancer lung cells are significantly less methylated

….....………………….....……………………………………………………………..
compared to normal lung cells / ORA;
; for 1 mark

….....………………..…..……………………………………………………………..
2. DNA methylation causes
au
chromatin to be tightly coiled /converts
euchromatin to heterochromatin;
eterroc
ochr
h
….....………………..…..……………………………………………………………..
3. With lower levelss of DNA
DNA methylation, promoter region PD-L1 gene of
cancer lun
lung
ng cells
cce
elllls is
is more
mor loo
loosely coiled compared to normal lung cells /
….....………………..…..……………………………………………………………..
ORA;
RA;
; for
ffo
or 1 mark
m
ma
arrkk, ma
m
ax 1 ma
mark
mark,
max
….....………………..…..……………………………………………………………..
4. W
4
Which
Wh
hiicch allows
allo
al
low
lo
ws easier binding of RNA polymerases and general
….....…………………….……………………………………………………………..

tran
ttranscription
tr
ra
an
nsc
scri
riptio factors / increase rate of transcription initiation complex
ri
formation,
fo
o
rma
rm
….....…………………….……………………………………………………………..
5. increasing the rate of transcription /ORA;
6. Therefore the PD-L1 mRNA levels of cancer lung cells is significantly
….....……………………..…………..……………..………………………………[4]
higher than that of the normal cells / ORA;
; for 1 mark
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Other studies have shown that cancer cells in the early stages have lower levels of
PD-L1 protein as compared to cancer cells in the later stages.
(i)

Using your knowledge of natural selection, explain why cancer cells in later
stages have higher levels of PD-L1 protein.
….....………………..…..……………………………………………………………..
1. Pre-existing genetic variation due to random mutations is present among
initial population of cancer cells;

….....………………..…..……………………………………………………………..
2. Cancer cells that have mutations that led to higher levels of PD-L1 were
at a selective advantage,

….....………………..…..……………………………………………………………..
3. These cells manage to avoid apoptosis by cytotoxic CD8+ T-cells /
Cytotoxic CD8+ T-cells present the selection pressure;
4. Able to successfully divide and give rise to daughter cancer cells via
….....………………..…..……………………………………………………………..
mitosis, passing on the mutation;
5. Over time the mutations for higher levels of PD-L1 accumulates in the
….....………………..…..……………………………………………………………..
cancer cell population / directional selection;
; for 1 mark, max 4 marks
….....…………………….……………………………………………………………..

….....…………………….……………………………………………………………..
….....……………………..…………..……………..………………………………[4]
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In 2018, the Nobel Prize for medicine was awarded to a pair of scientist who showed
that by inhibiting CTLA-4 and PD-1 receptors, it can boost the immune system in the
fight against cancer. They used two monoclonal antibodies, the targets and effects are
shown in Table 1.2.
Table 1.2
monoclonal antibody

target

effect

binds specifically to

ipilimumab

CTLA-4 receptor
binds specifically to PD-1

nivolumab

receptor

inhibits receptor by
preventing the binding of
actual ligand

Clinical trials for the combination use of these two monoclonal antibodies have shown
promising results.
(j)

With reference to Fig. 1.2 and Table 1.2, explain why using an antibody specific
for CTLA-4 ligand is not as useful as using ipilimumab, which targets the CTLA4 receptor.
1. Both CTLA-4 and CD28 binds to the same ligand, CD80/CD86;

….....………………..…..……………………………………………………………..
2. Using an antibody against CD80 or CD86, would prevent it from binding
/activating CD28;

….....…………………….……………………………………………………………..
3. This would prevent the activation of T-cells, weakening the immune
system;

….....…………………….……………………………………………………………..
; for 1 mark, max 2 marks
OR
4. Cancer cells have higher rate of mutation than normal cells;
….....……………………..…………..……………..………………………………[2]
5. Ligand CD80/CD86 of cancer cell may be mutated at a faster rate, as such
the antibody specific for it previously may no longer be complementary;
[Total: 26]
; for 1 mark, max 2 marks
OR
6. Idea that if ligand CD80/CD86 out numbers the dose of antibody;
7. Some cancer cell may still be able to inhibit T-cells;
; for 1 mark, max 2 marks
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2. Fig. 2.1 shows United Kingdom’s methane emissions by source from 1990 to 2010.

Fig. 2.1
With reference to Fig. 2.1,
(a)

State one factor that would fall under the ‘Others’ category.

Natural source from wetlands/marshes / microbes in the ocean / melting of permafrost;
; for 1 mark ….....………………….....……………………………………………………………..

….....………………..…..……………………………………………………………[1]
(b)

Comment on the change in methane emissions in the United Kingdom from
1990 to 2010.

Methane emissions decreased from around 100 a.u. to 40 a.u.;
…......………………….....……………………………………………………………..
Methane
emissions from energy supply / waste management decreased;
Methane emissions from agriculture remained relatively constant at around 20 a.u.;
…......………………….....……………………………………………………………..
Majority
of methane emission only comes from energy supply waste management and
agriculture;
…......………………….....……………………………………………………………..
5. In 1990, the largest contributing factor to methane emission was waste management, but in
2010, it is agriculture / reverse;
se;
…......………………….....……………………………………………………………..
6. Ref to improve in technology
ology
gy / policies
po
for cleaner energy source / better waste management;
; for 1 mark, max 3 mark
marks
rkks
1.
2.
3.
4.

…......………………….....……………………………………………………………..

...……
……
……………
………
……
……
…..….
…...…
….....………………..…..…………………………………………………………...[3]
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Hydroxyl radical is a naturally occurring molecule in the atmosphere. It is one of the
strongest oxidant in the atmosphere. It was coined as the “detergent of the
atmosphere”, as it is able to break down harmful gases in the atmosphere via oxidation.
An example is its ability to oxidise and break down methane:

(c)

State two anthropogenic sources of methane emission.
1.
2.
3.
4.

Agriculture / enteric fermentation from ruminants;
…….…......………………….....………………………………………………………
Burning
of fossil fuels for energy;
Extraction / transportation / storage of fossil fuels;
…….…......………………….....………………………………………………………
Landfills
/ manure, sewage treatment;
; for 1 mark, max 2 marks

…….…......………………….....………………………………………………………
…….…......………………….....……………………………………………………[2]

(d)

With reference to the information provided, discuss the extent to which hydroxyl
radical is able to mitigate enhanced global warming resulting from the rising
level of methane emission.

1. Hydroxyl radical is able to mitigate the effects of rising levels of methane emission to a large
extent (valid…......………………….....………………………………………………………
stand);
; for 1 mark

…......………………….....………………………………………………………

2.
3.
4.

It is able to breakdown methane and lower its concentration in the atmosphere, reducing the
…......………………….....………………………………………………………
amount of solar
radiation absorbed /OWTTE;
However it produces carbon dioxide in the process, which is a greenhouse gas that will still
…......………………….....………………………………………………………
absorb and trap solar radiation;
But carbon dioxide absorbs much less solar radiation as compared to methane;
…......………………….....………………………………………………………
; for 1 mark, max 2 marks

….....………………..…..………………………………………………………[3]
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A rising concern due to climate change is the spread of infectious disease. The H5N1
avian influenza virus outbreak in 2006 and Zika virus outbreak in 2015 are examples
of infectious diseases. H5N1 avian influenza is an air-borned disease that can be
transmitted from human to human. It was first transmitted to humans by birds. Zika
1.

2.
3.
4.
5.
6.

Similarities
virus is a mosquito-borned disease that is mainly transmitted by the mosquito, Aedes
Both causes abnormal / disrupts cellular functions;
; for aegypti.
1 mark, max 1 mark
Differences
(e) diseases
Compare
and genetic
disease.
Infectious
are between
caused byinfectious
foreign pathogens,
whereas
genetic diseases are caused
by mutations to the DNA;
Infectious diseases can be cured by removal of the pathogens, whereas genetic diseases
…….…......………………….....………………………………………………………
are cannot be cured, with the exception of gene therapy;
Infectious diseases can be spread by various means like through vectors / air-borne,
…….…......………………….....………………………………………………………
however genetic diseases cannot be spread, only inherited.
Genetic diseases can be inherited, whereas infectious diseases cannot;
…….…......………………….....………………………………………………………
Vaccination can prevent infectious diseases, whereas there is no prevention for genetic
diseases; …….…......………………….....……………………………………………………[2]
; for 1 mark, max 1 mark

The H5N1 influenza strain was unexpected in 2006, as such there was no vaccine
prepared against it. This resulted in a pandemic with global outbreak of the disease.
(f)

State the process that led to the formation of the H5N1 influenza strain.
Antigenic shift;
; for 1 mark

…….…......………………….....……………………………………………………[1]
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Fig. 2.2 shows the range of outbreak for H5N1 avian influenza, while Fig. 2.3 shows
the range of outbreak for Zika virus.

Fig. 2.2

Fig. 2.3
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(g)

(i) With reference to Fig. 2.2 and Fig. 2.3, account for the difference in the
extent of outbreak of both infectious diseases.

1.
2.

3.
4.

H5N1 virus outbreak covered a much larger geographical location as compared to Zika
virus /ORA; ….....………………..…..…………………………………………………………
H5N1 virus outbreak was more widespread globally, whereas Zika virus outbreak was
confined mostly….....………………..…..…………………………………………………………
within the tropics;
; for 1 mark, max 1 mark

….....………………….....………………………………………………………..

Zika virus is a mosquito-borne disease that requires the mosquito as a vector to spread,
as such it is confined within the tropics where the vector is found /OWTTE;
….....………………..…..…………………………………………………………
Whereas for H5N1, it is an air-borne disease which can be transmitted from human to
human, the ability to travel breaks down the geographical barrier and allow for the virus to
be transmitted ….....………………..…..…………………………………………………………
globally /OWTTE;
; for 1 mark

….....……………………..…………..……………..………………………….[3]

Due to prompt and collective international effort, the Zika virus outbreak was
successfully brought under control by 2016. The status of Zika virus is still being strictly
monitored by the World Health Organisation.
(ii) With rising global temperature, predict and explain how might a future Zika
outbreak be compared to the outbreak in 2015.
1. Future outbreak may spread beyond the tropics /to higher latitudes / pole-wards;
….....………………..…..…………………………………………………………
be more widespread / more people being infected;
2. Outbreaks would
3. Spread to higher altitudes;
; for 1 mark,….....………………..…..…………………………………………………………
max 2 marks
4. As temperatures
beyond the tropics and at higher altitude increases such that it is suitable
….....………………….....………………………………………………………..
for mosquito growth and development, allowing mosquitoes to survive beyond the tropics
and at higher
altitudes;
….....………………..…..…………………………………………………………
5. Increase in temperature increases the metabolism and life cycle of mosquitoes, which
would lead to increase in number of vectors for Zika virus / increase frequency of bites;
….....………………….....………………………………………………………..
6. Ref to probability the tropics may get too hot for survival of mosquito and thus resulting in
a decrease in Zika in the tropics
; for 1 mark….....………………..…..…………………………………………………………

….....………………..…..…………………………………………………………
….....……………………..…………..……………..………………………….[4]
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Wolbachia is a gram-negative parasitic bacteria that largely infects insects and is
reliant on the female host to transmit subsequent generations to the hosts’ offspring.
There are a variety of strains of Wolbachia in nature. Fig. 2.4 shows the outcomes of
mating for insects infected with Wolbachia.

Fig. 2.4
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Currently, Wolbachia is not naturally found to infect Aedes aegypti. In Singapore, the
National Environment Agency (NEA) is carrying out field trials by releasing male Aedes
aegypti infected with Wolbachia into zones that are at high risk of dengue fever.
(h)

(i) With reference to Fig. 2.4 and your own knowledge, explain why NEA does
not release female Aedes aegypti infected with Wolbachia.
Female Aedes aegypti infected with Wolbachia will be able to produce
viable offspring with infected or non-infected male Aedes aegypti;
….....………………..…..…………………………………………………………..
2. as such the population will not be reduced / OWTTE;
3.
As only female Aedes aegypti bite to obtain blood meals, increasing
….....………………..…..…………………………………………………………..
number of female Aedes aegypti will facilitate a faster spread of Dengue
virus;
….....………………….....………………………………………………………….
; for 1 mark
1.

….....………………..…..……………………………………………………….[2]
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Due to the predicted rise in global temperature, studies have been carried out to
investigate the effect of temperature on the growth of Wolbachia within Aedes aegypti.
The results are shown in Fig. 2.5, growth of Wolbachia is measured in terms of density
(a.u.).

Fig. 2.5
(ii) 1.
WithIt reference
to viable;
Fig. 2.4 and Fig. 2.5, justify if the use of Wolbachia would
would still be
forviable
1 markin the future with warmer temperatures.
still ;be

2.

There is no significant difference in Wolbachia density in male Aedes
aegypti at 25oC and 37oC;
; for 1 mark

….....………………..…..…………………………………………………………..
….....………………..…..…………………………………………………………..
….....………………….....………………………………………………………….
………
……
……..
......
….....………………..…..……………………………………………………….[2]
...……
……
…
……………
……
…
… …..….
…..…
.……
(iii)Suggest
beyond 37oC would not be of a significant
(iiii) S
Su
ugg
ug
gg
ges
est why
why temperatures
wh
tem
te
concern
co
on
nccer
ern
n ffor
o the use of Wolbachia to reduce Aedes aegypti population.
Temperatures beyond 37oC would be too hot for the survival of Aedes
aegypti, the population of decrease naturally without the use of
….....………………….....………………………………………………………….
Wolbachia /OWTTE;
; for 1 mark

….....………………..…..……………………………………………………….[1]
24]
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Section B
Answer one question in this section.
Write your answers to the question on the separate writing paper provided.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous pose, where appropriate.
Your answers must be set out in parts (a) and (b), as indicated in the question.
3

(a)

In Himalayan rabbits the tyrosinase gene codes for the enzyme tyrosinase that
catalyses the conversion of tyrosine to melanin, a black pigment responsible for black
fur in Himalayan rabbits. The Himalayan rabbit fur colour changes with the seasons.
With reference to the mode of action of enzyme, explain how the environment
determines the fur colour of Himalayan rabbit and describe the evolutionary
[15]

advantage for this trait.

(b)

The development and activation of B-cells and development of cancer cells can be
seen as an evolutionary process in terms of how different triggers or cellular functions
acts as selection pressure to select for specific cells to divide.
With reference to your knowledge in evolution, compare the development and
activation of B-cells and the development of cancer cells.
[10]
[Total: 25]

4

(a)

Metabolic processes are dependent on the movement of various substrates and
products. The mode of transport is dependent on the nature of the molecule.
With reference to named examples, discuss the roles of different modes of cellular
transport in plants.
[15]

(b)

Climate
e ch
chan
change
han
nge
ge iis
s no
not of
not
of a bi
big concern, as with rising carbon dioxide level and
temperatures,
tur
urres
es, the
the rate
th
rate of photosynthesis in plants increases. As such, carbon dioxide
level and temperature
emp
mper
mp
will eventually decrease again.
Discuss the validity of this argument.

[10]
[Total: 25]

End of Paper
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3(a)

In Himalayan rabbits the tyrosinase gene codes for the enzyme tyrosinase that
catalyses the conversion of tyrosine to melanin via a series of reactions, a black
pigment responsible for black fur in Himalayan rabbits. The Himalayan rabbit fur
colours changes with the season.
With reference to the mode of action of enzyme, explain how the environment
determines the fur colour of Himalayan rabbit and describe the evolutionary advantage
for this trait.

[15]

1

The enzyme tyrosinase binds to tyrosine via the lock and key hypothesis;

2

where tyrosinase has an active site with a specific 3D conformation that is
complementary to tyrosine;
OR

3

The enzyme tyrosinase binds to tyrosine via the induced-fit hypothesis;

4

Where the active site is initially not complementary to tyrosine, but upon initial
substrate binding it induces a conformation change in tyrosinase such that the
active site is now complementary to tyrosine;
; for 1 mark, max 2 marks

5

During winter / lower temperatures, tyrosinase is active;

6

Effective collision between tyrosinase and tyrosine results in the formation of the
ES-complex;

7

Tyrosinase lowers the activation energy required for the conversion of tyrosine to
melanin via

8

Proximity and orientation, where active site acts as a template for tyrosine / Bond
strain, where critical bonds are stressed / providing favourable microenvironment
to stabilise transition state / formation of temporary covalent bond; (any 1)

9

Product / melanin formed is no longer complementary to active site of tyrosinase
and is released from the
he ac
acti
active
tive
ti
v site;

10 Tyrosinase remains
mainss unchanged
un
nc
ch
ha
ang
nge
ed and
a is ready to catalyse a new reaction again;
11 Build up
p off m
me
melanin
ela
an
niin cca
causes
ausses Hi
Him
Himalayan rabbit to be black; (allow e.c.f if student
identifies
black
ntiiffiies
e b
la
ackk in
in summer)
summ
su
mme
er)
; for 1 ma
mark,
m
arrkk, max
max 4 marks
ma
12 During summer / higher temperatures, tyrosinase is denatured;
13 R-group interactions like hydrogen bonds, ionic bonds and hydrophobic
interactions are disrupted; (name at least 2)
14 Tyrosinase loses its 3D conformation / active site is lost;
15 Unable to bind tyrosine, no effective collision /Need
formation
of ES-complex
a home
tutor? Visit smiletutor.sg
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16 no product / melanin formed causes Himalayan rabbit to be white; (allow e.c.f if
student identifies white in winter)
; for 1 mark, max 4 marks
(allow e.c.f it student identifies inactive enzyme at low temperature)
17 Ref to selection pressure as temperature of environment;
18 Black is better at absorbing heat;
19 As such, being black during winter allow Himalayan rabbits to trap more heat and
stay warm; (allow e.c.f if student mention that rabbits are black in summer for
camouflage)
20 White is better at reflecting heat;
21 As such, being white during summer allow Himalayan rabbits to reflect / lose heat
and stay cool; (allow e.c.f if student mention that rabbits are white in winter for
camouflage)
22 Allows Himalayan rabbits to survive throughout the seasons to maturity and mate
to produce viable offspring;
; for 1 mark
QWC: Answer correct identifies Himalayan rabbit fur colour at different season /
temperature and is able to link to active / denatured tyrosinase and also include valid
evolutionary advantage
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(b)

The development and activation of B-cells and development of cancer cells can be
seen as an evolutionary process in terms of how different triggers or cellular functions
acts as selection pressure to select for specific cells to divide.
With reference to your knowledge in evolution, compare the development and
activation

of

B-cells

and

the

development

of

cancer

cells.

[10]
Similarities
1

Both B-cells and cancer cells divide by mitosis;

2

During clonal expansion of B-cells, somatic hypermutation occurs, which involves
random point mutations, similarly in the development of cancer cells, random
mutations can occur and begin to accumulate;

3

Both activated B-cells and cancer cells pass on the favourable mutation to
daughter cells;

4

Both memory B-cells and cancer cells are long lived due to activation of telomerase
gene to maintain telomere length;

5

AVP
; for 1 mark
Development and activation of
B-cells
6
7

Location of
development
Location of
activation
Source of

8

Genetic
Variation
Initial

9

selection
ectio
on
Pressure
Pr
P
rres
essu
es
essu
ure
re
Trait
aitt at

10

selective
advantage

Development of Cancer
Not restricted to any

Bone marrow

cellular location
Not restricted to any

Lymph node

cellular location

somatic recombination / V(D)J
recombination
reco
re
sself-antigen
se
elf-anti
lff ti
tige
gen
ge
n / sspecific
pe
epitope on
antigen

random mutations
Cell cycle check points /
tumour suppressor proteins
/ immune system

complementary binding of
antigen binding site of B-cell
receptor with specific epitope on
specific antigen

gain-of-function mutation in
proto-oncogenes to
oncogenes / loss-offunction mutation in tumour
suppressor genes
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Accumulation of mutations

11

Additional

antigen presentation via MHC

signal

class II to CD4+ T-helper cell and

required for

cytokines released by CD4+ T-

development

helper cells

to proto-oncogenes and
tumour suppressor genes
Mutation to activate
Telomerase
Mutations to signal for
angiogenesis
Dysregulated cell cycle

Signal for
12

clonal
expansion

cytokines released by CD4+ Thelper cells

checkpoints / constant
signal by oncogenes /
absence of stop signal by
tumour suppressor gene

Somatic hypermutation to
Mutations
13 during clonal
expansion

variable region of light and heavy
chains
majority are single base
substitutions / Gene mutation

Selection
14

pressure
after clonal

Random mutations
Can be of any type, gene
mutation and chromosomal
mutation
Cell cycle check points /

Binding affinity to antigen

tumour suppressor proteins
/ immune system

expansion

Further accumulation of
mutations to protoTrait at
15

selective
advantage

oncogenes and tumour
Increased affinity to antigen /

suppressor genes /

affinity maturation

Mutation to activate
Telomerase/
Mutations to signal for
angiogenesis

16

17

18

Events
Even
ntts
s after
aft
fterr
selection
se
ele
eccttiio
on

class
ccl
las
a s switching
switititch
sw
to allow the

No class switching /

generation of different
ge

accumulating more

immunoglobulins;

mutations

Events
ts after
af

Differentiates to plasma cells and

selection

memory cells

Signal for
cell division

Plasma cell no longer divides /
memory cell will only undergo
clonal expansion again upon

Does not differentiate
Uncontrolled / constant
signal by oncogenes /
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secondary infection / binding of

absence of stop signal by

antigen again

tumour suppressor gene

Life-span of

Plasma cells are short lived, but

Cancer cells with activated

cells

memory B cells are long lived

telomerase are long lived

Plasma cells and memory B cells
20

Mobility of

are mobile in both the blood and

cells

lymphatic system / found at

Cancer cell requires
mutation to signal for

lymph nodes

metastasis

QWC: Answer includes at least 2 differences and 1 similarity.
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4(a)

Metabolic processes are dependent on the movement of various substrates and
products. The mode of transport is dependent on the nature of the molecule.
With reference to named examples, discuss the role of different modes of cellular
transport in plants.

[15]

Passive Transport
1

Passive transport does not require energy where molecules diffuses down a
concentration gradient / from a region of higher concentration to a region of lower
concentration;

2

Simple diffusion is for small, non-polar molecules that are able to diffuse through
the hydrophobic core of cell membrane;

3

Carbon dioxide diffuses into plant cell surface membrane and through chloroplast
membranes to the stroma, where it is a substrate for Calvin cycle;

4

Oxygen diffuses into plant cell surface membrane and through mitochondrial
membranes to mitochondrial matrix, where it acts as the final electron acceptor for
cellular respiration;

5

Facilitated diffusion is for small, polar/hydrophilic molecules that are unable to
diffuse through the hydrophobic core of cell membrane;

6

Interior of protein channels / carrier proteins are lined with amino acids with
hydrophilic R-group that provides a hydrophilic channel for the diffusion of
polar/hydrophilic molecules;

7

H+ diffuses though proton channel associated with ATP synthase from thylakoid
lumen /space to stroma;

8

releasing energy for the synthesis of ATP during photophosphorylation;

9

H+ diffuses through proton channel associated with ATP synthase from
intermembrane space to mitochondrial matrix;

10 releasing energy for the synthesis of ATP during oxidative phosphorylation;
11 Osmosis is the movement
emen
entt of
en
o water molecules from a region of higher water
potential to a region
reg
eg
gio
on o
off llower
ower water potential across a partially permeable
ow
membrane;
ne;;
12 Aquaporin
are
for the osmosis of water molecules;
ua
apo
porin
na
ar
re sp
sspecific
pec
eciiffic cchannels
ha
13 Waterr enters
ente
en
ters
rs plant
pla
lant cells and reaches thylakoid membranes where it undergoes
photolysis,
siss, re
releasing electrons / act as electron donor for photophosphorylation;
14 Water is formed in the mitochondrial matrix when oxygen, the final electron
acceptor accepts the electron to form water, water leaves the mitochondrial matrix;
15 AVP (valid molecule, correct mode of transport and correct role stated, e.g. premRNA, tRNA, ribosomal proteins, ribosomal subunits, glucose, pyruvate etc.)
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; for 1 mark, max 8 marks
Active Transport
16 Active transport requires energy, which can be via the hydrolysis of ATP to pump
molecules against their concentration gradient / from a region of lower
concentration to a region of higher concentration;
17 Protein pump pumps H+ from the stroma to thylakoid lumen/space to establish a
proton gradient for chemiosmosis during photophosphorylation;
18 Protein pump pumps H+ from the matrix to intermembrane space to establish a
proton gradient for chemiosmosis during oxidative phosphorylation;
19 Proton pump pumps H+ from cytoplasm into lysosome to maintain an acidic
environment/pH in the lysosome;
20 Bulk transport involves the formation of vesicles for the transport of large molecules;
21 Proteins synthesised by bound ribosomes on RER is transported to Golgi
apparatus via transport vesicles where it fuses with cis face of Golgi apparatus;
22 Proteins modified by Golgi apparatus buds of the trans face as secretory vesicles
which is transported to the cell surface membrane;
23 where it fuses and is released out of the cell / embedded on membrane;
24 During cytokinesis of cell division, newly synthesised cellulose are packed in to
vesicles;
25 where they fuse at the plane of division to form the cell plate, which eventually
forms the new cell wall for divided daughter cells
26 AVP
; for 1 mark, max 6 marks
QWC: Answer covers at least 2 types of passive transport and 1 active transport with
valid named example.
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(b)

Climate change is not of a big concern, as with rising carbon dioxide level and
temperatures, the rate of photosynthesis in plants increases. As such, carbon dioxide
levels and temperature will eventually decrease again.
Discuss the validity of this argument.

[10]

Valid
1

Carbon dioxide concentration is a limiting factor in photosynthesis, the fixing of
carbon dioxide by rubisco is the rate determining step in Calvin cycle, increase in
carbon dioxide concentration will increase the rate of photosynthesis;

2

Plants may respond to higher carbon dioxide levels by increasing number of
mesophyll cells / chloroplast, resulting in more carbon dioxide intake;

3

Plants may respond to higher carbon dioxide levels by decreasing stomata density,
plants can grow more efficiently with fewer stomata, since each individual stomata
will be able to bring in more carbon dioxide;

4

Plants may respond to higher carbon dioxide levels by increasing length and
number of roots, to allow plants to absorb more water to meet demand of increase
rate of photosynthesis;

5

Photosynthesis is largely catalysed by enzymes like rubisco, as such increase in
temperature increases kinetic energy and the rate of effective collision, increasing
the rate of photosynthesis;

6

With an increase in rate of photosynthesis, more carbon dioxide will be removed
from the atmosphere, decreasing the concentration of greenhouse gas, resulting
in lowering of global temperature;
; for 1 mark

Not Valid
7

However, this statement does
e not take into account anthropogenic / man-made
sources of carbon dioxide;
xide;
e;

8

the rate at which
h carbon
ca
arb
r bo
on
n dioxide
dio
ioxi
xid
xi
de is released into the atmosphere via anthropogenic
sources is far
far greater
fa
g re
gr
ea
ate
ter than
th
han the
the rate which plants can capture carbon dioxide
/OWTTE;
WT
TT
TE
E
E;

9

Deforestation
est
sttat
st
attio
a
on le
lead
ad tto the destruction of forest as carbon sinks, releasing large
amountss of carbon
c
dioxide into the atmosphere and at the same time;

10 reducing the population of trees that captures carbon dioxide/ OWTTE;
11 As such, despite rise in carbon dioxide, temperatures are rising too fast for plants
to successfully adapt;
12 Different vegetation survive in different zone of climate / optimum temperature;
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13 With higher temperature, rate of transpiration in plants increases, when rate of
water loss is greater than rate of water absorption the plant undergoes wilting;
14 Plants can respond to higher temperature by the closure of stomata, as guard cells
become flaccid to reduce water loss, however will reduce the amount of carbon
dioxide entering the cell;
15 Plants may respond to higher temperature by decreasing stomata density to
reduce water loss by transpiration, which may reduce the amount of carbon dioxide
entering the cell;
16 Plants may respond to higher temperature by reducing number of leaf to reduce
water loss via transpiration, however, this will also reduce the amount of carbon
dioxide taken in by the plant;
17 Hence, higher temperature will cause a decrease in the rate of photosynthesis
which is also essential for the plant’s survival;
18 Plants are immobile, if their pollen / seeds are not dispersed to more cooler and
suitable regions / higher altitudes / higher latitudes, they will face extinction;
19 Plants that are successful in dispersing to more suitable regions will cause a shift
in biome, however plants that are already in artic regions / highest altitude will not
be able to disperse to cooler regions, as such will face extinction;
20 Rising carbon dioxide and temperatures can also result in excessive rainfall leading
to floods or draughts that would affect growth of vegetation.
21 Rising temperature may also favour higher survival and reproduction of pests that
can damage plants;
22 AVP
; for 1 mark, max 6 marks
QWC: Answers shows reasoning for both valid and non-valid, AND coming to an
overall conclusion that the argument is largely invalid
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bra
racck
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a the end of each question or
part question.
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Candidates with access to microscope at the start of the paper are given the first 45 minutes
to use it. Please answer QUESTION 2 within this time frame.
Candidates with no access to microscope at the start of the paper will be given access 1 hour
45 minutes after the start of the paper. You may proceed with QUESTION 1 first.
Answer all questions
1. In this question you will investigate the effect of carbon dioxide (CO2) concentration on the

rate of photosynthesis in leaf disks.
(a) Sketch a fully-labelled graph to show the expected relationship between the rate of
photosynthesis and CO2 concentration, as CO2 concentration increases.
Explain the shape of your graph.

Graph
1. Y-axis labelled rate
ate of
of photosynthesis
ph
hot
oo
os
sy
AND X-axis labelled carbon
centr
trat
tr
rat
atio
on ((n
no un
u
its required);
dioxide concentration
(no
units
rtss at
at o
rigi
gin ((0
gi
0,0
0) wi
w
th
hp
os
2. Line starts
origin
(0,0)
with
positive
gradient AND then levels off;
ak
ar
;for 1 m
mark
……………………………………………………………………………………………………….
Exxpl
p an
ana
attion
io
on
Explanation
A
s
c
a
ar
r
bo
b
o
n
d
di
ioxxid
ide concentration
co
3.
As
carbon
dioxide
increases, the rate of effective collision
……………………………………………………………………………………………………….
with
th ru
th
rrubisco
ub
biissc
co iin
increases
ncre
/ ES-complex formation, increasing the rate of
Calvin
alvvin
in cycle;
cyc
ycle
……………………………………………………………………………………………………….
; for 1 m
mark
4. At higher concentrations, rubisco is saturated;
……………………………………………………………………………………………………….
OR
5. carbon dioxide is no longer a limiting factor / some other factor limits the
……………………………………………………………………………………………………[4]
rate of photosynthesis;
; for 1 mark
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In your investigation, sodium bicarbonate solution will be a source of dissolved carbon
dioxide. Carbon dioxide concentration will be controlled by varying the concentration of
sodium bicarbonate solution.
You are provided with:
Labelled

contents

hazard

Volume(cm3)

S

1% sodium
bicarbonate
solution

Irritant
Harmful

200

D

Liquid detergent

Irritant
Harmful

5

Leaves soaked in
L
water and wrapped
none
in aluminum*
*keep leaves in the dark by ensuring aluminum is covering the beaker when not in use
(b) You are required to make simple dilutions of the 1% sodium bicarbonate solution, S. You
will need to prepare 50 cm3 for each concentration.
Decide four other concentrations of sodium bicarbonate solution to prepare using simple
dilutions of S.
Draw a table to show how you will prepare four other concentrations, including the provided
1% sodium bicarbonate solution.
sodium bicarbonate

Volume of 1%

Volume of distilled

concentration (%)

sodium bicarbonate

water, W (cm3)

Final volume (cm3)

solution, S (cm3)
1.0

50

0

50

0.8

40
0

10

50

0.6

30
3
0

20

50

0.4

20
2
0

30

50

0.2
.2
2

10
1
0

40

50

1. At leastt 4 other
othe suitable concentrations of S;
oth
ot
2. Correct volume of S;
3. Correct total volume of 50cm3 for each concentration;
MMO
[3]
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Read through steps 1 to 7 and prepare a table to record your results in d(ii), before starting
the investigation.
Proceed as follows:
1

Prepare all the concentrations of sodium bicarbonate solution as decided in (b) using
the beakers provided.

2

Using the Pasteur pipette, add 1 drop of liquid detergent to each of the sodium
bicarbonate solution. Gently stir the solution with a glass rod, ensure that no bubbles
are formed.

3

Place one leaf onto the white tile and press the cork borer against it to make a leaf
disk. You will require four leaf disks. Avoid major leaf veins. You should be able to
obtain 4 leaf disks from 1 leaf.

4

Remove the piston of a 10cm3 syringe and place the four leaf disks into the syringe
barrel.

5

Replace the piston and push on the piston until only a small volume of air remains. Be
careful to ensure that the leaf disks are not crushed. Use a piece of aluminum to wrap
around the syringe, keeping the leaf disks in the dark.

6

Repeat steps 3 to 5 for the other four syringes. You should have a total of five syringes,
each with four leaf disks in them.

7

Using one of the five prepared syringes, remove the aluminum foil and draw from the
1% sodium bicarbonate solution until the syringe is roughly half-filled. Ensure no air
bubbles are present.

(c) Invert the syringe and observe the position of the leaf disks, re-wrap the syringe with the
same piece of aluminum. Label the position of the leaf disks in Fig. 1.1 with a cross (X).
Explain your answer.
X

Fig. 1.1
……………………………………………………………………………………………………….
ACE
1. ‘X’ is labelled at the top;
2. Air spaces are present in the spongy mesophyll / lower density due to air
……………………………………………………………………………………………………….
present in leaf;
; for 1 mark
……………………………………………………………………………………………………[2]
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8

Repeat step 7 for the four other concentrations of sodium bicarbonate respectively.
Ensuring that you wrap each syringe with aluminum to keep the leaf disks in the dark.

9

Using the syringe with 1% sodium bicarbonate, hold it in the inverted position and
remove the aluminum cover. Place a finger over the opening and press against it firmly.

10 Pull piston back while keeping your finger tightly sealing the opening, hold for 10
seconds, as shown in Fig. 1.2(a). While holding, shake the syringe gently to ensure
that the leaf disks remain suspended in the solution and are not stuck to the sides of
the syringe.
11 Release the piston and push the piston as much as possible while keeping your finger
tightly over the opening of the syringe, as shown in Fig. 1.2(b).
12 Remove your finger from the opening of the syringe, all the leaf disks should be at the
bottom of the syringe, as shown in Fig. 1.2(c). If not all the leaf disks are at the bottom,
repeat steps 10 to 12 for a maximum of two more times. If the leaf disks are still not
at the bottom, use the Pasteur pipette, add 2 to 3 drops of detergent into the 1% sodium
bicarbonate solution in the beaker, and repeat steps 3 to 12 using a set of new leaf
disks.
13 Immediately cover the syringe with the same piece of aluminum foil to ensure that the
leaf disks are not exposed to light.
14 Repeat steps 9 to 13 for the other syringes.
15 Remove the aluminum from the syringe containing 1% sodium bicarbonate and place
it over the beaker containing 1% sodium bicarbonate, remove the piston and gently
pour the 1% sodium bicarbonate along with the leaf disks into the beaker.
16 Repeat step 15 for the other syringes. Ensure that there are no overlapping leaf disks
in each beaker.
17 Place all the beakers under the lamp and start the stopwatch immediately. Ensure that
the light source is as close to each beaker as possible.
18 For 15 minutes, at every minute interval, record the number of floating leaf disks in
each beaker.

Need a home tutor? Visit smiletutor.sg

9744/04/PU3 Preliminary Exams/2019

7

Fig. 1.2(a)

Fig. 1.2(b)

Fig. 1.2(c)
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(d) (i) State the product of photosynthesis that causes the leaf disks to float.
ACE

………………………………………………………………………………………….……
[1]
Oxygen gas / O2;
; for 1 mark

(ii) Record your results in an appropriate table in the space below. Your table should
include the initial time point of 0 minute.
PDO

Concentration
of sodium
bicarbonate
(%)
1.0
0.8
0.6
0.4
0.2

0

1

0
0
0
0
0

0
0
0
0
0

Number of floating leaf disk at each minute interval
2 3 4 5 6 7 8 9 10 11 12 13 14 15
0
0
0
0
0

0
1
0
0
0

1
2
1
0
0

4
2
1
1
0

4
2
1
1
0

4
2
2
1
1

4
3
3
2
4

4
3
3
2
4

4
4
3
2
4

4
4
3
3
4

4
4
3
3
4

4
4
3
3
4

4
4
3
3
4

4
4
4
4
4

1. Table with appropriate headings;
2. Table includes timing from 0 to 15 minutes;
3. Recording at every minute for all concentrations;

[3]
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(e) The rate of photosynthesis can be estimated by the time taken for 50% of the leaf disks to
float, termed as the effective time, ET50.
(i) Using your results from d(ii), estimate the ET50 for each sodium bicarbonate
concentration to the closest 0.5 minute.
Concentration of sodium bicarbonate (%)

ET50 (min)

1.0

4.5

0.8

4.0

0.6

7.0

0.4

8.0

0.2

7.5

ACE

;correct identification of time taken for 2 leaf disks to float, if 2 is not recorded then an
estimate between the two time points where 2 leaf floats, all correct ans for 1 mark;
[1]
(ii)Assuming each leaf disks were cut to the exact same area, state two other reasons that
could contribute to the difference in time taken to float.
………………………………………………………………………………………………….
ACE
1. Difference in number of chloroplast present;

………………………………………………………………………………………………….
2. Difference in thickness of leaf disks;
3. Difference in number of stomata present;
4. Difference in age of the leaves;
………………………………………………………………………………………………….
5. AVP
; for 1 mark, max 2 marks
………………………………………………………………………………………………[2]

ET50 is similar to the median time taken for the leaf disks to float.
n yyour
our d
ou
da
ata
ta obtained
obt
bttai
ained in d(ii),
ai
d( justify if the use of ET50 or mean time would be a
(iii) Based on
data
better indication
dicca
attio
ion
on of
of rate
rat
ate
e of photosynthesis.
p
ACE

………………………………………………………………………………………………….
1. Mean time would be better, as there are no extreme data points;
2. Mean time would be able to take into account all data points and not be
skewed /OWTTE;
………………………………………………………………………………………………….
OR
3.
ET50 would be better, as there are extreme data points;
………………………………………………………………………………………………….
4. Median would not be skewed by the presence of these extreme data points,
as such it would be a better measure of central tendency /OWTTE;
………………………………………………………………………………………………[2]
; for 1 mark, max 2 marks
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(f) (i) One experimental error in this investigation was the lack of control, describe a suitable
control
that could have been used in this investigation.
P
1. Replace sodium bicarbonate solution with distilled water;
2. Boiled and cooled leaf disks;
………………………………………………………………………………………………….
3. Replace leaf disks with filter paper disks;
; for 1 mark, max 1 mark

………………………………………………………………………………………………[1]
(ii) Besides the lack of control setup, state two other limitations in this investigation.
ACE
1. There was lag time between placing each set of leaf disks into the respective
beaker of sodium bicarbonate solution, causing the first beaker to be
………………………………………………………………………………………………….
exposed to light earlier;
2. 1 minute interval may be too long to accurately measure the time taken for
………………………………………………………………………………………………….
leaf disks to float;
3. The five beakers were not equally exposed to the light source;
………………………………………………………………………………………………….
4. AVP
; for 1 mark, max 2 marks

………………………………………………………………………………………………[2]
(iii) Predict and explain what would happen to the floating leaf disks if you were to cover
the beaker with aluminum foil to prevent exposure of light over a period of time.
ACE

………………………………………………………………………………………………….
1. The leaf disks will sink back to the bottom;
; for 1 mark

………………………………………………………………………………………………….
2. The oxygen produced by photosynthesis will be used for aerobic respiration
in the mitochondria;
3. Rate of respiration more than rate of photosynthesis;
………………………………………………………………………………………………….
4. Oxygen is consumed for respiration at a faster rate than being produced by

photosynthesis
………………………………………………………………………………………………[2]
; for 1 mark, max 2 marks
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A student carried out a similar experiment as the one above except that he investigated
the effect of light intensity on the rate of photosynthesis in a different plant species.
He calculated the ET50 values and subsequently 1/ET50 which is directly proportional to
the rate of photosynthesis. The results are shown in Table 1.1.
Table 1.1
Light

Effective time, ET50 (min)

1/Average ET50
Average

(min-1)

19.0

18.5

0.0541

17.0

16.5

16.5

0.0606

14.5

15.0

14.0

14.5

0.0690

8000

12.0

12.5

13.0

12.5

0.0800

10 000

10.5

11.5

11.0

11.0

0.0909

intensity

Replicate

Replicate

Replicate

(lx)

1

2

3

2000

18.5

18.0

4000

16.0

6000

Need a home tutor? Visit smiletutor.sg

9744/04/PU3 Preliminary Exams/2019

13

(iv)Draw a graph of the student’s results on the following grid to show the effect of light
intensity on rate of photosynthesis.

PDO
1. Data correctly plotted
2. Line /curve of best fit drawn / point to point;
3. Appropriate axis scale AND rate of photosynthesis on Y-axis,
light intensity on X-axis;
; for 1 mark

[3]

[Total: 26]
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2. You will investigate starch grains from different types of plant in this question.

You are provided with starch grains from two different types of plant, labelled F and G.
Starch grains from different plants can differ in shape and size. You are required to:
x observe and draw starch grains from two different types of plant
x compare the starch grains from these two different types of plant

Proceed as follows:
1

Using a pipette, stir the sample gently and place two drops of F onto a clean and dry
microscope slide.

2

Cover the microscope slide with a coverslip and use a paper towel to remove any
excess liquid.

3

View the slide using the microscope.

4

Using an appropriate magnification, select three starch grains that differ in size.

5

Make a large drawing in (a)(i) of the three starch grains that you have selected.

6

Repeat steps 1 to 5 for sample G.
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(a) (i) Make a large drawing of the three starch grains from F and the three starch grains from
G. Calculate the actual size of one starch grain from F and G respectively.
Sample F:
F (potato extract) @x600

Sample G:
G (Glutinous rice floor) @x600

PDO
1. clear smooth lines with no overlaps and whole drawing occupies at least ¾ of space
2. 3 starch grains drawn of appropriate shape for both F (round/oval) and G (more
angular)
3. appropriate size for F (with working): accept 7μm to 90μm (largest grain should be
larger than G)

Need a home tutor? Visit smiletutor.sg
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[4]
(ii) Describe three observable differences between starch grains from F and G.
F
PDO
1.
2.
3.
4.

G

Larger in size vs smaller in size (allow e.c.f);
Round in shape vs angular/squarish
Larger variation in size vs similar sized
AVP

[3]
Fig. 2.1 is a photomicrograph of starch grains from another plant type in a field of view.
Fig. 2.1 shows many starch grains. There are too many starch grains to count, so the
technique of sampling may be used to estimate the number of starch grains in the field of
view.

Magnification x400
Fig. 2.1
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A sample should be counted in a known smaller area and then the result could be
multiplied to obtain an estimate of the number of starch grains in the whole field of view.
For example, if the number of starch grains is counted in an eighth of the area of the field
of view then this number would be multiplied by 8 to obtain the total number in the area of
the field of view.
One eighth of the area of the field of view has been marked out by two dashed lines in Fig.
2.1.
(b) (i) Count and record the sample number of starch grains in the eighth of the area of the
field of view.
x

Mark clearly on Fig. 2.1 each of the starch grains counted.

x

Estimate the number of starch grains in the whole field of view.

You will lose marks if you do not show your working.
PDO
1. Accept 16-24
2. Correct calculation and correct final answer (counted value x 8)

number of starch grains in the field of view ……………………….. [2]
To find the area of the field of view you need to calculate the actual length of line r, the
radius of the circle.
(ii) Using the magnification on Fig. 2.1, calculate the actual length of line r in μm.
PDO
Drawing length = 4.9 to 5.1cm
Actual length = 122.5 to 127.5um (1 d.p) or 123um to 128um (3 s.f.);
actual length ………………………μm [1]
(iii) Using the actual length
calculate the area of the field of view by applying the
gth
h off line
liin
ne rr,, ca
calc
formula for the
e area
ea of
ea
of a circle:
circle
le:
le
area
off a circle
ߨ ݎݎଶ
ar
rea
ao
cirrccle
ci
le ߨ
ߨൌ͵
͵ǤͳͶ
ǤͳͶ
Ͷ
ra
adi
dius of field of view
 ݎൌ radius
PDO
Correct working and Ans, Accept: 47 119.6 um2 to 51 044.6 um2;
Allow e.c.f if b(ii) is wrong
area of field of view ………………………μm2 [1]
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(iv) Calculate the number of starch grains per μm2 using your answers from b(i) and b(iii).
You will lose marks if you do not show your working.
PDO
1. Starch grain density = number of estimated starch grain / actual area of field of
view;
2. Correct Ans;
Allow e.c.f if part b(i) to b(iii) are wrong.
number of starch grains per μm2 ………………………μm2 [2]

(c) A student observed 10 storage cells of the two different types of plants F and G
respectively to quantify the average number of starch grains found in the two types of
plants. The results are shown in Table 2.1.
(i) State a statistical test that could have been used to determine whether the difference
in number of starch grains between plants F and G is significant.
ACE
T-test
.………………………………………………………………………………………………[1]
; for 1 mark

(ii) A summary of the student’s results is shown in Table 2.1
Table 2.1
mean number of starch grains

significance of

plant F

plant G

difference

11

12

p > 0.05

With reference to Table 2.1, comment on what the results show.
ACE
………………………………………………………………………………………………….
1. There is no
o significant
sig
gni
nifi
ficca
fic
ant
an
ntt difference
dififffe
erenc between the number of starch grains
between
een pl
p
plant
lan
ant F an
a
and
d G;
G
………………………………………………………………………………………………….
ce p > 0.
0
.0
05
5, tth
her
e e is
is m
ore than 5% chance that the difference
2. Sinc
Since
0.05,
there
more
ob
bse
errvvved
ed
e
d is
is due
du
d
ue to
to cch
han
observed
chance;
………………………………………………………………………………………………….
; for
f or 1 m
fo
ma
arkk
mark

.………………………………………………………………………………………………[2]
[Total: 16]

Need a home tutor? Visit smiletutor.sg

9744/04/PU3 Preliminary Exams/2019

19
3. Under anaerobic conditions, yeast cells break down glucose to produce ethanol and

carbon dioxide. When carbon dioxide dissolves, it forms a weak acid. The activity of the
yeast cells can be determined by measuring the change in pH using Universal Indicator
paper. The colour chart for the Universal Indicator paper is shown in Fig. 3.1.

Fig. 3.1
A yeast suspension is assumed to be of neutral pH.
As yeast cells continues to breakdown glucose, the concentration of ethanol rises to a
toxic level that kills the yeast cells.
You are to plan an experiment to investigate the highest concentration of ethanol that is
tolerable by yeast cells.
The following are optimal condition for the growth of 1g of yeast:
x

Temperature of 45oC

x

10cm3 of 1% glucose solution

n be
e obtained
o
ob
The pH of the yeast mixture can
by using a glass rod to remove a drop of the
pie
ecce
e of
of the
t e Universal
th
Univ
Un
mixture and touching a piece
Indicator paper. You should obtain two sets
of pH readings:
1. Prior
the
addition
off e
ethanol
or tth
he addi
a
ad
dd
diiti
tion
tion
on o
et
tha
anol
2. Six minutes
after
minu
nu
n
ute
tes af
a
fte
ter the
ter
th addition of ethanol
The difference in
in pH between these two readings would allow you to infer the effect of
ethanol.
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In your plan, you must use:
x

Dried yeast

x

1% glucose solution

x

15% ethanol

x

Glass rod

x

Universal Indicator paper

x

thermostatically controlled water bath

x

weighing balance

x

White tile

x

Stopwatch

x

Spatula

You may select from the following apparatus in the design of your experiment:
x

normal laboratory glassware e.g. test tubes, boiling tubes, beakers, measuring
cylinders, graduated pipettes, etc

x

syringes

Your plan should:
1. have a clear and helpful structure such that the method you used is able to be
repeated by anyone reading it
2. be illustrated by relevant diagram(s), if necessary, to show, for example, the
arrangement of the apparatus used
3. identify the independent and dependent variables
4. describe the method with the scientific reasoning used to decide the method so
that the results are as accurate and repeatable as possible
abl
bles
e and graphs with clear headings and labels
5. include layout of results tables
hnical
a a
al
nd
d sscientific
ci
6. use the correct technical
and
terms
renc
nc
n
ce to
o safety
saf
afet
ety
y measures
meas
me
a u
7. include reference
to minimize any risks associated with the
osed
ed
e
de
xxp
per
erim
me
en
n
nt.
t.
t.
proposed
experiment.
[Total: 13]
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P
Aim:
To investigate the highest tolerable ethanol concentration in yeast.
Theory (max 4 marks)
Knowledge
T1. During aerobic cellular respiration, carbon dioxide is released as waste product during
link reaction and Krebs cycle / oxidative decarboxylation;
T2. During anaerobic cellular respiration, yeast undergoes ethanol fermentation where
pyruvate is converted to ethanol, releasing carbon dioxide and regenerating NAD+;
T3. When carbon dioxide is produced, it dissociates to form a weak acid, carbonic acid,
causing a drop in pH;
; for 1 mark, max 1 mark
T4.Ethanol is an amphipathic molecule that is able to disrupt the integrity of cell membrane,
thereby killing yeasts;
; for 1 mark
Variables
T5. Independent variable: Ethanol concentration
Dependent variable: pH of yeast mixture / Colour of Universal Indicator paper;
; for 1 mark (both IV and DV)
T6. Constant variables: temperature, initial pH, mass of yeast used, volume of 1% glucose
(any 2)
; for 1 mark (at least 2 CV)
Hypothesis
T7. How to determine highest tolerable ethanol concentration: Highest ethanol
concentration that still produces a colour change in the indicator / by plotting a graph
of change in pH against ethanol concentration and finding the ethanol concentration
just before
; for 1 mark (either award here or at results)
Procedure (6 marks)
1. Prepare 5 different concentrations of ethanol via serial dilution;
ethanol
stock solution
volume of
volume of
final volume
concentration
stock solution distilled water
for use
(%)
(%)
(cm3)
(cm3)
(cm3)
15
15
40
0
20
7.5
15
5
20
20
20
3.75
7.5
7.
7
.5
20
20
20
1.875
3.75
3
.75
75
20
20
20
0.9375
75
1.875
1
1.
875
87
20
20
40
0
20
20
; correct serial
se
eri
rial dilution
diillut
utio
ion ffo
for
or 1 mark (at least 5 concentrations)(Accept simple dilution)
rmo
mo
ost
sa
2. Set the thermostatically
controlled water bath to 45oC.
3. Using a spatula,
add 1g of dried yeast to a test tube and add 10cm3 of 1% glucose
t
solution, mix well with glass rod.
; specify 1g of dry yeast to 10cm3 of 1% glucose
4. Incubate the yeast mixture in the water bath for 5 minutes.
; 1 mark (at least 2 minutes incubation, water bath at 45oC)
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5. Place 2 strips of Universal Indicator paper on a white tile.
6. After 5 minutes, use a glass rod to remove a drop from the test-tube and touch 1 strip
of Universal Indicator paper with the end of the glass rod, observe and record the
colour of the Universal Indicator paper.
7. Compare the colour with the pH colour chart and record the pH.
; 1 mark (appropriate description of using glass rod to test pH)
8. Transfer 10cm3 of 15% ethanol into the test-tube with yeast mixture, shake gently to
mix and return it to the water-bath.
9. Start the stopwatch.
10. Use a paper towel to wipe the end of the glass rod clean.
11. After 6 minutes, repeat step 6 and 7.
12. Repeat step 3 to 11 for the other 4 concentrations of ethanol.
13. Control is setup by replacing ethanol with equal volume of distilled water to ensure that
the difference in pH change is due to the presence of ethanol.
; 1 mark (appropriate control)
14. Conduct 3 replicates for each ethanol concentration to ensure no anomalies and repeat
the entire experiment with fresh batch of reagents once to ensure reproducibility.
; 1 mark (replicates and repeats)
Results (2 marks)
Table
0 minutes
ethanol
concentration
(%)

colour of universal
indicator
Rep
1

Rep
2

Rep
3

pH of yeast
mixture
Rep
1

Rep
2

Rep
3

average
pH

colour of universal
indicator at 6
minutes
Rep Rep Rep
1
2
3

6 minutes
pH of yeast
mixture at 6
minutes
Rep Rep Rep
1
2
3

average
pH

difference
in pH at 0
and 6
minutes

15
7.5
3.75
1.875
0.9375
0

R1.Table shows replicates for 6 minutes readings (acceptable if no replicates for 0 minutes)
R2.Table shows how to obtain difference in pH with proper units (can award if this is
mentioned in the numbered steps)
; max 1
Graph

Yeast can tolerate
ate
t ethanol concentrations of 0% to X%, therefore the highest tolerable
ethanol concentration would be just slightly under X%;
R2.correct axis and general shape of graph
R3.indicates highest tolerable ethanol concentration (if not awarded at the start in theory
section)
; max 1
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Risk Assessment (1 mark)
RA1. Ethanol is highly flammable, ensure work area has no open flame;
RA2. Ensure hands are dry when operating thermostatically controlled water-bath to
prevent electrocution;
RA3. Handle all glassware with care to prevent breakage;
RA4. Wear gloves when handling microorganisms;
RA5. AVP
; for 1 mark, max 1 mark
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1

The table shows some of the structural features present or absent in four different cell
types.
Which identifies the cell type for each column of features?
key
9= feature present
8 = feature absent
cell wall

9

8

9

9

centrioles

8

9

8

8

chloroplast

9

8

8

8

mitochondria

9

9

8

9

golgi apparatus

9

9

8

9

A

palisade
mesophyll cell

bacterial cell

blood stem cell

yeast cell

B

palisade
mesophyll cell

blood stem cell

bacterial cell

yeast cell

C

palisade
mesophyll cell

yeast cell

blood stem cell

bacterial cell

D

palisade
mesophyll cell

yeast cell

bacterial cell

blood stem cell
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2

Radioactively-labelled nucleotides are introduced into a cell.

In which cell structures will the radioactivity first become concentrated?
A 1 and 3

3

B 1 and 4

C 2 and 3

D 3 and 4

The main steps in fractionation, a process used to separate cell components, are shown
below.
•

Cells are broken open in buffer solution.

•

The mixture is centrifuged at low speed.

•

The largest and densest organelles sediment.

•

The supernatant is removed and centrifuged at a higher speed .

•

The next smaller and less dense organelles sediment.

•

The supernatant is removed and centrifuged at higher speed.

•

The next smaller and less dense organelles sediment.

•

The supernatant is removed and centrifuged at a higher speed .

•

The smallest and least dense organelles sediment.

sediment 1
sediment 2
sediment 3
sediment 4

The sediments obtained from fractionation of a plant cell were tested for biochemical activity.
DCPIP and buffer solution were added and the mixtures left in the light for fifteen minutes.
In which sediments would the blue oxidised DCPIP be reduced?
A 1 and 2

B 2 and 3

C 2 and 4

D 3 and 4
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Students were asked to highlight only the R groups of two ring-shaped amino acids.
Which pairs of diagram is correct for both amino acids?

A

B

C

D
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5

Disaccharides are formed following synthesis from monosaccharides or as a result of
polysaccharide hydrolysis.
Cellobiose, maltose, sucrose and trehalose are four different disaccharides found in nature.
Some features of these disaccharides are listed.
• The disaccharide cellobiose is formed from the hydrolysis of the polysaccharide
cellulose.
• Sucrose is composed of glucose and fructose.
• Trehalose is a non-reducing disaccharide that is synthesised from two α-glucose
molecules.
• The disaccharide maltose is formed from the hydrolysis of amylose, a component of
starch.
Which column correctly identifies each disaccharide?
A

B

C

D

cellobiose

maltose

sucrose

trehalose

maltose

cellobiose

trehalose

maltose

sucrose

trehalose

cellobiose

cellobiose

trehalose

sucrose

maltose

sucrose

Need a home tutor? Visit smiletutor.sg
9744 / H2 Biology / 01

6
6

The enzyme rennin is found in gastric juice of young mammals. It causes the clotting of milk
protein. The activity of rennin was investigated by recording the time taken for rennin to clot
milk in different conditions. The table shows the different conditions used and the results of
the investigation.

solutions added to 10 cm3 of milk at 35 ºC
tube

2%
rennin

1

5 cm3

2

5 cm3

water

calcium
citrate

lead
nitrate

2 cm3
2 cm3
5 cm3

3

calcium
nitrate

4

5 cm3

2 cm3

5

5 cm3

2 cm3

6

5 cm3

2 cm3

hydrochloric
acid

time for milk
to clot/min

2 cm3

1

2 cm3

No clot

2 cm3

No clot

2 cm3

25

2 cm3

2 cm3

10

2 cm3

2

What is a correct conclusion?

7

A

Calcium ions increase the activity of rennin.

B

Citrate ions are necessary for the activity of rennin.

C

Hydrochloric acid is necessary for the activity of rennin.

D

Nitrate ions inhibit the activity of rennin.

Blood transfusion laboratories around the world are hoping to produce large numbers of red
blood cells (rbcs) from 'spare' human embryos produced during in vitro fertilisation
procedures.
Embryonic stem cells are removed from an embryo and cultured in a growth medium that
stimulates their differentiation into rbcs.
Which statement correctly describes this differentiation?
A

Multipotent embryonic stem cells differentiate into pluripotent blood stem cells and
then into rbcs.

B

Pluripotent embryonic stem cells differentiate into multipotent blood stem cells and
then into rbcs.

C

Totipotent embryonic stem cells differentiate into multipotent blood stem cells and then
into rbcs.

D

Totipotent embryonic stem cells differentiate into pluripotent blood stem cells and
then into rbcs.
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8

Which diagram shows the semi-conservative replication of a section of a molecule of DNA?

AAAAAAAAA
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9

The diagram below represents some biochemical reactions involved in protein synthesis.

X
Z

Y

W

Which is correct?

Entire molecule coded
directly from DNA is
represented by

5’ end of
molecule

Enzyme involved in
catalysing bond 5

A

1 and 2

Z

peptidyl transferase

B

1 and 2

Y

aminoacyl tRNA
synthethase

C

1, 2 and 3

X

aminoacyl tRNA
synthethase

D

1, 2 and 4

W

peptidyl transferase

Need a home tutor? Visit smiletutor.sg
9744 / H2 Biology / 01

9
10 A ribosome contains two distinct sub-units: a large sub-unit and a small sub-unit. Ribosomes
from prokaryotic and eukaryotic cells were isolated and subjected to gel electrophoresis. The
results are shown below.

Which one of the following can be correctly concluded from the gel electrophoresis results?
A

Eukaryote cytosolic and mitochondrial ribosomes translate the same types of
protein.

B

Eukaryote mitochondria contain the ribosomal sub-units of the smallest size.

C

Prokaryote ribosomal sub-units have opposing charges to each other.

D

Eukaryote cytosolic ribosomal sub-units travel at the greatest speeds.
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11 Gene expression of albumin gene is regulated by two control elements and its promoter.

Which of the following is a result of differential albumin gene expression in liver cells and brain
cells?
A

Liver and brain cells are differentiated from different pluripotent stem cells, hence
they contain different control elements which result in differential gene expression.

B

Brain cells contain different RNA polymerases and general transcription factors
resulting in low transcription of the albumin gene.

C

Brain cells do not contain the regulatory transcription factors that are required to bind
to the control elements of the albumin gene to promote the assembly of the
transcription complex.

D

Liver and brain cells contain the same regulatory control elements, RNA polymerase
and transcription factors but a mutation has occurred in the regulatory control
elements of the brain cells hence making them dysfunctional.
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12 The diagram shows the structure of a virus.

P
Q
R
S

Which of the following statements are true?
1

P determines the structure of Q and S.

2

Q assists viral entry into the host cell.

3

R and S are required for the entry of the virus into the host cell.

4

Q and R are made of the same components.

A

1 and 2 only

B

1 and 3 only

C

2 and 3 only

D

2 and 4 only

13 Which of the following statement(s) concerning trp operon is/are true?
1

A deletion mutation of the operator will lead to the constitutive production of tryptophan.

2

There is one start and one stop codon in the mRNA of trp operon.

3

The repressor is inactive in the presence of excess tryptophan.

4

The mRNA codes for 3 polypeptides involved in the synthesis of tryptophan.

A

1 only

B

1, 2 and 3 only

C

2 and 3 only

D

1 and 4 only
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14 Which of the following pairs of statements is true of transduction and conjugation?

Transduction

Conjugation

A

Bacterial DNA is transferred from
donor cell to recipient cell

Bacterial DNA is transferred from
donor cell to recipient cell

B

Only host DNA adjacent to prophage
is transferred from donor cell to
recipient cell in specialised
transduction

F plasmid is exchanged between donor
cell and recipient cell

C

Lambda lysogenic phage is involved
in generalised transduction

T4 lytic phage is involved

D

Viral DNA is replicated via rollingcircle mechanism in the donor cell

DNA on F plasmid is replicated via
rolling-circle mechanism in the donor
cell

15 The diagram shows crosses between wild wheat and two types of grass.

What is the chromosome number of the fertile hybrid 2?
A 28

B 42

C 56

D 140
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16 Gene mutations in either the BRCA1 or the BRCA2 genes are responsible for the majority of
hereditary breast cancer in humans.
The proteins produced by the two genes migrate to the nucleus where they interact with other
proteins, such as those produced by the tumour suppressor gene, p53, and the DNA repair
gene, RAD51.
Which combination of gene activity is most likely to result in breast cancer?
gene
BRCA1 or
BRCA2

p53

RAD51

A

9

9

9

B

9

9

8

C

9

8

9

D

8

8

8

key
9 = gene produces normal protein
8 = gene produces abnormal or
no protein

17 The diagram shows a maize (corn) cob with purple and yellow fruits. Purple (P) is dominant
to yellow (p).

What are the genotypes of the parent maize plants?
A PP × Pp

B PP × pp

C Pp × Pp

D pp × Pp
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18 Kearns-Sayre syndrome is a rare genetic trait caused by a deletion of up to 10 000
nucleotides from the mitochondrial DNA (mtDNA). Most individuals with this syndrome have
weak eye muscles, drooping eyelids, vision loss and, often, short stature.
The pedigree that shows a family affected by a mitochondrial trait such as Kearns-Sayre
syndrome is DDDD
B

A

D

C

19 Two gene loci that control red seed colour in wheat have the following alleles.

Gene locus 1 :

R1+ : red colour
R1- : no colour

Gene locus 2 :

R2+ : red colour
R2- : no colour

The number of R1+ or R2+ alleles present in a wheat seed determines the darkness of red in
the seed.

It would be reasonable to expect that with regard to wheat

A

a plant with the genotype R1- R1- R2- R2- could be a parent of a seed with the darkest
red colour.

B

seeds with genotypes R1+ R1+ R2- R2- and R1- R1- R2+ R2+ would have the same red
colour.

C

parents R1+ R1+ R2- R2- × R1- R1- R2+ R2+ could produce seeds with the darkest red
colour.

D

seeds with the genotype R1+ R1+ R2+ R2- would have a lighter red colour than seeds
R1- R1- R2+ R2+
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20 Which stages of aerobic respiration in eukaryotes have the correct products?
ATP

CO2

FAD

NAD

reduced
NAD

1 glycolysis

9

8

8

8

9

2 oxidative phosphorylation

9

8

9

9

8

9 = product

3 Krebs cycle

9

9

9

8

9

8 = not a product

4 link reaction

9

9

8

8

9

A 1 and 2

B 1 and 4

C 2 and 3

key

D 3 and 4

21 The graph below shows the net output of oxygen in spinach leaves as light intensity is
increased.
Temperature is kept constant during the experiment.

Which one of the following conclusions can be made based on the graph?
A

At point T photosynthesis is no longer occurring.

B

The optimal level of light intensity for photosynthesis is 40 AU.

C

At point S the amount of oxygen output is a third of that at point P.

D

Below 10 AU of light intensity the aerobic respiration rate is greater than the
photosynthesis rate.
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22 The diagram shows some of the processes in the light-dependent stage of photosynthesis.

For the light-dependent stage to continue, photosystem two (PS2) must gain electrons.
Where do these electrons come from?
A

electron carriers

B

reduced NADP

C

photolysis

D

the formation of ATP

23 A scientist studied the insulin signalling pathways of two female patients, Eleni and Shani.

Eleni’s pathway is the same as that shown in the diagram above.
The scientist discovered that the gene that encodes the insulin receptor in Shani has a
mutation. Insulin molecules cannot bind to Shani’s insulin receptors.
From this information, it would be correct to conclude that
A

insulin acts as a hydrophilic signalling molecule in Eleni and Shani.

B

there would be more glucose-specific carrier molecules in Shani’s plasma
membranes than in Eleni’s.

C

the binding of insulin molecules to the receptor initiates transduction and the uptake
of glucose into Eleni’s cells.

D

the presence of insulin in Shani would cause an increase in the concentration of the
secondary messenger molecules.
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24 All vertebrate embryos share many homolgies.
The diagram shows a five-week-old human embryo.

If vertebrates did not have a common ancestry, which feature of the human embryo shown
would be most unexpected?
A

arm and leg buds

B

gill arches

C

umbilical cord

D

vertebrae

25 The colours of butterfly wings are produced by microscopic overlapping scales, which also
serve to repel water. The wings of some species of butterfly found in rainforests have large
transparent areas. These seem to confuse predators by breaking up the shape of the
butterfly. The transparent areas have very few scales, so the butterflies are vulnerable to
wing damage in the rain.
How could these selection pressures affect the size of the transparent areas of the wings of
populations of these species of butterfly?
1

smaller transparent areas on the wings due to natural selection in which the selection
pressure is predation

2

larger transparent areas on the wings due to natural selection in which the selection
pressure is the quantity of rainfall

3

no change in the size of the transparent areas on the wings due to stabilizing selection,
in which the selection pressures are predation and quantity of rainfall

A 1, 2 and 3

B 1 and 2 only

C 2 and 3 only

D 3 only
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26 A comparison was made between human, rabbit, mouse and chimpanzee of the
x DNA coding sequence of the β globin gene
x DNA sequence in the introns of the β globin gene
x amino acid sequence of the β globin polypeptide.
The data is shown below.
sequence similarity (%)
Organisms being compared

coding DNA

introns

amino acid
sequence

Human β globin/chimpanzee β globin

100

98.4

100

Human β globin/rabbit β globin

89.3

67

90.4

Human β globin/mouse β globin

82.1

61

80.1

It is possible to conclude from this data that
A

a human is more closely related to a mouse than to a rabbit.

B

the variation between chimpanzees and humans occurs in a region of the β globin
gene which would code for amino acids.

C

the variation in the intron sequence between human and mouse would account for
some of the differences in the amino acid sequence.

D

the comparison between chimpanzee and human indicates that the differences in their
DNA did not always make a difference to the amino acid produced.

27 Whales and snakes do not have any hind limbs, but their skeletons still have the small bones
that in other vertebrates are part of the pelvic girdle. The pelvic girdle is important in the
functioning of hind limbs. Whales and snakes do not move in the same way as each other.
What does this suggest about the evolution of whales and snakes?
1
2
3
4

Their movement involves the same adaptations of the skeleton.
As their ancestors evolved and adapted to different habitats, the pelvic girdle lost its
function.
They are descendants of different groups of animals that used their hind limbs for
movement.
They share a common ancestor that used hind limbs for movement.

A 1, 2 and 3

B 1, 2 and 4

C 2, 3 and 4

D 3 and 4 only
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28 The diagram shows part of the immune response.

What are P, Q and R?
P

Q

R

A

antibody

B-lymphocyte

T helper cell

B

antibody

T helper cell

B-lymphocyte

C

antigen

B-lymphocyte

T helper cell

D

antigen

T helper cell

B-lymphocyte

29 Which of the following describes a positive feedback concerning climate change?
A

Increased atmospheric temperature result in melting of sea ice which decreases the
amount of sunlight reflected back into space.

B

Increased burning of fossil fuels increases atmospheric CO2 concentration, enhancing
the greenhouse effect.

C

Melting of glaciers causes an increase in sea levels.

D

Increase in atmospheric temperature causes many species to move towards
increased altitudes to stay within their optimum temperature range.
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30 Some studies reveal that mitigating (reducing) global greenhouse gas emissions have varied
effectiveness in reducing negative impact on coral growth. The figure below shows the
projected coral reef cover (%) over time (year) in Hawaii (latitude 22.2oN), South Florida
(24.5oN) and Puerto Rico (18.2oN) under mitigation and non-mitigation scenarios.

Based on the information given above, which of the following are possible explanations for
the projected coral reef cover in the various locations after mitigation?

1 The coral reef cover in Hawaii is projected to improve significantly after mitigation because
average sea temperatures there may not be significantly higher than the thermal limit of
the corals.
2 It is projected that mitigation in South Florida and Puerto Rico would not significantly
improve coral reef because these countries are closer to the equator as compared to
Hawaii.
3 Recovery of coral cover after mitigation in South Florida is projected to be negligible
because the extent of damage is already very high.

A

1 only

B

1 and 3 only

C

2 and 3 only

D

1, 2 and 3
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2
Answer all the questions in this section.
1

Fig. 1 is a transmission electronmicrograph of part of an animal cell.

Fig. 1
(a) Identify the organelles labelled A and B.
In each case, state two visible features that enabled your identification.
A
1.

2.

B
1.

2.

[6]
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3
(b) Suggest why structures B are of different shapes.

[1]
(c) Describe the functions of structure C.

[2]
(d) Explain how the structure of membrane allows the formation of pseudopodium.

[2]
[Total: 11]
2

Starch granules are visible within the chloroplasts. Starch is the most common storage
compound of plants. It is composed of amylopectin and amylose.
(a) State one role of magnesium ions within chloroplasts.

[1]
(b) Describe one structural similarity and one structural difference between amylopectin and
amylose.

[2]
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(c)

Fig. 2 shows the monomers of amylopectin.

Fig. 2
Draw in the space below two possible ways that these molecules can form bonds.

[2]
(d) Explain how the structure of starch makes it suitable for its function.

[3]
[Total: 8]
Need a home tutor? Visit smiletutor.sg
9744 / H2 Biology / 02

5
3

Enzymes are globular proteins that catalyse metabolic reactions.
(a)

Describe the features of globular proteins.

[2]
(b) Fig. 3.1 shows a reaction catalysed by the enzyme sucrase.

Fig. 3.1
With reference to Fig. 3.1,
(i) explain the mode of action of sucrase.

[3]
(ii) state the products of the reaction.

[1]
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(c)

A student investigated the effect of increasing the concentration of sucrose on the rate
of activity of sucrase.
Ten test-tubes were set up with each containing 5 cm3 of different concentrations of a
sucrose solution. The test-tubes were placed in a water bath at 40°C for ten minutes. A
flask containing sucrase solution was also put into the water bath.
After ten minutes, 1 cm3 of the sucrase solution was added to each test-tube. The
reaction mixtures were kept at 40°C for a further ten minutes.
After ten minutes, the temperature of the water bath was raised to boiling point.
Benedict’s solution was added to each test-tube. The time taken for a colour change was
recorded and used to calculate rates of enzyme activity.
The whole procedure was repeated after adding copper ions to different concentrations
of sucrose solutions.
The results are shown in Fig. 3.2.

without copper ions

with copper ions

Fig. 3.2
(i) Explain why the temperature of the water was raised to boiling point.

[2]
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(ii) Using the information in Fig. 3.2, explain the effect of copper ions on the action of an
enzyme, such as sucrase.

[3]
[Total: 11]
4

In 1941, US geneticist George Beadle proposed the “one gene-one enzyme” hypothesis
where each gene is responsible for producing a single enzyme that in turns affects a single
step in a metabolic pathway. It was later modified to become the “one gene-one
polypeptide” hypothesis to include nonenzyme proteins and individual polypeptide chains
that are encoded by genes. Post-transcriptional level regulation carried out by alternative
splicing makes the modified hypothesis become too simplistic to describe the relationship
between genes and proteins.
(a) Descibe how alternative splicing challenges this one gene-one polypeptide hypothesis.

[2]
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In eukaryotic cells, gene expression is regulated in a highly coordinated way.
The Ras protein stimulates the cell cycle through a series of reactions. Fig. 4.1 shows a
simple description of the pathway in which the Ras protein acts.

Fig. 4.1

(b) With reference to Fig. 4.1, state the level of regulation of the following genes and provide
reasons for your answer.
(i) MEK gene;

[2]
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(ii) target genes;

[2]
(c) Fig. 4.2 below shows the post-translational control gene expression using ubiquitin and
proteasome.

Fig. 4.2
(i) Name molecule X.

[1]
(ii) With reference to Fig. 4.2, explain how cellular proteins are degraded using this
system.

[3]
[Total: 10]
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5

Bacteria reproduce by the process of binary fission.
(a) Explain the significance of binary fission in bacteria.

[2]
Researchers have identified a gene that gives bacteria resistance to a type of antibiotics
called polymyxins. Despite being discovered around 60 years ago, polymyxins maintained
their effectiveness as antibiotics as they were seldom used due to concerns about their
toxicity.
In recent years, rampant use of common antibiotics (e.g. penicillin and its derivatives) has led
to the emergence of bacterial strains which are resistant to such antibiotics. This has become
more and more of a global concern. Polymyxins are now a last line of defense against bacteria
because of its previous lack of use.
(b) With reference to the reproductive cycle of bacteriophages, suggest how bacteriophage
infections may lead to a spread of antibiotic resistance between bacterial populations.

[3]
The practice of using bacteriophages to treat bacterial infections has been around for almost
a century but it was brought to a standstill after the successful introduction of antibiotics. The
universal decline in the effectiveness of antibiotics has generated renewed interest in this
century old practice.
A bacteriophage such as a lambda phage can infect an E. coli cell but not a eukaryotic cell.
(c) Describe how the entry of a bacteriophage into an E. coli cell differs from that of an
animal virus such as HIV.

[2]
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The replication cycle of the lambda phage in an E. coli cell occurs in two phases, as a
prophage or lytically. Fig. 5 shows that these two phases are controlled by the regulatory
proteins cI and Cro, which are encoded by the virus.

Fig. 5
When bacteria containing a lambda prophage are irradiated with ultraviolet light, the cI protein
is degraded.
(d) With reference to Fig. 5, and your knowledge of bacteriophages, describe the events
that occur when the bacteria is irradiated.

[3]
[Total: 10]
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6

The cells in Fig. 6.1 are from the same organism and look the same.
The cells in Fig. 6.1(a) have been produced by mitosis and the cells in Fig. 6.1(b) have been
produced by meiosis.

Fig. 6.1(a)

Fig. 6.1(b)

(a) Complete the table to show three differences between cells that have been produced by
mitosis compared to cells that have been produced by meiosis.
mitosis

meiosis

[3]
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(b) Fig. 6.2 shows the life cycle of a species of brown seaweed.

Fig. 6.2
(i) Indicate on Fig. 6.2, with the letter M, the stage (s) where mitosis occurs.

[1]

(ii) DNA replication occurs in cells during interphase before they divide by mitosis.
Explain why it is important that replication occurs before mitosis.

[2]
(iii) Explain why meiosis occurs in the life cycle of this seaweed.

[3]
[Total: 9]
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7

In the sweet pea plant, Lathyrus odoratus, one gene codes for flower colour and one gene
codes for pollen grain shape.
Flower colour is either purple or red. Pollen grain shape is either long or round.
The inheritance of these genes is an example of autosomal linkage.
x The allele F for purple flowers is dominant over the allele f for red flowers.
x The allele G for long pollen grains is dominant over allele g for round pollen grains.
(a) Explain the meaning of the term autosomal linkage.

[2]
(b) A dihybrid cross was carried out between homozygous dominant and homozygous
recessive sweet pea plant parents to produce the F1 generation.
The offspring from the F1 generation were crossed to produce the F2 generation.
(i) Draw a genetic diagram to show a dihybrid cross between two offspring from the F1
generation. Assume that these genes are closely linked and that there are no
crossing over events.

[3]
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(ii) The actual results of the dihybrid cross are shown in Table 7.1.
Table 7.1

State how the results support the fact that this is an example of autosomal linkage.

[1]
(c) (i) In a test cross, an individual of known genotype is crossed with an individual that
has a dominant phenotype but unknown genotype.
State the genotype of the known individual in a test cross.

[1]
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(ii) A test cross was carried out with sweet pea plants known to be heterozygous for
both flower colour and pollen grain shape. The results of the test cross are shown in
Table 7.2.
Table 7.2

The result of a test cross can be used to determine a crossover value (COV).
A crossover value is the percentage of the total number of offspring showing
recombination.
The crossover value (COV) can be calculated using the formula shown below.

Calculate the COV from the results shown in Table 7.2.

COV =

%

[2]
(iii) Suggest what information about the relative distance between the linked genes can
be gained from crossover values.

[1]
[Total: 10]
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8

Maize, Zea mays, is a cereal crop that is adapted for growth at high temperatures. However,
it does not cope well with drought.
An investigation was carried out into the effect of low water availability on the activity of
mitochondria taken from maize seedlings.
Young seedlings were uprooted and left in dry air for varying periods of time to reduce the
water potential of their tissues.
(a) After drying in air, mitochondria were extracted from the tissues of the seedlings. The
extracted mitochondria were provided with succinate, which is one of the intermediate
compounds in the Krebs cycle, and also with ADP and inorganic phosphate. The rate at
which the extracted mitochondria took up oxygen was measured. The results are shown
in Fig. 8.1.

Fig. 8.1

(i) Describe the results shown in Fig. 8.1.

[2]
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(ii) The mitochondrion take up oxygen. Explain how this oxygen, plus the succinate, ADP
and inorganic phosphate, are used by the mitochondria.

[3]
(b) A mitochondrion contains DNA and ribosomes and is the organelle in which aerobic
respiration takes place.
Suggest the functions of the DNA and ribosomes in a mitochondrion.

[2]
(c) Some parasitic worms, such as tapeworms, live in a mammalian gut where there is no
oxygen.
Suggest how a tapeworm produces ATP in this environment.

[3]
[Total: 10]
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9

The Hawaiian Islands are some of the most isolated volcanic islands in the world. It is made
up of a group of islands that are formed at different times. The first birds to have flown to
these islands probably arrived millions of years ago from East Asia.
Fig. 9.1 and Fig. 9.2 show the fossils of two extinct species of goose found on two different
Hawaiian islands. The Giant Hawaiian goose was a flightless bird whereas the Woodwalking
goose could fly.
Until recently, the evolutionary relationships among Hawaiian goose are known only from
bone structures. Fig. 9.1 shows the skulls and beaks while Fig. 9.2 shows the wing and leg
bones of the giant Hawaiian goose and woodwalking goose.

Fig. 9.1

leg bones

wing bone
wing bone

Giant Hawaiian
goose

Woodwalking
goose

Fig. 9.2
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(a) With reference to Fig. 9.1 and Fig. 9.2,
(i) discuss whether the fossil records support Darwin’s theory of evolution.

[2]
(ii) explain how natural selection could have brought about the evolution of the leg bone
of the giant flightless Hawaiian goose.

[4]
Several fossil specimens of both Hawaiian goose species were found and the mean lengths
of their skulls, beaks and wing and leg bones were measured. A statistical test was carried
out to determine whether there was a significant difference between these means.
(b) (i) State the statistical test that was carried out.

[1]
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(ii) A summary of the results is shown in Table 9.
Table 9
mean length of skull / mm
giant Hawaiian goose

woodwalking goose

significance of
difference

89.0

31.2

p < 0.05

giant Hawaiian goose

woodwalking goose

significance of
difference

38.6

18.3

p < 0.05

mean length of beak / mm

mean length of wing bone / cm
giant Hawaiian goose

woodwalking goose

significance of
difference

7.3

8.2

p > 0.05

mean length of leg bone / cm
giant Hawaiian goose

woodwalking goose

significance of
difference

14.6

9.4

p < 0.05

Comment on what these results show and suggest explanation for any pattern.

[4]
[Total: 11]
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10 Human Immunodeficiency Virus (HIV) infects cells of the immune system, particularly helper
T-lymphocytes and memory helper T-lymphocytes. The onset of disease, which can occur
many years later, coincides with a severely lowered primary and secondary immune
response, owing to greatly reduced numbers of helper T-lymphocytes in the body.
(a) Explain how the destruction of memory helper T-lymphocytes will contribute to a lowered
secondary immune response.

[3]
(b) Tuberculosis (TB) is an important disease worldwide.
Suggest why TB is more likely to be fatal in people who have HIV/AIDS than in those
who do not have HIV/AIDS.

[2]
[Total: 5]
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11 Plants have long been regarded as carbon sinks because they take in carbon dioxide for
photosynthesis. However, when temperatures rise, plants increase their rate of respiration,
resulting in increased carbon dioxide release. Some research has suggested that this could
convert forests from a long-term carbon sink to a carbon source, aggravating climate change.
In 2016, a team of scientists conducted a short-term study of five years to find out the net
carbon exchange of trees when the temperature was increased. In order to determine this,
the increase in leaf respiration at higher temperatures was evaluated using 1000 young trees
of 20 different boreal and temperate tree species grown in an open-setting.
Fig. 11 showed the observed data and expected data that had been derived from
mathematical model projection using computer simulation.

Fig. 11
(a)

With reference to Fig. 11, describe one difference between the observed and expected
data.

[2]
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(b)

(c)

In Fig. 11, the observed data shows a difference in the increase in leaf respiration
between boreal and temperate tree species. Suggest why this difference is not
significant.

[1]
Based on the results of the study, comment on whether forests will remain as carbon
sinks or be converted to carbon sources if temperatures rise.

[2]
[Total: 5]
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Section A
Answer all the questions in this section.
1

In Africa, Anopheles gambiae is one of the best-known mosquito vector species because of
its role in the transmission of the dangerous malarial parasite – Plasmodium falciparum.
Molecular analyses reveal that there are two forms of A. gambiae, the M and S molecular
forms. These two forms are morphologically identical but show widespread molecular
differences throughout their genomes.
The M and S molecular forms of A. gambiae are found in and around irrigated rice ﬁelds
located within the same humid savannahs of western Africa. The M form is associated with
larger permanent breeding sites mostly consisting of rice paddies, whereas the S form is
found to depend on temporary, rain-ﬁlled breeding sites. Although interbreeding between M
and S forms yields fertile progeny, M-S hybrids are rarely observed in nature.
(a) (i) Describe how the molecular differences between the M and S forms of A. gambiae
could have come about.

[2]
(ii) Suggest how the level of molecular differences between the two forms of A. gambiae
could have been determined.

[1]
(iii) One advantage of molecular analyses is the ability to detect evolutionary changes
between populations even though they may look morphologically similar or identical.
Other than the advantage stated above, describe two advantages of molecular
analyses in classifying organisms.

[2]
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(b) Explain the type of speciation A. gambiae is undergoing.

[3]
(c) A. gambiae go through four stages in its life cycle.
Complete Fig. 1.1 to show these stages.

Fig. 1.1
[1]
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(d) Anopheles mosquitoes thrive in regions with warm temperatures, humid conditions, and
high rainfall. Thus, tropical and subtropical areas are ideal. Warm temperatures are also
required for malarial parasites to complete their growth cycle within the mosquitoes.
Climate change due to global warming is expected to cause latitudinal and altitudinal
temperature increases. Such a temperature increase will alter the biology and ecology
of many mosquito vectors and subsequently, the dynamics of the diseases they transmit.
(i) Explain how increased temperatures could impact the biology of insects like
mosquitoes.

[2]
(ii) Globally, average temperatures could increase by more than 2°C by the end of the
21st century.
Suggest and explain the effect this change in temperature will have on the
distribution of malaria across the world.

[2]
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A research team investigated the activity of two forms of catalase, P and Q, extracted from
A. gambiae. The enzyme catalyses the decomposition of hydrogen peroxide, which is a toxic
product of metabolism, into oxygen and water. The team investigated the effect of increasing
concentrations of hydrogen peroxide on the activity of these two forms of catalase.
The results are shown in Fig. 1.2.

Fig. 1.2

(e) With reference to Fig. 1.2, describe and explain the effect of increasing the concentration
of hydrogen peroxide on the activity of catalase P.

[4]
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(f) Each molecule of catalase consists of four identical polypeptides. The two forms of
catalase in A. gambiae differ by only one amino acid at position 2 in the amino acid
sequence. Catalase P has serine and catalase Q has tryptophan.
Suggest how the difference in one amino acid is responsible for the lower activity of
catalase Q compared with catalase P.

[2]

(g) Blood is a rich source of proteins for mosquitoes. Female mosquitoes feed on blood in
order to produce their eggs. After feeding, the metabolic rate increases for egg
production.
(i) The researchers allowed female mosquitoes to feed on blood. They found that
female mosquitoes with only catalase P produced more eggs than those with only
catalase Q.
Suggest why there is a difference in egg production between the two types of A.
gambiae.

[2]
(ii) The proteins in blood are broken down into amino acids and absorbed by the
epithelial cells in the mosquitoes’ midgut. Amino acids require specific carrier
proteins to enter cells.
Explain why carrier proteins are required in cell surface membranes for the transport
of amino acids.

[2]
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(h) Other than the transport of substances into and out of cells, describe two roles of cell
surface membranes.
1

2

[2]
[Total: 25]
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2

The coat colour of Norwegian cattle is mainly determined by the distribution of two pigments:
red and black. Both pigments are produced by the action of the enzyme tyrosinase in cells
called melanocytes. A low level of activity of the enzyme leads to the production of red pigment,
whilst a high activity allows only black pigment production. The activity of the enzyme is
increased by melanocyte stimulating hormone (MSH), which combines with an MSH receptor.
The receptor is coded for by the E locus, which has three alleles, ED, EA and e. ED and EA each
give a receptor with a different activity. No receptor is produced by the recessive allele, e.
The dominant allele of a second gene, the A locus, codes for a protein which binds to and
blocks the MSH receptors coded for by EA, thus preventing stimulation of tyrosinase activity in
melanocyte. The receptor coded for ED is insensitive to the protein coded for at the A locus.
The effects of the different alleles of the two loci are summarised in Table 2.1.
Table 2.1
E locus

A locus

genotype

MSH receptor

genotype

Protein which blocks MSH
receptor

EDED
or
EDe

insensitive to A locus blocking
protein

AA
or
Aa

Present

EAEA
or
EAe

Sensitive to A locus blocking
protein

aa

Absent

ee

none

(a) (i) State the name given to interaction between gene loci, such as that between the E
and A loci.

[1]
(ii) Explain why animals with the genotype EAEAAA have red coats.

[2]
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(iii) Predict the coat colours of animals with the following genotypes:
eeaa
EAeaa
EDeAa
[3]
Allele EA differs from ED by a single base substitution and e differs from EA by a single base
deletion.
(b) Suggest how these mutations might result in differences in the MSH receptor.

[2]
DNA was extracted from the frozen semen of six bulls with different genotypes at the E locus.
The DNA from each animal was separately digested with two different restriction enzymes P
and Q. The products of each digestion were separated on a gel. The banding patterns
produced with respect to this locus are shown in Fig. 2.1.

Fig. 2.1
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(c) Explain briefly how the products of digestion of DNA with restriction enzymes can be
separated on a gel.

[2]
(d) Suggest why the products of digestion of DNA from the same animal are different when
a different restriction enzyme is used.

[2]
(e) State which genotypes can be identified by using each of the two restriction enzymes.
P
Q
[2]
[Total: 14]
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3

B-lymphocytes respond to the presence of an antigen by dividing as shown in Fig. 3.1.

antigen

Fig. 3.1
(a) Describe how Y are released from cell X.

[2]
Cell Z has an important role in the immune system.
(b) Explain the role of cell Z.

[3]
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Fig. 3.2 shows the sequence of events in one the cell signalling pathways when a Blymphocyte encounters an antigen.
LYN and SYK are tyrosine kinases.

Fig. 3.2
(c) With reference to the main stages of cell signalling and Fig. 3.2,
(i) describe stages A and B.
A

B

[4]
(ii) suggest how the signal can be terminated.

[2]
[Total: 11]
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4 (a) Discuss why life would be impossible without ATP.

[13]

(b) Describe the effects of different types of mutations on the proteins of eukaryotes.

[12]

[Total: 25]

5 (a) Discuss why intracellular enzymes are essential to life.

[13]

(b) Describe how variation arises and how recessive alleles are preserved in a
population.

[12]

[Total: 25]
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1

You are provided with a solution, labelled E, containing an enzyme which coagulates
(clots) milk. Enzyme E hydrolyses (breaks) peptide bonds between certain amino acids in
a protein found in milk and this results in the coagulation of the milk. Calcium ions are
required for this coagulation.
You are required to:
x
x
x
x

carry out a trial test to think about sources of error
make simple (proportional) dilutions of the proteins in the milk, M
record the time taken to reach end point for each of the concentrations of M
estimate the concentration of milk protein in U.

When a mixture of milk, calcium chloride solution and E is gently rotated in a test-tube the
coagulation goes through the stages shown in Fig. 1.1.
Stage 3 is the end-point of the enzyme-catalysed coagulation.

Fig. 1.1
The time taken to reach end-point gives an indication of the concentration of protein in
milk.
You are provided with:
Table 1.1
labelled

contents

hazards

volume / cm3

C

10% calcium chloride solution

harmful irritant

20

W

distilled water

none

100

M

milk

none

100

E

1% enzyme solution

harmful irritant

20

U

milk with an unknown
concentration of protein

none

20

If C or E comes into contact with your skin, wash off immediately under cold water. It is
recommended that you wear suitable eye protection.
9744 / H2 Biology / 04
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Before proceeding further, use the beaker labelled hot water to collect approximately
200cm3 of hot water from where it is provided in the laboratory.

You are required to carry out a trial test (step 1 to step 16) before you start your
investigation.

Read step 1 to step 16 before proceeding.
Proceed as follows:
1

You are provided with a beaker labelled water-bath. Use the hot and cold water to
set up a water-bath in this beaker. The starting temperature of the water-bath should
be between 35°C and 40°C.
You will not need to maintain this temperature during steps 2 to 15.

2

Put 10cm3 of M into a test-tube.

3

Repeat step 2 so that you have three test-tubes containing M.

4

Put 1cm3 of C into each test-tube.

5

Gently shake each of the test-tubes to mix M and C.

6

Take the temperature of the water-bath and record this temperature in (a)(ii) on
page 5.

7

Put the test-tubes into the water-bath and leave for at least 3 minutes.

(a) (i) Explain why the test-tubes are left in the water-bath for at least 3 minutes in
step 7.

[1]
8

Remove one of the test-tubes from the water-bath.
The process of coagulation will start when E is added to the test-tube.

9744 / H2 Biology / 04
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9

Put 1cm3 of E into the test-tube, so that it runs down the side of the test-tube and
forms a layer on the surface of the mixture, as shown in Fig. 1.2.

Fig. 1.2
10 Start timing.
11 Hold the test-tube over a piece of black card on the table as shown in Fig. 1.3.
12 Gently rotate the test-tube to form a film of milk on the inside of the test-tube.

Fig. 1.3
13 Observe the film until the end-point is reached (stage 3 in Fig. 1.1). Ignore any small
bubbles on the inside of the test-tube. Stop timing.
14 Record in (a)(iii) the time taken to reach the end-point.
If the end-point has not been reached in 4 minutes, stop the experiment and record
‘more than 240’.
15 Repeat step 8 to step 14 with each of the other two test-tubes in the water-bath.

9744 / H2 Biology / 04
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16 Take the temperature of the water-bath when the final test-tube has been removed
and record this in (a)(ii).
(ii) Temperature may be a source of error in this investigation.
State the temperatures of the water-bath.
temperature of water-bath taken in step 6 ............................................. °C
temperature of water-bath taken in step 16 ........................................... °C
Explain whether the temperature of the water-bath is a significant source of error
in this investigation.

[1]
(iii) Record your results in an appropriate table.

[2]
(iv) A significant source of error for this investigation is deciding when the end-point
is reached.
Suggest one advantage of carrying out this trial test before carrying out the
investigation.

[1]
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(v) You are required to prepare different concentrations of the proteins in milk, M.
M is undiluted milk and is to be referred to as 100% milk.
You are required to make a simple (proportional) dilution of M, which reduces the
concentration of M by 20% between each successive dilution. You will also need
to make a 10% concentration.
You will need to prepare 20cm3 of each concentration.
You will require these different concentrations of milk for both part (a) and (b) of
this question.

Table 1.2 shows how to make up two of the concentrations you will use, 100%
and 10%.
Decide which other concentrations of milk to prepare using simple (proportional)
dilutions of M and complete Table 1.2.
Table 1.2
volume of M
/ cm3

volume of distilled water, W
/ cm3

concentration of milk/ %

20.0

0.0

100

2.0

18.0

10

[2]
17 Prepare the concentrations of milk as decided in (a)(v).
18 Adjust the temperature of the water-bath so that it is between 35°C and 40°C.
You will not need to maintain this temperature during step 19 to step 24.
19 Put 10cm3 of the lowest concentration of milk into a test-tube.
Repeat step 19 with each of the other concentrations of milk that you have prepared
and with 100% milk.
Do not dispose remaining volumes of milk. You will require them in part (b) of this
question.
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20 Put 1cm3 of C into each test-tube.
21 Gently shake each of the test-tubes to mix the milk and C.
22 Put the test-tubes in the water-bath and leave for at least 3 minutes.
While you are waiting read step 8 to step 13.
23 After 3 minutes remove one of the test-tubes from the water-bath. Add 1cm3 of E as
in step 9, then repeat step 10 to step 13 and record in (a)(vi) the time taken to reach
the end-point.
24 Repeat step 24 with each of the other test-tubes.
(vi) Record your results in an appropriate table for the known concentrations of milk.

[4]
You are now required to estimate the protein concentration of U.
25 Repeat the experiment with U.
Record in (a)(vii) the time taken to reach end-point for U.
(vii) State the time taken for U to reach end-point.

[1]
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(viii) Complete Fig. 1.4, using arrows and labels, to show the position on the line of
each of the percentage concentrations of milk decided in Table 1.2.
Put the label U on Fig. 1.4 to show an estimate of the concentration of milk
which provides a measure of the proteins in U, using the result in (a)(vii).

Fig. 1.4
[2]
(ix) Suggest and explain a suitable control experiment that could be used in this
investigation.

[2]
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(b) A student suggested that determining protein concentration via the enzyme-catalysed
coagulation was too time consuming and there should be a faster method to estimate
protein concentration in milk.
You have been provided with the following, which you must use:
x
x
x

Biuret’s solution
spotting tile
a chart labelled “colour chart” provided on the bench

You may use any solutions and apparatus that have been provided.
Plan and carry out a method to estimate the concentration of milk protein in U.
(i) Outline the steps in your method.

[3]
(ii) Record your results in a suitable format in the space provided.

[3]
9744 / H2 Biology / 04
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(iii) Complete Table 1.3 to suggest:
x significant sources of error in your procedure
x improvements to reduce these errors.
Table 1.3
significant source of error

improvement

[4]
(c) Another student investigated the effect of temperature on the activity of enzyme E,
by measuring the percentage coagulation of the milk.
(i) Describe how the temperature could be changed.

[2]
The results are shown in Table 1.4.
Table 1.4
temperature / oC

percentage coagulation
of the milk

8.5

7

28.0

63

35.5

84

41.0

92

50.0

39

9744 / H2 Biology / 04
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(ii) Plot a graph of the data in Table 1.4 on the grid in Fig. 1.4.
Use a sharp pencil for drawing graphs.

Fig. 1.4
[4]
(iii) Suggest explanations for the results between 35oC and 45oC.

[3]
[Total: 35]
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2

J1 is a slide of a stained transverse section through a plant leaf.
You are not expected to be familiar with this specimen.

Fig. 2.1
You are required to use a sharp pencil for drawings.
(a) (i) Draw a large plan diagram of the section of the leaf (midrib) shown by the shaded
area in Fig. 2.1.
A plan diagram shows the arrangement of different tissues. Your drawing should
show the correct shape and proportions of the different tissues.
No cells should be drawn.
Labels are not required.

[3]
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(ii) Use the eyepiece graticule to measure the actual thickness of leaf at position
shown by the line X – Y in Fig. 2.1.
Show your working.

Distance X – Y ………………… [2]
(iii) Observe the upper epidermis at the top of the leaf on J1 shown by the rectangle
in the Fig. 2.1.
Select one group of three cells with:
x
x

two cells from the upper epidermis
one adjacent (touching) cell from the tissue below.

Each cell of the group must touch at least one of the other cells.
Make a large labelled drawing of this group of three cells.
Label a structure that produces ATP.

9744 / H2 Biology / 04
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An eyepiece graticule scale can be used to measure cells. To obtain an actual length
the eyepiece graticule scale must be calibrated against a stage micrometer. However,
to obtain values for calculating a ratio, it is not necessary to calibrate the eyepiece
graticule scale.
(iv) Observe J1 using the ×40 objective lens.
Use the eyepiece graticule scale to find the mean width of the
x cells at the upper epidermis
x cells from the tissue below the upper epidermis.
State the ratio of the mean width of the cells at the upper epidermis to the mean
width of the cells from the tissue below the upper epidermis.
You may lose marks if you do not show all the steps in finding the ratio.

ratio ………………… [3]
(b)

Fig 2.2 is a photomicrograph of a stained transverse section through part of a leaf
from a different type of plant.
You are not expected to be familiar with this specimen.

Fig. 2.2
9744 / H2 Biology / 04
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(i) Calculate the magnification of Fig. 2.2 using the scale bar.
You may lose marks if you do not show your working or if you do not use
appropriate units.

magnification ×……………….. [3]
(ii) There are observable differences between the leaf sections in Fig. 2.2 and J1.
Identify three differences between them.
For each of the three differences, draw one label line to a feature in Fig. 2.2 that
shows the difference. Label the three differences D, E and F.
Complete Table 2.1 to describe the difference between the leaf sections for each
of these three features.
Table 2.1
Feature

Fig. 2.2

J1

D

E

F

[4]
[Total: 20]
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1

The table shows some of the structural features present or absent in four different cell
types.
Which identifies the cell type for each column of features?
key
9= feature present
8 = feature absent
cell wall

9

8

9

9

centrioles

8

9

8

8

chloroplast

9

8

8

8

mitochondria

9

9

8

9

golgi apparatus

9

9

8

9

A

palisade
mesophyll cell

bacterial cell

blood stem cell

yeast cell

B

palisade
mesophyll cell

blood stem cell

bacterial cell

yeast cell

C

palisade
mesophyll cell

yeast cell

blood stem cell

bacterial cell

D

palisade
mesophyll cell

yeast cell

bacterial cell

blood stem cell
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2

Radioactively-labelled nucleotides are introduced into a cell.

In which cell structures will the radioactivity first become concentrated?
A 1 and 3

3

B 1 and 4

C 2 and 3

D 3 and 4

The main steps in fractionation, a process used to separate cell components, are shown
below.
•

Cells are broken open in buffer solution.

•

The mixture is centrifuged at low speed.

•

The largest and densest organelles sediment.

•

The supernatant is removed and centrifuged at a higher speed .

•

The next smaller and less dense organelles sediment.

•

The supernatant is removed and centrifuged at higher speed.

•

The next smaller and less dense organelles sediment.

•

The supernatant is removed and centrifuged at a higher speed .

•

nse
e organelles
org
r
The smallest and least dense
sediment.

sediment 1
sediment 2
sediment 3
sediment 4

ain
ned
ed ffrom
ro
om fractionation
ffrrac
acti
tion
ti
onat
on
attio
i n of a plant cell were tested for biochemical activity.
The sediments obtained
ufffer
e solution
sol
olut
utio
tio
on were
we
w
ere added
add
dded and the mixtures left in the light for fifteen minutes.
DCPIP and buffer
dim
men
ents
sw
ould
ou
ld th
In which sediments
would
the blue oxidised DCPIP be reduced?
A 1 and 2

B 2 and 3

C 2 and 4

D 3 and 4
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Students were asked to highlight only the R groups of two ring-shaped amino acids.
Which pairs of diagram is correct for both amino acids?

A

B

C

D
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5

Disaccharides are formed following synthesis from monosaccharides or as a result of
polysaccharide hydrolysis.
Cellobiose, maltose, sucrose and trehalose are four different disaccharides found in nature.
Some features of these disaccharides are listed.
• The disaccharide cellobiose is formed from the hydrolysis of the polysaccharide
cellulose.
• Sucrose is composed of glucose and fructose.
• Trehalose is a non-reducing disaccharide that is synthesised from two α-glucose
molecules.
• The disaccharide maltose is formed from the hydrolysis of amylose, a component of
starch.
Which column correctly identifies each disaccharide?
A

B

C

D

cellobiose

maltose

sucrose

trehalose

maltose

cellobiose

trehalose

maltose

sucrose

trehalose

cellobiose

cellobiose

trehalose

sucrose

maltose

sucrose
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6

The enzyme rennin is found in gastric juice of young mammals. It causes the clotting of milk
protein. The activity of rennin was investigated by recording the time taken for rennin to clot
milk in different conditions. The table shows the different conditions used and the results of
the investigation.

solutions added to 10 cm3 of milk at 35 ºC
tube

2%
rennin

1

5 cm3

2

5 cm3

water

calcium
citrate

lead
nitrate

2 cm3
2 cm3
5 cm3

3

calcium
nitrate

4

5 cm3

2 cm3

5

5 cm3

2 cm3

6

5 cm3

2 cm3

hydrochloric
acid

time for milk
to clot/min

2 cm3

1

2 cm3

No clot

2 cm3

No clot

2 cm3

25

2 cm3

2 cm3

10

2 cm3

2

What is a correct conclusion?

7

A

Calcium ions increase the activity of rennin.

B

Citrate ions are necessary for the activity of rennin.

C

Hydrochloric acid is necessary for the activity of rennin.

D

Nitrate ions inhibit the activity of rennin.

Blood transfusion laboratories around the world are hoping to produce large numbers of red
blood cells (rbcs) from 'spare' human embryos produced during in vitro fertilisation
procedures.
ed ffrom an embryo and cultured in a growth medium that
Embryonic stem cells are removed
on into
int
nto
nt
o rbcs.
rbcs
rb
stimulates their differentiation
orrre
ec
cctl
ttlly d
de
es
sc
cri
ribe
bes
be
s th
this
i differentiation?
is
d
Which statement correctly
describes
A

Multipotent
poten
en
nt e
em
embryonic
mb
brry
yo
oni
nic sstem
tem ce
cells differentiate into pluripotent blood stem cells and
then into
ntto rb
rrbcs.
bc
css.

B

Pluripotent
en
nt em
e
embryonic
mbr
b yo
stem cells differentiate into multipotent blood stem cells and
then into rbcs
rbcs.

C

Totipotent embryonic stem cells differentiate into multipotent blood stem cells and then
into rbcs.

D

Totipotent embryonic stem cells differentiate into pluripotent blood stem cells and
then into rbcs.
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8

Which diagram shows the semi-conservative replication of a section of a molecule of DNA?

AAAAAAAAA
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9

The diagram below represents some biochemical reactions involved in protein synthesis.

X
Z

Y

W

Which is correct?

Entire molecule coded
directly from DNA is
represented by

5’ end of
molecule

Enzyme involved in
catalysing bond 5

A

1 and 2

Z

peptidyl transferase

B

1 and 2

Y

aminoacyl tRNA
synthethase

C

1, 2 and 3

X

aminoacyl tRNA
synthethase

D

1,, 2 and
an
nd
d4

W

peptidyl transferase
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10 A ribosome contains two distinct sub-units: a large sub-unit and a small sub-unit. Ribosomes
from prokaryotic and eukaryotic cells were isolated and subjected to gel electrophoresis. The
results are shown below.

Which one of the following can be correctly concluded from the gel electrophoresis results?
A

Eukaryote cytosolic and mitochondrial ribosomes translate the same types of
protein.

B

Eukaryote mitochondria contain the ribosomal sub-units of the smallest size.

C

Prokaryote ribosomal sub-units have opposing charges to each other.

D

Eukaryote cytosolic ribosomal sub-units travel at the greatest speeds.

Need a home tutor? Visit smiletutor.sg
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11 Gene expression of albumin gene is regulated by two control elements and its promoter.

Which of the following is a result of differential albumin gene expression in liver cells and brain
cells?
A

Liver and brain cells are differentiated from different pluripotent stem cells, hence
they contain different control elements which result in differential gene expression.

B

Brain cells contain different RNA polymerases and general transcription factors
resulting in low transcription of the albumin gene.

C

Brain cells do not contain
in the
he rregulatory
egu
eg
transcription factors that are required to bind
to the control elements
eme
ent
nts of
of the
the albumin
al
gene to promote the assembly of the
transcription comp
complex.
mple
mp
ex.
x

D

Liver and
an
nd b
br
brain
rai
ain c
ce
cells
elllls co
ccontain
cont
ont
ntai
ain the same regulatory control elements, RNA polymerase
ai
and transcription
factors
an
nsc
scri
rip
pttiio
on fa
fac
cto but a mutation has occurred in the regulatory control
elements o
off the
cells hence making them dysfunctional.
the brain
br
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12 The diagram shows the structure of a virus.

P
Q
R
S

Which of the following statements are true?
1

P determines the structure of Q and S.

2

Q assists viral entry into the host cell.

3

R and S are required for the entry of the virus into the host cell.

4

Q and R are made of the same components.

A

1 and 2 only

B

1 and 3 only

C

2 and 3 only

D

2 and 4 only

13 Which of the following statement(s) concerning trp operon is/are true?
1

A deletion mutation of the operator
pera
rato
ra
t will lead to the constitutive production of tryptophan.

2

There is one start and
d one
e sstop
t p codon
to
codo in the mRNA of trp operon.
co

3

The repressorr is inactive
presence
ina
nactiv
ctt ve in
c
i tthe
he p
res
re
sen of excess tryptophan.

4

The mRNA
polypeptides
involved in the synthesis of tryptophan.
RNA
A ccodes
odess ffor
od
or 3 p
or
olyp
olyp
ol
y ep
e t

A

1 only

B

1, 2 and 3 only

C

2 and 3 only

D

1 and 4 only
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14 Which of the following pairs of statements is true of transduction and conjugation?

Transduction

Conjugation

A

Bacterial DNA is transferred from
donor cell to recipient cell

Bacterial DNA is transferred from
donor cell to recipient cell

B

Only host DNA adjacent to prophage
is transferred from donor cell to
recipient cell in specialised
transduction

F plasmid is exchanged between donor
cell and recipient cell

C

Lambda lysogenic phage is involved
in generalised transduction

T4 lytic phage is involved

D

Viral DNA is replicated via rollingcircle mechanism in the donor cell

DNA on F plasmid is replicated via
rolling-circle mechanism in the donor
cell

15 The diagram shows crosses between wild wheat and two types of grass.

ch
hrro
omo
moso
ome number
num
umbe of the fertile hybrid 2?
What is the chromosome
A 28

B 42

C 56

D 140
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16 Gene mutations in either the BRCA1 or the BRCA2 genes are responsible for the majority of
hereditary breast cancer in humans.
The proteins produced by the two genes migrate to the nucleus where they interact with other
proteins, such as those produced by the tumour suppressor gene, p53, and the DNA repair
gene, RAD51.
Which combination of gene activity is most likely to result in breast cancer?
gene
BRCA1 or
BRCA2

p53

RAD51

A

9

9

9

B

9

9

8

C

9

8

9

D

8

8

8

key
9 = gene produces normal protein
8 = gene produces abnormal or
no protein

17 The diagram shows a maize (corn) cob with purple and yellow fruits. Purple (P) is dominant
to yellow (p).

What are the genotypes of the parent maize plants?
A PP × Pp

B PP × pp

C Pp × Pp

D pp × Pp
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18 Kearns-Sayre syndrome is a rare genetic trait caused by a deletion of up to 10 000
nucleotides from the mitochondrial DNA (mtDNA). Most individuals with this syndrome have
weak eye muscles, drooping eyelids, vision loss and, often, short stature.
The pedigree that shows a family affected by a mitochondrial trait such as Kearns-Sayre
syndrome is DDDD
C

A

D

B

19 Two gene loci that control red seed colour in wheat have the following alleles.

Gene locus 1 :

R1+ : red colour
R1- : no colour

Gene locus 2 :

R2+ : red colour
R2- : no colour

The number of R1+ or R2+ alleles present in a wheat seed determines the darkness of red in
the seed.

It would be reasonable to expect that with regard to wheat

A

a plant with the genotype R1- R1- R2- R2- could be a parent of a seed with the darkest
red colour.

B

seeds with gen
genotypes
not
otypes
ypess R1+ R1+ R2- R2- and R1- R1- R2+ R2+ would have the same red
yp
colour..

C

parentss R1+ R1+ R2- R2- × R1- R1- R2+ R2+ could produce seeds with the darkest red
colour.

D

seeds with the genotype R1+ R1+ R2+ R2- would have a lighter red colour than seeds
R1- R1- R2+ R2+
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20 Which stages of aerobic respiration in eukaryotes have the correct products?
ATP

CO2

FAD

NAD

reduced
NAD

1 glycolysis

9

8

8

8

9

2 oxidative phosphorylation

9

8

9

9

8

9 = product

3 Krebs cycle

9

9

9

8

9

8 = not a product

4 link reaction

9

9

8

8

9

A 1 and 2

B 1 and 4

C 2 and 3

key

D 3 and 4

21 The graph below shows the net output of oxygen in spinach leaves as light intensity is
increased.
Temperature is kept constant during the experiment.

Which one of the following conclusions can be made based on the graph?
A

At point T photosynthesis is no longer occurring.

B

The optimal level of light intensity for photosynthesis is 40 AU.

C

At point S the amount of oxygen output is a third of that at point P.

D

Below 10 AU of lightt intensity
in
nte
tens
nsity the aerobic respiration rate is greater than the
ns
photosynthesis rate.
ate..
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22 The diagram shows some of the processes in the light-dependent stage of photosynthesis.

For the light-dependent stage to continue, photosystem two (PS2) must gain electrons.
Where do these electrons come from?
A

electron carriers

B

reduced NADP

C

photolysis

D

the formation of ATP

23 A scientist studied the insulin signalling pathways of two female patients, Eleni and Shani.

Eleni’s pathway is the same as that shown in the diagram above.
The scientist discovered that the gene that encodes the insulin receptor in Shani has a
mutation. Insulin molecules cannot bind to Shani’s insulin receptors.
From this information, it would
ld be
e correct
cor
o re to conclude that
A

insulin acts
cts
s ass a hydrophilic
hyd
ydro
roph
hililicc signalling
sig
igna
molecule in Eleni and Shani.

B

there
e would
wou
ould
d be
be mo
m
more
r glucose-specific carrier molecules in Shani’s plasma
membranes
bra
ra
ane
nes than
tha
th
an in
i Eleni’s.

C

the binding of insulin molecules to the receptor initiates transduction and the uptake
of glucose into Eleni’s cells.

D

the presence of insulin in Shani would cause an increase in the concentration of the
secondary messenger molecules.
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24 All vertebrate embryos share many homolgies.
The diagram shows a five-week-old human embryo.

If vertebrates did not have a common ancestry, which feature of the human embryo shown
would be most unexpected?
A

arm and leg buds

B

gill arches

C

umbilical cord

D

vertebrae

25 The colours of butterfly wings are produced by microscopic overlapping scales, which also
serve to repel water. The wings of some species of butterfly found in rainforests have large
transparent areas. These seem to confuse predators by breaking up the shape of the
butterfly. The transparent areas have very few scales, so the butterflies are vulnerable to
wing damage in the rain.
How could these selection pressures affect the size of the transparent areas of the wings of
populations of these species of butterfly?
bu
utt
tter
e
1

smaller transparent
areas
due to natural selection in which the selection
paren
e t ar
en
a
rea
eas on tthe
he wings
w
pressure is predation
p ed
pr
eda
attio
on

2

larger
areas
on the wings due to natural selection in which the selection
err ttransparent
rra
anspa
nsspa
pare
ren
ntt a
reas
re
as o
pressure
the
quantity
ure
rre
e iis
s tth
he qu
qua
ant of rainfall

3

no change
ge
e iin
n the size of the transparent areas on the wings due to stabilizing selection,
in which the selection pressures are predation and quantity of rainfall

A 1, 2 and 3

B 1 and 2 only

C 2 and 3 only

D 3 only
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26 A comparison was made between human, rabbit, mouse and chimpanzee of the
x DNA coding sequence of the β globin gene
x DNA sequence in the introns of the β globin gene
x amino acid sequence of the β globin polypeptide.
The data is shown below.
sequence similarity (%)
Organisms being compared

coding DNA

introns

amino acid
sequence

Human β globin/chimpanzee β globin

100

98.4

100

Human β globin/rabbit β globin

89.3

67

90.4

Human β globin/mouse β globin

82.1

61

80.1

It is possible to conclude from this data that
A

a human is more closely related to a mouse than to a rabbit.

B

the variation between chimpanzees and humans occurs in a region of the β globin
gene which would code for amino acids.

C

the variation in the intron sequence between human and mouse would account for
some of the differences in the amino acid sequence.

D

the comparison between chimpanzee and human indicates that the differences in their
DNA did not always make a difference to the amino acid produced.

27 Whales and snakes do not have any hind limbs, but their skeletons still have the small bones
that in other vertebrates are part of the pelvic girdle. The pelvic girdle is important in the
functioning of hind limbs. Whales and
n snakes do not move in the same way as each other.
What does this suggest aboutt the
of whales and snakes?
the
h evolution
evo
volu
1
2
3
4

Their movement
the
eme
ent
nt involves
in
nvvol
vo
olllve
ves th
ve
he same
sam
sa
me adaptations of the skeleton.
As their
ancestors
evolved
and adapted to different habitats, the pelvic girdle lost its
eirr a
nc
ces
esto
ors
rs e
volv
vo
lved
d a
function.
n.
They are
descendants
of different groups of animals that used their hind limbs for
e de
d
esc
scen
enda
en
movement.
They share a common ancestor that used hind limbs for movement.

A 1, 2 and 3

B 1, 2 and 4

C 2, 3 and 4

D 3 and 4 only
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28 The diagram shows part of the immune response.

What are P, Q and R?
P

Q

R

A

antibody

B-lymphocyte

T helper cell

B

antibody

T helper cell

B-lymphocyte

C

antigen

B-lymphocyte

T helper cell

D

antigen

T helper cell

B-lymphocyte

29 Which of the following describes a positive feedback concerning climate change?
A

Increased atmospheric temperature result in melting of sea ice which decreases the
amount of sunlight reflected back into space.

B

Increased burning of fossil fuels increases atmospheric CO2 concentration, enhancing
the greenhouse effect.

C

Melting of glaciers causes an
n increase
in
in sea levels.

D

Increase in atmospheric
osp
phe
eri
ric temperature
te
emp
mpe
causes many species to move towards
itu
udes
de
d
es to
o stay
sta
tay within
with
wi
thin
th
in
n ttheir
he optimum temperature range.
increased altitudes
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30 Some studies reveal that mitigating (reducing) global greenhouse gas emissions have varied
effectiveness in reducing negative impact on coral growth. The figure below shows the
projected coral reef cover (%) over time (year) in Hawaii (latitude 22.2oN), South Florida
(24.5oN) and Puerto Rico (18.2oN) under mitigation and non-mitigation scenarios.

Based on the information given above, which of the following are possible explanations for
the projected coral reef cover in the various locations after mitigation?

1 The coral reef cover in Hawaii is projected to improve significantly after mitigation because
average sea temperatures there may not be significantly higher than the thermal limit of
the corals.
2 It is projected that mitigation in South Florida and Puerto Rico would not significantly
improve coral reef because these countries are closer to the equator as compared to
Hawaii.
3 Recovery of coral cover after
in South Florida is projected to be negligible
ter mitigation
mt
mi
because the extent of damage
very high.
dama
age
g iis
s already
ar
al

A

1 only
lyy

B

1 and 3 only
only
on
ly

C

2 and 3 only

D

1, 2 and 3
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2
Answer all the questions in this section.
1

Fig. 1 is a transmission electronmicrograph of part of an animal cell.

Fig. 1
(a) Identify the organelles labelled A and B.
In each case, state two visible features that enabled your identification.
Structure A Centrioles @ centriole
Feature 1
Centrioles exist as a pair of rod-like structures
Feature 2
9 sets of triplet microtubules arranged
ar
in a ring
Structure B Mitochondria
ndria
a @mitochondrion
@ ititoc
@m
ito h
Feature 1
double
le
em
membrane
embr
em
b an
br
ane
e
Feature 2
highly folded cristae / inner membrane
[6]
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(b) Suggest why structures B are of different shapes.
idea that the sections are orientated differently / cut in different planes / cut at different
angles / A is a cross section / AW, and B is a longitudinal section / AW
mitochondria show a variety of, sizes / shapes ;
mitochondria, are flexible / change shape ;
A and B are of, different ages / stages of development ;

[1]
(c) Describe the functions of structure C.
C lysosome, (Golgi / secretory) vesicle;
Secretory vesicles containing hydrolytic enzymes bud off / pinch off the Golgi
apparatus and move through the cytosol via cytoskeleton towards the cell surface
membrane.
Vesicle membrane fuses with cell surface membrane and release contents via
exocytosis
OR
Lysosome contains hydrolytic enzymes and remains in cells. The lysosome membrane
fuses with membrane of the phagocytic vesicle containing the food/ foreign particle.
Hydrolytic enzymes in lysosomes digest the contents into soluble products. These
soluble products diffuse into the cytoplasm for cell use.
[2]
(d) Explain how the structure of membrane allows the formation of pseudopodium.
Fluidity of phospholipid bilayer/ membrane allows change of shape/ extension of
pseudopodium / phospholipids can move;
Weak hydrophobic interactions between phospholipid fatty acid tails /
Presence of cholesterol regulates fluidity /
Unsaturated fatty acids crea
creates
ate
t s kkinks in the fatty acid tails prevent close packing;
AVP: Presence off gl
glycolipids
lyccol
olip
ipiid
ds / glycoproteins
glyc
/ receptors which allow for extension of
a for
for receptor-mediated
rec
e ep
e tor
tor-me
to
edi
da
atted endocytosis;
psueduopodia

[2]
[Total: 11]

Need a home tutor? Visit smiletutor.sg
9744 / H2 Biology / 02

4
2

Starch granules are visible within the chloroplasts. Starch is the most common storage
compound of plants. It is composed of amylopectin and amylose.
(a) State one role of magnesium ions within chloroplasts.
1 for chlorophyll, structure / synthesis / formation / AW
2 for ATP functioning A required for energy transfers
3 for enzyme, functioning / cofactor
4 signalling ion / regulates carbon fixation
5 for, DNA / RNA, synthesis
6 stabilises, DNA / RNA, structure
7 required in, translation / joining, small and large subunits (of ribosomes)

[1]
(b) Describe one structural similarity and one structural difference between amylopectin and
amylose.
Similarities
1. Both consists of α -glucose molecules.
2. Both are helical
Differences
1 amylopectin branched vs amylose unbranched
2. amylose (α) 1 – 4 linkages vs 1 – 4 and 1 – 6 linkages in amylopectin

[2]
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(c)

Fig. 2 shows the monomers of amylopectin.

Fig. 2
Draw in the space below two possible ways that these molecules can form bonds.
glycosidic bond shown as forming between OH on C1 and OH on C4 ;
glycosidic bond shown as forming between OH on C1 and OH on C6 ;
[2]
(d) Explain how the structure of starch makes it suitable for its function.
amylose, spiral / spiralled / helix / helical ; R α-helix R coiled
amylopectin branched ;
compact / AW ;
(so) insoluble / osmotically inactive / inert / ref to water potential;
ref to branching of amylopectin providing, free ends / easy mobilisation ;
(amylose / amylopectin / starch) contain glucose for immediate use as respiratory
substrate (on hydrolysis) ;
Ref to energy storage molecule;
easily formed / easily recovered or mobilised ;

[3]
[Total: 8]
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3

Enzymes are globular proteins that catalyse metabolic reactions.
(a)

Describe the features of globular proteins.
Spherical/ ball-shaped @ circular/ round
Has a tertiary structure ® 3D
Hydrophilic / polar R group on the outside + hydrophobic / non-polar R group in its
interior
Water soluble;

[2]
(b) Fig. 3.1 shows a reaction catalysed by the enzyme sucrase.

Fig. 3.1
With reference to Fig. 3.1,
(i) explain the mode of action of
o sucrase.
1 (shape of) active site, gives
g ve
gi
v s specificity
s
sp
/ complementary in shape to substrate; A
‘lock and key’ / induced
nd
duc
u ed
d fit
fitit R ‘same
‘sa
s me shape’
deta
aili of
of substrate
subs
su
bstr
bs
trat
tr
a e binding
bind
bi
ind
n ing to active site ;
2 further detail
3 forms,
ms,
s, enzyme-substrate
enz
nzym
yme
ym
e-su
subs
su
bssttrra
atte / E-S, complex ;
4 causes
ess stress
str
tres
ess
es
s in
n ssubstrate
ub
/ AW ;
ctiv
ct
ivat
iv
5 lowers act
activation
energy ;
6 not used up in reaction / remain unchanged / reusable ;
7 high turnover number / catalyse many reactions per unit time ;
[3]
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(ii) state the products of the reaction.
fructose and glucose
(c)

[1]
A student investigated the effect of increasing the concentration of sucrose on the rate
of activity of sucrase.
Ten test-tubes were set up with each containing 5 cm3 of different concentrations of a
sucrose solution. The test-tubes were placed in a water bath at 40°C for ten minutes. A
flask containing sucrase solution was also put into the water bath.
After ten minutes, 1 cm3 of the sucrase solution was added to each test-tube. The
reaction mixtures were kept at 40°C for a further ten minutes.
After ten minutes, the temperature of the water bath was raised to boiling point.
Benedict’s solution was added to each test-tube. The time taken for a colour change was
recorded and used to calculate rates of enzyme activity.
The whole procedure was repeated after adding copper ions to different concentrations
of sucrose solutions.
The results are shown in Fig. 3.2.

Without copper ions

With copper ions

Fig. 3.2
hy the
tth
he temperature
tte
emp
mperrat
atur
ure
ur
e of the
th water was raised to boiling point.
(i) Explain wh
why
to stop
op
p th
the
e re
reac
reaction
acti
ac
tion
ti
on ; R ‘‘stop
stto it working’
attur
urin
ing,
in
g, tthe
he
e en
by denaturing,
enzyme / sucrase ; R incorrect context
e sh
sshape
a of active site’ to make the Benedict’s solution, react / AW ;
A ‘change
[2]
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(ii) Using the information in Fig. 3.2, explain the effect of copper ions on the action of an
enzyme, such as sucrase.
(copper ions act as enzyme) inhibitor ; R competitive inhibitor
non-competitive (inhibition) Cu2+, binds with enzyme at site other than active site ;
active site shape / tertiary structure / 3D shape, changes ;
active site no longer accepts substrate / enzyme-substrate complex not formed /
AW ;
independent of substrate concentration / increase in substrate concentration has no
effect / AW ;
comparative rates quoted from Fig. 2.2 ; e.g. max, 11.6 v 3.6 au
AVP ; e.g. actual rate depends on the relative concentration of inhibitor / AW Vmax
not reached effect of ion presence on tertiary structure
[3]
[Total: 11]

Need a home tutor? Visit smiletutor.sg
9744 / H2 Biology / 02

9
4

In 1941, US geneticist George Beadle proposed the “one gene-one enzyme” hypothesis
where each gene is responsible for producing a single enzyme that in turns affects a single
step in a metabolic pathway. It was later modified to become the “one gene-one
polypeptide” hypothesis to include nonenzyme proteins and individual polypeptide chains
that are encoded by genes. Post-transcriptional level regulation carried out by alternative
splicing makes the modified hypothesis become too simplistic to describe the relationship
between genes and proteins.
(a) Describe how alternative splicing challenges this one gene-one polypeptide hypothesis.
1. Spliceosomes are involved in excision of introns and some exons, and joining of
remaining exons giving rise to different combinations of exons;
2. One gene produces mature mRNA with different combinations of exons, hence
giving different proteins/protein isoforms;
[2]
In eukaryotic cells, gene expression is regulated in a highly coordinated way.
The Ras protein stimulates the cell cycle through a series of reactions. Fig. 4.1 shows a
simple description of the pathway in which the Ras protein acts.

Fig. 4.1
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(b) With reference to Fig. 4.1, state the level of regulation of the following genes and provide
reasons for your answer.
(i) MEK gene;
Post translational;
Phosphorylation by Raf (kinase);
[2]
(ii) target genes;
transcriptional;
Activated/ phosphorylated ERK phosphorylates transcription factor which binds to
promoter/ enhancer switching on transcription/ upregulating transcription;
[2]
(c) Fig. 4.2 below shows the post-translational control gene expression using ubiquitin and
proteasome.

Fig. 4.2
(i) Name molecule X.
Short peptides;
[1]
(ii) With reference
4.2,
how cellular proteins are degraded using this
ce to
to Fig.
Fiig
F
g.. 4
.2,, explain
.2
expl
system.
Proteins
eins
nss sselected
elec
el
ecte
ec
ted
te
d fo
forr degradation
degr
de
ga
are tagged with/ bind to ubiquitin / multiple ubiquitin
molecules;
ule
es;;
rote
te
ein
i s tagged
t
Target proteins
with ubiquitin enters/ binds to proteasomes;
Enzymes of proteasomes hydrolyse peptide bonds of protein into small peptides;
Which can be further hydrolysed into amino acids in the cytosol;
Ubiquitin molecules are released and reused;
[3]
[Total: 10]
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5

Bacteria reproduce by the process of binary fission.
(a) Explain the significance of binary fission in bacteria.
Ref. asexual reproduction for unicellular organism
Ensuring that offspring are genetically identical to the parent / Desirable alleles/traits
are passed down
Rapid increase in cell numbers (under favourable conditions)
[2]
Researchers have identified a gene that gives bacteria resistance to a type of antibiotics
called polymyxins. Despite being discovered around 60 years ago, polymyxins maintained
their effectiveness as antibiotics as they were seldom used due to concerns about their
toxicity.
In recent years, rampant use of common antibiotics (e.g. penicillin and its derivatives) has led
to the emergence of bacterial strains which are resistant to such antibiotics. This has become
more and more of a global concern. Polymyxins are now a last line of defense against bacteria
because of its previous lack of use.
(b) With reference to the reproductive cycle of bacteriophages, suggest how bacteriophage
infections may lead to a spread of antibiotic resistance between bacterial populations.
1

During generalised / specialised transduction, host/bacteria DNA can be
incorporated into the phage capsid randomly (for generalised transduction)/
adjacent to prophage (for specialised) during viral assembly;

2

The resulting transducing phages infect other bacteria and newly infected cell
acquires the donor bacterial DNA

3

Homologous recombination occurs and expression of antibiotic resistance
genes result in phenotype of antibiotic resistance
[3]

The practice of using bacteriophages to treat bacterial infections has been around for almost
a century but it was brought to a standstill after the successful introduction of antibiotics. The
universal decline in the effectiveness of antibiotics has generated renewed interest in this
century old practice.
(c) A bacteriophage such as a lamb
lambda
phage can infect an E. coli cell but not a eukaryotic
m
cell.
Describe how the
entry
into an E. coli cell differs from that of an
ee
nttrry
y of
of a bacteriophage
ba
acter
animal virus suc
such
HIV.
ucch a
u
as
sH
IIV
V.
Tail fibres
fib
bre
res
s to specific
spe
peci
cifi
ci
f c receptors
fi
rece
re
on outer surface of cell wall vs gp120 to specific
receptors/
CCR5/
orrs/
s C
CR5/
CR
5/ CD4+
5/
CD4
D receptors on (T) cell surface membrane;
Or
Injects DNA through specific pores in the cell surface; (@ tail sheath contracts) vs
fusion of viral envelope with cell surface membrane;
[2]

Need a home tutor? Visit smiletutor.sg
9744 / H2 Biology / 02

12
The replication cycle of the lambda phage in an E. coli cell occurs in two phases, as a
prophage or lytically. Fig. 3.3 shows that these two phases are controlled by the regulatory
proteins cI and Cro, which are encoded by the virus.

Fig. 5
When bacteria containing a lambda prophage are irradiated with ultraviolet light, the cI
protein is degraded.
(d) With reference to Fig. 5, and your knowledge of bacteriophages, describe the events
that occur when the bacteria is irradiated.
induction into the lytic cycle;
cro gene expressed forming CRO protein, transcription of cI gene prevented/ inhibited;
prophage excised;
synthesis and assembly of viral components;
release of new phages;

[3]
[Total: 10]
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6

The cells in Fig. 6.1 are from the same organism and look the same.
The cells in Fig. 6.1(a) have been produced by mitosis and the cells in Fig. 6.1(b) have been
produced by meiosis.

Fig. 6.1(a)

Fig. 6.1(b)

(a) Complete the table to show three differences between cells that have been produced by
mitosis compared to cells that have been produced by meiosis.
Mitosis

meiosis

diploid / two chromosome sets / 2n

haploid / one chromosome set /n

same number of chromosomes as parent / half the number of chromosomes as parent /
AW
AW
two, copies / alleles / forms, of each

one, copy / allele / form, of each

(cells) genetically identical (to, each
@ (cells have) same / AW, DNA /
@ no genetic variation

(cells) genetically different
@ (cells have) different / AW, DNA / genetic
material
@ genetic variation
[3]
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(b) Fig. 6.2 shows the life cycle of a species of brown seaweed.

Fig. 6.2
(i) Indicate on Fig. 6.2, with the letter M, the stage (s) where mitosis occurs.
M between zygote and young seaweed + between young seaweed and adult;
[1]
(ii) DNA replication occurs in cells during interphase before they divide by mitosis.
Explain why it is important that replication occurs before mitosis.
Each chromosomes contains two genetically identical sister chromatids;
Daughter cells receive the same number and same type of chromosomes and are
genetically identical to the parent;
[2]
(iii) Explain why meiosis occurs in the life cycle of this seaweed.
Reduction division to prod
produce
od
o
duc
u e ga
g
gametes / sex cells / eggs and sperms with half the
chromosome number
haploid
umbe
berr / ha
be
h
ap
plloi
o d / n.
satio
ion
io
n / fusion
fusi
fu
s on off gametes
si
game
ga
m te to form zygote with diploid / has full number of
For fertilisation
chromosomes
mo
oso
ome
mes
s / 2n @ restores
ressto
t re diploid number
mo
oso
s me number
num
mbe
b r remains the same / does not increase with each generation
Chromosome
when gametes
am
met
etes
e ffuse
es
us / prevent doubling of chromosome number
ref. geneticc variation,
linked to evolution / natural selection;
v

[3]
[Total: 9]
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7

In the sweet pea plant, Lathyrus odoratus, one gene codes for flower colour and one gene
codes for pollen grain shape.
Flower colour is either purple or red. Pollen grain shape is either long or round.
The inheritance of these genes is an example of autosomal linkage.
x The allele F for purple flowers is dominant over the allele f for red flowers.
x The allele G for long pollen grains is dominant over allele g for round pollen grains.
(a) Explain the meaning of the term autosomal linkage.
(autosomal) not a sex chromosome ;
(linkage) genes on the same chromosome / alleles inherited together ;
[2]
(b) A dihybrid cross was carried out between homozygous dominant and homozygous
recessive sweet pea plant parents to produce the F1 generation.
The offspring from the F1 generation were crossed to produce the F2 generation.
(i) Draw a genetic diagram to show a dihybrid cross between two offspring from the F1
generation. Assume that these genes are closely linked and that there are no
crossing over events.

Correct gametes (FG), (fg);
Correct genotypes FFGG, FfGg, FfGg, ffgg;
Correct phenotypes 3 purple long : 1 red round;
[3]
(ii) The actual results of the dihybrid cross are shown in Table 7.1.
Table 7.1

State how the results support the fact that this is an example of autosomal linkage.
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any 1 of:
do not show 9:3:3:1 ratio ;
large(r) numbers of parental phenotypes / low(er) numbers of recombinant
phenotypes ;
[1]
(c) (i) In a test cross, an individual of known genotype is crossed with an individual that
has a dominant phenotype but unknown genotype.
State the genotype of the known individual in a test cross.
fgfg / homozygous recessive ; A ffgg
[1]
(ii) A test cross was carried out with sweet pea plants known to be heterozygous for
both flower colour and pollen grain shape. The results of the test cross are shown in
Table 7.2.
Table 7.2

The result of a test cross can be used to determine a crossover value (COV).
A crossover value is the percentage of the total number of offspring showing
recombination.
The crossover value (COV) can be calculated using the formula shown below.

Calculate
alc
lcul
cu
ullate
atte the
the COV
th
CO
C
OV from
fro
rom
m the
t results shown in Table 7.2.
Working
ork
kin
i g ; 12.7
12.7
7 or
or 13 ;
COV =

%

[2]
(iii) Suggest what information about the relative distance between the linked genes can
be gained from crossover values.
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low, COV / crossover value, indicates genes closer together
or high, COV / crossover value, indicates genes further apart ;
[1]
[Total: 10]
8

Maize, Zea mays, is a cereal crop that is adapted for growth at high temperatures. However,
it does not cope well with drought.
An investigation was carried out into the effect of low water availability on the activity of
mitochondria taken from maize seedlings.
Young seedlings were uprooted and left in dry air for varying periods of time to reduce the
water potential of their tissues.
(a) After drying in air, mitochondria were extracted from the tissues of the seedlings. The
extracted mitochondria were provided with succinate, which is one of the intermediate
compounds in the Krebs cycle, and also with ADP and inorganic phosphate. The rate at
which the extracted mitochondria took up oxygen was measured. The results are shown
in Fig. 8.1.

Fig. 8.1

(i) Describe the results shown in Fig. 8.1.
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as water potential increases, oxygen uptake increases ; (must be stated)
levels off (at 5 kPa / at 225 au) ;
figures ; two water potential + two oxygen uptake figures + kPa
[2]
(ii) The mitochondrion take up oxygen. Explain how this oxygen, plus the succinate, ADP
and inorganic phosphate, are used by the mitochondria.
1

succinate converted to oxaloacetate via dehydrogenation / oxidation ;

2

NAD, is reduced / accepts hydrogen ;

3

(proton and electrons move to) ETC ;

4

ADP + Pi synthesize ATP ;

5

oxygen receives protons and electrons / is final electron acceptor, to form water ;

[3]
(b) A mitochondrion contains DNA and ribosomes and is the organelle in which aerobic
respiration takes place.
Suggest the functions of the DNA and ribosomes in a mitochondrion.
(DNA for) transcription/ codes for mRNA;
(ribosomes for) translation;
ref to cytochrome oxidase/ electron carriers/ ATP synthase;
[2]
(c) Some parasitic worms, such as tapeworms, live in a mammalian gut where there is no
oxygen.
Suggest how a tapeworm produces ATP in this environment.
Anaerobic respiration;
2 net gain of ATP via substrate level phosphorylation (in glycolysis);
Pyruvate is reduced forming lactate/ lactate fermentation;
regenerating oxidised NAD, allowing
allo
glycolysis to continue;

[3]
[Total: 10]
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9

The Hawaiian Islands are some of the most isolated volcanic islands in the world. It is made
up of a group of islands that are formed at different times. The first birds to have flown to
these islands probably arrived millions of years ago from East Asia.
Fig. 9.1 and Fig. 9.2 show the fossils of two extinct species of goose found on two different
Hawaiian islands. The Giant Hawaiian goose was a flightless bird whereas the Woodwalking
goose could fly.
Until recently, the evolutionary relationships among Hawaiian goose are known only from
bone structures. Fig. 9.1 shows the skulls and beaks while Fig. 9.2 shows the wing and leg
bones of the giant Hawaiian goose and woodwalking goose.

Fig. 9.1

leg bones

wing bone
wing bone

Giant
Gian
Gi
ant Hawaiian
H
Ha
goose
g
go
o

Woodwalking
goose

Fig. 9.2
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(a) With reference to Fig. 9.1 and Fig. 9.2,
(i) discuss whether the fossil records support Darwin’s theory of evolution.
Supports
Same basic structure of skulls and beaks, wing and leg bones indicate shared ancestry
/ derived from common ancestor ;
Does not support
No common ancestor:
Leg bones of giant Hawaii goose is much longer and stouter (idea of) than
woodwalking goose OR
Skull and beak show significant differences in size
Lack of an ‘ancestral’ fossil for comparison, so difficult to determine if the 2 sets of
bones are “modified” from a common ancestral prototype ;

[2]
(ii) explain how natural selection could have brought about the evolution of the leg bone
of the giant flightless Hawaiian goose.
Spontaneous / random mutations result in the formation of new alleles ;
Giving rise to heritable variation in the leg bone structure of the goose ;
Goose with longer legs more suited for land-bound type of locomotion / flightless are
at a selective advantage as they are more able to run away from predators faster /
chase after prey faster ;
Survive and reproduce, pass on beneficial alleles to their offspring ;
Increasing allelic frequency of long leg bone;
[4]
Several fossil specimens of both Hawaiian goose species were found and the mean lengths
of their skulls, beaks and wing and leg bones were measured. A statistical test was carried
out to determine whether there was a significant difference between these means.
st that
tha
ha
at w
(b) (i) State the statistical test
was carried out.
t-test;

[1]
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(ii) A summary of the results is shown in Table 9.
Table 9
mean length of skull / mm
giant Hawaiian goose

woodwalking goose

significance of
difference

89.0

31.2

p < 0.05

giant Hawaiian goose

woodwalking goose

significance of
difference

38.6

18.3

p < 0.05

mean length of beak / mm

mean length of wing bone / cm
giant Hawaiian goose

woodwalking goose

significance of
difference

7.3

8.2

p > 0.05

mean length of leg bone / cm
giant Hawaiian goose

woodwalking goose

significance of
difference

14.6

9.4

p < 0.05

Comment on what these results show and suggest explanation for any pattern.
Mean length of skull, beak and leg bone of giant Hawaiian goose is higher than that of
woodwalking goose / ORA and the difference is significant ;
However, mean length of wing bone of giant Hawaiian goose is not significantly
different from that of woodwalking goose ;
(explanation of significance
ce / iinsignificance)
n
ns
idea that difference in means would occur
by less than / more than
han 1 iin
n 20
2 / 5%/ 0.05 ;
Differences in mean
mea
an length
le
en
ng
gth
th of
of skull,
skul
u l beak and leg bone of both birds are significant,
showing that
these
hat
at the
hese
he
se sstructures
tru
ructturess have
hav modified by natural selection to adapt to the
selection
pressures
islands ;
ion
n pr
pres
essu
es
sure
su
res
re
s in ttheir
he
eirr respective
res
e
Differences
of wing bones are not significant, so inconclusive about
en
nce
c s in mean
mea
an length
len
le
modification
adapt
ati
tion
ti
on tto
o ad
a
a to different selective pressures for locomotion (i.e. flight vs
flightless)) ;

[4]
[Total: 11]
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10 Human Immunodeficiency Virus (HIV) infects cells of the immune system, particularly helper
T-lymphocytes and memory T-lymphocytes. The onset of disease, which can occur many
years later, coincides with a severely lowered primary and secondary immune response,
owing to greatly reduced numbers of helper T-lymphocytes in the body.
(a) Explain how the destruction of memory T-lymphocytes will contribute to a lowered
secondary immune response.
[3]
Less cytokines released;
Unable to simulate humoral / B cell response;
Poor antibody production / no antibody secreted;
No memory cells in circulation for second encounter with antigen;

(b) Tuberculosis (TB) is an important disease worldwide.
Suggest why TB is more likely to be fatal in people who have HIV/AIDS than in those
who do not have HIV/AIDS.
(HIV/AIDS leads to) weak immune system/reduced immunity (to disease) ;
detail ; e.g. reduced action of phagocytes
Th lymphocytes low in number
B-lymphocyte response low
(so TB) pathogens, can multiply faster/ are not destroyed before they cause
disease ;
idea that important, organs / systems, may already be suffering from consequences of
HIV/AIDS (so more likely to stop functioning) ;
ref. to, inactive/dormant/ latent, TB more likely to become active ;
[2]
[Total: 5]
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11 Plants have long been regarded as carbon sinks because they take in carbon dioxide for
photosynthesis. However, when temperatures rise, plants increase their rate of respiration,
resulting in increased carbon dioxide release. Some research has suggested that this could
convert forests from a long-term carbon sink to a carbon source, aggravating climate change.
In 2016, a team of scientists conducted a short-term study of five years to find out the net
carbon exchange of trees when the temperature was increased. In order to determine this,
the increase in leaf respiration at higher temperatures was evaluated using 1000 young trees
of 20 different boreal and temperate tree species grown in an open-setting.
Fig. 11 showed the observed and expected data that had been derived from mathematical
model projection using computer simulation.

Fig. 11
(a)

With reference to Fig. 11, describe one difference between the observed and expected
data.
1. For both types of tree
trees,
es, the
the e
expected increase in leaf respiration was higher than
that of the data observed;
bser
erve
er
ve
ed;;
2. The expected
pectted increase
inc
ncrreasse in
n leaf
lea
eaf respiration was 23 and (22.5 to) 24% while that
observed
ed
d sshowed
ho
owe
wed
d an iincrease
ncre
nc
re
eas
ase iin (3.5 to) 4% and (6.5 to) 7% respectively for boreal
and temperate
emp
mper
mp
erat
er
ate
at
e species;
spec
sp
ecie
ec
ie
es;
s
OR
3. For bo
both
oth
t types
ty
of trees, the standard deviation for expected results was smaller
than that for the data observed;
4. The standard deviation for expected data was (3 to) 4% and (1 to) 2% respectively
for boreal and temperate species compared to 7 (to 8%) and 5% for the data collected;
[2]
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(b)

In Fig. 11, the observed data shows a difference in the increase in leaf respiration
between boreal and temperate tree species. Suggest why this difference is not
significant.
The difference is not significant as the standard deviation bars overlaps;

(c)

[1]
Based on the results of the study, comment on whether forests will remain as carbon
sinks or be converted to carbon sources if temperatures rise.
1. The rate of plant respiration did not increase as much as expected, suggesting
that the rate of photosynthesis may still be higher than the rate of respiration;
2. Overall, plants will take in more carbon dioxide than it gives out / remain as carbon
sinks;
OR
3. The rate of plant respiration did not increase as much as expected. However, there
is still an increase in respiration which may result in the rate of respiration becoming
higher than the rate of photosynthesis;
4. Plants might become carbon sources instead of carbon sinks;
[2]
[Total: 5]
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Section A
Answer all the questions in this section.
1

In Africa, Anopheles gambiae is one of the best-known mosquito vector species because of
its role in the transmission of the dangerous malarial parasite – Plasmodium falciparum.
Molecular analyses reveal that there are two forms of A. gambiae, the M and S molecular
forms. These two forms are morphologically identical but show widespread molecular
differences throughout their genomes.
The M and S molecular forms of A. gambiae are found in and around irrigated rice ﬁelds
located within the same humid savannahs of western Africa. The M form is associated with
larger permanent breeding sites mostly consisting of rice paddies, whereas the S form is
found to depend on temporary, rain-ﬁlled breeding sites. Although interbreeding between M
and S forms yields fertile progeny, M-S hybrids are rarely observed in nature.
(a) (i) Describe how the molecular differences between the M and S forms of A. gambiae
could have come about.
Random / spontaneous mutation ;
Due to ultraviolet light / ionising radiation (or any logical reason for how mutation
could arise in the mosquito in the wild) ;

[2]
(ii) Suggest how the level of molecular differences between the two forms of A. gambiae
could have been determined.
Idea of comparing / aligning sequences like DNA / mitochondrial DNA / amino acids /
proteins / DNA-DNA hybridization ;

[1]
(iii) One advantage of molecular
mole
ecu
cula
lar analyses is the ability to detect evolutionary changes
la
between populations
even
they may look morphologically similar or identical.
lation
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si
ing organisms.
o
Molecular
arr data
da
ata
t is unambiguous and objective and is based strictly on heritable
material;
Degree of divergence between different species can be quantitatively measured by
comparison of amino acid or nucleotide sequences, which is precise and can be
open to statistical analysis;
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Morphological evidence can be confounded due to convergence, whereby similarities
in morphology is due to analogous structures and not common descent/ some
morphological characteristics may be analogous / ref. convergent evolution;
Molecular evidence can detect neutral mutations (for use in molecular clock) to
determine divergence in the different species;
@ establishing evolutionary relationships of organisms that reproduce asexually /
are extinct as long as DNA material is available
[2]
(b) Explain the type of speciation A. gambiae is undergoing.
sympatric speciation ; Reject: allopatric speciation
separated by a behavioural barrier in reproduction e.g. different mating behaviours /
description ; Reject: geographical or physiological isolation / barriers
Speciation has occurred when there is reproductive isolation / no interbreeding between
the M and S / no gene flow (between the two forms) even though both are found very
close to each other / within the same geographical location ; Reject reduced gene flow

[3]
(c) A. gambiae go through four stages in its life cycle.
Complete Fig. 1.1 to show these stages.

Fig. 1.1
Egg, larvae, pupae and adult; R mosquito for adult
[1]
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(d) Anopheles mosquitoes thrive in regions with warm temperatures, humid conditions, and
high rainfall. Thus, tropical and subtropical areas are ideal. Warm temperatures are also
required for malarial parasites to complete their growth cycle within the mosquitoes.
Climate change due to global warming is expected to cause latitudinal and altitudinal
temperature increases. Such a temperature increase will alter the biology and ecology
of many mosquito vectors and subsequently, the dynamics of the diseases they transmit.
(i) Explain how increased temperatures could impact the biology of insects like
mosquitoes.
Compulsory point: Idea of increased ambient temperatures lead to increased body
temperatures of insects, resulting in increased metabolism ;
shorter / faster life cycles / lay more eggs / higher egg laying rate;
Female mosquitoes able to stay active for longer period e.g. of activity (feeding,
mating)
Idea of narrower temperature tolerance – mosquitoes may not survive / have
developmental problems when temperatures go too high (beyond the maximum temp
they can tolerate) ;
[2]
(ii) Globally, average temperatures could increase by more than 2°C by the end of the
21st century.
Suggest and explain the effect this change in temperature will have on the
distribution of malaria across the world.
Idea of spread beyond the tropics / malaria cases appearing in temperate areas /
poleward expansion / at higher or lower latitudes / higher altitudes ;
Explain that spread of Malaria will increase due to mosquitoes being able to thrive in
areas where it was previously unsuitable for its breeding;
A Warmer temperatures means increased precipitation Æ breeding sites for
Anopheles mosquitoes ;

[2]
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The results are shown in Fig. 1.2.

Fig. 1.2

(e) With reference to Fig. 1.2, describe and explain the effect of increasing the concentration
of hydrogen peroxide on the activity of catalase P.
Describe (2m):
1
2

activity /rate, increases linearly then plateaus off ; A ‘levels off’/remains
constant/reaches Vmax
data quote with units to support any correct statement ; e.g. 128–132 arbitrary
units at 250–300mM, 0 to 120 arbitrary units between 0 and 100mM, 120–128
arbitrary units between 100 and 200mM R abbreviation (a.u.)

Explain (2m):
at low/ increasing, concentration of hydrogen peroxide
3
4
5

substrate/hydrogen peroxide, (concentration) is limiting (factor) ;
active sites, unoccupied (low concentration)/ become more occupied (increasing
concentration) ;
(low concentration) few effective
ctiv collisions between enzyme and substrate/few E-S
complex formed per unitit tim
time
me / lo
low rate of E-S complex formation
OR
(increasing concentration)
more
effective
onc
ncen
nc
entr
en
t at
atio
io
on)
n) m
orre ef
o
e
fe
collisions between enzyme and substrate/
higher number
num
mbe
berr of E-S
E-S
S complex
comp
co
mple
mp
l x formed
le
fo
per unit time / high rate of E-S complex
formatioon
attio
ioo
on ;

At higher concentration
onc
ncen
nc
entr
en
trat
tr
atio
at
on of hydrogen peroxide (plateauing off)
6
7
8

enzyme/ catalase,
ca
ata
t la
concentration/AW, becomes / is, limiting (factor) ;
maximum number of enzyme-substrate complexes formed per unit time / maximum
rate of E-S complex formation ;
(all) active sites, saturated/(always) occupied ; A ora
[4]
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(f) Each molecule of catalase consists of four identical polypeptides. The two forms of
catalase in A. gambiae differ by only one amino acid at position 2 in the amino acid
sequence. Catalase P has serine and catalase Q has tryptophan.
Suggest how the difference in one amino acid is responsible for the lower activity of
catalase Q compared with catalase P.
amino acid at position 2, is part of active site/ helps to give shape to active site/ helps
form the structure of the active site ;
idea of different, R group/ side chain, gives different properties, resulting in different
interactions / bonds;
(tryptophan has a, hydrophobic R group/ serine has a polar R group)
(slightly) different, folding of polypeptide/ secondary structure/ tertiary structure /
quaternary structure / 3-dimensional conformation;
Idea that active site of P better fits / more complementary / binds better to substrate
than that of Q;
[2]
(g) Blood is a rice source of proteins for mosquitoes. Female mosquitoes feed on blood in
order to produce their eggs. After feeding, the metabolic rate increases for egg
production.
(i) The researchers allowed female mosquitoes to feed on blood. They found that
female mosquitoes with only catalase P produced more eggs than those with only
catalase Q.
Suggest why there is a difference in egg production between the two types of A.
gambiae.
1
2
3

increased, metabolic rate/protein metabolism (after feeding) means, increased/
more, hydrogen peroxide (produced) ;
idea that less effective, catalase/Q, means, more hydrogen peroxide remains /
less hydrogen peroxide broken down ;
hydrogen peroxide, interferes with/ is damaging to/AW, egg production ;

Ignore ref. to oxygen production
duct
ctio
ct
io
on and use in aerobic respiration
[2]
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(ii) The proteins in blood are broken down into amino acids and absorbed by the
epithelial cells in the mosquitoes’ midgut. Amino acids require specific carrier
proteins to enter cells.
Explain why carrier proteins are required in cell surface membranes for the transport
of amino acids.
needed for, facilitated diffusion/ active transport ;
A description of active transport e.g. moving, molecules / ions, against a
concentration gradient
ref. to amino acids being charged ;
Therefore repelled by hydrophobic core of phospholipid bilayer;
I large cannot pass through, phospholipid bilayer/ hydrophobic core ;

[2]

(h) Other than the transport of substances into and out of cells, describe two roles of cell
surface membranes.
1.

2.
1 barrier between cell cytoplasm and, external environment/AW ; e.g. tissue fluid
R barrier unqualified
R ‘keeps cell contents in’
R ‘membrane surrounds the organelles’
R barrier for water soluble substances
2 receptor to bind to signal molecule / hormone for cell signalling ;
3 glycoproteins and glycolipids for cell recognition / cell-to-cell adhesion ;
5 site for, enzymes / catalysing reactions ;
6 anchoring the cytoskeleton/AW
eton/A
/AW
/A
W;
oge
ge
en bonds
bo
ond
n s with
with water for stability ;
7 formation of hydrogen
8 AVP ; e.g. ref. to
to,, cchanging
han
a ging
ng
g sshape
h pe
ha
pe of
o cell/ flexibility of cells e.g. phagocytosis
R compartmentalisation
mparrttm
me
en
nta
tali
alliisa
is
sa
ation
ttiio
on
n
[2]
[Total: 25]
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The coat colour of Norwegian cattle is mainly determined by the distribution of two pigments:
red and black. Both pigments are produced by the action of the enzyme tyrosinase in cells
called melanocytes. A low level of activity of the enzyme leads to the production of red
pigment, whilst a high activity allows only black pigment production. The activity of the
enzyme is increased by melanocyte stimulating hormone (MSH), which combines with an
MSH receptor. The receptor is coded for by the E locus, which has three alleles, ED, EA and
e. ED and EA each give a receptor with a different activity. No receptor is produced by the
recessive allele, e.
The dominant allele of a second gene, the A locus, codes for a protein which binds to and
blocks the MSH receptors coded for by EA, thus preventing stimulation of tyrosinase activity
in melanocyte. The receptor coded for ED is insensitive to the protein coded for at the A locus.
The effects of the different alleles of the two loci are summarised in Table 2.1.
Table 2.1
E locus

A locus

genotype

MSH receptor

genotype

Protein which blocks MSH
receptor

EDED
or
EDe

insensitive to A locus blocking
protein

AA
or
Aa

present

EAEA
or
EAe

Sensitive to A locus blocking
protein

aa

absent

ee

none

(a) (i) State the name given to interaction between gene loci, such as that between the E
and A loci.
Epistasis ; Ignore mention of specific types of epistatsis
[1]
h the
the
h genotype EAEAAA have red coats.
(ii) Explain why animals with
EAEA codes for MS
MSH
SH re
receptors
ece
cep
pttor
tor
ors
s;
AA codes
dess ffor
or pr
proteins
prot
otei
ot
eins
ei
ns th
that
att b
block
l ck MSH receptors ; Rej: inhibitors alone
lo
[2]
(iii) Predict tthe coat colours of animals with the following genotypes:
eeaa red ;
EAeaa Black ;
EDeAa black ;
[3]
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Allele EA differs from ED by a single base substitution and e differs from EA by a single base
deletion.
(b) Suggest how these mutations might result in differences in the MSH receptor.
1. codon changed, amino acid changed / is different ;
2. (bonds between R groups changed) thus 3D conformation / shape / tertiary
structure changed, altering binding ability/ binding site of MSH receptor to A protein ;
@ no longer able to bind to A protein ; Ignore ref to premature termination of
translation / truncated protein
Rej: receptor site / active site
[2]
DNA was extracted from the frozen semen of six bulls with different genotypes at the E locus.
The DNA from each animal was separately digested with two different restriction enzymes P
and Q. The products of each digestion were separated on a gel. The banding patterns
produced with respect to this locus are shown in Fig. 2.1.

Fig. 2.1
F
(c) Explain briefly
how
the
riefly
y ho
h
ow tth
he products
p od
pr
oduc
ucts
uc
ts of
o digestion of DNA with restriction enzymes can be
separated
gel.
ate
te
ed on
nag
el
el
el.
Direct current
urr
rrren
nt used
u ed to move negatively charged DNA / sugar phosphate backbone
us
from the nega
negative electrode / terminal to the positive electrode / terminal Rej: pole /
end / side ; Rej: DNA strands / alleles Avoid writing cathode and anode!
Larger / longer fragments move faster / longer distances through the gel compared to
the smaller / shorter fragments ;
[2]
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(d) Suggest why the products of digestion of DNA from the same animal are different when
a different restriction enzyme is used.
ref to enzyme specificity in terms of active site/ different RE recognise / binds to
specific restriction site / nucleotide / base / DNA sequences ;
Rej: genes / nucleotides alone / bonds between nucleotides as substrates
active site of enzyme complementary to sequence of DNA in terms of shape /
conformation ;

[2]
(e) State which genotypes can be identified by using each of the two restriction enzymes.
P ee ;
Q EDED ;
[2]
[Total: 14]
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B-lymphocytes respond to the presence of an antigen by dividing as shown in Fig. 3.1.

antigen

Fig. 3.1
(a) Describe how Y are released from cell X.
Compulsory point: vesicles move to cell/ surface/plasma, membrane (via
cytoskeleton) ; R secreting vesicles unqualified
vesicles fuse with cell (surface) membrane/exocytosis ; R active transport
movement of vesicle/ exocytosis requires energy or ATP/ is active process;
[2]
Cell Z has an important role in the immune
system.
m
(b) Explain the role of cell Z.
memory cells
s ; @ fo
form
m iimmunological
mmun
mm
nol
olog
olog
ogic memory Ignore ‘gives immunity’ remain/ stay in
circulation/
on/
n// b
blood/lymphatic
lood
lo
od/l
od
/lym
/l
ymph
ym
phat
ph
a icc ssystem
ys
y
ste ; R ‘last a long time/ long lived’ unqualified
During
g secondary
se
eco
cond
ndar
nd
ary
ar
y re
response,
es
sp
po
faster response when exposed again to same pathogen/
same antigen
nttig
igen
en
n ; @ faster
f
clonal selection/ faster clonal expansion @ divide quickly
/rapidly @ longer
lon
lo
lasting response
to form plasma cells so that more antibodies produced/higher concentration of
antibodies ; R if in context of memory cells
to prevent person feeling ill/ to prevent symptoms ;
[3]
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Fig. 3.2 shows the sequence of events in one the cell signalling pathways when a Blymphocyte encounters an antigen.
LYN and SYK are tyrosine kinases.

Fig. 3.2
(c) With reference to the main stages of cell signalling and Fig. 3.2,
(i) describe stages A and B.
A During ligand-receptor interaction, antigen binds to specific B cell receptor ® BCR
found on cell surface membrane.
B cell receptor is associated with membrane protein CD79A and CD79B
Phosphorylation of Tyr residues on CD79A and CD79B by LYN

B During signal transduction, activated receptor recruits SYK
SYK phosphorylate tyrosine residues on BLNK ® activates
[4]
(ii) suggest how can the signal be terminated.
role of phosphatases: remove
ove
ve
ep
phosphate from CD79A and CD79B or remove
phosphate group from BLNK
BLN
LN
LNK
NK
signal transduction
ucttio
ion
n cannot
ca
an
nn
no
ott occur
occcur
ur
@ dissociation
ss
soc
ocia
iati
ia
t on of
ti
of antigen/
anti
an
tige
ti
ge
en// receptors
rec
removed via endocytosis (only max 1m)
m award
aw
war
ard
d if students
sttu
ude
d
Only 1m
state that dephosphorylation is a result of the antigen
dissociating
atiing ffrom
rom
ro
m rreceptor.
[2]
[Total: 11]

Need a home tutor? Visit smiletutor.sg
9744 / H2 Biology / 03

13
Section B
Answer one question in this section.
Write your answers on the separate answer paper provided.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in sections (a), (b) etc., as indicated in the question.
4(a) Discuss why life would be impossible without ATP.

[13]

Structure & Properties of ATP (SP max 4)
1. ATP consists of a ribose sugar, an adenine base and 3 phosphate groups.
2. ATP is universal energy carrier / energy currency in living organisms
3. ATP is easily hydrolysed to ADP and inorganic phosphate (Pi) to release
energy
4. Other properties of ATP; e.g. ADP is easily phosphorylated with inorganic
phosphate (Pi) to form ATP catalysed by ATP synthase / soluble + idea of
use within the cell;
5. ATP is synthesised from oxidation of glucose / OP / SLP via cellular
respiration;
6. ATP is produced in the light dependent reaction via photophosphorylation;
Chemical processes that require ATP [C- max 8];
1

(a) Hydrolysis of ATP is required for reduction of glycerate-3-phosphate to
glyceraldehyde-3-phosphate / carbon reduction and regeneration of RuBP
during light independent reaction / Calvin Cycle;

1

(b) Allows the continuation of carbon fixation / Calvin cycle to produce
carbohydrates / glucose in photosynthesis

2

(a) ref to glycolysis in respiration requires ATP for phosphorylation of glucose
/ activation of glucose.

3

(a) ATP is required as an energy source for DNA replication in unwinding and
unzipping of DNA helix to separate the parental strands by DNA helicase

3

(b) Ref to energy required to
o break
brea
eak hydrogen bonds between two DNA
ea
strands so that they can
n each
eacch act
a t as
ac
as templates for replication;

4

(a) ATP is required
ired
d as an
an energy
ener
ergy
er
gyy source
g
sou
ourrce for amino acid activation during
translation;; ® tr
ttranslocation
an
a
nsl
slo
oc
cat
atio
on of ribosome
rib
ibos
o

4

(b) Allows
s ffor
o the
or
the covalent
cova
co
va
ale
ent
nt a
attachment of an amino acid to the 3’ acceptor
stem of the
e corresponding
corr
co
rres
rr
esspo
espo
pond
tRNA

5

ATP is a ribonucleotide;
nu
one of the monomers in RNA synthesis during
transcription;

6

(a) ATP provides the energy for active transport ® active transport of
substances across cell membranes against the concentration gradient;
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6

(b) Energy is required for the conformational change of carrier ® channel
proteins to pump substances. E.g. proton pumps ensure the low pH in
lysosomes to ensure optimum condition for the hydrolytic enzymes

7

(a) ATP provides the energy for bulk transport such as endocytosis and
exocytosis;

7

(b) E.g. Allows for the secretion of proteins such as insulin hormone for
(homeostasis) / phagocytosis of pathogen by phagocytes (for immunity) /
secretion of antibodies by plasma cells;

8

(a) ATP is used as a substrate for adenylate cyclase to be converted into
cAMP / to phosphorylate receptor tyrosine kinase by autophosphorylation /
phosphorylate kinases in phosphorylation cascade in cell signalling;

8

(b) Ref to important in signal transduction resulting in a cellular response;

9

Ref ATP is required for synthesis of organelle

10 Ref to ATP is required for muscle contraction to allow for movement of the
animals;
11 (a) Ref to movement processes within a cell e.g. movement of chromosomes
/ movement of vesicles
11 (b) Movement is aided by rearrangement of cytoskeleton / microtubules
12 Ref to phosphorylation of protein to activate it in post translational
modification
AVP Sperm movement
AVP in prokaryotes, ATP is converted to cAMP; binds to catabolite activator
protein to increase rate of transcription;
Importance of ATP to life [L - max 4]
1

(ref to photosynthesis) Carbohydrates (glucose) important for in ensuring the
growth of plants / Ref to plants as producers - food for other organisms;

2

(ref to muscle contraction) important for locomotion / allow them to find /
catch food / escape from predators / harm or to migrate to cope with
environmental changes;

3

(ref to mitosis and meiosis) ensure
re that organisms would be able to grow ®
cell growth / tissue repair / (sexual
(sexua
ual or
ua
o asexual) reproduction ;

4

(ref to proteins) important
portan
nt for
forr metabolic
fo
meta
me
taboli reactions

5

(ref to antibodies
odies
es / p
phagocytosis)
hago
ha
gocy
go
cytosi
cy
sis)
si
s) iimportant
m
mp
for immunity

6

(ref to hormones
orm
rm
mon
ones
es / cell
cell signalling
sign
si
g al
gn
a li of glucagon or insulin) important for
homeostasis;
siis;

7

(ref to transport
ort across
a
membrane) is important for obtaining nutrition /
excretion of waste products.

8

Ref to cell signalling important for communication / coordination / response to
changes;
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(b) Describe the effects of different types of mutations on the proteins of eukaryotes.
Types of mutations (M)
1. (Gene) Mutation is a change in nucleotide sequence in the DNA ;
2. Substitution mutation is the replacement of one nucleotide pair with another
pair ;
3. Deletion mutation is removal of one nucleotide/ bp removed ;
Addition mutation is insertion of one nucleotide/ bp ;
4. Chromosomal aberration is a change in the structure ® type of a chromosome,
or the number of chromosomes of an organism.
5. Ref to aneuploidy + possess an extra chromosome or lack of chromosome due
to non-disjunction during meiosis;
6. Ref to deletion / duplication / inversion / translocation of chromosomal fragment
chromosomal duplication + detached chromosomal fragment from a sister
chromatid become attached as an extra fragment to another sister chromatid

[12]

(mutations in non-coding regions)
7. introns are non-coding DNA seq + removed / excised during post transcription
modification / splicing ;
8. ref promoter / silencer / enhancer are non-coding DNA seq + role;
Effects (E)
1. Ref to mutation result in a change in mRNA sequence / mRNA codon ;
(a) Change in codon in mRNA to a premature stop codon ;
(b) Change in codon in mRNA + change in amino acid with a R group of
different chemical property @ sickle cell anaemia e.g. of hydrophilic
glutamate changed to hydrophobic valine
2. Same amino acid + degeneracy of genetic code / a few mRNA codons code
for the same amino acid ;
3. (ref to addition / deletion) frameshift mutation / alteration of reading frame
leading to extensive change in amino acid sequence;
4. (a) Ref to stop codon result in termination of translation + polypeptides is
shorter than original
(c) (same aa) Ref to same primary structure and fold in the same way to form
same three-dimensional conformation;
(d) (different aa) Ref to change in R group interaction result in a change in
three-dimensional conformation and tertiary structure;
5. Ref to location of mutation with specific
spe
p
example (active site of an enzyme ®
protein);
N1 (ref to mutation in non
non-coding
on-co
on
co
od
diing
ng rregions)
egions
eg
n ) ref to how transcription is increased /
decreased ;
N2 resulting
g in
n more
more proteins
pro
rote
tein
te
ins
in
s / less
le
es
ss
s proteins being synthesised (quantity);
AVP mutations
ons
nss in
in non-coding
non
no
n-co
co
c
odin + non-regulatory sequences (centromeres /
telomeres) result
ultltt iin
n no cchange
ha
in protein function and quantity of protein produced;
QWC: 1 coding +1 non-coding ;

[Total: 25]
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5(a) Discuss why intracellular enzymes are essential to life.

[13]

Enzyme structure and function [S - 4 max]
1. Enzymes have unique/ specific three-dimensional conformation with an
active site, which is formed by 3 to 12 amino acids from different parts of
a single polypeptide chain;
2. The active site of an enzyme is complementary to its substrate in terms of
shape, size, charge and orientation determining the enzyme specificity;
3. When substrate binds to the active site of enzyme with weak bonds such
as hydrogen bonds / ionic bonds / hydrophobic interactions, the enzymesubstrate complex (E-S complex) is formed;
4. Effective in small amounts as they remain chemically unchanged at the
end of the chemical reaction OR Enzymatic activity are affected by factors
such as substrate concentration, enzyme concentration, temperature and
pH;
5. Allosterically regulated enzymes are constructed from two or more
subunits and their activity are regulated by inhibitors and activators;
6. E.g. Phosphofructokinase is inhibited by ATP and citrate, known as endproduct/ feedback inhibition as both of which are products of enzymatic
reactions in cellular respiration;
Role of Enzymes in Prokaryotes & Eukaryotes [R - 8 max]
1. (Ref to antibiotic resistance): Bacteria can develop antibiotic resistance by
producing enzymes that:
2. E.g. enzymes that degrade antibiotic (penicillinases) / modifies antibiotic
such that it loses its activity.
3. (Ref to prokaryotic enzymes): Prokaryotic enzymes that allow some
bacteria to live in extreme conditions (e.g. thermal vents/ sulphuric vents)/
chemoautotrophic
4. Taq polymerases
s are
arre able
ab
a
ble
le to
to catalyse
c taly DNA replication at high optimum
ca
temperature/
e/ highly
hig
ighl
ig
hly
hl
y thermostable.
th
hermo
mo
osttab
able
able
e.
off en
enzy
enzyme
zyme
zy
me iin
n DNA
DN
NA re
replication to form new/ identical DNA molecules;
5. Role o
6. Ref to enzymes
nzzym
yme
es such as DNA helicase, DNA polymerase with correct
description
n of enzyme function;
7. Role of enzyme in transcription which transcribes DNA to produce mRNA
for protein synthesis;
8. Ref to RNA polymerase with correct description of enzyme function;
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3. [enzymes invl in photosynthesis & respiration]: metabolic reactions in can
be carried out in ensuring growth of plants and the supply of food for other
organisms/ plants as producers, heterophic nutrition;
4. [enzymes invl in immunity], production (protein synthesis) of antibodies/
hydrolytic enzymes (ref to macrophages), granzymes;
5. [enzymes invl in homeostasis]: (phosphorylases/ kinases) in blood
glucose regulation, maintaining a constant internal environment;
6. [enzymes invl in cell signalling]: communication/ coordination;
7. AVP: ref to enzymes in protein synthesis (e.g. peptidyl transferase, amino
acyl tRNA synthetase) in making (enzymes) + any of characteristics of
life
*only award once for each characteristic of life
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(b) Describe how variation arises and how recessive alleles are preserved in a
population.

[12]

Variation [V - 10 max]
1. gene mutations + change in nucleotide sequence;
2. any one e.g. substitution, deletion or insertion of a nucleotide;
3. chromosomal mutations/aberrations which involve a change in number
and/or structure of chromosomes resulting in a change of phenotype of
organism;
4. ref to one example (a or b)
a. (number of chromosomes) non-disjunction (WTTE) resulting in
polyploidy/aneuploidy;
b. (structure) any one with elaboration; e.g. deletion - when a segment
of a chromosome is missing/ e.g. duplication - when an extra
segment of a chromosome is present/ e.g. inversion - when a
chromosome segment is detached, flipped around 180 degrees &
reattached to the rest of the chromosome/ e.g translocation - when
a segment from one chromosome is detached & reattached to a
different chromosome;
5. Meiosis: independent assortment (and segregation) of homologous
chromosomes in Metaphase I, when arrangement of one pair of
homologues at the metaphase plate is independent of the arrangement of
the other pairs of homologues and subsequently separation of homologous
chromosomes during anaphase I;
6. results in gametes with numerous combinations of maternal & paternal
chromosomes;
7. Meiosis: crossing over between non-sister chromatids during prophase I
between non-sister chromatids of homologous chromosomes;
8.

results in new combinations of alleles;

9. random fusion/ fertilisation of gametes during sexual reproduction gives
rise to a variety of genotypes. Different genotypes will result in different
phenotypes (and these will act
act
c as raw materials for natural selection);
a of
of homologous
ho
omo
m
10. (ref to prokaryotes)) idea
recombination to insert DNA from
a donor bacteria
ria int
into
n o the
th
he recipient
reci
re
c pi
p en
entt bacteria’s
b
chromosome;
iption
o o
on
of)
f) transformation:
tra
rans
nsfo
ns
forrmat
fo
atio
ion: naked, foreign DNA taken up by recipient
io
11. (description
bacteria;
erria
ia;;
pti
tiion o
of)
f) transduction:
tran
phage involved in the transfer of DNA from a
12. (description
donor bacteria
ctter
e ia to a recipient bacteria;
13. (description of) conjugation: F plasmid transferred from F+ cell to a F- cell
via formation of a sex pilus;
14. AVP: Continuous variation due where variation in phenotype/
characteristics (can be due to) interaction of genotypes and environment;
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Preserve recessive alleles [R – 5 max]
15. Heterozygote protection/ diploidy occurs in diploid organism with 2
copies of each gene/ 2 different alleles at 1 gene locus where dominant
allele determines organism’s phenotype/recessive allele remains
hidden/masked;
16. balancing selection/ balanced polymorphism where natural selection
maintains two or more alleles at a gene locus (such as in heterozygote
advantage and frequency dependent selection);
17. heterozygote advantage when individuals who are heterozygous at a
particular locus have greater fitness than / selective advantage over / can
survive and reproduce better than both kinds of homozygotes;
18. Heterozygote is selected for with named example. in malaria prone regions,
HbAHbS do not suffer from negative effects/do not die of sickle cell anemia
or more resistant to malaria;
19. thus heterozygotes pass on recessive allele (HbS) to offspring when
heterozygotes propagate/interbreed
maintaining recessive allele in
population;
20. Both homozygotes are selected against with named e.g. HbSHbS
individuals will be disadvantaged due to serious effect of sickle-cell
anaemia and HbA HbA will be susceptible to malaria;
21. frequency dependent selection is where fitness/selective advantage of
phenotype depends on how common it is;
22. the frequency of each phenotype oscillates over time but is kept close to
50%, thus maintaining both alleless
23. e.g. in Lake Tanganyika in Africa, there are two forms of scale-eating fish
i.e. left-mouthed and right-mouthed. Prey of scale-eating fish guards itself
against attack from whatever phenotype of scale-eating fish is most
common in the lake. So from year to year, selection favours whichever
mouth phenotype is least common;

[Total: 25]
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You are provided with a solution, labelled E, containing an enzyme which coagulates
(clots) milk. Enzyme E hydrolyses (breaks) peptide bonds between certain amino acids in
a protein found in milk and this results in the coagulation of the milk. Calcium ions are
required for this coagulation.
You are required to:
x
x
x

carry out a trial test to think about sources of error
make simple (proportional dilutions) of the proteins in the milk, M
record the time taken to reach end point for each of the concentrations of M.

When a mixture of milk, calcium chloride solution and E is gently rotated in a test-tube the
coagulation goes through the stages shown in Fig. 1.1.
Stage 3 is the end-point of the enzyme-catalysed coagulation.

Fig. 1.1
The time taken to reach end-point gives an indication of the concentration of protein in
milk.

You are provided with:
Table 1.1
labelled

contents
onten
ents
en
ts

hazards

volume / cm3

C

10%
0%
%c
ca
calcium
alcciu
ium c
ch
chloride
hlo
lori
ride
ri
de so
solution

harmful irritant

20

W

di
d
is
sttilille
le
ed w
distilled
water

none

100

M

milk

none

100

E

1% enzyme solution

harmful irritant

20

U

milk with an unknown
concentration of protein

none

20
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If C or E comes into contact with your skin, wash off immediately under cold water. It is
recommended that you wear suitable eye protection.
You are required to carry out a trial test (step 1 to step 16) before you start your
investigation.
Read step 1 to step 16 before proceeding.

Proceed as follows:
1.

You are provided with a beaker labelled water-bath. Use the hot and cold water to
set up a water-bath in this beaker. The starting temperature of the water-bath should
be between 35°C and 40°C.
You will not need to maintain this temperature during steps 2 to 15.

2.

Put 10cm3 of M into a test-tube.

3.

Repeat step 2 so that you have three test-tubes containing M.

4.

Put 1cm3 of C into each test-tube.

5.

Gently shake each of the test-tubes to mix M and C.

6.

Take the temperature of the water-bath and record this temperature in (a)(ii) on page
5.

7.

Put the test-tubes into the water-bath and leave for at least 3 minutes.

(a) (i) Explain why the test-tubes are left in the water-bath for at least 3 minutes in step
7.
refers to the contents of the test-tubes reaching the temperature of the waterbath ;

[1]
8.

Remove one off tth
the
he te
ttest-tubes
st-tu
st
tub
tu
be
es fr
from
om
m th
the water-bath.
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The process of coagulation will start when E is added to the test-tube.
9.

Put 1cm3 of E into the test-tube, so that it runs down the side of the test-tube and
forms a layer on the surface of the mixture, as shown in Fig. 1.2.

Fig. 1.2
10. Start timing.
11. Hold the test-tube over a piece of black card on the table as shown in Fig. 1.3.
12. Gently rotate the test-tube to form a film of milk on the inside of the test-tube.

F
Fig. 1.3
13. Observe the
e fi
ffilm
ilm
m until
until
ntilil the
nt
th
he
e end-point
end
nd-po
nd
poin
int is
i reached (stage 3 in Fig. 1.1). Ignore any small
bubbles
Stop timing.
es on
on tthe
he
h
e iinside
nsid
ns
ide o
off tthe
h ttest-tube.
he
es
14. Record in
n (a
((a)(iii)
a)
a)(i
(iii
ii) th
ii)
the time taken to reach the end-point.
If the end-point has not been reached in 4 minutes, stop the experiment and record
‘more than 240’.
15. Repeat step 8 to step 14 with each of the other two test-tubes in the water-bath.
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16. Take the temperature of the water-bath when the final test-tube has been removed
and record this in (a)(ii).
(ii) Temperature may be a source of error in this investigation.
State the temperatures of the water-bath.
temperature of water-bath taken in step 6 ............................................. °C
temperature of water-bath taken in step 16 ........................................... °C
Explain whether the temperature of the water-bath is a significant source of error
in this investigation.
appropriate statement concerning temperature as a significant source of error
with reference to the difference in temperature at the end of the investigation ;

[1]
(iii) Record your results in an appropriate table.
table drawn + heading, trial or test-tube ;
records 3 times ;

[2]
sourrce
ce of
of error
erro
er
rorr for this investigation is deciding when the end-point
(iv) A significant source
ed.
is reached.
ugg
gges
gg
ge
es
st on
o
ne advantage
adv
ad
va
ant
ntag
a e of carrying out this trial test before carrying out the
ag
Suggest
one
est
stig
stig
gat
atiio
on.
investigation.
Suggests
ts appropriate
ap
advantage of carrying out a trial test ; e.g. learning to
identify when the end-point reached

[1]
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(v) You are required to prepare different concentrations of the proteins in milk, M.
M is undiluted milk and is to be referred to as 100% milk.
You are required to make a simple (proportional) dilution of M, which reduces the
concentration of M by 20% between each successive dilution. You will also need
to make a 10% concentration.
You will need to prepare 20cm3 of each concentration.
You will require these different concentrations of milk for both part (a) and (b) of
this question.
Table 1.2 shows how to make up two of the concentrations you will use, 100%
and 10%.
Decide which other concentrations of milk to prepare using simple (proportional)
dilutions of M and complete Table 1.2.
Table 1.2
volume of M/
cm3

volume of distilled water, W/
cm3

concentration of milk/ %

20.0

0.0

100

Concentration of milk: 80, 60, 40, 20;
correct volumes which add up to 20; (16/4, 12/8, 8/12, 4/16)

2.0

18.0

10

[2]

17. Prepare the concentrations of milk
m as decided in (a)(v).
18. Adjust the temperature
so that it is between 35°C and 40°C.
ure of
of the
tth
he water-bath
wate
wa
t r
You will not need
maintain
during step 19 to step 24.
eed
d tto
o ma
m
ain
intta
ain
ain tthis
h s te
hi
ttemperature
m
19. Put 10cm
0cm
cm
c
m3 o
off the
the
he lowest
low
ow
wes
es
e
st concentration
co
onc
of milk into a test-tube.
Repeat step
te
ep 19 with
with each of the other concentrations of milk that you have prepared
and with 100%
00
0% milk.
Do not dispose remaining volumes of milk. You will require them in part (b) of this
question.
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20. Put 1cm3 of C into each test-tube.
21. Gently shake each of the test-tubes to mix the milk and C.
22. Put the test-tubes in the water-bath and leave for at least 3 minutes.
While you are waiting read step 8 to step 13.
23. After 3 minutes remove one of the test-tubes from the water-bath. Add 1cm3 of E as
in step 9, then repeat step 10 to step 13 and record in (a)(vi) the time taken to reach
the end-point.
24. Repeat step 24 with each of the other test-tubes.
(vi) Record your results in an appropriate table for the known concentrations of milk.
1.
2.
3.
4.

table drawn + heading, concentration of milk / % + time to reach the end-point/s ;
records at least 3 times for 3 substrate concentrations ;
records the fastest time for the highest concentration of milk ;
records times as whole seconds ;

[4]
You are now required to estimate the protein concentration of U.
25. Repeat the experiment with U.
Record in (a)(vii) the time taken
ken to reach end-point for U.
(vii) State the time taken
end-point.
ken for
for
o U to reach
re
Correct timing
miing (@
(@ between
betw
be
twee
tw
en 40
4
40%
0% to 80% milk concentration);
[1]
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(viii) Complete Fig. 1.4 to show the position on the line of each of the percentage
concentrations of milk decided in Table 1.2.
Put the label U on Fig. 1.4 to show an estimate of the concentration of milk which
provides a measure of the proteins in U, using the result in (a)(vii).
Mark out standard conc on scale;
U marked out at conc between 40 – 80%;

Fig. 1.4
[2]
(ix) Suggest and explain a suitable control experiment that could be used in this
investigation.
replaces milk with same volume of water;
to prove/ show that it is the protein in the milk that is coagulated;
or
replaces enzyme with same volume of boiled and cooled enzyme ;
to prove/ show that it is the enzyme that catalysed the coagulation;

[2]
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(b) A student suggested that determining protein concentration via the enzyme-catalysed
coagulation was too time consuming and there should be a faster method to estimate
protein concentration in milk.
You have been provided with the following, which you must use:
x
x
x

Biuret’s solution
spotting tile
a chart labelled “colour chart” provided on the bench

You may use any solutions and apparatus that have been provided.
Plan and carry out a method to estimate the concentration of milk protein in U.
(i) Outline the steps in your method.
Marking Points:
x Used the same concentrations of milk as (a)*
x CV: constant volume (drops) of milk + constant volume (drops) of biuret’s
solution [marking for idea of excess biuret soln]
x Compare with colour standard to determine protein concentration in U
Suggested steps:
1 Label the spotting tile with the concentrations of milk prepared in (a).
2 Use a pipette to put (1) drop of 1.0% milk into the labelled well on the tile.
3 Repeat with each of the concentrations of milk.
4 Put (3) drops of Biuret’s solution into each of the concentrations of milk on the
tile and mix.
5 Compare the colour with the standard colours on the colour chart.
6 Record the colour of the mixture.
7 Perform steps 2-6 on U
8 Compare the colour of U against the colour standard set up.

[3]
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(ii) Record your results in a suitable format in the space provided.
x Header 1: concentration of milk proteins/% or protein concentration in milk/%
x Colour:
o 10% - BLUE,
o All other tubes - pale violet / violet
x U: 60, 70, 80, 90% or 100% (within table or in a statement);
Concentration of milk proteins/ %
10
20
40
60
80
100
U

Observations
Blue
Pale violet
Pale violet
Violet
Violet
Violet

U = ________ %
[3]
(iii) Complete Table 1.3 to suggest:
x significant sources of error in your procedure
x improvements to Table 1.3 reduce these errors.
Table 1.3
significant source of error
Difficulty in matching the colour;

improvement
colorimeter;

drop size of milk / drop size of Biuret’s
solution varies ;

Keep same volume using small syringe ;

AVP;

AVP ;

[4]
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(c) Another student investigated the effect of temperature on the activity of enzyme E,
by measuring the percentage coagulation of the milk.
(i)

Describe how the temperature could be changed.

use of thermostatically controlled water-bath / hot and cold water in a beaker;
Measure with thermometer;
[2]
The results are shown in Table 1.4.
Table 1.4
temperature / 0C

percentage coagulation
of the milk

8.5

7

28.0

63

35.5

84

41.0

92

50.0

39

(ii) Plot a graph of the data in Table 1.4 on the grid in Fig. 1.4.
Use a sharp pencil for drawing graphs.
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1. label on x-axis as temperature / °C + label
on y-axis as percentage coagulation of the
milk;
2. scale on x-axis is 100C to 10 sq+ y-axis is
20 to 10 sq + labelled each 10 sq ;
3. correct plotting of five points with a small
cross ;
4. line sharp and joined point to point/ best fit
curve;

Fig. 1.4
[4]
(iii) Suggest explanations for the results between 350C and 450C.
with increasing temperature the enzyme and substrate have more kinetic
energy ;
more effective collisions, more ES complexes formed, as temperature increases
to 41 °C ;
above 41 °C:
increased thermal agitation, bonds (ionic/ hydrogen) between R groups breaks,
specific (3D) structure distorts,
orts active site distorts;
the enzyme denatures;
es;
fewer ES complexes
mp
ple
exe
x s formed;
fo
orrm
med
d;
[3]
[Total: 35]
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2

J1 is a slide of a stained transverse section through a plant leaf.
You are not expected to be familiar with this specimen.

Fig. 2.1
You are required to use a sharp pencil for drawings.
(a) (i) Draw a large plan diagram of the section of the leaf (midrib) shown by the shaded
area in Fig. 2.1.
You are expected to draw the correct shape and proportions of the different
tissues.
Plan drawing of mid rib (Zea mays)
1 minimum size + no shading + no cells ;
2 at least 4 layers of tissue drawn (upper; two layers; lower);
3 correct shape of the mid rib (bulge at the bottom) and proportion
4 shows subdivision of vascular bundle (xylem and phloem);
5 shows bundle sheath around vascular bundle

[3]
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(ii)

Use the eyepiece graticule to measure the actual thickness of leaf at
position shown by the line X – Y in Fig. 2.1.
Show your working.
At 10x (LP):
@ # EPG: 45 – 50 epg
Thickness = (45-50) x 10μm = 450μm

Distance X – Y ………………… [2]
(iii)

Observe the upper epidermis at the top of the leaf on J1 shown by the
rectangle in the Fig. 2.1.

Select one group of three cells with:
x
x

two cells from the upper epidermis
one adjacent (touching) cell from the tissue below.

Each cell of the group must touch at least one of the other cells.
Make a large labelled drawing of this group of three cells.
Label a structure that produces ATP.
1. Three cells drawn + minimum cell size (at least 4cm) + lines thin and continuous (but
not ruled) ;
2. All cells must be drawn with double lines all the way round + where two pairs of cells
touch there must be three lines (representing the middle lamella) ;
3. Cell size of epidermal cell larger than palisade cells;
4. Correct shape + inclusion shown within mesophyll cell or epidermal cell ;
5. *label line and label chloroplast produces ATP in the mesophyll cells;
6. Label cell wall (one label line
which
e wh
hic
i must touch outermost line of a cell or finish
between the two cell wall
cell surface membrane, vacuole;
all lines),
line
ne
nes)
es)
s , cytoplasm,
cyto
cy
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[5]
An eyepiece graticule scale can be used to measure cells. To obtain an actual length the
eyepiece graticule scale must be calibrated against a stage micrometer. However, to obtain
values for calculating a ratio, it is not necessary to calibrate the eyepiece graticule scale.
(iv) Observe J1 using the ×40 objective lens.
Use the eyepiece graticule scale to find the mean width of the
x cells at the upper epidermis
x cells from the tissue below the upper epidermis.
State the ratio of the mean width of the cells at the upper epidermis to the mean width of the
cells from the tissue below the upper epidermis.
You may lose marks if you do not show all the steps in finding the ratio.
Cells of upper epidermis = 63/5 (e)gu
e)gu
Cells of tissue below = 38/5 (e)gu
(e)
e))gu
u
Cells of upper epidermis
divide
mis d
ivid
iv
id
de by
b cells
cel
e lss of
el
of tissue
tiss below upper epidermis (no units).
ti
x
x
x

shows me
measurements
types of cells + as whole numbers or to 0.5 only + units
eas
asur
urem
ur
emen
em
en
nts
s for
for
o both
b
as “eyepiece”,
ece
ce
e”,
” ((e)gu
e gu or epu ;
e)
shows division
on by
b number of cells (3 or more), for both cell types ;
larger whole number to smaller whole number + to the lowest common denominator ;
Ratio ………………… [3]
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(b)

Fig 2.2 is a photomicrograph of a stained transverse section through part of a leaf
from a different type of plant.
You are not expected to be familiar with this specimen.

Fig. 2.2
(i) Calculate the magnification of Fig. 2.2 using the scale bar.
You may lose marks if you do not show your working or if you do not use
appropriate units.
shows multiplication by 1000 to convert measurement from mm to μm or multiplication by
10000 convert cm to μm (1.3cm) ;
2 displays number divided by 350 ;
3 correct answer ;
magnification × ……………….. [3]
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(ii) There are observable differences between the leaf sections in Fig. 2.2 and J1.
Identify three differences between them.
For each of the three differences, draw one label line to a feature in Fig. 2.2 that
shows the difference. Label the three differences D, E and F.
Complete Table 2.1 to describe the difference between the leaf sections for each
of these three features.
Table 2.1
Feature

Fig. 2.2

J1

D

E

F

[4]
[Total: 20]
Fig. 2.2

Features

J1

Number of layers

More layers

Less layers

Position of Vascular
bundle at mid rib

More
Mo
ore central

Nearer to lower epidermis

Palisade mesophyll
ophy
hyllll
hy

Present
Pres
Pr
es
e
sen
e t

Missing

Stomata
a

Only
O
On
nly on lower epidermis

Present on both upper
and lower epidermis

Size of cells
ellllls on
n upper
upp
p e
epidermis

Uniform size

Bigger (Buliform cells)
and smaller cells

Layers below upper
epidermis (at mid rib)

elongated

Irregularly shaped

AVP
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1

Which structures are found in Tuberculosis mycobacterium?
1
2
3
4

2

70S ribosomes
80S ribosomes
Linear DNA (chromosomes)
Circular DNA

A

1 and 2

B

1 and 4

C

2 and 3

D

1, 2 and 3

Tests were performed on samples from a mixture of biological molecules. When iodine in
potassium iodide solution was added to a sample, the mixture turned black. When the
biuret test was carried out on another sample, the mixture turned purple.
Which biological molecules were in the mixture?

3

A

amylase and starch

B

cellulose and starch

C

phospholipid and cellulose

D

starch and phospholipid

Collagen is a macromolecule with three polypeptides lying closely side by side in the
form of a triple helix.
Every third amino acid in each polypeptide has the shortest possible R-group or side
chain ( — H) to allow close packing of the polypeptides.
Which is the amino acid?
A

glucose

B

glycerol

C

glycine

D

guanine
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4

Which row shows two pairs of nucleotides formed during transcription?
first base pair transcribed

second base pair transcribed

bases

number of
hydrogen bonds

bases

number of
hydrogen bonds

A

AU

2

CG

2

B

AU

2

CG

3

C

AU

2

TU

2

D

AU

3

CG

2

5

Sickle cell anaemia is caused by a mutation in an allele of the gene that codes for the
β-globin polypeptide of haemoglobin.
The diagram shows the sequence of bases in a small section of the coding strand of
DNA for both the HbA (normal) and HbS (sickle-cell) B-globin alleles.
HbA: CTGACTCCTGAGGAGAAGTCT
HbS: CTGACTCCTGTGGAGAAGTCT
How will the mutation in the HbS allele result in the production of an altered version of
the B-globin polypeptide?
A
B
C
D

6

A tRNA molecule with the anticodon CAC will hydrogen bond to the altered
codon on mRNA.
All the amino acids coded for after the mutation will differ from those in the HbA
protein.
mRNA transcribed from the HbS allele will contain the codon CAC instead of
the codon CTC.
The ribosome will be unable to continue translation of the HbS mRNA after the
altered codon.

Which of the following about transcription is correct?
A

DNA is synthesized in the 5’ Æ 3’ direction.

B

RNA is synthesized in the 3’ Æ 5’ direction.

C

The template strand is read in a 3’ Æ 5’ direction.

D

The template strand is read in a 5’ Æ 3’ direction.
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7

In E. coli, the production of enzymes for tryptophan synthesis is carefully controlled
according to the organism’s metabolic needs. A mutation in the gene encoding the
tryptophan repressor has occured, such that the repressor can bind DNA without the
co-repressor.
What effect on enzyme production can be expected under this condition?

8

A

constitutive, high-level enzyme production

B

high-level enzyme production in the absence of tryptophan, no activity in the
presence of tryptophan

C

no enzyme production in the absence of tryptophan, high-level activity in the
presence of tryptophan

D

no enzyme production under any conditions

Which of the following statements about RNA Splicing of a single pre-mRNA are
correct?
1
2
3
4
5

9

Alternative splicing controls the amount of gene products formed by having
different promoters.
Alternative splicing controls the type of gene products formed by having
different exons.
Different gene products can be formed at the same time within the same cells.
Different gene products can be formed at different stages of an organism’s life
cycle.
Different mRNA transcripts can be produced at the same time.

A

2 and 4 only

B

3 and 5 only

C

1, 2 and 4 only

D

1, 3 and 5 only

Which of the following about genetics of bacteria is correct?
A

A bacteria cell can transfer DNA during conjugation when it has been infected by a
bacteriophage.

B

Binary fission allows for chromosomal and non-chromosomal DNA to be transferred.

C

Inducible systems in bacteria are regulated by positive control.

D

RNA polymerase binds to the operator for transcription to begin.
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The cell cycle includes mitosis.
Which are features of nuclear division?
1
2
3

11

forms cell of equal size to parent cell
forms genetically identical cells
semi-conservation replication of DNA

A

1, 2 and 3

B

1 and 2 only

C

1 and 3 only

D

2 only

The photomicrograph shows cells in the different stages of mitosis.

In which order do these stages occur?
A

3Æ5Æ2Æ1Æ4

B

3Æ5Æ1Æ2Æ4

C

4Æ3Æ5Æ1Æ2

D

4Æ5Æ1Æ2Æ3
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12

Exposure to which of the following increases the risk of developing cancerous growth?
UV light

13

viruses

carbon
X-rays
monoxide
غ
ض

A

ض

ض

B

ض

غ

ض

ض

C

غ

ض

ض

غ

D

ض

غ

ض

غ

Key
 ضIncreases risk
 غDoes not increase risk

Stem cells have active telomerase that prevents chromosome shortening with every
DNA replication.
Which of the following describes the role of telomerase?
A

It acts as a buffer to prevent erosion of subtelomeric (segments of DNA between
telomeric caps and chromatin) genes.

14

B

It extends the parental DNA strand at the 3' end.

C

It lengthens the daughter DNA strand at the end of replication.

D

It prevents the end replication problem from occurring.

A single species evolves into several species which occupy different habitats.
What best describes this evolutionary process?
A

adaptive radiation

B

divergent evolution

C

directional selection

D

mutation
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16

Which of the following increases variation within a gene pool?
A

chromosome inversion

B

gene mutation

C

reassortment of chromosome in meiosis

D

random fusion of gametes

Which of the following processes could still occur in a chloroplast in the presence of an
inhibitor that prevents H+ from passing through ATP synthase complexes?

A
B
C
D

© NJC 2019

1
2

sugar synthesis
photolysis of water

3

transfer of electrons down the electron transport chain

4

oxidation of NADPH

1 and 2
1 and 4
2 and 3
3 and 4
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8
17 The diagram represents a filament of the green alga Oedogonium sealed in an airtight
chamber together with oxygen sensitive bacteria. The filament was illuminated by a
micro-spectrum of white light along the length of three cells. The motile oxygensensitive bacteria distributed themselves along the cells as shown.

Which of the following best explains the distribution of the bacteria?
A

The bacteria were distributed according to the absorption spectrum of the
chlorophyll.

B

The central cell had been killed by the blue light and therefore could not attract
bacteria.

C

The distribution of chlorophyll in the cells was uneven and this influenced the
bacteria.

D

The two end cells were dead and the bacteria were decomposing them.
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18

In an investigation, a culture medium containing glucose labelled with radioactive
carbon atoms was placed in a flask. A sample of animal cells was added to this
medium. The conditions in the flask at the start were anaerobic. Oxygen was later
bubbled through the medium. Samples of gas produced by the cells were tested for
radioactivity at regular intervals.
The graph shows the results.

radioactivity

oxygen
introduced

time

What is the best explanation for the appearance of radioactivity in the gas produced
by the cells after oxygen was introduced?

19

A

carbon fixation of RuBP

B

decarboxylation of pyruvate

C

oxidation of reduced NAD

D

phosphorylation of ADP

Which of the following statement about anaerobic respiration is
correct?
A

Animals are unable to use lactate for the production of
ATP.

B

From one molecule of glucose, ethanol and lactate
production yield the same amounts of ATP.

C

Plant cells do not have mitochondria for ATP production
due to the presence of the chloroplast.

D

Yeast is able to respire ethanol for the production of ATP.
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In birds, sex is determined by a ZW chromosome scheme. Males are ZZ and females are ZW.
A lethal recessive allele is sometimes present on the Z chromosome in pigeons.
What would be the sex ratio in the offspring of a cross between a male heterozygote and a
normal female?

21

A

1:1 male to female

B

1:2 male to female

C

2:1 male to female

D

3:1 male to female

Haemophilia is a rare genetic disorder in which the blood does not clot normally. The mutation
that causes haemophilia is located on the X-chromosome. The pedigree below shows the
inheritance of haemophilia in a family. Squares represent males while circles represent
females. Dark symbols represent affected individuals.

What is the probability that a son born to IV-2 will be a haemophiliac?
A

0.5

B

0.25

C

0.125

D

0.0625
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An experiment was carried out to investigate the release of glucose by liver cell
cultures under various conditions.
culture

conditions

observations

1

no addition of
glucagon or caffeine

minimal glucose release

2

addition of glucagon,
followed by its removal

release of glucose into the media,
but rapid reduction in release after
glucagon was removed

3

addition of caffeine

minimal glucose release

4

addition of both glucagon
and caffeine, followed by
the removal of glucagon

release of glucose into the media,
but with slow reduction in release after
glucagon was removed

What could be deduced about the action of caffeine from the observations?
A

caffeine binds to the active site of adenylyl cyclase

B

caffeine inhibits the action of phosphodiesterase

C

caffeine prevents the breakdown of glucagon

D

caffeine stimulates the synthesis of adenylyl cyclase

23

24
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A drug designed to inhibit the response of cells to a lipid soluble signalling molecule
would almost certainly result in which of the following?
A

a decrease in G-protein activity

B

a decrease in transcriptional activity of certain genes

C

an increase in receptor tyrosine kinase activity

D

lower cytoplasmic levels of cAMP

Which of the following cell types of the innate immune system does not perform
phagocytosis?
A

neutrophils

B

monocytes

C

macrophages

D

all of the above
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All of the following are true of antigen EXCEPT which one of the following?
A

They are protein in nature.

B

They can elicit an immune response.

C

They contain epitopes.

D

They will react with antibodies.

26 Which of the following is a potential risk of vaccination?

27

28

1

severe side effects

2

attenuated virus used for vaccination may pose the risk of virulence in the patient

3

decreased herd immunity of the population

A

1 only

B

1 and 2

C

1 and 3

D

None of the above

Cell-wall biosynthesis is inhibited by antibiotics by inhibiting the biosynthesis of
which of the following?
A

cellulose

B

liposaccharide

C

peptidoglycan

D

protein

Which of the following is not a characteristic of the dengue virus?

© NJC 2019

A

Immunity to one serotype of the virus will lead to immunity to the other
serotypes.

B

It is spread by both Aedes aegytii and Aedes albopictus.

C

Source reduction is an important method to reduce the spread of the disease.

D

The spread of dengue has spread as far as Europe due to climate change.
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29

30

Which of these is not an expected effect of climate change?
A

expanding glacier

B

extreme weather

C

flooding in coastal cities

D

sea level rising

Which of the following will be the least likely to be a direct result of the rise in water
level in oceans and seas due to melted glaciers?
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A

desertification

B

destruction of infrastructure

C

destruction of human settlements

D

endangering of species
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Answer all the questions.
1

Fig. 1.1 below shows a section of a cell surface membrane.

Fig. 1.1
(a)

(i)

Name the structures labelled C and D.
C:
D:

(ii)

[2]

Describe three possible functions of the structure labelled A.

[3]
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(b)

Listed below is the amino acid sequence that makes up the transmembrane
segment of structure B.
… Ile – Thr – Leu – Ile – Tyr – Phe – Gly – Val – Met – Ala –
Gly – Val – Ile – Gly – Thr – Ile – Leu – Leu – Ile – Ser – …
Suggest why such an amino acid sequence would enable the protein to span the
membrane.

[3]
(c)

For hydrophilic molecules to enter a cell, they require the help of either carrier
proteins or channel proteins.
State which kind of membrane proteins can transport molecule at a faster rate and
give reasons to support your answer.

[4]
[Total: 12]
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2

(a)

Many amino acids are needed to form the structure of a typical haemoglobin
molecule shown in Fig. 2.1.

Fig. 2.1
Briefly describe how the structure of haemoglobin is adapted for its function.

[3]
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(b)

Fig. 2.2 shows a three-dimensional model of an important signal molecule XDF in
glucose regulation. It is used to send signals to the cells of the Islets of Langerhans
to make insulin. XDF is a globular protein made up of 212 amino acids.

Fig. 2.2
(i)

Explain what determines the three-dimensional shape of the XDF.

[3]
(ii)

Suggest the consequence of the shape of XDF to its function, when
subjected to high pH treatment.

[2]
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(c)

An experiment was carried out to monitor the changes in blood glucose level and
blood insulin level in a healthy individual over a 12-hour period. Table 2.1 below
shows the results of the experiment.
Table 2.1
time

meal taken

average blood insulin
level / units per 100 ml

average blood glucose
level / units per 100 ml

0900

Yes

10

100

1000

No

65

170

1100

No

10

110

1200

No

10

100

1300

No

10

100

1400

Yes

10

100

1500

No

70

165

1600

No

10

110

1700

No

10

100

1800

Yes

10

100

1900

No

70

180

2000

No

10

110

2100

No

10

100

With reference to Table 2.1, outline how blood insulin level is regulated in the body.

[4]
[Total: 12]
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3

Fig. 3.1 shows the eukaryotic chromatin in two states, A and B.

State A

State B

Fig. 3.1

(a)

(i)

State the type of chromatin in state A and in state B.
A:
B:

(ii)

[2]

Using your knowledge of histone modification, describe the process that may
give rise to chromatin in state A.

[4]
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(b)

Describe how the difference in the structure of DNA in state A and B affects
gene expression.

[2]
(c)

Eukaryotic DNA has non-coding regions that do not get transcribed and some that
may be transcribed but not translated. One such example is the promoter
sequence.
Apart from the non-coding DNA involved in regulation of transcription, state and
describe the roles of three other types of non-coding DNA.

[6]
[Total: 14]

© NJC 2019

Need a home tutor? Visit smiletutor.sg
[Turn over

9744/02/SH2/H2 Biology/Preliminary Examinations

9
4

(a)

The electron micrographs below shows the organelles of a eukaryotic cell.

Fig. 4.1

Fig. 4.2
(i)

Name the structures labelled A (Fig. 4.1) and B (Fig. 4.2).
A:
B:

© NJC 2019
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(ii)

State two similarities and two differences in the structural features of A and
B.

[4]
(b)

Fig. 4.3 is a scaled up image of Fig. 4.2 depicting a single organelle W. The
labelled arrows X and Y both represent a structural feature of W.

200X
magnification

Fig. 4.3
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The table below shows the protein composition of various areas in organelle W in
Fig. 4.3.
Table 4.1
labels

Protein composition (%)

X

6

Y

21

Region between X & Y

6

Inside W

67

Total

100

Using the information in Table 4.1 above, account for the
(i)

abundance of protein inside organelle W.

[2]
(ii)

greater amount of protein in Y compared to X.

[3]
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(iii)

Calculate the actual width of the organelle at the position marked by
line Z in Fig. 4.3.
You should show your working and use appropriate units.

[3]
[Total: 14]
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5

Growth and development in organisms is controlled by a number of mechanisms that
operate at the cellular level. The control elements involved in these mechanisms include
hormones, the second messenger molecule cyclic AMP and regulatory genes.
In eukaryotes the most important regulatory genes contain homeobox sequences and
are called homeotic genes.
The regulatory genes of the lac operon in prokaryotes are studied to help us to
understand how regulatory genes and their products interact to switch structural genes
on and off.
(a)

Use your understanding of the biochemical identity and interactions of these
control elements to complete Table 5.1 by putting a tick ( )طor a cross ( )ػin each
box.
Table 5.1
control element

made of protein

binds with a
protein

codes for a
protein

ط

insulin

ػ

cyclic AMP
ط

lac I gene
ػ

lac O gene
Homeotic gene
product

ػ

[5]
(b)

RNA polymerase and DNA polymerase are both enzymes. RNA polymerase is
involved in the action of some control elements, whereas DNA polymerase is not.
Describe and explain the difference between the functions of these two enzymes.

[4]
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(c)

The control of the expression of the lac operon genes, which allow uptake and
digestion of lactose in the bacterium Escherichia coli, is well known.
Fig. 5.1 shows the arrangement of the elements of the lac operon.

Fig. 5.1
Describe how genes Z and Y are switched on in bacteria that are moved to a
nutrient medium that contains lactose.

[3]
[Total: 12]
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6

(a)

Fig. 6.1 represents part of a DNA molecule.

Fig. 6.1

(i)

State the precise name of each of the parts of the DNA molecule
labelled X, Y, and Z.
X:
Y:
Z:

(ii)

[3]

Describe how the DNA molecule replicates.

[5]
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(b)

Explain why the mRNA molecule is shorter than a DNA molecule.

[2]
[Total: 10]
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7

Vaccination can protect against the infectious disease tuberculosis (TB).
(a)

Define the terms:
(i)

vaccination

[2]
(ii)

infectious disease.

[2]
(b)

TB is an important disease worldwide. Table 7.1 shows recent information about
TB cases reported during one year in six different countries.
Table 7.1

© NJC 2019

country

region

number of
cases

number of cases per
100 000 population

Germany

Europe

4000

5

India

Asia

2 300 000

185

Japan

Asia

27 000

21

South Africa

Africa

490 000

981

Swaziland

Africa

15 000

1287

United
Kingdom

Europe

7900

13
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With reference to Table 7.1, explain the advantage of calculating the number of
cases of TB per 100 000 population rather than stating the number of cases alone.

[2]
(c)

Describe how a person may become infected with TB.

[3]
(d)

Suggest why TB is more likely to be fatal in people who have HIV/AIDS than in
those who do not have HIV/AIDS.

[3]
[Total: 12]
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8

(a)

Sometimes a gene has more than two alleles, termed multiple alleles.
The ABO blood group system in humans is controlled by a gene with three alleles,
IA, IB, and IO. Alleles IA and IB are codominant and IO is recessive to both.
Explain what is meant by codominance.

[3]
(b)

In humans, a gene that codes for the production of a protein, called factor VII, is
located on the X chromosome. The dominant allele for this gene produces factor
VIII, but the recessive allele does not produce factor VIII.
A person who is unable to make factor VIII has haemophilia in which the blood
fails to clot properly.
Explain why a man with haemophilia cannot pass haemophilia to his son but may
pass haemophilia to his grandson.

[3]
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(c)

A gene for feather colour in chickens is carried on an autosome. This gene has
two alleles, black (CB) and splashed-white (CW). When a male chicken with black
feathers is mated with a female chicken with splashed-white feathers, all the
offspring have blue feathers. This also occurs when a male chicken with splashedwhite feathers is crossed with a female with black feathers.

Fig. 8.1
Another gene may cause stripes on feathers (barred feathers). This gene is carried
on the X chromosome. The allele for barred feathers (XA) is dominant to the allele
for non-barred feathers (Xa).
In chickens the male is homogametic and has two X chromosomes while the
female is heterogametic and has one X chromosome and one Y chromosome.

Fig. 8.2
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(i)

A male chicken with black, non-barred feathers was crossed with a female
chicken with splashed-white, barred feathers. All the offspring had blue
feathers, but the males were barred and the females were non-barred.
Using the symbols given above draw a genetic diagram to show this cross.

[5]
(ii)

Explain how a farmer could use a breeding programme to find out the
genotype of a male chicken with blue, barred feathers.

[3]
[Total: 14]
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Section A
Answer all the questions in this section.
1

(a) Cyclin-dependent kinases (CDKs) are important cell-cycle regulators. To study
them, the gene can be amplified using polymerase chain reaction (PCR), and the
fragments ligated into cloning vectors.
PCR was used to amplify the CDK coding sequence using the following primers,
which were designed to incorporate restriction sites:

Fig. 1.1
(i)

Name two restriction sites that the CDK coding sequence should not
contain.
[1]

(ii)

Suggest what additional feature the amplified gene must have to
enable the expression of the eukaryotic gene.
[1]

(iii)

Outline three differences between prokaryotic and eukaryotic control of gene
expression.

[3]
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(iv)

Suggest the advantage of designing primers that incorporate the restriction
site.

[2]
(b) Two of the amino acids that may be found in CDKs are shown in Fig. 1.2.

Lysine

aspartate
Fig. 1.2

With reference to the amino acids in Fig. 1.2, explain the effect of extreme pH on
enzyme activity of CDKs.

[3]
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(c)

Enzymes can be found in cell cytoplasm as well as embedded on membranes of
the cell.
(i)

Suggest one important structural difference between intrinsic membranebound enzymes and cytoplasmic enzymes.

[2]
(ii)

Explain the significance of the difference that you have stated in (i) to the
intrinsic membrane-bound enzymes.

[2]
(d)

Fig. 1.3 shows the various stages of the cell cycle and how it is being regulated at
the various check points.
Important control points of the cell cycle lie at the end of the G2 phase (G2/M
transition), in mitosis (metaphase/anaphase transition) and in G1 phase
(restriction point). Controls are shown in both solid and broken arrows.

Fig. 1.3
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Describe the function of metaphase control and how this may prevent the
development of cancer.

[3]

(e)

Spindle fibres are polymers made from tubulin monomers. The removal of tubulin
monomers causes spindle fibres to shorten. Scientists investigated the effect of
the rate of tubulin removal on the speed of movement of chromatids during mitosis.
The results are shown in Fig. 1.4.

Fig. 1.4
(i)

Describe how these results support the role of spindle fibres in mitosis.

[2]
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(ii)

Explain why drugs that stabilise microtubule structures are effective as
anti-cancer therapeutic.

[2]

(f)

Leukemia is an uncontrolled proliferation of one type of white blood cell. One of
the most common form is chronic myelogenous leukemia (CML). In most cases of
CML, the leukemic cells share a chromosomal abnormality not found in any
leukemic white blood cells, nor in any other cells of the patient’s body.
This abnormality is shown in Fig. 1.5 where one chromosome 9 is longer than
normal and one chromosome 22 is shorter than normal.

Fig. 1.5 (a) above showing the banding
pattern on Normal Human chromosomes
9 and 22.

© NJC 2019

Fig. 1.5 (b) above showing the longer
chromosome 9, and a shorter chromosome 22
which is known as the Philadelphia
chromosome (Ph1).
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The gene that is affected in CML is the bcr gene on chromosome 22.
In a normal cell, bcr gene codes for the receptor tyrosine kinase, which receives
growth factor required for cell division.

Fig. 1.6
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(i)

Briefly describe the kind of mutation that occurs between chromosome 9 and
22 shown as process X in Fig. 1.6 that leads to the formation of Philadelphia
chromosome (Ph1).

[1]
(ii)

Based on the high tyrosine kinase activity of the Bcr-cabl hybrid protein,
explain whether bcr gene is considered a proto-oncogene or tumor
suppressor gene.

[2]
(iii)

Describe three mechanisms by which oncogenes can arise.

[3]
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(iv)

Mutation of p53 gene was also commonly observed in these CML cells. This
additional mutation causes the rate of mitosis in these cells to increase
sharply.
Explain whether this is a dominant or recessive mutation.

[3]
[Total: 30]
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2

The spruce bark beetle feeds on and breeds in spruce trees. If a large number of
beetles are on a spruce tree, the tree will die. These dead trees will appear red
when viewed from the air.
Alaska has experienced recent changes in the number of spruce bark beetles. It
is thought that the number of beetles is affected by climate change.
Each year, the extent of damage to the woodland was estimated by measuring
the size of the ‘red area’ from aerial photographs.
The drought index of the woodland was also determined. A high drought index
indicates warm, dry conditions and low drought index indicates cool, moist
conditions.
The graphs below show the changes in ‘red area’, mean summer temperature
and drought index in Alaskan woodland, from 1930 to 2000.

Fig. 2.1

© NJC 2019
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(a)

Describe the changes in the size of the ‘red area’ from 1970 to 2000.

[2]
(b)

Suggest why there is no data for the size of the ‘red area’ before 1970.

[1]
(c)

Suggest why the number of spruce bark beetles is affected by temperature.

[2]
(d)

Using the information in the graphs, describe the evidence for climate change
being responsible for the size of the ‘red area’.

[3]
[Total: 8]
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3

(a)

The following boxes show the names of different stages that occur during meiosis.
Anaphase I

Metaphase II

Anaphase II

Telophase II

Prophase I

Metaphase I

State the stage(s) in which the following events occur:
Independent assortment
Formation of the spindle apparatus
Separation of sister chromatids
Formation of nuclear membranes
Chromosomes pulled to opposite poles
[5]
(b)

Meiosis is used in many organisms for the production of gametes.
Explain the importance of meiosis in the production of gametes.

[4]
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(c)

Several days after fertilisation between gametes, the ball of cells becomes a
blastocyst. The diagram below shows a section through a blastocyst.

Fig. 3.1
(i)

Identity the type and state of potency of the cells labelled X.

[1]
(ii)

Explain what is meant by the state of potency identified in (c)(i).

[2]
[Total: 12]
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Section B
Answer one question in this section.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answer must be set out in parts (a) and (b), as indicated in the question.

4

(a)

Explain the role of isolating mechanisms in evolution of new species.

[15]

(b)

Explain, using named examples, how mutation can affect phenotype.

[10]
[Total: 25]

5

(a)

Describe how non-cyclic photophosphorylation produces ATP and [15]
reduced NADP, and outline the steps of the Calvin cycle.

(b)

Outline the role of anaerobic respiration in both mammals and yeast [10]
cells.
[Total: 25]
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1

In humans, kidneys are the organs that remove waste products from the blood
and produce urine. Small, useful molecules such as glucose are also removed
from the blood in the kidney. Glucose must be reabsorbed into the blood so
that very little is lost in the urine.
The concentration of glucose in urine can be estimated in order to check that
the kidneys are working.
You will not be testing real urine. You will be testing solutions that represent
urine and will be referred to as “mock urine”.
You are required to test each of three samples of mock urine for the presence
of glucose. These represent samples taken at different times from the same
person.
You are provided with:
labelled
contents
U1
mock urine
U2
mock urine
U3
mock urine
Benedict’s
Benedict’s
solution
G
W

2% glucose
solution
distilled water

hazard
none
none
none
none

Volume / cm3
20
20
20
20

none

20

none

20

If Benedict’s comes into contact with your skin, wash off immediately under
running water. It is recommended that you wear suitable eye protection.
Read step 1 to step 7 before proceeding.
Proceed as follows:
1. Set up a water-bath and heat to boiling for use in step 6.
2. Put 2 cm3 of U1 into a test-tube.
3. Put 2cm3 of Benedict’s solution into the same test-tube.
4. Shake the test-tube gently to mix contents.
5. Repeat step 2 and step 4 for U2 and U3.
6. Put all three test-tubes into the water-bath you prepared in step 1 and
immediately start timing.
7. Record in (a)(i) the time taken to the first colour change for each tube
and record the final colour at 90s. After 90s, remove each of the testtubes from the water-bath. If there has been no colour change during
the 90s, record the time to the first colour change as “more than 90”.
You should still record the final colour at 90s.
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(a) (i)

Record your results in an appropriate table.

[4]

(ii)

Use your results in (a)(i) to state which of U1, U2, and U3, do not contain glucose.
………………………………………………………………………….................... [1]

(iii)

State how you will use your results in (a)(i) to identify which of U1, U2, and U3, has
the highest concentration of glucose.
………………………………………………………………………….................... [1]

(iv)

State which of U1, U2, and U3 has the highest concentration of glucose.
………………………………………………………………………….................... [1]
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If the sample with the highest concentration of glucose is more than 0.5%, then
this may mean that a kidney is not working.
You are required to estimate the concentration of glucose in the sample stated in
(a)(iv) by :
x Preparing 10 cm3 of a 0.5% glucose solution
x Carrying out a Benedict’s test on the 0.5% glucose solution
x Using your results to estimate the concentration of glucose in the sample
stated in (a)(iv).
(v)

You are provided with a 2% glucose solution, G.
Complete Table 1.1 to describe how G could be diluted to produce 10 cm3 of a
0.5% glucose solution.
Table 1.1
final percentage
concentration of
glucose
0.5

volume of 2% glucose
solution / cm3

volume of distilled
water, W / cm3

[1]
(vi)

State one variable that must be standardized when carrying out the Benedict’s test,
to allow you to make a valid comparison between the results collected in (a)(i) and
the result you will collect for the 0.5% glucose solution that you have prepared.
………………………………………………………………………….................... [1]

8. Prepare the 0.5% glucose solution as shown in Table 1.1 in the sample
tube provided.
9. Repeat the Benedict’s test with the 0.5% glucose solution and the sample
stated in (a)(iv).
10. Record in (a)(vii) the time taken to the first colour change. After 90s,
remove the test-tubes from the water-bath.
If there has been no colour change during the 90s record the time to the
first colour change as ‘more than 90’.
(vii)

Record your results in an appropriate table.

[2]
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(viii) Use your results from (a)(vii) to complete Table 1.2 by using one tick ( )ضto show
your estimate of the concentration of glucose in the sample stated in (a)(iv).
Table 1.2
percentage concentration of glucose in mock
urine sample/%
below 0.5
0.5
above 0.5

estimate tick ()ض

[1]
(ix)

This procedure enabled you to estimate the concentration of glucose in the mock
urine sample.
Suggest how you would improve this procedure to find a more accurate estimate
of this concentration.
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………..
………………………………………………………………………………………......
………………………………………………………………………….................... [3]
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(b) (i)

Fig. 1.1 is a photomicrograph of a stained transverse section through an animal
organ. This organ is used to transport urine from the kidney to the bladder.

Fig. 1.1
You are not expected to be familiar with this specimen.
Use a sharp pencil for drawing.
Draw a large plan diagram of half of the organ in Fig. 1.1, shown by the shaded
area in Fig. 1.2.

draw this half

Fig. 1.2
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You are expected to draw the correct shape and proportions of the different tissues.

[3]
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(ii)

You are provided with a sample slide of a bladder wall showing the transitional
epithelium. Fig. 1.3 shows the position of the transitional epithelium.

Fig. 1.3
Determine the thickness of the transitional epithelium at high power.
Show your working.
You are not expected to be familiar with this specimen.

[2]
[Total: 20]
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Question 2 starts on page 10
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2 You are going to investigate the respiration rate in a particular seedling species and relate
this to the age of the seedling.
In this experiment the respiration rate of seedlings can be monitored by the rate of absorption
of oxygen, carbon dioxide is absorbed by soda lime within the apparatus.
Take care. Do not remove the soda lime from the syringe as it is corrosive and will
burn your skin.

Diagram:

1.

Remove the plunger from the syringe.

2.

Take 3 two-day old seedling, carefully remove and discard its seed coat.

3.

Introduce the two-day old seedlings into the syringe between the soda lime and the
plunger.

4.

Connect the capillary tube to the syringe via the rubber connecting tube.

5.

Holding up the whole apparatus, dip the free end of the capillary tube into the vial of
coloured water such that a small drop of coloured water is introduced into the end of the
capillary tube. (There is no need to pull the plunger of syringe)

6.

Wipe excess colored water from outer surface of the capillary tube. The size of the drop
of coloured water in the capillary tube is not important as long as it can be seen clearly.

7.

Place the respirometer horizontally on the separate piece of graph paper which you
have been provided.

8.

Leave the seedlings alone for 1 minutes for it to acclimatize to the environment.

9.

Adjust the drop of coloured water to the start of the scale (by moving the strip of graph
paper)

10. Start a stop watch.
11. Measure the movement of the drop of colored water for 3 minutes.
12. Immediately after you have recorded your results, detach the syringe from the capillary
tube by pulling gently from the rubber connecting tube. Using an empty 5 cm 3 syringe,
pump air through the capillary tube to push out all the coloured water within the capillary
tube onto a piece of filter or blotting paper (do not use water to flush the capillary tube).
13. Repeat step 1 to 12 with another set of seedlings of the same age-group.
14. Repeat the experiments with one-day old seedlings.
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15. Use the space below to record in standard units of measurement, your results.

[5]

16. Weigh each of the set of seedlings that were used and record their masses.

[2]
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17. Using your data from step 15 and 16, account for the trends observed.
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………… [4]

18. Predict the trend of results, should the experiment be carried out for three-day old
seedlings and five-day old seedlings. Explain your predictions. (At five days, seedlings
usually start to sprout small leaves)
Three-day old seedlings:
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………… [2]
Five-day old seedlings:
……………………………………………………………………………………………………
……………………………………………………………………………………………………
………………………………………………………………………………………….…… [2]

19. Identify one source of error in the procedure.

………………………………………………………………………………………………………
…………………………………………………………………………………………...…… [1]
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20. A more complex apparatus for measuring respiration is shown below. Glass beads of
same mass as the seedlings are added into a metal cage in setup A, before the start of
the experiment.

Explain two ways in which this apparatus is significantly more accurate than the one
used in this experiment.

……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
………………………………………………………………………………………..……… [4]
[Total: 20]
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Question 3 starts on page 15

© NJC 2019

9744/04/SH2/H2 Biology/Practical Examination
Need a

over
home tutor?[Turn
Visit smiletutor.sg

15
3

The Java Rhino is one of the rarest animals in the world. It is estimated that only 60
of them are known to exist.
A few of them have been successfully bred in captivity and released in a wildlife
sanctuary in Sumatra.
A baby Java Rhino has been found smuggled in one of the shipping containers by the
customs officers. Plan an investigation to verify if the Java Rhino was one that was
bred in captivity and released to the Sumatran wildlife sanctuary or poached from the
wild.
Your planning must be based on the assumption that you have been provided with the
following equipment and materials.
x
x
x
x
x
x
x
x
x
x
x

tissue samples (epidermal) from the Java Rhino provided by the customs and
a known Java Rhino from the wildlife sanctuary in Sumatra.
pestle and mortar
DNA extraction buffer solution
glass rods
microcentrifudge tubes
restriction enzyme
agarose gel plate
suitable source of electrical current
radioactive probe
nitrocellulose membrane
autoradiography equipment.

Your plan should have a clear and helpful structure to include
x
x
x
x

an explanation of the theory to support your practical procedure
a description of the method used, including the scientific reasoning behind the
method
the type of data generated by the experiment
how the results will be analysed including how the origin of the organism can
be determined.
[Total: 15]
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Paper 2
Question
1 (a)

(i)

(ii)

2

Marking Points
C : cholesterol [1]
D : phospholipid bilayer / membrane phospholipids / lipid bilayer [1]
(Any 3 of the following)
•
Increases the hydrophilic characteristics of lipids and proteins [1]
•
Stabilises the conformation of many membrane proteins [1]
•
Contribute to cell-cell recognition / cell-cell communication [1]
•
Contribute to cell-cell adhesion [1]
•
Contribute to signal transduction [1]
•
Used as antigens in the body’s immune responses [1]
•
Lubricates and protects the cell membrane from mechanical damage [1]
•
AVP

(b)

•
The amino acids present in the sequence are predominantly non-polar [1]
•
with hydrophobic side chains / R groups [1].
•
They are thus able to interact with the non-polar / hydrophobic fatty acid chains of the
membrane phospholipids and span the membrane. [1]

(c)

•
Via channell prot
proteins
otteins
otei
ei [1]
ei
•
Hydrophilic
ophilicc m
mo
molecules
oleecu
cule
l s do not need to bind to the channel proteins in order to enter a
cell. [1]
•
Channel
Ch
C
Chan
hann
annel
an
nel proteins
ne
prrotei
p
einss do not need to undergo any conformation change to allow the entry
ei
molecules
off the
the
he hydrophilic
hyd
ydro
op
ph
hililicc m
olleeccul into a cell. [1]
o
•
Carrier
C
Ca
arrrrie
ier proteins,
pro
pr
rotei on the other hand, require the hydrophilic molecules to bind to them
before
a conformational change that results in the transport of the hydrophilic
beefo
fore
fore
re tthey
hey undergo
he
u d
un
molecules
mo
ole
lecu
ullees into a cell. [1]

(a)

•
Haemoglobin is a respiratory pigment in animal’s blood and *carries vital O2 to the
tissues. (compulsory point) Ottwe
•
It consists of four polypeptide chains, *each of which has a specific globular
conformation that (compulsory Point)

Comments

holds its haem group in a strategic position for binding with O2. [1]
•
•
The four globular chains are held tightly by various types of interactions which
*ensures stability of the molecule and efficiency of the four haem groups in binding with O2.
[1]
max 3
(b)

(c)

(i)

•
It is determined by primary structure of arrangement of its constituent amino acids i.e
No., types, sequence.
•
The intramolecular interactions between amino acid residues by H-bonds, ionic bonds
hydrophobic interactions. etc, (mention at least 3)
•
result in the folding of the chain to form the most stable 3D configuration.
•
The shape also depends on the prevailing conditions of pH and temperature as
changes in pH and temperature affects different intramolecular bonds/interactions and alters
the 3-D shape.
[any3, max 3]

(ii)

•
The specific shape/conformation of the protein allows it to fit/bind correctly to the
receptor.
•
When the shape of the protein is destroyed by factors such as high pH changes, XDF is
unable to pass down signals to the interior of the cell.
[2]
Insulin production is regulated
egu
g la
by a negative feedback mechanism ;
which serves to eliminate
imin
nat
atee any
any deviations from the set of reference point ; [1]
After a meal,, insulin
in
nsuliliin se
ssecretion
ecrret
etio
ion by -cells of the islets of Langerhans in the pancreas
io
is triggered
ered
ed b
ed
byy an
n iincrease
nccre
n
reas
asee in b
as
blood
lo glucose levels ; [1] Compulsory
Cited
ted va
vvalues
alu
ueess ; ee.g.
.g.
g. A
g.
Att 10
1000
00 / 15
1500 / 1900 hrs, blood glucose levels increase to 170 / 165 / 180
units
u
un
nitts per
per 100
pe
100 ml
10
ml of
of blood
b ood [1] compulsory
bl
hence
he
h
enc
nce bloo
nce
b
bl
blood
loo
ood in
insulin
nsu
s lin level rises above the norm / to 65 to 70 units per 100 ml of blood ; [1]
Compulsory
Co
omp
mpu
ulllso
sory
so
ry
Insulin
nsu
ulilin
n in
increases the uptake glucose by cells / stimulates glycogenesis / rate of utilisation of
glucose by cells ; [1]
Normal level of glucose (100 – 110 units per 100 ml of blood) is detected ;
and this leads to a reduction / cease in the production of insulin / previously released insulin is
destroyed ;
Blood insulin level returns to normal ; [1]
[4]

3

(a)

(i)

Euchromatin [1 mark]
Heterochromatin [1 mark]

(ii)

Acetyl groups added to histone tails (lysine); [1]
neutralising the positive charge of lysine residues [1]
Less interaction between negatively charged DNA [1]
histones leading to a looser / less condensed structure. [1]

[4 marks]

(b)

In state B, Transcription factors are unable to bind to the DNA due to the high level of
condensation, [1]
thus the formation of transcription initiation complex will be prevented / lower efficiency,
decreasing level of expression. [1]
OR
In state A, Transcription
riptio
on factors
facto are able to bind to the DNA due to the lower level of
fa
condensation,
n, [1]
[ ]
[1
thus TIC
C forms
fo
orrm
mss and
an
nd
d transcription
trraans
nscr
crip
cr
ipti
ip
tion
ti
o can proceed / rate is increased. [1]
[2 mar
marks]
arrks
arks
k]

(c)

Introns,
In
ntr
tron
ns,
s, ttelomeres,
elomer
elo
el
e es centromeres, untranslated region (UTR) [1 mark each]
Introns
spliced out after transcription; this allows for alternative splicing to produce
In
nttrro
on
ns are
are spl
variations
ariiat
atio
ion of protein from one gene OR some introns may contain control elements that can
io
regulate transcription. [1]
Centromeres bind to kinetochores which provide an attachment site for microtubules for the
segregation / separation / movement of chromosomes. [1]
Telomeres: Prevent nucleases from degrading the ends of the linear DNA molecules. OR
Prevent fusion with the ends of other broken chromosomes. OR Although a small amount of

Question was generally
well done. Minority could
not recall the names
accurately.
Answers was impressive
with appropriate keywords
showing that the
candidates have
internalised the concept
well. There were still some
who were confused with
the actual mechanism.
Other answers of
demethylation were also
accepted.
Answers were well
elaborated. Most are able
to understand that access
of transciption facrors to
the promotor is
importantant for initiation.

Failure to obtain full marks
was a result of inability to
name at least 3 non-coding
region. Most answers
hovered around introns
and telomeres only. Better
candidates were able to
identify the centromere or

4

(a)

the non-coding and repetitive telomeric DNA fails to replicate (and is lost) each time the cell
divides, a cell can divide many times before it starts losing essential genetic information
(OWTTE) [1]
Untranslated region on mRNA provides a binding site for regulatory proteins that regulate the
level of translation.
2 marks max each for naming region and explaining. [1]

the genetic sequence
coding for UTR on mRNA.
Promotor will not be
accepted as it was already
mentioned in the question.

(i)

A: Chloroplast [1]
B: Mitochondria

Structures were well
identified.

(ii)

Similarities :

It is important to note that
chloroplast also has a
double membrane, which
includes the chloroplast
envelope.Some candidates
are still not giving
appropriate one to one
comparison or relevant
examples. Misconceptions
include thylakoid
membrane as a
continuation from the
inner membrane. Marks
were lost for failing to
explain with clarity and
precision. Yes and no
answers will not be
accepted.

·

possess double membrane (outer and inner membrane)

·

possess DNA, ribosomes and enzymes in its matrix/ stroma

·

possess stalked particles ( = ATPase) and electron carriers on their
membrane.
[ any 2; max 2 marks]

Differences :
Structure of A (Chloroplast)

Structure of B (mitochondrion)

Inner
In
nne
n r membrane
meem
m
mb
bra
r ne n
not
ot folded
fo

Inner membrane folded to form
cristae

Presence
Pres
Pr
esen of internal membrane
es
ssystem ie. grana and intergrana
lamellae

Absence of internal membrane
system

Presence of pigments,

Absence of pigments.

Stalked particles (ATPase) and
electron carriers are present on
thylakoid membrane

Stalk particles (ATPase) and electron
carriers are present on the cristae of
outer membrane

Presence of enzymes for dark
reactions in the stroma

Presence of enzymes for Kreb’s cycle
in the matrix.

[Any 2; max 2 marks]
(b)

(i)

•

Protein composition inside W is high at 67% [1]

•
[1]

as there are abundant enzymes needed for oxidation of food/ respiration/ Kreb’s cycle

(ii)
Y (inner membrane)

X (outer membrane)

21%
% or
or 15%
15% mo
m
more
r than X

6% or 15% less than Y

Because
B
Be
eccaausse Y is the site of
oxidative
oxid
ox
idati phosphorylation /
id
ATP synthesis during
A
respiration

No ATP synthesis occurs on
X

Thus contains abundant
enzyme ATPase (= stalked

Thus does not contain
ATPase (= stalk particles)

Question was well
answered.

Candidates had difficulty
coming up with 3
differences. Specifics were
not given and marks were
not allocated for the point.

particles) needed for ATP
synthesis

It also contain transport
proteins/ intrinsic proteins
to allow diffusion of gases,
O2 and CO2 and

Only contains transport
proteins/ intrinsic proteins
to allow diffusion of gases,
O2 and CO2 and

for entry of raw materials
for Kreb’s cycle ( eg.
Pyruvate, Coenzyme A, ,
ADP, phosphate ions etc.)
and exit of water and ATP

for entry of raw materials
for Kreb’s cycle ( eg.
Pyruvate, Coenzyme A, ,
ADP, phosphate ions etc.)
and exit of water and ATP

Any 3 comparison
(iii)

[3]

Breath of organelle = 36 m
mm [1]
icatiion ((200x)
200x = size of drawing / actual size ; [1]
20
Formula: Magnification
Actual size
ze = 3
36
6 / 2200
00
0
0 = 00.18
.18 mm
.1
m ; [1]
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(a)
control element

made of protein

binds with a
protein

codes for a
protein

There are still a handful
who do not know how to
calculate the actual breath
using the magnification
given. Full marks will also
not be awarded if the
derivation of the answers
was not shown. Some were
still unclear how to convert
mm to um.
Award one mark for each
correct row.
Do not credit blank spaces,
multiple answers or hybrid

insulin

ط

()ط

ػ

cyclic AMP

ػ

ط

()ػ

lac I gene

ػ

()ط

ط

lac O gene

()ػ

ط

ػ

ط

()ػ

ػ

Homeotic
product

(b)

gene

RNA Polymerase
1. Makes mRNA / tRNA/ rRNA / RNA
2. Transcription A: transcribes/transcribed
3. One strand (DNA) used / short section used / one strand formed;
DNA Polymerase
4. DNA replication;
5. Semi-conservation
rvatiion / both strands used / whole length used / 2 strands formed;
6. Before nuclear/cell
division
nuclea
e r/
ea
r/ce
cellll d
ce
iv

ticks (a tick that has been
crossed through, so it
cannot be judged if it’s a
tick or a cross)

3 Must be clear statement
4 Credit:
replicates/replicated
5 Must be clear statement
6 Credit: before,
mitosis/meiosis/cytokinesis
or Credit in S phase (of
interphase)

Comments:
men
nttss: RNA
RNA poll no
RN
not involved
invo
in
volv
vo
lved in protein synthesis.
lv
(c)

1.
1
2
2.
3..
3
4
4.
5.

Lactose
Lactos
La
cctto
osse binds
bind
bi
ds to
to repressor protein
Changes,
Ch
C
hange
gess, sh
shape/structure (of protein)
Remo
Re
Removes
it from / stops it from binding to, operator
RNA polymerase binds to promoter
Idea that (so that Z and Y) are transcribed / mRNA made

1 Do not credit: regulator
substance
2 Ignore ref. to active site
4 Do not credit: DNA
polymerase
5 Credit: lactose permease
and B-galactosidase
Ignore gene, switched
on/expressed
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(a)

(i)

X: phosphate
Y: deoxyribose
Z: thymine

Mark the first answer for
each letter. If the answer is
correct, and an additional
answer given is incorrect or
contradicts the correct
answer, zero marks.
Do not credit PO4 or
phosphate
backbone/molecule
Do not credit
deoxyribulose, Ignore
(pentose) sugar

(ii)

1.
2.
3.
4.
5.
6.
7.
8..
8
9..
9
10
10.
10
11.
1

Semi conservative (replication)
(double) helix, untwists / uncoils / unwinds / unravels;
Hydrogen bonds
bases) break;
dss (between
(b
Each strand
and acts
acts as
as the
th template
Freee (DNA)
nucleotides
(DN
DNA)
DN
A) n
ucleeot
uc
otides (align with exposed bases);
Complementary
/ purine to pyrimidine;
Comp
Co
mple
l mentar
ary base
ar
base pairing
pa
Hydrogen
bonds
Hydrog
Hy
drrog
d
ogen
en b
on
nds fform;
or
Sugar-phosphate
backbone forms / adjacent nucleotides join;
SSu
uga
gar-p
ph
hosph
h
DNA
joins, backbone/strands;
DNA polymerase
poly
Each
new molecule has 1 old and 1 new strand
E
Ea
AVP

Do not credit incorrect
spelling, Ignore
(nitrogenous) base / T
IGNORE anything after it
becomes clear that a
candidate is describing
transcription
2 IGNORE straightens
DO NOT CREDIT α-helix
3 IGNORE unzips
5 IGNORE in cytoplasm
6 IGNORE A to T / C to G
(as given in Q)
ACCEPT base pair rule

8 CREDIT formation of
phosphodiester bond
9 ACCEPT in context of H
bonds forming
10 DO NOT CREDIT half old
and half new strand
11 e.g. correct ref to ,
(DNA) helicase (in context
of
unwinding or unzipping) /
(DNA) ligase ( in
context of joining Okazaki
fragments or role in
backbone formation) /
leading or lagging strand /
3’ / 5’ / antiparallel /
activation of free
nucleotides
/ 3 H bonds between C and
G / 2 H bonds
between
(b)

Id
Idea
dea
ea that
tha
hat o
ha
on
only
nly
ly ccopies
opiees on
op
o
one,
e gene / section / part (of DNA);
many, genes / alleles
IIdea
Id
dea
ea that
tha
hat DNA
DN
D
NA comprises
NA
c mp
co

e.g. mRNA only codes for 1
protein
DO NOT CREDIT ‘1 DNA
molecule contains all the
genes’
Note:
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(a)

(i)

1. (method to) stimulate/AW, an immune response; A gives immunological memory
2. Giving/AW, antigens;
3. (method to provide long-term) artificial active immunity;
4. One relevant detail;
e.g. no ability to cause disease, ref. to harmless / AW, form of pathogen used, (protection
through) production of (specific) memory cells, (contains, pathogen/antigen) in an
injection or an oral dose

(ii)

1. (disease) caused by, a pathogen/microorganism;
A: two of bacteria, virus, fungi, protist,
One relevant detail, e.g.
Transmissible/communicable/passed from one organism to another/AW;
A: spread to others if quantified
2. Affecting the normal function of the body/causing ill health

‘mRNA only codes for 1
protein but DNA codes for
many proteins’ = 2 marks
Max 2

Max 2
R: vector (may not always
be transmitted through
vectors)

(b)

1. (number of cases per 100 000) shows, proportion/AW, of population affected; AW
2. Idea that easier
sierr to
to visualize
v
the severity of the problem;
3. Useful/more
/moree reliable,
relililiab
re
able
ab
le, qualified; e.g. for making comparisons between different
le
countries
oun
ntrriiees
4. (a
(as)
as)
s) countries
cou
oun riess with
ount
wit
ith
h larger
large populations will usually have more cases/higher number of
la
ccases
ca
ase
ses may
may just
ma
just mean
ju
me larger population of country;
5.. Comparative
5
Co
C
omp
omp
mpar
arat
atiive data quote to support;
at

Max 2

(c)

1.. Infected
1
Infe
In
person, coughs/sneezes/breathes out / AW, droplets;
2. Droplets containing bacteria/pathogen/M. tuberculosis;
2
3. Airborne droplets, inhaled/inspired/breathed in (by uninfected person); A:
infection/transmission
4. Consumption of, meat containing pathogen/M. tuberculosis/M. bovis

Max 3

(d)

1. (HIV/AIDS) leads to) weak immune system/reduced immunity (to disease);

Max 2

2. Details; e.g. reduced action of phagocytes / Th lymphocytes low in number / Blymphocyte response I
3. (so TB) pathogens) can multiply faster / are not destroyed before they cause disease;
4. Idea that important, organs/systems, may already be suffering from consequences of
HIV/AIDS (so more likely to stop functioning);
5. Ref. to inactive/dormant/latent, TB more likely to be active
8

(a)

1. Both alleles, influence phenotype/are expressed;
2. ref. more than 2 phenotypes possible;
3. phenotype of heterozygote different from either homozygote;

Max 3

(b)

1.
2.
3.
4.
5.

Max 3

(c)

son receives Y chromosome from father;
Y chromosome does not carry hemophilia allele;
Father will pass hemophilia allele to daughter(s);
Daughter will be, a carrier/heterozygous/XHXh;
Daughter may pass allele to, her son/his grandson; accept on diagram

(i)
Parents’ phenotype
Parents’ genotype
Gametes/cross
Offspring genotypes
geno
no
otyyp
pees
Offspring
prin
ng ph
p
phenotypes
hen
notyyp
pes

(ii)

1..
1
2..
2
3
3.
4.
5.

Male, black, non-barred
feathers
CBCBXaXa
CBXa
B W A a
CC XX
Male, blue, barred

Female, splashed-white,
barred feathers
CWCWXAY
CWXA or CWY
CBCWXaY

Blue
Blue colour
Bl
col
o ou is heterozygous / CBCW;
Test
Te cross
With non-barred female;
If all offspring barred, must be XAXA / homozygous;
If some offspring non-barred, must be XAXa / heterozygous;

Accept other symbols but
only with key
If male XY and female XX
then mark gametes and
offspring genotypes to max
2
If other symbols used but
no key, then mark to max 2
Max 3

Paper 3
Question
1 (a)

(i)

Marking Points
•
EcoRI [1]
•
BamHI [1]

(ii)

Promoter [1]

Comments
Some are not able
to identify the the
BamHI and EcoRI
sequence should
not be in the CDK
gene.
Many are able to
identify that the
promotor is
needed for
expression.
Enhances or
Silencers or
operators will not
be accepted.

(iii)
Prokaryotes
P
Pr
rokkar
aryo
yotees
yo
yote

Genes
Gene
Ge
ness that
ne
that encode
enc
proteins serving the same
metabolic
m
meta
me
eta
tabo
b
pathway are usually clustered.

Eukaryotes

Genes that encode proteins serving the same
metabolic pathway are usually dispersed on
different chromosomes.

This question is
about control in
gene expression
and not just
organization.
Answer about the
arrangement of
chromosome with
histones will not be
accepted unless it
is explicitly stated
that the
compactness will

Transcribed as a polycistronic mRNA.

Transcribed as monocistronic mRNAs.

Clusters of related genes regulated by a single
promoter.

Co-expressed
genes
are
individually
transcribed under the control of its own
promoter.

Absence of post transcriptional machinery,
lacks of introns in mRNA and absence of
mRNA splicing.

Alternative mRNA splicing could occur which
leads to a variety of proteins being
translated from the same DNA sequence.

RNA polymerase can bind directly to the
promoter region and initiate transcription.

Requires binding of general transcription
factors prior to the binding of RNA
polymerase to initiate gene transcription .

Any 3 comparison

regulate the
expression. Other
answers were not
clear or
comparisions were
inappropriatre.

[3

marks]
(iv)

The PCR
PCR product
PC
prod
pr
roduc
od
o
du
uccctt wi
w
willll have
have re
restriction sites [1]
be inserted into a vector/plasmid/genetic material digested with the same RE sites.
TThe
Th
he CD
CDK gene
CDK
genee ccan
ge
a b
an
[1]
[1
1]

Majority were not
able to answer this
question. Most
answers hover
around how
primers were
useful for the DNA
polymerase
process.

(b)

(c)

(d)

pH changes cause R groups to lose their charges; when H+ ions are lost or gained. [1]
Thus there may be a disruption of intramolecular bonds between amino acids (or between
amino acids and substrate); leading to a change in the 3D conformation of the enzyme / active site OR
active site no longer complementary to substrate. [1]
Therefore substrate can no longer bind to active site / binds less efficiently, lower / loss of
enzyme activity. [1]

(i)

Cytoplasmic enzymes would have hydrophilic (or polar) R groups hydrophilic amino acids on
the exterior / surface of the enzyme;[1]
membrane-bound enzymes would have some hydrophobic (or non-polar) R groups / amino
acids on their exterior / surface. [1]

(ii)

Allows membrane bound enzymes to be embedded / remain in (within) the membrane; [1]
hydrophobic amino acids would interact with hydrophobic fatty acid tails / hydrocarbon tails
of phospholipids. [1]
1.
M checkpoint
hec
ecckp
point
o in
oi
ntt ser
serves
erve
er
ves tto safeguard the integrity of the genome by ensuring that all
ve
chromosomes
are
attached
oso
om
mees ar
re aat
tta
tach
ched
ch
e to
ed
to the
th spindle tubules in preparation for anaphase [1].
2.
In tthe
In
hee event
h
evveent of
of defective
defe
de
fect spindle assembly (e.g. presence of unattached kinetochores), the cell
fe
cycle
cycl
cy
cle will
cle
wiillll be
w
be arrested
aarrrreested
sted at metaphase / Transit into anaphase is prevented until all chromosomes are
aligned
properly
a iiggne
al
ned p
pr
rop
oper
erly
ly at metaphase [1].
3
3.
The
The possibility
p
of aneuploidy (abnormal number of chromosomes in daughter cells) occurring
iss thus
ruled out as this could lead to an increase in copy number proto-oncogenes leading to cancer
thu
huss ru
cells
l formation /prevent over expression of proteins leading to excessive cell growth. [1]. Compulsory
*Pt 3. Must be mentioned to explain how development of cancer is prevented.

Question was
generally well
done. However,
using keywords like
disrupting 3D
structure or
altering charges
were not used.
Candidates must
be mindful in
explaining the
positions of the
these amino acids.
exterior or interior.
Full keywords like
amino acid R
groups should be
used.
Question was well
answered.

Some candidates
were not able to
identify the correct
function of the M
check point.
Keyword Apoptosis
must be stated, as
it is important in
order for the
destruction of
cancer cells.

(e)

(f)

(i)

As the rate of tubulin removal increases, the speed of movement of chromatids also increases in a
constant rate until it reaches a plateau. Max speed of movement of chromatids. [1]
This suggest that tubulin removal is required to allow separation of sister chromatids during mitosis
[1]

(ii)

During cancer cell division, shortening of microtubules is required to separate the sister chromatids
with the kinetochores tubules. OTTWE [1]
Presence of taxol prevents shortening of the microtubules/affecting arrangement of chromosomes.
[1]
This cause the cell cycle to arrest at M phase checkpoint often leading to apoptosis. [2]
(Any two)

(i)

Chromosomal mutation which involves translocation of c-abl gene of chromosome 9 to the bcr gene
of chromosome 22 or vice versa

(ii)

Proto-oncogene;
roto
o-on
oncco
oggeen
nee; [1
[[1]]
for
ccodes
co
ode
des ffo
or protein
prot
pr
oteeiin involved
invo
in
vvo
olv in cell signaling; gains function on mutation leading to increased in cell
division
chromosome (hybrid gene) [1]
di
d
ivi
visi
sion
on in
in Philadelphia
Ph
hililad
a el
ad

(iii)

Any one of the following: Reject answers that states mentioned chromosomal/DNA translocation:

Many failed to
identify the plateau
stage. One must
clearly elucidate
that removal of
tubulin is
important in
separation of
chromatids.
Question was not
well answered as it
was not well
understood.

Most were able to
answer this
question. Vague
answers like
chromosomal
aberration are not
accepted.
Candidates who
had the correct
answer were not
awarded full marks
for using key word
gain of function.
A handful were still
not able to identify
the mechanisms

(iv)

3

Due to gene amplification of proto-oncogene; leading to production of extra copies of protooncogenes, which can lead to increasing copies of proto-oncogene proteins leading to onset of
cancer. [1]
Point mutations within a control element/promoter/enhancer which controls the proto-oncogene
may result in an increased expression of the proto-oncogene. [1]
Point mutations in the proto-oncogene itself may give rise to a protein product that is more active or
more resistant to degradation than the normal protein. E.g.RAS Oncogene. [1]

behind how the
oncogenes will
arise.

Recessive mutation for mutation of tumour suppressor genes [1]
loss of function mutation as the normal, non-mutated gene can still synthesise tumour suppressor
protein to inhibit cell cycle/to cause apoptosis should DNA damage becomes irreparable. [1]
Both genes must be mutated/knocked out for tumour suppressor protein to be non-functional. [1]

Most were able to
answer clearly
using keywords.

(a)

(b)

(c)

Independent assortment

Metaphase I and metaphase II

Formation of the spindle apparatus

Prophase I

Separation of sister chromatids

Anaphase II

Formation of nuclear membranes
me

Telophase II

Chromosomes
es pulled
pu
ulllleed
d to
o op
opp
opposite poles

Anaphase I

1..
1
2..
2
3.
4.
5.
6.
(i)

Halves
Halv
Ha
lveess tthe
he chromosome
ch
number
To
To produce
prod
a haploid nucleus
So that at fertilization the (full complement / diploid number) of chromosomes is restored
Allows for genetic variation (in gametes)
Through independent assortment
Through crossing over

1. Embryonic stem cells

2. Pluripotent
(ii)
2

4

1. Able to differentiate into all cell types except for extra-embryonic tissues.

(a)

1.
2.
3.
4.
5.

(b)

1. Idea that (there were no damaged trees/ there were no beetles/ survey had not started /
photographic equipment not available / technology not available / no one realized what “red
areas” were / no records kept

(c)

1.
2.
3.
4.
5.
6.

Idea that temperature affects (enzyme activity / metabolic reaction)
Idea that (growth / reproduction / life cycle) of beetles affected
Credit appropriate comment about availability of food in relation to temperature;
Credit appropriate comment about numbers of (competitors/predators)
Beetles die if conditions
very cold
ond
Credit appropriate
ppropr
pria
pr
iate
ia
te ccomment about availability of food in relation to lack of water (due to high
temperatures)
mper
erattur
ureess)

1 Accept named
metabolic reaction
e.g. photosynthesis

(d)

1..
2..
3..
3
4.
4.

Idea
Id
dea
ea that
tha
hat be
b
before
foree 1970
fo
197
970
0 the
t temperature was low / below mean and there was no ‘red area’
Idea
Id
deeaa that
tth
haatt before
bef
e or
o e 1970
1
the drought index was low / below mean and there was no ‘red area’
Idea
Ide
Id
dea that
tha
hatt as temperature increases so does the ‘red area’
Idea
Ideea that
Id
th as the drought index increases so does the red area

NB: if years are
quoted they must
be sensible
A: converse for
MP3, 4, 5 and 6
Max 15

(a)

Idea that area varies (from 1970 to 2000);
Description of a change in 1970s e.g. red areas disappear;
Description of a change in 1980s, e.g. red areas increase towards the end;
Description of a change in 1990s, e.g. red areas increase to 1995
Credit correct manipulation of figures

Explain
pl the role of isolating mechanisms in evolution of new species.
1. allopatric speciation ;
2. geographical isolation / spatial separation ;
3. e.g. of barrier ;

1 Do not piece this
statement together
2 Ignore ref.
fluctuations in
MP2, 3 and 4
4 Accept increases
and decreases in
1990s
Ignore planes not
invented

Mp 6 – 11 (max 3)
Mp 6 – 11 award
additional marks

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
(b)

e.g. of organism ;
sympatric speciation ;
meiosis problems ;
polyploidy ;
behavioural;
temporal;
ecological;
structural isolation ;
examples for mp 6 - 12
(isolated) populations, prevented from interbreeding / can only breed amongst themselves ;
no, gene flow / gene mixing, (between populations) ;
different selection pressures operate ;
natural selection ;
change in allele frequencies ;
resulting in different gene pool ;
over time differences prevent interbreeding ;
becoming reproductively isolated ;

Explain, using named examples, how mutation can affect phenotype.
1.
2.
3.
4
4.
5.
5.
6..
6
7..
7
8.
9.
9
10.
11.
12.

(gene) example
amp
ple ; ((sickle
sic cell / PKU )
change
DNA
nge in gene
gene
ge
n /D
NA / base change ;
different
diiffffer
eren
nt am
aamino
miin
no ac
acid ;
different
diffffer
di
ereen
nt polypeptide
p lyype
po
pept
ptid
pt
ide / different protein / non-functional protein ;
id
AVP
AVP ; details
AV
deta
de
taililss
AVP
AVP ; details
AV
deeta
d
tail
(chromosome)
example ; (Down’s, Turner’s syndromes) structural
(chr
(c
hrom
hr
changes
in chromosomes ;
ch
change in number of chromosomes ;
change in sets of chromosomes / ref. polyploidy ;
AVP ; details
AVP ; details

for examples (max
3)
1 mark awarded
for stating both
examples of
allopatric
speciation and
sympatric
speciation

Max 6 for gene
mutation
Max 4 for
chromosomal
mutation
1 mark awarded
for stating genetic
AND chromosomal
mutation example
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(a)

Describe how non-cyclic photophosphorylation produces ATP and reduced NADP, and outline the
steps of the Calvin cycle.
e.
1.
2.
3..
3
4.
4.
5..
5
6..
6
7.
8.
9.
10.
11.
12.

photosystem
tossyste
teem I (PI)
(P
PI) and
and photosystem II (PII) involved ; light harvesting clusters ;
light
absorbed
byy ac
accessory
pigments ;
ligh
ght ab
gh
bsso
orrb
bed
ed b
acce
c ss
ce
primary
pigment
chlorophyll a ;
prrim
pr
imaarry p
im
imar
pi
igm
men
entt is chl
energy
to, primary pigment / chlorophyll a ;
eneerrgy
en
ener
gy passed
pas
asse
sed
d to
electrons,
/ raised to higher energy level ;
ele
el
lectrron
o s,
s excited
e
(electrons)
taken up by electron acceptor ;
(ele
(e
lect
(electrons)
pass down electron carrier chain (to produce ATP) ;
(e
PII has (water splitting) enzyme ;
water split into protons, electrons and oxygen ;
An equation photolysis ;
electrons from PII pass to PI / electrons from water pass to PII ;
to replace those lost ; give either in relation to PI or PII

Max 15
1 mark awarded
for proper
paragraphing

13. protons and electrons combine with NADP (to produce reduced NADP) ;
Max 10
21.
22.
23.
24.
25.
26.
27.

RuBP combines with carbon dioxide + rubisco ;
forms unstable 6C compound + produces two molecules of, GP / PGA ;
GP / PGA, converted to TP ;
by reduced NADP and ATP
from light dependent stage ;
TP used to regenerate RuBP + using ATP ;
TP can form, hexose / fatty acids / acetyl CoA

Max 5

(b)

Outline the role of anaerobic respiration in both mammal and yeast cells.

Max 10

General
1. reduced
uceed NAD
NA
AD produced
prod
pr
oduce in glycolysis ; A glycolysis described
od
2. ssm
small
off AT
produced
in glycolysis ;
maalll amount
mal
am
mo
ou
untt o
ATP
P pr
p
o
in
n yeast
yeaast
st ccells
ellss
el
to ethanal
1. pyruvate
1.
pyyrru
p
uva
vat
attee converted
con
onve
dioxide
released / decarboxylation ;
2. carbon
2.
carb
ca
rbon d
io
3.. ethanal,
3
etha
et
han reduced / accepts H
4 by
4.
b reduced NADH (R: NADPH)
5. ethanol formed

1 mark awarded
for highlighting
both lactate AND
alcoholic
fermentation

in mammalian cells
1. pyruvate converted to lactate
2. by reduced NADH

3. in, liver / muscle, cell
4. AVP
5. e.g. reversible in mammal / irreversible in yeast / single step in mammal / more than 1 in
yeast / reoxidised NAD allows glycolysis to continue / named enzyme

P4 - Practical Paper

Question

Answer

Marks

1(a)(i)

1.

Heading for independent variable – sample / mock urine / solution;

2.

Time to first colour change / seconds;

3.

Colours and time for U1 (0.3%), U2 (5.0%), and U3 (0.0%);

4.

Records whole numbers only;

4

1(a)(ii)

Interprets correct answer from results; - U3

1

1(a)(iii)

Mock urine sample with shortest time to first colour change;

1

1(a)(iv)

Interprets correct answer
nswe
weer fr
ffrom
o results; - U2

1

1(a)(v)

Volume
me of
of 2%
2% glucose
glu
ucosee is
is 2.
2.5
5 cm3 and total volume of glucose concentration is 10.0 cm3

1

1(a)(vi)

Interprets
nte
teerp
rpre
rpre
rets
ts co
correct answer from results;

1

1(a)(vii)

Time for 0.5% glucose;

2

Time for mock urine sample stated in (a)(iv);

1(a)(viii)

Tick in correct place based on candidates results;

1

1(a)(ix)

1.

Use more concentrations;

3

2.

Named concentrations in narrower range / described method of dilution of 2% glucose solution;

3.

Plot graph and read off graph;

1.

Minimum size + no shading + no cells;

2.

At least 2 layers;

3.

Half star shape of central lumen;

1.

Show working highlight eye piece graticule unit and micrometer length

2.

Correct answer
er

1(b)(i)

1(b)(ii)

2 (15)

Age off se
seedlings
eed
edli
dling
lliing
ngs (d
((days)
days)
s) Ra
Rate
te of movement of coloured water (mm / 3min)
Seedling
SSe
eeed
dlilingg 1

Seedling 2

1

1 to 27 divisions on graph paper = 30 to 54 mm / 3min
15

2

33 to 45 divisions on graph paper = 66 to 90 mm / 3min

1 mark for table with headings with appropriate units; i.e. recorded in rate i.e. /3min

3

2

1 mark for all the 4 readings (regardless of precision),
1 mark for correct precision (2 points of estimation, start and end point, thus precision is to the nearest division
only)
1 mark for converting divisions on graph paper to standard units: (either mm or cm);
1 mark for trend. either higher or lower.

(16)

1 mark in total for 4 set of masses
1 mark for correct precision: to 1 decimal places (according to the electronic weighing balance)

(17)

•

Two-day old seedlings
eed
dliln show a higher rate of movement of ink than one-day old seedlings

•
Distance
ance
ccee m
moved
oved
ov
e b
byy colo
coloured ink is directly proportional to volume of oxygen absorbed for respiration
and thus
hus iiss aan
n ind
indication
nd
dicatio
on of the
the rate
ra of respiration, which is higher in two day old seedlings.
•

Tw
Two-day
wo-d
daay ol
old
d se
seedlings also have a higher mass than one-day old seedlings

•

Ther
Th
There are more respiring cells in two-day old seedlings than one-day old seedlings

OR
•
Two-day old seedlings show a lower rate of movement of ink than one-day old seedlings, even though
more respiring cells.

•
Because the stored sugar left in the seed is less at 2 days than at 1 day / Additional point given to: any
observation of respiration rate per unit mass of each age group of seedlings…i.e respiration per unit mass may
be higher in two day old than one day old
•

Two-day old seedlings also have a higher mass than one-day old seedlings

•

There are more respiring cells in two-day old seedlings than one-day old seedlings

1 mark each
(18)

Three-day old seedlings
•
Three-day old seedlings show a higher rate of respiration than both two-day old and one-day old
seedlings
•
Cell division results in increase in number of respiring cells in the seedling (award once only for either
three-day / five-day old seedlings)

Five-dayy old seedlings
s ed
se
dlliin
nggs
•

FFi
Five-day
ivvee-da
daay o
d
ol
old
ld seedlings
s ed
se
dl
show a higher rate of respiration than younger seedlings

•
H
Howe
Ho
However,
ow v rate of movement of ink may not be as great due to oxygen released as a result of
photosynthesis
hot
otos
ot
osyn
os
by leaves
1 mark each

(19)

Respiration rate of different seedlings of the same age may vary and only 2 seedlings from each age group were
tested.
External air temperature may fluctuate / handling of syringe causing internal air temperature to fluctuate /
pressure changes inside and outside the syringe – affect the movement of the coloured water
Length of drop of coloured water may affect the rate of movement
Graph paper used as scale is not precise enough
1 mark

(20)

•

Movement of coloured liquid due to pressure / temperature changes can be eliminated

•

Both the tubes will experience the same temperature and pressure changes

OR
•

More seedlings
ngs of
of the
th same age respiring in the apparatus

•
Thus
huss m
movement
ovvem
o
emeen
nt of the coloured
c
fluid will be more significant than for just 3 seedling / reduces % error
as compared
om
mp
paare
red to
to using
usiing on
on 1 seedling
seedl
se
OR
O
R
•
C
Ca
Calibrated scale is more precise than graph paper used thus allowing us to make more accurate
measurements
a
•
OR

Graph paper’s precision is 2mm per division

•

Tube B acts as a control tube

•
Tube B has an equal mass of glass beads that do not respire, and subject to the same experimental
conditions, the effect of environmental conditions on both tubes would cancel each other out / movement of
coloured water in U shaped tube only due to respiration of seedlings and no other factors
OR
•

Apparatus is a closed system

•

Therefore movement of fluid not affected by external air pressure changes

OR
•
The coloured fluid can be reset in this apparatus (by pushing down on the syringe in tube A whilst
opening tap in tube B)
•

This eliminates the error from leftover ink within the capillary tube that cannot be removed

2 mark forr each
eaacch example
exaam
ex
mpl
plee with
w th
wi
h eexplanation
x
Mark
M
Ma
aark
rk SScheme
rk
cheem
ch
m
mee fo
for P
for
Planning
la

[Rationale]: - principle of method
Differences in DNA sequences / Short Tandem Repeats among different individuals results in differences in the
number of restriction site locations within the DNA molecules. [1]

This generates different number and length of the restriction fragments in the restriction enzyme digestion
outcome. [1]
Therefore, by running gel electrophoresis, we can perform comparison of the DNA banding patterns of the Java
Rhino specimen confiscated with those of the wildlife sanctuary. [1]

[Procedure]
Step 1 – 10: extraction and purification of DNA
1.
Remove some cells from the confiscated sample and take extra care when removing cells to prevent
damage to the specimen. [1]
2.

Homogenise and Lyse the cells with DNA extraction buffer. [1]

3.
[1]

The microfuge tube containing the lysate is then subjected to centrifugation to remove the cell debris.

4.
Transfer
sfer
eerr tthe
hee supernatant
sup
uper
erna
n ta containing DNA to a new microfuge tube and add RNase buffer and protein
precipitation
pitattiio
on buffer
b ff
bu
ffer
f r to
to precipitate
prec
pr
ecip
ec
ipit
ip
ittat out RNA and protein respectively. [1]
5
5.

Centrifuge
Ceent
ntri
ntri
rifu
fuge
ge tthe
h ttube to remove the RNA and protein precipitate.
he

6.

Store
St
the supernatant containing the dodo specimen’s DNA in a microfuge tube.

7.
To purify, transfer the confiscated specimen DNA into an affinity chromatography column. [DNA affinity
chromatography will cause DNA molecules to stick to the column]
8.

Add washing buffer into the column and centrifuge to remove impurities.

9.
Subsequently, add elution buffer into the column and centrifuge to elute (means to cause detachment
of the DNA from the column) out the purified DNA into a microfuge tube and store it.
10.

DNA from a few of the Sumatra wildlife sanctuary are also obtained through the same process. [1]

Step 11- 17: Amplification of DNA using PCR
11.
The purified DNAs from both specimens are subjected to Polymerase Chain Reaction (PCR) to amplify a
particular region of the DNA using Taq polymerase.
12.
One PCR cycle consists of 3 steps: Heating & Denaturation of DNA strands (93oC), Cooling & Annealing
of Primer to DNA strands (55oC) and Replication & Extension of Primer (72oC)
13.
DNA mixture is heated to 93oC to separate the double-stranded DNA into 2 complementary singlestranded DNA. This is done by breaking the hydrogen bonds holding the strands together.
14.
The DNA mixture
re is subsequently cooled to 55oC to allow complementary primers to hybridize with /
anneal to 3’ ends of single-stranded
sin
ingl
glee-str
gl
DNA template
15.
Primers
P
Pr
rim
imeerrs
r provide
prov
o id
de the
the free
frree 3’OH required by Taq polymerase to add deoxy ribonucleotides to the 3’end of
thee primer.
prim
pr
mer
er.
16.
1
16
6.

Replication
Repl
Re
Repl
plic
icat
ic
attio and extension of the DNA in 5’ to 3’ direction occurs rapidly at 72oC

17.

Each cycle is repeated 30-40 times. Each time the cycle is repeated, the amount of DNA is

doubled. Cycle is repeated to yield exponential increase of target DNA sequences as product.

[1] mark for brief description of PCR including process and temperature.

Step 18 - 24 : Restriction digest followed by gel electrophoresis

18.
A suitable restriction enzyme is chosen based on the presence of the appropriate restriction sites on the
DNA samples, as well as the ability to produce distinct and differentiating number and length of restriction
fragments between the specimens. [1]
19.
The amplified DNA fragments from both specimens are then subjected to separate Restriction enzyme
digestion, using the same restriction enzyme, to yield restriction fragments. [1]
20.
The various restriction fragments are loaded into the different wells of an agarose gel and gel
electrophoresis is carried to separate the DNA fragments. [1]
21.
The agarose gell is a cross-linked matrix and functions as a ‘molecular sieve’ where the matrix forms little
pores (holes) through
ough
h which
whic
wh
ich DNA
ic
D can travel through.
22.
The
Th
he negatively
ne ati
ne
nega
t ve
v lyy charged
cha
harg
rged
rg
ed
dD
DNA molecules will migrate toward the positive end of the field (anode). [1]
from
m2
22.
2. tto
2.
o2
24
24.
4.
23.
2
23
3.
The DNA
Th
The
DNA molecules are pulled towards the positive end by the current, but are separated according to
hei
eir mo
ei
mole
lec
le
their
molecular
size.
24.
The smaller molecules are able to move through the agarose gel faster than the larger one, so they will
travel further down the gel than the larger molecules.

Step 25 - 30: Southern Blot
25.
Once gel electrophoresis is completed, the restriction fragments in the agarose gel are transferred to a
piece of nitrocellulose membrane by capillary action (Southern blotting).
26.

The nitrocellulose membrane will contain DNA fragments in a pattern that is a replica of the agarose gel.

The DNA in the membrane is also denatured into single-strands by adding alkaline solution (NaOH). This
27.
causes the hydrogen bonds between the complementary base pairs of double helix to break. [1]
28.
The membrane is then incubated with multiple radioactively labeled DNA probes which is
complementary to the target sequences. [1]
29.
The hybridized probe is detected by autoradiography. Bands containing the DNA that hybridize with
probe can be visualized by laying a sheet of photographic film over the nitrocellulose filter. [1]
30.

Exposure to X-ray will yield an image corresponding to specific radioactively labeled DNA bands.[1]

[Result analysis]
ysis]
ss]]
•

TTh
The
he banding
band
ba
ndiin
ng pa
patt
patterns
tter
tt
erns between the specimens are compared
er

•
IIff tthe
he b
banding
a di patterns of the confiscated rhino specimen are similar with that of the wildlife sanctuary,
an
th
heen
n it
it can
can be concluded that there is high possibility it came from the wildlife sanctuary.
then
•
[1]

If the banding patterns are different, then it is not.

[Safety precautions]
•
Electrical appliances – handle with dry hands and switch off the power when not in use. Clean up any
spillage near the equipment immediately.
•

Radioactive probes – wear protective clothes and gloves when handling radioactive substances

•
Alkaline solution (NaOH) – irritant and corrosive to skin and respiratory system. Avoid direct contact
with skin and mouth. Rinse thoroughly with lots of water when contact occurs.

At least 2 [1]

[Total 19] maxx 15
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1

The diagram shows four electron micrographs of cellular structures, under different
magnifications.

Which row shows the possible functions of these cellular structures?
I

II

III

IV

A

attachment of
carbohydrate
group to protein

folding of secretory
proteins

isolates harmful
proteins to prevent
autolysis

increases surface
area for synthesis
of carbohydrates

B

folding of secretory
proteins

increases surface
area for synthesis
of carbohydrates

attachment of
carbohydrate
group to protein

synthesis of
lysosomes

C

synthesis of
lysosomes

isolates harmful
proteins to prevent
autolysis

folding of secretory
proteins

increases surface
area for synthesis
of carbohydrates

D

folding of secretory
proteins

isolates harmful
proteins to prevent
autolysis

synthesis of
lysosomes

attachment of
carbohydrate
group to protein
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2

The diagram below shows the transport of substances across two cells.

Which statements correctly describe the transport of substances?
1

Some ions move across the cell surface membrane via facilitated diffusion.

2

Some substances move across the cell surface membrane via simple diffusion.

3

Some ions are actively transported across the cell surface membrane by carrier
proteins.

4

At least two transport mechanisms across the cell surface membrane require the
expenditure of energy.

A

1 and 2 only

B

2 and 3 only

C

1, 3 and 4 only

D

1, 2, 3 and 4
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3

Which of the following combination is correct?
structural features
biomolecules
fibrous

presence of cross-linkages
by hydrogen bonds

presence of
branched chains

A

cellulose
collagen

3
3

2
3

3
2

B

cellulose
triglyceride

3
2

3
2

2
2

C

collagen
glycogen

3
2

3
2

3
3

D

glycogen
triglyceride

2
2

3
3

3
2
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4

Threonylvaline is a dipeptide formed from two amino acids, valine and threonine.
A peptide bond forms between the amino group of valine and carboxyl group of threonine.
The R groups of the two amino acids are shown.

Which molecular structure is threonylvaline?
A

B

C

D
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5

The enzyme amylase catalyses the hydrolysis of starch into maltose.
The activity of amylase was investigated by recording the time taken for complete
breakdown of starch in different conditions.
The table below shows the results of this investigation.
solutions added to 10 cm 3 of starch at 35 °C
tube
number

5%
amylase /
cm3

water /
cm3

1

5

2

2

5

3

5

4
5

5

sodium
nitrate /
cm3

sodium
hydroxide
/ cm3

lead
nitrate
/ cm3

hydrochloric
acid / cm3

2

time
taken /
min

2

10

2

1

2

-

5

2

-

2

2

15

What can be deduced from these results?

6

A

Sodium ions increases the activity of amylase.

B

Lead ions inhibit the activity of amylase.

C

Nitrate ions are necessary for the activity of amylase.

D

Hydrochloric acid is necessary for the activity of amylase.

Succinate dehydrogenase catalyses the oxidation of succinic acid during cellular
respiration. When malonic acid is added to the reaction, the rate of oxidation is reduced.
Further addition of succinic acid to the same reaction, restores the initial rate of oxidation.
What statement correctly describes malonic acid?
A

It binds to the allosteric site of succinic acid.

B

It has a similar molecular conformation to that of succinic acid.

C

It decreases the pH of the reaction and denatures succinate dehydrogenase.

D

It forms a permanent attachment to the active site of succinate dehydrogenase.
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8

Which of the following statements about adult stem cells are correct?
1

They are undifferentiated cells that divide asymmetrically, giving rise to one
daughter cell that remains a stem cell and one daughter cell that will differentiate
to replace damaged and worn out cells in the adult tissue or organ.

2

They are multipotent cells that have yet to express the genes and produce proteins
characteristic of their differentiated state, but do so when needed for repair of
tissues and organs.

3

They are undifferentiated cells that reside under the surface of epithelial tissue, in
position to take over the function of the tissue when the overlying cells become
damaged or worn out.

4

They are multipotent cells found in the adult, and can give rise to all of the cell types
in the body.

A

1 and 3 only

B

2 and 4 only

C

1, 2 and 3 only

D

2, 3 and 4 only

Scientists synthesised a nucleic acid, HNA, using a sugar with the same number of carbon
atoms as glucose instead of deoxyribose. Although genetic information can be stored by
HNA, DNA polymerase in cells cannot replicate HNA.
Which statements could explain why DNA polymerase in cells cannot replicate HNA?
1

DNA polymerase cannot form phosphoester bonds between the sugars of the two
HNA nucleotides.

2

DNA polymerase cannot form hydrogen bonds between two HNA nucleotides.

3

HNA nucleotides do not fit into the active site of DNA polymerase.

4

The shape of HNA nucleotide is slightly larger than that of a DNA nucleotide.

A

1, 2, 3 and 4

B

1 and 4 only

C

2 and 3 only

D

3 and 4 only
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The following events occur during transcription.
P bonds break between complementary bases
Q bonds form between complementary bases
R phosphoester bonds form between adjacent bases
S unbound nucleotides pairs with complementary nucleotides on template strand
Which row shows the possible sequence of events during transcription?

10

A

PÆSÆRÆQ

B

PÆQÆSÆR

C

PÆSÆRÆQÆP

D

PÆSÆQÆRÆP

The diagram below shows protein synthesis in a prokaryote.

Which of the following statements correctly describe protein synthesis in this prokaryote?
1

Transcription starts at E and ends at H.

2

Only one DNA polymerase can be at position E at any given time.

3

The presence of F speeds up the rate of transcription.

4

G shows the completed polypeptide chain.

A

1 only

B

1 and 2 only

C

2 and 3 only

D

1, 3 and 4 only
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11

12

Which statement about Southern blot is correct?
A

The intensity of the fluorescence signal generated is proportional to the amount of
target DNA present.

B

The nucleotide sequence on the DNA template strand can be used to synthesise a
probe to identify a target DNA.

C

DNA must be heated to 96°C to allow the strands to separate, so that DNA probe
can hybridise to the target DNA.

D

A DNA stain must be added to visualise the DNA fragments on the agarose gel, to
allow for dark image to develop on the X-ray film.

In an investigation to determine the function of protein X, a scientist introduced plasmids
A and B into the nucleus of a eukaryotic cell. Plasmid A contains gene X that codes for
product X. Plasmid B contains a binding site for product X and a reporter gene. The
reporter gene codes for another product that fluoresces green under ultraviolet light.

The scientist observed that the cell fluoresces 2 hours after the introduction of both
plasmids. Which of the following is a valid conclusion?
A

Product X is DNA polymerase.

B

Product X is a transcription factor.

C

Gene X is a promoter sequence.

D

Gene X is an enhancer sequence.
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Sickle cell anaemia is caused by a mutation in the β-globin gene.
The diagram shows the same section of the template strands of a normal β-globin allele,
and a mutant β-globin allele.
normal β-globin allele
C

T

G

A

C

T

C

C

T

G

A

G

G

A

G

A

A

G

T

C

T

C

C

T

G

T

G

G

A

G

A

A

G

T

C

T

mutant β-globin allele
C

T

G

A

C

T

What is a possible effect of such mutation?

14

A

The mRNA codon will change from CTC to CAC.

B

A tRNA with the anticodon GUG will form hydrogen bond with the mRNA.

C

Translation will terminate prematurely, resulting in a truncated polypeptide chain.

D

The altered mRNA codon will polymerise, resulting in a crystalline array that alters
the shape of red blood cells.

The diagram below shows three different genetic code dictionaries for cysteine in the same
organism.
cysteine

cysteine

cysteine

ACA

TGT

UGU

ACG

TGC

UGC

Which of the following statements could account for this?
1

The genetic code is a degenerate triplet code.

2

Some genetic code dictionaries show mRNA codons, others show DNA triplets.

3

The triplet base can be read in the 3’ or 5’ direction along a DNA triplet.

4

Some genetic code dictionaries show the triplet code on the template DNA strand,
others show the triplet code on the non-template DNA strand.

A

3 only

B

2 and 4 only

C

1, 2 and 3 only

D

1, 2 and 4 only
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The photomicrograph shows cells in different stages of mitosis.

Which statements are correct?
1

Stage T shows metaphase.

2

DNA replication is occurring during stage R.

3

A cell in stage P and a cell in stage T have the same amount of DNA.

4

The correct order for the stages of mitosis is S Æ R Æ T Æ P Æ Q.

A

1 and 4

B

2 and 4

C

1, 2 and 3

D

1, 3 and 4
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A bacteria infected by temperate bacteriophages, such as lambda bacteriophage, may not
die immediately.
Which statements could explain this?

17

18

1

Not all viral genes are expressed.

2

The bacteriophage remains dormant in the prophage form.

3

A repressor protein is synthesised to prevent the replication of the bacteriophage
genome.

4

Integration of viral genome into host genome prevents the bacteriophage from
entering the lytic cycle.

A

1 and 4 only

B

2 and 3 only

C

1, 2 and 4 only

D

1, 2, 3 and 4

Which of the following features is true for both prokaryotic and eukaryotic genomes?
A

contains introns that is not used for translation

B

utilises non-coding sequences to regulate transcription

C

clustering of genes to increase efficiency of regulating gene expression

D

contains telomeres to buffer shortening of DNA molecule after replication

A mutation renders the product of a regulatory gene for an inducible operon non-functional.
Which of the following is a possible outcome of such mutation?
A

No synthesis of protein products.

B

Continuous transcription of the structural genes.

C

Irreversible binding of the repressor to the operon.

D

Increase affinity of RNA polymerase to its attachment site in the promoter.
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The family tree below shows the inheritance of ABO and rhesus blood type. In the rhesus
blood type system, the allele for rhesus positive (Rh+) is dominant over the allele for rhesus
negative allele (Rh-).

What is the probability that the third grandchild will be a girl who is Rh+ with blood group
B?

20

A

0.5

B

0.25

C

0.125

D

0.0625

A gene has three alleles, Ay and Az and a.
What is the total possible number of genotypes for this gene locus?
A

3

B

6

C

8

D

9
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Two genes involved in the determination of hair colour of alpacas are found on two different
chromosomes.
Gene C has three alleles that produces uniformly coloured hair,
x CDB giving dark brown hair
x CB giving black hair
x CMB giving medium brown hair
A dominant allele, A, of the agouti gene results in the development of white hair between
the coloured hair, giving the coat an agouti appearance.
The table shows the results of the crosses between a male alpaca and two female alpacas
in separate breeding experiments.
parents

offspring

agouti black male
X
uniformly dark brown female

25 % uniform dark brown,
25% agouti dark brown,
25% uniform black,
25% agouti black

agouti black male
X
agouti medium brown female

50% agouti black,
50% agouti medium brown

Which row shows the possible genotypes of the parents in the crosses above?

22

agouti black male

uniformly dark brown
female

agouti medium brown
female

A

CBCMBAA

CBCDBAa

CMBCMBAA

B

CBCMBAa

CBCDBaa

CBCMBAA

C

CBCDBAA

CDBCMBAa

CBCDBAa

D

CBCMBAa

CBCDBaa

CMBCMBAA

In a species of mammal, chromosome 4 contains genes for enzyme P and enzyme Q.
Enzyme P catalyses an early step in a metabolic pathway, and enzyme Q catalyses a later
step in the same pathway. Both genes have two alleles, whereby one allele is completely
dominant over the other.
Which of the following terms best describe the inheritance of gene P and Q?
A

dihybrid inheritance and linkage only

B

epistasis and multiple allele only

C

dihybrid inheritance, linkage and epistasis

D

dihybrid, multiple allele and linkage
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DCPIP is a blue dye which acts as an electron acceptor and it can be used to study the
light-dependent reaction of photosynthesis. When blue DCPIP is reduced, it decolourises.
The colour change is indicated by a drop in absorbance, measured using a colourimeter.
Leaf extracts were prepared from a normal plant, and a mutant plant that contains a
deletion mutation in a gene coding for one of the plant’s accessory pigment. These extracts
were mixed with DCPIP solution and exposed to light, and their absorbance recorded over
time.
Which graphs correctly show the results of the above investigation?

A

B

C

D
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The graph below shows the volume of oxygen gas collected at regular intervals over a
period of 24 hours, in a controlled environment.

Which is the most accurate estimate of the total volume of oxygen used by the plant for
respiration in 24 hours?
A

5 cm3

B

60 cm3

C

120 cm3

D

160 cm3
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Two types of insulin are investigated for their treatment of diabetes. N insulin and L insulin
are administered to two different groups of patients. All patients received the same dose
of the respective insulin.
The following graphs show the results of the investigation.

Which of these conclusions can be derived from this investigation?
1

L and N insulin are metabolised differently by the body.

2

N insulin needs to be administered more frequently than L insulin in a day.

3

One dose of N insulin is more effective than L insulin in reducing blood glucose
concentration in one day.

A

1 only

B

3 only

C

1 and 2

D

2 and 3
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Between June and August 2019, 500 million bees died in Brazil. Researchers attributed
the mass death event to the use of pesticides in agriculture, as pesticides weaken the
immune system of bees.
Approximately one-third of crop plants worldwide rely on pollination by bees. Pollination is
required for plant reproduction. Bees pollinate plants while collecting nectar and pollen
from the flowers of the plants.
A student made the following conclusions from the information.
1

Crop harvests will decline with declining bee population.

2

Human activities select for bees useful to improve crop yield.

3

The increased use of pesticides results in bees being more susceptible to parasite
infection.

4

More than one selection pressures are acting on the bee population.

How many of the conclusions made by the student is/are valid?
A

1

B

2

C

3

D

4
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The graph shows the rodent density in a region of Italy from 1958 to 1972. The Laptospira
virus, which causes internal bleeding, was introduced in Italy in 1960. The Laptospira virus
is estimated to have infected 95% of the rodent population in 1964.

Using the information given, which of the following is an explanation for the change in
rodent density over this period?
A

Random mutations occur in rodents in response to Laptospira virus infection.

B

The rodent population in 1972 is resistant to Laptospira virus.

C

Genetic shift occur in Laptovirus population in 1964.

D

Genetic drift occurred in 1962 resulting in the drastic decline in rodent density.
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29

Which of the following reflect the changes in the immune system of a baby in the first few
months after birth?

A

active artificial immunity decreases, active natural immunity increases

B

active natural immunity decreases, active artificial immunity increases

C

passive artificial immunity decreases, active natural immunity increases

D

passive natural immunity decreases, active natural immunity increases

Which statements correctly describe lymphocytes?
1

Each B lymphocyte has the ability to make several types of antibody molecules.

2

Some B lymphocytes and T lymphocytes become memory cells.

3

Plasma cells secrete antibodies into the blood plasma.

4

Some T lymphocytes stimulate cytotoxic T lymphocytes to kill infected cells.

A

1 and 4 only

B

1, 2 and 3 only

C

2, 3 and 4 only

D

1, 2, 3 and 4
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Warmer temperatures are forcing birds in pine forests to breed farther north. Many species
once found farther south are also expanding their ranges.
The graph below shows the average latitude occupied by 305 bird species in North
America during the winters of 1966 to 2013. The shaded band shows the range of latitudes
occupied by the birds.

Adapted from: https://www.massaudubon.org/our-conservation-work/climate-change/effects-ofclimate-change/on-birds

What could explain the observation?
1

Seasonal birds begin their migration earlier, and lay eggs earlier, in response to
warming forest climate.

2

Birds are mobile, thus do not need to adapt and can switch their home ranges and
habitat to find more suitable breeding grounds.

3

As temperature rises, hardwood forests in the north lose their advantage, and pine
forests found in the south now cover the northern region.

4

As temperature rises, birds experience warmer winters that increases their
reproductivity, resulting in larger bird populations.

A

2 only

B

2 and 3 only

C

1, 2 and 4 only

D

1, 3 and 4 only
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Answer all questions.
1

Fig. 1.1 is an electron micrograph of a plasma cell in guinea pig.

B

A

Fig. 1.1
Source: Fawcett DW. The Cell: An Atlas of Fine Structure, WB Saunders, Philadelphia, 1966, p. 153.
Sciencesource.com

(a)

Explain the significance of labelled structures for the role of plasma cell in
immune system.

[2]

A
B
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(b)

Outline the role of rough endoplasmic reticulum.

[4]

(c)

Describe how antibody packaged into vesicles is secreted from the plasma cell.

[2]

[Total: 8]
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2

Calcium ion concentration in the cytosol is at least 10,000 fold lower than that outside the
cell. This concentration gradient is maintained by calcium ion pumps via active transport.
(a)

Describe how this concentration gradient across the cell surface membrane is
maintained.
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In the absence of oxygen, it was observed that the cell starts to swell, leading to cell death
as shown in Fig. 2.1.

Fig. 2.1
(b)

With reference to Fig. 2.1, explain how cell death occurs in the absence of
oxygen.

[4]

[Total: 8]
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3

Penguins have significant levels of triglycerides making up their mass. This feature is
essential for the survival of penguins in the Antarctic environment.
(a)

State two functions of triglycerides in penguins.

[2]

Fig. 3.1 shows a triglyceride molecule.

Fig. 3.1
(b)

Describe how a molecule of triglyceride is synthesised in the cell.
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Due to depleting food supply for penguins in Antarctica, a study investigated the effect of
removing food supply on the rate of oxidation of triglyceride and glucose. Triglyceride and
glucose are both respiratory substrates which are oxidised to synthesise ATP during
aerobic respiration. The results of this study is shown in Fig. 3.2.

Fig. 3.2
(c)

Explain the changes to the rate of glucose oxidation from day 0 to 6 without
food supply.

[2]

[Total: 7]
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4

One function of DNA is to act as a template for synthesis of RNA molecules. Fig. 4.1 shows
the structure of a DNA molecule.

Fig. 4.1
(a)

With reference to Fig. 4.1, deduce the nucleotide sequence of the
corresponding RNA molecule following transcription of the template strand.
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tRNA serves as an adaptor molecule for the process of translation. Fig. 4.2 shows a
tRNA molecule found in eukaryotic cells.

Fig. 4.2
(b)

Describe how the tRNA molecule in Fig. 4.2 is formed in a eukaryotic cell.
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During translation, tRNA carries specific amino acid to its corresponding codon during
translation. Fig 4.3A shows a normal tRNA which carries the amino acid, aspartic acid. A
mutation results in the altered tRNA shown in Fig 4.3B. The altered tRNA carries the amino
acid, alanine.

(c)

normal tRNA

altered tRNA

Fig 4.3A

Fig 4.3B

Embryonic cells with DNA containing this mutation cannot develop further.
Explain how this mutation is lethal.

[3]

[Total: 9]
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5

Eukaryotes can regulate their gene expression at various levels whereas prokaryotes
regulate gene expression predominantly at the transcriptional level.
(a)

(b)

Explain how gene expression in eukaryotes can be regulated at the chromatin
level.

[2]

Suggest why prokaryotes regulate gene expression predominantly at the
transcriptional level.

[1]
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Fig. 5.1 shows the processing of a pre-mRNA in a eukaryotic cell.

Fig. 5.1
(c)

(i)

Name and describe the process shown in Fig. 5.1.

[3]

(ii)

Explain the significance of this process to the regulation of gene
expression in eukaryotic cells.

[2]
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(iii)

Describe two other ways that pre-mRNA may be processed during gene
expression.

[2]

[Total: 10]
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6

(a)

Compare binary fission and conjugation.

[3]

(b)

Explain how conjugation is beneficial to a bacteria population.

[2]
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In an investigation studying the growth of an unknown bacteria, a group of researchers cultured
this bacteria in 1% glucose. Samples of the culture was extracted at different time intervals and
the concentration of bacteria was determined. The result of the investigation is shown in
Table 6.1.
Table 6.1
time / min

concentration of
bacteria/ Pg cm-3

0

31

10

30

20

53

30

81

40

143

50

277

60

502

90

502

120

302

240

190

x
(c)

Account for the changes in number of bacteria from 20 to 90 minutes.
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(d)

Calculate the rate of change of bacteria concentration from 90 to 240 minutes.

[1]

Rate of change: _____________

[Total: 10]
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7

In a study of two genes in tomato, a pure-breeding plant with green leaves and hairy fruits
was crossed with another pure-breeding plant with mottled leaves and hairless fruits. All
the F1 generation have the same phenotype of green leaves and hairless fruits.
(a)

Explain what is meant by phenotype in this context.
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A test cross was conducted between a F1 plant and a pure-breeding plant with mottled
leaves and hairy fruits. The observed results of the test cross is shown in Table 7.1.
Table 7.1
phenotype

number of plants

green leaves, hairless fruits

7

green leaves, hairy fruits

43

mottled leaves, hairless fruits

45

mottled leaves, hairy fruits

5

x
(b)

Draw a genetic diagram to explain the observed results of this test cross.
Use the following symbols,
G green leaves; g mottled leaves, H hairless fruits; h hairy fruits.
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(c)

State if the results in Table 7.1 follow the expected Mendelian dihybrid test
cross ratio. Explain your answer.
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A second scientist repeated the test cross using another species of tomato plants that are
morphologically identical to those used in the original test cross. The result of this second
test cross is shown in Table 7.2.
Table 7.2

(d)

(i)

(ii)

phenotype

number of plants

green leaves, hairless fruits

0

green leaves, hairy fruits

51

mottled leaves, hairless fruits

49

mottled leaves, hairy fruits

0

With reference to Table 7.2, describe the location of the two genes in the
tomato genome. Explain your answer.

[3]

Describe how the scientist can verify that the deviation of the results in
Table 7.2 from the expected results is due to chance. No calculation is
required to answer this question.

[2]

[Total: 16]
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8

Fig. 8.1 illustrates the process of cellular respiration in mammalian cells.

Fig. 8.1
(a)

Outline the process of glycolysis.

[3]

(b)

Identify Q and R.

[2]

Q
R
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(c)

Explain the significance of process S to mammalian cells.

[3]

(d)

Describe three differences in the process of ATP synthesis in cellular
respiration and photosynthesis.

[3]

[Total: 11]

River Valley High School
2019 Preliminary Examination

H2 Biology 9744 Paper 2
Need a homeJC2
tutor?
Visit smiletutor.sg

23
9

Fig. 9.1 shows the phylogenetic tree of Cephalopods, constructed using the base
sequences of mitochondrial DNA.

Fig. 9.1
(a)

Describe how mitochondrial DNA is used to construct the phylogenetic tree.
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Perception of light, and vision are important to ensure survival of organisms. Fig. 9.2 shows
the eye structure of two Cephalopods, Nautilus pompilius and Octopus tetricus.
Nautilus pompilius

Octopus tetricus

Adapted from Francisco J. Ayala, 2007 (PNAS)

Fig. 9.2
(b)

(i)

(ii)

State the term used to describe the relationship between the eye
structures in Fig. 9.2.

[1]

Explain how the eye structure of Nautilus pompilius and Octopus tetricus
support Darwin’s theory of evolution.

[5]
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Octopus tetricus can be found in warmer waters, along the coast of New South Wales,
Australia. In 2014, a new species, Octopus gibbsi, was discovered along the coast of North
Island of New Zealand. The regions shaded black in Fig 9.3 show the distribution of the
two species of octopus.

Adapted from Amor, Norman, Cameron and Strugnell, 2014 (PLOS)

Fig 9.3
(c)

Explain how the new species, Octopus gibbsi, arose.

[1]

[Total: 9]
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10

Explain how somatic recombination gives rise to a large diversity of human
immunoglobulin (Ig) antibody.

[5]

[Total: 5]
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11

Insects are the most dominant group of organisms on the planet in terms of species
richness, abundance and biomass. Global warming has a marked influence on the
physiology of insects. One such insect is the mosquito. Fig. 11.1 shows the effect of
temperature on seasonal abundance of mosquitoes in the tropics.

Source: Mosquito fauna (Diptera: Culicidae) of the Eastern Region of Saudi Arabia and their seasonal
abundance, Journal of King Saud University - Science · January 2010

Fig. 11.1
(a)

With reference to Fig. 11.1,

[2]

(i)

explain the effect of temperature on the mean number of mosquitoes
between March and May 2005.

(ii)

identify the maximum temperature at which the mosquitoes can survive.
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(iii)

(b)

explain why global warming can lead to spread of dengue beyond the
tropics.

[2]

It is observed that global warming also cause a decline in insect pollinators in
the tropics. State how this may affect global food security.

[2]

[Total: 7]
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Section A
Answer all the questions in this section.
1

Chronic myeloid leukemia (CML) is a cancer of the white blood cells. Patients with CML
suffer from shortness of breath and have increased risk of infection.
This slow-growing cancer arises from a disorder in the myeloid stem cells found in bone
marrow. Myeloid stem cells are responsible for maintaining the red blood cell and white
blood cell populations in the body.
CML patients are diagnosed via a complete blood count test, which will identify abnormal
numbers of different types of blood cells in a fixed volume of blood. Fig. 1.1 shows the blood
cells in 100 ml of blood from a healthy person and a CML patient.

Fig. 1.1
(a)

Explain what is meant by cancer.
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(b)

With reference to Fig. 1.1, explain how abnormal myeloid stem cells change the
red blood cell and white blood cell populations.
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Changes to ABL and BCR genes are normally associated with CML cancer. A genetic study
that screens for the amount of ABL and BCR genes in specific chromosomes reveal that
abnormal myeloid stem cells arise from a mutation event. The mutation results in mutant
chromosome 22, also known as the Philadelphia chromosome.
Fig. 1.2 shows the results of the genetic study. Chromosome 2 is known to not carry ABL
and BCR genes.

Fig. 1.2
(c)

(i)

Describe the mutation event that gives rise to Philadelphia chromosome.

[2]

(ii)

Suggest the purpose of screening chromosome 2.

[1]
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Further studies revealed that CML patients that have the Philadelphia chromosome express
an altered form of tyrosine kinase receptor, known as BCR-ABL. BCR-ABL is a receptor in
a cell signaling pathway that stimulates cell growth. BCR-ABL receptor is observed to have
a higher than normal level of activity, and abnormality in its ligand-receptor interaction.
(d)

(i)

Outline the main stages of cell signaling.

[3]

(ii)

Explain how the presence of a Philadelphia chromosome may lead to the
development of cancer.

[3]
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A novel drug with structural similarity to cyclin D was developed to treat CML by targeting
cyclin-dependent kinase 4 (CDK 4). Formation of CDK 4-cyclin D complex is required for the
completion of S phase in the cell cycle. Fig. 1.3 shows the concentration CDK 4-cyclin D
complex in a high-dose drug trial.

Fig. 1.3
(e)

(i)

Describe the change in CDK 4-cyclin D complex after drug administration.

[1]

(ii)

Explain how this novel drug treats CML.

[3]
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(iii)

Suggest why this novel drug may not be suitable for use in cancer
treatment.

[1]

[Total: 22]
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2

In a study investigating genetic variation between individuals, enzymes are used to cut DNA
molecules into short DNA fragments. These enzymes bind to a short sequence of
nucleotides known as the recognition sequence and cut both strands of DNA at these sites.
The action of one such enzyme is shown in Fig. 2.1.

Fig. 2.1
(a)

Suggest how two structural features of the enzyme used in Fig. 2.1 allow it to
perform its function.
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In a genetic study, DNA is first isolated from the cells of different individuals before they were
cut using the same enzyme. The resulting DNA fragments were separated using gel
electrophoresis. The analysis reveals differences in the number and length of each
individual’s DNA fragments.
(b)

Suggest why different number and length of DNA fragments were obtained from
each individual.

[2]

The DNA fragments were transferred onto a nitrocellulose membrane, and the position of a
target gene was detected using DNA probes. The results are shown in Table 2.1.
Table 2.1

individual 1

individual 2

fragment

length of fragments / kb

1

3.3

2

4.1

3

5.7

1

7.4

2

5.7

x
(c)

Explain how DNA probes allow for detection of the target gene.
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(d)

With reference to Table 2.1, describe how the results obtained from individual 1
and 2 differ.

[2]

The enzyme used in this investigation is found naturally in bacteria. The structure of this
enzyme is shown in Fig. 2.2.

Fig. 2.2
Source: Biological Magnetic Resonance Data Bank

(e)

With reference to Fig 2.2, describe how the polypeptide chain of this enzyme is
folded to its globular structure.
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In bacteria, this enzyme recognises and cut DNA which does not belong to the bacteria into
small fragments, degrading these DNA.
(f)

A student claims that this enzyme is advantageous to the bacteria. Discuss the
validity of this claim.

[2]

It is found that there is a large diversity of such enzymes in bacterial populations. One source
of this diversity is the high rate of gene mutation in bacterial DNA.
(g)

(i)

State a cellular process in which gene mutations may occur.

[1]

(ii)

Describe how the process stated in (g)(i) lead to gene mutations.

[3]

[Total: 18]
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3

Fig. 3.1 shows the transmission of Lyme disease through a vector.

Fig. 3.1

(a)

With reference to Fig. 3.1,
(i)

describe what is meant by a vector in this context.

[1]

(ii)

suggest why it is difficult to eradicate ticks.

[2]
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Approximately 90% of individuals diagnosed with Lyme disease are treated with amoxicillin.
Amoxicillin has the same mechanism of action as penicillin but is more frequently prescribed
as it treats a wider range of diseases due to it targeting targets both gram-positive and gramnegative bacteria.
(b)

Describe how amoxicillin treats individuals with Lyme disease.
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Increase in cases of antibiotic resistance and few discoveries of novel antibiotics have
fuelled the use of phage therapy. Phage therapy utilises lytic bacteriophages to lyse
their respective bacterial hosts, while leaving human cells intact.
(c)

Explain how bacteriophages cause lysis of their bacterial hosts.

[2]

(d)

Explain why phage therapy leaves human cells intact.

[1]

[Total: 10]
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Section B
Answer one question in this section.
Write your answers on the lined paper provided at the end of this Question Paper.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a) and (b), as indicated in the question.
4

(a)

(b)

In multicellular organisms, the maintenance of an optimum internal environment
requires communication between cells.
Describe how an internal parameter in human is maintained within a narrow
range and suggest how sustained deviations from this range is detrimental to
an individual.

[15]

Compare totipotent and multipotent stem cells in humans.

[10]
[Total: 25]

5

(a)

Following photosynthesis in a leaf cell, a diversity of carbohydrates of different
structures and functions is synthesised.
Describe how the structures of two carbohydrates are adapted to their different
roles in plant. State the structural features of carbohydrate that contribute to its
diversity.
[15]

(b)

Compare inducible and repressible systems of gene regulation in prokaryotes. [10]
[Total: 25]
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Answer all questions.
1 In germinating seeds, sucrose is hydrolysed into reducing sugars by an enzyme. The
reducing sugars is necessary for the seeds to grow.
When seeds are soaked in sucrose solution as shown in Fig. 1.1, some of this enzyme
diffuses into the surrounding solution and hydrolyses the sucrose.
sucrose

enzyme from seeds

glucose and fructose

Fig. 1.1
Three samples, S1, S2 and S3, were removed at 10 minutes, at 20 minutes and at 30 minutes
after adding the sucrose solution.
You are required to:
•

identify which sample was removed from the beaker at 10 minutes, at 20 minutes and
at 30 minutes respectively.

•

compare the concentrations of reducing sugars in the three samples.

You are provided with:
•

20 cm3 of S1

•

20 cm3 of S2

•

20 cm3 of S3

•

Benedict’s solution, in a container labelled Benedict’s solution

Before proceeding further, use the beaker labelled hot water to collect approximately
200 cm3 of hot water from where it is provided in the laboratory. Heat the water to a suitable
temperature to test for reducing sugars using the Benedict’s test.
Suitable eye protection must be worn during heating.
(a)

(i)

Carry out Benedict’s test on S1, S2 and S3 separately.
State the time taken for the first appearance of a colour change.
S1 _____________

S2 _____________

S3 _____________

Need a home tutor? Visit smiletutor.sg
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(ii)

Complete Table 1.1 to match the samples S1, S2 and S3 with the time they
were removed from the beaker.
Table 1.1
time removed
from the beaker

10 minutes

sample

(iii)

Explain your answer in (a)(ii).

20 minutes

30 minutes

[1]

[3]
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You are provided with:

1

•

1.0% reducing sugar solution, labelled R

•

distilled water, in a beaker labelled W

You are required to make a serial dilution of the 1.0% reducing sugar solution, R, to
reduce the concentration of the reducing sugar solution by half between each successive
dilutions.
After the serial dilution is completed, you will need to have 10 cm 3 of each concentration
available for use.

(b) (i)

Complete Fig. 1.2 to show how you will dilute R.
For each specimen tube:
•

state, under the specimen tube, the volume and concentration of
the reducing sugar solution in the specimen tube that will be available
for use in the investigation, after the serial dilution has been
completed

•

use one arrow, with a label above the specimen tube, to show the
volume and concentration of reducing sugar solution added to
prepare the concentration of the reducing sugar solution in the
specimen tube

•

use another arrow, with a label above the specimen tube, to show the
volume of distilled water, W, added to prepare the concentration of
[3]
reducing sugar solution in the specimen tube.

Fig. 1.2
Need a home tutor? Visit smiletutor.sg
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2 Prepare all the concentrations of reducing sugar solution in Fig. 1.2, in the specimen tubes
provided.
3 Carry out the Benedict’s test on the reducing sugar solutions of different concentrations.
Test one solution at a time.
Record, in (b)(ii), the time taken for the first appearance of a colour change.
If there is no colour change after 180 seconds, record as ‘more than 180’.
(ii)

Record your results in a suitable table in the space below.

(iii)

Using the results in (b)(ii), estimate the concentration of reducing sugars in
[1]
S1.

[3]
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(iv)

Describe how you would determine that the observed colour change is due
[2]
to the presence of reducing sugar.

(v)

Other than using a colourimeter, describe two modifications to your
investigation and explain how they improve the accuracy of your estimate in
[4]
(b)(iii).
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(c)

Another student carried out an experiment to investigate the effect of a competitive
inhibitor on enzyme activity. The concentration of the enzyme and sucrose were
standardised. All other variables were kept constant.
Table 1.2. shows the results obtained by the student.
(i)

Complete Table 1.2 to show the enzyme activity in the presence of various
[2]
concentrations of competitive inhibitor.
Table 1.2
percentage concentration of competitive
inhibitor

concentration of
glucose after 10
minutes / M

1

2

3

4

5.5

Trial 1

49

46

40

33

3

Trial 2

51

49

43

31

3

enzyme activity / M min-1

(ii)

Plot a graph to show the enzyme activity in Table 1.2.

[4]
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(iii)

Explain the effect of competitive inhibitor concentration on the enzyme
[3]
activity.

[Total: 26]
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2

Photosynthesis in unicellular algae is investigated by comparing the rate of photosynthesis
in two species of algae at 20°C.
Each species of algae is immobilised in alginate to form algal balls. When first placed in a
beaker of sodium hydrogencarbonate solution, the algal ball sinks to the bottom, and then
rises to the surface after some time.
(a)

(i)

(ii)

Explain why the algal ball
hydrogencarbonate solution.

rises

to

the

surface

of

sodium
[2]

State the independent variable of this investigation.

[1]
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(b)

You are provided with:
x

10% sodium hydrogencarbonate solution, labelled H

x

algal balls from two species of algae, yellow algae and green algae, in a
beaker of distilled water.

Using the apparatus provided, plan and carry out an investigation to obtain the
rate of photosynthesis.
Read through (b)(i), (b)(ii) and (b)(iii) before proceeding.
(i)

(ii)

Outline the steps in your method that you used to determine the rate of
photosynthesis.
Your method should be sufficiently clear to be repeated by anyone and
allow an assessment of the reliability of the results.

[6]

Carry out the experiment as described in (b)(i) for both species of algae.
If you do not observe any changes at the end of five minutes, stop the
experiment and record the observation at the fifth minute.

[1]

Yellow algae
Green algae

Need a home tutor? Visit smiletutor.sg

11
(iii)

Describe how you would modify the experiment to determine the light
saturation point of algae.

[2]

[Total: 12]
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3

During this question you will require access to a microscope.
(a)

K1 is a slide of a stained transverse section through a plant stem.
You are not expected to be familiar with this specimen.
(i)

Draw a plan diagram of the shaded region of the stem indicated between
the lines L.
A plan diagram shows the arrangement of different tissues. Your drawing
should show the correct shape and proportion of the different tissues.
No cells should be drawn.
Labels are not required.

Fig. 3.1

L

L
[5]
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(ii)

Select a group of four touching cells in slide K1. These four cells must
include:
x
x

two cells in the cap that are touching each other.
two cells directly beneath the cap that are touching each other
and are also touching at least one of the cells in the cap.

The relative position of the cap in slide K1 is shown in Fig. 3.2.

Fig. 3.2
Make a large drawing of this group of four touching cells.
You are expected to draw the correct shape and proportion of the four
cells.

[4]
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(b)

Fig. 3.3 is a photomicrograph of a stained transverse section through the root of
the same species of plant.
You are not expected to be familiar with this specimen.
A grid has been placed over the photomicrograph to help you answer the
question. Each square measures 1 mm by 1 mm.

Fig. 3.3
(i)

The vascular bundle of the root in Fig. 3.3 is shown by the shaded area
in Fig. 3.4.

Fig. 3.4
Describe how you will use the grid to find the total area of the root shown
in Fig. 3.3.

[1]
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(ii)

Use the procedure you have described in (b)(i) to find:
the total area of the root shown in Fig. 3.3
Total area __________ mm2
the area occupied by the vascular bundle.
Area of vascular bundle __________ mm2

(iii)

[2]

Calculate the percentage of the root shown in Fig. 3.3 that is occupied by
the vascular bundle.
Show your working.

[2]
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(c)

Fig. 3.5 is a photomicrograph of a stained transverse section through a stem of
a different species of plant.
You are not expected to be familiar with this specimen.

Fig. 3.5
You are required to annotate Fig. 3.5 to describe three observable differences
between the stem in Fig. 3.5 and the stem in slide K1. Ignore any differences in
colour and size.
Draw lines to label three features of the stem in Fig. 3.5 that are different from
the corresponding features of the stem in slide K1.
Next to each label line, describe how the labelled feature is different from the
corresponding feature of the stem in slide K1.

[3]

[Total: 17]
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Answer all questions.
1

Fig. 1.1 is an electron micrograph of a plasma cell in guinea pig.

B

A

Fig. 1.1
Source: Fawcett DW. The Cell: An Atlas of Fine Structure, WB Saunders, Philadelphia, 1966, p. 153.
Sciencesource.com

(a)

(b)

Explain the significance of labelled structures for the role of plasma cell in
immune system.
A

contains gene coding for antibody for synthesis of antibody

B

site of ATP production during aerobic respiration to provide energy for
transcription / translation / exocytosis

Outline the role of roug
rough
gh endoplasmic
endo
en
dop
do
reticulum.

[2]

[4]

1. continuous
uou
us ne
netw
network
tw
wor
ork o
off sheets
she
heet
e s of membrane
2. to anchor
anc
n ho
nc
horr ribosomes
ribo
ri
boso
boso
some
m s during
d ri
du
rin translation
3. ssynthesis
ynth
yn
thes
th
esis
es
is of
of polypeptide
poly
po
lyype
destined for secretion/incorporation into
membranes
me
emb
mbra
rane
ra
ness
ne
4. contains
on
nta
tain
in
ns ER
ER proteins to guide the folding of polypeptide chain into protein
5. budding
ddi
diing of vesicles for transport of protein to Golgi apparatus
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(c)

Describe how antibody packaged into vesicles is secreted from the plasma cell.
1.
2.
3.
4.

[2]

Vesicles move towards cell surface membrane
guided by microtubule
membrane of vesicle fuses with cell surface membrane
antibody is released out of plasma cell via exocytosis

[Total: 8]
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2

Calcium ion concentration in the cytosol is at least 10,000 fold lower than that outside the
cell. This concentration gradient is maintained by calcium ion pumps via active transport.
(a)

Describe how this concentration gradient across the cell surface membrane is
maintained.
1.
2.
3.
4.
5.
6.
7.

[4]

Calcium ions binds to binding site on calcium ion pump
via complementary shape
carrier proteins changes its 3-dimensional conformation
to transport calcium ions against their concentration gradient
from cytosol to extracellular environment
with the additional investment of energy
Cell surface membrane are impermeable to calcium ions

In the absence of oxygen, it was observed that the cell starts to swell, leading to cell
death as shown in Fig. 2.1.

Fig. 2.1
(b)

With reference to Fig. 2.1, explain how cell death occurs in the absence of
oxygen.

[4]

1.
2.
3.
4.
5.
6.
7.

No aerobic respiration
insufficient ATP production for active transport
Calcium ions accumulates inside the cell
Cytosol has a more negative water potential than extracellular environment
Water enters the cell
via osmosis
cell surface membrane cannot withstand the increase in pressure/ cell
volume
8. cell lyse

[Total: 8]
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3

Penguins have significant levels of triglycerides making up their mass. This feature is
essential for the survival of penguins in the Antarctic environment.
(a)

State two functions of triglycerides in penguins.
1.
2.
3.
4.

[2]

Triglycerides serve as an energy store
Triglycerides allow penguins to stay buoyant in water
Triglycerides keep penguins warm
Triglycerides cushion fragile internal organs using fats in penguins

Fig. 3.1 shows a triglyceride molecule.

Fig. 3.1
(b)

Describe how a molecule of triglyceride is synthesised in the cell.
1.
2.
3.
4.
5.
6.

[3]

The OH groups on glycerol
and the COOH group of fatty acids
react to form 3 ester bonds
with the elimination of 3 water molecules
during condensation reactions
Ref to 3 condensation reactions
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Due to depleting food supply for penguins in Antarctica, a study investigated the effect of
removing food supply on the rate of oxidation of triglyceride and glucose. Triglyceride and
glucose are both respiratory substrates which are oxidised to synthesise ATP during
aerobic respiration. The results of this study is shown in Fig. 3.2.

Fig. 3.2
(c)

Explain the changes to the rate of glucose oxidation from day 0 to 6 without
food supply.

[2]

1. Day 0 to 3, rate of glucose oxidation remains constant
2. This is due to presence of stored carbohydrate/ glycogen/
glycogenolysis
3. Day 3 to 6, rate of glucose oxidation decrease
4. Glucose concentration limiting rate of oxidation

[Total: 7]
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4

One function of DNA is to act as a template for synthesis of RNA molecules. Fig. 4.1 shows
the structure of a DNA molecule.

Fig. 4.1
(a)

With reference to Fig. 4.1, deduce the nucleotide sequence of the
corresponding RNA molecule following transcription of the template strand.

[1]

5’ - C C A U - 3’
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tRNA serves as an adaptor molecule for the process of translation. Fig. 4.2 shows a
tRNA molecule found in eukaryotic cells.

Fig. 4.2
(b)

Describe how the tRNA molecule in Fig. 4.2 is formed in a eukaryotic cell.

[5]

1.
2.
3.
4.
5.
6.
7.

RNA polymerase
binds to the promoter of tRNA gene
causing the DNA strands to separate
1 of the two DNA strands serve as template strand
Free ribonucleoside triphosphates align along the template DNA strand
via complementary base pairing
RNA polymerase catalyses formation of phosphoester bonds between
ribonucleotides
8. Transcription proceeds until after the RNA polymerase transcribes a
termination sequence
9. Hydrogen bonds formed between complementary base sequence
10. Results in folding into specific three dimensional conformation
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During translation, tRNA carries specific amino acid to its corresponding codon during
translation. Fig 4.3A shows a normal tRNA which carries the amino acid, aspartic acid. A
mutation results in the altered tRNA shown in Fig 4.3B. The altered tRNA carries the amino
acid, alanine.

(c)

normal tRNA

altered tRNA

Fig 4.3A

Fig 4.3B

Embryonic cells with DNA containing this mutation cannot develop further.
Explain how this mutation is lethal.

[3]

1.
2.
3.
4.

Change in anticodon sequence from GUC to GGC
Unable to bind to mRNA codon GAC
Aspartic acid cannot be added to polypeptide chains
Resulting in premature termination of translation/truncated polypeptide
chain
5. affects more than one protein/enzymes

[Total: 9]
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5

Eukaryotes can regulate their gene expression at various levels whereas prokaryotes
regulate gene expression predominantly at the transcriptional level.
(a)

Explain how gene expression in eukaryotes can be regulated at the chromatin
level.
1.
2.
3.
4.

(b)

[2]

Named process
Ref to condensation / de-condensation of chromatin
Ref to access of RNA polymerase to promote
Ref to decreased / increased transcription

Suggest why prokaryotes regulate gene expression predominantly at the
transcriptional level.

[1]

1. To conserve resources / energy by regulating gene expression earlier in
the protein synthesis pathway, this increases chances of survival in
resource-scarce environment
2. Genes are clustered in operons, thus regulating transcription allows for
simultaneous regulation of genes involved in the same metabolic pathway
3. Absence of membrane-bound nucleus results in transcription and
translation simultaneously, hence regulating transcription will also regulate
translation

Fig. 5.1 shows the processing of a pre-mRNA in a eukaryotic cell.

Fig. 5.1
(c)

(i)

Name and describe the process shown in Fig. 5.1.
1.
2.
3.
4.
5.

[3]

Alternative RNA
A splicing
sp
pli
Introns are cut
cu
ut out
o t
ou
and
d ex
exons
xon
ns ar
a
are
re joined
jo
oin
ined
e together
to
in
nd
different
ififfe
fere
fe
rent
re
nt combinations
com
mbiina
n tion
ti
ti
of exons
to g
give
ive
iv
e rise
rise to
to a d
different continuous coding sequence (in mature
mRNA
mR
N
NA
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(ii)

Explain the significance of this process to the regulation of gene
expression in eukaryotic cells.
1.
2.
3.
4.

(iii)

Allows one gene
to give rise to different polypeptide chains / proteins
at different times
and in different cells types

Describe two other ways that pre-mRNA may be processed during gene
expression.
1.
2.
3.
4.

[2]

[2]

Addition of modified guanosine triphosphate
to 5’ end of the pre-mRNA
Addition of (50 to 250) adenine nucleotides
to 3’ end of the pre-mRNA

[Total: 10]
6

(a)

Compare binary fission and conjugation.

[3]

Similarities
1. Both involve DNA replication/both involved DNA polymerase
2. Both involve transfer of DNA / genetic materials from one cell to another
Differences
3. Genetic
material
transferred
4. Transfer of
organelles
5. Change in
number of
bacteria

(b)

Binary fission
Entire bacterial
chromosome (and
plasmids)
Organelles (like
ribosomes) distributed
between daughter cells
Double

Conjugation
F plasmid only
Organelles not transferred
from donor to recipient cell
No change

Explain how co
conjugation
onj
n ug
ga
attiio
o
on
n is be
b
beneficial
ne
to a bacteria population.

[2]

Bacteria
cterria
a population
pop
opul
u at
ul
atio
on
gain
ain
n ability
abi
bililility
ty tto
o us
us a new metabolite/ gain antibiotic resistance/ xenobiotic
use
1. ga
resistance
esi
sist
si
stan
st
an
nce
e
2. increases
crea
ea
ases adaptability/survivability of bacterial population in response to
changes
n
in environment
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In an investigation studying the growth of an unknown bacteria, a group of researchers cultured
this bacteria in 1% glucose. Samples of the culture was extracted at different time intervals and
the concentration of bacteria was determined. The result of the investigation is shown in
Table 6.1.
Table 6.1

(c)

time / min

concentration of
bacteria/ Pg cm-3

0

31

10

30

20

53

30

81

40

143

50

277

60

502

90

502

120

302

240

190

Account for the changes in number of bacteria from 20 to 90 minutes.

[4]

1. From 20 to 50 min, the number of bacteria increases exponentially from 53
to 277 Pg cm-3
2. Rate of binary fission of bacteria higher than rate of cell death
3. From 60 to 90 min, the number of bacteria cells remains constant at 502
Pg cm-3
4. Rate of cell death equals to rate of binary fission
5. Glucose/ respiratory substrate/ space/ nutrient medium is limiting rate of
binary fission/insufficient for binary fission

(d)

Calculate the
e ra
rrate
ate
t o
off ch
cchange
han
ange
ge off bacteria
ba
concentration from 90 to 240 minutes.

[1]

(190-502)/150
90
0-50
502)
50
2)/1
2)
/150
/1
50
0 = (-312/150)
(-31
12/
2/15
/1
15
50 = - 2.08 Pg cm-3 min-1

[Total: 10]
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7

In a study of two genes in tomato, a pure-breeding plant with green leaves and hairy fruits
was crossed with another pure-breeding plant with mottled leaves and hairless fruits. All
the F1 generation have the same phenotype of green leaves and hairless fruits.
(a)

Explain what is meant by phenotype in this context.

[2]

1. Observable characteristics
2. of leaf colour and hairs on fruit
3. that are due to the expression of genes in the tomato plant

A test cross was conducted between a F1 plant and a pure-breeding plant with mottled
leaves and hairy fruits. The observed results of the test cross is shown in Table 7.1.
Table 7.1
phenotype

number of plants

green leaves, hairless fruits

7

green leaves, hairy fruits

43

mottled leaves, hairless fruits

45

mottled leaves, hairy fruits

5

x
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(b)

Draw a genetic diagram to explain the observed results of this test cross.
Use the following symbols,
G green leaves; g mottled leaves, H hairless fruits; h hairy fruits.
Parent phenotypes:

green leaves, hairless fruits

Parent genotypes:

Gametes produced:

G

g

h

H

x

mottled leaves, hairy fruits

x

G

g

h

H

G

g

H

h

[5]

g

g

h

h
g

h

x

Punnett square showing fusion of gametes:
G

g

G

g

h

H

H

h

g

G

g

g

g

G

g

g

g

h

h

h

H

h

H

h

h

h

Offspring phenotype: green leaves,
hairy fruits
Number of offspring:

(c)

43

mottled leaves,
hairless fruits
45

green leaves,
hairless fruits
7

mottled leaves,
hairy fruits
5

State if the results in Table 7.1 follow the expected Mendelian dihybrid test
cross ratio. Explain your answer.
1.
2.
3.
4.
5.

[4]

No
Observed test cross did not give the expected 1:1:1:1 ratio
because the 2 genes G/g and H/h are incompletely linked
Crossing-over between the two genes only occurs in a 12 / a few cells
thus 12 / a few offspring
ng
g have recombinant phenotypes
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A second scientist repeated the test cross using another species of tomato plants that are
morphologically identical to those used in the original test cross. The results of the second
test cross are shown in Table 7.2.
Table 7.2
phenotype

number of plants

green leaves, hairless fruits

0

green leaves, hairy fruits

51

mottled leaves, hairless fruits

49

mottled leaves, hairy fruits

0

x
(d)

(i)

With reference to Table 7.2, describe the location of the two genes in the
tomato genome. Explain your answer.
1.
2.
3.
4.
5.

(ii)

[3]

The 2 genes G/g and H/h are next to each other
on the same chromosome
Phenotypic ratio of 1:1
The two genes are always inherited together as one unit
as they do not assort independently during meiosis

Describe how the scientist can verify that the deviation of the results in
Table 7.2 from the expected results is due to chance. No calculations are
required to answer this question.

[2]

1. Conduct a chi-squared test
2. The calculated χ2 value should correspond to a probability that is less
than 0.05
3. suggesting there is significant difference between the observed and
expected value of 1:1

[Total: 16]
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8

Fig. 8.1 illustrates the process of cellular respiration in mammalian cells.

Fig. 8.1
(a)

Outline the process of glycolysis.
1.
2.
3.
4.
5.
6.

(b)

[3]

1 glucose is phosphorylated to 2 glyceraldehyde-3-phosphate
using 2 ATP
Each glyceraldehyde-3-phosphate is oxidised to 1 pyruvate
generating 1 NADH
and 2 ATP
via substrate-level phosphorylation

Identify Q and R.

[2]

Q: NADH
R: NAD+

(c)

Explain the significance of p
process S to mammalian cells.
1.
2.
3.
4.
5.
6.

[3]

S is lactate fermentation
menta
ta
tati
ati
t on
allows for regeneration
reg
egen
eg
en
ner
erattio
io
on
n of
of NAD
NA +
to sustain
stain
n glycolysis
gly
lyco
collysiss
co
so
o th
that
hat ATP
ATP synthesis
syn
ynth
thessis continues
th
con
under
unde
un
derr anaerobic
de
a ae
an
a ro
robi
biic / low
lo O2 condition
when
wh
he
en
n lilink
nk rreaction,
ea
e
act
c io Krebs cycle and oxidative phosphorylation cease to
occur
ccu
curr
cu
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(d)

Describe three differences in the process of ATP synthesis in cellular
respiration and photosynthesis.
Factor

Respiration

Photosynthesis

Energy source

Respiratory substrate

Light

Proton reservoir
location

Intermembrane space (of
mitochondria)

Thylakoid lumen

Location of ATP
synthase

Inner mitochondrial
membrane

Thylakoid membrane

Direction of H+
movement through
ATP synthase

From intermembrane
space to matrix (of
mitochondria)

From thylakoid lumen
to (chloroplast) stroma

Location of ATP
formed

(Mitochondrial) matrix and
cytosol

(Chloroplast) stroma

[3]

[Total: 11]
9

Fig. 9.1 shows the phylogenetic tree of Cephalopods, constructed using the base
sequences of mitochondrial DNA.

Fig. 9.1
(a)

Describe
cribe
be
b
eh
how
ow
o
w mitochondrial
mititoc
och
ho
ond
dri
ria
al D
DNA is used to construct the phylogenetic tree.

[2]

1. M
Mitochondrial
itto
occho
hond
ndri
nd
riial DNA
ria
DN (mtDNA) sequences of different species/genus are
aligned
lig
gne
ned
d
2. The
e fe
few
fewer the differences in the DNA sequences of homologous gene
between genus/species, the more closely related the genus are
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Perception of light, and vision are important to ensure survival of organisms. Fig. 9.2
shows the eye structure of two Cephalopods, Nautilus pompilius and Octopus
tetricus.
Nautilus pompilius

Octopus tetricus

Adapted from Francisco J. Ayala, 2007 (PNAS)

Fig. 9.2
(b)

(i)

State the term used to describe the relationship between the eye
structures in Fig. 9.2

[1]

Anatomical homology/ Homologous structure

(ii)

Explain how the eye structure of Nautilus pompilius and Octopus tetricus
support Darwin’s theory of evolution.

[5]

1. Both have structures retina, optic nerve and water filled cavity
2. Suggesting common ancestry
3. Optic nerve modified to become more branched/ development of
iris/refractive lens
ens
nss
4. as a result
lt off d
descent
essce
e
ent with modification because
5. Mutation
tion
n
6. Lead
Leads
adss to vvariation
ad
ariiati
t on
n iin
n op
o
optic
t nerve/eye
7.. Na
Nautilus
Naut
utilililus
ut
u pompilius
pompi
om
mpiililius
u and Octopus tetricus found in different
environment/
envi
en
viiro
ronm
nmen
nm
en
nt/ ar
are subjected to different selection pressure
8. In
Individuals
Indi
divi
di
vidu
vi
dual
du
als b
al
better adapted to the environment can see better
9 ther
9.
therefore
th
her
e efo will survive and reproduce
10.
10
0. pa
passing down the alleles to offspring
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Octopus tetricus can be found in warmer waters, along the coast of New South Wales,
Australia. In 2014, a new species, Octopus gibbsi, was discovered along the coast of North
Island of New Zealand. The regions shaded black in Fig 9.3 show the distribution of the
two species of octopus.

Adapted from Amor, Norman, Cameron and Strugnell, 2014 (PLOS)

Fig 9.3
(c)

Explain how the new species, Octopus gibbsi, arose.

[1]

1. Geographical isolation due distance between coast of new south wales and
new Zealand
2. Behavioural isolation where the two Octopus species no longer recognise
each other as the same species and do not interbreed
3. Temporal isolation where the two octopus species mating season do not
overlap
4. No gene flow
[Total: 9]
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10

Explain how somatic recombination gives rise to a large diversity of human
immunoglobulin (Ig) antibody.

[5]

Somatic recombination involves
1.
2.
3.
4.
5.
6.
7.
8.

rearrangement at heavy chain Ig gene locus
D and J gene segments are rearranged to form DJ arrangement
before rearranging with a V gene segment
to give a VDJ exon
rearrangement at light chain Ig gene locus
V and J gene segments are rearranged
to give VJ exon
These exons will be joined to their respective C gene segments during RNA
splicing
9. to form mature heavy and light chain Ig mRNAs
10. that codes for variable region on Ig
11. giving rise to Ig with different antigen binding sites

[Total: 5]

11

Insects are the most dominant group of organisms on the planet in terms of species
richness, abundance and biomass. Global warming has a marked influence on the
physiology of insects. One such insect is the mosquito. Fig. 11.1 shows the effect of
temperature on seasonal abundance of mosquitoes in the tropics.

Source: Mo
Mosquito
osqui
squi
sq
uito fauna
faun
au (Diptera: Culicidae) of the Eastern Region of Saudi Arabia and their seasonal
ab
abundance,
Journal of King Saud University - Science · January 2010

Fig. 11.1
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(a)

With reference to Fig. 11.1,
(i)

[2]

explain the effect of temperature on the mean number of mosquitoes
between March and May 2005.
1. As temperature increases, mean number of mosquitoes increases
2. Increase metabolic rate / rate of enzyme-catalysed reactions
3. shorten life cycle

(ii)

identify the maximum temperature at which the mosquitoes can survive.

[1]

35oC

(iii)

explain why global warming can lead to spread of dengue beyond the
tropics.

[2]

1. Insects have narrow temperature tolerance / temperature sensitive
Warmer winter temperature in temperate region
2. Mosquitoes move polewards
3. increasing the number of disease vector for dengue beyond the
tropics

(b)

It is observed that global warming also cause a decline in insect pollinators in
the tropics. State how this may affect global food security.

[2]

1. Results in loss of biodiversity
2. Reduces crop yield
3. Disrupt food chain

[Total: 7]
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Section A
Answer all the questions in this section.

1

Chronic myeloid leukemia (CML) is a cancer of the white blood cells. Patients with CML
suffer from shortness of breath and have increased risk of infection.
This slow-growing cancer arises from a disorder in the myeloid stem cells found in bone
marrow. Myeloid stem cells are responsible for maintaining the red blood cell and white
blood cell populations in the body.
CML patients are diagnosed via a complete blood count test, which will identify abnormal
numbers of different types of blood cells in a fixed volume of blood. Fig. 1.1 shows the blood
cells in 100 ml of blood from a healthy person and a CML patient.

Fig. 1.1
(a)

Explain what is meant by cancer.
1.
2.
3.
4.
5.
6.

[3]

A genetic disease
e
in which abnormal
norma
ma
al cells
celllls
ce
divide in
n an
n uncontrolled
unco
un
c ntrollle
co
ed
d fashion
fas
ashi
ho
invade
ade
e / ccolonise
olon
ol
onis
on
ise
is
e ar
area
areas
as th
that are reserved for other normal cells
Cancer
Ca
anc
ncer
er rresults
esul
es
u ts ffrom
ul
ro
om ga
g
gain
i in function mutation of proto-oncogenes
and
nd
d lo
loss
oss o
off fu
function
unccti
tion mutation of tumour suppressor genes

River Valley High School
2019 Preliminary Examination

H2 Biology 9744 Paper 3
Need a homeJC2
tutor?
Visit smiletutor.sg

3
(b)

With reference to Fig. 1.1, explain how abnormal myeloid stem cells change the
red blood cell and white blood cell populations.

[5]

1.
2.
3.
4.
5.

Increased cell division in abnormal myeloid stem cells
results in more blood cells
Abnormal myeloid stem cells differentiation to
produce abnormal white blood cells
Abnormal myeloid stem cells preferential differentiation to white blood cells
than red blood cells
6. results in fewer red blood cells
7. Fewer normal myeloid stem cells than abnormal myeloid stem cells
8. results in fewer normal white and red blood cells than abnormal white blood
cells

Changes to ABL and BCR genes are normally associated with CML cancer. A genetic study
that screens for the amount of ABL and BCR genes in specific chromosomes reveal that
abnormal myeloid stem cells arise from a mutation event. The mutation results in mutant
chromosome 22, also known as the Philadelphia chromosome.
Fig. 1.2 shows the results of the genetic study. Chromosome 2 is known to not carry ABL
and BCR genes.

Fig. 1.2
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(c)

(i)

Describe the mutation event that gives rise to Philadelphia chromosome.

[2]

1. Translocation
2. of one ABL gene
3. from chromosome 9 to chromosome 22

(ii)

Suggest the purpose of screening chromosome 2.

[1]

Serves as a negative control to eliminate false positives
To serve as a baseline subtraction for background noise

Further studies revealed that CML patients that have the Philadelphia chromosome express
an altered form of tyrosine kinase receptor, known as BCR-ABL. BCR-ABL is a receptor in
a cell signaling pathway that stimulates cell growth. BCR-ABL receptor is observed to have
a higher than normal level of activity, and abnormality in its ligand-receptor interaction.
(d)

(i)

Outline the main stages of cell signaling.
1.
2.
3.
4.
5.
6.

(ii)

Signal molecule binds to receptor
activating the receptor
to initiate signal transduction
that involves activation of relay proteins
This give rise to a specific cellular response
that includes regulation of protein synthesis / enzyme activity / cellular
transport / cell shape

Explain how the presence of a Philadelphia chromosome may lead to the
development of cancer.
1.
2.
3.
4.
5.

[3]

[3]

Philadelphia chromosome expresses a hyperactive BCR-ABL receptor
that triggers signal transduction in the absence of a ligand molecule
This causes constitutive signal for growth
causing overstimulation of cell cycle
thus uncontrolled myeloid cell division
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2

In a study investigating genetic variation between individuals, enzymes are used to cut DNA
molecules into short DNA fragments. These enzymes bind to a short sequence of
nucleotides known as the recognition sequence and cut both strands of DNA at these sites.
The action of one such enzyme is shown in Fig. 2.1.

Fig. 2.1
(a)

Suggest how two structural features of the enzyme used in Fig. 2.1 allow it to
perform its function.

[2]

1. Enzyme active site has complementary shape to recognition sequence that
allows for specific binding
2. Enzyme active site contains basic contact residues to bind to negativelycharged DNA via ionic bonds
3. Enzyme active site contains catalytic residues that allows for hydrolysis of
phosphoester bonds

In a genetic study, DNA is first isolated from the cells of different individuals before they were
cut using the same enzyme. The
he resulting DNA fragments were separated using gel
electrophoresis. The analysis
sis reveals
revve
re
differences in the number and length of each
individual’s DNA fragments.
nts.
(b)

Suggest why d
di
different
iffffer
erent
eren
en
e
n number
nu
umb
mber
er and
and length of DNA fragments were obtained from
each individual.
ind
nd
diivvvid
id
dua
ual.

[2]

1. Different
Diiff
ffer
erren
e
entt individuals
indi
in
divi
di
vidu
vi
d
have different DNA sequence
2. Difference
fffer
eren
en
nce
c in number / position of recognition sequence
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The DNA fragments were transferred onto a nitrocellulose membrane, and the position of a
target gene was detected using DNA probes. The results are shown in Table 2.1.
Table 2.1

individual 1
individual 2

fragment
1
2
3
1
2

length of fragments / kb
3.3
4.1
5.7
7.4
5.7

x
(c)

Explain how DNA probes allow for detection of the target gene.
1.
2.
3.
4.

(d)

[2]

DNA probes are single stranded
and can bind to the target gene via complementary base pairing
DNA probes are radioactive
and can be detected by autoradiography

With reference to Table 2.1, describe how the results obtained from individual 1
and 2 differ.
Individual 1

Individual 2

Number

3

2

Length

3.3kb, 4.1kb, 5.7kb

7.4kb, 5.7kb

[2]

The enzyme used in this investigation is found naturally in bacteria. The structure of this
enzyme is shown in Fig. 2.2.

Fig. 2.2
Source: Biological Magnetic Resonance Data Bank
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(e)

With reference to Fig 2.2, describe how the polypeptide chain of this enzyme is
folded to its globular structure.
1.
2.
3.
4.
5.
6.
7.
8.

[4]

Polypeptide chain forms localised, repeated coils
As a result of hydrogen bonds
at regular intervals along polypeptide backbone
forming alpha helices
and beta-pleated sheets
Amino acid residues far apart in the polypeptide chains interact
via R-group interactions between specific amino acids
to form spherical shape

In bacteria, this enzyme recognises and cut DNA which does not belong to the bacteria into
small fragments, degrading these DNA.
(f)

A student claims that this enzyme is advantageous to the bacteria. Discuss the
validity of this claim.

[2]

Valid
1. Cleaves double stranded DNA of bacteriophage
2. to protect bacteria from infection
Not valid
1. Cleaves DNA containing favourable alleles
2. less able to survive environmental changes

It is found that there is a large diversity of such enzymes in bacterial populations. One source
of this diversity is the high rate of gene mutation in bacterial DNA.
(g)

(i)

State a cellular process in which gene mutations may occur.

[1]

DNA replication / DNA repair

(ii)

Describe how the process stated in (g)(i) lead to gene mutations.
1.
2.
3.
4.
5
5.
6
6.

[3]

DNA polymerase
rase
e / re
rrepair
p enzyme incorporates the wrong nucleotide
Leading
g to bas
base-pair
asse-pa
pair
irr substitution
s
DNA
A poly
po
polymerase
olyme
me
erra
asse
e ad
adds
d more
m
/ fewer nucleotide
Leading
Le
ead
din
ing
g tto
o ba
b
base-pair
se
e-pa
pair
pa
ir insertion
ins
/ deletion
DNA
DN
A re
repa
repair
pair
pa
ir e
enzyme
nzzym
n
me uses the wrong template strand
Leading
Lead
Le
ad
adin
din
ing
g to
ob
base-pair
as
substitution

[Total: 18]
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3

Fig. 3.1 shows the transmission of Lyme disease through a vector.

Fig. 3.1
(a)

With reference to Fig. 3.1,
(i)

describe what is meant by a vector in this context.

[1]

1. The tick that carried B. burgdorferi
2. from dog to humans

(ii)

suggest why it is difficult to eradicate ticks.

[2]

1. Female tick lay many eggs, hence the tick population is large
2. Small mammals provides protection for ticks hence difficult to remove
3. Ticks are small, difficult to identify for removal
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Approximately 90% of individuals diagnosed with Lyme disease are treated with amoxicillin.
Amoxicillin has the same mechanism of action as penicillin but is more frequently prescribed
as it treats a wider range of diseases due to it targeting targets both gram-positive and gramnegative bacteria.
(b)

Describe how amoxicillin treats individuals with Lyme disease.

[4]

1.
2.
3.
4.
5.

Amoxicillin mimics the D-Ala-D-Ala peptide terminus
and bind to penicillin binding protein PBP
at active site
Prevents inter-peptide linking of peptidoglycan
B. burgdorferi cell wall without cross-links are structurally weak / prone to
collapse
6. disintegrates when the B. burgdorferi attempts to divide
7. Results in cell death due to osmotic instability/autolysis
8. Eliminating B. burgdorferi from blood of infected individual

Increase in cases of antibiotic resistance and few discoveries of novel antibiotics have
fuelled the use of phage therapy. Phage therapy utilises lytic bacteriophages to lyse
their respective bacterial hosts, while leaving human cells intact.
(c)

Explain how bacteriophages cause lysis of their bacterial hosts.
1.
2.
3.
4.

(d)

[2]

Bacteriophage directs the synthesis of lysozyme
Lysozyme breaks down the bacterial peptidoglycan cell wall
Water enters the cell by osmosis
Causes cell to swell and burst

Explain why phage therapy leaves human cells intact.

[1]

1. Bacteriophage exhibits host-specificity
2. Human cells do not have receptors that bacteriophage binds to
[Total: 10]
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Section B
Answer one question in this section.
Write your answers on the lined paper provided at the end of this Question Paper.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a) and (b), as indicated in the question.
4

(a)

In multicellular organisms, the maintenance of an optimum internal environment
requires communication between cells.
Describe how an internal parameter in human is maintained within a narrow
range and suggest how sustained deviations from this range is detrimental to
an individual.

[15]

1. Blood glucose concentration is kept relatively constant at 90mg/100ml
At high blood glucose concentration above the norm
2. insulin is secreted by the β-cells
3. of the islets of Langerhans
4. Insulin bind to insulin receptors on
5. Liver and muscle cells
6. Causing insulin receptor subunit to dimerise
7. And autophosphorylate themselves
8. on tyrosine residues
9. Activating the intracellular tyrosine kinase domain of each subunit
10. Triggering a phosphorylation cascade
Transduced signal triggers cellular responses which include
11. Activation of glycogen synthase involved in glycogenesis
12. Activation of enzymes involved in lipogenesis
13. Activate glycolytic enzymes for increase rate in glycolysis
14. Increased expression of GLUT2 glucose transporters
15. Activate enzymes for increased protein synthesis
At low blood glucose concentration
entr
below norm
16. Glucagon is secreted
ecrete
ed by
by α-cells
α-ce
17. of the islett of Langerhans
L ng
La
ge
errha
hans
ns
18. Glucagon
agon
o binds
on
bin
nds tto
o gluc
glucagon
uccag
u
agon
gon
o receptors
re
19. on liver
liv
iver
iv
e cells
cel
e lss
20. an
and
nd ac
acti
activate
tiva
ti
vate
va
te th
the
he receptors
rece
re
21. causing
aus
ussin
ng th
them
e tto
em
o iinteract with G proteins
22. and
d ac
activate
cti
t va
v te adenyl cyclase
23. which
h converts adenosine triphosphate to cyclic adenosine
monophosphate
24. cAMP activates protein kinase A
25. which subsequently phosphorylate relay proteins/trigger phosphorylation
cascade
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Transduced signal triggers cellular responses which include
26. activation of enzymes involved in glycogenolysis
27. inhibition of enzymes involved in glycogenesis
28. activation of enzymes involved in gluconeogenesis
Maintenance of blood glucose concentration is important as
Abnormally high blood glucose level
29. results in damage to tissues e.g. eye/retinal tissue
30. high blood pressure/stroke
Abnormally low blood glucose level
31. damage brain tissue
32. lead to fainting spells
QWC – explains mechanism and impact for deviation above and below the
norm

(b)

Compare totipotent and multipotent stem cells in humans.

[10]

Similarities
S1. Both are relatively unspecialised
S2. Both can differentiate into specialised cells under appropriate conditions
S3. Both can divide and grow indefinitely
S4. Both may undergo asymmetric division
Differences
Factors

Totipotent stem cells

Multipotent stem cells

D1 Types of
differentiated cells

All cell types

Limited cell types in a
specific category / cell
line

D2 Location

Zygote

Various tissues /organs

D3 Developmental stage
stag
ag
ge

Pre-embryo
P

Fetus to adult

D4 Abilityy to
o form
for
orm
m fetus
fe
etu
tus /
placenta
umbilical
p
acen
enta
en
ta
a/u
mbililic
mb
li all
cord
co
rd

Ye
Yes
e

No

D5 Ce
Cell
C
ellll d
division
ivvissio
ion limit
l

Higher

Lower

D6 Status
at of genes

Most genes turned off

Some genes turned off

QWC: Describes 2 similarities and 2 differences
[Total: 25]
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5

(a)

Following photosynthesis in a leaf cell, a diversity of carbohydrates of different
structures and functions is synthesised.
Describe how the structures of two carbohydrates are adapted to their
different roles in plant. State the structural features of carbohydrate that
contribute to its diversity.

[15]

Structure related to function of amylopectin / amylose
1. Amylopectin / amylose has glucose monomers linked by α-1,4-glycosidic
bonds resulting in a helical coil
2. so that the structure is more compact for storage
3. Amylopectin / amylose has glucose monomers linked by α-1,4-glycosidic
bonds
4. that are readily hydrolysed by enzymes
5. Amylopectin / amylose is a large molecule
6. insoluble in water
7. does not exert osmotic influence on the cell for storage
8. Anomeric carbon of each glucose monomer is involved in bond formation
9. Amylopectin / amylose are stable / unreactive compound
10. Amylopectin is highly branched
11. many sites for enzymes to act on
12. rapid release of glucose monomers
13. compact in shape ideal for storage
Structure related to function of cellulose
14. cellulose is a large molecule
15. insoluble in water
16. does not exert osmotic influence on the cell
17. alternate glucose monomer is inverted
18. results in long straight chain
19. glucose monomers are linked by β-1,4-glycosidic bonds
20. results in long straight chain
21. OH groups project outwards from cellulose chains in all direction
22. allows formation of hydrogen bonds between chains
23. further assembly into microfibrils and macrofibrils
24. Gives rise to high tensile strength
Diversity of carbohydrates
atess d
due
u tto
ue
25.
26.
27.

differentt ty
types
ype
pess off monomers
mo
on
nom
omer
mers
rs
different
eren
ent linkages
en
lilink
nkag
nk
ages
ag
es - linear
liline
near
a and branched linkages
ar
different
diff
ffer
ff
eren
er
entt degree
en
degr
de
gree
gr
ee of
of polymerisation
p l
po
- exists as a monosaccharide, a
disaccharide
disa
di
sacc
sa
ccha
cc
hari
ha
ride
ri
de o
orr a polysaccharide
p

QWC: rel
relate
elat
el
ate
at
e st
stru
structure
r ct
to function of 2 different carbohydrates, and addresses
the structural
cttur
ural features that contributes to diversity
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(b)

Compare inducible and repressible systems of gene regulation in
prokaryotes.

[10]

Similarities
S1. Both systems regulate gene expression at the transcription level
S2. Both systems operate on operons
S3. Both systems utilises a regulatory protein to prevent gene expression
S4. Both systems can operate via negative gene regulation
Differences
Factors

Inducible system

Repressible system

D1 Metabolic pathway

Catabolic

Anabolic

D2 Default state of operon

Off

On

D3 State of newly synthesised
regulatory protein

Active

Inactive

D4 Type of gene regulation

Positive and negative
gene regulation

Negative gene
regulation only

D5 Levels of control

Dual control

Single control

QWC: Describes 2 similarities and 2 differences

[Total: 25]
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Answer all questions.
1 In germinating seeds, sucrose is hydrolysed into reducing sugars by an enzyme. The
reducing sugars is necessary for the seeds to grow.
When seeds are soaked in sucrose solution as shown in Fig. 1.1, some of this enzyme
diffuses into the surrounding solution and hydrolyses the sucrose.
enzyme from seeds
sucrose

glucose and fructose

Fig. 1.1
Three samples, S1, S2 and S3, were removed at 10 minutes, at 20 minutes and at 30 minutes
after adding the sucrose solution.
You are required to:
•

identify which sample was removed from the beaker at 10 minutes, at 20 minutes and
at 30 minutes respectively.

•

estimate the concentrations of reducing sugars in the three samples.

You are provided with:
•

20 cm3 of S1

•

20 cm3 of S2

•

20 cm3 of S3

•

Benedict’s solution, in a container labelled Benedict’s solution

Before proceeding further, use the beaker labelled hot water to collect approximately
200 cm3 of hot water from where it is provided in the laboratory. Heat the water to a suitable
temperature to test for reducing sugars using the Benedict’s test.
Suitable eye protection must be wo
worn
r during heating.
(a)

(i)

Carry out
ut Benedict’s
Ben
ene
ed
dicct’s test
tte
est on
on S1,
S1 S2 and S3 separately.
State
tate
e tth
the
he time
tim
ti
me
e taken
ta
ak
ken
en for
for
o tthe
he first appearance of a colour change.
S1 _____________
___
____

S2 _____________

S3 _____________
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(ii)
Complete Table 1.1 to match the samples S1, S2 and S3 with the time they
were removed from the beaker.
Table 1.1
time removed
from the beaker

10 minutes

20 minutes

30 minutes

sample

S2

S1

S3
[1]

(iii)

[3]

Explain your answer in (a)(ii).
1. Sample removed after a longer time in the beaker contains more
enzymes
2. More sucrose hydrolysed
3. More glucose and fructose produced
4. More Cu2+ is reduced to Cu+ / CuO
5. More brick-red precipitate formed per unit time

You are required to estimate the concentration of reducing sugars in S1, S2 and S3.
You are provided with:

1

•

1.0% reducing sugar solution, labelled R

•

distilled water, in a beaker labelled W

You are required to make a serial dilution of the 1.0% reducing sugar solution, R, to
reduce the concentration of the reducing sugar solution by half between each successive
dilutions.
After the serial dilution is completed, you will need to have 10 cm 3 of each concentration
available for use.

(b) (i)

Complete Fig. 1.2 to show how you will dilute R.
For each specimen tube:
be::
•

nder the
th
he
e specimen
spec
sp
ecim tube, the volume and concentration of
state, under
the reducing
re
ed
du
uci
cing
ng
n
g sugar
su
ug
gar solution
sollut
u io in the specimen tube that will be available
for
after the serial dilution has been
fo
or use
us
u
se in
n the
the
e investigation,
inv
nve
nv
esti
completed
co
c
om
mp
ple
lette
ed

•

use
one
arrow,
with a label above the specimen tube, to show the
u
us
se on
o
ne ar
a
r
volume
vo
v
olu
lume
m and concentration of reducing sugar solution added to
pe
pr
prepare
the concentration of the reducing sugar solution in the
specimen tube

•

use another arrow, with a label above the specimen tube, to show
the volume of distilled water, W, added to prepare the concentration
of reducing sugar solution in the specimen tube.
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10 cm3 of 1.0%
reducing sugar

10 cm3
10 cm3 of 0.5%
of W
reducing sugar
10 cm3
of W

10 cm3 of 0.25%
reducing sugar
10 cm3
of W

10 cm3 of 0.125%
reducing sugar

10 cm3 of 0.5%
reducing sugar

10 cm3
of W
10 cm3 of 0.25%
reducing sugar
10 cm3 of 0.125%
reducing sugar
10 cm3 of
0.0625% reducing
sugar

[3]

Fig. 1.2
1. 10cm3 of 0.5%, 0.25%, 0.125%, 0.0625% reducing sugar solutions
2. Transfer 10cm3 of reducing sugar solution and show the correct concentration
3. Add 10cm3 of W to each beaker

2 Prepare all the concentrations of reducing sugar solution in Fig. 1.2, in the specimen tubes
provided.
3 Carry out the Benedict’s test on the reducing sugar solutions of different concentrations.
Test one solution at a time.
Record, in (b)(ii), the time taken for the first appearance of a colour change.
If there is no colour change after 180 seconds, record as ‘more than 180’.
(ii)

Record your results in a suitable
suita
su
table in the space below.

[3]

1. Concentration
ntrati
tion
ti
on
no
off reducing
rre
edu
d ci
c ng
g sugar
su
solution / %
Tim
me taken
take
ta
ken
ke
n fo
fforr first
firs
fi
r t appearance
ap
ppea
Time
of colour change / s
2. Wh
Whole
Whol
ole
ol
e nu
numb
number
mber
mb
er / 1 dp
er
d
3. S
Shortest
hort
ho
rtes
rt
est ti
es
ttime
m taken for 1.0% reducing sugar solution
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(iii)

Using the results in (b)(ii), estimate the concentration of reducing sugars in
S1.
[1]

0.0625% ≤ x ≥ 0.25%

(iv)

Describe how you would determine that the observed colour change is due
[2]
to the presence of reducing sugar.
1. Reducing sugar is replace by an equivolume of distilled water
2. and subjected to the same factors as that for the experiment
3. It is expected that the reaction mixture remains blue regardless of
incubation time in boiling water bath

(v)

Other than using a colourimeter, describe two modifications to your
investigation and explain how they improve the accuracy of your estimate in
[4]
(b)(iii).
1. Decrease interval of concentrations of reducing sugar solutions;;
to obtain more data for closer match to time taken for first appearance of
colour change in S1
2. Measure mass of precipitate formed in a fixed time
to eliminate subjectivity in visual determination of first appearance of
colour change
3. Plot a standard curve using the experimental data to estimate the
unknown concentration
so that the estimate follows the trendline / equation
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(c)

Another student carried out an experiment to investigate the effect of a competitive
inhibitor on enzyme activity. The concentration of the enzyme and sucrose were
standardised. All other variables were kept constant.
Table 1.2. shows the results obtained by the student.
(i)

Complete Table 1.2 to show the enzyme activity in the presence of various
[2]
concentrations of competitive inhibitor.
Table 1.2
percentage concentration of
competitive inhibitor

concentration of
glucose after 10
minutes / M

1

2

3

4

5.5

Trial 1

49

46

40

33

3

Trial 2

51

49

43

31

3

5.0

4.8

4.2

3.2

0.3

enzyme activity / M min-1

(ii)

Plot a graph of the data in Table 1.2.

[4]

1. x
x-axis:
-ax
a is
is:: pe
perc
percentage
rc
cen
e t
concentration of competitive inhibitor
axis
ax
i : enzyme activity / M min-1
is
y-axis:
2. Graph occupies at least 2/3 of grid and equal intervals marked on both
axes
3. All 5 points plotted correctly
4. Smooth curve and perfect fit
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(iii)

Explain the effect of competitive inhibitor concentration on the enzyme
[3]
activity.
1. As inhibitor concentration increases, enzyme activity decreases
2. Competitive inhibitor binds to enzyme active site
3. Increases the frequency of collision between enzyme and inhibitor
4. Fewer proportion of enzymes able to bind substrates
5. fewer enzyme-substrate complex formed per unit time
6. less product/glucose formed per unit time

[Total: 26]

2

Photosynthesis in unicellular algae is investigated by comparing the rate of photosynthesis
in two species of algae at 20°C.
Each species of algae is immobilised in alginate to form algal balls. When first placed in a
beaker of sodium hydrogencarbonate solution, the algal ball sinks to the bottom, and then
rises to the surface after some time.
(a)

(i)

Explain why the algal ball
hydrogencarbonate solution.

rises to the surface of sodium
[2]

1. Oxygen produced during photosynthesis
2. Adhere to surface of / trapped in, algal ball
3. Decrease density / increase buoyancy of algal balls

(ii)

State the independent variable of this investigation.

[1]

species of algae
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(b)

You are provided with:
x

10% sodium hydrogencarbonate solution

x

algal balls from two species of algae, yellow algae and green algae, in a
beaker of distilled water.

Using the beakers and other apparatus provided, plan and carry out an
investigation to obtain the rate of photosynthesis.
Read through (b)(i), (b)(ii) and (b)(iii) before proceeding.
(i)

Outline the steps in your method that you used to determine the rate of
photosynthesis.
Your method should be sufficiently clear to be repeated by anyone and
allow an assessment of the reliability of the results.

[6]

1. Ref. to volume of sodium hydrogencarbonate
2. Ref to distance of lamp from specimen tube
3. Ref to one algal ball used
4. Ref to size of algal ball of same size
5. Add algal ball into 10% sodium hydrogencarbonate
6. Illuminate set up with lamp
7. Method for recording time taken for algal ball to rise
8. Method to calculate rate of photosynthesis
9. Conduct replicates / repeats

(ii)

Carry out the experiment as described in (b)(i) for both species of algae.
If you do not observe any changes at the end of five minutes, stop the
experiment and record the observation at the fifth minute.

[1]

Yellow algae
Green algae

(iv)

Describe how you w
would
ould
ou
ld modify
m
the experiment to determine the light
saturation point
off each
nt o
nt
each al
ea
algae.
a
gae

[2]

1. De
Describe
Desc
scri
sc
ribe
be m
method
etho
et
h d to
o vvary
ar light intensity
2 Th
2.
The
e liligh
light
ghtt sa
gh
saturation
atu
turat
is the light intensity beyond which the rate of
photosynthesis
p
hoto
ho
tosy
to
sy
ynt
nthe
h
remained constant

[Total: 12]
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3

During this question you will require access to a microscope.
(a)

K1 is a slide of a stained transverse section through a plant stem.
You are not expected to be familiar with this specimen.
(i)

Draw a plan diagram of the shaded region of the stem indicated between
the lines L.
A plan diagram shows the arrangement of different tissues. Your drawing
should show the correct shape and proportion of the different tissues.
No cells should be drawn.
Labels are not required.
L

L

Fig. 3.1

1.
2.
3.
4.
5.

[5]

Proportion
Draw epidermis (Single layer)
Differentiation of cap,
cap
p, phloem,
p
cabium and xylem
Correct shape
e of vascular
vas
a cu
c la bundle and cap
Line
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(ii)

Select a group of four touching cells in slide K1. These four cells must
include:
x
x

two cells in the cap that are touching each other.
two cells directly beneath the cap that are touching each other
and are also touching at least one of the cells in the cap.

The relative position of the cap in slide K1 is shown in Fig. 3.2

Fig. 3.2
Make a large drawing of this group of four touching cells.
You are expected to draw the correct shape and proportion of the four
cells.

[4]

Proportion
Cell shape
4 cells drawn as per instruction
Line
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(b)

Fig. 3.3 is a photomicrograph of a stained transverse section through the root of
the same species of plant.
You are not expected to be familiar with this specimen.
A grid has been placed over the photomicrograph to help you answer the
question. Each square measures 1 mm by 1 mm.

Fig. 3.3
(i)

The vascular bundle of the root in Fig. 3.3 is shown by the shaded area
in Fig. 3.4.

Fig. 3.4
Describe
cri
rib
be how you will use the grid to find the total area of the root shown
in Fig. 3.3.

[1]

count the number of squares more than half-filled
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(ii)

Use the procedure you have described in (b)(i) to find:
the total area of the root shown in Fig. 3.3
Total area __________ mm2
the area occupied by the vascular bundle.
Area of vascular bundle __________ mm2

[2]

1. records the total area of the root to whole number
2. records the area of vascular bundle to whole number

(iii)

Calculate the percentage of the root shown in Fig. 3.3 that is occupied by
the vascular bundle.
Show your working.
1. Working
2. Correct answer

(c)

[2]

Fig. 3.5 is a photomicrograph of a stained transverse section through a stem of
a different species of plant.
You are not expected to be familiar with this specimen.

Fig. 3.5
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You are required to annotate Fig. 3.5 to describe two observable differences
between the stem in Fig. 3.5 and the stem in slide K1. Ignore any differences in
colour and size.
Draw lines to label two features of the stem in Fig. 3.5 that are different from the
corresponding features of the stem in slide K1.
Next to each label line, describe how the labelled feature is different from the
corresponding feature of the stem in slide K1.
Feature

K1

Fig. 3.5

Arrangement of
vascular bundle

Arranged in a ring

Arranged in two rings

Centre of the stem

Hollow centre

Packed with cells

Shape of stem in cross
section

Circular shape

Irregular in shape

Number of vascular
bundle

More vascular bundle

Fewer vascular bundle

Size of vascular bundle

Similar in size

2 different sizes

[3]

[Total: 17]
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1 The diagram shows a molecule of three hexose sugars.

Which row correctly shows examples of carbohydrates in which these hexose
sugars are found?
A
B
C
D

glycogen
1
1
3
2

amylopectin
3
1
1
2

cellulose
1
2
1
1

2 The table compares three molecules, X, Y and Z, which contain the elements
carbon, hydrogen and oxygen only.
The percentage of carbon, hydrogen and oxygen atoms in each molecule is shown.
molecule

% carbon

% hydrogen

% oxygen

X

25.0

50.0

25.0

Y

28.5

47.7

23.8

Z

34.6

61.6

3.8

Which row correctly identifies molecules X, Y and Z?

A
B
C
D

X
monosaccharide
monosaccharide
polysaccharide
triglyceride

molecule
Y
disaccharide
polysaccharide
triglyceride
monosaccharide

Z
polysaccharide
triglyceride
monosaccharide
polysaccharide
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3 An investigation was carried out into the effect of different treatments on the
permeability of the cell surface membranes and tonoplasts (central vacuole
membrane) of beetroot cells. Beetroot cell vacuoles contain a red pigment. This
pigment is unable to pass out of the cells because it cannot diffuse through the
tonoplasts or cell surface membranes.
1 cm3 cubes were cut from beetroot tissue and washed in running water for 20
minutes to remove any pigment released from damaged cells.
The cubes were then placed in test-tubes subjected to different treatments and the
contents were observed for five minutes.
Which row shows a correct explanation for the observation recorded for one of the
treatments?
A
B
C
D

treatment
observation
dilute
contents of test-tube
hydrochloric acid
stay clear
ethanol
contents of test-tube
turn red
water at 20oC
contents of test-tube
stay clear
water at 80oC
contents of test-tube
turn red

explanation
membrane proteins have been
denatured
lipids, including phospholipids,
have dissolved
membrane proteins have been
denatured
lipids, including phospholipids,
have dissolved

4 The diagram represents the interaction between the active site of an enzyme and
different inhibitors, X and Y.

Which row correctly identifies the type of inhibition shown by inhibitor X and
inhibitor Y respectively?
A
B
C
D

X
competitive
competitive
non-competitive
non-competitive

Y
competitive
non-competitive
competitive
non-competitive
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5 The diagram shows a simple cell signalling pathway in which a signal molecule
leads to a response, such as a secretion.

Which row identifies P and Q?
P
activated enzyme in cytoplasm
lipid in cell surface membrane
protein in cell surface membrane
target in cytoplasm

A
B
C
D

Q
target in cell surface membrane
extracellular enzyme
activated enzyme in cytoplasm
lipid in cell surface membrane

6 Drug Z is an inhibitor of aerobic respiration. A scientist proposed several likely
targets that Z could act on.
1
2
3
4

Pyruvate decarboxylase in the Link reaction
α-ketoglutarate dehygrogenase in the Krebs cycle
Proton pumps in the Electron transport chain
ATP synthase

The scientist wanted to identify the actual target for Z. In his experiment, Z was
added to a suspension of isolated mitochondria and pyruvate. The following
observations were made 3 minutes after Z was added.
x

Variable Tested
Uptake of oxygen

x

pH difference across the inner
mitochondrial membrane

x

ATP production

Observation
Negligible
None
Negligible

Based on all of the observations, which of the following proposed target(s) of
drug Z is/are unlikely to be correct?
A
B
C
D

4 only
1 and 2
3 and 4
2, 3 and 4

Need a home tutor? Visit smiletutor.sg

5
7 The weedkiller DCMU blocks the flow of electrons down the electron transport
chains in photophosphorylation.
Which of the following reason best explains why DCMU causes the death of
plants?
A
B
C
D

ATP and reduced NADP are not synthesised.
Chemiosmosis cannot occur.
Photoactivation of the chlorophyll cannot occur.
Photolysis of water cannot occur.

8 The electron micrograph shows a group of human chromosomes.

Which label is correct for each of the structures labelled W, X and Y?
A
B
C
D

W
centriole
centriole
centromere
centromere

X
centromere
centromere
telomere
telomere

Y
chromatid
microtubule
chromatid
microtubule
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9 The diagram shows some of the stages which take place during the cell cycle.

Which two stages take place during interphase?
A
B
C
D

1 and 2
1 and 3
2 and 4
3 and 4

10 A Robertsonian translocation is a type of chromosomal translocation in which the
long arms of two chromosomes fuse together.
Fig. 10.1 shows this event occurring between chromosomes 14 and 21.

Fig. 10.1
An individual who inherits the translocated chromosome in Fig. 10.1 will either
have Down’s syndrome or be a carrier of the disorder.
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A couple has a child. The mother is a carrier and the father is genetically normal.
The genetic material with respect to chromosomes 14 and 21 in the somatic cells
of the parents are shown in Fig. 10.2.

Fig. 10.2
The child is born with Down’s syndrome.
Which of the following shows the correct genetic material with respect to
chromosomes 14 and 21 in the zygote of the child?
A

B

C

D
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11 The diagram shows part of the DNA sequence of a gene and a mutated sequence
of the same gene.

What are possible effects of the mutated sequence?
1
2
3
4

the presence of additional mRNA stop codons, UAG, UAA or UGA
a change in the sequence of amino acids
formation of a non-functional protein
ribosomes cannot translate the mRNA

A
B
C
D

1, 2 and 3
1, 3 and 4
1 and 4 only
2 and 3 only

12 Which of the following comparison between the structure of prokaryotic genome
and eukaryotic genome is incorrect?

A
B
C
D

Prokaryotic Genome
Circular chromosome
Chromosome do not have
telomeres
Contains mostly coding DNA
Does not contain regulatory
sequences

Eukaryotic Genome
Linear chromosomes
Chromosomes have telomeres
Contains mostly non-coding DNA
Contains regulatory sequences
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13 Use the information below to answer Questions 13 and 14.
Fig. 13 below shows the genomic structure of the wild-type human β-globin gene.
The numbers within the boxes indicate the length of nucleotides of each region,
inclusive of bases stated in the diagram. The DNA sequences corresponding to
the start codon and the stop codon are indicated.

50

Fig. 13
Based on Fig. 13, what is the length (in nucleotides) of the wild-type β-globin
primary mRNA transcript (pre-mRNA) and how many amino acids are present in
the wild type β-globin polypeptide?

A
B
C
D

Length of β-globin primary
mRNA transcript
570
570
1600
1600

No. of amino acids in wild type
β-globin polypeptide
146
190
146
190

14 Two base-pair substitution mutations (m2) occurred in the β-globin to form a mutant
allele, as indicated in Fig. 13. This disrupts both the splice sites flanking the first
intron of the β-globin gene. Splice site refers to the site where the DNA will be cut
by spliceosomes.
Which of the following correctly describes the effect of the m2 mutations on the
length (in nucleotides) of the primary mRNA transcript and mature mRNA transcript
made from the mutant β-globin allele?

A
B
C
D

Length of primary
mRNA transcript
No change
No change
Decreased by 222 bases
Increased by 130 bases

Length of mature
mRNA transcript
Increased by 43 bases
Increased by 130 bases
Decreased by 222 bases
Increased by 130 bases
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15 A scientist investigated the mode of action of a drug, hydroxyurea (HU), that was
known to prevent cell cycle progression in the parasite, Leishmania.
In the experiment, two groups of Leishmania parasites are used. Group 1 is the
untreated control. Group 2 is incubated in a culture medium with HU for 1 hour
before being transferred to a fresh medium without HU.
The effect of HU on histone synthesis was investigated by incubating parasite cells
in a mixture of amino acids containing methionine that has been labelled with
radioactive isotope sulfur. Histone synthesis was measured by the intensity of the
dark bands shown in the autoradiograph. Fig. 15 is an autoradiograph showing
the levels of H2 histone proteins produced by Group 1 and Group 2 in the
experiment.

Fig. 15
With reference to the results in Fig. 15, which of the following cannot be a
possible mode of action of HU?
A
B
C
D

HU prevents the formation of the Transcription Initiation Complex.
HU stops the binding of Translation Initiation factors to the small ribosomal
subunit.
HU inhibits poly(A) polymerase.
HU prevents the addition of ubiquitin to histone proteins.
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16 The following are some statements concerning cancer cells.
1 Cancer cells are likely to exhibit anchorage dependence.
2 Cancer cells do not undergo end replication problem as they have activated
telomerases.
3 When a copy of the p53 tumour suppressor allele is inactivated in a normal
cell, that cell becomes cancerous.
4 When a copy of the ras proto-oncogene is converted into an oncogene in a
normal cell, that cell becomes cancerous.
Which of the following statements are false?
A
B
C
D

1 and 3
2 and 4
1, 2 and 3
1, 2, 3 and 4

17 Two populations of genetically different bacteria cultured in a U-shaped tube are
separated by a membrane filter (which does not allow phage particles and bacterial
cells to pass). However, recombination takes place anyway. The mechanism of
genetic exchange is _________________.
A
B
C
D

specialized transduction.
generalized transduction.
transformation.
conjugation.

18 In generalised transduction, defective viruses are formed as a result of _______.
A
B
C
D

viral enzymes cutting the host DNA such that the host DNA is assembled into
the new virus.
use of host enzymes by virus which cuts its own viral DNA such that it can
be assembled into the new virus.
hijacking of host transcription and translation machinery to make viral
proteins and genome
integration of viral DNA into host DNA and during excision of the prophage,
the viral genome with the adjacent host DNA are assembled into the new
virus.
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19 Two types of viruses, X and Y, were added to a culture of bacteria. For each type
of virus, the change in the number of infectious virus particles present in the
supernatant (pfu/ml in supernatant) was monitored for 60 minutes and shown in
the graph.
virus X

virus Y

What could explain the sharp increase in the number of infectious virus X
particles present in the supernatant from 20 to 40 minutes?
A
B
C
D

injection of viral DNA into host cell
integration of viral DNA into host cell DNA
release of viral particles by cell lysis
release of viral particles by budding

20 During PCR, the amount of DNA synthesised can be traced using fluorescent
primers and the measurements are shown in the following plot. The process initially
goes through an exponential phase, followed by a plateau phase eventually.
Amount of DNA

Time

Which of the following statement is true?
A
B
C
D

During the exponential phase, the number of DNA molecules synthesized
after 15 cycles is 152.
During the exponential phase, the temperature is always maintained at the
optimum temperature of 72oC hence there is rapid amplification.
During the plateau phase, the reaction mixture might be depleted of
ribonucleotides.
During the plateau phase, Taq polymerase might be denatured.
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21 In an investigation of a gene suspected to be involved in a genetic disease,
separate PCR procedures were done using genomic DNA and mature RNA
isolated from healthy (wild-type WT) and diseased cells (mutant). The PCR
products were analysed on polyacrylamide gels. The positions of the negative and
positive electrodes are also indicated. M is a molecular weight marker that shows
the positions of several nucleic acid fragments of specific lengths.
mature

Which of the following best explains the results obtained?
A
B
C
D

Deletion of an exon in the mutant.
Deletion of a splice site in the mutant.
Deletion of a stop codon in the mutant.
Deletion of several introns in the mutant.
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22 Children with severe combined immunodeficiency disorder (SCID) cannot produce
the many types of white blood cells that fight infections. This is because they do
not have the functional gene to make the enzyme ADA. Some children with SCID
have been treated with stem cells. The treatment used with the children is
described in the flowchart.

Which of the following statement explains why stem cells can be used in the
treatment of SCID?
1

4

They can divide mitotically to replace existing cells.
Due to their pluripotent nature, they have the ability to form only certain
types of white blood cells that restores the ability to fight infection.
As the stem cells are from the child's own cells, there is no / little risk of
rejection.
They possess a unique set of genome to allow for multipotency.

A
B
C
D

1 and 2
1 and 3
2 and 4
3 and 4

2
3

23 Which statement about natural selection is true?
A
B
C
D

Natural selection will have a greater effect in causing change if the variation
that is shown for a trait is largely caused by environmental, rather than
genetic, variation.
One consideration in natural selection is the ability for a population, relative
to other populations, to survive to reproductive age and produce offspring.
Individuals better suited to the environment will be able to survive, reproduce
and pass on favourable traits to their offspring.
Environment will exert a selection pressure and only individuals best suited
to the environment will be able to survive and reproduce.
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24 The Galapagos Islands are a group of volcanic islands in the eastern Pacific
Ocean, about 600 miles from mainland South America. Thirteen species of finch
are found on the islands; they resemble each other closely but differ in their feeding
habits and in the shape of their beaks.

Assuming that an ancestral stock of finches came from the mainland, what is the
most likely explanation for the existence of similar but distinct species of Galapagos
finches?
A
B
C
D

Finches developed different kinds of beak in order to feed on different kinds
of food.
Finches evolved separately according to the habitat in which they settled in.
Mainland finches bred with a resident population of a related species and
produced new genotypes.
Finches underwent convergent evolution to produce very similar species.

25 Some of the evidence for evolution are listed.
1 The fossil Archaeopteryx has many features in common with dinosaurs and some
features in common with birds.
2 The bones found in the ears of reptiles and mammals have the same origin as
the jaw bones of fish.
3 Many species that are present in older layers of sedimentary rock disappear from
more recent layers.
4 The forelimb structure is found in all extant and extinct vertebrates.
Which evidences are based on homologies?
A
B
C
D

1 and 3
2 and 4
1, 2 and 4
1, 2, 3 and 4
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26 In a series of plant breeding experiments, a pure-breeding plant with big and hairy
leaves was crossed with a pure-breeding plant with small and hair-less leaves. The
leaves in the F1 generation were all big and hairy. Self-fertilisation of the F1
generation produced the following results:
905
301
305
98

big and hairy leaves
big and hair-less leaves
small and hairy leaves
small and hair-less leaves

A F2 plant with big and hairy leaves was crossed with an F 2 plant with small and
hairy leaves. What is the maximum proportion of plants with small and hair-less
leaves that could have appeared in the resulting progeny?
A
B
C
D

0%
12.5%
25%
50%

27 The table shows the results of a study made on a large number of twins.
Twin group
Identical,
raised together
Identical,
raised apart
Non-identical, same-sex,
raised together

Mean difference in
eye colour intensity
/ a.u.

Mean difference in
weight / kg

1.7

2.0

1.8

4.8

4.4

4.9

What do these results suggest about the influence of genes and environment on
eye colour intensity and weight in humans?
A
B
C
D

Genes have a greater influence than the environment on the eye
colour intensity and the weight of identical twins.
Eye colour intensity and weight are influenced by the environment.
Weight is influenced by environment and genes; eye colour intensity
is mainly influenced by genes.
The environment has greater influence than genes on the eye colour
intensity and weight of non-identical twins.
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28 T cells and B cells are isolated from a mouse for transplantation to immunecompromised mice that lack their own T and B cells.
x
x
x

Mouse X received T cells only
Mouse Y received T and B cells
Mouse Z received B cells only

Mice X, Y and Z were then infected with the influenza virus and then were
measured for their anti-influenza antibody response.
Which animal(s) would have produced anti-influenza antibodies?
A
B
C
D

Mouse X
Mouse Y
Mouse Z
Mouse Y and Mouse Z

29 Which features do the causative agents of dengue, malaria and tuberculosis (TB)
have in common?

A
B
C
D

presence of
cytoplasm
9
9
8
8

the ability to
produce ATP
9
8
9
8

presence of
surface antigens
8
9
8
9

30 The habitat of sea turtles is shallow coastal water in warm and temperate seas.
Sea turtles migrate to breeding areas to lay their eggs on sandy beaches. The nest
temperature has a strong influence on the sex of the offspring. Colder temperatures
result in a higher proportion of males and warmer temperatures result in a higher
proportion of females.
Which effects of climate change could contribute to declines in populations of sea
turtles?
1. increased melting of glaciers causing a rise in sea level
2. increased air temperature causing more heating of the Earth’s surface
3. changes in ocean currents modifying migration pathways
4. heavy rainfall causing flooding of land and coastal erosion
A
B
C
D

1, 2, 3 and 4
1, 2 and 3 only
1 and 2 only
3 and 4 only
- End of Paper Need a home tutor? Visit smiletutor.sg
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QUESTION 1
Fig. 1.1 shows an electron micrograph of a eukaryotic cell.

Organelle A

Fig. 1.1

(a) (i) With reference to Fig 1.1, state the identity of Organelle A.
Organelle A : …………………………...…………………...…………………………[1]
(ii) Describe how the structure of organelle A relates to its function.
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]
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Cellulose and collagen are molecules that are important in providing structural support.
The basic structural unit of collagen is tropocollagen.
(b) Compare the structure of cellulose and tropocollagen.
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[3]

Fig. 1.2 shows the DNA content of a cell as time progresses.

Fig. 1.2
(c) (i) Indicate, with a box, on Fig. 1.2, the time period at which meiosis is occurring.
……………………………………………………………………………………..........[1]

(ii) Explain your answer in (c)(i).
……………………………………………………………………………………..............
.................................................................................................................................
.............................................................................................................................[1]
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(iii) Explain the significance of meiosis.
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]

[Total: 10]
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QUESTION 2
The cell is surrounded by a plasma (cell surface) membrane. Substances entering or
leaving the cell must pass through this membrane.
Fig. 2.1 is a diagram of part of the plasma membrane of a Chromista cell (Chromista
are photosynthetic organisms that live in water).

Fig. 2.1
(a) Identify region A and explain one property which contributes to how the membrane
function as a barrier to the movement of galactose.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………………………………………………………………...[2]
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Fig. 2.2 represents part of the plasma (cell surface) membrane of a cell that response
to cytokines and illustrates the event that follows upon cytokines’ binding.

cytokines

J

Fig. 2.2
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(b) With reference to Fig 2.2, describe the sequence of events that follow cytokines’
binding.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
……………………………………………………………………………………………[5]

[Total: 7]
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QUESTION 3
Fig. 3.1 shows the gene expression of a cytoplasmic protein in a eukaryotic cell.
Molecule A
Process X
Molecule B
5’

3’

5’

3’

Process Y

Ribosome

Fig. 3.1
(a) Name molecule A and describe one structure that enabled the identification.
…………………………………………………………………………………….............
.............................................................................................................................[2]

(b) Describe how the structure of molecule B allows it to perform its function.
…………………………………………………………………………………….............
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]
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(c) Draw an arrow in Fig. 3.1 to indicate the direction of movement of ribosome in
Process Y.
………………………………………………………………………………….............[1]
(d) Describe three ways in which process X differs from process Y.
…………………………………………………………………………………….............
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[3]

Table 3 shows the mRNA codons for 11 different amino acids.
Amino
acid
Ala
Glu
His
Leu

mRNA
codon
GCG
GAG
CAC
CUG
CUC

Amino acid
Lys
Pro
Thr
Val

mRNA
codon
AAG
CCU
ACU
GUG

Amino acid mRNA
codon
Arg
CGC
Phe
UUC
Gly
GGA

The first seven DNA triplets coding for the cytoplasmic protein are shown below.
DNA C A C G A G G C G A A G G G A C C T T G A
mRNA G U G C U C C G C U U C C C U U G A - - - - Fig 3.2
A mutation occurs at the sixteenth nucleotide in the DNA sequence. This is indicated
by an arrow in Fig. 3.2. The corresponding complementary mRNA sequence to the
mutated DNA sequence is shown in Fig. 3.2.
(e) (i) State the amino acid sequence encoded for by the mutated DNA sequence.
……………………………………………………………………………………..........[1]
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(ii) Identify the mutation that has occurred and explain the effect of this mutation
on the protein function.
……………………………………………………………………………………..........
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.........................................................................................................................[3]

[Total: 12]
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QUESTION 4
In a species of flea beetles, Phyllotreta nemorum, some individuals are parasitized by
the Hexamermis species (a parasitic flatworm) while others have alleles that confer
resistance to the parasite. Some flea beetles have also inherited the allele which codes
for cellobiosidase, an enzyme that allows the individuals to feed on the toxic Winter
Cress plants.
In a genetic experiment, pure-breeding flea beetles which are resistant to Hexamermis
and are able to produce cellobiosidase were crossed with pure breeding flea beetles
that are sensitive to Hexamermis and unable to produce cellobiosidase to produce only
offspring with the ability to resist Hexamermis and produce cellobiosidase. When these
resultant flea beetles of heterozygous genotype at both gene locus were sibling-mated,
they produced the following F2 generation:
Resistant to Hexamermis, able to produce cellobiosidase
Resistant to Hexamermis, unable to produce cellobiosidase
Sensitive to Hexamermis, able to produce cellobiosidase
Sensitive to Hexamermis, unable to produce cellobiosidase

178
45
53
156

(a) Define the term heterozygous.
…………………………………………………………………...…......…......................
…..........................................................................................................................[1]

(b) Calculate the recombination frequency obtained from the genetic experiment.
…………………………………………………..…………………..…...………..……….
.............................................................................................................................[1]

(c) Based on your answer in (b), comment on the locations of these two genes’ loci.
…………………………………………………………………...………….....................
…..............................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]
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(d) Using the letters A/a (for resistance to Hexamermis) and B/b (for ability to produce
cellobiosidase), draw a genetic diagram to show how the F2 generation is
produced from sibling-mating of the F1 generation.
……………………………………………………………………………………....…......…[5]
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(e) A chi-squared analysis was performed for this cross to determine if it follows
Mendelian laws of inheritance.
Table 4.1 shows a chi-square table.

The calculated F2 value is found to be 659.40.
Using the calculated F2 value and Table 4.1, state what conclusions may be drawn
from the result.
………………………………………………………………………………...………......
…..............................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[3]

[Total: 12]
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QUESTION 5
Fig. 5.1 is a diagram showing the structure of a section of a DNA molecule.

Fig. 5.1
(a)

Name the two bases forming the base pair at X in Fig. 5.1 and give a reason for
your answer.
……………………………………………………………………………………...………
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]

(b)

The genomes of prokaryotic and eukaryotic cells contain chromosomes which are
made of mainly of DNA molecules which may be associated with proteins.
With reference to organization of genes, describe one difference between
prokaryotes and eukaryotes.
………………………………………………………………………………………………
…………………………………………………………………………………………...[1]
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(c)

Telomeres are found at the ends of chromsomes in eukaryotes. Outline the
functions of telomeres.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………………………………………………………………...[2]

(d)

The differentiation of a eukaryotic stem cell into a specialized cell is controlled by
many genes.
Fig. 5.2 summarises the interactions of some of these genes. The arrows
represent the genes being switched on.

Fig. 5.2
With reference to Fig. 5.2, explain how genes such as A, B and C are able to
switch on other genes.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
……………………………………………………………………………………………[4]
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(e)

In prokaryotes, a cluster of functionally-related genes under the control of one
promoter is organised into an operon. An example is the lac operon.
The lac operon is a section of DNA present in the genome of Escherichia coli. The
structural genes of the lac operon are only fully expressed when the bacteria are
exposed to high lactose concentrations.
Fig. 5.3 is a diagram showing the lac operon and a nearby region of the E. coli
genome.

Fig. 5.3
(i) Fig. 5.3 shows how the lac operon consists of structural genes and regulatory
sequences.
Use Fig. 5.3 to identify two structural genes.
Complete Table 5.1 to name each structural gene and its product.
Table 5.1
structural gene

Name of gene product

[2]
(ii) Gene I is an example of a gene that undergoes constitutive expression.
Explain why it is necessary for some genes to be constitutively expressed.
…………………………………..…………………………………………………………
……………………………………………………………………………………………[1]
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(iii) Describe the effect of the product of gene I on the functioning of the lac operon.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
……………………………………………………………………………………………[3]

(f)

If E. coli is put into a nutrient medium containing lactose, some enzymes are
synthesised. These are described as inducible enzymes.

(i) Explain what is meant by an inducible enzyme.
………………………………………………………………………………………………
…………………………………………………………………………………………...[1]
(ii) The structural genes of the lac operon are not expressed when lactose is absent.
Suggest one reason why this is beneficial to E. coli.
………………………………………………………………………………………………
…………………………………………………………………………………………...[1]

[Total: 17]
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QUESTION 6
Viruses share common structural features.
Some viruses, such as Human
Immunodeficiency Virus (HIV), also have an outer envelope as part of their structure.
(a) List two other key structural features of viruses.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………………………………………………………………...[2]
(b) HIV only infects certain types of cell, for example, the helper T-lymphocytes.
These cells have CD4 receptor proteins in their cell surface membrane. HIV has
glycoproteins embedded in its outer envelope.
HIV can remain in a dormant state within infected immune system cells for many
years. A person diagnosed as HIVǦpositive (HIV+) has the virus but does not have
symptoms of HIV/AIDS.
(i) The glycoproteins are important in allowing HIV to only infect certain types of cell.
Explain the roles of these glycoproteins.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………………………………………………………………...[2]

(ii) Explain why there can be many years (up to ten years) between infection and the
onset of symptoms.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………………………………………………………………...[2]
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(c) Research showed that people with HIV are at higher risk of certain cancers
compared with individuals without HIV. These cancers include Kaposi’s sarcoma,
lung cancer and cervical cancer etc.
Kaposi’s sarcoma is a rare form of cancer that develops in the cells that line the
mouth, nose, throat and blood vessels. It causes red or brown tumours, or lesions,
on the skin or mucous membranes. These tumours can appear in other areas of
the body such as the legs, lymph nodes and digestive tract.
(i) Suggest the one change to specific genes for HIV infections to increase the risk of
developing cancer.
………………………………………………………………………………………………
…………………………………………………………………………………………...[1]

(ii) Outline how tumours can appear in other areas of the body in Kaposi’s sarcoma.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………………………………………………………………...[3]

[Total: 10]
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QUESTION 7
Fig. 7.1 shows the electron micrograph of an organelle found in a plant cell.

Fig. 7.1
(a) Certain reactions bring about the release of carbon dioxide in the organelle in Fig.
7.1.
State the type of reactions. Identify the stage(s) of aerobic respiration and
location(s) where the reactions occur.
Type of reactions ………………………………………………………….
Stage(s) of aerobic respiration …………………………………………..
Location(s) ………………………………………………………………….

[2]

(b) In plants, another organelle is involved in the uptake of carbon dioxide.
An enzyme RuBP carboxylase is involved in the process. Interestingly, it was found
that the active site of this enzyme can be bound by either carbon dioxide or oxygen
gas, with higher affinity for oxygen gas.
The entry of oxygen gas into the active site of RuBP carboxylase is detrimental for
the plant.
Explain why.
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]
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(c) In humans, certain tissues e.g. muscles can undergo anaerobic respiration if
conditions make it necessary.
(i) Explain why there will be no production of ATP in the mitochondria during such
conditions.
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[4]

(ii) During anaerobic respiration, pyruvate is converted to lactate. Explain the
significance of this conversion.
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]

[Total: 10]
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QUESTION 8
The greater racket-tailed drongo, Dicrurus paradiseus, is an insect-eating bird found
in tropical broadleaved forests in southern Asia from Kashmir, India and Sri Lanka
east to Indonesia.
Fig. 8.1 shows the geographic variation in the form of the crest among populations of
the greater racket-tailed drongo.

Fig. 8.1
(a) Explain how the distinct phenotypic differences between the populations may have
arisen.
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[6]
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(b) Suggest why these populations of greater racket-tailed drongos are classified as a
single species
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]

Phylogenetic trees are constructed using molecular data instead of morphological
data.
(c) Explain the advantages of using molecular evidences in determining phylogeny
……………………………………………………………………………………..............
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[4]

[Total: 12]
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QUESTION 9
The immune system is the body's defense against infectious organisms.
Macrophages of the immune system are heavily involved in the persistence of
Mycobacterium tuberculosis bacteria in the alveoli tissues during progression of
tuberculosis (TB) disease.
Fig. 9.1 shows a macrophage engulfing a pathogen.

Fig. 9.1
(a) With reference to a named cellular organelle, describe step A.
……..………………………………………………………………..……………………...
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]

(b) Explain how the structure of antibodies, raised by prior vaccinations, may help
macrophages engulf Mycobacterium tuberculosis bacteria.
.................................................................................................................................
..……………………………………………………….…………..………………….....[1]
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(c) Explain why Acquired Immuno Deficiency Syndrome (AIDS) patients who are
tested positive for Mycobacterium tuberculosis bacteria are more likely to
experience TB related symptoms in the lungs e.g. chest pains and wheezing /
difficulty in breathing.
……..………………………………………………………………..……………………...
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]

[Total: 5]
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QUESTION 10
The diagram below shows part of the carbon cycle. The processes A, B, C, D and E,
transfer carbon.

(a) Explain how carbon dioxide is removed from the air into the oceans by process A.
……..………………………………………………………………..……………………...
.................................................................................................................................
.................................................................................................................................
.............................................................................................................................[2]

(b) The table below shows how much carbon is being transferred by each of the
processes in the diagram.

(i) Calculate how much more carbon is entering the air than is leaving it.
Show your working.

[1]
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(ii) Describe two human activities that contribute to increased emission of carbon
dioxide.
……..………………………………………………………………..……………………....
..................................................................................................................................
..................................................................................................................................
..............................................................................................................................[2]

[Total: 5]

Need a home tutor? Visit smiletutor.sg

1
Civics Group

A Level Index
Number

H2

Name (use BLOCK LETTERS)

ST. ANDREW’S JUNIOR COLLEGE
2019 JC2 PRELIMINARY EXAMINATIONS
H2 BIOLOGY

9744/03

Paper 3
Thursday

19th September 2019

2 hours

READ THESE INSTRUCTIONS FIRST
Write your name, civics group and index number on all the work you
hand in.
Write in dark blue or black pen on both sides of the paper.
You may use a soft pencil for any diagram, graph or rough working.
Do not use staples, paper clips, highlighters, glue or correction fluid.
Section A (Structured Questions)
Answer all questions.
Write your answers in the spaces provided on the question paper.
Section B (Essay Question)
Answer one essay question (parts a and b).
Write your answers in the spaces provided on the question paper.
All working for numerical answers must be shown.

For Examiners’
Use
Section A
1

/34

2

/10

3

/6

Section B
4 or 5

/25

Total

/75

This document consists of 20 printed pages.
[Turn over

Need a home tutor? Visit smiletutor.sg
SAJC / H2 Biology 9744/3 JC2 Prelim 2019

2
Section A
Answer all questions.
QUESTION 1
Blood is a bodily fluid in humans and other animals that delivers necessary substances
such as nutrients and oxygen to the cells and transports metabolic waste products away
from those same cells. The main components of blood include red blood cells, white blood
cells and platelets.
Blood group is a classification of blood, based on the presence of antigenic substances
on the surface of red blood cells. A total of 36 human blood group systems and 346
antigens are now recognized by the International Society of Blood Transfusion.
The most commonly known blood group system is the ABO system, an autosomal system
which determines someone's blood type for suitability in blood transfusion.
(a) (i) Explain the type of variation which the blood group characteristic exhibits.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.................................................................................................................................[2]
(ii) John has blood group O while his wife Susan has blood group A. Susan’s father has
blood group O. State the probability of this couple having a son with blood group O.

Probability = ……………………..

[1]

(iii) John and Susan are individuals belonging to the same species, Homo sapiens.
Describe a molecular technique, in general, to confirm that two organisms are the
same species.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.................................................................................................................................[2]
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(iv) A specific gene was isolated from John and the DNA molecule was then made singlestranded.
This same process was repeated for Susan. Subsequently, one single strand from
John’s DNA and one single strand from Susan’s DNA were hydribised together to form
a hybrid DNA molecule.
It was observed that the temperature needed to separate this hybrid DNA is very high.
Explain why.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.................................................................................................................................[2]
(b) Fig. 1.1 shows how blood cells are differentiated from blood stem cells from the bone
marrow.

Fig. 1.1
(i) Explain why white blood cells are no longer able to differentiate further into other
cell types while blood stem cells are still able to.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.................................................................................................................................[2]
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(ii) Fig. 1.1 also shows blood stem cells undergoing self-renewal which involves DNA
replication before cellular division to form new stem cells.
During DNA replication, deoxyribonucleotides are polymerised to form daughter DNA
molecules. Each base of a deoxyribonucleotide has a different molecular structure
and therefore a different mass.
Name the two DNA bases that have the lowest masses and explain your answer.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.................................................................................................................................[2]

(iii) Outline the process of DNA replication.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
................................................................................................................................ [5]

(iv) Bacteria is a good candidate for scientists to investigate about DNA replication. In
1958, an experiment was published by Meselson and Stahl investigating the way in
which DNA replicates.
Suggest why bacteria were used in this experiment.
.....................................................................................................................................
.................................................................................................................................[1]
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(v) Escherichia coli bacteria were grown in a medium containing 15NH4Cl. After very many
generations, virtually all of the bacteria DNA contained 15N and the DNA was
described as ‘heavy’.
The bacteria were then transferred to a medium containing 14NH4Cl. A sample of
bacteria was removed after the bacteria had divided once (first generation).
Further samples of bacteria were removed after they had divided again (second
generation) and after they had divided once more (third generation).
The bacterial DNA from each generation was extracted and the percentage of DNA
strands containing 15N (heavy) DNA in each sample was determined.
From your knowledge of DNA replication, complete Table 1.1 to show the percentage
of %15N in each sample for second and third generation.

Table 1.1
E. coli generation
% of DNA
strands
containing 15N
in each sample

first
50

second

third

[2]
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(c) Haemoglobin is a protein found in red blood cells that transport oxygen around the
body.
(i) Draw an annotated diagram to show how a peptide bond is formed when two amino
acids are joined together during translation.
…………………………………………………………………………………………………. [2]

(ii) Every amino acid has an R group or variable region that gives it its properties.
Glutamic acid is a polar amino acid and is therefore hydrophilic.
Fig. 1.2 shows part of a cell membrane.

Fig. 1.2
On Fig. 1.2, use labeling lines and the letter X to label two different locations where you
could expect to find glutamic acid.
………………………………………………………………………………………………….[2]
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(iii) Describe the quaternary structure of haemoglobin.
......................................................................................................................................
......................................................................................................................................
......................................................................................................................................
..................................................................................................................................[2]

(d) Sickle cell anaemia is a genetic disease caused by a base substitution in the gene
coding for haemoglobin. This base substitution removes a restriction site for the
restriction enzyme MstII.
The disease can be detected in an unborn child by obtaining a few fetal cells. A small
section of DNA that could contain the base substitution is isolated and amplified using
Polymerase Chain Reaction (PCR).
Fig. 1.3 shows how the restriction enzyme, MstII, cuts the DNA of the normal allele
(HbA) and mutant allele (HbS) into fragments.

Fig. 1.3
(i)

Explain why a single base substitution will result in the removal of one restriction
site.

.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.................................................................................................................................[2]

Need a home tutor? Visit smiletutor.sg
SAJC / H2 Biology 9744/3 JC2 Prelim 2019

8
Fig. 1.4 shows the patterns that are made visible after gel electrophoresis has been
carried out using samples of DNA cut as shown in Fig. 1.3. The DNA samples are from
three foetuses, one who is homozygous (HbA HbA), one who is heterozygous (HbA HbS)
and one who is homozygous (HbS HbS).

Fig. 1.4
(ii) Identify the genotypes of the foetuses labelled A and B.

A …………………………

B……………………………..

[2]

(iii) Explain why individual B has high evolutionary fitness in malaria-stricken areas.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.................................................................................................................................[3]
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(e) A new anti-malaria drug was discovered. A statistical t-test was performed on a total
of 10 Singaporean subjects to investigate if this drug can result in significant
improvements in the relief of certain symptoms compared to the control group
(receiving no dosage of the drug). There are 5 subjects in the control group and 5
subjects in the experimental group receiving the drug.
The description of the human subjects are included in Table 1.2.

Subject number 1
Subject number 2
Subject number 3
Subject number 4
Subject number 5
Subject number 6
Subject number 7
Subject number 8
Subject number 9
Subject number 10

Table 1.2
Control group
Gender
Age / years old
Female
41
Male
55
Male
50
Female
62
Male
39
Experimental group
Gender
Age / years old
Male
21
Male
24
Male
30
Male
27
Female
25

Race
Chinese
Chinese
Chinese
Malay
Chinese
Race
Chinese
Chinese
Chinese
Chinese
Chinese

Table of t critical values

The t-score was calculated to be 5.514.
Using the calculated t-score, the table of t critical values, and Table 1.2, discuss if the
conclusion that this anti-malaria drug is effective is valid.
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
.......................................................................................................................................[2]
[Total: 34]
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QUESTION 2
Antibodies are produced naturally by B lymphocytes in the human body, after exposure
to foreign antigens.
(a) B lymphocytes are known to have slightly different genome as compared to other
nucleated cells in the body. Suggest one reason why.
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
.......................................................................................................................................[2]
Fig. 2.1 shows the process of obtaining antibodies using mice as a “production vessel”.

Injection of antibodies
into person

Fig. 2.1

In this process, the same antigen A is injected multiple times at regular intervals into the
mice before collection of their blood to isolate the antibodies. Such isolated antibodies
may then be injected into a person to achieve immunity.
(b)(i) State the type of immunity conferred by the injected antibodies.

...................................................................................................................................[1]
(ii) Explain why such type of immunity is not long-lasting.
.......................................................................................................................................
...................................................................................................................................[1]
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(iii) Suggest why antibodies were collected from the blood after “the same antigen A
is injected multiple times at regular intervals into the mice”.
...................................................................................................................................
...............................................................................................................................[1]

(iv) Comment on one ethical implication of using mice for large-scale antibody
production.
...................................................................................................................................
...............................................................................................................................[1]

(c) A team of students proposed a method to use prokaryotes instead of mice to make
antibodies. In this proposed method, genes for specific antibodies are introduced into
prokaryote cells (e.g. bacteria), which will then express the genes to make the
antibodies.
However, the production of fully functional antibodies in prokaryotic cells is expected
to be unsuccessful.
Explain why.
......................................................................................................................................
......................................................................................................................................
......................................................................................................................................
..................................................................................................................................[2]
(d) During an immune response, cells divide by mitosis. Describe the significance of
mitosis in an immune response.
......................................................................................................................................
......................................................................................................................................
......................................................................................................................................
..................................................................................................................................[2]

[Total: 10]
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QUESTION 3
Reef-building corals are marine invertebrates found in shallow, clear, tropical oceans.
The corals secrete an exoskeleton of calcium carbonate that becomes the underlying
structure of the coral reef ecosystem.
(a) Explain why the areas of sea containing coral reefs are susceptible to increased
temperature resulting from global climate change.
......................................................................................................................................
..................................................................................................................................[1]
Zooxanthellae are a group of unicellular algae from the genus Symbiodinium that live
within the cells of reef-building corals. The relationship has been described as mutualistic
since it is beneficial to both coral and zooxanthellae.

(b) Evidence shows that the mutualistic relationship between zooxanthellae and reef
building corals has evolved by free-living algae invading corals that did not contain
algae.
(i) Suggest the benefits to the zooxanthellae of their association with the corals.
......................................................................................................................................
......................................................................................................................................
......................................................................................................................................
..................................................................................................................................[2]

(ii) Corals that do not need zooxanthellae can live at a greater depth than reef-building
corals.
Explain why this is so.
......................................................................................................................................
......................................................................................................................................
......................................................................................................................................
..................................................................................................................................[2]
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Under conditions of stress, the relationship between the reef-building corals and the
zooxanthellae can break down. Loss of zooxanthellae and the subsequent whitening that
occurs, shown in Fig. 3.1, is known as coral bleaching. Coral bleaching can lead to death
of the coral.

Fig. 3.1
Increased sea temperature associated with global climate change is known to be an
environmental stress that can cause coral bleaching. The temperature range for healthy
survival of reef-building coral is 25 °C–29 °C.
(c) Suggest one reason why permanent loss of zooxanthellae can lead to death of the
coral.
......................................................................................................................................
..................................................................................................................................[1]

[Total: 6]
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Section B
Answer one question only in this section.
Write your answers on the lined paper provided at the end of this question paper.
Your answers should be illustrated by large, clearly labelled diagrams, where
appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in sections (a), (b) etc., as indicated in the question.

4

(a)

Explain how various factors can affect the rate of respiration.

(b)

Discuss the various roles of hydrogen bonding in ensuring the
continuity of life, using named examples where relevant.

[10]
[15]

[Total: 25]

5

(a)

Describe how the Trp operon operates in the absence of
tryptophan as well as in the presence of tryptophan.

[10]

(b)

Explain how Penicillin works in treating bacterial infections.
Discuss how Penicillin-resistance may arise in a bacteria
population, with reference to the key processes involved.

[15]

[Total: 25]
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Write your name, civics group and index number on all the work you
hand in.
Give details of the practical shift and laboratory, where appropriate, in
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Write in dark blue or black pen.
You may use a HB pencil for any diagram, graph or rough working.
Do not use staples, paper clips, highlighters, glue or correction fluid.

Shift

Answer all questions in in the spaces provided on the Question paper.
The use of an approved scientific calculator is expected, where
appropriate. You may lose marks if you do not show your working or if
you do not use appropriate units.

Laboratory

For Examiner’s Use
At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question
1
/ 23
or part question.
2

/ 12

3

/ 20
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/ 55

IMPORTANT INFORMATION TO CANDIDATES:
Candidates with access to microscope at the start of the paper are
given the first 1h 15 min to use them. Please answer QUESTION 3
within this time frame.
Candidates with no access to microscope at the start of the paper will
be given access 1h 15min after the start of the paper. You may
proceed with QUESTION 1 first.
Candidates can attempt QUESTION 2 at any juncture of the paper.
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Answer all questions
QUESTION 1
You are advised to:
x

Read through the entire question first

x

Prepare a table to record your results in (b)(ii)
before starting the investigation.

In this question, you will investigate the effect of substrate concentration on the rate of
hydrolysis of a disaccharide, sucrose.
The enzyme E catalyses the hydrolysis (breakdown) of sucrose to fructose and
glucose.
The products of the hydrolysis of sucrose will change the colour of potassium
manganate(VII) solution, P, from purple to colourless.

You are required to:
x
x
x

prepare a simple dilution of sucrose solution
investigate the action of E on the different concentrations of sucrose solution
record the time taken to reach the end-point for each concentration of sucrose
solution

You are provided with:
x
x
x
x
x

30.0 cm3 of 10.0 % sucrose solution, labelled S,
50.0 cm3 of distilled water, labelled W,
10.0 cm3 of 1 mol dm–3 sulfuric acid, labelled A, which is an irritant
10.0 cm3 of 1.0 % enzyme solution, labelled E, which is an irritant
20.0 cm3 of 0.01 % potassium manganate(VII) solution, labelled P, which is a low
risk irritant

Safety:
x

It is recommended that you wear suitable eye protection.

x

If A, E or P come into contact with your skin, wash off immediately under running
water.
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(a) Sketch a fully-labelled graph to show the expected relationship between the rate
of hydrolysis of sucrose by enzyme E and sucrose concentration, as sucrose
concentration increases. Assume that all other conditions are kept constant.
No units for axes are required.

[2]
Proceed as follows:
You are required to prepare different concentrations of the sucrose solution.
(b) Carry out simple dilutions of the sucrose solution, S, to obtain five different
concentrations in which the concentration of sucrose is reduced by 2.0 % between
each successive dilution.
Prepare 5.0 cm3 for each concentration of sucrose solution, using the small
plastic containers provided.
(i) Complete Table 1.1 to show how you will prepare the different concentrations
of sucrose solution.
Table 1.1
Concentration of sucrose
solution / %

Volume of S
/ cm3

Volume of W
/ cm3

10.0

5.0

0.0

[2]
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Before proceeding further:
x

Use the beaker labelled Hot water to collect approximately 200cm3 of hot water
from where it is provided in the laboratory.

x

Use the beaker labelled Cold water to collect approximately 200cm3 of tap water
from the tap.

Read step 1 to step 13 before proceeding.
1. Prepare the concentrations of sucrose solution, as shown in Table. 1.1.
2. Label as many test-tubes as you require for all the sucrose solutions prepared in
step 1.
3. Put 1.0 cm3 of 10.0 % sucrose solution into the labelled test-tube.
4. Repeat step 3 with each of the other concentrations.
5. Using the water from the beakers labelled hot water and cold water, set up a
water-bath at a temperature between 35 °C and 40 °C. Use hot water to adjust the
temperature of the water-bath if it cools down too much.

The reaction will start when E is added in step 6.
6. Put 1.0 cm3 of E into each test-tube. Shake gently to mix.
7. Put all of the test-tubes into the water-bath and start timing.
8. Leave the test-tubes in the water-bath for 8 minutes.
During this period, it is not necessary to maintain the temperature of the water-bath.

During this incubation period, continue with (b)(iv) and the rest of Question 1.
9. At 8 minutes, remove all test-tubes from the water-bath and immediately put 1.0
cm3 of A into each of the test-tubes. Shake gently to mix. Leave the test-tubes on
the test-tube rack.
10. Label a clean test-tube as Z.
Put 1.0 cm3 of E and 4.0 cm3 of W into the test-tube. Shake gently to mix.
Test-tube Z will serve as the reference for the colourless end-point.
11. Put 1.0 cm3 of P into the test-tube containing 10.0 % sucrose solution. Start timing.
Shake gently to mix.
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12. Check on the colour of the test-tube up till a maximum 5 minutes.
Record in (b)(ii) the time taken for the test-tube to reach the end-point, as shown
by the contents of test-tube Z.
13. Repeat steps 11 to 12 for each of the other concentrations of sucrose.
Also, calculate the (relative) rate of hydrolysis of sucrose and record in (b)(ii).
If the end-point has not been reached after 5 minutes, stop timing and record the
time taken as ‘more than 300’ and the rate as ‘zero’.

(ii) Record your results in a suitable format in the space given.

[4]

(iii) Discuss what your results suggest about the relationship predicted in (a).
…………………………………………………………………………………………...
…………………………………………………………………………………………...
………………………………………………………………………………………..[2]

(iv) Explain the purpose of step 9, where solution A was added to the mixture.
…………………………………………………………………………………………...
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(v) Suggest why solution P is expected to (eventually) decolourise, when it was
added to the mixture in step 11.
…………………………………………………………………………………………...
………………………………………………………………………………………..[1]

(vi) Confidence in the results of this experiment may be limited by lack of replication
and repeats.
Apart from conducting replicates and repeats, identify one other significant
source of error in this experiment. Also, describe one method to overcome /
reduce this source of error.
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
………………………………………………………………………………………..[2]

(c) A student carried out a similar experiment to investigate the effect of pH on the
activity of an enzyme.
The rate of enzyme activity was measured when the solution was at different pH
values.
All other variables were kept constant. The results are shown in Table 1.2.
Table 1.2
pH

rate of enzyme activity
/ arbitrary units (A.U.)

4.0

4.6

6.0

8.3

8.0

9.2

10.0

6.1

12.0

2.5
Need a home tutor? Visit smiletutor.sg
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(i)

Use the grid to plot a graph of the results shown in Table 1.2.

[4]
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(ii) Using your graph, find the rate of enzyme activity which would be achieved if
the pH of the solution was 11.0.
Clearly indicate your working.

Rate of enzyme activity = .............................................A.U. [1]

(iii) Describe and explain the effect of increasing the pH from 8.0 to 12.0 on the rate
of enzyme activity.
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
………………………………………………………………………………………..[4]

[Total: 23]
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QUESTION 2
A student wants to investigate the effect of temperature on the rate of digestion of
sucrose, catalysed by enzyme sucrase.
Based on your knowledge of food tests, choose a relevant food test for this
investigation.
Design an experiment to determine the effect of temperature on the absolute rate of
sucrose digestion.
Your planning must be based on the assumption that you have been provided with the
following equipment and apparatus which you must use.
You are provided with:
x
x
x
x
x
x
x
x
x
x
x
x
x

1% sucrase solution
1% sucrose suspension
Benedict’s solution
Spectrophotometer
Cuvettes
Glass rod
Stop watch
Bunsen burner, tripod, gauze
Access to hot water (80oC – 90oC)
Supply of cool tap water
Thermometer
Distilled water
Normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders,
graduated pipettes, glass rods, etc.,

Your plan should:
x have a clear and helpful structure such that the method you use is able to be
repeated by anyone reading it,
x be illustrated by relevant diagrams, if necessary,
x identify the independent and dependent variables,
x describe the method with the scientific reasoning used to decide the method so
that the results are as accurate and reliable as possible,
x show how you will record your results and the proposed layout of results tables
and graphs,
x use the correct technical and scientific terms,
x include reference to safety measures to minimize any risks associated with the
proposed experiment.

12]
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BLANK PAGE
Write your answer for Question 2 on the lined paper
provided on page 11 to 16.
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QUESTION 3
For this question, you will require access to a light microscope (with an eyepiece
graticule) and the plastic container labelled M, which contains both a stage
micrometer and specimen slide S1.
You are provided with a plastic container containing a stalk from an aquatic plant,
submerged in distilled water.
1. Use the scissors and forceps to carefully remove a leaf from the stalk.
2. Use the mounting needle and forceps to carefully mount the specimen on a
microscope slide.
3. Add 1 drop of distilled water.
4. Gently cover the specimen with a cover slip and use a paper towel to absorb any
excess fluid.
(a) Observe your slide under the low-power (10X) and followed by high-power
objective lens (40X) of your microscope.
Use the space below to make a high-power detailed drawing of 3 adjoining cells.
Label 3 different structures observed in your drawing.

[4]
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(b) Slide S1 is a microscope slide of a stained transverse section through a plant stem.
This stem also grows submerged in water and contains air spaces.
You are not expected to be familiar with this specimen.
Observe S1 under the low-power of your microscope.
Draw a plan diagram of a region of the stem on slide S1, as shown by the shaded
area of Fig. 3.1. Within this part of the stem there will be a number of air spaces.

Fig. 3.1

A plan diagram shows the arrangement of the different tissues. Your drawing
should show the correct shape and proportion of the tissues and air spaces.
No cells should be drawn. No labels are required.

[4]
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(c) You are required to measure the length of one air space in the stem on slide S1,
under 10x objective lens.
When viewing slide S1 under the microscope, select one air space in the stem
located in the same region as your drawing in (b), as shown by the shaded area of
Fig. 3.2.

Fig. 3.2
(i) Before measuring the length of the selected air space, calibration of the
eyepiece graticule needs to be conducted, under 10x objective lens.
It is given that the length of each stage micrometer division is 0.01 mm.
Describe the method to calibrate the eyepiece graticule.
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
…………………………………………………………………………………………...
………………………………………………………………………………………..[3]

(ii) Based on your steps indicated in (c)(i), conduct the actual calibration for your
eyepiece graticule under 10x objective lens.
Find the actual length of one eyepiece graticule division.
Show all your workings clearly.

Actual length of 1 eyepiece graticule division = ..………..…… μm [1]
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(iii) Using the information found in (c)(ii), calculate the actual length of the selected
airspace in the stem in slide S1, under 10x objective lens
Show all your workings clearly.

Actual length of air space = ……………… μm [2]

(iv) Using the information found in (c)(iii), calculate the magnification of your
drawing of the air space in (b).
Show all the steps in your working clearly.

Magnification = ...........................X [2]
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BLANK PAGE
Turn over for remainder of Question 3.
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(d) Fig. 3.3 is a photomicrograph of a stained transverse section through a stem of a
different aquatic plant species. It also contains air spaces.
You are not expected to be familiar with this specimen.
(i) Observe the stem in Fig. 3.3 in comparison to that of slide S1.
You will use Fig. 3.3 to describe two observable differences between the stem
in Fig. 3.3 and the stem in S1:
x
x

Draw label lines to two different features in Fig. 3.3 and use only the labels
X and Y.
Complete Table 3.1 to describe how each feature on the stem in Fig. 3.3
differs from the stem in S1.

Fig. 3.3
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Table 3.1
Feature

Slide S1

Fig. 3.3

X

Y

[3]

(ii) Suggest one advantage of having air spaces in stems of aquatic plants, as
shown in slide S1 and Fig 3.3.
………………………………………………….……………..……………………….
………………………………………………….……………..……………………[1]

[Total: 20]

~ END OF PAPER 4 ~
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1 The diagram shows a molecule of three hexose sugars.

Which row correctly shows examples of carbohydrates in which these hexose
sugars are found?
A
B
C
D

glycogen
1
1
3
2

amylopectin
3
1
1
2

cellulose
1
2
1
1

2 The table compares three molecules, X, Y and Z, which contain the elements
carbon, hydrogen and oxygen only.
The percentage of carbon, hydrogen and oxygen atoms in each molecule is shown.
molecule

% carbon

% hydrogen

% oxygen

X

25.0

50.0

25.0

Y

28.5

47.7

23.8

Z

34.6

61.6

3.8

Which row correctly identifies molecules X, Y and Z?

A
B
C
D

X
monosaccharide
acc
ch
ha
a
ari
r de
de
monosaccharide
no
osa
sac
cc
cha
hari
ride
de
polysaccharide
p
po
oly
lysa
accc
ch
ha
arriid
de
e
ttriglyceride
tr
trig
riig
glyyce
ceri
ride
de

molecule
Y
disaccharide
d
di
s
polysaccharide
p
triglyceride
monosaccharide

Z
polysaccharide
triglyceride
monosaccharide
polysaccharide
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3 An investigation was carried out into the effect of different treatments on the
permeability of the cell surface membranes and tonoplasts (central vacuole
membrane) of beetroot cells. Beetroot cell vacuoles contain a red pigment. This
pigment is unable to pass out of the cells because it cannot diffuse through the
tonoplasts or cell surface membranes.
1 cm3 cubes were cut from beetroot tissue and washed in running water for 20
minutes to remove any pigment released from damaged cells.
The cubes were then placed in test-tubes subjected to different treatments and the
contents were observed for five minutes.
Which row shows a correct explanation for the observation recorded for one of the
treatments?
A
B
C
D

treatment
observation
dilute
contents of test-tube
hydrochloric acid
stay clear
ethanol
contents of test-tube
turn red
water at 20oC
contents of test-tube
stay clear
water at 80oC
contents of test-tube
turn red

explanation
membrane proteins have been
denatured
lipids, including phospholipids,
have dissolved
membrane proteins have been
denatured
lipids, including phospholipids,
have dissolved

4 The diagram represents the interaction between the active site of an enzyme and
different inhibitors, X and Y.

Which row
identifies
w co
ccorrectly
corr
orrrec
ectl
tly id
de
en
nti
tifi
tifi
fie
es the type of inhibition shown by inhibitor X and
inhibitor Y re
respectively?
esp
spe
ec
cttiive
vely
ly?
ly?
A
B
C
D

X
competitive
competitive
non-competitive
non-competitive

Y
competitive
non-competitive
competitive
non-competitive
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5 The diagram shows a simple cell signalling pathway in which a signal molecule
leads to a response, such as a secretion.

Which row identifies P and Q?
P
activated enzyme in cytoplasm
lipid in cell surface membrane
protein in cell surface membrane
target in cytoplasm

A
B
C
D

Q
target in cell surface membrane
extracellular enzyme
activated enzyme in cytoplasm
lipid in cell surface membrane

6 Drug Z is an inhibitor of aerobic respiration. A scientist proposed several likely
targets that Z could act on.
1
2
3
4

Pyruvate decarboxylase in the Link reaction
α-ketoglutarate dehygrogenase in the Krebs cycle
Proton pumps in the Electron transport chain
ATP synthase

The scientist wanted to identify the actual target for Z. In his experiment, Z was
added to a suspension of isolated mitochondria and pyruvate. The following
observations were made 3 minutes after Z was added.
x

Variable Tested
Uptake of oxygen

x

pH difference across the inner
mitochondrial membrane

x

ATP production

Observation
Negligible
None
Negligible

Based on all of the observations,
bserv
vat
atio
ions
io
ns, which of the following proposed target(s) of
ns
kely
lly
y to
to be
be correct?
c rr
co
rrect?
drug Z is/are unlikely
A
B
C
D

4 onlyy
1 an
and
nd 2
3 and
d4
2, 3 and
nd
d4
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7 The weedkiller DCMU blocks the flow of electrons down the electron transport
chains in photophosphorylation.
Which of the following reason best explains why DCMU causes the death of
plants?
A
B
C
D

ATP and reduced NADP are not synthesised.
Chemiosmosis cannot occur.
Photoactivation of the chlorophyll cannot occur.
Photolysis of water cannot occur.

8 The electron micrograph shows a group of human chromosomes.

Which label is correct for each of the structures labelled W, X and Y?
A
B
C
D

W
centriole
centriole
centromere
centromere

X
centromere
centromere
telomere
telomere

Y
chromatid
microtubule
chromatid
microtubule
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9 The diagram shows some of the stages which take place during the cell cycle.

Which two stages take place during interphase?
A
B
C
D

1 and 2
1 and 3
2 and 4
3 and 4

10 A Robertsonian translocation is a type of chromosomal translocation in which the
long arms of two chromosomes fuse together.
Fig. 10.1 shows this event occurring between chromosomes 14 and 21.

Fig. 10.1
An individual who inherits the translocated chromosome in Fig. 10.1 will either
have Down’s syndrome or be a carrier of the disorder.
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A couple has a child. The mother is a carrier and the father is genetically normal.
The genetic material with respect to chromosomes 14 and 21 in the somatic cells
of the parents are shown in Fig. 10.2.

Fig. 10.2
The child is born with Down’s syndrome.
Which of the following shows the correct genetic material with respect to
chromosomes 14 and 21 in the zygote of the child?
ANS: C
A

B

C

D
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11 The diagram shows part of the DNA sequence of a gene and a mutated sequence
of the same gene.

What are possible effects of the mutated sequence?
1
2
3
4

the presence of additional mRNA stop codons, UAG, UAA or UGA
a change in the sequence of amino acids
formation of a non-functional protein
ribosomes cannot translate the mRNA

A
B
C
D

1, 2 and 3
1, 3 and 4
1 and 4 only
2 and 3 only

12 Which of the following comparison between the structure of prokaryotic genome
and eukaryotic genome is incorrect?

A
B
C
D

Prokaryotic Genome
Circular chromosome
Chromosome do not have
telomeres
Contains mostly coding DNA
Does not contain regulatory
sequences

Eukaryotic Genome
Linear chromosomes
Chromosomes have telomeres
Contains mostly non-coding DNA
Contains regulatory sequences

13 Use the information below to answer Questions 13 and 14.
The figure below shows the genomic structure of the wild-type human β-globin
gene. The numbers within the boxes indicate the length of nucleotides of each
sta
t
region, inclusive of bases stated
in the diagram. The DNA sequences
rt cod
odon
od
on an
corresponding to the start
codon
and the stop codon are indicated.

50

Fig. 13
Need a home tutor? Visit smiletutor.sg
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Based on Fig. 13, what is the length (in nucleotides) of the wild-type β-globin
primary mRNA transcript (pre-mRNA) and how many amino acids are present in
the wild type β-globin polypeptide?

A
B
C
D

Length of β-globin primary
mRNA transcript
570
570
1600
1600

No. of amino acids in wild type
β-globin polypeptide
146
190
146
190

Working for reference:
Primary RNA includes all exons and introns of sequence.
No of amino acids = addition of the length of all exons starting from ATG/ 3 = (90
+ 222 + 126) = 438 / 3 = 146 aa
14 Two base-pair substitution mutations (m2) occurred in the β-globin to form a mutant
allele, as indicated in Fig. 13. This disrupts both the splice sites flanking the first
intron of the β-globin gene. Splice site refers to the site where the DNA will be cut
by spliceosomes.
Which of the following correctly describes the effect of the m2 mutations on the
length (in nucleotides) of the primary mRNA transcript and mature mRNA transcript
made from the mutant β-globin allele?

A
B
C
D

Length of primary
mRNA transcript
No change
No change
Decreased by 222 bases
Increased by 130 bases

Length of mature
mRNA transcript
Increased by 43 bases
Increased by 130 bases
Decreased by 222 bases
Increased by 130 bases

15 A scientist investigated the mo
m
mode
ode
de o
off action of a drug, hydroxyurea (HU), that was
ell cycle
cyyc
cle
le progression
prro
ogr
gre
essio in the parasite, Leishmania.
known to prevent cell
erim
men
ent,
t, two
two
wo groups
gro
roup
ups of
of Leishmania parasites are used. Group 1 is the
In the experiment,
co
ont
ntrro
ntro
ol. G
Gr
rou
oup 2 is incubated in a culture medium with HU for 1 hour
untreated control.
Group
g transferred
trra
an
nssferr
ferr
fe
rred
e to a fresh medium without HU.
before being
U on histone synthesis was investigated by incubating parasite cells
The effect of HU
in a mixture of amino acids containing methionine that has been labelled with
radioactive isotope sulfur. Histone synthesis was measured by the intensity of the
dark bands shown in the autoradiograph. Fig. 15 is an autoradiograph showing
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the levels of H2 histone proteins produced by Group 1 and Group 2 in the
experiment.

Fig. 15
With reference to the results in Fig. 15, which of the following cannot be a
possible mode of action of HU?
A
B

HU prevents the formation of the Transcription Initiation Complex.
HU stops the binding of Translation Initiation factors to the small ribosomal
subunit.
HU inhibits poly(A) polymerase.
HU prevents the addition of ubiquitin to histone proteins.

C
D

16 The following are some statements concerning cancer cells.
1 Cancer cells are likely to exhibit anchorage dependence.
2 Cancer cells do not undergo end replication problem as they have activated
telomerases.
3 When a copy of the p53 tumour suppressor allele is inactivated in a normal
cell, that cell becomes cancerous.
4 When a copy of the ras proto-oncogene is converted into an oncogene in a
normal cell, that cell becomes cancerous.
eme
ent
n s are false?
Which of the following statements
A
B
C
D

1 and 3
2 and 4
1, 2 and
an
a
nd 3
1, 2
2,, 3 and
an
nd 4

17 Two populations
n of genetically different bacteria cultured in a U-shaped tube are
separated by a membrane filter (which does not allow phage particles and bacterial
cells to pass). However, recombination takes place anyway. The mechanism of
genetic exchange is _________________.
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A
B
C
D

specialized transduction.
generalized transduction.
transformation.
conjugation.

18 In generalised transduction, defective viruses are formed as a result of _______.
A
B
C
D

viral enzymes cutting the host DNA such that the host DNA is assembled into
the new virus.
use of host enzymes by virus which cuts its own viral DNA such that it can
be assembled into the new virus.
hijacking of host transcription and translation machinery to make viral
proteins and genome
integration of viral DNA into host DNA and during excision of the prophage,
the viral genome with the adjacent host DNA are assembled into the new
virus.

19 Two types of viruses, X and Y, were added to a culture of bacteria. For each type
of virus, the change in the number of infectious virus particles present in the
supernatant (pfu/ml in supernatant) was monitored for 60 minutes and shown in
the graph.
virus X

virus Y
0

d ex
e
xp
plla
aiin the
the sharp
th
ssh
harp increase
incr
in
What could
explain
in the number of infectious virus X
resen
esent
es
ent in
en
n tthe
he ssupernatant
he
uper
up
particles pr
present
from 20 to 40 minutes?
A
B
C
D

injection
io
on of viral
vir DNA into host cell
integration
tio of viral DNA into host cell DNA
release of viral particles by cell lysis
release of viral particles by budding
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20 During PCR, the amount of DNA synthesised can be traced using fluorescent
primers and the measurements are shown in the following plot. The process initially
goes through an exponential phase, followed by a plateau phase eventually.
Amount of DNA

Time

Which of the following statement is true?
A
B
C
D

During the exponential phase, the number of DNA molecules synthesized
after 15 cycles is 152.
During the exponential phase, the temperature is always maintained at the
optimum temperature of 72oC hence there is rapid amplification.
During the plateau phase, the reaction mixture might be depleted of
ribonucleotides.
During the plateau phase, Taq polymerase might be denatured.
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21 In an investigation of a gene suspected to be involved in a genetic disease,
separate PCR procedures were done using genomic DNA and mature RNA
isolated from healthy (wild-type WT) and diseased cells (mutant). The PCR
products were analysed on polyacrylamide gels. The positions of the negative and
positive electrodes are also indicated. M is a molecular weight marker that shows
the positions of several nucleic acid fragments of specific lengths.
mature

Which of the following best explains the results obtained?
A
B
C
D

Deletion of an exon in the mutant.
Deletion of a splice site in the mutant.
Deletion of a stop codon in the mutant.
Deletion of several introns in the mutant.

22 Children with severe combined
mbine
ne
ed immunodeficiency
immu
mm
disorder (SCID) cannot produce
the many types of white
whitiitte blood
bllo
b
oo
od cells
ce that
th fight infections. This is because they do
not have the functional
unct
ctio
ct
on
na
al gene
gene
ge
n to
to make
mak the enzyme ADA. Some children with SCID
have been
The treatment used with the children is
n treated
trrea
ea
ate
ted with
te
wiitth
w
h stem
ste
tem cells.
c
n tthe
he fflowchart.
he
low
lo
wc
cha
hart
rt.
described in
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Which of the following statement explains why stem cells can be used in the
treatment of SCID?
1

4

They can divide mitotically to replace existing cells.
Due to their pluripotent nature, they have the ability to form only certain
types of white blood cells that restores the ability to fight infection.
As the stem cells are from the child's own cells, there is no / little risk of
rejection.
They possess a unique set of genome to allow for multipotency.

A
B
C
D

1 and 2
1 and 3
2 and 4
3 and 4

2
3

23 Which statement about natural
tura
al selection
sele
se
is true?
A
B
C
D

Natural selection
ele
ect
ctiio
on w
wi
will
illll h
have
ave
av
e a greater
g
gr
effect in causing change if the variation
sh
ho
ow
wn for
for a trait
fo
trai
tr
aitt is
ai
is largely caused by environmental, rather than
that is shown
ene
ne
n
eti
tic, variation.
tic,
varia
attiion
on.
genetic,
One
e consideration
co
c
on
ns
siid
der
erat
atio
ion in natural selection is the ability for a population, relative
io
her
err populations,
e
pop
opula
to other
to survive to reproductive age and produce offspring.
Individuals
ual better suited to the environment will be able to survive, reproduce
and pass on favourable traits to their offspring.
Environment will exert a selection pressure and only individuals best suited
to the environment will be able to survive and reproduce.
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24 The Galapagos Islands are a group of volcanic islands in the eastern Pacific
Ocean, about 600 miles from mainland South America. Thirteen species of finch
are found on the islands; they resemble each other closely but differ in their feeding
habits and in the shape of their beaks.

Assuming that an ancestral stock of finches came from the mainland, what is the
most likely explanation for the existence of similar but distinct species of Galapagos
finches?
A
B
C
D

Finches developed different kinds of beak in order to feed on different kinds
of food.
Finches evolved separately according to the habitat in which they settled in.
Mainland finches bred with a resident population of a related species and
produced new genotypes.
Finches underwent convergent evolution to produce very similar species.

25 Some of the evidence for evolution are listed.
1 The fossil Archaeopteryx has many features in common with dinosaurs and some
features in common with birds.
2 The bones found in the ears of reptiles and mammals have the same origin as
the jaw bones of fish.
at a
ar
re present
prres
ese
en
nt in older
old
lde layers of sedimentary rock disappear from
3 Many species that
are
aye
y rs
rs.
more recent layers.
limb
mb sstructure
mb
tru
tr
uc
cttu
u
ure
re iis
s fo
ffound in all extant and extinct vertebrates.
4 The forelimb
nce
ce
es are
ar b
Which evidences
based on homologies?
A
B
C
D

1 and 3
2 and 4
1, 2 and 4
1, 2, 3 and 4
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26 In a series of plant breeding experiments, a pure-breeding plant with big and hairy
leaves was crossed with a pure-breeding plant with small and hair-less leaves. The
leaves in the F1 generation were all big and hairy. Self-fertilisation of the F1
generation produced the following results:
905
301
305
98

big and hairy leaves
big and hair-less leaves
small and hairy leaves
small and hair-less leaves

A F2 plant with big and hairy leaves was crossed with an F 2 plant with small and
hairy leaves. What is the maximum proportion of plants with small and hair-less
leaves that could have appeared in the resulting progeny?
A
B
C
D

0%
12.5%
25%
50%

27 The table shows the results of a study made on a large number of twins.
Twin group
Identical,
raised together
Identical,
raised apart
Non-identical, same-sex,
raised together

Mean difference in
eye colour intensity
/ a.u.

Mean difference in
weight / kg

1.7

2.0

1.8

4.8

4.4

4.9

What do these results suggest about the influence of genes and environment on
eye colour intensity and weight in humans?
A
B
C
D

Genes have a greater influence
lu
than the environment on the eye
wei
e g of identical twins.
colour intensity and the weight
Eye colour intensity
sity
ya
and
n w
nd
weight
e g are influenced by the environment.
ei
Weight is influenced
flue
encced
ed b
by
y en
enviro
environment
r n
and genes; eye colour intensity
is mainly
nly iin
influenced
nffllu
ue
en
nc
ced
ed byy ge
gene
genes.
nes
ne
The
e en
envi
environment
nv
viiro
onm
ment
ent has
en
has greater
ha
gre
gr
influence than genes on the eye colour
ens
nssitity and
an
a
nd weight
weig
ight
h of non-identical twins.
intensity
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28 T cells and B cells are isolated from a mouse for transplantation to immunecompromised mice that lack their own T and B cells.
x
x
x

Mouse X received T cells only
Mouse Y received T and B cells
Mouse Z received B cells only

Mice X, Y and Z were then infected with the influenza virus and then were
measured for their anti-influenza antibody response.
Which animal(s) would have produced anti-influenza antibodies?
A
B
C
D

Mouse X
Mouse Y
Mouse Z
Mouse Y and Mouse Z

29 Which features do the causative agents of dengue, malaria and tuberculosis (TB)
have in common?

A
B
C
D

presence of
cytoplasm
9
9
8
8

the ability to
produce ATP
9
8
9
8

presence of
surface antigens
8
9
8
9
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30 The habitat of sea turtles is shallow coastal water in warm and temperate seas.
Sea turtles migrate to breeding areas to lay their eggs on sandy beaches. The
nest temperature has a strong influence on the sex of the offspring. Colder
temperatures result in a higher proportion of males and warmer temperatures
result in a higher proportion of females.
Which effects of climate change could contribute to declines in populations of
sea turtles?
1. increased melting of glaciers causing a rise in sea level
2. increased air temperature causing more heating of the Earth’s surface
3. changes in ocean currents modifying migration pathways
4. heavy rainfall causing flooding of land and coastal erosion
A
B
C
D

1, 2, 3 and 4
1, 2 and 3 only
1 and 2 only
3 and 4 only

~ End of paper ~
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QUESTION 1
Fig. 1.1 shows an electron micrograph of an eukaryotic cell.

Organelle A

Fig. 1.1

(a) (i) With reference to Fig 1.1, state the identity of Organelle A.
Organelle A : …………………………...…………………...…………………………[1]
1 Rough endoplasmic reticulum (Reject: rER)
(ii) Describe how the structure of organelle A relates to its function.
……
……
……………………………………………………………………………………..........[2]
1

2

mbran
ne-bo
boun
und sacs;
Consist of flattened membrane-bound
for temporary storage
ge
e of
of secretory
se
ecr
cre
ettor
ory
y pr
prot
proteins
oe
/ contains enzymes to carry out
tio
ona
nal modi
m
mo
odi
diffiica
c ti
tion
ons
on
s /b
{post-translational
modifications/biochemical
modification} of proteins e.g.
g
ly
yc
cos
os y
yllat
atio
on / phosphorylation
pho
ph
proteolysis / gl
glycosylation
OR
nttrac
acell
serves as an intracellular
transport network of proteins within cells / rER
t
transports protein
via transport vesicles to Golgi body
Presence of ribosomes on its surface;
which are sites of protein synthesis
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Cellulose and collagen are molecules that are important in providing structural
support. The basic structural unit of collagen is tropocollagen.
(b) Compare the structure of cellulose and tropocollagen.
……………………………………………………………………………………..........[3]
Similarities [Max 1]
Cellulose
Tropocollagen
1. Both have hydrogen bonds (to stabilize their structures)
2. Both are made up of repeating units (to form polymer)

Differences [Max 2]
Cellulose
3. Monomer is β-glucose
4. Monomers linked by β(1,4) glycosidic
bonds
5. Linear molecule
6. Hydrogen bonds formed involving
hydroxyl / OH groups of parallel chains
to establish cross-linkages between
chains

Tropocollagen
Monomer is amino acid
Monomers linked by peptide bonds
[Reject: ‘Amide bond / linkage’]
Each polypeptide is a helical structure
(reject α-helix)
Hydrogen bonds form between -NH
group of glycine residues on each
strand and -CO groups of amino acid
residues on the other 2 strands/
Hydrogen bonds form between
hydroxyproline residues.

Fig. 1.2 shows the DNA content of a cell as time progresses.

Fig. 1.2
(c) (i) Indicate, with a box, on Fig. 1.2, the time period at which meiosis is occurring.
……………………………………………………………………………………..........[1]
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Ans:

cytokinesis
cytokinesis
(PMAT)

interphase Meiosis I

(PMAT)
Meiosis II

fertilisation

(ii) Explain your answer in (c)(i).
……………………………………………………………………………………..........[1]
1

(Meiosis consists of two cycles of nuclear / cell divisions / two rounds of
reduction);
[Quote data] DNA content per cell decrease by half, from 8x to 4x after the
first round of division. DNA content per cell decrease by another half, from
4x to 2x after the second round of division;

(iii) Explain the significance of meiosis.
……………………………………………………………………………………..........[2]
1
2

Meiosis gives rise to haploid gametes;
Fusion of the gametes during fertilization restores the diploid nature of the
cells in a normal organism / maintains the number of chromosomes in each
successive generation / prevent the doubling of chromosomes / restore
orig
or
chromosomes number to its original
state ;

OR
1
2

es ri
rrise
se tto
se
og
ge
ene
n ti
tica
call
ca
lly
ll
yv
Meiosis gives
genetically
variable gametes;
Fusion of th
these
hes
ese ga
g
gametes
am
me
ette
es gi
g
giving
ving rise to genetically variable individuals which
vi
ttter
er adapt
ad
da
ap
ptt tto
o tth
he ch
can better
the
changing environment / adapt to changes in the
men
ent ; [
en
environment
surv
rviv
rv
ival of species as it is too vague].
iv
[REJECT: survival
[Total: 10]
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QUESTION 2
The cell is surrounded by a plasma (cell surface) membrane. Substances entering or
leaving the cell must pass through this membrane.
Fig. 2.1 is a diagram of part of the plasma membrane of a Chromista cell (Chromista
are photosynthetic organisms that live in water).

Fig. 2.1
(a) Identify region A and explain one property which contributes to how the membrane
function as a barrier to the movement of galactose.
………………………………………………………………………………………………..[2]
1 fatty acid tails/hydrocarbon chains of fatty acids in phospholipid / hydrophobic
core of the phospholipid bilayer;
2 hydrophobic/non-polar; (prevent movement of galactose across the membrane)
Galactose is polar (must pass through, transport proteins/carrier proteins/channel
proteins / require specific transport proteins to provide a water-filled channel
(facilitated diffusion)
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Fig. 2.2 represents part of the plasma (cell surface) membrane of a cell that response
to cytokines and illustrates the event that follows upon cytokines’ binding.
cytokines

J

Fig. 2.2

(b) With reference to Fig 2.2, describe
escrrib
be the
t sequence of events that follow cytokines’
binding.
……
……………
………………
…
………………………………………………………………………………………………[5]
ecce
ept
ptor
or tyrosine
tyro
ty
rosi
sine
n kinase);
k
1 (Molecule J iss a re
receptor
J / receptor tyrosine kinase dimerise
upon binding
g to
to the
tth
he cytokines
cy
c
ytto
okiine
nes ;
cttiv
vatio
atio
at
ion
n of the tyrosine kinase domains in the cytoplasmic tail ;
2 results in the act
activation
3 Each receptor phosphorylates
phos
ph
the tyrosine residues at the cytoplasmic tails of
the other receptor ;
4 via the addition of a phosphate from an ATP molecule in a process known as
auto-crossphosphorylation ;
5 Activation of Molecule R (relay protein); ref. 3D conformational change
Need a home tutor? Visit
smiletutor.sg
[Total:
7]
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QUESTION 3
Fig. 3.1 shows the gene expression of a cytoplasmic protein in a eukaryotic cell.
Molecule A
Process X
Molecule B
5’

3’

5’

3’

Process Y

Ribosome

Fig. 3.1
(a) Name molecule A and describe one structure that enabled the identification.
……………………………………………………………………………………..........[2]
1
2

[Name of molecule A] Deoxyribonucleic acid / [Reject: DNA as naming
requires full spelling];
[structure] double-helix molecule [Accept: presence of major and minor
grooves]
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(b) Describe how the structure of molecule B allows it to perform its function.
……………………………………………………………………………………..........[2]
1
2

1
2
1
2

Active site of RNA polymerase (molecule B) has a specific 3D conformation
that is complementary to DNA template strand and the incoming
ribonucleotide;
(This allows RNA polymerase to bind to template strand and) catalyse the
formation of phosphodiester bonds / synthesize a complementary
mRNA strand during transcription;
OR
DNA binding domain of RNA polymerase has a specific 3D conformation
complementary to the promoter;
This allows RNA polymerase to bind to promoter and initiate transcription;
OR
DNA binding domain of RNA polymerase has a specific 3D conformation
complementary to the DNA region;
Ref. allows for RNA polymerase to elongate the RNA chain;

(c) Draw an arrow in Fig. 3.1 to indicate the direction of movement of ribosome in
Process Y.
……………………………………………………………………………………..........[1]
1. Arrow from 5’ to 3’ direction
(d) Describe three ways in which process X differs from process Y.
……………………………………………………………………………………..........[3]
1
2

3
4
5

6

Process X (transcription)
Template is DNA strand
RNA polymerase;

Process Y (translation)
Template is mRNA
Peptidyltransferase;

OR

OR

catalyses formation of
tw
phosphodiester bonds (between
ribonucleotides)
Monomer is ribonucleotide
nucl
c eo
ottiide
d
Occurs at nucleus
uclle
eu
u
us
s

catalyses formation of peptide bonds
(between amino acids)

Template
pla
lla
a
ate
te is
te
is rread
ead
ad in
n3
3’’ tto
o5
5’
direction
io
on
OR
synthesized in a 5’ to
Product iss sy
3’ direction
Product is a single-stranded RNA
(mRNA, tRNA, rRNA)

Monomer is amino acid
Occurs at bound (at rER) and free
ribosomes (in cytoplasm)
Template is read in 5’ to 3’ direction
OR
Product is synthesized from Nterminal to C-terminal
Product is a polypeptide chain
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Table 3 shows the mRNA codons for 11 different amino acids.
Amino
acid
Ala
Glu
His
Leu

mRNA
codon
GCG
GAG
CAC
CUG
CUC

Amino acid
Lys
Pro
Thr
Val

mRNA
codon
AAG
CCU
ACU
GUG

Amino acid mRNA
codon
Arg
CGC
Phe
UUC
Gly
GGA

The first seven DNA triplets coding for the cytoplasmic protein are shown below.
DNA C A C G A G G C G A A G G G A C C T T G A
mRNA G U G C U C C G C U U C C C U U G A - - - - Fig 3.2
A mutation occurs at the sixteenth nucleotide in the DNA sequence. This is indicated
by an arrow in Fig. 3.2. The corresponding complementary mRNA sequence to the
mutated DNA sequence is shown in Fig. 3.2.
(e) (i) State the amino acid sequence encoded for by the mutated DNA sequence.
……………………………………………………………………………………..........[1]
1 Val Leu Arg Phe Pro
(ii) Identify the mutation that has occurred and explain the effect of this mutation
on the protein function.
……………………………………………………………………………………..........[3]
1
2
3

Single base substitution [DNA level mutation term] from C to A (resulting in
nonsense mutation [amino acid level mutation tern])
that leads to formation of a stop codon being read by ribosome
results in the synthesis of a truncated polypeptide chain / protein that is
shorter than normal / 3D conformation of protein changes;
AND
protein is non-functional;
[Total: 12]
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QUESTION 4
In a species of flea beetles, Phyllotreta nemorum, some individuals are parasitized by
the Hexamermis species (a parasitic flatworm) while others have alleles that confer
resistance to the parasite. Some flea beetles have also inherited the allele which codes
for cellobiosidase, an enzyme that allows the individuals to feed on the toxic Winter
Cress plants.
In a genetic experiment, pure-breeding flea beetles which are resistant to Hexamermis
and are able to produce cellobiosidase were crossed with pure breeding flea beetles
that are sensitive to Hexamermis and unable to produce cellobiosidase to produce only
offspring with the ability to resist Hexamermis and produce cellobiosidase. When these
resultant flea beetles of heterozygous genotype at both gene locus were sibling-mated,
they produced the following F2 generation:
Resistant to Hexamermis, able to produce cellobiosidase
Resistant to Hexamermis, unable to produce cellobiosidase
Sensitive to Hexamermis, able to produce cellobiosidase
Sensitive to Hexamermis, unable to produce cellobiosidase

178
45
53
156

(a) Define the term heterozygous.
…………………………………………………………………...…......…......................…[1]
1 Genotype of two different alleles (of a gene) ;
at a particular gene locus of homologous chromosomes ;
[Reject: genotype of a dominant and a recessive allele of a gene. In co-dominance,
the allele is not dominant/recessive to the other]
(b) Calculate the recombination frequency obtained from the genetic experiment.
…………………………………………………..…………………..…...………..………....[1]
1 Recombination frequency = total number of recombinants / total x 100%
= (45 + 53) / 432 x 100%
= 22.7% (3 s.f.)
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(c) Based on your answer in (b), comment on the locations of these two genes’ loci.
…………………………………………………………………...………….....................…[2]
1 The 2 genes are on the same chromosome / genes are linked;

2

[From (b)] Recombination frequency = 22.7%
Distance between the two gene loci = 22.7 centimorgan (cM) / map units;

(d) Using the letters A/a (for resistance to Hexamermis) and B/b (for ability to produce
cellobiosidase), draw a genetic diagram to show how the F2 generation is produced
from sibling-mating of the F1 generation.
……………………………………………………………………………………....…......…[5]
Let:
A - allele that confers resistance to Hexamermis
a - allele that does not confer resistance to Hexamermis
Allele A is dominant to allele a
B - allele that codes for cellobiosidase
b - allele that does not code for cellobiosidase
Allele B is dominant to allele b
Resistant to Hexamermis,
x
able to produce cellobiosidase

F1
phenotypes
F1 genotypes

AB

Resistant to Hexamermis,
able to produce
cellobiosidase

x

AB

ab

ab
F1 gametes

AB ab

Nonrecombinant
gametes

Ab

aB

x

Recombinant
gametes

AB ab

Nonrecombinant
gametes

Ab

aB

Recombinant
gametes

F2 genotypes (shown in Punnett square)
quare
AB
AB

aB

aB
aB

Ab

ab

AB

AB
A
B

AB

AB

AB

aB

Ab

ab

Resistant to
Hexamermis,
produce
cellobiosidase
aB

Resistant to
Hexamermis,
produce
cellobiosidase
aB

Ab

ab

Resistant to
o
s
Hexamermis,
produce
cellobiosidase
aB
AB
Resistant to
Hexamermis,

R
Resistant
to
Hexamermis,
produce
cellobiosidase
aB
aB
Sensitive to
Hexamermis,

Resistant to
Sensitive to
Need
a
home
tutor? Visit smiletutor.sg
Hexamermis,
Hexamermis,
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produce
cellobiosidase
Ab

ab

produce
cellobiosidase

produce
cellobiosidase

produce
cellobiosidase

Ab

Ab

Ab

Ab

AB

aB

Ab

ab

Resistant to
Hexamermis,
cannot produce
cellobiosidase
ab

Resistant to
Hexamermis,
cannot produce
cellobiosidase
ab

Ab

ab

Resistant to
Hexamermis,
cannot produce
cellobiosidase

Sensitive to
Hexamermis,
cannot produce
cellobiosidase

Resistant to
Hexamermis,
produce
cellobiosidase
ab

Resistant to
Hexamermis,
produce
cellobiosidase
ab

AB
Resistant to
Hexamermis,
produce
cellobiosidase

aB
Sensitive to
Hexamermis,
produce
cellobiosidase

F2
Resistant to
phenotypes: Hexamermis,
produce
cellobiosidase

Sensitive to
Hexamermis,
cannot produce
cellobiosidase

Non-recombinant

Resistant to
Hexamermis,
cannot produce
cellobiosidase

Sensitive to
Hexamermis,
produce
cellobiosidase

Recombinant

Mark scheme:
1. F1 genotype
2. F1 gametes (circled)
3. F2 genotypes
4. F2 genotypes correspond to phenotypes (allow shortened phenotype)
5. Indication of recombinant and non-recombinant gametes
AND
indication of recombinant and non-recombinant phenotypes
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(e) A chi-squared analysis was performed for this cross to determine if it follows
Mendelian laws of inheritance.

Table 4.1 shows a chi-square table.

The calculated F2 value is found to be 659.40.
Using the calculated F2 value and Table 4.1, state what conclusions may be drawn
from the result.
………………………………………………………………………………...………......…[3]
1 Since the calculated F2 value 659.40 is greater than critical F2 value 7.82 at p
= 0.05
/ At F2 value of 659.40, p value < 0.001, which is smaller than 0.05 ;
2 The results of the F2 test suggest that there is a significant difference between
the observed and the expected values (at the 5% level) ;
Any difference between the observed and the expected values is not due to
chance ;
[Reject: reject null hypothesis, as there is no null hypothesis listed in the first
place]
3 (Mendelian laws of inheritance is not followed) The predicted phenotype ratio of
9:3:3:1 is incorrect
/There is no independent assortment of the two genes ;

[Total: 12]

Need a home tutor? Visit smiletutor.sg

14
QUESTION 5
Fig. 5.1 is a diagram showing the structure of a section of a DNA molecule.

Fig. 5.1
(a)

Name the two bases forming the base pair at X in Fig. 5.1 and give a reason for
your answer.

……………………………………………………………………………………...………...[2]
1 cytosine and guanine ;
[REJECT: C and G without spelling in full]
2 three hydrogen bonds between the bases

(b)

The genomes of prokaryotic and eukaryotic cells contain chromosomes which
lec
c
are made of mainly of DNA mole
molecules
which may be associated with proteins.
orrg
ga
an
niizza
attiion
ion off genes,
g
With reference to organization
describe one difference between
e
kka
arry
yote
otte
o
es
s.
prokaryotes and eu
eukaryotes.

…………
……
……………
…
………………………………………………………………………………………………..[1]
yo
ote
tes several structural genes with related functions under the
1 Ref. In prokaryotes,
control of one promoter (in an operon) ; in eukaryotes, each gene is under the
control of one promoter;
[Reject: presence of operons in prokaryotes vs no operons in eukaryotes, as it is
too vague]
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[Reject: answers related to histones associating to DNA, question is on
organization of genes, and not genome]

(c)

Telomeres are found at the ends of chromsomes in eukaryotes. Outline the
functions of telomeres.

……………………………………………………………………………………………...[2]
Any two from:
1 Serves as disposable buffer to protect the coding DNA from gene erosion
during DNA replication [as DNA shortens with each round of replication (endreplication problem) to prevent loss of genes] ;
2 Together with associated proteins; protect ends of chromosomes from being
degraded by (exo)nucleases ;
3 Together with associated proteins; prevents end-joining of chromosome ends
which may lead to chromosomal mutations ;
4 Together with associated proteins; preventing unintentional cell death as
telomeric DNA and associated specific proteins {somehow prevent the staggered
ends of the daughter molecule from activating the cell’s systems for monitoring DNA
damage / the ends of a DNA molecule “seen” as a double-strand break may
otherwise trigger signal transduction pathways leading to cell cycle arrest or cell
death} ;
[REJECT: prevent end-replication problem as the problem still occurs]

(d)

The differentiation of a eukaryotic stem cell into a specialized cell is controlled by
many genes.
Fig. 5.2 summarises the interactions of some of these genes. The arrows
represent the genes being switched on.

Fig. 5.2
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With reference to Fig. 5.2, explain how genes such as A, B and C are able to switch
on other genes.
………………………………………………………………………………………………..[4]
1 ref. to (gene A / B / C codes for) transcription factors / specific examples e.g.
activators (protein) ;
AND
Any two {fr point 2 – 4 / fr point 5 – 7}
2 (General) TF binds to promoter ;
3 ref to binding of RNA polymerase (to promoter) with the aid of TFs ;
4 (so) mRNA is made / transcription occurs ;
OR
5 (Specific) TF / activator binds to enhancer; [Reject: repressor binds to silencer]
6 ref to more efficient binding of RNA polymerase (to promoter) ;
7 (so) mRNA is made / transcription occurs at a faster rate;
AND
8 Quote any 1 from Fig 5.2:
x gene A codes for TF which switches on {4 genes / genes B and C and 2 other
genes} ;
x gene B codes for TF which switches on 6 genes ;
x gene C codes for TF which switches on 11 genes
Also accept:
1 ref. to (gene A / B / C codes for) demethylase / acetyl transferase
AND
2 Demethylate DNA
3 Ref. loosening of DNA
4 Ref. easy access of DNA by RNA polymerase
OR
5 Acetylate lysine residues of histone tails
(Linker DNA cannot interact with histone tails to form nucleosomes)
6 Ref. loosening of DNA
7 Ref. easy access of DNA by RNA
Ap
polymerase
o
AND
8 Quote any 1 from
from
fr
om F
Fig
ig 5
ig
5.2:
.2
2:
ode
de
es for
for TF which
fo
wh
switches on {4 genes / genes B and C and 2 other
x gene A codes
genes} ;
x gene B codes for TF which switches on 6 genes ;
x gene C codes for TF which switches on 11 genes
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(e)

In prokaryotes, a cluster of functionally-related genes under the control of one
promoter is organised into an operon. An example is the lac operon.
The lac operon is a section of DNA present in the genome of Escherichia coli.
The structural genes of the lac operon are only fully expressed when the bacteria
are exposed to high lactose concentrations.
Fig. 5.3 is a diagram showing the lac operon and a nearby region of the E. coli
genome.

Fig. 5.3
(i)

Fig. 5.3 shows how the lac operon consists of structural genes and regulatory
sequences.
Use Fig. 5.3 to identify two structural genes.
Complete Table 5.1 to name each structural gene and its product.
Table 5.1
structural gene

(ii)

Name of gene product

Gene I is an example of a gene that undergoes constitutive expression.

Explain why it is necessary
aryy for
for some
s
genes to be constitutively expressed.
…..……
……
………
………
…………………………………..……………………………………………………………[1]
ded
ed a
ed
lll tthe
he
h
e ttime
ime
im
e fo
or essential
e
1 Gene product needed
all
for
cell functions
/
2 [With reference
enc
nce to
o Gene
Gen
ene I product]
prod
pr
od
du Ref. Regulatory proteins coded by Gene I will
all
ll times
tim
imes to regulate transcription of structural genes when needed
be present att all
[Reject: gene products
ucts degraded easily, thus the need to express the genes all the
time Î being degraded easily does not mean there is a need for the protein]
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(iii) Describe the effect of the product of gene I on the functioning of the lac operon.
………………………………………………………………………………………………..[3]
1 Gene I codes for a repressor protein that binds to the operator ;
2 Block access of RNA polymerase to structural genes / RNA polymerase unable to
bind to promoter ;
3 Ref. no {transcription / expression / mRNA synthesis}, of (named) structural genes;

(f)

If E. coli is put into a nutrient medium containing lactose, some enzymes are
synthesised. These are described as inducible enzymes.

(i)

Explain what is meant by an inducible enzyme.

……………………………………………………………………………………………….[1]
1 Inducible enzymes are enzymes whose synthesis is stimulated only in the
presence of an {inducer / substrate / e.g. lactose in the lac operon};
[Reject: inducible enzymes are involved in catabolic pathways as it does not
define what is inducible enzyme]
[Reject: e.g. tryptophan as it is part of repressible operon which has enzymes
whose synthesis is turned off in the presence of the end-product]
(ii)

The structural genes of the lac operon are not expressed when lactose is absent.

Suggest one reason why this is beneficial to E. coli.
………………………………………………………………………………………………..[1]
1 Ref. no waste of {amino acids / ATP / nucleotides / energy}; [Reject: resources as
it is too vague]

[Total: 17]
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QUESTION 6
Viruses share common structural features.
Some viruses, such as Human
Immunodeficiency Virus (HIV), also have an outer envelope as part of their structure.
(a) List two other key structural features of viruses.
………………………………………………………………………………………………[2]
1 Capsid / protein coat
2 RNA genome [ref. to HIV]
/ DNA or RNA genome [ref. to general] [Accept: nucleic acid ]
[REJECT : ref. to capsomeres (which are protein subunits which are monomers and
not structure) ; size range e.g 15 nm to 1000 nm ; (some) are enveloped (which is
already in Q stem)]; glycoproteins (is a component of envelope);]
[Reject: answers related to absence of structures e.g. lack of ribosomes]
(b)

HIV only infects certain types of cell, for example, the helper T-lymphocytes .
These cells have CD4 receptor proteins in their cell surface membrane. HIV has
glycoproteins embedded in its outer envelope.
HIV can remain in a dormant state within infected immune system cells for many
years. A person diagnosed as HIVǦpositive (HIV+) has the virus but does not have
symptoms of HIV/AIDS.

(i)

The glycoproteins are important in allowing HIV to only infect certain types of cell.
Explain the roles of these glycoproteins.

………………………………………………………………………………………………[2]
1 gp 120 on HIV envelope {recognises / has complementary 3D conformation to
CD4 receptors} and binds to CD4 receptors (on helper T cells (and macrophages
(host cells) and also co-receptors (e.g. CCR5 or CXCR4))
2 (This binding) triggers an allosteric/conformation change in gp41 on the HIV
envelope ;
gp 41 pierces through the host cell surface membrane, causing fusion of the HIV
envelope and host plasma mem
membrane
mbr
bran
a e;
(ii)

ere can
ca
an be
be man
ny years
year
ye
ars (up to ten years) between infection and the
ar
Explain why there
many
ympt
ptom
pt
omss..
onset of symptoms.

………………………………………………………………………………………………[2]
………
……
…
………
……
rg
(viral RNA undergoes
reverse transcription to form DNA)
1 Viral (c)DNA becomes part of the host cell’s DNA / genome / chromosome to
become provirus ;
2 (provirus) persist in a latent state for many years; {replicating passively together
with the host DNA / Ref. no expression of provirus} (before activation) ;
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(c)

Research showed that people with HIV are at higher risk of certain cancers
compared with individuals without HIV. These cancers include Kaposi’s
sarcoma, lung cancer and cervical cancer etc.
Kaposi’s sarcoma is a rare form of cancer that develops in the cells that line the
mouth, nose, throat and blood vessels. It causes red or brown tumours, or
lesions, on the skin or mucous membranes. These tumours can appear in other
areas of the body such as the legs, lymph nodes and digestive tract.

(i)

Suggest the one change to specific genes for HIV infections to increase the risk
of developing cancer.

……………………………………………………………………………………………….[1]
1 (virus causes) mutation of host proto-oncogene (Accept: example ras gene) /
tumour suppressor genes (Accept: example p53 gene) ;
2 Ref virus insert viral DNA which contains oncogenes
(resulting in production of over-active gene product)
3 Ref virus insert viral DNA which disrupt {tumour suppressor/p53} gene
(resulting in {expression / production} of non-functional gene product)
[REJECT: insert more active viral promoter upstream of proto-oncogenes to result
in over –expression Î focus is more on changes to structure of gene, and
promoter is not part of a gene]

(ii)

Outline how tumours can appear in other areas of the body in Kaposi’s sarcoma.

……………………………………………………………………………………………….[3]
1 (Some mutations cause) cells to {no longer exhibit anchorage dependence /
loss of cell adhesion} / {loss of contact inhibition / density-dependence} ;
AND
ll di
div
cells undergo uncontrolled cell
divisions ;
ad to
o {{angiogenesis
angi
an
angi
g og
ogen
e e
2 Mutations can also lead
/ formation of new network of blood
ance
er cells
cellls ;
ce
vessels} to the cancer
w {{metastasis
meta
meta
me
tast
as
stta
as
sis
s to
to o
cc / cancer cells are able to break loose and travel
3 These allow
occur
str
trrea
eam} an
and
d invade
in
in the bloodstream}
other tissues to form secondary tumors ;

[Total: 10]
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QUESTION 7
Fig. 7.1 shows the electron micrograph of an organelle found in a plant cell.

Fig. 7.1
(a) Certain reactions bring about the release of carbon dioxide in the organelle in Fig.
7.1.
State the type of reactions. Identify the stage(s) of aerobic respiration and location(s)
where the reactions occur.
……………………………………………………………………………………..........[2]
Type of reactions….
Stage(s) of aerobic respiration….
Location(s)….

(1) Decarboxylation
(2) Link reaction ; and (3) Krebs cycle
(4) Mitochondrial matrix

1 Require all 4 points to get 2m
2-3 points to get 1m
1 point, no marks

(b) In plants, another organelle is involved
volv in the uptake of carbon dioxide.
An enzyme RuBP carboxylase
xyl
y asse is
i involved
inv
nvol
o v in the process. Interestingly, it was found
his
is e
nz
n
zym
yme ca
can
n be bound by either carbon dioxide or oxygen
that the active site of tth
this
enzyme
er affinity
aff
fffin
ff
iin
nity
iitty ffo
or o
ox
xyg
ygen
en gas.
ga
gas, with higher
for
oxygen
xy
yg
ge
en
n gas
gas into
ga
intto the active site of RuBP carboxylase is detrimental for
in
The entry off ox
oxygen
the plant.
Explain why.
……………………………………………………………………………………..........[2]
1
2

Oxygen gas is a competitive inhibitor of RuBP carboxylase, binds to active
site of enzyme, to prevent carbon dioxide from binding ;
Plant cannot undergo carbon fixation, (no PGA formed and) no PGAL can
leave the Calvin cycle to make carbohydrates; (plant may die)
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(c) In humans, certain tissues e.g. muscles can undergo anaerobic respiration if
conditions make it necessary.
(i) Explain why there will be no production of ATP in the mitochondria during such
conditions.
……………………………………………………………………………………..........[4]
[Oxidative phosphorylation]
1 At no oxygen concentrations (condition), less/no oxygen will be available to
serve as the final electron acceptor of the electron transport chain
2 Oxidative phosphorylation, Krebs cycle, link reaction will not occur
3 (With less/no oxygen to accept electrons) less/no NADH and FADH2 will
donate electrons to the ETC
4 Less/no electrons transferred along the ETC
5 Less/no energy released to pump H+ from mitochondrial matrix across inner
mitochondrial membrane into intermembrane space
6 No proton gradient generated
7 Less/no diffusion of H+ ions from intermembrane space back into matrix of
mitochondria
8 Less/no ATP synthesis from ADP and Pi by ATP synthase (during oxidative
phosphorylation)
[Krebs cycle]
9 Substrate level phosphorylation does not occur in Krebs cycle; due to a
lack of regeneration of NAD+ and FAD;
[REJECT: answers related to glycolysis (as context is in the mitochondria)]

(ii) During anaerobic respiration, pyruvate is converted to lactate. Explain the
significance of this conversion.
……………………………………………………………………………………..........[2]
1
2

Pyruvate {is reduced by NADH / accepts hydrogen atom from NADH} to
form lactate; regenerate NAD+ in the process;
Synthesis of 2 nett ATP per glucose can continue (via substrate-level
phosphorylation) during glycolysis
y oly
ycol
y

[Total: 10]
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QUESTION 8
The greater racket-tailed drongo, Dicrurus paradiseus, is an insect-eating bird found
in tropical broadleaved forests in southern Asia from Kashmir, India and Sri Lanka
east to Indonesia.
Fig. 8.1 shows the geographic variation in the form of the crest among populations of
the greater racket-tailed drongo.

Fig. 8.1
(a) Explain how the distinct phenotypic differences between the populations may
have arisen.
……………………………………………………………………………………..........[6]
1 Geographical isolation occurring between drongo populations + e.g.
Drongo populations separated as broadleaved woodland is not
continuous / Also separated by islands ;
2 There is disruption of gene flow / no interbreeding between drogo populations
3 Genetic variations exist among the drongo populations ; due to
spontaneous mutations ;
4 Different selection pressures in different habitats ;
ect
5 (more) Individuals with a selec
selective
advantage in the particular environment
ctive ag
age
e ; an
a
survived till reproductive
and pass on their alleles to offspring ;
[REJECT: characteristics/traits
cte
eri
r st
stic
ticcs/t
/trra
/tra
aitits
s pas
passed on to offspring]
ele
e frequency
freq
fr
eque
uenc
cy of g
en pool over time ;
6 Change in alle
allele
gene
vollu
uttio
io
ona
nary
na
ya
ge
g
en
ntts such
su genetic drift / founder’s effect and
7 Other evolutionary
agents
eck
ck
k effect
effffect
ec
e
ct occur
occu
oc
cur ;
bottleneck
pa
atr
tric
ic speciation
s
as question did not state that the sub[REJECT: allopatric
populations have evolved into different species. They are the same species
according to the name Dicrurus paradiseus]
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(b) Suggest why these populations of greater racket-tailed drongos are classified as
a single species .
……………………………………………………………………………………..........[2]
1
2
3
4

[biological species concept] capable of interbreeding ; to produce fertile
and viable offspring ;
[morphogical species concept] similar morphological /anatomical
/physiological features ;
[genetic species concept] high homology between DNA/amino acid
sequence of common gene between members of the population ;
[phylogenetic species concept] smallest group of organisms that shares a
most recent common ancestor;

[REJECT: occupy same niche as there could be convergent evolution]
[REJECT: the 2 populations share a common ancestor Î different species can
also share common ancestor]
Phylogenetic trees are constructed using molecular data instead of morphological
data.
(c) Explain the advantages of using molecular evidences in determining phylogeny
……………………………………………………………………………………..........[4]
[Any 4]
1 Molecular evidence is quantifiable ; in abundance and open to statistical
analysis ;
2 Molecular evidence is objective ; and described in an unambiguous
manner as it is based strictly on heritable material ;
3 Molecular evidence is not affected by convergent evolution ;
(Morphological evidence could be due to convergence/ some morphological
characteristics may be analogous)
4 Molecular evidence is based strictly on heritable material ; not affected by
environmental factors ;
5 Greater number of organisms can be compared with the use of molecular
evidence as they have certain molecular traits that are common such as
common genes / rRNA sequence / fundamental proteins ;
6 Greater number of characters can be compared when using molecular
evidences ; DNA information pr
provides abundance of data for analysis.
e few
wa
nd it is often difficult to assess homology for
(Morphological traits are
and
ures)
s))
less complex structures)

[Total: 12]
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QUESTION 9
The immune system is the body's defense against infectious organisms.
Macrophages of the immune system are heavily involved in the persistence of
Mycobacterium tuberculosis bacteria in the alveoli tissues during progression of
tuberculosis (TB) disease.
Fig. 9.1 shows a macrophage engulfing a pathogen.

Fig. 9.1
(a) With reference to a named cellular organelle, describe step A.
……..………………………………………………………………..…………………….....[2]
1 Lysosomes fused with phagosomes/endocytic vesicle/endosome containing
bacteria
2 hydrolytic enzymes, (e.g. proteases) in lysosomes will then hydrolyze the
bacteria
(b) Explain how the structure of antibodies, raised by prior vaccinations, may help
macrophages engulf Mycobacterium
cterriu
ium tuberculosis bacteria.
………
…………
……
…………
……..……………………………………………………….…………..…………………....[1]
tige
ti
gen b
bi
ind
din
ng si
site
te of
o antibodies recognise and bind to bacteria
(Variable region / anti
antigen
binding
om
mpl
p le
em
men
men
enta
tary
ry sshape)
ha
ape
pe))
/ antigen of complementary
gio
ion o
io
off a
ntib
nt
ibod
bod
odie
ies;
s [f
1 Constant region
antibodies;
[function] are recognised and bound by
(receptors on)) m
macrophages
acro
ac
roph
phag
a
(to allow subsequent engulfment of the bacteria)
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(c) Explain why Acquired Immuno Deficiency Syndrome (AIDS) patients who are
tested positive for Mycobacterium tuberculosis bacteria are more likely to
experience TB related symptoms in the lungs e.g. chest pains and wheezing /
difficulty in breathing.
………….……………………………………………………...……..……….……..…[2]
1 In a immunosuppressed person (with HIV/AIDS), dormant M. tuberculosis is
more likely to become active (to progress from latent stage to activeTB)
2 Bacteria itself / other immune cells which release toxins, destroy
alveoli/causes cavities in the lungs ; this leads to less surface area for
diffusion of gases.
OR
2. Bacteria itself / other immune cells which release toxins, destroy
alveoli/causes cavities in the lungs; form pockets of pus ; this increases
diffusion distance between alveolar sac and alveolar capillaries

[Total: 5]
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QUESTION 10
The diagram below shows part of the carbon cycle. The processes A, B, C, D and E,
transfer carbon.

(a)

Explain how carbon dioxide is removed from the air into the oceans by process
A.

………………………………………………………………………………………………..[2]
1 Ref. carbon dioxide dissolves (in the water / in the oceans) ;
2 for {calvin cycle /carbon fixation / light-independent reaction / photosynthesis} of
{seaweed / algae / (phyto)plankton / autrophs / aquatic plants};
3 for formation of calcium carbonate which is used to synthesize shells of aquatic
organisms;
(b)

The table below shows how much carbon is being transferred by each of the
processes in the diagram.

(i)

Calculate how
ow
w much
mu
m
uch more
mo carbon is entering the air than is leaving it.
k
Show your working.

[1]

CO2 entering the air = 332 + 23 + 444 = 799
CO2 leaving the air = 338 + 450 = 788
– (A+E)
799smiletutor.sg
– 788 =
Ans: CO2 entering the air- CO2 leaving the air = (B+C+D)
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(ii)

Describe two human activities that contribute to increased emission of carbon
dioxide.

………………………………………………………………………………………………..[2]
1 Ref. using/burning of {fossil fuels / named fossil fuel / forests / equivalent};
(releasing / producing carbon dioxide)
2 Ref. deforestation;
(resulting in less {photosynthesis / carbon fixation / light independent reaction /
equivalent}) ;
3 Ref. food choices e.g. consumption of more meat ; increase livestock rearing in
farms (increased release of carbon dioxide by the livestock)

[Total: 5]
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Section A
Answer all questions.
QUESTION 1
Blood is a bodily fluid in humans and other animals that delivers necessary substances
such as nutrients and oxygen to the cells and transports metabolic waste products away
from those same cells. The main components of blood include red blood cells, white blood
cells and platelets.
Blood group is a classification of blood, based on the presence of antigenic substances
on the surface of red blood cells. A total of 36 human blood group systems and 346
antigens are now recognized by the International Society of Blood Transfusion.
The most commonly known blood group system is the ABO system, an autosomal system
which determines someone's blood type for suitability in blood transfusion.
(a) (i) Explain the type of variation which the blood group characteristic exhibits.
....……………………………………………………….…………..……………………....[2]
1. [Type of variation] Discontinuous variation;

2.
3.
4.
5.

[Explain] Any one of the following:
Different blood groups are {discrete / distinct from one another / no overlap}
between blood groups ;
Blood groups are qualitative ;
Unaffected by environment ;
Affected by one gene ;
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(ii) John has blood group O while his wife Susan has blood group A. Susan’s father has
blood group O. State the probability of this couple having a son with blood group O.
....……………………………………………………….…………..……………………....[1]
1. Probability = ¼ / 0.25 [Accept: 25%]
Working for reference:

Probability (child with blood group O) = ½
Probability (son) = ½
Probability (children with blood group O) and probability (son) = ½ x ½ = ¼
Man: IoIo x Woman IAIo
Offspring: IoIo, IAIo

(iii) John and Susan are individuals belonging to the same species, Homo sapiens.
Describe a molecular technique, in general, to confirm that two organisms are the
same species.
....……………………………………………………….…………..……………………....[2]
1. [method] Ref. alignment to comparison of DNA or amino acid sequence of a
common gene (present in both organisms);
2. [analysis] High levels of homology between the sequences (will confirm that the
2 organisms are still the same species); / % difference no more than 2% between
the 2 organisms;
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(iv) A specific gene was isolated from John and the DNA molecule was then made singlestranded.
This same process was repeated for Susan. Subsequently, one single strand from
John’s DNA and one single strand from Susan’s DNA were hydribised together to form
a hybrid DNA molecule.
It was observed that the temperature needed to separate this hybrid DNA is very high.
Explain why.
....……………………………………………………….…………..……………………....[2]
1. The high homology in their gene sequence results in a high number of hydrogen
bonds between complementary bases;
2. Therefore, (higher temperature is required to provide higher amount of heat,
resulting in) the higher the amount of kinetic energy is required to break the
hydrogen bonds to separate the DNA strands, (and hence the temperature at which
denaturation occurred is very high.);

(b) Fig. 1.1 shows how blood cells are differentiated from blood stem cells from the bone
marrow.

Fig. 1.1
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(i) Explain why white blood cells are no longer able to differentiate further into other
cell types while blood stem cells are still able to.
..…………………………………………………….…………..……………………....[2]
White blood cells are terminally differentiated while blood stem cells are
undifferentiated due to:
1. Ref. differences in expression and silencing of genes / Ref. differential gene
expression between blood stem cells and white blood cells;
2. resulting in {production of proteins which result in the ability of blood stem cells
to differentiate} / {lack of such proteins in white blood cells to differentiate} /
{different proteins in white blood cells to differentiate} ;

(ii) Fig. 1.1 also shows blood stem cells undergoing self-renewal which involves DNA
replication before cellular division to form new stem cells.
During DNA replication, deoxyribonucleotides are polymerised to form daughter
DNA molecules. Each base of a deoxyribonucleotide has a different molecular
structure and therefore a different mass.
Name the two DNA bases that have the lowest masses and explain your answer.
………………………………………………………………………………………...[2]
1. Cytosine and Thymine ;
[Reject: Uracil] [Reject: C and T abbreviations]
2. They are pyrimidines which consist of a single carbon-nitrogen ring ;
Unlike purines (adenine and guanine), which have two carbon-nitrogen rings ;
(iii) Outline the process of DNA replication.
...……………………………………………………………………………………..……[5]
1. DNA helicase recognises and binds to the specific DNA sequence in origin of
replication (ori), causing the DNA
DN molecule to unwind and unzip ; by breaking the
hydrogen bonds between
en the
the bases
b
ba
;
2. DNA primase [Reject:
ject
ct: RN
ct
R
RNA
NA pr
pri
primase]
ima
attached to each DNA template strand to
synthesise RNA
NA
A primer
prim
prim
pr
imer
mer
er molecules
mo
m
ole
lecu
cule
cu
les
le
s;
3. RNA primer
mer
er m
er
molecules
olle
o
eccu
ulle
es
s h
have
ave base sequences complementary to the base
av
sequences
nce
ce
es of
of DNA
DNA template
DN
temp
te
mpllat strand ;
4. DNA polymerase
ym
me
era
ras
se
e (III)
(III
(I
II) adds (free deoxyribo)nucleotides to 3’ OH ends of primers
and synthesises
hesi
sise
si
ses new strands of DNA in a 5' to 3' direction ; formation of a
se
phosphodiester bond between adjacent deoxyribonucleotides
5. One strand, called the leading strand, is synthesised in continuous long sections.
The other strand, called the lagging strand, is synthesised {discontinuously / in
the form of Okazaki fragments} ;
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6. DNA polymerase (I) hydrolyses the RNA primers and the gaps (left by
hydrolysed
RNA
primers)
are
replaced
with
complementary
deoxyriboucleotides on both strands.
7. DNA ligase catalysed the phosphodiester bonds between Okazaki fragments to
form the (continuous sequence in) lagging strand.
[5 max]
(iv) Bacteria is a good candidate for scientists to investigate about DNA replication. In
1958, an experiment was published by Meselson and Stahl investigating the way in
which DNA replicates.
Suggest why bacteria were used in this experiment.
………........................................................................................................................[1]
1. They have short life cycles / {many generations of bacteria can be
cultured/produced} in a short period of time ;
2. They are easy to grow and maintain in culture ;
3. Ref. {only one main chromosome / smaller genome} ; easy to manipulate or
observe;
(v) Escherichia coli bacteria were grown in a medium containing 15NH4Cl. After very
many generations, virtually all of the bacteria DNA contained 15N and the DNA was
described as ‘heavy’.
The bacteria were then transferred to a medium containing 14NH4Cl. A sample of
bacteria was removed after the bacteria had divided once (first generation).
Further samples of bacteria were removed after they had divided again (second
generation) and after they had divided once more (third generation).
The bacterial DNA from each generation was extracted and the percentage of DNA
strands containing 15N (heavy) DNA in each sample was determined.
From your knowledge of DNA replication, complete Table 1.1 to show the percentage
of %15N in each sample for second and third generation.

Table 1.1
E. coli generation
% of
of DNA
DNA
NA
stra
rra
and
ds
strands
iniing 15N
containing
in each sample

fi
first
50

second
25

third
12.5

[2]
Working for reference:
(15-15) Î (14-15) (14-15)

Î (14-14) (14-15) (14-14) (14-15)
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2/8 strands has

2/4 strands has

Î (14-14) (14-14) (14-14) (14-15) (14-14) (14-14) (14-14) (14-15)

2/16 strands has
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(c) Haemoglobin is a protein found in red blood cells that transport oxygen around the
body.
(i) Draw an annotated diagram to show how a peptide bond is formed when two amino
acids are joined together during translation.
…………………………………………………………………………………………………. [2]

1. General structure of 2 amino acids ; Correct dipeptide ; with N terminus first ;
2. Labelled peptide bond ; Molecule of water (released from condensation) ;
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(ii) Every amino acid has an R group or variable region that gives it its properties.
Glutamic acid is a polar amino acid and is therefore hydrophilic.
Fig. 1.2 shows part of a cell membrane.

Fig. 1.2
On Fig. 1.2, use labeling lines and the letter X to label two different locations where you
could expect to find glutamic acid.
………………………………………………………………………………………………….[2]

1. Location 1 – on region of transmembrane protein facing aqueous environments of the
cytosol or extracellular environment / on region of transmembrane protein near to
polar phosphate head of phospholipid bilayer.
me
2. Location 2 – on region of transmembrane
protein facing aqueous pore ;
ernarry st
sstructure
ruct
ru
ctur of haemoglobin.
ct
(iii) Describe the quaternary
……
……
……
……
……
………
………
…
……………………………………………………………………………………………..[2]
stru
uctur
ctu
ct
urre]
e]
[Quaternary structure]
ins
ns
n
s an
nd 2E
2E chains
cch
hai
ain
ns
s associate
a s
as
1. 2α chains
and
together to form a tetramer;
2. Ref. interchain
errch
cha
aiin iin
interactions
nte
tera
act
ctio such as ionic bonds, hydrogen bonds and hydrophobic
interactions
nss [name
[nam
[nam
[n
ame at least 2] [Reject: disulfide bond] between the R groups of
amino acids
ds from
f
different subunits are involved;
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(d) Sickle cell anaemia is a genetic disease caused by a base substitution in the gene
coding for haemoglobin. This base substitution removes a restriction site for the
restriction enzyme MstII.
The disease can be detected in an unborn child by obtaining a few fetal cells. A small
section of DNA that could contain the base substitution is isolated and amplified using
Polymerase Chain Reaction (PCR).
Fig. 1.3 shows how the restriction enzyme, MstII, cuts the DNA of the normal allele
(HbA) and mutant allele (HbS) into fragments.

Fig. 1.3
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(i)

Explain why a single base substitution will result in the removal of one restriction
site.
...……………………………………………………………………………………….[2]
1. Ref. change in one base result in change in 3D conformation of the
restriction site (on DNA) ;
2. no longer complementary to active site of restriction enzyme;
[Reject “restriction enzymes only recognises specific DNA sequence” Too
vague without stating mechanism]

Fig. 1.4 shows the patterns that are made visible after gel electrophoresis has been
carried out using samples of DNA cut as shown in Fig. 1.3. The DNA samples are from
three foetuses, one who is homozygous (HbA HbA), one who is heterozygous (HbA HbS)
and one who is homozygous (HbS HbS).

Fig. 1.4
(ii) Identify the genotypes of the foetuses labelled A and B.
A …………………………

B…
……
B……………………………..

[2]

1. A: HbS HbS
2. B: HbA HbS
(iii) Explain wh
why
hy in
iindividual
ndi
divi
divi
vidu
ua
all B h
has
ass high
hi evolutionary fitness in malaria-stricken areas.
...…………………………………………………………………………………………….[3]
………
………
……
……
……
te
ea
dvant
dv
Heterozygote
advantage
in HbAHbS individuals
em
present in individual] Individual B (with genotype HbAHbS)
1. [types of haemoglobin
produces both normal and abnormal haemoglobin (in each red blood cell)
2. [about parasite entering RBC causing sickle cell shape] When malaria parasite invade the
blood (and causes decreased oxygen levels due to their respiration), haemoglobin
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S inside the red blood cells caused the cells to become sickled-shaped (Reject:
haemoglobin is sickled) ;
3. [effects of changes in RBC shape on parasite] such cells are {quickly destroyed by the
body / hemolyse easily} ; {stopping the infection / parasites are killed (together
with the sickle-shape RBC)} ;
The slowdown in blood flow also hampered the parasite’s ability to travel and
rapidly infect new cells [decrease parasites’ infection]
/

4. [link to natural selection] Ref. selective advantage of heterozygotes; and are able to
survive and reproduce, pass down (Hbs and HbA) alleles to offspring in malariainfected areas.
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(e) A new anti-malaria drug was discovered. A statistical t-test was performed on a total
of 10 Singaporean subjects to investigate if this drug can result in significant
improvements in the relief of certain symptoms compared to the control group
(receiving no dosage of the drug). There are 5 subjects in the control group and 5
subjects in the experimental group receiving the drug.
The description of the human subjects are included in Table 1.2.

Subject number 1
Subject number 2
Subject number 3
Subject number 4
Subject number 5
Subject number 6
Subject number 7
Subject number 8
Subject number 9
Subject number 10

Table 1.2
Control group
Gender
Age / years old
Female
41
Male
55
Male
50
Female
62
Male
39
Experimental group
Gender
Age / years old
Male
21
Male
24
Male
30
Male
27
Female
25

Race
Chinese
Chinese
Chinese
Malay
Chinese
Race
Chinese
Chinese
Chinese
Chinese
Chinese

Table of t critical values

The t-score was calculated
d to be
e5
5.514.
.5
514
14.
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Using the calculated t-score, the table of t critical values, and Table 1.2, discuss if the
conclusion that this anti-malaria drug is effective is valid.
…....……………………………………………………………………………………….[2]
[Yes, effective]
(Degree of Freedom = total number of subjects – 2 = 10 – 2 = 8);
1. tcalculated of 5.514 is greater than tcritical = 1.860 at p=0.05; thus, there is a significant
difference between control and experimental groups;
[No, conclusion is not valid] (Any one)
2. Sample size of 5 per condition is too small and not reliable ; more tests need to be
done on more subjects) ;
3. Ref. sample biased towards {mostly Chinese / one race} ; cannot extrapolate
effectiveness on other races;
4. Ref. unfair comparison in terms of age between control and experimental groups ;
subjects in the control group are considerably older than that in experimental groups;
5. Ref. subjects are predominantly males ; need to test on more females;
6. Ref. only Singaporeans are sampled ; need to extend to other countries;

[Total: 34]
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QUESTION 2
Antibodies are produced naturally by B lymphocytes in the human body, after exposure
to foreign antigens.
(a) B lymphocytes are known to have slightly different genome as compared to other
nucleated cells in the body. Suggest one reason why.
………….…………………………………..…………………...…………..…..…….……..…[2]
1. Mature B cells have different DNA sequences due to somatic recombination / VDJ
recombination (occurring in developing B cells) ;
2. where DNA arrangements of the V and J segments of the gene coding for the
variable (V) domain of the antibody’s light chain / V, D and J segments of the gene
coding for variable (V) domain of the antibody’s heavy chain occurs; [Ignore C
segments]
Other possible phrasing: “One V segment and one J segment are spliced (V-J joining),
with removal of all the DNA between them.”
OR
1. Activated B cells have different DNA sequences due to somatic hypermutation ;
2. where random point mutations are introduced at a high rate in the genes coding for
the variable (V) domains of both light and heavy chains ;
OR
1. Activated B cells have different DNA sequences due to class switching ;
2. where particular gene segments coding for the constant / C domains of the heavy
chain get retained (and others removed) ;
Fig. 2.1 shows the process of obtaining antibodies using mice as a “production vessel”.

Injection of antibodies
into person

Fig. 2.1

In this process, the
e ssame antigen A is injected multiple times at regular intervals into the
mice before collection of their blood to isolate the antibodies. Such isolated antibodies
may then be injected into a person to achieve immunity.
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(b)(i) State the type of immunity conferred by the injected antibodies.
…….…………………………………..…………………...…………..…..…….……..…[1]
1. Passive ; artificial/acquired immunity
[Reject : adaptive/active immunity]

(ii) Explain why such type of immunity is not long-lasting.
…….…………………………………..…………………...…………..…..…….……..…[1]
1. Ref. no production of memory (B) cells
2. Ref. protein nature of (injected) antibodies which allow for possible degradation
(iii) Suggest why antibodies were collected from the blood after “the same antigen A
is injected multiple times at regular intervals into the mice”.
…….…………………………………..…………………...…………..…..…….……..…[1]
1. Ref. to obtain higher yield ; due to launch of secondary immune response (in
mice injected multiple times with antigen)

(iv) Comment on one ethical implication of using mice for large-scale antibody
production.
…….…………………………………..…………………...…………..…..…….……..…[1]
(Multiple) Injections of antigen into mice:
1. (may cause severe inflammation / bleeding in the animals)
result in {severe distress / discomfort / health risks} in animals ;
Ref. repeated use of same animal to produce high amounts of antibodies
2. results in lower life span due to diversion of resources ;
[Reject: lack of respect for animals’ life / anything relating to religion / invasiveness of
procedure (without explanation) which are vague answer]
[Reject: killing of mice to retrieve blood containing antibodies because Fig 2.1 did not
state that the mice will be killed to withdraw blood.]
answ
sw
swer
wer provided
p
[Accept: abuse of animals as answer
elaboration is given such as repeated
al..]
jabbing of the same animal.]
nim
mal
a s re
rrefers
effe
ers
rs to th
the
e co
com
Actual abuse of animals
commitment of acts that deliberately or intentionally
m without
witth
wi
ho
ou
u
utt benefitting
ben
be
ne
efi
fittttin
ing
g mankind.
m
to cause harm
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(c) A team of students proposed a method to use prokaryotes instead of mice to make
antibodies. In this proposed method, genes for specific antibodies are introduced into
prokaryote cells (e.g. bacteria), which will then express the genes to make the
antibodies.
However, the production of fully functional antibodies in prokaryotic cells is expected
to be unsuccessful.
Explain why.
…….…………………………………..…………………...…………..…..…….……..…[2]
1. Lack of spliceosomes in prokaryotes ; to allow post-transcriptional modification
(resulting in introns not removed) ;
OR
2. Lack of Rough Endoplasmic Reticulum / Golgi apparatus in prokaryotes ;
to allow for post-translational modification of polypeptide chains ;
[Compulsory]
3. Ref. to fold into correct 3D conformation / tertiary structure / association of light
and heavy polypeptide chains by forming disulfide bonds;
AVP:
4. Prokaryotic RNA polymerase is unable to recognize the promoter/termination
sequence of eukaryotic transcription unit ; for expression of gene ;
(d) During an immune response, cells divide by mitosis. Describe the significance of
mitosis in an immune response.
………….…………………………………..…………………...…………..…..…….……..…[2]
1. Ref. T and B cells with receptors complementary in shape to the antigen (will undergo
mitosis)
2. during clonal expansion / produce many clones / increase in number of genetically
identical (immune) cells (primary response) ;
3. many plasma cells to produce more antibodies (that recognizes the same antigen
shape)
/ many cytotoxic T cells to detect and destroy infected cells (presenting the same
antigen shape)
/ many helper T cells to activate specific CD8 T cells and B cells (that recognizes
the same antigen shape) ;
mor
ore
e selected T and B cells from mitosis as more cells
[Reject: faster response due to more
gnittu
ud
de o
off p
rim
ri
ma y immune response but not faster response]
mary
result in greater magnitude
primary
lls
s al
lso
so u
nde go mitosis
nder
nd
mititos
o is to achieve rapid secondary response;
4. Ref. memory cells
also
undergo
[Total: 10]
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QUESTION 3
Reef-building corals are marine invertebrates found in shallow, clear, tropical oceans.
The corals secrete an exoskeleton of calcium carbonate that becomes the underlying
structure of the coral reef ecosystem.
(a) Explain why the areas of sea containing coral reefs are susceptible to increased
temperature resulting from global climate change.
……………………………………………………………………………………………………[1]
1 shallow water heat up quicker than that in deeper bodies of water
/ shallow water subjected to extreme temperature fluctuations
(hence, coral bleaching can occur easily for coral grew near the surface of the sea)
Zooxanthellae are a group of unicellular algae from the genus Symbiodinium that live
within the cells of reef-building corals. The relationship has been described as mutualistic
since it is beneficial to both coral and zooxanthellae.
(b) Evidence shows that the mutualistic relationship between zooxanthellae and reef
building corals has evolved by free-living algae invading corals that did not contain
algae.
(i) Suggest the benefits to the zooxanthellae of their association with the corals.
………………………………………………………………………………………………….[2]
1 (Zooxanthellae) get physical support to obtain light ;
2 carbon dioxide (from respiration of corals) for photosynthesis ;
3 {food caught / suspension feeding / catching prey} by coral / nitrogen from
nitrogenous wastes of coral polyps ; provides nutrients needed for growth of algae
Note: Coral should be catching food/prey, digest them and the wastes from digestion by coral provide
the necessary nutrients for zooxanhellae

4 protection from predation ;
/ protection from extreme conditions ;
nthe
(ii) Corals that do not need zooxanthellae
can live at a greater depth than reef-building
corals.
sso.
o.
Explain why this is so
………
……
…
………
………
…………
… ……
………
…………………………………………………………………………………………………..[2]
ing
ng
n
g ccorals
orrals w
o
wi
itth
ith
ha
lga
lg
ae / zooxanthellae need to photosynthesise; thus
1 Reef-building
with
algae
h allows
allllow
ws penetration
penetr
pen
lesser depth
by light;
o without zooxanthellae has no reliance on light / Coral without
[compulsory] C
Coral
zooxanthellae are able to survive at greater depth where there is less light ;
3 AVP: e.g
different feeding methods ;
deeper waters (may be) nutrient rich
2
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Under conditions of stress, the relationship between the reef-building corals and the
zooxanthellae can break down. Loss of zooxanthellae and the subsequent whitening that
occurs, shown in Fig. 3.1, is known as coral bleaching. Coral bleaching can lead to death
of the coral.

Fig. 3.1
Increased sea temperature associated with global climate change is known to be an
environmental stress that can cause coral bleaching. The temperature range for healthy
survival of reef-building coral is 25 °C – 29 °C.
(c) Suggest one reason why permanent loss of zooxanthellae can lead to death of the
coral.
…………………………………………………………………………………………………..[1]
[Any ONE]
1 decreased source of sugars derived from photosynthesis by zooxanthellae ;
2 loss of (main) source of (chemical) energy, ATP, derived from respiration using
sugars (from photosynthesis);
3 loss of protective algal layer from
om harmful effects of sunlight ;
4 loss of inorganic ions for depo
deposition
pos
po
si
sitio
si
of skeleton that algae obtain from sea ;
[Reject : lack of oxygen
nb
by
y zo
zzooxanthellae
oox
o an
antthe
for coral’s respiration]
[Total: 6]
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Section B
Answer one question only in this section.
Write your answers on the lined paper provided at the end of this question paper.
Your answers should be illustrated by large, clearly labelled diagrams, where
appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in sections (a), (b) etc., as indicated in the question.

4

(a)

Explain how various factors can affect the rate of respiration.

(b)

Discuss the various roles of hydrogen bonding in ensuring the
continuity of life, using named examples where relevant.

[10]
[15]

[Total: 25]

5

(a)

Describe how the Trp operon operates in the absence of
tryptophan as well as in the presence of tryptophan.

[10]

(b)

Explain how Penicillin works in treating bacterial infections.
Discuss how Penicillin-resistance may arise in a bacteria
population, with reference to the key processes involved.

[15]

[Total: 25]
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Mark Scheme
[Direct recall Q – From SAJC 2019 Notes]
4 (a) Explain how various factors can affect the rate of respiration.

[10]

1. Many proteins (E.g electron carriers in ETC) and enzymes (E.g. phosphofructokinase)
are involved in cellular respiration.
A. Substrate concentration*
2. [Description] Increasing substrate concentration will increase the rate of respiration until
rate reaches the maximum / plateau ;
3. [Explanation] (Increasing substrate concentration will increase the rate of respiration
as) there is more substrate available for the enzymatic reactions to occur at the
various stages of cellular respiration ;
4. [Explanation] (Rate of respiration will reach maximum) when enzyme concentration
become the new limiting factor / active sites of enzymes are all fully occupied.
B. Type of substrate*
5. [Description of relationship] Respiration using simple sugars e.g glucose, galactose etc
(must give 1 e.g) will proceed at a higher rate than those that use disaccharide e.g
maltose / complex sugars e.g starch, amylose, amylopectin, glycogen (must give 1
e.g).
6. [Explanation] Glucose is used as the respiratory substrate in glycolysis.
7. [Explanation] This is because a longer time is needed to first break down the complex
sugar into glucose using enzymes such as maltase and amylase
C. Temperature*
8. [Description] Increasing temperature will increase the rate of respiration until rate
reaches the maximum at optimum temperature and beyond optimum temperature,
rate decrease drastically/sharply ;
9. [Explanation] At low temperature, cellular respiration rate is insignificant as enzymes
are inactive / low kinetic energy ;
10. [Explanation] (The rate of respiration
spirrat
a io
i
increases with increasing temperature to an
kkiine
neti
neti
tic
c energy increases and frequency of effective
optimum temperature)) as kinetic
collisions between substrate
subs
su
bstr
trat
atte and
a
and enzymes
an
enz
enzy
en
increases ;
11. [Explanation] ((Beyond
Be
eyo
yond
n tthe
nd
he
e o
optimum
pttim
imu
um temperature, respiration rate decreases) as
enzymes involved
becomes denatured / loses specific 3D
invo
in
volvved
ed in
in respiration
re
esp
sp
spir
conformation
on
n off active
ac
a
cttiive sit
site ; due to thermal agitation ;
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D. pH
12. [Description] At optimum pH, cellular respiration rate is at the highest ; At pH below
and above the optimum pH, rate decreases ;
13. [Explanation] (Change in pH, thus change in H+ and OH-) disrupts ionic and hydrogen
bonds (both bonds required, no additional bonds allowed) between R group of amino acid
residues that hold the enzyme structure together;
14. [Explanation] Beyond the optimum pH, respiration rate decreases as enzymes involved
in respiration becomes denatured / loses specific 3D conformation of active site;
(Thus, rate of enzyme activity is reduced.)
E. Amount of oxygen
15. [Description] The amount of oxygen affects the rate of aerobic respiration (but does not
affect organisms that carry out anaerobic respiration).
16. [Explanation] Oxygen is used as the final electron acceptor at the end of the electron
transport chain (ETC) at the inner mitochondria membrane.
17. [Explanation] Without oxygen, flow of electrons down the ETC halts and oxidative
phosphorylation, Kreb cycle and Link reaction stops too.
F. Amount of water
18. [Description] The rate of respiration decreases with decreasing amount of water
available.
19. [Explanation] This is because enzymes in respiration require water as a medium to
work.
G. State of cell
20. [Description] Young and developing cells (E.g neurons and cells at the root of human
hair) undergo a higher rate of respiration compared to dormant cells such as those
in plant seeds.
21. [Explanation] (Young and developing cells) require more ATP for cellular activities ; e.g
cell division ;
22. QwC: [1m] Clear organised flow
ambiguity AND at least 2 marks awarded for
w without
w
three different factors (A – F)
F).
).
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4 (b) Discuss the various roles of hydrogen bonding in ensuring the continuity of life,
using named examples where relevant.
[15]
A) [Role in maintaining protein structure]
1. For maintaining {secondary structures / α-helices and β-pleated sheets} in proteins,
formed between peptide bonds / –CO group of one amino acid and –NH group of
another amino acid (in the same chain) ;
2. For maintaining tertiary/quaternary structure of proteins, formed between polar R
groups of amino acid residues ;
3. [Named example with elaboration – max 1 mark] Ref. to hydrogen bonds present between
the three polypeptide chains of a tropocollagen molecule / ref. to structure of
haemoglobin e.g mainly α-helixes in α- and β-chains or holding of 4 subunits
comprises of 2 α- and 2 β-chains of haemoglobin / (ref. to GPLR – awarded under
markpoint 11) ;
4. Specific 3D conformation of proteins dictates their specific functions
5. [Named 1 example – max 1 mark] Ref. to enzyme e.g. DNA polymerase, lipase ; ref to
function of respective enzyme ;
B) [Role in enzyme-substrate interaction]
6. To allow substrate to bind weakly to the active site of enzyme
7. [Named 1 example – max 1 mark] Ref. to a enzyme-substrate pair ; e.g. amylase and
starch.
C) [Role in structural support]
8. Many hydrogen bonds present in biological molecules can result in high tensile
strength, therefore provide structural support ;
9. [Named 1 example – max 1 mark] Cellulose has hydrogen bonds between cellulose chains
to produce cellulose fibres
[DO NOT award for collagen as hydrogen bonds are found only within tropocollagen
and hydrogen bonds are only one aspect that contribute to the tensile strength in
collagen fibre – other aspects are staggered arrangement of tropocollagen, covalent
bonds involving lysine and hydroxylysine of tropocollagen];
D) [Role in solubility]
10. To allow (hydrophilic / polar
substances to be soluble in aqueous
pola
ar / cha
ccharged)
ch
h
environment
11. [Named 1 example
ple – max
m x 1 ma
ma
m
mark]
rk]
k Re
Ref.
f. tto
f.
on
named globular protein e.g haemoglobin / Ref.
en
nzzy
yme
me ; ha
h
aving
ving
vi
g {hydrophilic
{hy
hydr
to named enzyme
having
/ polar / charged} R-groups of amino acid
residues pr
projecting
roj
ojec
e ttiing o
ec
outwards
utw
ut
wa
ard from surface of protein
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E) [Role in holding proteins in cell membranes]
12. Hydrogen bonds formed between {hydrophilic/polar} phosphate heads of
phospholipids and {hydrophilic/polar/charged} R groups of amino acids of membrane
proteins, helps to hold the protein in place in membrane.
13. [Named 1 example – max 1 mark] Ref. to transmembrane protein embedded in membrane
e.g. Receptor tyrosine kinase (RTK) / G-protein Linked Receptor (GPLR)
F) [Role of H-bonds between complementary base pairs in nucleic acids]
14. Allows complementary base pairing to occur in nucleic acid interactions
15. Adenine (A) binds to Thymine (T) / Uracil (U) via 2 hydrogen bonds ; Cytosine (C)
binds to Guanine (G) via 3 hydrogen bonds
[Allow 1 Named example for molecule – max 2 marks]
- [E.g. In DNA]
16. Hydrogen bonds stabilize double helical DNA molecule ;
17. Role of storing genetic information.
- [E.g. In tRNA]
18. Intra-molecular hydrogen bonding in tRNA allows tRNA to fold into a clover-leaf
structure
19. Ref. to role of tRNA – carries amino acids to the ribosome for synthesis of polypeptide
- [E.g. In rRNA]
20. Intra-molecular hydrogen bonding in rRNA allows rRNA to fold into a precise 3D
structure to complex with ribosomal proteins to form ribosome
21. Ref. to role of ribosome – translation machinery
- [E.g.. In snRNA]
22. Intra-molecular hydrogen bonding in snRNA allows snRNA to fold into a precise 3D
structure to complex with spliceosomal proteins to form spliceosome
23. Ref. to role of spliceosome – splicing of primary mRNA transcript to produce mature
mRNA
- [E.g. In Telomerase RNA]
ondi
diing
g iin telomerase RNA allows telomerase RNA to fold
24. Intra-molecular hydrogen bonding
cture
e to
to complex
co
omp
m
into a precise 3D structure
with protein (TERT) to form the telomerase
enzyme
llo
lome
ome
era
ase
e – restore
re
est
stor
o e te
25. Ref. to role off telo
telomerase
telomere length to ensure infinite division in stem
cells
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[Allow 1 Named example for process – max 1 mark]
- [E.g. During DNA replication]
26. Important in DNA replication, where daughter DNA strand is synthesized via adding
complementary deoxyribonucleotides to template DNA to ensure accurate
transmission of genetic information.
- [E.g. During Transcription]
27. Important in transcription, where RNA is synthesized via adding complementary
ribonucleotides to template DNA
- [E.g. During Translation]
28. Important in translation, where codons on mRNA complementary base pair with
anticodon on tRNA to ensure correct sequence of amino acids forms the polypeptide
G) [Role of H bonds in carbohydrate structure]
29. H bonds helps maintain the helical structure in amylose
30. AVP
31. QwC: [1m] Clear organised flow without ambiguity AND at least 1 mark awarded for
THREE different roles (any three from items A to F) of hydrogen bonds, each role
with one named example.
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5 (a) Describe how the Trp operon operates in the absence of tryptophan as well as in
the presence of tryptophan.
[10]

1 The Trp repressor protein coded by the regulatory gene (trpR) is constitutively
expressed, normally in its inactive (non DNA-binding) form ;
A) IN THE ABSENCE OF TRYPTOPHAN
2 In absence of tryptophan, Trp repressor does not bind to the trp operator ;
3 RNA polymerase recognises and binds to the promoter of the trp ;
4 and {initiation of transcription / expression} of structural genes, trpE, trpD, trpC, trpB
and trpA ;
(trp operon is switched ON);
5 Repressible enzymes, used in a series of reactions that form intermediates used to
form tryptophan (a pathway for tryptophan biosynthesis), are synthesized.

B) IN THE PRESENCE OF TRYPTOPHAN
6 In presence of tryptophan which act as a co-repressor, tryptophan binds to the
allosteric site of Trp repressor,
7 alters its 3D conformation at the DNA-binding site of Trp repressor ; and activate the
repressor ;
8 (active) Trp repressor now binds to the trp operator ;
9 prevents RNA polymerase {from recognising and binding to the promoter of the trp
/ accessing the structural genes} ;
10 No {initiation of transcription / expression} of structural genes, trpE, trpD, trpC, trpB
and trpA ;
(trp operon is switched OFF);
11 Repressible enzymes, used in a series of reactions that form intermediates used to
form tryptophan (a pathway for tryptophan biosynthesis), are not synthesized.
12 QwC: [1m] Clear, organised flow without ambiguity AND at least 2 marks awarded
for each part (A) – (B).
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5 (b) Explain how Penicillin works in treating bacterial infections. Discuss how
Penicillin-resistance may arise in a bacteria population, with reference to the key
processes involved.
[15]

A) Mode of action of Penicillin:
1 Penicillin is an antibiotic that acts to inhibit the bacterial growth / kill bacteria ;
2 Bacterial transpeptidases catalyse the formation of cross-links between
peptidoglycans in bacterial cell walls ;
3 Ref. to irreversible competitive inhibition / complementary in 3D conformation to
active site of enzyme (transpeptidases) but binds irreversibly ;
4 Thus, cross-links between peptidoglycans do not form and cell wall is weakened ;
5 Ref to osmotic lysis / when bacteria takes in water by osmosis, the increased turgor
pressure causes cell to burst ;
B) Gaining Penicillin-resistance - VGT:
6 Spontaneous DNA mutation in a bacteria cell ; gave rise to penicillin-resistance gene
;
7 Ref. to suggested mode of action of protein coded by penicillin-resistance gene eg.
enzyme that breaks down penicillin, rendering penicillin non-functional ;
8 Bacteria with the penicillin-resistance gene pass it down to their progeny via binary
fission (Vertical gene transfer).
C) Gaining Penicillin-resistance - HGT:

9
10

11

12

Transformation, transduction, Conjugation also enables the transfer of penicillinresistance gene between the bacteria cells.
Transformation occurs when competent bacterial cells take up naked DNA, that coded
for penicillin-resistance, from the environment.
General transduction occurs, where a {T4/lytic bacteriophage} accidentally transfer
genes from one bacterium to another,
no
after the host bacteria’s penicillin-resistance
ckag
ag
ged
d within
w
gene was accidentally packaged
the {viral capsid / bacteriophage}.
ction
on occurs,
on
oc
o
ccu
curs
rs, where
w
Specialised transduction
a {lambda(λ)/lysogenic bacteriophage}
accidentally transfer
nsfer
err g
genes
ene ffrom
en
enes
ro
om on
o
one
eb
bacterium to another, after the host bacteria’s
esist
sttan
s
tan
ance
e gene
gen
ene was
was accidentally
wa
acci
penicillin-resistance
excised together with the (integrated) viral
genome.
Conjugation occurs,
occu
oc
curs
cu
rs, wh
where the F plasmid containing the penicillin-resistance gene,
was transferred
d fr
ffrom
o a F+ cell to F- cell via the sex pilus.

13 (Following transformation, transduction, Conjugation,) homologous recombination or
site-specific integration may occur in the recipient bacteria, thus conferring penicillinresistance phenotype (to the recipient bacteria).
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D) Gaining Penicillin-resistance – Natural Selection:
14 Presence of penicillin in environment acts as a (directional) selection pressure.
15 Non-resistant bacteria {are selected against / have selective disadvantage}
OR
Bacteria which are resistant to penicillin {are selected for / have a selective
advantage} ;
16 Penicillin resistant bacteria survive, reproduce and pass down the allele coding for
penicillin-resistance (Reject: pass down trait) to subsequent generations of bacterial
cells (during binary fission);
17 Over many generations, frequency of allele coding for penicillin-resistance
increases in the gene pool of bacteria.
(Thus, penicillin-resistance is exhibited by majority of bacteria.)
18 QwC: [1m] Clear, organised flow without ambiguity AND at least 2 mark awarded for
item (A) AND at least 2 mark awarded for each of any two from items (B) – (D).
Possible combinations as follow:
(A), (B), (D) or
(A), (C), (D) or
(A), (B), (C)
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SAJC 2019 JC2 PRELIMINARY EXAMINATION

Paper 4: Practical Exam
(Mark Scheme)
Answer all questions
QUESTION 1
You are advised to:
x

Read through the entire question first

x

Prepare a table to record your results in (b)(ii)
before starting the investigation.

In this question, you will investigate the effect of substrate concentration on the rate of
hydrolysis of a disaccharide, sucrose.
The enzyme E catalyses the hydrolysis (breakdown) of sucrose to fructose and
glucose.
The products of the hydrolysis of sucrose will change the colour of potassium
manganate(VII) solution, P, from purple to colourless.

You are required to:
x
x
x

prepare a simple dilution of sucrose solution
investigate the action of E on the different concentrations of sucrose solution
record the time taken to reach the end-point for each concentration of sucrose
solution

You are provided with:
x
x
x
x
x

30.0 cm3 of 10.0 % sucrose
rose
e ssolution,
o ut
ol
utio
ion labelled S,
io
3
ed w
wa
water,
ate
er,
r llabelled
ab
a
bel
elle
elle
led W
W,,
50.0 cm of distilled
3
–3
–
3
10.0 cm of 1 mol
mo
m
ol dm
dm s
sulfuric
su
ulflfur
lf ric a
acid,
c d labelled A, which is an irritant
ci
3
1..0 % enzyme
1
enzy
en
zym
me
e solution,
sol
o
labelled E, which is an irritant
10.0 cm off 1.0
3
0 .0
0.
01
1%p
potassium
otas
ot
manganate(VII) solution, labelled P, which is a low
20.0 cm off 0.01
risk irritant

Safety:
x

It is recommended that you wear suitable eye protection.

x

If A, E or P come into contact with your skin, wash off immediately under running
water.
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(a) Sketch a fully-labelled graph to show the expected relationship between the rate
of hydrolysis of sucrose by enzyme E and sucrose concentration, as sucrose
concentration increases. Assume that all other conditions are kept constant.
No units for axes are required.
………………………………………………………………………………………..………[2]
Graph of rate of hydrolysis of sucrose against sucrose concentration
Rate of hydrolysis of sucrose

Sucrose concentration

1. Correct axes labels on X-axis & Y-axis
Accept: y-axis label - “Rate of hydrolysis”
[Reject: y-axis label - “Rate”, x-axis label - “substrate concentration” too vague.]
2. Correct shape of graph (linear to plateau), starting from origin
Accept: curved instead of linear
[Reject: All linear OR Plateau is not clear (Advice: plateau be drawn using ruler)]
IGNORE: If (wrong) units is given.
Proceed as follows:
You are required to prepare different concentrations of the sucrose solution.
th sucrose solution, S, to obtain five different
(b) Carry out simple dilutions of the
ncen
nc
e t
concentrations in which the conc
concentration
of sucrose is reduced by 2.0 % between
on
n.
each successive dilution.
0 cm
cm3 fo
for
or e
ea
each
acch
h concentration
con
onc
cen
of sucrose solution, using the small
Prepare 5.0
ont
nta ne
nt
ntai
nerrs
s provided.
prov
rovi
ro
vide
ded
d
plastic containers
able 1
able
ab
(i) Complete T
Table
1.1 to show how you will prepare the different concentrations
of sucrose so
solution.
………………………………………………………………………………………..………[2]
Table 1.1
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4

Concentration of sucrose
solution / %

Volume of S
/ cm3

Volume of W
/ cm3

10.0
8.0
6.0
4.0
2.0

5.0
4.0
3.0
2.0
1.0

0.0
1.0
2.0
3.0
4.0

1. Correct 4 concentrations (accuracy to 1.d.p), with 2% reduction per dilution
[Reject: if order is not descending, as specified by Question stem]
2. Correct volumes of S & W (accuracy to 1.dp)

Before proceeding further:
x

Use the beaker labelled Hot water to collect approximately 200cm3 of hot water
from where it is provided in the laboratory.

x

Use the beaker labelled Cold water to collect approximately 200cm3 of tap water
from the tap.

Read step 1 to step 13 before proceeding.
1. Prepare the concentrations of sucrose solution, as shown in Table. 1.1.
2. Label as many test-tubes as you require for all the sucrose solutions prepared in
step 1.
3. Put 1.0 cm3 of 10.0 % sucrose solution into the labelled test-tube.
4. Repeat step 3 with each of the other concentrations.
r labelled hot water and cold water, set up a
5. Using the water from the beakers
water-bath at a temperature between
betw
twee
tw
e 35 °C and 40 °C. Use hot water to adjust the
terr-ba
ath
th ifif it ccools
oo down too much.
temperature of the water-bath
star
tar
art
rt w
wh
h
hen
en
e
n E is
is a
dded in step 6.
dd
The reaction willll st
start
when
added
off E in
iinto
nto
to each
eac test-tube. Shake gently to mix.
6. Put 1.0 cm3 o
7. Put all of the test-tubes into the water-bath and start timing.
8. Leave the test-tubes in the water-bath for 8 minutes.
During this period, it is not necessary to maintain the temperature of the water-bath.
Need a home tutor? Visit smiletutor.sg

During this incubation period, continue with (b)(iv) and the rest of Question 1.
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9. At 8 minutes, remove all test-tubes from the water-bath and immediately put 1.0
cm3 of A into each of the test-tubes. Shake gently to mix. Leave the test-tubes on
the test-tube rack.
10. Label a clean test-tube as Z.
Put 1.0 cm3 of E and 4.0 cm3 of W into the test-tube. Shake gently to mix.
Test-tube Z will serve as the reference for the colourless end-point.
11. Put 1.0 cm3 of P into the test-tube containing 10.0 % sucrose solution. Start timing.
Shake gently to mix.

12. Check on the colour of the test-tube up till a maximum 5 minutes.
Record in (b)(ii) the time taken for the test-tube to reach the end-point, as shown
by the contents of test-tube Z.
13. Repeat steps 11 to 12 for each of the other concentrations of sucrose.
Also, calculate the (relative) rate of hydrolysis of sucrose and record in (b)(ii).
If the end-point has not been reached after 5 minutes, stop timing and record the
time taken as ‘more than 300’ and the rate as ‘zero’.
(ii) Record your results in a suitable format in the space given.
………………………………………………………………………………………..………[4]
Table showing effects of different sucrose concentration on the time taken for
P to completely decolourise, to calculate the rate of hydrolysis of sucrose
Sucrose
Concentration
/%
10.0
8.0
6.0
4.0
2.0

Time taken for P
to completely
decolourise
/s
4
4
5
8
1
10

(Relative) Rate
of hydrolysis of
sucrose
/ x 10-2 s-1
25
25
20
13
10

OR

(Relative) Rate
of hydrolysis
of sucrose
/ x 10-1 s-1
2.5
2.5
2.0
1.3
1.0

1. Independent variable: presented on leftmost column with appropriate heading
and unit
Reject: “Concentration” (too vague)
2. Measured variable & Dependent variable: separate columns with appropriate
headings and units
Accept: “Time taken for test-tube to reach end point”
Need a home tutor? Visit smiletutor.sg
Reject: “Time taken” (too vague)
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3. Precision of data:
x Independent Variable: In 1.dp
AND
x Raw data: In seconds (Accept whole no. only),
AND
x Rate of hydrolysis of sucrose:
¾ In standard form (Accept: whole no. or 1.dp),
¾ Reject: If answer is NOT is standard form, E.g 0.2 (This will result in
many of the values being the same, if rounded based on precision
rule)
¾ If time taken is stated as ‘more than 5’, only accept the rate as ‘zero’.
Reject ‘0’.
Marker’s Guidance: Can accept if standard form was given in the table
4. Observations recorded for all 5 concentrations (Acceptable range: 0-30s) +
correct Trend : Earlier change in colour for highest sucrose concentration.
Marker’s Guidance: “Range of value should be with reference to teacher’s expt
value”
Reject: If student indicates time taken as ‘more than 300’ and the rate as ‘zero’,
this was not shown in teacher expt.
(iii) Discuss what your results suggest about the relationship predicted in (a).
………………………………………………………………………………………..[2]
(If experimental results match predicted relationship)
1. [Comparison of experimental results with Prediction] Pattern of results shows
same pattern as predicted in (a);
2. [Implication] Which increases the confidence in the hypothesis / proposed
relationship;
OR
(If experimental results only match the initial predicted increase but plateau is
absent)
1. [Comparison of experimental
nta
al results
r
re
with Prediction] Pattern of results shows
same initial increase
e as predicted
pre
redi
dict
di
c e in (a) initially, but plateau is not reached;
2. [Implication] Decreases
crea
ea
e
ase
ase
ses confidence
co
c
onf
nfid
idenc in the predicted relationship
id
/ Further results
(at
higher
su
ultts ((a
at hi
h
igh
g er sucrose
suc
ucro
ros concentrations) will need to be collected
ro
in orderr to
further
evaluate
o furt
fu
urtther
her ev
he
e
valua
alua
al
uate the
the
h relationship;
OR
re
esu
sultltss do
sult
(If experimental results
does not match predicted relationship)
1. [Comparison of experimental results with Prediction] No clear pattern in the
results / results do not match at high / low sucrose concentrations;
2. [Implication] Decreases confidence in the predicted relationship
/ experiment should be repeated to check on the reproducibility of results;
Reject: “Proving results… / confirming results… / concluded that results are
Need point
a home
true/right/correct / concluded that results are valid” [Mark
2] tutor? Visit smiletutor.sg
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(iv) Explain the purpose of step 9, where solution A was added to the mixture.
………………………………………………………………………………………..[1]
Sulfuric acid denatures the enzyme ; which stops/quench the reaction.

(v) Suggest why solution P is expected to (eventually) decolourise, when it was
added to the mixture in step 11.
………………………………………………………………………………………..[1]
Fructose and glucose are reducing sugars ;
Which will reduce the (oxidising agent) potassium manganate(VII)
/ reverse argument (on oxidation of the reducing sugars) ;

(vi) Confidence in the results of this experiment may be limited by lack of replication
and repeats.
Apart from conducting replicates and repeats, identify one other significant
source of error in this experiment. Also, describe one method to overcome /
reduce this source of error.
………………………………………………………………………………………..[2]
Any pair
1. [Error 1] Lack of (negative) control performed ;
2. [method to overcome] Description: ‘replace sucrose solution with equal volume
/ 1.0 cm3 of distilled water’
OR
‘replace enzyme solution with equal volume / 1.0 cm3 of distilled water / boiled
and cooled enzyme solution’
(, keeping all other experimental conditions the same) ;
[Reject: ‘Carry out control’, too vague]
OR
3. [Error 2] Lack of equilibration
bratio
ion
io
n st
step
e ;
me]
e] Put
e]
Put sucrose
Pu
sucr
su
cros
ose so
os
4. [method to overcome]
solution and enzyme solution in separate test
ba
atte
e in
in water
wa
w
atte
er bath
bath for
for
o 3 minutes (need to suggest an appropriate
tubes and incubate
duration, e.g
1h
experiment)
for equilibration, before adding them
g 3 to
to 5 min
miin
n for
fo
orr 1
he
x
o start
sta
tart reaction
rre
ea
accttiion
on ;
together to
OR
5. [Error 3] Difficulty in judging colour change / colour identification of end-point
is subjective ;
[Reject: “Colour is subjective”.]
6. [method to overcome] Use a colourimeter or UV spectrometer to measure the
absorbance of the contents in the cuvettes (By fixing the end-point at the specific
absorbance value for test-tube Z (cloudy clear colour))
Need a home tutor? Visit smiletutor.sg
[REJECT: Use of a colour chart as reference, as Tube Z already acted as the
reference)]
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OR
7. [Error 4] Temperature of water bath was not kept constant (during step 8) ;
8. [method to overcome] Use a thermostatically controlled water bath to keep the
temperature constant
OR
keep temperature of water bath constant via manual adjustment, using hot water,
cold water and thermometer.
[Note: It is advised to also include the specific temperature that the water bath is
maintained at.]
9. [Error 5] Time lag for {addition of enzyme / E / step 6} to all 5 test-tubes OR Time
lag for {addition of acid / A / step 9} to all 5 test-tubes ;
10. [method to overcome] Ref to time staggering / do step 6 to 9 for 1 test-tube at
a time ;
11. [Error 6] Ref that the suggested range of values for sucrose concentration (in
protocol) was insufficient to determine the full predicted/theoretical trend ;
12. [method to overcome] Increase the range of values for sucrose concentration
AND suggest appropriate range of values for improvement (Reject: 100%) ;
13. AVP
Reject:
x
x

Operator error. E.g. Wrong dilution done, parallax error.
pH value is not kept constant. [Acid has to be added to end reaction, presence
of pH buffer will affect this step. Thus, this answer is not applicable for this
experiment.]
(c) A student carried out a similar experiment to investigate the effect of pH on the
activity of an enzyme.
The rate of enzyme activity was measured when the solution was at different pH
values.
ept constant.
cons
co
nsta
ns
All other variables were kept
how
wn in
in Table
Table
le 1.2.
1.2
.2.
The results are sh
shown
Table 1.2
pH
4.0
6.0
8.0
10.0
12.0

rate of enzyme activity
/ arbitrary units (A.U.)
4.6
8.3
9.2
6.1
Need2.5
a home tutor? Visit smiletutor.sg
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(i)

Use the grid to plot a graph of the results shown in Table 1.2.
………………………………………………………………………………………..[4]
Graph of rate of enzyme activity against pH

OR
Graph of rate of enzyme activity against pH

Need a home tutor? Visit smiletutor.sg
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1.
2.

3.
4.

Scale: Sensible scale with graph occupying at least 1/2 the grid on both x- and yaxes + equidistant divisions on axes ;
Axes & Units: Independent variable (pH) on x-axis and dependent variable (rate of
enzyme activity) on y-axis ; only units for y-axis required (A.U.) ;
Ignore: Precision / d.p
Plot: Accurate plotting of points to nearest half a small square ;
Marker’s Instructions: Allow ECF even if Axes/Units (2) mark is not awarded.
Graph: Smooth curve drawn, without extrapolation beyond plotted points ;
Accept: If student indicate a point a outlier/anomaly.
Accept: Point-by-point joining, ruled lines only.
Reject: Best-fit straight line / hybrid (curve & straight line) drawn
Marker’s Guidance: Max 1 mark (mark point 3 – Plot) for students who inverted the
axes.

(ii) Using yourr graph,
gra
rap
ph
h, find
ffiiind
nd
n
d tthe
he
e rate
rat
ate
e of enzyme activity which would be achieved if
the pH of
11.0.
of the
the
e solution
so
s
olu
uttiion
on was
was 11
Clearly indicate
diica
cate your
cate
yo working.
Rate of enzyme activity = ..................................................A.U. [1]
1 Correct reading from student’s own graph (precision to half a small square),
+ need to clearly annotate lines on graph (= workings)
Accept correct answer expressed to 1 d.p or 2.d.p (to nearest 0.05, = half the
Need a home tutor? Visit smiletutor.sg
smallest grid). E.g 4.3 or 4.25 (From the sample graph)

11

(iii) Describe and explain the effect of increasing the pH from 8.0 to 12.0 on the rate
of enzyme activity.
………………………………………………………………………………………..[4]
[Describe] – Compulsory Point
1. As pH increases from 8.0 to 12.0, the rate of enzyme activity decreases
(sharply) from 9.2 to 2.5 A.U. (data must be quoted);

2.
3.
4.

5.
6.

[Explanation] – Max 3
Change in pH of solution results change in concentration of H+ and OH- ;
(Above the optimal pH,) the ionic charges of (acidic and basic) R groups of
amino acid residues are altered ;
This disrupts ionic and hydrogen bonds (both bonds required) holding the
enzyme structure together;
[Reject: hydrophilic (too vague)]
[Reject: hydrophobic, covalent bond]
Specific
3D
conformation
of
active
site
is
altered
/ active site is denatured / charge of active site / catalytic groups is modified ;
(Lower effective enzymes concentration), thus lower frequency of effective
collisions between enzyme and substrates
/ reduced enzyme-substrate complex formation per unit time ;
(Thus, rate of enzyme activity is reduced.)
[Total: 23]
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QUESTION 2
A student wants to investigate the effect of temperature on the rate of digestion of
sucrose, catalysed by enzyme sucrase.
Based on your knowledge of food tests, choose a relevant food test for this
investigation.
Design an experiment to determine the effect of temperature on the absolute rate of
sucrose digestion.
Your planning must be based on the assumption that you have been provided with the
following equipment and apparatus which you must use.
You are provided with:
x
x
x
x
x
x
x
x
x
x
x
x
x

1% sucrase solution
1% sucrose suspension
Benedict’s solution
Spectrophotometer
Cuvettes
Glass rod
Stop watch
Bunsen burner, tripod, gauze
Access to hot water (80oC – 90oC)
Supply of cool tap water
Thermometer
Distilled water
Normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders,
graduated pipettes, glass rods, etc.,

Your plan should:
x have a clear and helpful structure such that the method you use is able to be
ng it,
it,
repeated by anyone reading
vant diagrams,
dia
iagr
gram
gr
a
x be illustrated by relevant
if necessary,
ep
pe
en
nd
de
ent
nt and
and
nd dependent
dep
epen
e
x identify the independent
variables,
he
em
eh
et
ho
o
od
dw
wi
itth
h tthe
he scientific
scie
x describe the
method
with
reasoning used to decide the method so
that the
and reliable as possible,
e results
res
e su
ullts
ts are
are
re as
as accurate
accu
ac
c
x show how
w you
you
u will
wilill record
reco your results and the proposed layout of results tables
re
and graphs,
s,
x use the correct technical and scientific terms,
x include reference to safety measures to minimize any risks associated with the
proposed experiment.
[Total: 12]
Need a home tutor? Visit smiletutor.sg

13

MARK SCHEME

Any 2 for 1 mark

Introduction
9 Theoretical background: [A – 2M Max]
1 As temperature increases (up to the optimum temperature), enzyme and
substrate molecules have higher kinetic energy, resulting in higher
frequency of effective collisions between enzyme and substrate
2 More ES complexes formed per unit time / thus more products formed per
unit time (so rate of reaction increases).
3 Increasing temperature will cause more thermal agitation ; above the
optimum temperature, this disrupts hydrogen bonds, ionic bonds and
hydrophobic interactions (any 2 types of bond stated) between R-groups
of amino acid# residues in the enzyme.
4 Enzyme loses specific 3D conformation of active site# / denatured / less
ES complexes formed per unit time / hence less products formed per unit
time (so rate of reaction decreases).
9 Rationale of set up:
5 The rate of sucrase reaction can be determined by monitoring the
{concentration of reducing sugars / glucose & fructose} formed by using
the Benedict’s test.
/ The higher the rate of reaction, the higher {the concentration of reducing
sugars / glucose & fructose} present, so more brick-red precipitate is
formed from Benedict’s test.
6 The quantity of brick-red precipitate can be monitored using a
spectrophotometer. The higher the quantity of precipitate, the higher the
absorbance values.
9 Hypothesis [B - 1 M]:
x The rate of digestion of sucrose catalysed by sucrase should increase as
temperature increases,
x and decrease drastically as temperature increases beyond optimum
temperature.
Variables [C – 2M]
9 Independent
entt v
va
variable:
ari
ria
ab
ble
e: Temperature
Temp
Te
mper
erat
/°C (30°C, 40°C, 50°C, 60°C and 70°C)
[At least 5 logical
lo
ogi
gica
cal va
cal
v
values
alu
lues ((20 – 100°C); regular intervals; Correct unit]
1M

9 Dependent va
variable:
ari
Absolute rate of sucrose digestion, measured by
absorbance of mixture per unit time / AU s-1
[Correct term & unit]
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Any 2 for 1 mark
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9 Other Variables to be kept constant: [Apparatus & quantity to be indicated]
1 Concentration of enzyme (sucrase) used;
o use the same 1% sucrase stock solution + same volume of 1.0
cm3 measured by syringe
2 Concentration of substrate (sucrose) used;
o use the same 1% sucrose stock solution + same volume of 5.0
cm3 measured by syringe
3 Volume of test solution / Benedict’s solution,
o use 2.0 cm3, measured by syringe
4 Duration of incubation / Benedict’s test;
o 2 minutes, using a stop watch
5 pH;
use a pH buffer adjusted to the optimum pH of sucrase (E.g. 7.0)

9 Control: [D – 1M, both set-up description + rationale]
x

Set-Up 1: Replace sucrase with equal volume / 1.0 cm3 of boiled and cooled
sucrase / distilled water, keeping all other experimental conditions the same.
(Expected results: Benedict solution remains blue, no precipitate formed.)

x

Rationale: This is to ensure that any changes in {absorbance value obtained
/ quantity of precipitate formed} is due to the enzymatic activity of sucrase
at different temperatures and not due to other factors.

OR
x

Set-Up 2: Replace sucrose solution with equal volume / 5.0 cm3 of distilled
water, keeping all other experimental conditions the same.
(Expected results: Benedict solution remains blue, no precipitate formed.)

x

Rationale: This is to ensure that any changes in {absorbance value obtained
/ quantity of precipitate formed} is due to the digestion of sucrose (by
u
sucrase) at different temperatures
and not due to other factors.

Need a home tutor? Visit smiletutor.sg

15

9 Labelled Diagram [E - 1M, labels needed]

OR
Set up for Incubation

Set up for Benedict’s test

Procedure: [Apparatus and quantity stated] – 5M
1.
2.
3.

Prepare a 30°C water bath using a mixture of hot and cold water. Use the
thermometer to ensure the correct temperature is obtained.
Using a syringe, fill a boiling tube with 5.0 cm3 of 1.0 % sucrose solution.
Using a syringe, fill a test tube with 1.0 cm3 of 1.0 % sucrase solution.

4.

*Incubate the boiling tube and test tube containing their respective solutions in a
water bath set at 30°C and allow 1 min for the contents to equilibrate.

5.

After equilibration, transfer the 1.0 cm3 1% sucrase solution from the test tube to
the boiling tube containing the 1% sucrose solution.
Stir the reaction mixture thoroughly using a clean glass rod and start the
stopwatch immediately.
ture
e in tthe
he water bath maintained at 30°C for 2 min.
Incubate the reaction mixture

6.
7.
8.

*After 2 min, stop
the reaction mixture in boiling water for
top
p tthe
he
h
e reaction
re
ea
actio
on by placing
pla
lac
1 min.

0 cm
cm3 of reaction mixture from the boiling tube and transfer it to a
*Remove 2.0
clean test tube.
be.
e
10. *Perform the Benedict’s test on this reaction mixture.
 Add equal volume of Benedict’s solution to the reaction mixture in the test
tube using a syringe.
 Place the test tube in the boiling water bath for 2 min.
 (After 2 min, carefully remove the tubes from the boiling water and place them
in a rack.)
Need a home tutor? Visit smiletutor.sg

9.

11. Cool the test tube by immersing it in a beaker of tap water for 30s.
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12. *(Use a clean, dry glass rod to stir the contents of the tube and) pour 2cm3 of the
suspension into a cuvette.
13. *Fill another cuvette with 2cm3 of distilled water / Benedict’s solution and place it
in the spectrophotometer. Press the zero button. Remove the cuvette.
14. *Place the cuvette containing the suspension in the spectrophotometer, press the
test/start button and record absorbance value.
15. Repeat steps 1 - 14 for each other temperatures, 40°C, 50°C, 60°C and 70°C
respectively.
16. *To ensure reliability of results, perform 2 more replicates for each temperature.
17. *To ensure reproducibility of data, repeat the entire experiment (steps 1 – 16)
twice using freshly prepared reagents and new apparatus.
9 [F - 1M] Point 4: Description of Equilibration step (before mixing enzyme and
substrate) + specific temperature + duration.
9 [G - 1M] Point 8: Description of how to stop enzyme reaction.
9 [H - 1M] Point 9-10: Description of Benedict’s test (equal vol.).
9 [I - 1M] Point 12-14: Description of using spectrophotometer.
9 [J - 1M] Point 15 &17:Performing replicates & repeats
9 Table of results: [K - 1M]
Table of Absorbance at various Temperatures
Temperature
/°C

Absorbance of Mixture / AU
1
2nd
3rd
Average
Replicate Replicate Replicate
st

Absolute rate of
digestion of
sucrose / AU s-1

30.0
40.0
50.0
60.0
70.0

Table must contain:
1 Correct table headings
units
ings
s with
with suitable
s
able
ab
le to
to b
e rep
2 Independent variab
variable
be
represented on left-most column of the table,
ues to
to be
be iindicated
n iccat
nd
a ed
with 5 values
de tr
ttriplicates
rip
ipli
lica
cate
cate
tes an
a
nd av
ave
3 Include
and
average columns
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9 Graph: [L - 1M]
Graph of rate of digestion of sucrose by sucrase against Temperature

Absolute rate of
digestion of
sucrose / AU s-1

Graph must contain:
1
2

Correct axes headings with suitable units
Correct shape of graph (Gentle increase in rate before optimum & drastic drop in
rate after optimum temp (without tapering at high temperature). Last part of graph
to touch x-axis.
Note: Optimum temperature label NOT required)

9 Risks & Precautions: [M - 1M (Need 2x pairs)]
Risk
1. Hot water / boiling water bath may
cause scalding
OR
Burnt by Bunsen burner / tripod
stand
2. Hot liquid may splurt out from
boiling tube, during heating

Precaution
Handle hot water baths / Bunsen burner
with care.

Direct the mouth of boiling tube away
from self and others.

3. Glassware can break and cause
ca
Exercise {caution / care} when handling
cuts / injuries
glassware / Dispose of broken glassware
promptly and safely.
4. Benedict’s
ct’ss ssolution
ollut
o
utiio
on / ssucrase
uc
(For preventing eye irritation) Wear safety
solution
on
n causes
ca
c
au
us
se
ess eye
ey
ye
e O
OR skin googles.
irritation
on
n
OR (For preventing skin irritation) Wear
gloves.
5. Electrocution by
spectrophotometer, due to wet
hands

Ensure that hands are dry when using the
electrical appliances. / Clean up any
spills.

[Total: 12]
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Ö Total for planning = 15 marking points for MAX 12 marks
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QUESTION 3
For this question, you will require access to a light microscope (with an eyepiece
graticule) and the plastic container labelled M, which contains both a stage
micrometer and specimen slide S1.
You are provided with a plastic container containing a stalk from an aquatic plant,
submerged in distilled water.
1. Use the scissors and forceps to carefully remove a leaf from the stalk.
2. Use the mounting needle and forceps to carefully mount the specimen on a
microscope slide.
3. Add 1 drop of distilled water.
4. Gently cover the specimen with a cover slip, and use a paper towel to absorb any
excess fluid.
(a) Observe your slide under the low-power (10X) and followed by high-power
objective lens (40X) of your microscope.
Use the space below to make a high-power detailed drawing of 3 adjoining cells.
Label 3 different structures observed in your drawing.
……………………………………………………………………………………………[4]

(40X)
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19

High power / Detailed drawing of three plant cells (400X magnification)
Cellulose
Cell Wall
Cell surface
membrane /
Plasma membrane

Chloroplast
Cytoplasm / Cytosol

1. Title: Correct title & overall magnification stated
+ Size: Size of drawing is sufficiently large (at least 1/2 of space provided) ;
[Reject: Type of lens used e.g. 40x.]
2. Shape: 2 lines for cell wall ; + numerous chloroplasts drawn ; + Presence of shared
cell wall + 3 adjoining cells. ;
[Reject: Separate cell walls, >3 or <3 cells drawn.]
3. Quality: Cells drawn with clear, continuous lines + No shading ;
4. Labels: At least 3x correct labelling of cell structures.
x (Cellulose) Cell wall ;
x plasma membrane / cell surface membrane ;
x chloroplast ;
x cytoplasm / cytosol ;
(b) Slide S1 is a microscope slide off a stained transverse section through a plant stem.
This stem also grows submerged
merg
rged
rg
ed in water and contains air spaces.
You are not expected
pected
ed to
ed
to be
be familiar
fami
fa
milililiar
ar with
wit this specimen.
1 un
u
nde
der the
tth
he low-power
low-p
lo
Observe S1
under
of your microscope.
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Draw a plan diagram of a region of the stem on slide S1, as shown by the shaded
area of Fig. 3.1. Within this part of the stem there will be a number of air spaces.

Fig. 3.1
A plan diagram shows the arrangement of the different tissues. Your drawing
should show the correct shape and proportion of the tissues and air spaces.

……………………………………………………………………………………………[4]

Plan Diagram of specimen S1 (100x magnification)
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1. Title: Correct title & magnification stated
+ Size: Size of drawing is sufficiently large (at least 1/2 of space provided) ;
2. Layers: At least 2 lines for outer epidermis ; + at least 3 air spaces drawn ; +
at least 2 lines for cells surrounding air spaces ; + center vascular bundle
indicated
3. Proportion: Correct proportion where outer epidermis is thinner than inner
layer in stem + upper right quadrant of specimen
(Reject: drawing entire specimen or wrong quadrant.)
4. Quality: No individual cells drawn + no shading + no fuzzy and broken lines;
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(c) You are required to measure the length of one air space in the stem on slide S1,
under 10x objective lens.
When viewing slide S1 under the microscope, select one air space in the stem
located in the same region as your drawing in (b), as shown by the shaded area of
Fig. 3.2.

Fig. 3.2
(i) Before measuring the length of the selected air space, calibration of the
eyepiece graticule needs to be conducted, under 10x objective lens.
It is given that the length of each stage micrometer division is 0.01 mm.
Describe the method to calibrate the eyepiece graticule.
…………...……………………………………….……………..……………………[3]
1. Place stage micrometer on the stage of the microscope and position stage
scale such that it is superimposed on / aligned next to the smaller
eyepiece scale under low power objective lens (x10) ;
2. Count the number of eyepiece unit/s that fit within 1 stage micrometer
division.
3. Calculate the length of each eyepiece unit by dividing the length of 1
stage micrometer division (e.g. 0.01mm) by the number of eyepiece units
that fit within it (e.g. 1).
ndica
cate
ca
ted
te
d in (c)(i), conduct the actual calibration for your
(ii) Based on your steps indicated
e under
und
nde
nd
err 10x
10
1
0x objective
obje
ob
eyepiece graticule
lens.
ea
cttua
c
ual le
eng
ngth
th o
one
ee
Find the
actual
length
off on
eyepiece graticule division.
you
our workings
our
ou
work
wo
rkin clearly.
rk
Show all your
Ratio =

1 stage micrometer divison : 1 epu ;

Length of 1 eyepiece graticule division = 0.01mm x 1/1 = 10 μm
[Reject: Answer in mm]
[Reject: No workings shown to derive final answer]
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Actual length of 1 eyepiece graticule division = ..………..…… μm [1]
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(iii) Using the information found in (c)(ii), calculate the actual length of the selected
airspace in the stem in slide S1, under 10x objective lens
Show all your workings clearly.

Actual length of air space = ……………… μm [2]

Measurement under 10x objective lens:
1. Number of eyepiece graticule divisions = 45 [Acceptable range: 30 – 90]
(Note: different slides will have varied sizes)
2. Size of air space = Number of eyepiece graticule divisions x 10μm*
= 45 x 10μm = 450 μm
[Reject: Answer in mm]
(iv) Using the information found in (c)(iii), calculate the magnification of your
b).
drawing of the air space in (b
(b).
p in
ps
i your
you
our working
wo
w
ork
rking
g clearly.
Show all the steps
Magnification = .........................X [2]
ased
as
do
n sstudent’s
tu
Answer bas
based
on
own drawing in (b)
Ma
Magnification of drawing =

Size of drawing

_

Actual size of specimen
1. Application of correct formula used with values & units shown ; correct
final answer (in 3.S.F)
E.g
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= 32000 μm / 450 μm
= 71.1 x
2. Working: Student to indicate on drawing in (b) the specific airspace
measured with correct units
[Reject: If breadth is measured]

(d) Fig. 3.3 is a photomicrograph of a stained transverse section through a stem of a
different aquatic plant species. It also contains air spaces.
You are not expected to be familiar with this specimen.
(i) Observe the stem in Fig. 3.3 in comparison to that of slide S1.
You will use Fig. 3.3 to describe two observable differences between the stem
in Fig. 3.3 and the stem in S1:
x
x

Draw label lines to two different features between the stem in Fig. 3.3 and
the stem in S1 and use only the labels X and Y.
Complete Table 3.1 to describe how each feature on the stem in Fig. 3.3
differs from the stem in S1.
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Fig. 3.3
Table 3.1
Feature
X
Y

Slide S1

Fig. 3.3
[3]

1. Any 1 correct observable differences
e
;
2. Any 1 other correct observable
;
serv
vab
able
le differences
d
es + correct
co
orrrre
ec
ct position
posi
po
s tio + use letters X and Y ;
3. Uses 2 label lines
uida
ui
danc
nce
e:: Aw
A
warrd ma
m
Marker’s G
Guidance:
Award
mark point 3 only when mark point 1 & 2 are
correct / va
vvague.
ag
gu
ue.
e.

Need a home tutor? Visit smiletutor.sg

26

Feature

Slide S1

1

Outer surface of stem is smooth

2
3

Outer surface of stem is thin.
Air spaces are very large / lesser
in number / elongated
Air spaces are arranged in 1 ring

4
5
6

Fig. 3.3

Outer surface of stem is irregular
/ rough
Outer surface of stem is thick.
Air spaces are tiny / numerous /
circular
Air spaces are arranged in 2
rings
Air spaces are arranged in pairs
Vascular bundles are located near
the periphery of the stem

Air spaces are arranged singly
Vascular bundles are located at
centre of the stem

(ii) Suggest one advantage of having air spaces in stems of aquatic plants, as
shown in slide S1 and Fig 3.3.
………………………………………………….……………..……………………[1]
Any one:
1. To allow for buoyancy / for the plant to float on the surface of water ;
2. To allow for gaseous exchange (Aerenchyma enhances internal circulation
of air in the plant) ;

[Total: 20]
ND OF PAPER 4 ~
~ END
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QUESTION 1
The figure below shows a neurone.

Calculate the magnification of the electron micrograph.
A.

X 40,000

B.

X 50,000

C.

X 400,000

D.

X 1,050,000

QUESTION 2
Which organelles are required for the formation and secretion of steroid hormones out of the cell?
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QUESTION 3
Tests were performed on samples from a mixture of biological molecules:
x
x

When iodine in potassium iodide solution was added to a sample, the mixture turned black.
When the biuret test was carried out on another sample, the mixture turned purple.

Which biological molecules were in the mixture?
A.

amylase and starch

B. cellulose and starch
C. phospholipid and cellulose
D. amylose and phospholipid

QUESTION 4
Which of the following feature(s) account for collagen having high tensile strength?

A.

1

Strong covalent glycosidic bonds between monomers

2

Hydrogen bonds within a single chain

3

Covalent cross-links within each tropocollagen molecule

4

Staggered ends that overlap
B.

4 only

1 and 3 only

C.

D.

2 and 4 only

All of the above

QUESTION 5
Some of the molecules found in animal tissues are grouped into three lists:
1

glucose, cholesterol, triglycerides, water

2

glycogen, antibodies, adenine, phospholipids

3

haemoglobin, carbon dioxide, mRNA, monosaccharides

Which lists include one or more molecules that always contain nitrogen atoms?
A.

1, 2 and 3

B.

1 and 2 only
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C.

1 and 3 only

D.

2 and 3 only
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QUESTION 6
The diagram below illustrates the process of phloem loading with the help of proteins 1 and 2.

Which of the following accurately describes the type of transport occurring at proteins 1 and 2?
Protein 1

Protein 2

A.

Simple diffusion

Active transport

B.

Active transport

Facilitated diffusion

C.

Facilitated diffusion

Facilitated diffusion

D.

Active transport

Simple diffusion

QUESTION 7
The curve X shows the activity of an enzyme at 25Ԩ. Curves A, B, C and D show the effect of
different conditions on the activity of the enzyme.
Which curve shows the effect of increasing the temperature by 10Ԩ and adding additional substrate?
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QUESTION 8
The figure below shows the changes in concentration of glycerate phosphate (GP) and ribulose
bisphosphate (RuBP) extracted from samples taken from actively phosynthesising algae in an
experimental chamber with excess carbon dioxide when the light source was turned off.

Which of the following statement(s) accurately account(s) for the change in concentrations of GP
and RuBP?
1

In the presence of light, GP remains constant as the Calvin Cycle is inhibited by light

2

In the dark, GP increases as Rubisco catalyses the dephosphorylation of CO2

3

In the dark, GP eventually decreases as CO2 becomes the limiting factor

4

In the dark, RuBP decreases to zero as ATP is used up

A.

4 only

B.

1 and 3 only

C.

2 and 4 only

D.

2, 3 and 4 only

QUESTION 9
Which of the following may be used as a measure for the rate of photosynthesis of a plant?

A.

1

rate of oxygen produced

2

rate of carbon dioxide produced

3

rate of increase in plant biomass

4

rate of light absorbed
1 only

B.

1 and 3 only
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2 and 4 only

D. 1, 3 and 4 only
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QUESTION 10
Which features of mitosis ensure that the genetic constitution of the cell is maintained?
1

The position of the chromosomes on the equator of the spindle

2

The longitudinal division of the centromeres

3

The DNA of the parent cells replicates before mitosis starts

4

The pulling apart of chromatids to opposite poles

A. 1, 2 and 3 only
B. 1, 2 and 4 only
C. 2, 3 and 4 only
D. All of the above

QUESTION 11
The figure below shows a diploid onion cell at metaphase during mitosis.
What are the final products when the onion cell undergoes meiosis?

A. 4 cells, each with 8 chromosomes
B. 2 cells, each with 8 chromosomes
C. 4 cells, each with 4 chromosomes
D. 2 cells, each with 16 chromosomes
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QUESTION 12
The diagram below illustrates DNA replication. Some of the bases are indicated.

In which direction is the replication fork moving and which bases would be required to initiate the
replication of the section of DNA shown?

A.
B.
C.
D.

Direction of movement of replication fork
Left to right
Right to left
Left to right
Right to left

Bases required
U, G and C
U, G and C
T, G and C
T, G and C

QUESTION 13
What sequence of processes is carried out by the structure labelled X during translation?

X

A. Combining with an amino acid and then binding to an anticodon
B. Binding to an anticodon and then combining with an amino acid
C. Binding to a codon and then combining with an amino acid
D. Combining with an amino acid and then binding to a codon
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QUESTION 14
Which of the following statements may be concluded from this karyogram?

1

The person is male.

2

Non-disjunction has occurred.

3

A gene mutation has occurred in chromosome 3.

4

The person suffers from Down syndrome.

A. 2 only
B. 2 and 3 only
C. 1 and 4 only
D. 2, 3 and 4 only

QUESTION 15
The diagram shows part of a non-template DNA strand which codes for four amino acids.
Where would a mutation of introducing a thymine nucleotide result in the termination of translation?
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QUESTION 16

The β-globin gene can exist in two different alleles termed HbA (the normal allele) and HbS
(the allele that causes sickle cell anaemia in homozygotes). The polypeptides that are
coded for by these two alleles differ by one amino acid. Blood samples from 3 individuals
were obtained and the proteins were separated by gel electrophoresis.
Using the gel pattern below, determine the genotypes of individuals 1 and 2, and the reason
for your identification.

Genotype
of 1

Genotype
of 2

Reason for identification

A.

HbAHbA

HbSHbS

Since glutamic acid in the normal β-globin is negatively
charged, it will move faster towards the opposite pole.

B.

HbSHbS

HbAHbA

Since valine in the normal β-globin is negatively
charged, it will move faster towards the opposite pole.

C.

HbAHbA

HbSHbS

Since glutamic acid in the β-globin that causes sickle
cell anaemia is negatively charged, it will move slower
towards the opposite pole.

D.

HbSHbS

HbAHbA

Since valine in the β-globin that causes sickle cell
anaemia is neutral, it will move slower towards the
opposite pole.
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QUESTION 17
The following table shows the genome size, number of genes and chromosome number for a
variety of organisms.
organism
E. coli
Yeast
Amoeba
Mouse
Rhesus monkey
Fruit fly
Humans

genome size (kilobp)
4,000
12,000
290,000,000
3,000,000
3,000,000
137,000
3,000,000

number of genes
4,000
6,000
No data
No data
No data
14,000
30,000

chromosome number
n=1
2n = 12
500-1000 (possibly polyploid)
2n = 64
2n = 42
2n = 8
2n = 46

From this data, it is possible to conclude that:
A. there is more non-coding DNA in humans than in bacteria.
B. as chromosome number increases, so do the number of genes.
C. the mouse and the rhesus monkey will have the same number of genes.
D. the genome size relates to the complexity of an organism.

QUESTION 18
The diagram below shows the expression of a gene to its protein product in a eukaryotic cell.

Which of the following statements are false, with regards to gene expression in the above eukaryotic
cell?
1

Acetylation of histones can enable stage 1 to occur.

2

Stage 1 does not take place when repressor binds to operator.

3

Demethylation of DNA can enable stage 1 to occur.

4

5’ capping occurs in stage 2, and alternative splicing takes place in stage 3.

5

In stage 4, mRNA is read in the 3’ to 5’ direction while the protein is formed in 5’ to 3’
direction.

A. 1 and 3

B. 2 and 3
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D. All of the above
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QUESTION 19
Many people due to ethical reasons oppose the use of embryonic stem cells. Researchers have
come up with a way of developing embryonic stem (ES) cells from the patient’s cells. The cultured
ES cells can then be used to treat the patient.
Figure below shows the process of this new method.

Which of the following statements about the method is true?
1

The embryonic stem cells cultured are pluripotent.

2

No embryo is destroyed in the process of harvesting the embryonic stem cells.

3

The patient will not show any immune response when specific cells types developed from
the embryonic stem cells are introduced into the patient.

4

The ethical concern of the destruction of an embryo is no longer an issue as the embryonic
cells come from the patient.

A. 1 and 2 only
B. 1 and 3 only
C. 2, 3 and 4 only
D. All of the above
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QUESTION 20
Which of the following statement(s) regarding viruses is/are incorrect?

A.

1

When viruses go through antigenic drift, two different strains of viruses infect a single host
cell and recombined into a new virus.

2

The DNA-dependent RNA polymerases that are required for the replication of influenza viral
genome in the host cell are of viral origin.

3

Cytotoxic T cells can kill virus-infected target cells by releasing perforins that create pores in
the infected cell and lysozymes that activate enzymes that trigger apoptosis of the cell
respectively.

4

The enzyme integrase is involved in the integration of viral DNA into the host cell genome in
both the lambda phage and human immunodeficiency virus life cycles.

5

For the influenza virus to enter the host cell, haemagglutinin on the host cell membrane binds
to a sialic acid receptor of the virus.

2 only

B.

1, 2 and 4 only.

C. 1, 2, 3 and 5 only

D. All of the above

QUESTION 21
The figure below shows a growth cycle of bacteriophages.

Which of the following is true about X, Y and Z of the growth cycle for T4 bacteriophage?
A. Period X is when the phage injects its viral RNA into host cell.
B. Period X is when hydrolysis of host cell occur.
C. Period Y is when host cell’s DNA is hydrolysed into fragments
D. Period Z is when phage lysozymes digest the host’s cell wall.
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QUESTION 22
Malvidin is a plant pigment responsible for the colours of red grapes, cranberries and blueberries.
The dominant allele, M, codes for an enzyme involved in the biosynthesis of malvidin. The presence
of dominant allele, D, of another unlinked gene, results in the absence of malvidin production in
plants, even when the enzyme is present whilst the recessive allele, d, does not affect malvidin
production.
A plant heterozygous at both loci was self-pollinated and gave rise to the following progeny:
Plants with no malvidin production
Plants with malvidin production

160
40

The formula for the chi-squared (F2) test is given as follows:

߯ଶ ൌ σ
degrees of
freedom
1
2
3
4

ሺைିாሻమ
ா

probability
0.05
3.84
5.99
7.82
9.49

Which conclusions may be drawn?
1

The expected phenotypic ratio for the self-pollination is 15:1.

2

The expected phenotypic ratio for the self-pollination is 3:1.

3

Difference between the observed and expected results is not significant.

4

The two genes controlling flower colour assort independently.

5

The difference is due to some factor such as linkage of the genes concerned.

A. 1, 4 and 5

B. 2, 3 and 4
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D. 3 and 4
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QUESTION 23
Which of the following statements regarding quantitative inheritance of phenotypes are false?
1

The environment plays an important role in quantitative inheritance.

2

Different genes with multiple alleles do not contribute to quantitative variation.

3

Identifying quantitative trait loci is relatively straightforward.

4 Quantitative inheritance is also known as continuous variation.
5 Different alleles at a single gene locus have large effects on the phenotype.
A. 2, 3 and 5
B. 1, 2 and 3
C. 3 and 4
D. 2 and 5

QUESTION 24
Which of the following gives an accurate comparison between intracellular receptors and cell surface
receptors?
Intracellular receptors

Cell surface receptors

A.

May act as regulatory proteins and bind to
DNA

May catalyse the phosphorylation of
intracellular proteins

B.

Functions as the second messenger to
activate other relay proteins

Binding of ligand always trigger the
production of second messengers

C.

Ligands can be water-soluble or lipidsoluble

Ligands must be lipid-soluble

D.

Made up of only hydrophobic amino acids
to allow the interaction with lipid-soluble
ligands.

Made up of hydrophobic amino acids which
interact with the phospholipids of the
membrane
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QUESTION 25
The followings are possible events that may lead to speciation.
1

Gene mutations

2

Increased gene flow

3

Natural selection

4

Geographical isolation (e.g. mountain or river)

5

Habitat differentiation within the same geographical location

The correct order of events that may lead to sympatric speciation is:
A. 4 Æ 1 Æ 3

B. 5 Æ 1 Æ 3

C. 4 Æ 2 Æ 3

D. 5 Æ 2 Æ 3

QUESTION 26
Cytochrome c is a protein found in most organisms. The amino acid sequence of this protein varies
between species. The number of differences in the amino acid sequences in cytochrome c between
three species of chordates, X, Y and Z are shown in the table below.

species X
species Y

species Y

species Z

11

3
10

Based on this evidence, the phylogenetic tree that best represents the possible evolutionary
relationships between the three species is:
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QUESTION 27
A student wrote down four statements about antibodies.
Which of the following statements is false?
A. Their structure depends on peptide, hydrogen and disulfide bonds.
B. They are protein molecules with both tertiary and quaternary structure.
C. Four polypeptides are coded for by two different genes.
D. The great variation in antigen specificity is a result of alternative RNA splicing.

QUESTION 28
The flow chart below shows the development of a B-cell.

Which of the follow statements are true of the different cells above?
1

In a developing B-cell, somatic hypermutation produces different mature naïve B cells with
different B-cell receptors.

2

The mature, naïve B-cell will be expressing IgM on its cell surface membrane.

3

From one stem cell, it is possible to obtain many different mature naïve B cells each
specific for a different antigen.

4

The plasma cell is genetically identical to the stem cell.

A. 1 and 2
B. 1 and 3
C. 2 and 3
D. 3 and 4
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QUESTION 29
The bee, Anthophora plumipes, is common in the UK. It is active in the spring, when environmental
temperatures often vary widely. The bee can only fly when the temperature of the flight muscles in
its thorax is sufficiently high.
The temperatures of both thorax and abdomen were measured during flight at a range of
environmental temperatures. The results are shown in the graph.

Which statements are correct conclusions from the graph and information given?
1

The bees are able to fly in a temperature range of at least 20qC.

2

At environmental temperatures between 5qC and 25qC, the temperature during flight of
both the thorax and abdomen are higher than the environmental temperature.

3

The bees can warm their flight muscles so that they can fly at low environmental
temperatures.

4

Heat is generated in the abdomen and passed to the thorax.

A. 1, 2 ,3 and 4

B. 1, 2 and 3 only
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D. 3 and 4 only
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QUESTION 30
The figure below shows the percentage cover of live corals and the density of herbivorous (plantfeeding) fish on a coral reef over a number of years.

Which of the following statements are possible reasons to explain the trends observed above?
1

Increase in ocean temperature causes the expulsion of zooplankton, resulting in coral
bleaching, hence reduction of live corals between 1998 to 1999.

2

Ocean acidification causes a reduction in pH levels, which decreases calcification of corals,
hence, reduction of live corals between 1998 to 1999.

3

Marine plants started to grow in the area previously occupied by the corals, serving as a food
source for herbivorous fish, hence an increase in fish density in 1999.

4

Herbivorous fish helps to reduce the population size of plant species, clearing up areas for
corals to grow again, resulting in an increase in live coral from 1999.

A. 1 and 2 only
B. 2 and 3 only
C. 2, 3 and 4 only
D. 1, 2, 3 and 4

End of Paper 1 -
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QUESTION 1
Fig. 1.1 shows a yeast cell.

Fig. 1.1
(a) Compare the structures of organelles C and D. [KU-2]

[2]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(b) Explain how structures A, B and D are functionally related. [KU-2]

[3]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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Fungal cells like yeast are bound by a thick cell wall made of chitin, a polysaccharide made of Nacetylglucosamine. Fig. 1.2 shows the structure of chitin.

Fig. 1.2
(c) With reference to Fig 1.2, explain why chitin has high tensile strength. [HI-2]

[4]

………………………………………………………………………………………………………….…….……
…………………………………………………………………………………………………………….……….
…………………………………………………………………………………………………………….….……
………………………………………………………………………………………………………………..……
……………………………………………………………………………………………………………….….…
………………………………………………………………………………………………………………….….
………………………………………………………………………………………………………………..……
…………………………………………………………………………………………………………………..…
Chitinase is an enzyme found in plants. It degrades chitin in fungal cell walls and exoskeletons of
insects, protecting the plants against a range of pathogens.
(d) Describe one way in which chintinase lowers the activation energy and increases the rate
of chitin hydrolysis. [KU-1]
[1]
……………………………………………………………………………………………………………….……
……………………………………………………………………………………………………………….……
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A student isolated the chitinase gene from yeast cells and inserted it into E. coli cells for protein
production. Chitinase from yeast and E. coli cells were then extracted and purified separately. The
following observations were made by the student during this process:
x
x

The amount of chitinase mRNA transcribed in yeast and E. coli cells was similar
Chitinase produced in E. coli had a lower molecular weight than those produced in yeast cells

The student then tested the activity of chitinase produced from both cells. The result obtained is shown
in Fig 1.3.
100
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2

Chitinase concentration (%)
Chitinase synthesized in yeast cell

Chitinase synthesized in E. coli cell

Fig. 1.3
(e) Assuming that no mutations have taken place, account for the results shown in Fig. 1.3. [HI- [4]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 14]
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QUESTION 2
Fig. 2.1 shows DNA replication occurring in a cell.

Fig. 2.1
(a) With reference to Fig. 2.1, explain if this cell is prokaryotic or eukaryotic. [HI-1]

[1]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
Fig. 2.2 illustrates how DNA replication occurs at a replication fork.

Fig. 2.2
(b) In the four boxes provided in Fig. 2.2, indicate the direction of the DNA template strands.

[1]

5
Tampines Meridian Junior College

Need 2019
a home
smiletutor.sg
JC2 tutor?
PrelimsVisit
H2 Biology

(c) Fig. 2.2 shows the differences between the synthesis of two daughter strands.
With reference to Fig. 2.2, explain why DNA replication at each replication fork is described as
‘asymmetrical’ replication. [KU-2]
[4]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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Resveratrol is a natural compound found in many dietary plants and in red wine. It plays an important
role in the prevention of many human pathological processes.
An experiment was carried out to investigate how resveratrol affects the activity of DNA polymerase.
The results are shown in Fig. 2.3.

Fig. 2.3
(d) With reference to Fig. 2.3, explain the results of the investigation. [HI-2]

[4]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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The structure of resveratrol is shown in Fig. 2.4.

Fig. 2.4
For uptake into cells, resveratrol requires the aid of organic anion-transporting polypeptides (OATPs),
a family of transport proteins.
(e) With reference to Fig. 2.4, explain why OATPs are required for resveratrol to be transported
across membranes. [HI-2]
[3]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
Fig. 2.5 shows two possible graphs that show the relationship between the concentration of resveratrol
and the rate of uptake by OATPs.

Fig. 2.5
(f) State which graph illustrates the relationship between the variables accurately and explain why.
[1]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 14]
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QUESTION 3
Fig. 3.1 shows two reactions catalysed by Rubisco, an enzyme used in photosynthesis.

Fig. 3.1
(a) Using Fig. 3.1 and your knowledge of the Calvin cycle, explain why starch synthesis in plant cells
decreases at high oxygen levels. [KU-2]
[3]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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The rate of photosynthesis in the marine seagrass, Zostera marina, was investigated under a range
of pH conditions (Fig. 3.2). After a period of darkness, the plants were illuminated at a constant light
intensity at 15°C and the rate of photosynthesis was measured.

Fig. 3.2
(b) Explain why Zostera marina plants were incubated in darkness for a period of time before the
start of the experiment. [HI-2]
[2]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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(c) With reference to Fig 3.2, explain how the rate of photosynthesis is affected from pH 7 to pH 9.
[4]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(d) Suggest how Zostera marina can perform photosynthesis even at very low carbon dioxide
concentrations. [KU-3]
[1]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 10]
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QUESTION 4
Fig. 4.1 shows that there is an overexpression of human epidermal growth factor receptor 2 (HER2)
protein in breast cancer cells.

Fig. 4.1
(a) (i) With reference to Fig. 4.1, explain how a chromosomal aberration could lead to an
overexpression of HER2 protein. [KU-2]
[2]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(ii) Explain whether HER2 is a proto-oncogene or a tumour suppressor gene.

[2]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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Edeine is an antibiotic that inhibits protein synthesis. In an investigation, edeine is added to a cell
extract obtained from a developing frog embryo. It was found that edeine stops protein synthesis after
a short lag. Analysis of the edeine-inhibited cell extract showed that all the mRNA was found
associated with small ribosomal subunit and initiator tRNA.
(b) Explain how edeine inhibits protein synthesis. [HI-2]

[2]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(c) Suggest, with a reason, if edeine can be used as a therapeutic drug to reduce overexpression of
HER2 in breast cancer patients. [HI-2]
[1]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 7]
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QUESTION 5
(a) Tuberculosis (TB) is an infectious disease caused by the pathogen Mycobacterium tuberculosis
that kills about three million people worldwide each year.
Fig. 5.1 is a transmission electron micrograph of the organism that causes tuberculosis.

Fig. 5.1
Suggest why the process shown in Fig. 5.1 is more likely to give rise to unequal division of genetic
material between daughter cells compared to the equivalent process in eukaryotes. [KU-2] [2]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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In an experiment, a single mutation was induced in the DNA of Organism 1 and the effects of the
mutations are recorded in Table 5.1.
Table 5.1
Organism 1
Mutation

Amount of
functional
protein A / μg

Amount of
functional
protein B / μg

Amount of
functional
protein C / μg

Amount of
functional
protein D / μg

Absent

50

44

48

72

Present

0

0

0

73

A similar experiment was conducted on Organism 2 and the result is recorded in Table 5.2.
Table 5.2
Organism 2
Mutation

Amount of
functional
protein W / mg

Amount of
functional
protein X / mg

Amount of
functional
protein Y / mg

Amount of
functional
protein Z / mg

Absent

37

72

29

24

Present

38

71

64

23

(i) State whether Organism 1 and Organism 2 is prokaryotic or eukaryotic. [HI-1]

[1]

Organism 1 …………………………………
Organism 2 …………………………………
(ii) With reference to Table 5.1 and 5.2, describe and explain how you arrived at this conclusion
for: [HI-2]
Organism 1

[2]

……………………………………………………………………………………...…………………
……….………………………………………………………………………………………….....…
…………………………….…………………………………………………………………….....…
……………………………………….………………………………………………………….…….
Organism 2

[2]

……………………………………………………………………………………...…………………
……….………………………………………………………………………………………….....…
…………………………….…………………………………………………………………….....…
……………………………………….………………………………………………………….…….
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(iii) Suggest and explain where the mutation may have occurred in Organism 2. [HI-2]

[3]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 10]
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QUESTION 6
Dengue fever is a disease spread by a particular species of mosquito, Aedes aegypti. The incidence
of dengue has dramatically increased in recent years. This has heightened the need to understand
the vector, as well as the virus. Dengue virus (DENV), an enveloped virus with a single-stranded
positive-RNA genome, causes dengue fever. There are four distinct, closely-related DENV, namely
DENV-1, DENV-2, DENV-3, and DENV-4.
(a) Describe one structural difference between the genome of the dengue virus and the influenza
virus. [KU-2]
[1]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(b) Suggest how the four distinct, closely-related serotypes of the dengue virus may have arisen. [1]
[KU-2]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(c) Fig. 6.1 shows the reproductive cycle of the dengue virus in a human host cell after an individual
was bitten by an Aedes mosquito carrying the virus.

Fig. 6.1
Adapted from Nature Immunology
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With reference to Fig. 6.1,
(i)

describe how the dengue virus enters its host cell. [HI-2]

[3]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(ii) describe how the dengue virus produces more copies of its genome. [HI-2]

[2]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(iii) suggest two ways how researchers may design a drug to prevent replication of the dengue
virus with a human host cell. [HI-3]
[2]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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(d) Dengue is the most rapidly spreading mosquito-borne viral disease in the world. In the last 50
years, incidence has increased 30-fold with increasing geographic expansion to new countries
and, in the present decade, from urban to rural settings. The shaded areas in Fig. 6.2 are countries
at risk of dengue fever.
Fig. 6.2 also shows two contour lines representing the range of January and July isotherm, which
indicates the range of Aedes aegypti occurrence.

Fig. 6.2

Explain how climate change may affect the spread of dengue beyond the tropics.

[3]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 12]
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QUESTION 7
Nail-patella syndrome is a rare autosomal dominant trait that affects fingernails, toenails, elbows and
kneecaps. The locus of the gene for nail-patella syndrome, N / n, is 10 map units from the ABO locus
on chromosome 9, which will result in a 10% recombination frequency between the two genes.
(a) Explain what is meant by 10% recombination frequency. [HI-2]

[2]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(b) A man with nail-patella syndrome and blood group AB has a family of five children with his wife
who does not have the syndrome and is blood group O.
Three children do not have the nail-patella syndrome and are blood group A.
Two children have nail-patella syndrome and are blood group B.
Illustrate the above cross between the man and his wife with a genetic diagram. [HI-2]

[3]
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(c) The two children who have nail-patella syndrome and are blood group B are in fact identical twins.
They were recruited for a study which investigated the differences expressed by the two
individuals. Of the traits studied, they showed differences in only some traits.
Explain what the findings of such a study revealed. [HI-2]

[2]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
……………………………………………………………………………………………………………………..
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A group of geneticists researched on another genetic disorder known as hypophosphatemic rickets
by studying the inheritance of the disease over four generations in an extended family. Hereditary
hypophosphatemic rickets is a genetic disorder that results in low level of phosphate in the blood
(hypophosphatemia).
Fig. 7.1 shows the inheritance of this disease over four generations in an extended family.

Fig. 7.1
(d) Based on the pedigree chart of the extended family, the geneticists concluded that
hypophosphatemic rickets is a recessive trait controlled by a gene located on an autosome.
Comment on the above conclusion. [HI-2]

[3]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 10]
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QUESTION 8
Four species of desert pupfish have evolved from an ancestral population in the Death Valley region
of Nevada since the extensive lakes that existed there were reduced to isolated pools 20,000 – 30,000
years ago.
(a) Explain if the formation of the four desert pupfish is an example of microevolution or
macroevolution. [HI-2]
[2]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(b) Indicate how environmental factors can act as stabilizing forces of natural selection in an isolated
pool after the initial evolution of a new species. [KU-2]
[3]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(c) Suggest what may happen if the water levels rose and the isolated pools once more formed an
extensive lake system. [KU-2]
[2]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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A scientist attempted to construct the phylogenetic tree of the four pupfish species based on nucleotide
sequences, with ages estimated from fossil records.
(d) Explain one advantage of using nucleotide sequences over the use of amino acid sequences in
constructing phylogenetic relationships. [KU-2]
[1]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 8]
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QUESTION 9
A vaccine has been available for measles since the 1960s. There are vaccination programmes for
many diseases including measles. Babies are born with passive immunity to measles so the vaccine
is not given in the first few months after birth.
(a) Explain how active immunity differs from passive immunity. [KU-2]

[2]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(b) Suggest why the vaccine for measles is not given in the first few months of a child’s life.

[2]

……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
(c) Explain how vaccines confer an individual protection against viruses such as the measles virus.
[KU-2]
[4]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
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The World Health Organisation (WHO) published data on the vaccination programmes for infectious
diseases. The WHO recommends vaccination rate of over 90% of children.
Each health authority in a country reports its success in vaccinating children in their district. The WHO
uses these figures to estimate the percentage of districts in each country that vaccinate 90% of
children against measles.
The WHO also collects statistics on death rates of children under the age of 5 from all causes including
infectious diseases.
Fig. 9.1 shows these statistics for 24 countries for the year 2007.

Fig. 9.1
(d) Use the information in Fig. 9.1 to explain why the WHO recommends immunisation of 90% of
children. [HI-2]
[2]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 10]
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QUESTION 10
The polar bear, Urus maritimus, lives in the Arctic regions of the USA, Canada, Norway and Russia.
Polar bears move across the Arctic ice sheet to hunt prey such as seals.
Fig. 10.1 shows a polar bear.

Fig. 10.1
(a) Explain an advantage to scientists in giving polar bears a binomial Latin name, Urus maritimus.
[KU-2]
[1]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
The area over which the Arctic ice sheet extends varies throughout the year.
Fig. 10.2 shows the variation in the extent of the Artic ice sheet for the months of July to November
for the years 1979 and 2009.

Fig. 10.2
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(b) Calculate the percentage reduction in the area over which the ice sheet extends between 1979
and 2009 for the month of September.
Give your answer to the nearest whole number. Show your working. [HI-1]

[1]

Answer: ………………………………..%
(c) In 2008, the government of the USA classified U. maritimus as an endangered species because it
is under threat of extinction.
Using information in Fig. 10.2, suggest what has caused U. maritimus to have become endangered.
[3]
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….……
…………………………………………………………………………………………………………………….
[Total: 5]
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Section A
Answer all the questions in this section.
QUESTION 1
Mitochondria are found in all nucleated eukaryotic cells and are the principal generators of cellular
ATP. The mitochondrial genome is a circular DNA comprises 37 genes, which code for 13
essential polypeptides for oxidative phosphorylation and the necessary RNA machinery for their
translation within the mitochondria. There are usually more than 100 copies of mitochondrial DNA
in one cell, as compared to only two copies of nuclear DNA in one cell.
In recent years, a large and growing number of disorders are known to be due to types of
mitochondrial disease (MD).
One form of MD is caused by a mutation of a mitochondrial gene that codes for a tRNA. The
mutation involves substitution of guanine for adenine in the DNA base sequence. This changes
the anticodon on the aminoacyl-tRNA carrying leucine (tRNAleu). This mutant tRNAleu also
recognises the phenylalanine codon, resulting in the formation of a non-functional protein in the
mitochondrion.
(a) Outline how oxidative phosphorylation produces ATP.

[3]

……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
(b) Explain why there are usually more than 100 copies of mitochondrial DNA in a cell, but only
two copies of nuclear DNA.
[2]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
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(c) Suggest how the change in the anticodon of a tRNA leads to mitochondrial diseases. [3]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
(d) Some MDs are caused by mutations of mitochondrial genes inside the mitochondria. Most
MDs are caused by mutations of genes in the cell nucleus that are involved in the functioning
of mitochondria. MDs caused by nuclear DNA mutations are autosomal recessive. All of a
person’s mitochondria are inherited from their mother via the egg cell.
Two couples, couple A and couple B, had one or more children affected by a mitochondrial
disease (MD). The type of MD was different for each couple.
None of the parents showed signs or symptoms of MD.
x
x

Couple A had four children who were all affected by an MD.
Couple B had four children and only one was affected by an MD.

Using the information provided, suggest why all of couple A’s children had an MD and only
one of couple B’s children had an MD.
[4]
Couple A
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
Couple B
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
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(e) In women, the first division of meiosis produces one daughter cell that has almost all of the
cytoplasm. The other daughter cell, known as a polar body, consists of a nucleus surrounded
by a very small amount of cytoplasm and a cell surface membrane.
One proposed treatment of mitochondrial disease is:
x
x

removing the nucleus from an egg cell donated by a woman with healthy mitochondria
replacing this nucleus with the nucleus of the polar body from a woman whose egg cells
are affected by mitochondrial disease.

Suggest the advantages of this treatment for mitochondrial diseases.

[2]

……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
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(f) Mitochondrion plays an important role in regulating insulin secretion.
Fig. 1.1 shows the steps involved in the release of insulin from pancreatic islet beta cells,
which involves three types of transmembrane proteins.

Fig. 1.1
Using the information provided in Fig. 1.1, explain how defective mitochondria affect the
release of insulin by pancreatic islet beta cells.
[4]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
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(g) A research study explored the possibility of using embryonic stem cell as a potential treatment
for type 1 diabetes.
In the study, mouse embryonic stem (ES) cells were grown in culture and chemical signals
were added to the culture to allow the ES cells to differentiate into ES cell-derived
insulin-producing cells. To determine whether the ES cells are producing insulin, the amount
of insulin mRNA was measured using the reverse transcription polymerase chain reaction
(RT-PCR).
RT-PCR uses a reaction mixture containing:
x the sample for testing
x reverse transcriptase
x DNA nucleotides
x primers
x DNA polymerase
x fluorescent dye.
The principles behind this method is shown in Fig. 1.2.
Amount of DNA amplified by
PCR depends on the amount
of RNA in the sample.

The dye only fluoresces when
bound to DNA.

The intensity of the
fluorescent light emitted
increases as the PCR
products accumulate.
Fig. 1.2
(i) Describe the role of reverse transcriptase in RT-PCR.

[1]

……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
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(ii) Outline the process of polymerase chain reaction.

[3]

……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
Fig. 1.3 shows the results of using RT-PCR to detect insulin mRNA in two different samples of
ES cell-derived insulin-producing cells, A and B.

Fig. 1.3
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(iii) A quantitative comparison can be made of the amount of RNA in samples A and B. This
involves determining the number of cycles required to reach 50% maximum concentration
of DNA (c).

The amount of RNA in a sample can be measured as :
ࢉ
Using this information, calculate the amount of RNA content in samples A and B.
Show clear working and leave your answers to 2 decimal places.
[2]
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During the experiment, a drug was injected into two groups of healthy mice in order to simulate
type I diabetes 15 days prior to the transplant of the ES cell-derived insulin-producing cells.
Type I diabetes is a diabetic state in mice with blood glucose concentrations greater than
350mg/dL.
The mice in the transplant group received the ES cell-derived insulin-producing cells. The control
group did not receive the transplant. Control mice exhibited persistent hyperglycemia
(blood glucose levels ranging between 350mg/dL and 500mg/dL) and all died by day 19.
Fig. 1.4 shows the blood glucose concentration in both groups.

Fig. 1.4
(iv) Describe the characteristics of embryonic stem cells that enable them to be used for this
experiment.
[3]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
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(v) With reference to Fig. 1.4, compare the concentration of blood glucose resulting from the
embryonic stem cell transplant with the control.
[2]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
(vi) Discuss whether the embryonic stem cell treatment is effective in controlling blood glucose
level.
[2]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
[Total: 31]
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QUESTION 2
2,4-D is a selective herbicide that kills some species of plants but not others. 2,4-D disrupts cell
surface membranes but the extent of disruption differs in different species.
Scientists investigated the effect of 2,4-D on wheat plants (a crop) and on wild oat plants (a weed).
They grew plants of both species in glasshouses. They put plants of each species into one of two
groups, W and H, which were treated as follows:
x
x

Group W – leaves sprayed with water
Group H – leaves sprayed with a solution of 2,4-D.

After spraying, they cut 40 discs from the leaves of plants in each group and placed them in flasks
containing 10 cm3 de-ionised water. After 5 minutes, they calculated the disruption to cell surface
membranes by measuring the concentration of ions released into the water from the leaf discs.
Their results are shown in Table 2.1.

Group

Table 2.1
Mean concentration of ions in water
/ arbitrary units
Treatment
Wheat
Wild oats

W

Water

26

45

H

2,4-D

27

70

P=0.5

P=0.0001

Probability of
difference occurring
by chance

(a) Using the information provided, evaluate the use of 2,4-D as a herbicide on a wheat crop that
contains wild oats as a weed.
[4]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
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(b) Many other herbicides act by inhibiting photosynthesis in weeds. Triazine herbicide acts on
the weeds by binding to a specific protein associated with photosystem II, blocking the
movement of electrons between electron carriers.
Explain the effect of triazine herbicide on photosynthesis in weeds.

[2]

……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
Wheat and other crops have been genetically modified to be resistant to triazine since 1996.
Fig 2.1 shows the area of triazine-resistant crops grown as a percentage of the total planted
hectares (plotted points) and the number of weed species with resistance to triazine (bars).

Fig. 2.1
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(c) Describe the relationship between the area of triazine-resistant crops grown and the number
of resistant weed species from 1996 to 2006.
[2]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
(d) Suggest one social advantage and one environmental advantage of growing triazine-resistant
wheat.
[2]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
[Total: 10]
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QUESTION 3
Coral reefs are among the most spectacular ecosystems on Earth. In Papua New Guinea, the
data on the effect of ocean temperature on coral cover were collected as shown in Fig. 3.1.
Coral cover is the percentage of the reef surface covered by live hard coral.

Fig. 3.1
(a) Describe the evidence that the ocean temperature has an effect on coral cover.

[2]

……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
(b) Suggest the causes for the changes in ocean temperature.

[3]

……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
Tampines Meridian Junior College

2019 JC2 Prelim H2 Biology
14

Need a home tutor? Visit smiletutor.sg

(c) Explain why coral reefs will be affected by an increase in ocean temperature above their
optimum.
[2]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
In order to test the effect of temperature, live samples of a species of coral, Pocillopora damicornis,
were placed in an experimental chamber at a constant pH, water depth and low light. All the coral
samples were started at 26°C and half of them were rapidly increased to 30°C as shown in
Fig. 3.2.

Fig. 3.2
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The pie charts in Fig. 3.3 show the percentage of live and dead coral tissues at the end of the
experiment.

Fig. 3.3
(d) Comment on whether the experimental data in Fig. 3.3 supports the observed data from the
ocean in Fig. 3.1.
[2]
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
……………………………………………………………………………………………………….......
[Total: 9]

End of Section A
Proceed to Section B (Booklet 2)
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Answer one question in this section.
Write your answers on the lined paper provided in this question paper.
Your answers may be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a), (b), etc., as indicated in the question.
QUESTION 4
(a) Pathogens cause disease in humans. Pathogenic bacteria are thought to have emerged when
groups of virulent genes are transferred into a previously non-pathogenic bacterium.
Antibiotics are used to treat bacterial infections in humans. However, some pathogenic
bacteria have evolved to become resistant to antibiotics.
Describe how the virulent genes are transferred from a pathogenic bacterium naturally into a
non-pathogenic bacterium and suggest how a population of pathogenic bacteria may have
evolved to develop antibiotic resistance.
[13]
(b) Many microorganisms live in or on the human body without causing disease. An example of
such microorganisms is the Escherichia coli (E. coli) which colonise the intestine and obtain
nutrients from their surroundings.
Describe how E. coli respond to the presence of lactose in the intestine and explain how a
mutation in the regulatory sequences of the lac operon may affect how E. coli respond to
changes in lactose supply.
[12]
[Total: 25]
QUESTION 5
(a) Discuss, with examples, the importance of specific shapes of proteins in organisms. [13]
(b) Comparisons of the patterns of mRNA levels in the cytosol across different human cell types
show that the level of expression of almost every active gene is different.
Describe how the level of mRNA of the same gene across the different human cell types is
controlled and suggest the advantage of each level of control.
[12]
[Total: 25]
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QUESTION 1
A grocer has been buying milk from the same supplier for a number of months. Recently, the grocer
has found that the milk has been diluted with water. Milk contains macromolecules like proteins
which are denser than water thus milk sinks when placed in aqueous solutions.
(a)

Predict the behaviour of a milk droplet when placed in water with respect to milk's water
content.

[1]
The amount of water added to a milk sample can be determined by measuring the density of the
milk using aqueous solutions like copper sulfate solution of a standard concentration. When a small
drop of milk is placed in copper sulfate, a layer of copper proteinate forms around the milk and this
prevents the milk and copper sulfate solution mixing.
Fig. 1.1 shows the movement of a drop of milk through the copper sulfate solution.

Fig. 1.1
You are required to estimate the percentage of water added to the milk supplied to the grocer.
You are provided with
x

100% milk, labelled M

x

milk sample supplied to grocer, labelled B

x

distilled water, labelled W

x

0.03 moldm-3 copper sulfate, labelled C

2
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You are advised to read through the entire procedure before beginning the experiment.
1

Prepare 10.0 cm3 each of a suitable number of concentrations of milk to help you in your
investigation. Record the volume of 100% milk, M and distilled water, W used in your
preparation in a table below.

[3]
2

Using the syringe with attached needle, release one drop of M into C in a measuring cylinder.

3

Repeat step 2 for all milk concentrations and milk sample B you have prepared in step 1.
You may reuse the copper sulfate unless the milk residue obstructs your vision.
Record the time taken by the droplet to sink in an appropriate format in the space provided
below.
[3]
Note: Needle attached to syringe is sharp. Handle with care. Keep needle capped when
not in use.
Observe the largest fragment of M should the droplet break up in the copper sulfate solution.

4

Repeat the procedure to obtain a total of 2 replicates. Perform appropriate calculations on
your readings.
[1]

3
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5

Describe how you would carry out step 2 to increase the accuracy of your observations.

[3]
6

Estimate the percentage of water added to the milk sample supplied to the grocer, B. Explain
how you derived at your answer.

percentage of water added

[1]

Explanation

[2]
7

Describe one way to improve your estimate in terms of
(a) reliability;

[1]
(b) accuracy.

[1]

4
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Further investigation was conducted to find the protein concentration in sample B using Biuret's
test. The absorbance by sample B was measured using a colorimeter and compared to a range of
protein solutions of known concentrations. Table 1 shows the absorbance by the protein solutions.
Table 1

8

Protein
concentration / %
100

Absorbance /
arbitrary units
65

80

55

60

38

40

21

20

10

Plot a suitable graph using data provided in Table 1.

[3]
9

The absorbance of the milk sample B was recorded to be 26 arbitrary units. Using your graph,
deduce the protein concentration in the milk sample B. Show on your graph, how you arrived
at your answer.
protein concentration of milk sample, B
[2]
[Total: 21]
5
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QUESTION 2
Urinary tract Infection (UTI) is an infection in any part of the urinary system which includes
ureter, bladder and urethra. Women are at greater risk of developing UTI. Ciprofloxacin is an
antibiotic that is used to treat urinary tract infections by killing the Escherichia coli bacteria which
is the main cause of infection.
In an investigation, a student was provided with Petri dishes containing nutrient agar. Each Petri
dish had already been inoculated with Escherichia coli and incubated to produce an evenly
distributed growth of the bacteria (a bacterial lawn).
In a trial investigation, the student cut four wells into the agar and added distilled water to one of
them and three different concentrations of ciprofloxacin solution to the others.
Fig. 2.1 shows the result after incubating the Petri dish for 24 hours.

wells containing
different
concentrations of
ciprofloxacin solution

wells containing
distilled water

bacterial
lawn

100 mm
Petri dish
Fig. 2.1
The clear zones around the wells containing ciprofloxacin solution showed that the Escherichia
coli had been killed, whilst none had been killed by the distilled water. The student noticed that
the two highest concentrations of ciprofloxacin tested had clear zones that were of the same size.
The student read that cranberry juice was able to significantly reduce the growth of Escherichia
coli.
The student wanted to find the most effective concentration of cranberry juice that gives the
largest clear zone possible.

6
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Using this information and your own knowledge, design an experiment to find the lowest
concentration of cranberry juice that gives the largest clear zone possible.
You must use:
x

100 cm3 20% cranberry juice,

x

200 cm3 distilled water,

x

prepared 100 mm diameter agar plates, with a lawn of Escherichia coli.,

x

disinfectant (sterilizing) solution and paper towels.

You may select from the following apparatus:
x

set of cork borers with diameters from 4 mm to 15 mm

x

normal laboratory glassware, e.g. beakers, measuring cylinders, graduated pipettes, glass rods,
etc.,

x

incubator

x

autoclave (a pressurised oven for heating sterilizing apparatus and materials)

x

bunsen burner

x

sticky tape / parafilm

x

mm ruler

x

syringes.

Your plan should:
x
x

have a clear and helpful structure such that the method you use is able to be repeated by
anyone reading it
be illustrated by relevant diagram(s), if necessary

x

identify the independent and dependent variables

x

describe the method with the scientific reasoning used to decide the method so that the
results are as accurate and reliable as possible
show how you will record your results and the proposed layout of results tables and graphs

x

with clear headings and labels
x

use the correct technical and scientific terms

x

include reference to safety measures to minimise any risks associated with the proposed
experiment.
[Total: 14]
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QUESTION 3
Fig. 3.1 is a photomicrograph of a stained transverse section through part of a plant leaf. This
plant species is native to part of Asia.
You are not expected to have studied this leaf.

Fig. 3.1
(a) Draw a large plan diagram of the part of the leaf shown in Fig. 3.1.
On your diagram, use a ruled label line and label to show the vascular bundle.

[4]
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The eyepiece graticule scale in your microscope may be used to measure the actual length of
the layers of tissues or cells if the scale has been calibrated against a stage micrometer.
However, to help draw the correct shape and proportion of tissues, as in (b), it is not necessary
to calibrate the eyepiece graticule scale.
L1 is a stained, longitudinal section showing the tissues of a young root tip.
(b) Draw a large plan diagram of L1.
Use a ruled label line and a label to show the position of the area in which you can see
cells showing stages of mitosis.

[5]
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Fig. 3.2 is a photomicrograph of root cells.

Fig. 3.2
(c) Make a large drawing of each of the five cells labelled P, Q, R, S and T on Fig. 3.2.
On your drawing use ruled label lines and labels to identify two different stages of mitosis.
Annotate one of the stages to describe one observable feature that supports your
identification.

[5]
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Fig. 3.3 is a photomicrograph of root cells from a different region of the root.

Fig. 3.3
(d)

Use the scale bar below Fig. 3.3 to calculate the magnification of Fig. 3.3.
You may lose marks if you do not show your working or if you do not use appropriate
units.

Magnification:____________
[2]
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Fig. 3.2 is shown again here to help you answer (e).

Fig. 3.2
(e) Prepare the space below so that it is suitable for you to record three observable
differences between the specimens in Fig. 3.2 and in Fig. 3.3.
Record your observations in the space you have prepared.

[4]
[Total: 20]
End of paper
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QUESTION 1
Fig. 1.1 shows a yeast cell.

Fig. 1.1
(a) Compare the structures of organelles C and D. [KU-2]

[2]

Similarities [Max 1]:
x Both have a double membrane
x Both contain DNA
Differences [Max 1]:
Feature
Inner membrane
Shape of DNA present

C: Nucleus
Not folded
Linear

D: Mitochondrion
Highly folded to form cristae
Circular

(b) Explain how structures A, B and D are
e fu
functionally related. [KU-2]
x
x
x
x

[3]

Go
olg
gi apparatus
appa
ap
para
ara
r tus (A), modified proteins and lipids are sorted and
At the trans-face of the Golgi
packaged into Golgi/
gi/ secretory
secr
se
cret
cr
ettorry vesicles
vesicl
ve
sicl
si
c es
es
Golgi vesicles diffuse
difffus
use
e to the
the cell
cel
ell ssurface
ell
urf
membrane via microtubules, requiring ATP
produced by
y mi
m
mitochondria
toch
to
chon
ch
o dr
on
dria
ia (D)
(D)
D) via cellular respiration
Golgi vesicles
es fuse
fuse wi
with
th cell
c llll surface membrane (B) and modified proteins and lipids are
ce
secreted out off th
tthe
he
e cell
ce
elll via
via exocytosis
vi
Golgi vesicles help
ellp to
to replenish the cell surface membrane (B) lost through endocytosis
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Fungal cells like yeast are bound by a thick cell wall made of chitin, a polysaccharide made of Nacetylglucosamine. Fig. 1.2 shows the structure of chitin.

Fig. 1.2
(c) With reference to Fig 1.2, explain why chitin has high tensile strength. [HI-2]

[4]

x

Chitin is formed with N-acetylglucosamine joined together by β-1,4 glycosidic bonds

x

β-1,4 glycosidic bonds are unreactive and not easily degraded, making chitin stable

x

Alternate N-acetylglucosamine in chitin chain is rotated 180o

x

This allows polar –OH groups and N-acetyl groups in chitin chains to be projected outwards
in all directions

x

This allows extensive cross-linking between chitin chains by formation of hydrogen bonds
between –OH groups and N-acetyl groups across parallel chains

x

Parallel chitin chains associate together to form microfibrils, which are arranged in larger
bundles to form fibres/ Parallel chitin chains associate together to form a fibrous structure,
giving it high tensile strength

Chitinase is an enzyme found in plants. It degrades chitin in fungal cell walls and exoskeletons of
insects, protecting the plants against a range of pathogens.
(d) Describe one way in which chintinase lowers the activation energy and increases the rate
of chitin hydrolysis. [KU-1]
[1]
x

Chintinase holds chitin in a correct
co
orr
orientation inside its active site for hydrolysis
reaction to occur.

x

bou
ound
ou
nd to
o c
ch
hititin
i as
ase s a
ase’
When chitin is bound
chitinase’s
active site, physical stress/ strain of the β-1,4
glycosidic bond
bon
nd is induced,
ind
nduc
uced
uc
e , increasing
in
ncr
cre
eas
the likelihood that the bond will break to release
N-acetylglucosamine
lgl
g uc
gl
ucos
osam
os
amin
am
ine
in
e

x

When R gro
groups
amino
acid residues at the active site of chitinase are very close to
oup
ups
s of
of a
m
mi
chitin, they incr
increase
crea
cr
e s reactivity of chitin by altering the distribution of electrons within
the β-1,4 glycosidic bond OR changing the charge on chitin
(Any 1)
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A student isolated the chitinase gene from yeast cells and inserted it into E. coli cells for protein
production. Chitinase from yeast and E. coli cells were then extracted and purified separately. The
following observations were made by the student during this process:
x
x

The amount of chitinase mRNA transcribed in yeast and E. coli cells was similar
Chitinase produced in E. coli had a lower molecular weight than those produced in yeast cells

The student then tested the activity of chitinase produced from both cells. The result obtained is shown
in Fig 1.3.
100

Chitinase activity (%)

90
80
70
60
50
40
30
20
10
0
0.4

0.8

1.2

1.6

2

Chitinase concentration (%)
Chitinase synthesized in yeast cell

Chitinase synthesized in E. coli cell

Fig. 1.3
(e) Assuming that no mutations have taken place, account for the results shown in Fig. 1.3. [HI-3]
[4]
[Describe data – compulsory point]
x

As chitinase concentration increased from 0.4% to 2%, the activity of chitinase
synthesized in yeast cells increased from 20% to 90%, however, the activity of chitinase
synthesized in E. coli cells remained constant at 0%.

[Explain – max 2m]
x

E. coli cells are prokaryotic, while yeast
yea cells are eukaryotic

+
x

aryo
yotic
yo
c E. ccoli
olii ce
ol
ells
s are
a e unable to carry out the specific eukaryotic postar
(Idea that) Prokaryotic
cells
transcriptional
nall mo
modi
modifications/
difi
di
fica
fi
cati
ca
tion
ti
ons/
on
s// RN
R
RNA
A splicing Æ Translation of introns could result in
premature termination
erm
min
inat
atio
at
io
on of translation,
tra
ans
nsla
la
la
lati
hence chitinase produced in E. coli are of lower molecular
weight

OR
x

(Idea that) E. coli contains 70S ribosomes while yeast cells contain 80S ribosomes, hence
70S ribosomes do not recognise mRNA of eukaryotic origin as efficiently
4
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x

This makes translation process in E. coli cells unstable with premature termination, resulting
in chitinase of lower molecular weight
[Extra information: Prokaryotic genes have sequence upstream of start codon that is
transcribed onto mRNA (Shine-Dalgarno sequence); this promotes ribosome binding for
translation.
This
is
not
found
in
eukaryotic
genes.]
OR

x

(Idea that) Prokaryotic E. coli cells are unable to carry out the specific eukaryotic posttranslational modifications/ biochemical modifications required for chitinase activation,
resulting in chitinase of lower molecular weight

[Conclusion – max 1m]
x

(Idea that) Folding of chitinase is inaccurate/ chitinase changes conformation + chitinase is
rendered non-functional

x

Active site of chitinase is not complementary to chitin + chitinase is rendered nonfunctional
[Note: chitinase rendered non-functional only need to be mentioned once]
[Reject: E. coli does not carry out post-transcriptional modification/ RNA splicing does not
occur (without further explanation). This would result in chitinase of higher molecular weight
as introns are translated.]
[Total: 14]
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QUESTION 2
Fig. 2.1 shows DNA replication occurring in a cell.

Fig. 2.1
(a) With reference to Fig. 2.1, explain if this cell is prokaryotic or eukaryotic. [HI-1]
x

[1]

Eukaryotic; Multiple origins of replication/ Multiple replication bubbles

Fig. 2.2 illustrates how DNA replication occurs at a replication fork.

F
ig 2.2
Fig.
es
s provided
provid
pr
ov
o
vid
ide
ed
d iin
n Fi
Fig. 2
Fig.
2 indicate the direction of the DNA template strands. [HI-1]
(b) In the four boxes
2.2,
[1]
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(c) Fig. 2.2 shows the differences between the synthesis of two daughter strands.
With reference to Fig. 2.2, explain why DNA replication at each replication fork is described as
‘asymmetrical’ replication. [KU-2]
[4]
[Describe]
x

The leading strand is synthesized continuously towards the replication fork

x

The lagging strand is synthesized discontinuously away from the replication fork as short
fragments called Okazaki fragments

x

Multiple RNA primers are needed to synthesize the lagging strand as the DNA continues to
unwind, while only one RNA primer is needed to synthesize the leading strand
[Accept: contrasting statements for the following features: Synthesis, direction of synthesis with
regards to replication fork, number of primers needed; 1m each]
[Explain – max 2m]
x

DNA polymerase III has an active site with a shape that is complementary to the 3’-OH
end of existing nucleotide strand

x

DNA polymerase III only adds deoxyribonucleotides to free 3‘-OH ends, synthesizing
daughter strands in a 5’ to 3’ direction

x

DNA replication proceeds in opposite directions because parental DNA strands are antiparallel
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Resveratrol is a natural compound found in many dietary plants and in red wine. It plays an important
role in the prevention of many human pathological processes.
An experiment was carried out to investigate how resveratrol affects the activity of DNA polymerase.
The results are shown in Fig. 2.3.

Fig. 2.3
(d) With reference to Fig. 2.3, explain the results of the investigation. [HI-2]

[4]

[Describe]
x

As resveratrol increases from 0 μM to 5 μM (or 0 μM to 20 μM, or 5 μM to 20 μM), there
was an overall decrease in rate of DNA polymerase activity from 6.1 AU to 5 AU (or 3.2
AU for 20 μM)
[accept trend data citation]

x

Resveratrol is not structurally similar to deoxyribonucleotides, the natural substrate of
DNA polymerase.

[Explain]
x

petitiv
ve in
iinhibitor
nhi
hibi
b t of DNA polymerase, which binds at a site away
Resveratrol is a non-competitive
from the active site.

x

The conformation
ma
ati
t on of the
the active
acti
ac
t ve
ti
e site changes upon binding with resveratrol, hence
deoxyribonucleotides
uc
cle
leot
otid
ot
id
des ar
are
e no lo
llonger complementary to the active site of DNA polymerase
and cannot bind
nd
d

x

he rate of formation of enzyme-substrate complexes, hence decreasing
This decreases th
the
the rate of DNA polymerase activity

x

Vmax cannot be reached as effective concentration of DNA polymerase decreases
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The structure of resveratrol is shown in Fig. 2.4.

Fig. 2.4
For uptake into cells, resveratrol requires the aid of organic anion-transporting polypeptides (OATPs),
a family of transport proteins.
(e) With reference to Fig. 2.4, explain why OATPs are required for resveratrol to be transported
across membranes. [HI-2]
[3]
x

Resveratrol is large, hence it cannot pass the small temporary gaps created by phospholipids
moving laterally within the membrane

x

Resveratrol contains three ɅOH groups, which are polar/ hydrophilic. Hence these will be
repelled by the non-polar/ hydrophobic fatty acid tails of the phospholipid bilayer.

x

OATPs is a channel protein that provides a hydrophilic passage for resveratrol to pass
through the phospholipid bilayer
OR
OATPs is a carrier protein that provides hydrophilic binding sites for resveratrol to pass
through the phospholipid bilayer after the carrier protein changes conformation upon binding
with resveratrol

Fig. 2.5 shows two possible graphs that show the relationship between the concentration of resveratrol
and the rate of uptake by OATPs.

Fig. 2.5
(f) State which graph
h illustrates
ililllu
lust
lu
strra
ate
tes
s the
th relationship between the variables accurately and explain why.
[HI-2]
[1]
x

B; Transport proteins/OATPs will be saturated at high resveratrol concentration, hence rate
of resveratrol uptake will remain constant/ graph will plateau
[Total: 14]
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QUESTION 3
Fig. 3.1 shows two reactions catalysed by Rubisco, an enzyme used in photosynthesis.

Fig. 3.1
(a) Using Fig. 3.1 and your knowledge of the Calvin cycle, explain why starch synthesis in plant cells
decreases at high oxygen levels. [KU-2]
[3]
x

[Compulsory point] Oxygen competes with carbon dioxide for the active site of Rubisco/
Oxygen is a competitive inhibitor of Rubisco/ Oxygen binds to RuBP with higher affinity than
carbon dioxide

x

More phosphoglycolate formed, but cannot be used for Calvin cycle Æ Less glycerate3-phosphate formed for Calvin cycle

x

[Compulsory point] Less glyceraldehyde-3-phosphate (GALP)/ triose phosphate (TP)
produced (which then exits Calvin cycle) to be used to synthesize starch, since
glyceraldehyde-3-phosphate (GALP)/ triose phosphate (TP) is the first sugar to be produced
in the Calvin cycle

[Reject: Any reference to hydrolysis of starch to release glucose for respiration/ Any reference to
rate of respiration]
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The rate of photosynthesis in the marine seagrass, Zostera marina, was investigated under a range
of pH conditions (Fig. 3.2). After a period of darkness, the plants were illuminated at a constant light
intensity at 15°C and the rate of photosynthesis was measured.

Fig. 3.2
(b) Explain why Zostera marina plants were incubated in darkness for a period of time before the
start of the experiment. [HI-2]
[2]
x The plants were left in darkness to stop light-dependent reaction from occurring OR stop
the production of ATP and reduced NADP/ NADPH OR ensure all existing ATP and
reduced NADP/ NADPH are used up
x

(Idea that) This is to ensure that
hat the
the
h amount
am
of ATP and reduced NADP/ NADPH is equal for
all plants before starting
g the
the experiment,
expe
ex
expe
eri
rim
men so that the changes in rate of photosynthesis
measured subsequently
uentl
tly
tl
y could
coulld be
co
be attributed
atttri
r but
uted
e to the changes in pH
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(c) With reference to Fig 3.2, explain how the rate of photosynthesis is affected from pH 7 to pH 9.
[HI-2]
[4]
[Describe: Compulsory points – 2m]
x When pH increases from pH 7 to pH 9, rate of photosynthesis decreases from 76.25 μ mol
O2 g-1 hr-1 to 46.25 μ mol O2 g-1 hr-1 [Accept 76-77 μ mol O2 g-1 hr-1 to 46-47 μ mol O2 g-1 hr-1]
x

As pH increases, OH- concentration increases/ H+ decreases

[Explain – max 2m]
x

This disrupts hydrogen and ionic bonds maintaining the active site conformation of
photosynthetic enzymes like Rubisco, changing the active site conformation of Rubisco

x

RuBP and CO2 cannot bind to active site of Rubisco effectively Æ Rate of formation of
enzyme-substrate complex decreases/ Rate of carbon fixation in Calvin cycle decreases
Æ the rate of photosynthesis decreases

x

This disrupts hydrogen and ionic bonds maintaining the active site conformation of
photosynthetic enzymes like ATP synthase/ NADP reductase, changing the active site
conformation of ATP synthase/ NADP reductase

x

ADP+Pi / NADP+ + H+ cannot bind to active site of ATP synthase/ NADP reductase effectively
Æ ATP/ NADPH formation decreases Æ Less ATP/ NADPH for Calvin cycle Æ Rate of
Calvin cycle decreases Æ the rate of photosynthesis decreases

x

This disrupts hydrogen and ionic bonds of membrane proteins in chloroplast outer
membrane, disrupting the integrity of membranes.

x

Allows flow of H+ across outer membrane of chloroplast Æ Proton gradient across thylakoid
membrane cannot be maintained

x

ATP produced decreases Æ Less ATP for Calvin cycle Æ Rate of Calvin cycle decreases
Æ the rate of photosynthesis decreases

OR

OR

(d) Suggest how Zostera marina can perform
pe
erf
rfo
photosynthesis even at very low carbon dioxide
concentrations. [KU-3]
[1]
x The plants use stored carbon
dioxide synthesized from respiration
carb
rbon
rb
on
n dioxide
dio
iox
xiide
e / carbon
ca
ar
[Total: 10]
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QUESTION 4
Fig. 4.1 shows that there is an overexpression of human epidermal growth factor receptor 2 (HER2)
protein in breast cancer cells.

Fig. 4.1
(a) (i) With reference to Fig. 4.1, explain how a chromosomal aberration could lead to an
overexpression of HER2 protein. [KU-2]
[2]
x Duplication of HER2 gene
x With multiple copies of HER2 genes, there is a higher rate of transcription to form more mRNA,
and hence translation increases to form more HER2 protein.
OR
x

Translocation of HER2 gene downstream of an hyperactive promoter.

x

Lead to increased rate of transcription to form more mRNA, and hence translation increases
to form more HER2 protein.

(ii) Explain whether HER2 is a proto-oncogene
p ot
pr
or a tumour suppressor gene. [HI-2]
[2]
gene
e
x HER2 is an proto-oncogene
+
x

HER2 receptor
orr sends
send
se
nd
ds signals
sign
si
g al
gn
als that
th lead to the stimulation of the cell cycle OR
tha
th

x

The mutation that
hatt leads
le
ead in breast cancer is a gain-in-function mutation as cells divide
excessively, which
h results in an overstimulation of the cell cycle/ excessive mitosis
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Edeine is an antibiotic that inhibits protein synthesis. In an investigation, edeine is added to a cell
extract obtained from a developing frog embryo. It was found that edeine stops protein synthesis after
a short lag. Analysis of the edeine-inhibited cell extract showed that all the mRNA was found
associated with small ribosomal subunit and initiator tRNA.
(b) Explain how edeine inhibits protein synthesis. [HI-2]

[2]

x

Edeine prevents the large ribosomal subunit from binding the complex made up of mRNA,
small ribosomal subunit and initiator tRNA

x

Initiation of protein synthesis is prevented/ Production of the translation initiation complex
is prevented and translation is stopped

[R: Prevent the formation of ribosome]
(c) Suggest, with a reason, if edeine can be used as a therapeutic drug to reduce overexpression of
HER2 in breast cancer patients. [HI-2]
[1]
x

No; (Idea that) Edeine is an antibiotic, hence is only effective against bacterial/ prokaryotic
ribosomes and not eukaryotic/ human ribosomes OR edeine is an antibiotic, hence is only
effective against prokaryotic cells and not eukaryotic cells

x

No; (Idea that) Edeine is not a suitable option as its action is non-specific and will inhibit
translation of all proteins for all cells

x

Yes; Since the investigation showed that edeine is effective against eukaryotic frog embryo
cells, it should have the same effect in human cells which are also eukaryotic.

OR

OR

[Total: 7]
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QUESTION 5
(a) Tuberculosis (TB) is an infectious disease caused by the pathogen Mycobacterium tuberculosis
that kills about three million people worldwide each year.
Fig. 5.1 is a transmission electron micrograph of the organism that causes tuberculosis.

Fig. 5.1
Suggest why the process shown in Fig. 5.1 is more likely to give rise to unequal division of genetic
material between daughter cells compared to the equivalent process in eukaryotes. [KU-2] [2]
x

No mechanism for equal division of (extrachromosomal) plasmids in prokaryotes.

x

Hence plasmids may not be equally divided between daughter cells.

x

No formation of spindle fibers in prokaryotes to pull chromosomes to opposite poles of
the cell prior to cell division.

x

Separation of bacterial chromosome is dependent on the point of attachment of bacterial
chromosomes to cell membrane, which may lead to unequal division.

[Reject: plasmids replicate independently]
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(b) In an experiment, a single mutation was induced in the DNA of Organism 1 and the effects of the
mutations are recorded in Table 5.1.
Table 5.1
Organism 1
Mutation

Amount of
functional
protein A / μg

Amount of
functional
protein B / μg

Amount of
functional
protein C / μg

Amount of
functional
protein D / μg

Absent

50

44

48

72

Present

0

0

0

73

A similar experiment was conducted on Organism 2 and the result is recorded in Table 5.2.
Table 5.2
Organism 2
Mutation

Amount of
functional
protein W / mg

Amount of
functional
protein X / mg

Amount of
functional
protein Y / mg

Amount of
functional
protein Z / mg

Absent

37

72

29

24

Present

38

71

64

23

(i) State whether Organism 1 and Organism 2 is prokaryotic or eukaryotic. [HI-1]

[1]

Organism 1 prokaryotic
Organism 2 eukaryotic
(ii) With reference to Table 5.1 and 5.2, describe and explain how you arrived at this conclusion
for: [HI-2]
Organism 1

[2]

x

[Cite data] The single mutation resulted in a decrease in the amount of functional
proteins A, B, and C, from 50μg, 44μg, and 48 μg to 0 μg respectively.

x

This suggests that the three genes
ene that code for proteins A, B, and C are found in the
same operon / under the control
conttro
roll of the same promoter, unique of prokaryotes.
Organism 2

[2]

x

ation
on increased
incr
in
crea
cr
ease
ea
sed
se
d the
the amount
a o
am
The mutation
of functional protein Y only, from 29 to 64 mg.

x

This suggests
est
sts
st
s that
that
at the
the genes coding for the proteins are transcribed / controlled
separately, each
ea
ach
h having
h
its own control elements / promoter.
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(iii) Suggest and explain where the mutation may have occurred in Organism 2. [HI-2]

[3]

x

Loss of function mutation occurred at the silencer sequence controlling the gene coding
for protein Y.

x

Repressor proteins are no longer complementary to / unable to recognise and bind to
the silencer sequence,…

x

hence increase rate of transcription of the gene coding for protein Y, more mRNA is
produced and translated to form more functional protein Y.

x

Gain of function mutation at promoter sequence controlling the gene coding for protein
Y.

x

RNA polymerase binds to the promoter at a more effectively / OWTTE,

x

hence increase rate of transcription of the gene coding for protein Y, more mRNA is
produced and translated to form more functional protein Y.

x

Gain of function mutation at enhancer sequence controlling the gene coding for protein
Y.

x

Activator proteins binds to the enhancer at a higher efficiency / OWTTE,

x

hence increase rate of transcription of the gene coding for protein Y, more mRNA is
produced and translated to form more functional protein Y.

OR

OR

[Total: 10]
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QUESTION 6
Dengue fever is a disease spread by a particular species of mosquito, Aedes aegypti. The incidence
of dengue has dramatically increased in recent years. This has heightened the need to understand
the vector, as well as the virus. Dengue virus (DENV), an enveloped virus with a single-stranded
positive-RNA genome, causes dengue fever. There are four distinct, closely-related DENV, namely
DENV-1, DENV-2, DENV-3, and DENV-4.
(a) Describe one structural difference between the genome of the dengue virus and the influenza
virus. [KU-2]
[1]
x

Eight, separate single-stranded RNA in influenza virus, while there is only one continuous
long RNA strand in dengue virus.

x

Influenza virus consist of negative-RNA genome while dengue virus consists of positive-RNA
genome.
[Any 1]

(b) Suggest how the four distinct, closely-related serotypes of the dengue virus may have arisen.
[KU-2]
[1]
x

Antigenic drift occurs: Gene coding for glycoprotein / surface antigen undergoes
mutation.

(c) Fig. 6.1 shows the reproductive cycle of the dengue virus in a human host cell after an individual
was bitten by an Aedes mosquito carrying the virus.

Fig. 6.1
Adapted from Nature Immunology
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With reference to Fig. 6.1,
(i)

describe how the dengue virus enters its host cell. [HI-2]

[3]

x

Glycoprotein / E protein is complementary in shape to cognate receptor on the host
cell. [Reject if answer is not related to context]

x

Virus enters via receptor-mediated endocytosis, where the host cell membrane forms
an endosome/endosomal vesicle around the virus.

x

Acidification of the endosome led to the fusion of the viral envelope with the
endosomal membrane, releasing the nucleocapsid/RNA genome into the cytosol.

(ii) describe how the dengue virus produces more copies of its genome. [HI-2]

[2]

x

(+)RNA acts as a template to produce (-)RNA, which in turn acts as a template to produce
many copies of the (+)RNA genome…

x

…by viral RNA-dependent RNA polymerase. [reject: replication enzyme]

(iii) suggest two ways how researchers may design a drug to prevent replication of dengue virus
with a human host cell. [HI-3]
[2]
Drug that
x

binds to E protein that prevents virus from binding to receptor.

x

inhibits RNA-dependent RNA polymerase to prevent viral replication.

x

inhibits viral protease and thus cannot cut/ hydrolyse polyproteins into functional
proteins.
Or
binds to viral polyproteins preventing cleavage by viral protease.

x

act as nucleoside analogs that stop RNA synthesis.

x

carries antisense RNA that will bind to viral (+)RNA to form double-stranded RNA thus
ribosome cannot bind/translation cannot occur/RNA dependent RNA polymerase
cannot bind to replicate viral RNA.
[Any 2]
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(d) Dengue is the most rapidly spreading mosquito-borne viral disease in the world. In the last 50
years, incidence has increased 30-fold with increasing geographic expansion to new countries
and, in the present decade, from urban to rural settings. The shaded areas in Fig. 6.2 are countries
at risk of dengue fever.
Fig. 6.2 also shows two contour lines representing the range of January and July isotherm, which
indicates the range of Aedes aegypti occurrence.

Fig. 6.2

Explain how climate change may affect the spread of dengue beyond the tropics.
[3]
x

Due to global warming, countries at the higher latitude / temperate countries experienced
higher temperature, encouraging mosquitoes to migrate to higher latitude.

x

Higher temperature can lead to increase in the kinetic energy of the metabolic enzymes in
the mosquitoes, hence increases the rate of enzymatic reactions.

x

Higher temperature hasten the life cycle of mosquitoes due to increased metabolism,
hence producing more offspring

x

Higher temperature causes female mosquitoes to feed more frequently due to increased
rate of digestion, this increases transmission intensity

x

Climate change leads to increase in rainfall may result in more flooded areas for
mosquitoes to breed / more breeding
in sites for mosquitoes.
[Total: 12]
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QUESTION 7
Nail-patella syndrome is a rare autosomal dominant trait that affects fingernails, toenails, elbows and
kneecaps. The locus of the gene for nail-patella syndrome, N / n, is 10 map units from the ABO locus
on chromosome 9, which will result in a 10% recombination frequency between the two genes.
(a) Explain what is meant by 10% recombination frequency. [HI-2]

[2]

x

Recombination frequency refers to the percentage of recombinants among the total
number of offspring. [Accept if student wrote the formula]

x

10% recombinant frequency implies that the chance of crossing over between the two
genes is 10% .
[ans must show that crossing over is occuring between the genes]

(b) A man with nail-patella syndrome and blood group AB has a family of five children with his wife
who does not have the syndrome and is blood group O.
Three children do not have the nail-patella syndrome and are blood group A.
Two children have nail-patella syndrome and are blood group B.
Illustrate the above cross between the man and his wife with a genetic diagram. [HI-2]

[3]

x Correct parental
phenotypes &
genotypes
x Gametes with labelling
of parental (large no) &
recombinant (small no).

x Offspring’s genotypes
and phenotypes (must
indicate large / small no)
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x
x
x

Correct parent phenotypes and genotypes
Gametes with labeling of parental (large no) & recombinant (small no).
Offspring’s genotypes (accept w/o indicating large/small no) and phenotypes (must indicate large
/ small no)
(*penalize 1m if symbols used is incorrect – for either or both genes)

(c) The two children who have nail-patella syndrome and are blood group B are in fact identical twins.
They were recruited for a study which investigated the differences expressed by the two
individuals. Of the traits studied, they showed differences in only some traits.
Explain what the findings of such a study revealed. [HI-2]

[2]

x

Twins are genetically identical / have identical alleles, resulting in identical
traits/phenotypes.

x

The differences in some traits could be because these traits are influenced by the
environment.
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A group of geneticists researched on another genetic disorder known as hypophosphatemic rickets
by studying the inheritance of the disease over four generations in an extended family. Hereditary
hypophosphatemic rickets is a genetic disorder that results in low level of phosphate in the blood
(hypophosphatemia).
Fig. 7.1 shows the inheritance of this disease over four generations in an extended family.

Fig. 7.1
(d) Based on the pedigree chart of the extended family, the geneticists concluded that
hypophosphatemic rickets is a recessive trait controlled by a gene located on an autosome.
Comment on the above conclusion. [HI-2]

[3]

x

Hypophosphatemic ricket is a sex-linked dominant disease.

x

It is not recessive because the disease does not skip a generation / every affected
individual has an affected parentno two unaffectedparents gives affected child, hence
is a dominant trait.

x

Sex-linked (not autosomal) as an affected male passes the disease allele on the X
chromosome to all his daughters but
u not his son

x

+ citing any one example
o I-2 passed the dominant
allele
daughters II-1, II-4, II-8 but not to the sons
dom
om
min
na
an
nt al
a
lle
lele
le to da
o III-7 passed
IV-5 and IV-6 but not to the sons
ed the
the
e dominant
domi
do
m nant allele
mi
alllel
ele
e to
to daughters
d
o III-3 passed
to daughters IV-3 but not to the sons
pass
ss
sed the
the dominant
dom
omin
inan
in
an
nt allele
al
o III-11
1 passed
pas
asse
sed
se
d the
th
he dominant
do
omi
min nt allele to daughters IV-9 and IV-10 but not to the sons
mina
[Total: 10]
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QUESTION 8
Four species of desert pupfish have evolved from an ancestral population in the Death Valley region
of Nevada since the extensive lakes that existed there were reduced to isolated pools 20,000 – 30,000
years ago.
(a) Explain if the formation of the four desert pupfish is an example of microevolution or
macroevolution. [HI-2]
[2]
x

Macroevolution because it involves evolutionary changes beyond a single species
(ancestral population).

x

Not microevolution because microevolution involved only the change in the allele
frequencies within a population of a given (pupfish) species.

(b) Explain how environmental factors can act as stabilizing forces of natural selection in an isolated
pool after the initial evolution of a new species. [KU-2]
[3]
x

Within each pool, the environmental conditions remain the same. [answer must clearly
show condition of EACH POOL]

x

Only those fish well adapted to the stable conditions in each pool survive and reproduce
fertile and viable offspring.

x

Extreme phenotypes are selected against and do not survive to reproduce fertile and
viable offspring.
[penalize once for not stating “reproduce fertile and viable offspring”]

(c) Suggest what may happen if the water levels rose and the isolated pools once more formed an
extensive lake system. [KU-2]
[2]
x
x

Competition between species (e.g. for niche / resources)…
…hence reduction in the number of species / not all species will survive.

x
x

The four species are restricted to their preferred niche…
hence all/most species survive.

x
x

One species likely to be better adapted than all other species,…
hence increase in proportion of that species while the rest decrease in numbers.

Note to marker: accept possible interbreeding
ding
g / no interbreeding if thorough and logical explanation is
given
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A scientist attempted to construct the phylogenetic tree of the four pupfish species based on nucleotide
sequences, with ages estimated from fossil records.
(d) Describe one advantage of using nucleotide sequences over the use of amino acid sequences in
constructing phylogenetic relationships. [KU-2]
[1]
x

Comparison of DNA takes into consideration changes in non-coding sequences, which are
not expressed in proteins/ amino acid sequence / phenotype.

x

Comparison of DNA takes into consideration silent mutation, where a different triplets base
can code for the same amino acid. Hence difference is not expressed in proteins/ amino acid
sequence / phenotype.
[Total: 8]
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The World Health Organisation (WHO) published data on the vaccination programmes for infectious
diseases. The WHO recommends vaccination rate of over 90% of children.
Each health authority in a country reports its success in vaccinating children in their district. The WHO
uses these figures to estimate the percentage of districts in each country that vaccinate 90% of
children against measles.
The WHO also collects statistics on death rates of children under the age of 5 from all causes including
infectious diseases.
Fig. 9.1 shows these statistics for 24 countries for the year 2007.

Fig. 9.1
(d) Use the information in Fig. 9.1 to explain why the WHO recommends immunisation of 90% of
children. [HI-2]
[2]
[Data citation-1]
x Countries with more than 90% of districts
vaccinating 90% of children against measles have
s
very low mortality rate of children
ren
n un
u
under 5 years of age, between 5 to 40 deaths per 1000
children.
x

Countries with less
ss th
than
han 9
90%
0% of districts
d sttri
di
rict
c s vaccinating
ct
va
90% of children against measles have a
wide variation
n in
n death
deat
de
ath
at
h rates.
rate
ra
tes.
te
s.

[Explanation-1]
x Herd immunity
transmission. / By vaccinating a large proportion (at least 90%
y decreases
decr
de
crrea
crea
ea
eas
of disctricts) at the
he
e same
s
time, transmission is reduced.
[Total: 10]
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QUESTION 10
The polar bear, Urus maritimus, lives in the Arctic regions of the USA, Canada, Norway and Russia.
Polar bears move across the Arctic ice sheet to hunt prey such as seals.
Fig. 10.1 shows a polar bear.

Fig. 10.1
(a) Explain an advantage to scientists in giving polar bears a binomial Latin name, Urus maritimus.
[KU-2]
[1]
1. Universal name to avoid ambiguity among scientists.
2. Once an organism can be identified, it can be organised into taxons according to shared
characteristics.
The area over which the Arctic ice sheet extends varies throughout the year.
Fig. 10.2 shows the variation in the extent of the Artic ice sheet for the months of July to November
for the years 1979 and 2009.

Fig. 10.2
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(b) Calculate the percentage reduction in the area over which the ice sheet extends between 1979
and 2009 for the month of September.
Give your answer to the nearest whole number. Show your working. [HI-1]

[1]

Percentage reduction = |4.5 – 7| / 7 = 35.7% = 36%
Answer: ………………………………..%
(c) In 2008, the government of the USA classified U. maritimus as an endangered species because it
is under threat of extinction.
Using information in Fig. 10.2, suggest what has caused U. maritimus to have become endangered.
[HI-2]
[3]
x

Reduction of the extent of ice sheets between 1979 to 2009 for months from July to
November + cite figure for a month / trend over the months.

x

Caused by global warming due to enhanced greenhouse effect.

The reduction in ice sheets will cause the reduction in polar bear population because there is …
x

(idea that)…loss of breeding sites, hence less offspring produced / reproduce less
frequently.

x

(idea that)…reduction of suitable hunting ground for prey, leading to starvation.

x

(idea that)… increased distance to travel to find food, which may lead to exhaustion /
starvation.

x

(idea that) Reduction in number of seals, hence less food available.
[Suggestion given must have an implication]
[Total: 5]
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Section A
Answer all the questions in this section.
QUESTION 1
Mitochondria are found in all nucleated eukaryotic cells and are the principal generators of cellular
ATP. The mitochondrial genome is a circular DNA comprises 37 genes, which code for 13
essential polypeptides for oxidative phosphorylation and the necessary RNA machinery for their
translation within the mitochondria. There are usually more than 100 copies of mitochondrial DNA
in one cell, as compared to only two copies of nuclear DNA in one cell.
In recent years, a large and growing number of disorders are known to be due to types of
mitochondrial disease (MD).
One form of MD is caused by a mutation of a mitochondrial gene that codes for a tRNA. The
mutation involves substitution of guanine for adenine in the DNA base sequence. This changes
the anticodon on the aminoacyl-tRNA carrying leucine (tRNAleu). This mutant tRNAleu also
recognises the phenylalanine codon, resulting in the formation of a non-functional protein in the
mitochondrion.
(a) Outline how oxidative phosphorylation produces ATP.

[3]

x

Electrons are transferred from NADH or FADH2 to electron carriers in electron
transport chain of progressively lower energy levels

x

The energy released from the passage of electrons is used for active transport of H+
from the mitochondrial matrix into intermembrane space via proton pumps.

x

This creates a proton gradient across the inner mitochondrial membrane.

x

H+ ions diffuse back into the matrix through ATP synthase via facilitated diffusion to
generate ATP from ADP & Pi.

(b) Explain why there are usually more than 100 copies of mitochondrial DNA in a cell, but only
two copies of nuclear DNA.
[2]
x

There are many mitochondria
per
ria
a pe
p
er cell but only one nucleus per cell

x

Each mitochondrion
contains
many
ion co
ontai
nttai
n
ainss ma
m
ny copies of its mitochondrial DNA but in each
diploid cell, the
he nucleus
nucl
nu
c eu
euss contains
conttains only
on
nlly two copies of each chromosome
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(c) Suggest how the change in the anticodon of a tRNA leads to mitochondrial diseases. [3]
x

Change in the anticodon of the tRNA results in the incorporation of leucine instead of
phenylalanine into the polypeptide chain during translation

x

.. the different R-group of amino acid results in different folding of the polypeptide chain,
hence, change in the 3D conformation of the tertiary structure

x

Change in the protein/enzyme required for oxidative phosphorylation, hence, less/ no
ATP synthesised.
Source: https://www.ncbi.nlm.nih.gov/pubmed/10660592

(d) Some MDs are caused by mutations of mitochondrial genes inside the mitochondria. Most
MDs are caused by mutations of genes in the cell nucleus that are involved in the functioning
of mitochondria. MDs caused by nuclear DNA mutations are autosomal recessive. All of a
person’s mitochondria are inherited from their mother via the egg cell.
Two couples, couple A and couple B, had one or more children affected by a mitochondrial
disease (MD). The type of MD was different for each couple.
None of the parents showed signs or symptoms of MD.
x
x

Couple A had four children who were all affected by an MD.
Couple B had four children and only one was affected by an MD.

Using the information provided, suggest why all of couple A’s children had an MD and only
one of couple B’s children had an MD.
[4]
Couple A
x mutation occurs in the mitochondrial DNA during the formation of mother’s eggs in the
ovary
x all children have the affected mitochondria from the mother
Couple B
x Mutation occurs in the nuclear
of the parents
ucle
ea
arr DNA
D
x Parents are heterozygotes/
at the gene locus
zygote
te
es/ heterozygous
hete
he
tero
te
Accept: one parent
carries
and somatic mutation in child’s nuclear DNA
nt car
a ri
ar
ries
es the
the
h recessive
rec
eces
ec
ces
essi
sive
si
ve allele
al
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(e) In women, the first division of meiosis produces one daughter cell that has almost all of the
cytoplasm. The other daughter cell, known as a polar body, consists of a nucleus surrounded
by a very small amount of cytoplasm and a cell surface membrane.
One proposed treatment of mitochondrial disease is
x
x

removing the nucleus from an egg cell donated by a woman with healthy mitochondria
replacing this nucleus with the nucleus of the polar body from a woman whose egg cells
are affected by mitochondrial disease.

Suggest the advantages of this treatment for mitochondrial diseases.

[2]

x

The created egg has nucleus/DNA/ genes of the affected woman obtained from the
polar body, so there is no alteration of the nuclear DNA sequence of the affected
woman’s egg.

x

The created egg has many normal mitochondria obtained from the unaffected
woman’s egg cell, so will prevent the passing on of defective mitochondria to the
offspring.
Reject: Production of healthy mitochondria as a result of the treatment
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1762815/
Diagram to explain (e)
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(f) Mitochondrion plays an important role in regulating insulin secretion.
Fig. 1.1 shows the steps involved in the release of insulin from pancreatic islet beta cells,
which involves three types of transmembrane proteins.

Fig. 1.1
Using the information provided in Fig. 1.1, explain how defective mitochondria affect the
release of insulin by pancreatic islet beta cells.
[4]
x

[idea of] defective mitochondria do not produce ATP

x

ATP-sensitive K+ channel remains open due to low level of ATP, hence, no build up
of K+ ions inside beta cells

x

Voltage-gated Ca2+ channel remains closed, hence, Ca2+ ions cannot enter the beta
cells

x

Vesicles containing insulin cannot fuse with cell surface membrane, hence, insulin
cannot be released out of the beta cells via exocytosis

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2824521/
pmc

Tampines Meridian Junior College

2019 JC2 Prelim H2 Biology
5

Need a home tutor? Visit smiletutor.sg

(g) A research study explored the possibility of using embryonic stem cell as a potential treatment
for type 1 diabetes.
In the study, mouse embryonic stem (ES) cells were grown in culture and chemical signals
were added to the culture to allow the ES cells to differentiate into ES cell-derived
insulin-producing cells. To determine whether the ES cells are producing insulin, the amount
of insulin mRNA was measured using the reverse transcription polymerase chain reaction
(RT-PCR).
RT-PCR uses a reaction mixture containing:
x the sample for testing
x reverse transcriptase
x DNA nucleotides
x primers
x DNA polymerase
x fluorescent dye.
The principles behind this method is shown in Fig. 1.2.
Amount of DNA amplified by
PCR depends on the amount
of RNA in the sample.

The dye only fluoresces when
bound to DNA.

The intensity of the
fluorescent light emitted
increases as the PCR
products accumulate.
Fig. 1.2
(i) Describe the role of reverse
in RT-PCR.
e transcriptase
tra
ans
nscr
x To produce complementary
ement
nttar
n
a y DNA
DN using mRNA as a template
DN

[1]

(ii) Outline the process
roccesss of
of polymerase
pol
o ym
y er
eras
ase
as
e chain
chai reaction.
ch

[3]

x

Temperature
raised
95˚C (A: 92 – 98˚C), where double-stranded DNA denatures
mp
per
erat
a urre iss ra
at
rais
is
sed
ed tto
o9
/ hydrogen
drog
o en b
og
bonds
onds
on
ds b
between complementary base pairs are broken to produce two
single str
strands
trran
ands

x

Temperature is cooled to 55˚C (A: 50 - 60˚C), where the primers bind to the 3’ region
of the single stranded DNA by complementary base pairing.
Temperature raised to 72˚C, where Taq polymerase elongates the primers by
adding deoxyribonucleotides to the 3’OH end of the new complementary strand.

x
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Fig. 1.3 shows the results of using RT-PCR to detect insulin mRNA in two different samples of
ES cell-derived insulin-producing cells, A and B.

0.24

19

27

Fig. 1.3
(iii) A quantitative comparison can be made of the amount of RNA in samples A and B. This
involves determining the number of cycles required to reach 50% maximum concentration
of DNA (c).

The amount of RNA in a sample can be measured as :
ࢉ
Using this information, calculate the amount of RNA content in samples A and B.
Show clear working and leave yo
yyour
u answers to 2 decimal places.
[2]

Amount of RNA
A in
n sample
sam
ampl
plle A = 1/19
1//19
1 = 0.05
0
[accept no. of cycles = 18.5]
Amountt of RNA
RNA in sample
sam
ampl
ple
pl
e B = 1/27
1/2 = 0.04 [accept no. of cycles = 27.5]

1 mark for working
1 mark for correct decimal places
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During the experiment, a drug was injected into two groups of healthy mice in order to simulate
type I diabetes 15 days prior to the transplant of the ES cell-derived insulin-producing cells.
Type I diabetes is a diabetic state in mice with blood glucose concentrations greater than
350mg/dL.
The mice in the transplant group received the ES cell-derived insulin-producing cells. The control
group did not receive the transplant. Control mice exhibited persistent hyperglycemia
(blood glucose levels ranging between 350mg/dL and 500mg/dL) and all died by day 19.
Fig. 1.4 shows the blood glucose concentration in both groups.

Fig. 1.4
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2824521/
(iv) Describe the characteristics of embryonic
em
stem cells that enable them to be used for this
experiment.
[3]
x

Embryonic stem
pluripotent.
m cells
cel
ells
ls are
are
e pl
p
lur
urip
po
otten
e t

x

Capable
ble of
o di
d
differentiating
ffer
ff
eren
er
enti
en
tiat
ti
atin
at
ing
in
g in
into
nto almost all cell types except cells of extra-embryonic
membranes
bra
ane
nes
s wh
w
when
en treated
tre
eat
a ed with appropriate signals hence they are able to secrete
insulin

x

Capable of d
dividing and renewing themselves for a long period hence the effect of
the experiment can be long-lasting.
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(v) With reference to Fig. 1.4, compare the concentration of blood glucose resulting from the
embryonic stem cell transplant with the control.
[2]
[Similarity]
x Both transplant and control groups show a gradual increase of blood glucose
concentration from Day 4 to Day 19. In transplant group, blood glucose
concentration increases from 220 mg/dL to 260 mg/dL and in control group, blood
glucose concentration increases from 420 mg/dL to 520 mg/dL.
[Difference- any 1]
x From Day 0 to Day 4, in transplant group, the blood glucose concentration
decreases steeply from 400 mg/dL to 220 mg/dL while in control group, the blood
glucose concentration remained relatively constant at 410 mg/dL / decreases
slightly from 420mg/dL to 410mg/dL.
x

From Day 0 to Day 19, glucose concentration in transplant group decreases from
400 mg/dL to 260 mg/dL while those in control group increases from 420 mg/dL to
520 mg/dL.

x

From Day 0 to Day 19, in transplant group, glucose concentration remains lower
(400mg/dL to 260mg/dL) than those from control group (420mg/dL to 520mg/dL)
[accept a range of days but not comparing point to point]

(vi) Discuss whether the embryonic stem cell treatment is effective in controlling blood glucose
level.
[2]
Effective
x From Day 0 to Day 19, treatment lowers blood glucose level from 400 mg/dL to 260
mg/dL as compared to control group from 400 mg/dL to 520 mg/dL
x From Day 19 to Day 28, while blood glucose level increases from 260 mg/dL to 470
mg/dL, it is still lower than control group of 520 mg/dL.
[any 1]
Not effective
x blood glucose level rises back
ck from Day 19 to Day 28 in the transplant group, from
260 mg/dL to 470 mg/dL,
L, which
wh
hic
ich is greater than 350 mg/dL/ diabetic state.
st a
ddre
dd
drre
esss
s both
bo
otth effective
effe
Note: Answers must
address
and not effective in order to gain full marks
[Total: 31]
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QUESTION 2
2,4-D is a selective herbicide that kills some species of plants but not others. 2,4-D disrupts cell
surface membranes but the extent of disruption differs in different species.
Scientists investigated the effect of 2,4-D on wheat plants (a crop) and on wild oat plants (a weed).
They grew plants of both species in glasshouses. They put plants of each species into one of two
groups, W and H, which were treated as follows:
x
x

Group W – leaves sprayed with water
Group H – leaves sprayed with a solution of 2,4-D.

After spraying, they cut 40 discs from the leaves of plants in each group and placed them in flasks
containing 10 cm3 de-ionised water. After 5 minutes, they calculated the disruption to cell surface
membranes by measuring the concentration of ions released into the water from the leaf discs.
Their results are shown in Table 2.1.

Group

Table 2.1
Mean concentration of ions in water
/ arbitrary units
Treatment
Wheat
Wild oats

W

Water

26

45

H

2,4-D

27

70

P=0.5

P=0.0001

Probability of
difference occurring
by chance

(a) Using the information provided, evaluate the use of 2,4-D as a herbicide on a wheat crop that
contains wild oats as a weed.
[Observation from data]
x 2,4-D causes an increase in release of ions from wild oat cells and 2,4-D does not
affect/ has little effect on the release of ions from wheat cells.
[Cite data to support observation]
x For wheat, the probability of di
difference
iff
ffer
e en between the mean concentration of ions in water
er
is due to chance
P=0.5 where P>0.05, so the difference is
ce iis
s P=
P=0.
not significant
x

For wild oat
oats,
ts, tthe
he p
probability
roba
ro
babi
ba
bililility
bi
ty
yo
off d
di
difference
iff
between the mean concentration of ions in water
is due to
chance
P=0.0001
o ch
chan
ance
an
c iss P=
ce
P=0.
0.00
0.
0.00
0 01 where P<0.05, so the difference is significant

[Explain the effect
ffec
ect of
ec
o 2,4-D
2 4 on wheat and weed]
x Loss of ions from
fro cells likely to lead to cell death/ damage of weed but not on wheat
x OR
x Disruption of cell membrane likely to lead to cell death/damage of weed but not on wheat
[4]
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(b) Many other herbicides act by inhibiting photosynthesis in weeds. Triazine herbicide acts on
the weeds by binding to a specific protein associated with photosystem II, blocking the
movement of electrons between electron carriers.
Explain the effect of triazine herbicide on photosynthesis in weeds.
x
x
x
x

[2]

prevent non-cyclic photophosphorylation
less / no ATP and no reduced NADP available for Calvin cycle
rate of Calvin cycle decreases (reject: affecting Calvin cycle)
[idea of] ATP production by cyclic photophosphorylation is not prevented

Wheat and other crops have been genetically modified to be resistant to triazine since 1996.
Fig 2.1 shows the area of triazine-resistant crops grown as a percentage of the total planted
hectares (plotted points) and the number of weed species with resistance to triazine (bars).

Fig. 2.1
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(c) Describe the relationship between the area of triazine-resistant crops grown and the number
of resistant weed species from 1996 to 2006.
[2]
[Describe]
x As area of triazine-resistant crops increases [1] from 3% to 60% , the number of resistant
weed species increases from 0.2 to 21 [1]. (reject: almost zero to 21)
(d) Suggest one social advantage and one environmental advantage of growing triazine-resistant
wheat.
[2]
social advantage
x increase crop yield / increase food supply
environmental advantage
x less fertilizer used since weed competition is reduced

[Total: 10]
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QUESTION 3
Coral reefs are among the most spectacular ecosystems on Earth. In Papua New Guinea, the
data on the effect of ocean temperature on coral cover were collected as shown in Fig. 3.1.
Coral cover is the percentage of the reef surface covered by live hard coral.

Fig. 3.1
(a) Describe the evidence that the ocean temperature has an effect on coral cover.

[2]

x

[Evidence] As ocean temperature rises, the coral cover decreases. [Reject: inversely
proportional]

x

[Data] From 1996 to 1998, as temperature rises from 24.32°C (24.33°C) to 24.47°C
(24.48°C), coral cover decreases from 70% to 34% (35%).

OR
x [Data] From 2001 to 2002, as temperature rises from 24.55°C (24.54°C) to 24.61°, coral
cover decreases from 30% to 10%
OR
tem
te
x [Data] From 1996 to 2003,, as temperature
rises from 24.32°C (24.33°C) to 24.62°C ,
coral cover decreases
s from
m 70%
70% tto
o 12% (13%).
(b) Suggest the causes
es for
or tthe
or
he
h
e changes
chang
ges in
in ocean
o e temperature.
oc

[3]

x

increased
gases in the atmosphere OR increased
se
ed carbon
c rb
ca
rbon
on dioxide/methane/greenhouse
dio
ioxi
xide
xi
de/m
de/m
de
/met
carbon dioxide
iox
oxxid
de em
emis
emissions
issi
is
ssi
s on
o s from burning of fossil fuels (or other relevant processes).

x

grree
increased greenhouse
effect
atmosphere

x

Increase atmospheric temperature Æ increases melting of ice sheets to expose more
ocean which is darker.
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x

Hence, ocean absorbs (more) heat from atmosphere / heat transfer from atmosphere
to ocean [Reject: absorbs light / sun rays / radiation]

Reject: no marks for CO2 in the oceans, global warming or climate change.
**NOTE: The idea of an increase must be included, not just greenhouse effect or heat
trapping
(c) Explain why coral reefs will be affected by an increase in ocean temperature above their
optimum.
[2]
1. Enzymes/proteins found in reef-building corals would denature above their optimum
temperature.
2. This results in cessation of cellular activities such as photosynthesis (in zooxanthellae)
/ respiration (in coral reefs / zooxanthellae) [*must state a specific process]
3. Increase temperature result in production of excess toxic products by zooxanthellae
which caused corals to expel zooxanthellae.
4. Hence no zooxanthellae to photosynthesize to produce food/glucose for corals,
resulting in death of corals.
[Reject: simply mentioning of no food/nutrient, hence coral die]
*Must link to photosynthesis / photosynthetic product
5. Temperatures above the optimum can also damage cell membranes, leading to the
death of corals
*Point 2 and point 4 is awarded only once Æ same idea
In order to test the effect of temperature, live samples of a species of coral, Pocillopora damicornis,
were placed in an experimental chamber at a constant pH, water depth and low light. All the coral
samples were started at 26°C and half of them were rapidly increased to 30°C as shown in
Fig. 3.2.

Fig. 3.2
Tampines Meridian Junior College
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The pie charts in Fig. 3.3 show the percentage of live and dead coral tissues at the end of the
experiment.

Fig. 3.3
(d) Comment on whether the experimental data in Fig. 3.3 supports the observed data from the
ocean in Fig. 3.1.
[2]
x

Experimental data supports observed data because there is more dead coral at higher
temperature

x

[Cite data] There are 75% dead coral at 30°C whereas there are only 10% dead coral
at 26°C
Accept: less % live coral at higher temperature

OR
x

Experimental data does not support observed data because experimental
temperatures were higher than
a ocean temperature / rose faster than ocean
temperatures

x

men
enta
ta
al temperatures
tem
tem
te
mp
per
eratur
[Cite data] Experimental
were between 26 °C to 30 °C while ocean
ere
e between
betw
be
twee
tw
ee
en 24
4.3
.32
2 °C
C to 24.62 °C / experimental temperatures rose much
temperature were
24.32
faster from
temperatures from 24.32 °C to 24.62 °C
m 26
6 °C
°C to
o 30
30 °C than
t an ocean
th
oce
c
[Total: 9]
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Section B
Free-response Questions
Answer one question in this section.
Write your answers on the lined paper provided in this question paper.
Your answers may be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a), (b), etc., as indicated in the question.
QUESTION 4
Pathogens cause disease in humans. Pathogenic bacteria are thought to have emerged when
groups of virulent genes are transferred into a previously non-pathogenic bacterium. Antibiotics
are used to treat bacterial infections in humans. However, some pathogenic bacteria have evolved
to become resistant to antibiotics.
(a) Describe how the virulent genes are transferred from a pathogenic bacterium naturally into a
non-pathogenic bacterium and suggest how a population of pathogenic bacteria may have
evolved to develop antibiotic resistance.
[13]
How virulent genes are transferred into non-pathogenic bacterium [max 8]
Transformation
1. The DNA of the pathogenic bacterium is fragmented and released into the environment.
2. One of the fragments containing the virulent gene is taken up by a competent non-pathogenic
bacterium.
3. Homologous recombination occurs and the virulent gene is incorporated into the DNA
genome of non-pathogenic bacterium.
Conjugation
4. The pathogenic bacterium, the F+ ce
cell/
ell
l / contains F plasmid, forms a sex pilus that attaches
to the non-pathogenic bacterium,
terium
um
m, F- c
cell/ without the F plasmid.
by the
th ro
oll
llin
ing-ci
c rc
cle
le mechanism [Details of rolling-circle mechanism 5. F plasmid replicatess by
rolling-circle
max 2 marks]
miid co
ont
n ai
aini
ning
ni
ng
g the
the
h virulent
v
6. The F plasmid
containing
gene is transferred from the pathogenic bacterium to
og
gen
enic
ic bacterium
baccte
teri
the non-pathogenic
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Transduction [max 5]
[General Transduction]
7. During the adsorption phase, the T4/ virulent phage attaches to and infects pathogenic
bacterium by injecting phage DNA into the host cell.
8. The host bacterial DNA is hydrolysed / degraded into pieces by phage enzymes.
9. During encapsidation of viral DNA, a small piece of the degraded bacterial DNA containing
the virulent gene is randomly packaged within a capsid, forming a generalized
transducing phage particle
10. When this generalized transducing phage particle infects the non-pathogenic bacterium, it
injects the virulent gene from the pathogenic bacterium into the non-pathogenic
bacterium.
11. The virulent gene replaces the homologous region of the non-pathogenic bacterium by
homologous recombination
[Specialised Transduction]
12. When temperate/ lambda phage attaches and infects the pathogenic bacterium, the viral
DNA is integrated into the bacterial chromosome to form a prophage.
13. Environmental factors (e.g. UV light) can induce a switch in the phage replication mode from
lysogenic to lytic where the prophage is excised
14. Occasionally, this excision is imprecise causing a small region of adjacent bacterial DNA
carrying the virulent gene to be excised with it.
15. This prophage with adjacent virulent gene are packaged into a capsid forming a
specialized transducing phage particle.
16. When this specialised transducing phage particle infects the non-pathogenic bacterium,
the virulent gene and the phage genome
is injected into its new bacterial host
en
17. The virulent gene can subsequently
replace
eque
ent
ntly
l re
ly
repl
p a the homologous region of the non-pathogenic
bacterium by homologous
ogo
ous
s rrecombination
ec
e
c
co
om
o
mbi
b natio
How a population
off pa
pathogenic
bacteria
develops antibiotic resistance [max 5]
no
path
thog
th
ogen
og
enic
en
icc b
acte
eri
ria
a de
18. Genetic variation
ari
riat
a io
at
ion
n ex
exis
exists
issts within
random/spontaneous
mutation
nttan
aneo
eo
ous
u m
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19. Spontaneous mutation in bacterial gene that codes for:
o
o
o
o

protein pump that transports antibiotics out of the bacterial cell before they can exert
effect.
enzyme that degrades the antibiotics.
enzyme that alters the antibiotics into a harmless product.
enzyme that alters that cell wall to prevent entry of the antibiotics.
[1m for any 1 gene product mentioned]

20. Idea of Due to misuse of antibiotics in treatment
21. Antibiotic acts as the selection pressure
22. Pathogenic bacteria with antibiotic-resistant gene are selected for
23. ..survived and are able to undergo binary fission to pass on the antibiotic-resistant gene
to their daughter bacterial cells
24. Those without the antibiotic-resistant gene are selected against and eliminated from the
bacterial population
25. Over many generations, the allele frequency of antibiotic-resistant allele increased within
the population of the pathogenic bacteria.
QWC [1]
How antibiotic resistance is developed is communicated accurately and to include at least
two different horizontal gene transfer mechanisms.
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(b) Many microorganisms live in or on the human body without causing disease. An example of
such microorganisms is the Escherichia coli (E. coli) which colonise the intestine and obtain
nutrients from their surroundings.
Describe how E. coli respond to the presence of lactose in the intestine and explain how a
mutation in the regulatory sequences of the lac operon may affect how E. coli respond to
changes in lactose supply. [KU-2]
[12]
[Describe how E coli responds to changes] [4]
lactose is present – lac operon switched on
1. When lactose is present in the cell, the cell synthesizes the enzymes needed for
hydrolysis of lactose.
2. allolactose acts as an inducer which binds to active repressor protein to inactivate it.
3. This changes its conformation such that the inactive repressor cannot bind to the
operator.
4. This allows RNA polymerase to bind to the promoter, hence transcription of the lac
structural genes.
[Effect of mutation] [at least one mutation in promoter and one mutation in operator]
Gain of function mutation of lac promoter
5. Gain of function mutation of the promoter results in a change in the structure/shape
of the promoter.
6. RNA polymerase is able to bind to the (mutated) promoter with greater affinity
[Reject: permanently/ irreversibly]
7. … hence increase the rate of the transcription of structural genes in the presence of
lactose.
Loss of function mutation of lac promoter
8. Loss of function mutation of the promoter results in a change in the structure/shape
of the promoter.
promo
m ter
mo
te
er is
i no
n longer
lo
9. The shape of the promoter
complementary to the (active site) of RNA
polymerase,…
10. …hence
e RNA
RNA p
polymerase
olym
ol
y er
ym
eras
ase
as
e iss no
n llonger able to bind to the (mutated) promoter.
11. Transcription
tio
on of structural
str
truc
uctu
uc
t
genes cannot occur even in the presence of lactose.
Gain of function m
mutation of operator
12. Gain of function mutation of the operator results in a change in the structure/shape
of the operator.
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13. (Inactive/active) Repressor binds to the operator permanently/irreversibly.
14. Hence RNA polymerase is not able to bind to the promoter,
15. preventing transcription of structural genes.
Loss of function mutation of operator
16. Loss of function mutation of the operator results in a change in the structure/shape
of the operator.
17. Shape of the operator is no longer complementary to the (allosteric site) of the (active)
repressor, hence…
18. …(active) repressor can no longer bind to the operator.
19. RNA polymerase is now able to bind to the promoter,
20. allowing transcription of structural genes even in the absence of lactose.
[mark once for change in structure/shape for promoter and operator respectively, pts 5 & 8 ;
pts 12 & 16]
QWC [1] Response to lactose in E.coli is communicated accurately and to include at least
one different mutation in each promoter and operator
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QUESTION 5
(a) Discuss, with examples, the importance of specific shapes of proteins in organisms.
[13]
[Enzyme-substrate complex formation]
1. Active site of enzyme has specific shape that substrate can fit into
2. Via lock and key mechanism
3. [Importance] To form enzyme-substrate complex/ products important for metabolic pathways
/ increase the rate of reaction
4. [Example] any enzyme and substrate [max 1]
[DNA-binding proteins for transcription]
5. DNA to fit into binding site of proteins
6. [Importance] Ref. to DNA replication
7. [Example] single-stranded binding protein bind to the unzipped parental strands to
prevent them from reannealing
8. [Importance] Ref. to transcription
9. [Example] transcription factor binding to DNA
[Transport]
10. Binding of substances to transport proteins
11. [Importance] Allows for movement of substances across cell membrane
12. [Example] transmembrane protein e.g. Na+ channel, Na+K+ pump, glucose transporter etc
13. [Example] Haemoglobin is made up of 4 polypeptides and their haem groups to form a
specific conformation
14. [Importance] allows it to bind to oxygen molecules to form oxyhaemoglobin/ transport
oxygen to all parts of the body
15. Reference to cooperative binding
[Nuclear division]
16. [Importance] Ref. to separation of sister chromatids during anaphase
17. E.g. kinetochore to bind to centromere via complementary shape
[Amino acid activation]
18. [Importance] Ref. to amino acid activation
19. E.g. tRNA anticodon bind to the anticodon
attachment site of amino-acyl tRNA synthetase
an
nti
tico
c
[Cell signalling]
20. [Importance] Ligand/
d// signalling
sign
si
gnal
gn
alli
al
liin
ng
g molecule
mol
o ec
cul
u e binds to the binding site of receptors
21. E.g. Insulin binding
tyrosine
nding
ng tto
o ty
tyro
ro
osi
sine
n kkinase
in
inas
na
asse receptors / glucagon binding to GPLR to activate
downstream
m cell
cell signalling
sig
igna
nallllllin
na
ing
in
g pathways
pa
athwa
th
hw y
QWC [1]
Importance of specific
pec
eciffic
ec
ecif
ic shapes communicated accurately and to include at least three
different examples
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(b) Comparisons of the patterns of mRNA levels in the cytosol across different human cell types
show that the level of expression of almost every active gene is different.
Describe how the level of mRNA of the same gene across the different human cell types is
controlled and suggest the advantage of each level of control.
[12]
DNA (Chromosomal) Level
Gene expression is switched on by:
1. Histone acetylation by histone acetyltransferase loosen the chromatin structure
to allow general transcription factors and RNA polymerase to access promoter.
(A: reverse argument)
2. Histone demethylation by histone demethylase loosen the chromatin structure to
allow for transcription to take place. (A: reverse argument)
Gene expression is switched off by:
3. DNA methylation by DNA methyltransferase leads to long term inactivation of
genes / alter the shape of the promoter sequence, prevent RNA polymerase from
accessing the promoter.
Advantage
4. Idea of longer term switching genes on and off to restrict active genes to those
required (by the cell line), so more efficient / less wasteful of resources.
Transcriptional Control
Gene expression is switched on by:
5. Binding/Assembly of general transcription factors and RNA polymerase to the
promoter form transcriptional initiation complex for transcription initiation.
6. Binding of specific transcription factor to the proximal control element to increase the
rate of transcription.
nha
hanc
an
nc
cer to
t ccause the bending of DNA so as to stabilize the
7. Activator binds to en
enhancer
transcription initiation
inititiia
iati
tion
ti
n ccomplex
om
o
mplex
plexx a
pl
att th
tthe
e promoter, thereby increases rate of transcription.
Gene expression
ess
ssio
io
on is sswitched
witc
wi
tche
tc
hed
he
do
off
fff by
b
by::
es
sso
sorr binds
bind
bi
ndss to silencer and recruits histone deacetylase (A: any other effect),
nd
8. Repressor
causing
g chromatin
chro
ch
rom
ro
compaction and hence prevent transcription of the gene.
Advantage
9. Idea that Rate of transcription / expression can be regulated (at this level), to meet
short term requirement of the cell.
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Post-Transcriptional Control
10. Addition of 7-methylguanosine cap and 3’ Poly(A) tails during post-transcriptional
modification/ RNA processing is important to:
o

protect the mRNA from degradation by exonucleases/hydrolytic enzymes,
hence increases the half-life of mRNA.

o

facilitate the export of mature mRNA from nucleus to cytosol.

o

act as site of attachment for translational initiation factors to promote the
binding of ribosomes to promote translation.

11. RNA splicing of pre-mRNA by spliceosome occurs where all introns are excised and
exons are spliced together to produce mature mRNA.
12. Alternative RNA splicing, the same pre-mRNA synthesized in different cell types
have all introns excised but different combinations of exons are spliced together
Advantages
13. Idea that Ensures the stability of mRNA and hence the stability of gene expression.
14. Idea that Allow for production of different proteins variants from a single gene when
alternative splicing occur.
QWC [1]
At least one advantage of regulating mRNA production linked coherently to the correct
stage of the process.
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QUESTION 1
A grocer has been buying milk from the same supplier for a number of months. Recently, the grocer
has found that the milk has been diluted with water. Milk contains macromolecules like proteins
which are denser than water thus milk sinks when placed in aqueous solutions.
(a)

Predict the behaviour of a milk droplet when placed in water with respect to milk's water
content.
milk droplet with more water will sink slower than a drop with less water
[1]

The amount of water added to a milk sample can be determined by measuring the density of the
milk using aqueous solutions like copper sulfate solution of a standard concentration. When a small
drop of milk is placed in copper sulfate, a layer of copper proteinate forms around the milk and this
prevents the milk and copper sulfate solution mixing.
Fig. 1.1 shows the movement of a drop of milk through the copper sulfate solution.

Fig. 1.1
You are required to estimate the percentage of water added to the milk supplied to the grocer.
You are provided with
x

100% milk, labelled M

x

milk sample supplied to grocer,
groccer
gr
er, labelled
labe
la
belllllled
e B

x

lab
bel
elle
led W
led
distilled water, labelled

x

copper
c
op
pp
per
er sulfate,
sul
ulfa
fate
te, labelled
labe
la
C
0.03 moldm-33 co
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You are advised to read through the entire procedure before beginning the experiment.
1

Prepare 10.0 cm3 each of a suitable number of concentrations of milk to help you in your
investigation. Record the volume of 100% milk, M and distilled water, W used in your
preparation in a table below.
x appropriate layout + headings;
x at least 5 concentrations of wide range, regular interval;
x correct volume of M & W ,total volume of 10 cm3;
Concentration
of M / %
100
80
60
40
20

Volume of M / Volume of W / Total Volume
cm3
cm3
/ cm3
10.0
0.0
10.0
8.0
2.0
10.0
6.0
4.0
10.0
4.0
6.0
10.0
2.0
8.0
10.0
[3]

2

Using the syringe with attached needle, release one drop of M into C in a measuring cylinder.
Record the time taken by the droplet to sink in an appropriate format in the space provided
below.
Note: Needle attached to syringe is sharp. Handle with care. Keep needle capped when
not in use.
Observe the largest fragment of M should the droplet break up in the copper sulfate solution.

3

Repeat step 2 for all milk concentrations and milk sample B you have prepared in step 1.
You may reuse the copper sulfate unless the milk residue obstructs your vision.
Record the time taken by the droplet to sink in an appropriate format in the space provided
below.
[3]

4

Repeat the procedure to obtain a total of 2 replicates. Perform appropriate calculations on
your readings.
[1]
x 2 replicates, average calculated
x

correct layout + headings with units;

x

readings in seconds to 1 d.p. ;

x

correct trend;

Suggested table format:

Concentration of M / %

Time taken by droplet of M to sink
((e.g.
(e
. 100cm3 to 0cm3 mark = 15.6cm) / s
R
R1

R2

Average
[(R1+R2)/2]

100
10
0
80
60
0
40
20
B

3
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5 Describe how you would carry out step 2 to increase the accuracy of your observations.
x

use (equal) volume of copper sulfate of appropriate height

x

release the milk droplet at the same height / depth (e.g. at the 90 cm3 mark)

x

release fixed volume of milk (e.g. 0.1 cm3)

x

start stopwatch immediately / simultaneously

x

record time for droplet to fall to a fixed point (e.g. reach bottom / e.g. 10 cm3 mark)
[3]

6

Estimate the percentage of water added to the milk sample supplied to the grocer, B. Explain
how you derived at your answer.
Time taken for a droplet of B to sink = 15 s
Based on table in Step 2, 15s corresponds to 20 – 40% of M, hence % of water added
is 60 – 80%
percentage of water added 60 – 80% [1]
Explanation:
x release a droplet of B into same volume of copper sulfate at same height
x find time taken for B to sink same distance as rest of milk droplet;
x find (range) milk conc. that corresponds to time taken by B
[2]

7

Describe one way to improve your estimate in terms of
(a) reliability;
Repeat step 2 thrice more to obtain 3 replicates / Repeat the entire
experiment twice more
to calculate average to eliminate random error OR identify anomaly;

[1]

(b) accuracy.
Repeat pr
proc
procedure
oced
oc
ed
dur
ure us
u
using
ing
in
g mi
m
milk concentrations of smaller intervals
[1]

within
wi
ith
thin
in rrange
ange
an
ge iidentified
dent
de
nttif
ifie
ied
ie
d iin step 6;
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Further investigation was conducted to find the protein concentration in sample B using Biuret's
test. The absorbance by sample B was measured using a colorimeter and compared to a range of
protein solutions of known concentrations. Table 1 shows the absorbance by the protein solutions.
Table 1

8

Protein
concentration / %
100

Absorbance /
arbitrary units
65

80

55

60

38

40

21

20

10

Plot a suitable graph using data provided in Table 1.

[3]

9

x

correct axes (independent variable on y-axis, dependent variable on x-axis)
axes labels with units;

x

alf of grid, able to estimate to half of smallest square)
appropriate scale (at leastt ha
half
correct data pts;

x

best fit (straight
with
data
pts
evenly distributed on both sides / point-to-point
ht line
lin
ine
e wi
ith
hd
a a pt
at
p
ts ev
e
plot) does not e
extrapolate
xtra
xt
rapo
ra
pola
po
late
la
te graph;
gra
raph
ph;
ph
The absorbance
ban
an
nc
ce
eo
off tth
the
he mi
m
milk
lk sample
sa
B was recorded to be 26 arbitrary units. Using your graph,
deduce the pro
protein
in the milk sample B. Show on your graph, how you arrived
rote
ro
eiin
n cconcentration
once
on
at your answer.
er..
value in % (e.g. 43%)
show on graph ;
protein concentration of milk sample, B
[2]
[Total: 21]
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QUESTION 2
Planning Answer
Theory

In this experiment, cranberry juice is placed in the wells on the agar 9 description of
gel plated with E. coli. The size of the clear zone formed after scientific
incubation is a measure of the effectiveness of the cranberry juice. reasoning and
theory of the
method used to
measure
effectiveness of
cranberry juice

Diameter of clear zone / mm

Increasing concentration of cranberry juice will increase the
diameter of the clearing and then will level off. At the point of 9 expected
levelling off, will give the lowest concentration of cranberry juice relationship
between
that gives the largest clear zone possible.
[cranberry] and
diameter of clear
zone
The expected trend is as such.

Concentration of cranberry juice/ %

The increase in the diameter of the clear zones should be directly
proportional to the concentration of cranberry juice.
Variables

Independent variables: 5 concentrations of cranberry juice ( 0 / 5 / 9 independent,
variable &
10 / 15 / 20 %) prepared by simple dilution.
independent
Dependent variables: Diameter of clear zone / mm
variable
Controlled variables (any 2):
9controlled
variables
x Concentration and volume of bacterial culture
x Concentration and volume
of agar used
vo
x Size of well, use cork
cork borer
bo of fixed size (e.g. 5mm)
9 control
x Fixed incubation
cuba
b tiion
on time
tim
ime
e (30°C
(30 in an incubator for 2 days)
Control set-up:
set--u
up
p:
p:
Rationale
xR
Ra
a
atittiio
on
na
alle
xB
Br
rie
ef pr
p
ro
oc
ced
edur
ure
e
Brief
procedure
x Expected
Exp
Ex
pe
ect
cted outcome
out
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Procedure

1. Using disinfectant (sterilizing) solution and paper towels, 9 Aseptic
wipe the work area. Use autoclave to sterilize all other
techniques
apparatus.
2. Prepare cranberry juice of 5 different concentrations using
simple dilution according to the table below. Label the 9 dilution method
beakers accordingly.
Concentration
of cranberry
juice / %
0
5
10
15
20

Volume of
20%
cranberry
juice
/ cm3
0.0
2.5
5.0
7.5
10.0

Volume of
sterile or
distilled
water /
cm3
10.0
7.5
5.0
2.5
0.0

Total volume
/ cm3

10.0
10.0
10.0
10.0
10.0

3. Draw lines on the base of the prepared 100 mm diameter
agar plates using a marker so that the base is split into 6
equal parts. Label the sections 1 to 6.

9 method- setup

4. Turn on the bunsen burner. Put the agar plate near the
flame. Using sterile cork borers with diameter of 5 mm
create a well in each section from 1 - 5.
5. This should be done near the flame. Using a sterile 1ml 9
syringe/ micropipette, add 0.5 cm3 of cranberry juice into
wells 2-5. Add 0.5 cm3 of sterile distilled water into well 1
(control). The setup of the agar plate in the experiment is as
shown below:

Aseptic
techniques

9relevant
diagram

6.. C
Conduct
Co
ond
ducct 3 re
rreplicates
plic
pl
icat
ic
ate
at
es from steps 3-5 and repeat for the 9 3 replicates, 1
entire
e
en
nti
tire
ire
e e
experiment
xp
x
per
erim
erim
men using freshly prepared stock 20% repeat
cranberry
cr
c
ran
anb
be
errry ju
juic
juice and prepared agar plates with a lawn of
E.coli.
E
.c
co
c
olili.
7. Se
7
Seal the petri dish using sticky tape (parafilm) and incubate
the petri dish at 30°C in an incubator for 2 days.
8. Without opening the lid measure the diameter of the clear 9 method to
calculate growth
zone around each disc using a ruler.
of bacteria
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9. Tabulate the results to show the effect of different cranberry
juice concentrations on E.coli growth.
Table showing the effect of different concentration of cranberry
juice /% on the diameter of clear zone /mm
Conc. of
cranberry
juice/ %
5
10
15
20
0
(Control)

Diameter of clear zone /mm
Reading 1

Reading 2

Reading 3

9 appropriate
table

Average

Average = reading 1 + reading 2 + reading 3
3
9 appropriate
10. Plot a graph of diameter of clear zone /mm produced graph
against the concentration of cranberry juice /%. Obtain the
concentration of the effective concentration of cranberry
juice from the graph. The concentration before the graph
plateau off is the effective concentration.

Risk and
precaution

To prevent infection orr growth
gr
of harmful microorganisms:
x
x

9 Risks & safety
measures

Cover allll cutt o
orr broken
bro
roke
ken skin with a waterproof dressing
ke
Wear
earr ttightly
iig
ghttlly
y fitting
fitt
ititttiing disposable
disspo
p
gloves and clean laboratory (at least two)
coat
co
c
oatt
x C
Clean
Cl
lea
an the
the bench
th
benc
be
n h surface
s
with bactericidal disinfectant and
use
us
u
se a bu
b
bunsen
unse
ns
ns
burner to create a sterile environment.
Students
St
S
tud
uden
ents
t should work as close as possible to the flame.
x Swap
Swa any spillages with bactericidal disinfectant.
Sw
x Proper disposal / treatment of contaminated materials or
equipment using sterilizer/autoclave
( Students must state both the risk and precaution)
[Total: 14]
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QUESTION 3
Fig. 3.1 is a photomicrograph of a stained transverse section through part of a plant leaf. This
plant species is native to part of Asia.
You are not expected to have studied this leaf.

Fig. 3.1
(a) Draw a large plan diagram of the part of the leaf shown in Fig. 3.1.
On your diagram, use a ruled label line and label to show the vascular bundle.

x
x
x
x

at least 2 lines for upper epidermis
pide
erm
rmi and lower epidermis + no shading
no cells + one enclosed
ed area
ea (vascular
ea
(vasc
va
as u bundle)
correct proportion
n off vascular
va
asc
cul
ula
arr bundle
bundl
d e in relation to distribution of tissues in
midrib
uses label
el line
lin
ine
in
e and
and label
labe
la
bell vascular
be
vasc
va
s ul
u a bundle
[4]
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The eyepiece graticule scale in your microscope may be used to measure the actual length of
the layers of tissues or cells if the scale has been calibrated against a stage micrometer.
However, to help draw the correct shape and proportion of tissues, as in (b), it is not necessary
to calibrate the eyepiece graticule scale.
L1 is a stained, longitudinal section showing the tissues of a young root tip.
(b) Draw a large plan diagram of L1.
Use a ruled label line and a label to show the position of the area in which you can see
cells showing stages of mitosis.

Area with cells
undergoing
mitosis

x
x
x
x
x

at least 3 lines + no shading
no cells + one closed end with one open end
root cap must be shown as a separate area
correct area for cells undergoing mitosis
label (e.g. mitosis) to area with cells undergoing mitosis
[5]
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Fig. 3.2 is a photomicrograph of root cells.

Fig. 3.2
(c) Make a large drawing of each of the five cells labelled P, Q, R, S and T on Fig. 3.2.
On your drawing use ruled label lines and labels to identify two different stages of mitosis.
Annotate one of the stages to describe one observable feature that supports your
identification.

x only 5 whole cells drawn + no
shading
x cells P, R and T whole nuclei
drawn as different shapes
x Q chromosomes drawn in mass
x 2 labels + 2 lines + 2 different
stages of mitosis identified
x one correct annotation of a stage

[5]
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Fig. 3.3 is a photomicrograph of root cells from a different region of the root.

Fig. 3.3
(d)

Use the scale bar below Fig. 3.3 to calculate the magnification of Fig. 3.3.
You may lose marks if you do not show your working or if you do not use appropriate
units.
x
x
x
x

Measures scale bar within range + mm (15-16mm)
Working:
Shows conversion of scale bar in mm to um (x1000) or shows conversion of 31um
to mm (31/1000 = 0.031mm)
Show measurement of scale bar in um divided by 31um or show mm divided by
0.031mm
Correct answer:
If 15mm; magnification= x 483
OR
If 16mm; magnification= x 516
[max 2 points]

Magnification:____________
[2]
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Fig. 3.2 is shown again here to help you answer (e).

Fig. 3.2
(e) Prepare the space below so that it is suitable for you to record three observable
differences between the specimens in Fig. 3.2 and in Fig. 3.3.
Record your observations in the space you have prepared. [4]
Features to compare

Fig. 3.2

Fig. 3.3

Cells undergoing mitosis

more

None/fewer

Visibility of

present

absent

Cell wall

Not visible

Prominent/visible

Cell arrangement

Scattered/irregular/random

Aligned/regular

Cell packing

Loosely packed

Closely packed

Air spaces

present

none

nucleus

All cells show nucleus

Not all cells have a nucleus

chromatids/chromosome

x
x

Table with 3 columns and headings
any 3 differences

[Total: 20]
End of paper
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2
Answer all the questions in this section.
1

These events take place when glycoproteins are secreted from a cell.
1
2
3
4

addition of carbohydrate to protein
fusion of the vesicle with the plasma membrane
release of glycoprotein
budding of a vesicle from the Golgi apparatus

What is the sequence in which these events take place?
A
B
C
D

1→4→2→3
1→4→3→2
4→1→2→3
4→1→3→2

Need a home tutor? Visit smiletutor.sg
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2

A scientist carried out an experiment to separate the organelles in an animal cell by density.
The scientist mixed the cells with a buffer solution which had the same water potential as the
cells. The cells were lysed with a blender to release the organelles.
The mixture was filtered and then spun in a centrifuge at a high speed to separate the heaviest
organelle. This sank to the bottom, forming a solid pellet, 1.

The liquid above pellet 1 was poured into a clean centrifuge tube and spun in the centrifuge at
a higher speed to separate the next heaviest organelle. This organelle sank to the bottom,
forming a solid pellet, 2.
He repeated this procedure twice more to obtain pellet 3 and pellet 4, each containing a single
type of organelle.
What is the possible function of the organelle extracted in pellet 3?
A
B
C
D

digestion of old organelles
production of ATP
production of mRNA
catalyse bond formation in polypeptides

Need a home tutor? Visit smiletutor.sg
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3

Which diagram correctly shows the formation of a peptide bond between two amino acids?

4

The table compares three molecules, X, Y and Z, which contain the elements carbon, hydrogen
and oxygen only. The percentage of carbon, hydrogen and oxygen atoms in each molecule is
shown.
molecule
X
Y
Z

% carbon % hydrogen % oxygen
25.0
28.5
34.6

50.0
47.7
61.6

25.0
23.8
3.8

Which row correctly identifies molecules X, Y and Z?
molecule
X

Y

Z

A

monosaccharide

disaccharide

polysaccharide

B

monosaccharide

polysaccharide

triglyceride

C

polysaccharide

triglyceride

monosaccharide

D

triglyceride

monosaccharide

polysaccharide
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5

Which statements about the differences between phospholipids and triglycerides is/are correct?
1
2
3

6

Phospholipids have hydrophobic regions but triglycerides do not.
The fatty acids in a phospholipid may be saturated or unsaturated but in a
triglyceride they are always saturated.
Phospholipids are amphipathic molecules but triglycerides are non-polar.

A

1 and 2

B

1 only

C

2 and 3

D

3 only

The cell surface membrane structure is described as a ‘fluid mosaic’.
Which statement describes the ‘mosaic’ part of the cell surface membrane?
A

The different patterns that are obtained by the moving phospholipid molecules.

B

The random distribution of cholesterol molecules within the phospholipid bilayer.

C

The regular pattern produced by the phospholipid heads and membrane proteins.

D

The scattering of the different proteins within the phospholipid bilayer.

/H1/H1/
7

The diagram shows an enzyme, its substrate and an enzyme/substrate complex.

Which statement explains how the substrate is able to bind to the active site of the enzyme?
A

Contact between the substrate and the enzyme causes a change in the enzyme shape.

B

The shape of the active site and the shape of the substrate are exactly complementary.

C

The substrate within the active site forms disulfide bonds with amino acids.

D

When the enzyme-substrate complex forms, the primary structure of the enzyme
changes.

2/H2/Q04
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8

Two enzymes, X and Y, were used in an experiment.
Enzyme X was from bacteria that live in rivers and lakes at temperatures from 5°C to 20°C.
Enzyme Y was from bacteria that live in hot water springs at temperatures from 40°C to 85°C.
The experiment measured the concentration of product produced by each enzyme at
temperatures between 0°C to 100°C.
Which graph shows the results?

9

Which is always true of cytokinesis?
1
2
3

Cell organelles replicate.
Cell organelles are divided between two cells.
Nuclear envelope reforms.

A 1, 2 and 3

B 1 and 3

C 2 and 3

D 2 only
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10 The graph shows measurements taken during one mitotic cell cycle

X

distance

2

1

Time / minutes
Which stage of mitosis begins at X and which measurements are shown by curve 1 and 2?

Stage beginning at
X

Distance between centromeres
of chromosomes and poles of
spindle

Distance between
centromeres of sister
chromatids

A

Anaphase

1

2

B

Anaphase

2

1

C

Metaphase

1

2

D

Metaphase

2

1
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11 The codons UGU and UGC code for the amino acid cysteine, which can form disulfide bonds
in a polypeptide.
The codon UGG codes for the amino acid tryptophan, which does not contain a sulfur atom.
The codon UGA is a stop signal.
The DNA triplet code for the 10th amino acid in a particular polypeptide is ACA.
Which single base substitution(s) in this triplet code will result in no disulfide bond being formed
with the 10th amino acid in the polypeptide?
A

ACC and ACG

B

ACG and ACT

C

ACT and ACC

D

ACT only

6
12 An antibiotic, edeine, was isolated. It inhibits protein synthesis but has no effect on either DNA
synthesis or RNA synthesis. When added to a translation mixture containing fully intact
organelles, edeine stops haemoglobin translation after 10s.
Analysis of the edeine-inhibited mixture by centrifugation showed that no polyribosomes
remained by the time protein synthesis had stopped. Instead, all the mRNA accumulated
together with small ribosomal subunit and initiator tRNA.
What step in protein synthesis does edeine inhibit?
A

It interferes with chain termination and release of the peptide.

B

It inhibits the binding of amino acyl-tRNAs to the A-site in the ribosome.

C

It blocks the translocation of peptidyl-tRNA from the A-site to the P-site of the ribosome.

D

It prevents the formation of the translation initiation complex, which contains the initiator
tRNA and both ribosomal subunits.

13 Which of the following statements describe the purpose of transferring DNA fragments from a
gel to a nitrocellulose paper during Southern blotting?
1
2
3
4

To permanently attach the DNA fragments to a substrate
To separate the two complementary DNA strands
To transfer only the DNA that is of interest
To separate out the PCR products

A

1 only

B

1 and 2

C

2, 3 and 4

D

1, 2 and 3

/H1/
Need a home tutor? Visit smiletutor.sg

9
14 How many PCR cycles would an original sample of DNA have to pass through in order to
increase the sample to eight times in quantity?
A

2

B

3

C

4

D

6

15 Stem cells are found in many tissues that require frequent cell replacement such as the skin,
the intestine and the blood.
However, within their own environments, a bone marrow cell cannot be induced to produce a
skin cell and a skin cell cannot be induced to produce a blood cell.
Which statement explains this?
A

Different stem cells only have the genes required for their particular cell line.

B

Genes not required for the differentiation of a particular cell line are methylated.

C

Binding of repressor molecules prevents the expression of genes not required for a
particular cell line.

D

Expression of gene not required for a particular cell line is controlled at translational level.

16 Which row best describes the ability of zygotic stem cells to differentiate?
Totipotent

Pluripotent

Multipotent

A

9

9

9

key

B

9

8

9

9 = ability

C

9

8

8

8 = no ability

D

8

9

9

2013 JC2 H1 Revision
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10
17 Which of the following statements is true of post-transcriptional modification?
1

Nucleotides are added at both ends of the RNA which increases the stability of
mRNA for translation.

2

The length of 3’ end of RNA that was extended with adenine molecules by
telomerase determines the half-life of the mRNA.

3

Enzymes remove nucleotides in the non-coding regions to create a continuous
coding sequence.

4

mRNAs are transcribed from heavily methylated DNA regions.

A

1 and 2

B

1 and 3

C

2 and 4

D

3 and 4

18 The trp operon is a
A

negatively controlled inducible operon.

B

positively controlled inducible operon.

C

negatively controlled repressible operon.

D

positively controlled repressible operon.

2013 JC2 H1 Revision
19 If DNA is damaged, checkpoints in the cell cycle can either trigger DNA repair, allowing the cell
to progress through the cell cycle or, if this cannot be carried out, divert the process to
programmed cell death (apoptosis).
Breaks in double-stranded DNA can be repaired using proteins such as p53 and Chk1.
About half of all cancer cells have non-functional p53 proteins.
An inhibitor for Chk1 protein has been developed as a treatment for cancer patients to improve
tumour shrinkage during radiation treatment.
How would this Chk1 inhibitor benefit these patients?
A

Chk1 genes would be damaged and unable to repair DNA.

B

Fewer healthy cells would have damaged DNA.

C

More cells with non-functional p53 protein would undergo apoptosis.

D

The radiation treatment would kill all the tumour cells.
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20 The neuraminidase of influenza virus exhibit all the following properties except
A

facilitating the release of virus particles from infected cells.

B

attaching with the sialic acid receptor present in upper respiratory tract.

C

embedding in the outer surface of the viral envelope.

D

carrying out enzyme activity.

21 Which of the following materials can be taken up by a bacterium from the surrounding during
transformation?
1

DNA from a bacteriophage

2

linear plasmid

3

rRNA from another bacterium

A

1 only

B

3 only

C

1 and 2

D

2 and 3

22 Some plants with large pink flowers were allowed to interbreed. They produced hundreds of
seeds. When the seeds germinated, fifty seedlings were selected at random and allowed to
grow to maturity.
The resulting plants had red, pink or white flowers, which were either large or small.
The numbers of the different types of plant are shown in the table.
flower colour

flower size

red

pink

white

large

9

20

9

small

4

6

2

For which plants can the genotype for both colour and size of flower be known for certain?
A

all plants with large flowers

B

all plants with small flowers

C

plants with large pink or small red flowers

D

plants with large red or small white flowers
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23 Pure-breeding pea plants that produced yellow and round seeds were crossed with purebreeding pea plants that produced green and wrinkled seeds.
All the first generation, F1, produced yellow and round seeds. Selfing of F1 was carried out and
the results of the F2 generation was recorded in the table.
Phenotype of
seed

observed
numbers (O)

Yellow, round

50

Yellow,
wrinkled

20

Green, round

16

Green,
wrinkled

10

total

96

expected
numbers (E)

O–E

96

0

(O – E)2

(O – E)2 / E

F2 =

Assuming normal Mendelian inheritance, which of the following option is correct?
A

F2 = 2.4, degrees of freedom = 2

B

F2 = 2.4, degrees of freedom = 3

C

F2 = 3.4, degrees of freedom = 2

D

F2 = 3.4, degrees of freedom = 3
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24 Myxomatosis is a viral disease of rabbits caused by Myxoma virus. The virus spreads rapidly
and most rabbits die within 14 days of being infected.
Myxoma virus was used to reduce the number of rabbits in countries where the rabbits are a
significant crop pest.
The initial release of the virus caused rabbit populations to fall by over 90%. Resistance to the
virus increased in the following 70 years, so at present time, up to 50% of infected rabbits are
able to survive.
Which statement could explain the increasing frequency of rabbits that are resistant to Myxoma
virus in the years following release of the virus?
1

During disease outbreaks there is greater food availability for the surviving rabbits,
increasing the probability that they survive and breed.

2

The initial release of the virus led to a bottleneck event such that only rabbits with
the resistant alleles were able to survive.

3

Infected rabbits die quickly, hence the genes that code for the Myxoma virus are
eliminated from the population.

4

In populations with high incidences of myxomatosis, mutations leading to resistance
are more likely to occur.

A

1 and 2

B

3 and 4

C

1 and 3

D

2 and 4

25 Which statement is correct about a classification system based on phylogeny?
A

It is based on evolutionary relationships.

B

It is based on one feature, not a group of similar features.

C

It is based on phenotypic structures.

D

It is based on taxonomic groups.

26 Many signal transduction pathways use second messengers to
A

transport a signal through the plasma membrane.

B

relay a signal from the outside to the inside of the cell.

C

relay a signal from the inside of the membrane throughout the cytoplasm.

D

amplify the message by phosphorylating proteins.
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27 The graph shows the changes that occur in the concentration of antibodies in the blood of a
baby before birth and during the first few months after birth.

Which description about the changes in immunity during the first few months after birth is
correct?
A

active artificial immunity decreases, active natural immunity increases

B

active natural immunity decreases, active artificial immunity increases

C

passive artificial immunity decreases, active natural immunity increases

D

passive natural immunity decreases, active natural immunity increases

28 Which of the following changes the variable region of an antibody?
1

Somatic recalibration

2

Somatic recombination

3

Somatic hyper-mutation

4

Class switching

A

1 and 3

B

2 and 3

C

1 and 4

D

2 and 4
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29 The diagram shows an arctic food web. It features two primary producers (phytoplankton and
ice algae) that fix carbon by photosynthesis. Ice algae thrive in nutrient-rich pockets in the ice,
while phytoplankton are found freely floating in the ocean.
polar bear

sea ice
phytoplankton
ice algae

zooplankton

arctic cod
seal

Which of the following is not true regarding the effect of climate change on this arctic habitat?
A

Decline in ice algae can lead to the decline in polar bear population.

B

Decline in ice algae will lead to an increase in phytoplankton because there is less
competition between phytoplankton and ice algae for resources.

C

The effect on arctic cod, seal, and polar bear populations depends on how much
zooplankton population is affected by the decline in ice algae.

D

Decline in zooplankton may lead to decline in seal population.
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16
30 The bar chart shows the production of greenhouse gases (carbon dioxide and methane) from
agriculture in the European Union (EU) from 2000 to 2011, measured in millions of tonnes.

Which of the following could contribute to the trend seen between 2003 and 2009?
A

Conversion of intensive farmland into woodland reserves.

B

Greater use of agricultural machinery for harvesting.

C

Increased consumption of meat-based products.

D

Increased import and export of crops between EU countries.
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Part I
Answer all questions.
1

Cholesterol is synthesised in the smooth endoplasmic reticulum (SER) in liver cells by a series of
enzyme-catalysed reactions.
Within the SER, molecules of cholesterol and triglycerides are surrounded by proteins and
phospholipids to form lipoproteins. These lipoprotein particles enter the Golgi apparatus where
they are packaged into vesicles and pass to the blood. These lipoproteins containing cholesterol
are transported to all parts of the body.

lipoprotein
particle

S

T
Fig. 1.1

(a)

Name organelle T in Fig. 1.1 and describe its role in liver cells.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]
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Fig. 1.1 is an electron micrograph of part of a liver cell showing the packaging of a lipoprotein
particle.
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(b)

(i)

Suggest why cholesterol is packaged into lipoproteins before release from liver cells
into the blood.
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[1]

(ii)

Explain why cells need to be supplied with cholesterol.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[2]

(c)

(i)

Name the nucleic acid found in organelle S.
………………………………………………………………………………………[1]

(ii)

Describe the roles of the nucleic acid named in (c)(i).
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[2]

(d)

Evolutionary theorists suggested that organelle T used to be a free-living prokaryotic
organism but was engulfed by a eukaryotic cell and eventually became a part of it.
Give an evidence to justify why they may be correct.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]
[Total: 10]
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Organelle S can be found attached to a membrane system that is distinct from SER. It is composed
of a nucleic acid and another biological molecule.
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2

Mineral ion X is taken into plant cells. The transport of ion X is interrupted when a metabolic poison
which affects the mitochondrial electron transport chain is present.
Some cells were placed in media containing different concentrations of ion X without the metabolic
poison. After one hour, the cells were removed and the intracellular concentration of X was
measured.
Fig. 2.1 shows the results.

maximum intracellular
concentration of X / A.U.
0.04

0.02

0.001

0.002

0.003

0.004

concentration of X in external medium / A.U.
Fig. 2.1
(a)

Describe the arrangement of the phospholipids in the plasma membrane.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
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(b)

With reference to Fig. 2.1,
(i)

identify the process by which X is transported into the cell;
………………………………………………………………………………………[1]

(ii)

give a reason for your answer in (b)(i).
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[2]
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3

One of the substrates required by DNA polymerase is deoxyribonucleoside triphosphate (dNTP).
Dideoxyribonucleoside triphosphate (ddNTP) is a modified nucleotide that affects DNA
polymerase activity.

deoxyribonucleoside
triphosphate
(dNTP)

dideoxyribonucleoside
triphosphate
(ddNTP)
Fig. 3.1

In an investigation, the effect of different concentrations of ddNTP on the rate of DNA synthesis
was determined.
The results of the investigation are shown in Fig. 3.2.

no ddNTP
5μM ddNTP
rate of DNA synthesis /
arbitrary units

10μM ddNTP

dNTP concentration / μM

Fig. 3.2
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Fig. 3.1 shows the structures of dNTP and ddNTP.
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(a)

Describe the effect of increasing substrate concentration on the rate of DNA synthesis, in the
absence of ddNTP.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

(b)

With reference to Fig. 3.2, state the effects of ddNTP on the rate of DNA synthesis.
……………………………………………………………………………………………….
……………………………………………………………………………………………….

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]
(c)

The optimum pH for DNA polymerase is pH 9.0.
Suggest and explain what happens to the rate of DNA synthesis when DNA polymerase is
placed in a medium with pH 1.0.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]
[Total: 8]
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……………………………………………………………………………………………….

8
DO NOT WRITE IN THIS MARGIN

4

Fig. 4.1 shows a linear chromosome undergoing the first round of DNA replication.

Fig. 4.1
(a)

(i)

On Fig. 4.1, draw the direction of DNA synthesis for the leading (
strand ( - - - - >) for both parental DNA template strands.

) and lagging
[1]

Describe two differences in the formation of the leading and lagging strands.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[2]
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(ii)
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During sexual reproduction, meiosis is an important source of genetic variation.
(b)

(i)

Describe the events that take place during prophase I of meiosis in an animal cell.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[3]

(ii)

Explain how independent assortment of homologous chromosomes leads to genetic
variation during meiosis I.

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[3]
[Total: 9]
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5

Fig. 5.1 shows the processes leading to the formation of a messenger RNA (mRNA) molecule that
is eventually translated into a polypeptide.
Intron
Exon
DNA

Transcription
pre-mRNA

Processing
mRNA

Polypeptide
Fig. 5.1
(a)

Explain why transcription is necessary for polypeptide synthesis.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

(b)

Suggest why it is important that the mature mRNA only consists of exons.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
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(c)

Compare the process of replication and translation.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[4]
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6

Blood stem cells in the bone marrow differentiate into red blood cells.
(a)

State two characteristics of a stem cell.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

Erythropoietin (EPO) is a large glycoprotein synthesised and secreted by specialised cells in the
kidney. EPO acts at the surface of particular target cells, such as cells in the bone marrow. This
triggers a signaling pathway, which stimulates bone marrow cells to form red blood cells.
(b)

All cells of the body are exposed to circulating blood plasma containing EPO, but only
particular target cells respond.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]
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Explain why EPO acts on target cells and not other cells.
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Transcription factors c-myb and GATA-1 play important roles in red blood cell differentiation.
The amount of c-myb mRNA and GATA-1 mRNA in the red blood progenitor cells can vary at
different periods of red blood cell differentiation.
mRNA was extracted from samples of red blood progenitor cells at different time intervals and
separated via gel electrophoresis. Nucleic acid hybridisation was carried out to identify the
positions of c-myb mRNA and GATA-1 mRNA.
Fig. 6.1 shows the results of the nucleic acid hybridisation, which indicates the amount of c-myb
mRNA and GATA-1 mRNA at different time intervals.
red blood progenitor cell

0

2

4

red blood cell

8 12 16 20 24 28 32 36 48 72 96

hours

GATA-1

Fig. 6.1
(c)

In order to detect mRNA, a process similar to Southern blot was carried out. Radioactive
probes were used in nucleic acid hybridisation.
Explain the need to carry out nucleic acid hybridisation.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
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(d)

Describe the changes in the amount of c-myb mRNA between 0 and 72 hours.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

Research has shown that GATA-1 protein represses the c-myb gene expression during the later
stage of red blood cell differentiation.
(e)

Explain how GATA-1 protein acts as a repressor.
……………………………………………………………………………………………….
……………………………………………………………………………………………….

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]
[Total: 10]
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Part II
7

A wild type beetle normally has smooth and white outer wings while the mutant beetle has the
recessive phenotypes, bumpy and grey.
An investigator carried out a cross between pure breeding wild type beetles and pure breeding
mutant beetles. A test cross was then conducted for the two loci. This test cross took F1 females
and crossed them with a male pure breeding for the recessive phenotype.
The results of the test cross are shown in Table 7.1.
Table 7.1

(a)

Phenotypic class

Number of offspring

Smooth and white

380

Bumpy and grey

380

Smooth and grey

20

Bumpy and white

20

Draw a genetic diagram to explain the observed results of the test cross.
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Use the following symbols,
A Smooth; a bumpy; B White; b grey
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The investigator hypothesised that smooth wing beetles are longer than bumpy wing beetles.
Measurements of the length of the wings were made and the results are shown in Table 7.2.
Table 7.2
Phenotypic class
Smooth wing
Bumpy wing

Number of beetles
measured
10
16

Mean length of wing
/ mm
30
25

Standard deviation
/ mm
5
5

The formula used for t-test is:

Degree of
freedom

0.10

24
25
26

0.20
1.318
1.316
1.315

(b)

SIGNIFICANCE LEVEL FOR ONE-TAILED T TEST
0.05
0.025
0.01
SIGNIFICANCE LEVEL FOR TWO-TAILED T TEST
0.10
0.05
0.02
1.711
2.064
2.492
1.708
2.060
2.485
1.706
2.056
2.479

0.005
0.01
2.797
2.787
2.779

Calculate the t-value to three decimal places and conclude whether the investigator’s
hypothesis is valid. Show your working clearly.

Conclusion: ………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[4]
[Total: 8]
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The formula for degree of freedom: n1 + n2 – 2
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Tuberculosis (TB) is an infectious disease caused by the bacterium Mycobacterium tuberculosis.
Streptomycin was the first antibiotic used to treat TB. During the first few years after the
introduction of streptomycin treatment, an increasing number of M. tuberculosis bacteria
developed resistance to streptomycin.
(a)

Explain the increase in numbers of streptomycin resistant M. tuberculosis bacteria.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

……………………………………………………………………………………………….
…………………………………………………………………………………………….[4]
The antibiotic rifampicin was introduced as an alternative to streptomycin. Rifampicin acts by
inhibiting the bacterial enzyme RNA polymerase. M. tuberculosis and humans both use RNA
polymerase for transcription.
(b)

Distinguish the mode of action between rifampicin and penicillin.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

(c)

Suggest why rifampicin does not affect transcription in human cells.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]
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Other drugs such as isoniazid are also used in the treatment of TB.
Some bacteria are now resistant to more than one of these drugs. These bacteria are known as
multi-drug resistant (MDR) bacteria.
(d)

Suggest two ways to reduce the emergence of drug resistance in bacteria.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
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9

During a marathon, an athlete may have to carry out anaerobic respiration in addition to aerobic
respiration to produce sufficient ATP.
Fig. 9.1 outlines both processes in the athlete.

compound X
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compound Y

Fig. 9.1
(a)

With reference to Fig. 9.1, identify compounds X and Y:
X ……………………………..
Y ……………………………..
[2]
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(b)

Complete Table 9.1 to show the number of reduced coenzymes that is/are formed at each
stage of respiration, when one molecule of glucose is oxidised.
Table 9.1
Reduced NAD

Reduced FAD

glycolysis
link reaction
Krebs cycle
[2]
(c)

With reference to Fig. 9.1, explain why there is a need for compound X to be converted to
lactate in the absence of oxygen.
……………………………………………………………………………………………….
……………………………………………………………………………………………….

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[4]
(d)

Suggest whether anaerobic respiration alone is sufficient for the athlete to complete the
marathon.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
[Total: 10]
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10

Fig. 10.1 outlines the main reaction in the light-dependent stage of photosynthesis.

R

(a)

State precisely where
(i)

the light-dependent stage occurs.
………………………………………………………………………………………[1]

(ii)

the light-independent stage occurs.
………………………………………………………………………………………[1]

(b)

Give the name of the process at R.
…………………………………………………………………………………………….[1]

(c)

Describe the role of reduced NADP in the light-independent stage.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
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The unicellular photosynthetic green alga, Chlorella, was originally studied for its potential as a
food source.
In one study into the productivity of Chlorella, carbon dioxide concentration was altered to
investigate its effects on the light-independent stage of photosynthesis.
x
x
x
x
x

A cell suspension of Chlorella was illuminated using a bench lamp.
The suspension was supplied with carbon dioxide at a concentration of 1% for 200 seconds.
The concentration of carbon dioxide was then reduced to 0.03% for a further 200 seconds.
The concentrations of RuBP and GP (PGA) were measured at regular intervals.
Throughout the investigation the temperature of the suspension was maintained at 25 °C.

The results are shown in Fig. 10.2.

concentration
/ arbitrary units

0.03% CO2

1% CO2

GP

time / s
Fig. 10.2
(d)

State precisely where in the chloroplast RuBP and GP are located.
…………………………………………………………………………………………….[1]

(e)

(i)

Describe the change in concentration of RuBP between 200 and 350 seconds.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[2]
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(ii)

Explain why the concentration of RuBP changed between 200 and 270 seconds.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[3]

(f)

State two differences between the structure of starch and cellulose.
……………………………………………………………………………………………….
……………………………………………………………………………………………….

……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
[Total: 13]
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Question 11 starts on page 14
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11

The HIV/AIDS pandemic has had a very large impact on life expectancy in many African countries.
Table 11.1 shows estimated data for four African countries for
• the average life expectancy of an individual born in 2002
• the percentage of the population testing positive for HIV in 2002
• the average life expectancy of an individual born in 2002 if there was no HIV/AIDS pandemic.
Table 11.1

Without HIV/AIDS

With HIV/AIDS

Percentage of
population testing
positive for HIV

Kenya

65.6

45.5

14.0

Malawi

56.3

38.5

16.0

South Africa

66.3

48.8

19.9

Zambia

55.4

35.3

20.0

Country

Using the ‘without HIV/AIDS’ and ‘with HIV/AIDS’ data shown in Table 11.1, calculate the
percentage decrease in life expectancy for Zambia.
Show your working and give your answer to the nearest whole number.

Answer…………………………. % [2]
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(a)

Life expectancy / years
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(b)

After studying the data in Table 11.1, a student concluded that:
“There is a correlation between the percentage of the population testing positive for HIV and
the decrease in estimated life expectancy with HIV/AIDS.”
With reference to Table 11.1, explain why the data do not fully support the student’s
conclusion.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

(c)

A person who is confirmed as HIV-positive has been tested positive for the presence of
antibodies to HIV.

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[5]
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Outline the events that leads to the production of antibodies specific to HIV.
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Various anti-HIV antibodies, which can bind to different parts of the same HIV virus, are found in
the infected person.
(d)

Suggest the significance of having various anti-HIV antibodies produced in the infected
person.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]
[Total: 10]
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Section A
Answer all the questions in this section.
1 Cholera is an infectious disease that is caused by eating food or drinking water contaminated with
a bacterium called Vibrio cholerae.
Fig. 1.1 shows a transmission electron micrograph of Vibrio cholerae.

×30 000
Fig. 1.1
(a)

Explain what is meant by an infectious disease.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

The symptoms of cholera are caused by choleragen, a toxin released by the bacterium.
Choleragen is a protein made up of six polypeptides:
x

a single polypeptide known as the A subunit that includes an extended alpha helix

x

five polypeptides that together make the B subunit.

The B subunit of choleragen binds to a cell surface membrane component, known as GM1, of an
intestinal epithelial cell. The complete choleragen protein then enters the cell by endocytosis. Once
inside the cell, the A subunit of the protein acts as an enzyme, disrupting the normal functioning
of the cell.
(b)

List the levels of protein structure present in choleragen.
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]
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(c)

In the laboratory, it is possible to produce a form of choleragen consisting of only B subunit
as a vaccine against cholera.
(i)

Suggest why B subunit, rather than A subunit, is used in the production of the vaccine.
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[1]

(ii)

Outline how the vaccine can provide protection against cholera.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[4]

(d)

Viruses that infect bacteria are called bacteriophages. Some bacteriophages that infect the
cholera pathogen cause lysis of the bacterium.
(i)

Compare the structures of V. cholerae and bacteriophage.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[2]
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(ii)

Some scientists believe that bacteriophages could be used to treat people who are
infected with cholera. Suggest the properties of the bacteriophages that would make
this possible.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………[2]

Microbiologists consider the use of bacteriophages for treatment to be dangerous as these viruses
could lead to gene transfer from harmful bacteria to normal gut bacteria.
(e)

Name the process of gene transfer and suggest why such a gene transfer could be
dangerous.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
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Infection by V. cholerae causes severe watery diarrhoea, which leads to dehydration (loss of water
and ions) and even death if untreated.
Fig. 1.2 shows the signalling pathway activated by choleragen.

Fig. 1.2
(f)

With reference to Fig. 1.2, outline how the A subunit inside the cell can result in diarrhoea.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]
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Insulin is a peptide hormone secreted by the pancreas. It triggers a different cell signalling pathway
and cellular response from choleragen.
The binding of insulin to the insulin receptor found on target cells such as muscle cells, triggers
specific responses that eventually helps to lower the blood glucose levels.
(g)

Outline how the binding of insulin to its receptor is able to trigger a response inside a muscle
cell.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]

(h)

Describe one effect of insulin on muscle cells.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]

(i)

In some diabetics, the insulin receptors are mutated and do not allow insulin to bind.
Explain how a mutation to the gene coding for the insulin receptor can affect blood glucose
levels.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]
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The hormone insulin is synthesised in the beta cells of the pancreas as preproinsulin.
Preproinsulin is non-functional and has to undergo post-translational modification to form the
functional insulin that is secreted out of the cell.
Fig. 1.3 shows the process of post-translational modification to form the functional insulin.

Preproinsulin

Proinsulin

Functional
insulin

C-peptide

Fig. 1.3
(j)

With reference to Fig. 1.3, describe how post-translational modification of preproinsulin can
give rise to the functional insulin.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]

C-peptide will be released into the bloodstream together with the insulin hormone. The C-peptide
does not serve any function, but they are useful for monitoring the levels of functioning beta cells
in people with diabetes.
(k) Predict the level of C-peptide in people with lesser number of functioning beta cells. Give a
reason for your prediction.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
[Total: 29]
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2 (a) The African clawed frog (Xenopus laevis) is a well-studied amphibian. Complete Table 2.1 to
show the classification of Xenopus laevis.
Table 2.1
Kingdom

...........................................

Phylum

Chordata

Class

Amphibia
Anura

...........................................

Pipidae

...........................................
Genus

...........................................

Species

Xenopus laevis
[2]

The evolutionary origin of the four-legged amphibians from fish has been the subject of much
debate for many years.
Among living fish, the rarely-caught coelacanth and the lungfish are thought to be most closely
related to these amphibians.
Samples of blood were taken from two coelacanths that were recently captured near Comoros.
The amino acid sequences of the α and β chains of coelacanth and lungfish haemoglobin were
compared with the known sequences of amphibian adults and their aquatic larvae (tadpoles).
Organisms with more matches in the amino acid sequence of a polypeptide chain share a more
recent common ancestor than those with fewer matches.
The comparisons with three species of amphibians, Xenopus laevis (Xl), X. tropicalis (Xt) and
Rana catesbeiana (Rc) are shown in Table 2.2.
Table 2.2
Percentage of matches of amino acid sequence
Species of amphibian adults

Species of amphibian larvae
(tadpoles)

fish
species

Xl

Xt

Rc

Xl

Xt

Rc

Coelacanth

42.0

47.5

No data

45.4

42.6

48.2

Lungfish

40.4

42.1

No data

40.7

39.0

37.9

Coelacanth

42.1

43.2

40.7

52.1

52.1

58.2

Lungfish

44.1

45.9

41.4

47.3

45.9

48.6

α chains

β chains
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(b)

Using the information in Table 2.2, evaluate whether the data supports the suggestion that
coelacanths and amphibians share a more recent common ancestor than lungfish and

amphibians.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[4]
(c)

Describe one advantage of the use of molecular systematics in determining the evolutionary
relationship between amphibian, coelacanth and lungfish.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]

(d)

Explain the role of isolating mechanisms in the evolution of new species.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[3]
[Total: 10]

DO NOT WRITE IN THIS MARGIN

[TURN OVER
Need a home tutor? Visit smiletutor.sg

10
DO NOT WRITE IN THIS MARGIN

3 Fig. 3.1 shows the global distribution of Aedes aegypti based on occurrence data from published
literature between 1960 and 2014. Darker regions corresponded to regions with higher incidence
of dengue disease that is transmitted by A. aegypti.

equator

Fig. 3.1
(a)

Explain why dengue disease is much more common in regions near the equator than in other
parts of the world.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

(b)

Suggest two reasons why governments in parts of the world other than regions near the
equator, are also becoming increasingly concerned about dengue disease.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
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(c)

Outline the development of dengue virus in humans.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]

One method to reduce the transmission of dengue is the Sterile Insect Technique (SIT). This
involves releasing large numbers of sterile (infertile) male A. aegypti into the habitat. These males
have been made infertile by radiation.
(d)

Suggest how using the SIT could reduce transmission of dengue.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]

(e)

It was observed that the release of radiation-sterilised A. aegypti has not been very
successful in controlling the transmission of dengue.
Give one reason for the observation.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]
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Recently, a new method was developed to control A. aegypti. Scientists produced transgenic
males carrying a ‘lethal gene’. The expression of this gene reduces the survival rate of the
offspring.
The scientists released transgenic males every week in one location in a Brazilian city.
The number of A. aegypti in the area where transgenic males were released was determined
regularly. This was also determined in a control area where no transgenic males were released.
Fig. 3.2 shows their results.

Fig. 3.2
(f)

Suggest why the scientists released transgenic males every week.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[1]

(g)

The release of transgenic males proved successful in reducing the number of A. aegypti.
Describe how the results in Fig. 3.2 support this conclusion.
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………….[2]
[Total: 11]
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Section B
Answer one question in this section.
Write your answers on the lined paper provided at the end of this Question Paper.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a) and (b) as indicated in the question.
4

(a)

Describe how the product of photosynthesis contributes towards the growth of a plant and
suggest the effects on plant growth when the plant is grown at its compensation point for
prolonged period of time.
[12]

(b)

Prokaryotes and eukaryotes respond differently to changes in the environmental conditions.
Describe how bacteria respond to changes in lactose supply.
Compare the advantages of a mammalian response to changes in blood glucose concentration
with that of a bacterial response to changes in supply of lactose.
[13]
[Total: 25]

5

(a)

An increase in DNA methylation at the promoter region of tumour suppressor genes could lead
to greater tendency for an individual to develop cancer.
Compare the features of stem cells and cancer cells and suggest how DNA methylation at the
promoter of tumour suppressor genes could contribute towards the development of cancer.
[13]

(b)

Climatic factors affect the duration of each season, resulting in mismatch of flowering timings
and insect maturation. For example plants bloom earlier but bees are not available to pollinate
the flowers. As a result, flowers are not pollinated and bees do not have enough food.
Discuss the possible impacts of climate change on microevolution of insects and plants that rely
on insects as pollinators.
[12]
[Total: 25]
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1

Plant cells contain an enzyme, catalase, which catalyses the hydrolysis (breakdown) of hydrogen
peroxide into oxygen and water. An extract of plant tissue contains catalase.
You are required to investigate the effect of solution X on the activity of the catalase in a plant extract
P by:
• preparing different concentrations of solution X
•

investigating the effect of different concentrations of solution X by counting the number of
bubbles of oxygen released in two minutes

•

finding the rate of activity of the catalase by measuring the time taken to collect 2 cm3 of
the oxygen.

Labelled

Contents

Hazard level

Volume / cm3

X

0.3% solution of X

Harmful

20

W

Distilled water

None

100

P

Plant extract solution

None

90

H

Hydrogen peroxide solution

Harmful irritant

90

T

Tap water

None

-

When carrying out a practical procedure, the hazards of the use of all the apparatus and all of the
reagents need to be considered, then the level of risk needs to be assessed as low or medium or
high.
(a)

(i)

State the hazard with the greatest level of risk when using the apparatus and reagents in
page 4.
State the level of risk of the procedure: low or medium or high.
Hazard …………………………………………….……..……………………………………..….
Level of risk………………...……………………………………………………………………[1]

(ii)

Suggest the precaution to be taken to the hazard identified in (a)(i).
...………………………………………………………………………………………………….[1]
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(b) (i)

You are required to prepare a serial dilution of the 0.3% solution of X which reduces the
concentration of X by a factor of 10 between each successive dilution.
You will need to prepare 10 cm3 of each concentration of solution X.
You should use the beakers shown in Fig. 1.1 to show how you will prepare the serial
dilutions.
You will need to use 9 cm3 of each different concentration of X in the investigation.
For each beaker, complete Fig. 1.1 to show how you will dilute the solution by:
stating, under the beaker, the concentration and volume of the solution available
for use in the investigation

•

using one arrow, with a label above the beaker, to show the concentration and
volume of the solution X added to prepare the concentration

•

using another arrow, with a label above the beaker, to show the volume of W
added to prepare the concentration.
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Fig. 1.1
[3]
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You are required to investigate the effect of different concentrations of X on the activity of
catalase by finding the number of bubbles of oxygen released in two minutes.
Proceed as follows:
1. Prepare the concentrations of X as shown in (b)(i).
2. Put 10 cm3 of P into each of the concentrations of X, including 0.3% X. Shake gently to mix.
3. Put 20 cm3 of P and 18 cm3 of W into a separate vial.
4. Leave for at least three minutes.
Read step 5 to step 14 before proceeding.
5. Prepare 400 cm3 of tap water in the large beaker labelled T.
6. Put 10 cm3 of H into each of the five boiling tubes.
7. Put 10 cm3 of the mixture of P and W into one of the boiling tube.
8. Put the bung (with the delivery tube attached) into this boiling tube.

10. Start timing and count the number of bubbles of oxygen released in 2 minutes.
11. Record the result in (b)(ii), on page 5.
12. Put 10 cm3 of the mixture of P with the lowest concentration of X into another boiling tube
containing H.
13. Repeat steps 8 to 11.
14. Repeat steps 12 and 13 with each of the other concentrations of X, including 0.3% X.

DO NOT WRITE IN THIS MARGIN
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9. Put the end of the delivery tube into the large beaker containing water labelled T.
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Prepare the space below and record your results.

[4]
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(ii)

6
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(c)

You are required to decide on the method to find the rate of activity of the catalase in the plant
extract P by collecting 2 cm3 of oxygen produced by the hydrolysis of H.
You are going to collect the oxygen released by displacement of water as shown in Fig. 1.2.
Oxygen from boiling tube
Sealed syringe

Bubbles of oxygen push
(displace) the water out
of the syringe

Beaker labelled T
containing tap water

(i)

State the dependent variable.
…………………………………………………………………………………….……[1]
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Fig. 1.2
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(ii)

You will need to use the mixture of P and W prepared in (b)(i) step 3.
The best volume of H to the mixture of P and W to use were in a ratio of 1:2.
Outline the steps in the method that you will use to collect results. The method should
allow an assessment of the degree of confidence in the results to be made.
……………………………………………………………………………………………
……………………………………..........................................…………………….……
……………………………………………………………………………………………
……………………………………..........................................…………………….……
……………………………………………………………………………………………
……………………………………..........................................…………………….……
……………………………………………………………………………………………

……………………………………………………………………………………………
……………………………………..........................................…………………….……
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………..........................................…………………….……
…………………………………………………………………………………….……[4]
(iii) Use the method you have described in (c)(ii) to collect results.
Record your results in a suitable table in the space below.

[3]
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(iv) Use your results in (c)(iii) to calculate the rate of activity of the catalase. You may lose
marks if you do not show your working.

Rate of activity: …………………………………. cm3 s–1 [2]
(v)

Identify two significant sources of error when using each of the two methods to measure
the dependent variable.

……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
two significant errors in measuring the displacement of water
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………………………….……[4]
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(d) Some scientists investigated the effect of copper sulfate solution on the release of oxygen from
hydrogen peroxide solution. Yeast extract, containing catalase was used in the investigation.
All the variables were standardised.
They set up two boiling tubes:
•

one with 1 cm3 of distilled water, hydrogen peroxide and yeast extract

•

one with 1 cm3 of copper sulfate solution, hydrogen peroxide and yeast extract.

The number of bubbles of oxygen released in each 60 seconds for 300 seconds were recorded.
The results are shown in Table 1.1.
Table 1.1

Time/s

120

96

4

180

65

2

240

34

1

300

4

0

DO NOT WRITE IN THIS MARGIN
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60

Number of bubbles of oxygen released
With 1cm3 of copper sulfate
With 1cm3 of distilled water
solution
99
69

11
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Plot a graph of the data in Table 1.1.
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(i)

[5]
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(ii)

Using your knowledge of enzymes, suggest how copper sulfate solution may change the
activity of catalase.
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………………………………[3]

(iii) State one environmental variable that should be kept constant and the method to achieve
it.

Method …………………………………………………………………………………………..[2]
[Total: 33]
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13
DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

Question 2 starts on page 14

DO NOT WRITE IN THIS MARGIN

[TURN OVER
Need a home tutor? Visit smiletutor.sg

14
DO NOT WRITE IN THIS MARGIN

2 K1 is a slide of a stained transverse section through a plant root.
You are not expected to be familiar with this specimen.
You are required to:
use the eyepiece graticule to measure across the root

•

use these measurements to calculate the length of the cortex as a percentage of the
diameter of the root

•

draw a plan diagram of part of the root.
The eyepiece graticule in the microscope can be used to measure different tissues.

DO NOT WRITE IN THIS MARGIN
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(a)

•

Fig. 2.1
(i)

Use the eyepiece graticule in the microscope to measure across the diameter of the
root as shown in Fig. 2.1:
L to Q = …………………….. eyepiece graticule units
L to M = …………………….. eyepiece graticule units
M to N = …………………….. eyepiece graticule units
N to Q = …………………….. eyepiece graticule units
[4]
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(ii)

Use the measurements from (a)(i) to state:
the length across the diameter of the root (L to Q) …………… eyepiece graticule units
the length of cortex across the diameter …………… eyepiece graticule units
Calculate the length of cortex as a percentage of the diameter of the root.

Answer: ……….…………………….. % [3]

DO NOT WRITE IN THIS MARGIN

[TURN OVER
Need a home tutor? Visit smiletutor.sg

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

You may lose marks if you do not show your working.
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(iii)

Use the measurements from (a)(i) to help you draw a large plan diagram of part of the
root on K1, shown by the shaded area in Fig. 2.2.

draw this sector

Fig. 2.2
Use a sharp pencil for drawing.
You are expected to draw the correct shape and proportions of the different tissues.
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Use one ruled label line and label to identify the xylem.

[5]
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(iv)

Observe the xylem of the specimen on K1.
Select one group of three xylem vessels.
Each vessel of the group must touch at least one of the other vessels.
Make a large drawing of this group of three vessels.

DO NOT WRITE IN THIS MARGIN
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Use one ruled label line and the label C to identify a structure made of lignin.

[4]
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(b)

(i)

Fig. 2.3 is a photomicrograph of a transverse section through a root of a different plant
species.

Fig. 2.3
A student calibrated the eyepiece graticule in a light microscope using a stage
micrometer so that the actual diameter of the root could be found.
The calibration of one eyepiece graticule unit is equal to 29.5 μm.
Use the calibration of the eyepiece graticule unit and Fig. 2.3 to calculate the actual
diameter of the root.
Show all the steps in your working and use appropriate units.

actual diameter of the root: ……….………………………………[3]
DO NOT WRITE IN THIS MARGIN
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You are not expected to be familiar with this specimen.
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(ii)

The student may confuse the eyepiece graticule with the stage micrometer.
Other than relative lengths or colours of the two scales, suggest one way that the
student could distinguish between the eyepiece graticule and the stage micrometer
when looking into the eyepiece of the microscope.
..........................................................................................................................................
.....................................................................................................................................[1]

(c)

Fig. 2.4 is the same photomicrograph without the eyepiece graticule scale.
Annotate on Fig. 2.4 to describe two observable differences between the root in Fig. 2.4 and
the root on K1. Ignore any differences in colour and size.
Draw label lines to two different features and use only the labels P and Q.

•

Next to each letter, describe how each feature on the root in Fig. 2.4 differs from the
root on K1.

DO NOT WRITE IN THIS MARGIN
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•

Fig. 2.4
[2]
[Total: 22]
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2
Answer all the questions in this section.
1

These events take place when glycoproteins are secreted from a cell.
1
2
3
4

addition of carbohydrate to protein
fusion of the vesicle with the plasma membrane
release of glycoprotein
budding of a vesicle from the Golgi apparatus

What is the sequence in which these events take place?
A
B
C
D

1→4→2→3
1→4→3→2
4→1→2→3
4→1→3→2

Need a home tutor? Visit smiletutor.sg
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2

A scientist carried out an experiment to separate the organelles in an animal cell by density.
The scientist mixed the cells with a buffer solution which had the same water potential as the
cells. The cells were lysed with a blender to release the organelles.
The mixture was filtered and then spun in a centrifuge at a high speed to separate the heaviest
organelle. This sank to the bottom, forming a solid pellet, 1.

The liquid above pellet 1 was poured into a clean centrifuge tube and spun in the centrifuge at
a higher speed to separate the next heaviest organelle. This organelle sank to the bottom,
forming a solid pellet, 2.
He repeated this procedure twice more to obtain pellet 3 and pellet 4, each containing a single
type of organelle.
What is the possible function of the organelle extracted in pellet 3?
A
B
C
D

digestion of old organelles
production of ATP
production of mRNA
catalyse bond formation in polypeptides

Need a home tutor? Visit smiletutor.sg
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3

Which diagram correctly shows the formation of a peptide bond between two amino acids?

4

The table compares three molecules, X, Y and Z, which contain the elements carbon, hydrogen
and oxygen only. The percentage of carbon, hydrogen and oxygen atoms in each molecule is
shown.
molecule
X
Y
Z

% carbon % hydrogen % oxygen
25.0
28.5
34.6

50.0
47.7
61.6

25.0
23.8
3.8

Which row correctly identifies molecules X, Y and Z?
molecule
X

Y

Z

A

monosaccharide
on
no
ossaccc
ch
harrid
ide

disaccharide

polysaccharide

B

monosaccharide
osa
sa
s
acc
cch
ha
ari
ride
de

polysaccharide

triglyceride

C

polysaccharide
cch

triglyceride

monosaccharide

D

triglyceride

monosaccharide

polysaccharide
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5

Which statements about the differences between phospholipids and triglycerides is/are correct?
1
2
3

6

Phospholipids have hydrophobic regions but triglycerides do not.
The fatty acids in a phospholipid may be saturated or unsaturated but in a
triglyceride they are always saturated.
Phospholipids are amphipathic molecules but triglycerides are non-polar.

A

1 and 2

B

1 only

C

2 and 3

D

3 only

The cell surface membrane structure is described as a ‘fluid mosaic’.
Which statement describes the ‘mosaic’ part of the cell surface membrane?
A

The different patterns that are obtained by the moving phospholipid molecules.

B

The random distribution of cholesterol molecules within the phospholipid bilayer.

C

The regular pattern produced by the phospholipid heads and membrane proteins.

D

The scattering of the different proteins within the phospholipid bilayer.

/H1/H1/
7

The diagram shows an enzyme, its substrate and an enzyme/substrate complex.

Which statement explains how the substrate is able to bind to the active site of the enzyme?
A

Contact between the substrate and
an the enzyme causes a change in the enzyme shape.

B

The shape of the active site a
and
nd tthe
he sshape of the substrate are exactly complementary.

C

The substrate within
hin
n the
th
he
e active
ac
cttiv
ive site
site fforms
o m disulfide bonds with amino acids.
or

D

When the e
enzyme-substrate
nzy
nz
ym
me
me-su
subs
bstr
trra
ate co
ccomplex
om
forms, the primary structure of the enzyme
changes.

2/H2/Q04
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8

Two enzymes, X and Y, were used in an experiment.
Enzyme X was from bacteria that live in rivers and lakes at temperatures from 5°C to 20°C.
Enzyme Y was from bacteria that live in hot water springs at temperatures from 40°C to 85°C.
The experiment measured the concentration of product produced by each enzyme at
temperatures between 0°C to 100°C.
Which graph shows the results?

9

Which is always true of cytokinesis?
1
2
3

Cell organelles replicate.
Cell organelles are divided
two cells.
ded
d between
b
be
Nuclear envelope reforms.
reform
r s.
rm

A 1, 2 and 3

B 1 an
a
and
nd 3

C 2 and 3

D 2 only
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10 The graph shows measurements taken during one mitotic cell cycle

X

distance

2

1

Time / minutes
Which stage of mitosis begins at X and which measurements are shown by curve 1 and 2?

Stage beginning at
X

Distance between centromeres
of chromosomes and poles of
spindle

Distance between
centromeres of sister
chromatids

A

Anaphase

1

2

B

Anaphase

2

1

C

Metaphase

1

2

D

Metaphase

2

1

Need a home tutor? Visit smiletutor.sg
[Turn over

8
11 The codons UGU and UGC code for the amino acid cysteine, which can form disulfide bonds
in a polypeptide.
The codon UGG codes for the amino acid tryptophan, which does not contain a sulfur atom.
The codon UGA is a stop signal.
The DNA triplet code for the 10th amino acid in a particular polypeptide is ACA.
Which single base substitution(s) in this triplet code will result in no disulfide bond being formed
with the 10th amino acid in the polypeptide?
A

ACC and ACG

B

ACG and ACT

C

ACT and ACC

D

ACT only

6
12 An antibiotic, edeine, was isolated. It inhibits protein synthesis but has no effect on either DNA
synthesis or RNA synthesis. When added to a translation mixture containing fully intact
organelles, edeine stops haemoglobin translation after 10s.
Analysis of the edeine-inhibited mixture by centrifugation showed that no polyribosomes
remained by the time protein synthesis had stopped. Instead, all the mRNA accumulated
together with small ribosomal subunit and initiator tRNA.
What step in protein synthesis does edeine inhibit?
A

It interferes with chain termination and release of the peptide.

B

It inhibits the binding of amino acyl-tRNAs to the A-site in the ribosome.

C

It blocks the translocation of peptidyl-tRNA from the A-site to the P-site of the ribosome.

D

It prevents the formation of the translation initiation complex, which contains the initiator
tRNA and both ribosomal subunits.

13 Which of the following statements describe the purpose of transferring DNA fragments from a
gel to a nitrocellulose paper during Southern blotting?
1
2
3
4

ch th
he D
N fragments to a substrate
To permanently attach
the
DNA
e tw
wo co
omp
m le
lem
men
To separate the
two
complementary
DNA strands
To transferr only
DNA
on
nlyy tthe
he
eD
NA
N
A that
tha
hatt iss of
o interest
To separate
ep
par
aa
atte ou
o
out
ut the
the PCR
th
PCR pr
PC
prod
products

A

1 only

B

1 and 2

C

2, 3 and 4

D

1, 2 and 3

/H1/
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14 How many PCR cycles would an original sample of DNA have to pass through in order to
increase the sample to eight times in quantity?
A

2

B

3

C

4

D

6

15 Stem cells are found in many tissues that require frequent cell replacement such as the skin,
the intestine and the blood.
However, within their own environments, a bone marrow cell cannot be induced to produce a
skin cell and a skin cell cannot be induced to produce a blood cell.
Which statement explains this?
A

Different stem cells only have the genes required for their particular cell line.

B

Genes not required for the differentiation of a particular cell line are methylated.

C

Binding of repressor molecules prevents the expression of genes not required for a
particular cell line.

D

Expression of gene not required for a particular cell line is controlled at translational level.

16 Which row best describes the ability of zygotic stem cells to differentiate?
Totipotent

Pluripotent

Multipotent

A

9

9

9

key

B

9

8

9

9 = ability

C

9

8

8

8 = no ability

D

8

9

9

2013 JC2 H1 Revision
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17 Which of the following statements is true of post-transcriptional modification?
1

Nucleotides are added at both ends of the RNA which increases the stability of
mRNA for translation.

2

The length of 3’ end of RNA that was extended with adenine molecules by
telomerase determines the half-life of the mRNA.

3

Enzymes remove nucleotides in the non-coding regions to create a continuous
coding sequence.

4

mRNAs are transcribed from heavily methylated DNA regions.

A

1 and 2

B

1 and 3

C

2 and 4

D

3 and 4

18 The trp operon is a
A

negatively controlled inducible operon.

B

positively controlled inducible operon.

C

negatively controlled repressible operon.

D

positively controlled repressible operon.

2013 JC2 H1 Revision
19 If DNA is damaged, checkpoints in the cell cycle can either trigger DNA repair, allowing the cell
to progress through the cell cycle or, if this cannot be carried out, divert the process to
programmed cell death (apoptosis).
Breaks in double-stranded DNA can be repaired using proteins such as p53 and Chk1.
About half of all cancer cells have non-functional p53 proteins.
An inhibitor for Chk1 protein has been developed as a treatment for cancer patients to improve
tumour shrinkage during radiation treatment.
How would this Chk1 inhibitor benefit
nefitt th
the
these patients?
A

Chk1 genes would be
e da
damaged
ama
mage
ged and
an unable
un
to repair DNA.

B

Fewer healthy
hy
y ce
cells
elllls would
would
wo
uld have
ul
h ve damaged
ha
dam
ama
DNA.

C

More cells
lss with
wiitth non-functional
no
n
on-ffu
un
nc
ctition
ion
onal
al p53
p protein would undergo apoptosis.

D

The radiation
on
n treatment
t re
tr
ea
atmen
ttm
men
ent would kill all the tumour cells.
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20 The neuraminidase of influenza virus exhibit all the following properties except
A

facilitating the release of virus particles from infected cells.

B

attaching with the sialic acid receptor present in upper respiratory tract.

C

embedding in the outer surface of the viral envelope.

D

carrying out enzyme activity.

21 Which of the following materials can be taken up by a bacterium from the surrounding during
transformation?
1

DNA from a bacteriophage

2

linear plasmid

3

rRNA from another bacterium

A

1 only

B

3 only

C

1 and 2

D

2 and 3

22 Some plants with large pink flowers were allowed to interbreed. They produced hundreds of
seeds. When the seeds germinated, fifty seedlings were selected at random and allowed to
grow to maturity.
The resulting plants had red, pink or white flowers, which were either large or small.
The numbers of the different types of plant are shown in the table.
flower colour

flower size
ze
e

red

pink

white

large

9

20

9

small
sm

4

6

2

For which plants can
n the
e genotype
gen
eno
enot
ottyp
y e for
for both
both colour
c
and size of flower be known for certain?
A

all plants
s with
witth la
large
arrg
ge fl
fflowers
low
ower
ers

B

all plants with
ith
h small
smal
sm
alll flowers
flow
fl

C

plants with large
g pink or small red flowers

D

plants with large red or small white flowers
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23 Pure-breeding pea plants that produced yellow and round seeds were crossed with purebreeding pea plants that produced green and wrinkled seeds.
All the first generation, F1, produced yellow and round seeds. Selfing of F1 was carried out and
the results of the F2 generation was recorded in the table.
Phenotype of
seed

observed
numbers (O)

Yellow, round

50

Yellow,
wrinkled

20

Green, round

16

Green,
wrinkled

10

total

96

expected
numbers (E)

O–E

96

0

(O – E)2

(O – E)2 / E

F2 =

Assuming normal Mendelian inheritance, which of the following option is correct?
A

F2 = 2.4, degrees of freedom = 2

B

F2 = 2.4, degrees of freedom = 3

C

F2 = 3.4, degrees of freedom = 2

D

F2 = 3.4, degrees of freedom = 3
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24 Myxomatosis is a viral disease of rabbits caused by Myxoma virus. The virus spreads rapidly
and most rabbits die within 14 days of being infected.
Myxoma virus was used to reduce the number of rabbits in countries where the rabbits are a
significant crop pest.
The initial release of the virus caused rabbit populations to fall by over 90%. Resistance to the
virus increased in the following 70 years, so at present time, up to 50% of infected rabbits are
able to survive.
Which statement could explain the increasing frequency of rabbits that are resistant to Myxoma
virus in the years following release of the virus?
1

During disease outbreaks there is greater food availability for the surviving rabbits,
increasing the probability that they survive and breed.

2

The initial release of the virus led to a bottleneck event such that only rabbits with
the resistant alleles were able to survive.

3

Infected rabbits die quickly, hence the genes that code for the Myxoma virus are
eliminated from the population.

4

In populations with high incidences of myxomatosis, mutations leading to resistance
are more likely to occur.

A

1 and 2

B

3 and 4

C

1 and 3

D

2 and 4

25 Which statement is correct about a classification system based on phylogeny?
A

It is based on evolutionary relationships.

B

It is based on one feature, not a group of similar features.

C

It is based on phenotypic structures.

D

It is based on taxonomic groups.

26 Many signal transduction pathways
hwayys use
use second
s
se
messengers to
A

transport a signal
nal thr
through
hrrou
h
rou
ough
ough
gh the p
plasma
la
asm
sma
a membrane.
m

B

relay a signal
ign
gna
gn
all ffrom
rro
om the
the outside
th
outts
outs
ou
sid
ide to
t the inside of the cell.

C

relay a signal
nal ffrom
rro
om the
the inside
th
insid of the membrane throughout the cytoplasm.
in

D

amplify the me
message
ess
ssag
a by phosphorylating proteins.
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14
27 The graph shows the changes that occur in the concentration of antibodies in the blood of a
baby before birth and during the first few months after birth.

Which description about the changes in immunity during the first few months after birth is
correct?
A

active artificial immunity decreases, active natural immunity increases

B

active natural immunity decreases, active artificial immunity increases

C

passive artificial immunity decreases, active natural immunity increases

D

passive natural immunity decreases, active natural immunity increases

28 Which of the following changes the variable region of an antibody?
1

Somatic recalibration

2

Somatic recombination

3

Somatic hyper-mutation

4

Class switching

A

1 and 3

B

2 and 3

C

1 and 4

D

2 and 4
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15
29 The diagram shows an arctic food web. It features two primary producers (phytoplankton and
ice algae) that fix carbon by photosynthesis. Ice algae thrive in nutrient-rich pockets in the ice,
while phytoplankton are found freely floating in the ocean.
polar bear

sea ice
phytoplankton
ice algae

zooplankton

arctic cod
seal

Which of the following is not true regarding the effect of climate change on this arctic habitat?
A

Decline in ice algae can lead to the decline in polar bear population.

B

Decline in ice algae will lead to an increase in phytoplankton because there is less
competition between phytoplankton and ice algae for resources.

C

The effect on arctic cod, seal, and polar bear populations depends on how much
zooplankton population is affected by the decline in ice algae.

D

Decline in zooplankton may lead to decline in seal population.
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16
30 The bar chart shows the production of greenhouse gases (carbon dioxide and methane) from
agriculture in the European Union (EU) from 2000 to 2011, measured in millions of tonnes.

Which of the following could contribute to the trend seen between 2003 and 2009?
A

Conversion of intensive farmland into woodland reserves.

B

Greater use of agricultural machinery for harvesting.

C

Increased consumption of meat-based products.

D

Increased import and export of crops between EU countries.
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Part I
Answer all questions.
1

Cholesterol is synthesised in the smooth endoplasmic reticulum (SER) in liver cells by a series of
enzyme-catalysed reactions.
Within the SER, molecules of cholesterol and triglycerides are surrounded by proteins and
phospholipids to form lipoproteins. These lipoprotein particles enter the Golgi apparatus where
they are packaged into vesicles and pass to the blood. These lipoproteins containing cholesterol
are transported to all parts of the body.

lipoprotein
particle

S

T
Fig. 1.1

(a)

Name organelle T in
n Fig.
Fig
ig. 1.1
1.1 and
and describe
desc
de
s r
its role in liver cells. [3]
T: Mitochondrion
chon
ndr
drio
ion
io
n ((reject:
reje
re
reje
jec
ctt: mitochondria)
mito
mi
t oc
1. It synthesises
he
esi
sise
ses
se
s AT
A
ATP
P during aerobic cellular respiration for:
any one:
2. synthesis of cholesterol / triglycerides / glycogen / proteins;
3. intracellular movement of vesicles;
4. membrane transport processes e.g. exocytosis, active transport;
5. AVP;
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Fig. 1.1 is an electron micrograph of part of a liver cell showing the packaging of a lipoprotein
particle.

3
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(b)

(i)

Suggest why cholesterol is packaged into lipoproteins before release from liver cells
into the blood. [1]
any one:
1. Cholesterol is largely hydrophobic, hence it is not soluble in blood;
2. Lipoproteins are soluble in blood / lipoproteins consist of hydrophilic
phospholipid (phosphate) heads;

(ii)

Explain why cells need to be supplied with cholesterol. [2]
any 2:
1. It is a component of cell membranes;
2. It is important for regulating membrane fluidity / required to maintain
membrane stability;
3. It is a precursor / required for the production of steroid hormones;

Organelle S can be found attached to a membrane system that is distinct from SER. It is composed
of a nucleic acid and another biological molecule.
(c)

(i)

Name the nucleic acid found in organelle S. [1]
S: Ribosomal RNA

DO NOT WRITE IN THIS MARGIN

Describe the roles of the nucleic acid named in (c)(i). [2]
1. rRNA combines with ribosomal proteins to form the large subunit and small
subunit of ribosomes;
2. In the large ribosomal subunit, the rRNA forms the binding sites for tRNA;
3. In the large ribosomal subunit, the rRNA forms the catalytic site for peptide
bond formation;
4. rRNA interacts with mRNA and tRNA to ensure that the correct
complementary base pairing occurs, for accuracy of protein synthesis;

(d)

Evolutionary theorists suggested that organelle T used to be a free-living prokaryotic
organism but was engulfed by a eukaryotic cell and eventually became a part of it.
Give an evidence to justify why they may be correct. [1]

1. The mitochondrion has 70S ribosomes which is also found in a prokaryotic
cell;
2. Presence of multiple
iple ci
circular
irc
r ul
ula chromosomes / DNA which are different from
the linear chromosomes
omos
os
so
om
me
es
s / nuc
nuclear DNA in a eukaryotic cell;
3. Presence of double
doub
do
uble
ub
le
e membrane,
mem
e br
em
bran
ane suggesting that the eukaryotic cell engulfed
an
the prokaryotic
rok
kar
aryo
yoti
yo
tic
ti
c ce
cell
cell;
ll;;
ll
4. The composition
co
omp
mpos
o it
os
itio
ion
io
n off tthe
h inner mitochondrial membrane (e.g. presence of
electron
ron
on
n transport
tra
rans
ns
spo
port chain) is the similar to those found in the plasma
membrane
ra
ane of
of prokaryotes;
[Total: 10]
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2

Mineral ion X is taken into plant cells. The transport of ion X is interrupted when a metabolic poison
which affects the mitochondrial electron transport chain is present.
Some cells were placed in media containing different concentrations of ion X without the metabolic
poison. After one hour, the cells were removed and the intracellular concentration of X was
measured.
Fig. 2.1 shows the results.

maximum intracellular
concentration of X / A.U.
0.04

0.02

0.001

0.002

0.003

0.004

concentration of X in external medium / A.U.
Fig. 2.1
(a)

Describe the arrangement of the phospholipids in the plasma membrane. [2]
1. Hydrophilic phosphate heads of phospholipids face outwards to aqueous exterior
and interior (cytoplasm) of the cell.
2. Hydrophobic fatty acid tails of phospholipids face inwards and sandwiched
between hydrophilic phosphate heads,
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(b)

With reference to Fig. 2.1,
(i)

identify the process by which X is transported into the cell; [1]
1. Active transport.

(ii)

give a reason for your answer in (b)(i). [2]
1. [QF] Concentration of X in external medium (maximum of 0.004 A.U.) is always
lower than maximum intracellular concentration of X (maximum of 0.04 A.U.)
/ OWTTE. [1]
2. Therefore, X is transported against concentration gradient,
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[Total: 5]
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3

One of the substrates required by DNA polymerase is deoxyribonucleoside triphosphate (dNTP).
Dideoxyribonucleoside triphosphate (ddNTP) is a modified nucleotide that affects DNA
polymerase activity.

deoxyribonucleoside
triphosphate
(dNTP)

dideoxyribonucleoside
triphosphate
(ddNTP)
Fig. 3.1

In an investigation, the effect of different concentrations of ddATP on the rate of DNA synthesis
was determined.
The results of the investigation are shown in Fig. 3.2.

no ddNTP
5μM ddNTP
rate of DNA synthesis /
arbitrary units

10μM ddNTP

dNTP concentration / μM

Fig. 3.2
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Fig. 3.1 shows the structures of dNTP and ddNTP.
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(a)

Describe the effect of increasing substrate concentration on the rate of DNA synthesis, in the
absence of ddNTP. [2]
1. As dNTP concentration increases from 0 to 8μM, the rate of DNA synthesis
increases rapidly from 0 to 3 arbitrary units (A.U.).
or
2. As dNTP concentration increases from 0 to 9μM, the rate of DNA synthesis
increases rapidly from 0 to 3.1 arbitrary units (A.U.).
or
3. As dNTP concentration increases from 0 to 10μM, the rate of DNA synthesis
increases rapidly from 0 to 3.4 arbitrary units (A.U.).
4. As dNTP concentration increases from 8 to 60μM, the rate of DNA synthesis
increases gradually from 4 to 6.1 A.U.
With reference to Fig. 3.2, state the effects of ddNTP on the rate of DNA synthesis. [3]
1. Presence of ddNTP causes a decrease in rate of DNA synthesis.
2. Higher ddNTP concentration causes a greater decrease in the rate of DNA
synthesis.
3. Higher 10μM ddNTP concentration causes a greater decrease in the rate of DNA
synthesis at high dNTP concentration of 60μM than lower dNTP concentration of
10μM.

(c)

The optimum pH for DNA polymerase is pH 9.0.
Suggest and explain what happens to the rate of DNA synthesis when DNA polymerase is
placed in a medium with pH 1.0. [3]
1. As pH decreases to extreme pH of 1.0, rate of DNA synthesis decreases. [1]
2. The increase / change in concentration of H+
3. results in ionic bonds and hydrogen bonds being broken,
4. therefore loss of active site (denaturation) / change in shape of active site which is
no longer complementary to shape of substrate.
5. Thus, substrate cannot bind at active site.
[Accept: Phosphodiester bond between dNTP cannot be formed.]
[Total: 8]
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(b)
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4

Fig. 4.1 shows a linear chromosome undergoing the first round of DNA replication.

Fig. 4.1
(a)

(i)

On Fig. 4.1, draw the direction of DNA synthesis for the leading (
strand ( - - - - >) for both parental DNA template strands.

) and lagging
[1]

Describe two differences in the formation of the leading and lagging strands. [2]
1. The leading strand is synthesised continuously while the lagging strand is
synthesised discontinuously
2. There are presence of Okazaki fragments in the lagging strand while it is not
present in the leading strand
3. There is presence of more than one RNA primer in lagging strand while only
one primer is needed for synthesis of leading strand
4. The leading strand is synthesised towards the replication fork while the
lagging strand is synthesised away from the replication fork
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During sexual reproduction, meiosis is an important source of genetic variation.
(b)

(i)

Describe the events that take place during prophase I of meiosis in an animal cell. [3]
1.
2.
3.
4.
5.
6.
7.

chromosomes become visible due to condensation / coiling / supercoiling ;
nuclear envelope or nuclear membrane, disintegrates / disappears ;
nucleolus, disintegrates / disappears ;
centrioles migrate to (opposite) poles ; (ignore centrosomes)
spindle forms / microtubules assemble ;
[IMPT] synapsis / bivalents form / homologous chromosomes pair up ;
[IMPT] chiasmata formation / crossing over may occur;

Max marking
(ii)

Explain how independent assortment of homologous chromosomes leads to genetic
variation during meiosis I. [3]

2. Random / independent arrangement of chromosomes at the equator during
Metaphase II, and separation of chromatids of these chromosomes during
Anaphase II
3. Gives rise to different combinations of alleles in daughter cells.
[Total: 9]
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1. Random / independent arrangement of homologous chromosomes at the
equator during Metaphase I and separation of homologous chromosomes
during and Anaphase I.
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5

Fig. 5.1 shows the processes leading to the formation of a messenger RNA (mRNA) molecule that
is eventually translated into a polypeptide.
Intron
Exon
DNA

Transcription
pre-mRNA

Processing
mRNA

Polypeptide
Fig. 5.1
(a)

Explain why transcription is necessary for polypeptide synthesis. [2]
1. Thus, mRNA acts as a carrier molecule which carries genetic information to the
ribosomes / RER for translation to occur;
2. mRNA is smaller than DNA, hence it is able to move out of the nucleus via the
nuclear pores;
3. Ribosomes can only recognize and bind to the 5’ end of the mRNA to initiate
translation.

(b)

Suggest why it is important that the mature mRNA only consists of exons. [2]
1. Only exons code for the amino acid sequence in a polypeptide / introns do not code
for the amino acid sequence
nce in a polypeptide;
2. If introns are included,
d, a no
n
non-functional
n-f
polypeptide would be produced / OWTTE;
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(c)

Compare the process of replication and translation. [4]
Similarity:
1. Both involve condensation reactions with the elimination of water molecule
during bond formation.
2. Complementary base pairing occurs between template strand and newly
synthesised daughter strand during DNA replication and between anticodon
of tRNA and codon of mRNA template strand during translation.

Point of comparison

Replication

Translation

1. Location

x

Nucleus

x

Cytoplasm / cytosol

2. Monomers

x

x

Amino acids

3. Number of different
monomers
4. Bonds formed
between monomers

x

Deoxyribonucleoside
triphosphate / DNA
nucleotides
4 (A, T, C, G)

x

20

x

Phosphodiester bonds

x

Peptide bonds
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AVP

[Total: 8]
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6

Blood stem cells in the bone marrow differentiate into red blood cells.
(a)

State two characteristics of a stem cell. [2]
1. They are able to divide and are unspecialised
2. and can differentiate into mature red blood cell.

Erythropoietin (EPO) is a large glycoprotein synthesised and secreted by specialised cells in the
kidney. EPO acts at the surface of particular target cells, such as cells in the bone marrow. This
triggers a signaling pathway, which stimulates bone marrow cells to form red blood cells.
(b)

All cells of the body are exposed to circulating blood plasma containing EPO, but only
particular target cells respond.
Explain why EPO acts on target cells and not other cells. [1]
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1. Only target cells (in the bone marrow) have EPO receptors.
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Transcription factors c-myb and GATA-1 play important roles in red blood cell differentiation.
The amount of c-myb mRNA and GATA-1 mRNA in the red blood progenitor cells can vary at
different periods of red blood cell differentiation.
mRNA was extracted from samples of red blood progenitor cells at different time intervals and
separated via gel electrophoresis. Nucleic acid hybridisation was carried out to identify the
positions of c-myb mRNA and GATA-1 mRNA.
Fig. 6.2 shows the results of the nucleic acid hybridisation, which indicates the amount of c-myb
mRNA and GATA-1 mRNA at different time intervals.
red blood progenitor cell

0

2

4

red blood cell

8 12 16 20 24 28 32 36 48 72 96

hours

GATA-1

Fig. 6.2
(c)

In order to detect mRNA, a process similar to Southern blot was carried out. Radioactive
probes were used in nucleic acid hybridisation.
Explain the need to carry out nucleic acid hybridisation. [2]
1. There are many different mRNAs in the cell
2. such that these mRNAs will appear as a smear if all of them are visualised in the
gel (electrophoresis).
3. Use of radioactive single-stranded
ngle
e-st
s ra
r n
probe which has complementary nucleotide
sequence to c-myb
yb and
an
nd G
GA
GATA-1
ATA
TA-1 m
mRNA
4. will ensure that
att tthey
hey
he
yc
can
an be visualised
v su
vi
ual
ai
as bands using autoradiography.
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c-myb
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(d)

Describe the changes in the amount of c-myb mRNA between 0 and 72 hours. [2]
1. From 0 to 20 hours, the amount of c-myb mRNA remained high.
2. From 20 to 72 hours, the amount of c-myb mRNA decreased.

Research has shown that GATA-1 protein represses the c-myb gene expression during the later
stage of red blood cell differentiation.
(e)

Explain how GATA-1 protein acts as a repressor. [3]
1. Gata-1 is a transcriptional repressor that binds to silencer
(Any 1 – for point 2)
2. Gata-1 recruits histone deacetylases such that DNA at the area of histone
deacetylation binds to histones more tightly.

3. This makes it harder for basal / general transcription factors and RNA polymerase II
to access promoter in the deacetylated region.
4. Hence, preventing transcription of c-myb gene.
[Total: 10]
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2. Interfering with the binding of activators or basal transcription factors to DNA by
binding to the same site/ sites near those used by activators or basal transcription
factors

2
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7

A wild type beetle normally has smooth and white outer wings while the mutant beetle has the
recessive phenotypes, bumpy and grey.
An investigator carried out a cross between pure breeding wild type beetles and pure breeding
mutant beetles. A test cross was then conducted for the two loci. This test cross took F1 females
and crossed them with a male pure breeding for the recessive phenotype.
The results of the test cross are shown in Table 7.1.
Table 7.1

(a)

Phenotypic class

Number of offspring

Smooth and white

380

Bumpy and grey

380

Smooth and grey

20

Bumpy and white

20

Draw a genetic diagram to explain the observed results of the test cross.
DO NOT WRITE IN THIS MARGIN
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Use the following symbols,
A Smooth; a bumpy; B White; b grey
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TESTCROSS
Testcross parental phenotype:

Smooth,
White wings
A
b

Testcross parental genotype:

Bumpy,
Grey wings
a
a

×
×

B

b

b

b

Testcross parental gametes:
a

A

a

B

b

b

B

Parental gametes
(Large numbers)
Fusion of gametes:
♀
♂

b

×

Recombinant gametes
(Small numbers)

A

a

A

a

B

b

B

b

(Large number)
A
a

(Large number)
a
a

(Small number)
A
a

(Small number)
a
a

B
b
Smooth,
White wing
(Large number)

b
b
Bumpy,
Grey wing
(Large number)

b
b
Smooth,
Grey wing
(Small number)

B
b
Bumpy,
White wing
(Small number)

Smooth,
Grey wing
1

:
:

Bumpy,
White wing
1

20

:

20

a
b

Offspring
phenotype:
Offspring
phenotypic ratio:
Observed
numbers:

Smooth,
White wing
1

:
:

Bumpy,
Grey wing
1

380

:

380

Large numbers
Non-recombinant phenotype

Small numbers
Recombinant phenotype

[4]
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a

A

4
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The investigator hypothesised that smooth wing beetles are longer than bumpy wing beetles.
Measurements of the length of the wings were made and the results are shown in Table 7.2.
Phenotypic class
Smooth wing
Bumpy wing

Table 7.2
Number of beetles
Mean length of wing
measured
/ mm
10
30
16
25

Standard deviation
/ mm
5
5

The formula used for t-test is:

Degree of
freedom

0.10

24
25
26

0.20
1.318
1.316
1.315

(b)

SIGNIFICANCE LEVEL FOR ONE-TAILED T TEST
0.05
0.025
0.01
SIGNIFICANCE LEVEL FOR TWO-TAILED T TEST
0.10
0.05
0.02
1.711
2.064
2.492
1.708
2.060
2.485
1.706
2.056
2.479

0.005
0.01
2.797
2.787
2.779

Calculate the t-value to three decimal places and conclude whether the investigator’s
hypothesis is valid. Show your working clearly.
Null Hypothesis:
There is no significant difference between the means of lengths of smooth wing beetles
and bumpy wing beetles.
Alternative Hypothesis:
The mean length of smooth wing beetles is longer than for bumpy wing beetles.
Calculated t-value =

30 – 25
52
52
+
10
16
= 2.481 (3 d.p.)

Degrees of freedom = 10 + 16 - 2
= 24
1. For 24 degrees of freedom,
edom
om
m,
2. the calculated t value
e of
of 2.481
2.4
2.
2.4
48
81 is more
m
than 1.711 (for a one-tailed t-test)
3. therefore the
he p
p-value
-va
valu
lue
lu
e is less
le
ess th
tha
than
an 0.05.
0
4. The difference
iffer
eren
er
ence
en
ce iin
n me
mean
means
a s of
an
of the
th 2 samples is statistically significant, and not due to
chance.
ce
e.
5. Reject nu
nullll h
hypothesis.
y ot
yp
o hes
6. Hence, the
e hy
hypothesis that the smooth wing beetles are longer than bumpy wing
h
beetles is valid.
[4]
[Total: 8]
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The formula for degree of freedom: n1 + n2 – 2
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8

Tuberculosis (TB) is an infectious disease caused by the bacterium Mycobacterium tuberculosis.
Streptomycin was the first antibiotic used to treat TB. During the first few years after the
introduction of streptomycin treatment, an increasing number of M. tuberculosis bacteria
developed resistance to streptomycin.
(a)

Explain the increase in numbers of streptomycin resistant M. tuberculosis bacteria. [4]
1. Spontaneous random mutation gives rise to pre-existing variation in phenotypes
(some bacteria are resistant to antibiotic while some are not);
2. Antibiotics / streptomycin acts as the selection pressure
3. [selective advantage] Antibiotic resistant bacteria are at selective advantage [1/2]
4. Antibiotic resistant bacteria survive to reproduce viable offspring; [1/2]
5. pass favourable allele that confers resistance to antibiotic to the next generation
[1/2]
6. increase in frequency of bacteria with the resistant allele [1/2]

The antibiotic rifampicin was introduced as an alternative to streptomycin. Rifampicin acts by
inhibiting the bacterial enzyme RNA polymerase. M. tuberculosis and humans both use RNA
polymerase for transcription.
Distinguish the mode of action between rifampicin and penicillin. [2]
1. Penicillin inhibits transpeptidase, while rifampicin inhibits RNA polymerase
2. Penicillin inhibits the cross-linking of two peptidoglycan chains, while rifampicin
prevents mRNA from being synthesized.
3. Penicillin stimulates the release of autolysins and make small pores in the existing
cell wall while rifampicin prevents mRNA from being synthesized.
4. Rifampicin prevents essential proteins from being produced by bacteria while
penicillin does not.
5. Penicillin causes the cell wall of DIVIDING bacterium to become weaker / undergo
osmotic lysis while rifampicin does not.
(c)

Suggest why rifampicin does not affect transcription in human cells. [1]
Any 1
x Bacterial and human
n RN
RNA
NA po
poly
polymerase are (slightly) different ; e.g. (slightly)
different shaped act
active
c iv
ve sites
s te
si
es
x Accept rifampicin
mpi
piici
cin
n unable
un
nab
ble
le to
o enter
en
nte
t r nucleus / pass through nuclear envelope

Other drugs such
uch
ch ass isoniazid
ch
ison
ison
is
nia
azi
zid are
are also
a s used in the treatment of TB.
al
re no
n
ow re
resi
Some bacteria ar
are
now
resistant to more than one of these drugs. These bacteria are known as
ntt ((MDR)
M
MD
bacteria.
multi-drug resistant
(d)

Suggest two ways to reduce the emergence of drug resistance in bacteria. [2]
points can be general or TB specific
1. prescribing / take, antibiotics, only when (absolutely) necessary ;
2. ensure, correct / effective, antibiotic(s) prescribed / used ;
3. complete course / follow instructions for use, of antibiotics ;
Needisa effective
home tutor?
4. ref. to monitoring situation to check if antibiotic
; Visit smiletutor.sg
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(b)
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5. use other antibacterials / bacteriophages to kill drug resistant bacteria ;
6. develop new, drugs / antibiotics ;
7. ensure / improve, knowledge of, healthcare professionals / public ;
8. reduce / control, antibiotics in, agriculture / animals used for food ;
9. reporting patterns of antibiotic resistance ;
10. ref. to breaking transmission cycle / described example ; e.g. vaccines,
11. good hygiene in hospitals
12. break transmission cycle of resistant bacteria ; e.g. quarantine/ isolation
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[Total: 9]
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9

During a marathon, an athlete may have to carry out anaerobic respiration in addition to aerobic
respiration to produce sufficient ATP.
Fig. 9.1 outlines both processes in the athlete.

compound X
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compound Y

Fig. 9.1
(a)

With reference to Fig. 9.1, identify compounds X and Y:
X pyruvate
Y acetyl CoA
[2]

Need a home tutor? Visit smiletutor.sg

9
DO NOT WRITE IN THIS MARGIN

(b)

Complete Table 9.1 to show the number of reduced coenzymes that is/are formed at each
stage of respiration, when one molecule of glucose is oxidised.
Table 9.1
Reduced NAD

Reduced FAD

glycolysis

2

0

link reaction

2

0

Krebs cycle

6

2
[2]

(c)

With reference to Fig. 9.1, explain why there is a need for compound X to be converted to
lactate in the absence of oxygen. [4]

4. Oxidative phosphorylation cannot occur /The electron transport chain cannot
function.
5. because O2 is the final electron acceptor.
6. Thus NAD+ and FAD are not regenerated / oxidised.
7. Pyruvate cannot be converted to acetyl-CoA (Link reaction cannot occur)
8. Krebs cycle cannot take place.
(d)

Suggest whether anaerobic respiration alone is sufficient for the athlete to complete the
marathon. [2]
1. Does not allow.
2. Only 2 net ATP produced during anaerobic respiration as compared to 38 from
aerobic respiration, per glucose molecule oxidized.
[Total: 10]
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DO NOT WRITE IN THIS MARGIN

1. Pyruvate is converted to lactate to regenerate NAD+.
2. This allows glycolysis to occur and glucose is broken down to pyruvate, and NADH
is formed.
3. ATP can still be formed via glycolysis to provide energy for the cell’s metabolism.

10
DO NOT WRITE IN THIS MARGIN

10

Fig. 10.1 outlines the main reaction in the light-dependent stage of photosynthesis.

R

(a)

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

Fig. 10.1
State precisely where
(i)

the light-dependent stage occurs. [1]
thylakoids / grana

(ii)

the light-independent stage occurs. [1]
stroma

(b)

Give the name of the process at R. [1]
Photolysis of water

(c)

Describe the role of reduced NADP in the light-independent stage. [2]
1. It is an electron / hydrogen carrier
2. and is used to reduce
e glyc
glycerate-3-phosphate
ycer
yc
erat
er
3. into glyceraldehyde-3-phosphate
yde
e-3
3-ph
hos
sph
p at
4. during carbon
arb
bon rreduction.
educ
ed
ucti
uc
tion
ti
on
n.
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The unicellular photosynthetic green alga, Chlorella, was originally studied for its potential as a
food source.
In one study into the productivity of Chlorella, carbon dioxide concentration was altered to
investigate its effects on the light-independent stage of photosynthesis.
x
x
x
x
x

A cell suspension of Chlorella was illuminated using a bench lamp.
The suspension was supplied with carbon dioxide at a concentration of 1% for 200 seconds.
The concentration of carbon dioxide was then reduced to 0.03% for a further 200 seconds.
The concentrations of RuBP and GP (PGA) were measured at regular intervals.
Throughout the investigation the temperature of the suspension was maintained at 25 °C.

The results are shown in Fig. 10.2.

concentration
/ arbitrary units

0.03% CO2

1% CO2

GP

time / s
Fig. 10.2
(d)

State precisely where in the chloroplast RuBP and GP are located. [1]
Stroma

(e)

(i)

Describe the change in concentration of RuBP between 200 and 350 seconds. [2]
1. As time increases from 200 to 275 seconds, the concentration of RuBP
increases from 1 to 1.6 A.U.
2. As time increases from 275 to 350 seconds, the concentration of RuBP
decreases from 1.6 to 0.5 A.U.
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RuBP

(ii)

Explain why the concentration of RuBP changed between 200 and 275 seconds. [3]
1. As concentration of carbon dioxide decreases from 1 to 0.03%,
2. fewer RuBP are used to fix with (fewer) CO2 (during carbon fixation).
3. Also, regeneration of RuBP continues as existing GP is converted to G3P and
then RuBP

(f)

State two differences between the structure of starch and cellulose. [2]
Point of
comparison
1. Type of
monomer
2. Types of
bonds
between
monomers

Starch

Cellulose

x

α glucose

x

x

Amylose consists of α(1-4) x
glycosidic bonds.

x

Amylopectin consists of
α(1-4) and α(1-6) glycosidic
bonds.

β glucose
β(1-4) glycosidic bonds

AVP
[Total: 13]
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The HIV/AIDS pandemic has had a very large impact on life expectancy in many African countries.
Table 11.1 shows estimated data for four African countries for
• the average life expectancy of an individual born in 2002
Need a home tutor? Visit smiletutor.sg
• the percentage of the population testing positive for HIV in 2002

• the average life expectancy of an individual born in 2002 if there was no HIV/AIDS pandemic.
Table 11.1

Country

Without
HIV/AIDS

With
HIV/AIDS

Percentage of
population
testing positive
for HIV

Kenya

65.6

45.5

14.0

Malawi

56.3

38.5

16.0

South
Africa

66.3

48.8

19.9

Zambia

55.4

35.3

20.0

Life expectancy / years

(a)

Using the ‘without HIV/AIDS’ and ‘with HIV/AIDS’ data shown in Table 11.1, calculate the
percentage decrease in life expectancy for Zambia.
Show your working and give your answer to the nearest whole number.
1. 55.4.-35.3 = 20.1
2. (20.1 / 55.4) X 100% = 36.28% = 36% (WHOLE NUMBER)
[max 1 mark for correct calculation if answer is incorrect or not to nearest whole
number]

Answer…………………………. % [2]
(b)

After studying the data in Table 11.1, a student concluded that:
“There is a correlation between the percentage of the population testing positive for HIV and
the decrease in estimated life expectancy with HIV/AIDS.”
With reference to Table 11.1, explain why the data do not fully support the student’s
conclusion. [2]
1. The decrease in life expectancy for countries with, similar/same, decrease (in life
expectancy) have different % positive ; OR
2. The rank of % positive
e (off c
countries)
ou
is different to rank of difference in decrease
in life expectancy
y
3. QF (any 1 of the
he following
fol
ollo
lowi
lo
w ng bullets
bu
ulllets to score full 2 marks)
x Kenya
years
decrease,
14% positive HIV, compared with Zambia 20.1
Keny
Ke
nya
ny
a 20
20.1
.1 y
ea
ars
sd
e
years
year
ye
ars
ar
s de
decr
decrease,
crrea
e se but has more positive HIV (20%);
x Malawi
Mala
Ma
lawi
la
w 17.8
wi
17.8 years decrease, 16% positive HIV, compared with South Africa
17.5
7.5
5 years
y
decrease, but has more positive HIV (19.9%).
4. Data for Kenya/South Africa does not support the trend that higher percentage of
population testing positive for HIV correlates to higher decrease in life expectancy
with HIV/AIDS.
5. QF (any 1 of the following bullets to score full 2 marks)
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x
x

(c)

Kenya has larger decrease than Malawi/South Africa, but lower % positive
HIV
Kenya 20.1 years decrease but only 14.0 % positive HIV, compared to Malawi
lesser decrease (17.8 years) but with more positive HIV (16.0%) / South
Africa lesser decrease (17.5 years) but with more positive HIV (19.9 %)

A person who is confirmed as HIV-positive has tested positive for the presence of antibodies
to HIV.
Outline the events that leads to the production of antibodies specific to HIV. [5]

1. HIV /viral antigen is taken up by an antigen-presenting cell (APC),
2. via phagocytosis.
3. The antigen is presented to naive CD4 T cells
4. Naive CD4 T cells become activated,
5. to form helper T cells
6. Helper T cells activate B cells,
7. via release of cytokines.
8. B cells proliferate
9. and differentiate to form plasma cells
10. that produce antibodies specific to the HIV.
Various anti-HIV antibodies, which can bind to different parts of the same HIV virus, are found in
the infected person.
(d)

Suggest the significance of having various anti-HIV antibodies produced in the infected
person. [1]
(any 1)
1. To increase chances of binding to HIV
2. To increase chances of removal of HIV by macrophages
3. High mutation rates of HIV could lead to changes in antigen on the virusÆ
Æ but
having various anti-HIV antibodies means that the HIV virus could still be
recognised by the antibodies
[Total: 10]
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ANSWERS
PAPER 3 SECTION A:
(a) Explain what is meant by an infectious disease. [2]
1. Infectious diseases are caused by pathogens that can spread from one organism to
another.
2. The pathogens cause damage or injury to the host that impairs the normal function of the
body.
(b) List the levels of protein structure present in choleragen. [1]
Primary, secondary, tertiary, quaternary
(c) In the laboratory, it is possible to produce a form of choleragen consisting of only B subunit as a
vaccine against cholera.
(i) Suggest why B subunit, rather than A subunit, is used in the production of the vaccine. [1]
Any 1
1. B subunit is the portion that binds to cell, thus antibodies that target B subunit will
prevents binding of choleragen to cell thus prevent entry to cell
2. B subunit is safer as it does not disrupt the normal functioning of the cell.
3. B subunit is larger, so more likely to stimulate immune response
(ii) Outline how the vaccine can give protection against cholera. [4]
1. In the primary immune response,
2. B subunit in the vaccine are taken up by B cells (by phagocytosis) to activate B cells,
causing them to form plasma cells and memory B cells.
3. Memory B cells when re-exposed to same antigen,
4. undergo clonal expansion
5. and differentiate into plasma
cells
ma c
el
el
6. secrete antibodies,
7. giving rise to a stronger
tro
ong
n err s
se
secondary
eco
cond
n ary immune response
8. to destroy bacteria
acterria before
befo
be
fo
ore itt causes
caus
ca
aus
uses
es disease.
d

(d) Viruses that infect
ctt bacteria
ba
b
acctter
eria
ia a
are
r called
re
c
bacteriophages. Some bacteriophages that infect the
cholera pathogen cause
cau
ause llysis
ause
au
ys of the bacterium.
(i)

Compare the structures between V. cholerae and bacteriophage. [2]
1 similarity
x Both have DNA molecules. [Reject genetic material / nucleic acid Æ too vague]
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1 difference
x DNA molecule in V. cholorea is circular but DNA molecule in bacteriophage is linear
x V. cholorea does not have capsid protein / tail fibre / tail sheath while bacteriophage
has capsid protein / tail fibre / tail sheath.
x V. cholorea has cell wall / flagella while bacteriophage does not have cell wall
(ii) Some scientists believe that bacteriophages could be used to treat people who are infected with
cholera. Suggest the properties of the bacteriophages that would make this possible. [2]
(Any 2)
1. infect only, V. cholerae / cholera bacteria OR do not infect human cells
2. able to replicate inside V. cholerae to produce more bacteriophage for treatment
3. Causes the lysis of the bacteria
4. Causes degradation the bacterial DNA, thus toxin cannot be synthesized
5. ref. to remaining, active / infective, with delivery method used / within gut
(e) Name the process of gene transfer and suggest why gene transfer could be dangerous. [2]
Name of process: Transduction [1]
Reason: Gene that could cause disease found in harmful bacteria could be transferred to normal
gut bacteria
(f) With reference to Fig. 1.2, outline how the A subunit of choleragen can result in diarrhoea. [3]
1. The A subunit will bind and cause the activation of G protein
2. Activated G protein activates adenylate cyclase, which catalyses conversion of ATP to
cAMP.
3. cAMP binds to CFTR protein,
4. causing excess chloride ions to be transported out of the intestinal epithelial cell/ into
the intestinal lumen
5. Excess sodium ions and water
6. moves out of the intestinal epithelial cell into the intestinal lumen, leading to diarrhoea.
(g) Outline how the binding of insulin to its receptor
e
is able to trigger a response inside a muscle cell.[3]
rece
ept
ptor
or tyrosine
tyr
y
1. Insulin receptor is a type of receptor
kinase (RTK),
2. Binding of insulin to the
e insu
insulin
suliliin re
su
rreceptor,
ecept
ce
ept
p or, ccauses conformational change, and dimerisation of
the receptors, activating
tiva
ati
ting
ng th
the
he RTK.
RT
R
TK.
3. The tyrosine kinase
kin
nas
se region
re
regi
egi
g on of
of each
ea
ach
h subunit
sub
now phosphorylates the tyrosine residues on the
intracellular
arr ta
tail of tthe
he
e OT
OTHE
OTHER
HE
ER monomer
mo
/ subunit. (@ cross phosphorylation)
4. Insulin response
pon
on
nse
e substrate
sub
ubst
stra
st
r tte
ra
e (IRS)
(
proteins in the cell bind to phosphorylated regions of the
receptor.
e ph
p
o
5. IRS proteins are
phosphorylated.
6. Signal transduction
t
via phosphorylation cascade occurs, leading to a cellular response.
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(h) Describe one effect of insulin on muscle cells. [1]
(any 1)
1. Increases permeability of cell membrane to glucose/ increasing uptake of glucose
2. Increase rate of conversion of glucose to glycogen (glycogenesis)
3. Increases rate of oxidation of glucose in cellular respiration
4. Increases the rate of protein synthesis
(i) In some diabetics, the insulin receptors are mutated and do not allow insulin to bind.
Explain how a mutation to the gene coding for the insulin receptor can affect blood glucose levels. [3]
1.
2.
3.
4.

Mutation to gene of insulin receptor results in different coding / nucleotide sequence.
Different amino acid sequence / primary structure in the insulin receptor polypeptide chain
Different folding / conformation of the insulin receptor
Shape of insulin binding site of the insulin receptor will not be complementary in shape
to the shape of insulin
5. Therefore signalling transduction pathway will not be activated
6. Glucose will not be taken up into the cell, resulting in high blood glucose levels.

(j) With reference to Fig. 1.3, describe how post-translational modification of preproinsulin can give
rise to the functional insulin. [3]
1.
2.
3.
4.

Preproinsulin folds such that A chain and B chain are adjacent / close to each other
Disulfide bonds are formed between A and B chain, forming proinsulin
C-peptide is cleaved /removed from proinsulin using protease
resulting in the functional insulin

(k) Predict the level of C-peptide in people with lesser number of functioning beta cells. Give a reason
for your prediction. [2]
Low level of C-peptide
People with lesser functioning beta cells will synthesize low quantity of insulin /
preproinsulin, hence lesser C-peptide will be removed and released into the blood stream.
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Q2
(a) The African clawed frog (Xenopus laevis) is a well-studied amphibian. Complete Table 2.1 to show
the classification of Xenopus laevis. [2]
Table 2.1
Kingdom

Animalia

Phylum

Chordata

Class

Amphibia

Order

Anura

Family

Pipidae

Genus

Xenopus

Species

Xenopus laevis

(b) Using the information in Table 2.1, evaluate whether the data supports the suggestion that
coelacanths and amphibians share a more recent common ancestor than lungfish and amphibians.
[4]
1.
2.

coelacanth α chain has higher percentage of matches with both adult and larval
amphibians,
QF e.g. coelacanth with Xl = 42.0 while coelacanth with lungfish = 40.4. .

OR
3.
coelacanth β chain has higher percentage of matches with larval amphibians (rather
than adults)
4.
QF E.g. coelacanth with XI larva is 52.1 while coelacanth with lungfish larval = 47.3.
5.
supports closer relationship of coelacanth and amphibian ;
6.
7.

(but) lungfish β chain has higher percentage of matches with adult amphibian (than
coelacanths) ;
does not support suggestion
closer relationship lungfish and amphibians
on / supports
s
su

(c) Describe one advantage
age o
off the
the
he use
use
e of
of molecular
mole
mo
lecu
le
c l systematics in determining the evolutionary
relationship between
een
n amphibian,
amp
mph
hiibian
bian
bi
an,, coelacanth
c el
co
elac
aca
ac
anth and lungfish. [1]
1. Molecularr me
methods
be
m
thod
th
ods
od
s ca
can
an b
e used for all living organisms.
2. Molecular me
methods
eth
thod
od
ds ca
can be used for dead or living organisms as long as DNA or protein
is available.
3. AVP
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(d) Explain the role of isolating mechanisms in the evolution of new species. [3]
1.
(same) species separated into separate populations ;
2.
(by) geographical isolation / named example ;
3.
prevents interbreeding between populations
4.
thus no gene flow ;
5.
each population of organisms experience different selection pressures ;
6.
change in allele frequencies ;
7.
allopatric speciation ;
8.
ref. to genetic drift / founder effect
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3
(a)

Explain why dengue disease is much more common in regions near the equator than in
other parts of the world. [2]
1.
2.
3.
4.

(b)

A. aegypti thrives in equatorial regions with high temperatures (20 to 30oC)
which shortens their life cycle / shorter EIP of dengue virus,
and abundance of rainfall
which gives rise to more breeding grounds;

Suggest two reasons why governments in parts of the world other than regions near the
equator, are also becoming increasingly concerned about dengue disease. [2]
1. Global warming (increased temperature, precipitation) spreads to other parts of the
world, resulting in quicker A. aegypti development / faster replication of dengue
virus;
2. Resistance to drugs as the dengue virus mutates rapidly and no one drug can
effectively target all 4 DENV serotypes;
3. AVP (e.g. increased movement of infected people / inadvertent transport of infected A.
aegypti / no herd immunity / lack of healthcare infrastructure)

(c)

Outline the development of dengue virus in humans. [2]
1. Dengue virus infects dendritic cells, which then move to the lymph nodes.
2. At the same time, the virus replicates.
3. At the lymph nodes, the new synthesised viral particles are released from the
infected dendritic cells, which then go on to infect more macrophages and dendritic
cells.
4. This results in increased viremia in the blood.
5.

(d)

Suggest how using the SIT could
d reduce
re
transmission of dengue. [1]
1. Sterile male A. aegypti
eg
gyp
ptii co
ccould
uld
ul
d co
compete with fertile males to mate / intraspecific
competition / forr fo
food
o / rresources;
essou
e
ourc
rcces;
es;
es
2. Female A. aegypti
aeg
egyp
ypti
yp
ti that
that mate
ma
ate with
with sterile males do not produce offspring;

(e)

It was observed
ser
ervve
er
ed th
that the release of radiation-sterilised A. aegypti has not been very
that
successful in
the transmission of dengue.
n co
ccontrolling
cont
ont
ntroll
Give one reason for the observation.[1]
1. Radiation affects their lifespan / survival / Nonrandom breeding / courtship
2. Higher numbers of fertile males than sterile males
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(f)

Suggest why the scientists released transgenic males every week. [1]
1. To maintain population numbers of transgenic males
2. The released transgenic males will die / have a short lifespan;

(g)

The release of transgenic males proved successful in reducing the number of A. aegypti.
Describe how the results in Fig. 3.2 support this conclusion. [2]
1. As time increases from 9 to 16 weeks, the number of A. aegypti per km2 in the
treated area decreased from approximately 300 to nearly 0
2. but in the control area, the number of A. aegypti per km2 fluctuates between 200 to
900 ;
[Total: 11]

PAPER 3 SECTION B:
4

(a)

Describe how the product of photosynthesis contributes towards the growth of a plant and
suggest the effects on plant growth when the plant is grown at its compensation point for
prolonged period of time.
[12]
Max 9 marks
1. Glyceraldehyde 3 phosphate (GALP) which is produced from the Calvin cycle can be used to
form other organic compounds
2. GALP can be converted to amino acids
3. which is used for protein synthesis.
4. Example given about how protein can be used for cell growth (e.g. increase protoplasm, increase
number of organelles)
5. GALP can also be converted to fatty acids
6. Which can be used to form phospholipids / triglycerides
7. Example given about how the lipid can be used for cell growth (e.g. formation of new cell
membrane)
8. GALP can also be used to form
r g
rm
glucose
lu
uco
ose
s
9. Glucose will be oxidized
xidiz
zed du
duri
during
ring
ri
ng aerobic
aerrob
obic
icc respiration
res
/ during oxidative phosphorylation
10. ATP will be produced
rod
oduc
uced
uc
ed
11. ATP is used forr the
th
he sy
synt
synthesis
nthe
nt
hesi
he
sis
si
s of other macromolecules
12. Example given (e
(e.g.
e.g
.g. proteins
p ot
pr
ote
ein / enzymes / lipids / phospholipids, for cell division, mitosis) and
described how it is
s used
us for plant growth. [E.g. Formation of phospholipids to allow the cell
membrane to expand]
13. β glucose will be used to form the cellulose cell wall
14. Cellulose cell wall needed for the formation of new plant cells
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15. Excess α glucose will form starch
16. Starch used as a storage molecule in e.g. leaf cells / roots / fruits / storage organs
17. Glucose combines with fructose to form sucrose
18. Sucrose used as transport molecule to other parts of the plant
Compensation point
19. Define compensation point: The rate of photosynthesis is equal to the rate of respiration at a
particular light intensity.
20. The number of carbon dioxide fixed during photosynthesis is the number of carbon dioxide
released during respiration.
21. If a plant is at its compensation point for a long period of time, there will not be net production of
sugar
22. Hence no net gain in dry mass
23. Plant will be unlikely to grow
QWC: At least 2 different points on how glucose contributes to plant growth + suggestion of
effect of compensation point.
(b)

Prokaryotes and eukaryotes respond differently to changes in the environmental conditions.
Describe how bacteria respond to changes in lactose supply.
Compare the advantages of a mammalian response to changes in blood glucose concentration
with that of a bacterial response to changes in supply of lactose.
[13]
[Total: 25]

Max 8 marks
1. lac operon;
2. is an inducible operon is one where it is usually turned off but can be stimulated (induced)
3. when an inducer molecule (lactose) interacts with a regulatory protein (lac repressor);
4. Structural genes (lac Z, lac Y, lac A) which code for enzymes (β-galactosidase, lac permease, βgalactoside transacetylase) responsible
ponsi
ssiibl
b e for uptake and hydrolysis of lactose;
5. In the absence of lactose,
6. active lac repressor is able
able to
ob
bi
bind
ind
d tto
o operator
ope
op
er
7. RNA polymerase
ase
e ca
cann
cannot
nnot
nn
ot bi
bind
nd tto
o the
th
he p
promoter to transcribe the genes of the operon
8. Response: There
her
ere
e wi
will
ll b
be
e no
ou
uptake
pt
and hydrolysis of lactose
9. In the presence off la
lactose,
act
ctos
o
lactose is taken up and cleaved to form allolactose
10. allolactose binds to
t lac repressor;
11. inactive lac repressor is unable to bind to operator and;
12. RNA polymerase can bind to the promoter to transcribe the genes of the operon;
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13. When glucose levels are low, cAMP levels are high;
14. cAMP binds to catabolite activator protein (CAP) and activates it,
15. CAP binds to CAP binding site;
16. Attachment of CAP to CAP-binding site bends DNA,
17. which makes it easier for RNA polymerase to bind to promoter.
18. Operon is switched on, transcription of structural genes can occur.
19. Response: There will be increase in uptake and hydrolysis of lactose.
[For the following answers 1 mark for each point. Max 4]
Similarity
20. Both allow organism to utilise carbohydrates (glucose/ lactose) to survive.
Difference
21. Rate of response

22. Synthesis of
proteins/
Conservation of
energy
23. Storage of
carbohydrate
24. Regulation of
carbohydrate
supply

Mammalian response
Respond faster than that of
bacteria;
because the hormones are already
synthesized and thus can be
secreted directly when required
Hormones (insulin and glucagon)
are synthesized and stored. They
are secreted when required.
Carbohydrates are stored for
future use.
Able to regulate glucose supply
within the organism

Bacterial response
Respond slower than that of
mammals;
because the proteins/ enzymes
need to be expressed when
required
Proteins/
enzymes
are
synthesized only when required.
[Accept: Inducible]
Carbohydrates are NOT stored for
future use.
Unable to regulate lactose supply
within the organism

QWC: Address all parts of the questions with at least 1 similarity AND 1 difference.

5

(a)

An increase in DNA methylation
ation
na
att th
the promoter region of tumour suppressor genes could lead
to greater tendency forr an
an individual
ind
nd
div
ivid
idua
uall to develop cancer.
ua

Compare the
e features
feat
atur
atur
at
ures
es of
of stem
ste
st
em
m cells
cel
ells
ls and
a cancer cells and suggest how DNA methylation at the
promoterr o
off ttumour
um
mo
ou
ur su
ssuppressor
up
pp
prre
ess
sso
or genes
g
could contribute towards the development of cancer.
[13]
Max 8 marks
Stem
St
S
te cells
Cancer cells
1. Controlled cell division
Uncontrolled cell division
2. Ability to differentiate into specialize cells
Unable to differentiate into specialize cells
3. Contact inhibition
Do not undergo contact inhibition
4. angiogenesis does not occur in stem cells
Stimulate the growth of blood vessels
towards themselves (angiogenesis)

Need a home tutor? Visit smiletutor.sg

5. mostly localized except blood stem cells

invade nearby tissue and then metastasize
to distant parts of the body.

6. May undergo apoptosis
7. Are anchorage dependent
8. Is required for the normal functioning of the
organism
9. May have mutations but not nec in tsg, proto
oncogene and telomerase gene
10. Checkpoints are well regulated
11. Specific cell shape and sizes
12. Same chromosome number and structures as
normal cells.
13. No DNA damage
14. Both have active telomerase
15. Both undergoes mitosis
16. Both cells remained undifferentiated
17. Both are able to divide for long periods time.

Unable to undergo apoptosis
Are anchorage independent
Cause harm to the organism
At least accumulated 6 mutations, tsg proto
oncogene, teleromase gene
Dysregulation of checkpoints
Non-specific cell shape and sizes
Chromosomal aberrations: number or
structures different from normal cells
DNA damage

[For the following answers 1 mark for each point. Max 4]
1. DNA Methylation of the promoter region of tumour suppressor gene such as p53 gene results
in lower expression / no transcription of the p53 tumour suppressor gene,
2. thus lower expression of the p53 tumour suppressor protein.
3. This results in inability to stop cell division.
4. When proto-oncogenes are mutated in the same cell, this leads to uncontrolled cell division,
development of cancerous cells.
5. As the tendency of the promoter region to be methylated is higher in older people, there is a
tendency of older people to develop cancer.
QWC: Address all parts of the questions
stions
ns w
with at least 2 similarity AND 2 difference.
(b)

Climatic factors
rs a
affect
fffect
ect the
ec
the dura
th
duration
ra
ation
on o
off e
each season, resulting in mismatch of flowering timings
and insectt m
maturation.
For
example
atur
at
turra
attio
on.
n. F
orr e
o
xamp
xa
m le plants bloom earlier but bees are not available to pollinate
the flowers.
ers.
ss.. As
As a result,
ressu
re
ultlt, fl
fflowers
flow
low
owe
ers are not pollinated and bees do not have enough food.
Discuss the possible
po
oss
ssib
ible
le impacts
i
of climate change on microevolution of insects and plants that rely
on insects as pollinators.
[12]
polli
po
[Define climate change]
1. increase in the global temperatures [1/2]
2. Changes in precipitation leading to extreme weather conditions [1/2]
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(e.g.) longer hotter season – warmer summer and milder winters, with more frequent
and intense heat waves
[Possible impacts of climate change on plants AND insect pollinators. Max 3]
3. The plants may flower / bloom earlier / later and release pollen.
4. Longer / shorter flowering season for some plants.
5. Insects may not have completed maturation / life cycle disrupted
6. Different types of insects could now be involved in the pollination
7. Mismatch/ disruption / asynchrony between the timing of flowering and the activity of
pollinators,
8. changing the co-evolutionary dynamics (OWTTE)
9. leading to changes in seed production and availability of resources [e.g. food / shelter]
[Define microevolution]
10. changes in allele frequencies of a population over many generations due to
mutation, genetic drift and natural selection, resulting in new species. [1]
[Explain how CC affect microevolution of plants and insects, 6 marks]
For plants:
1. Phenotypic variation among plant population arise due to random spontaneous
mutation
2. Selection pressure: availability of insect pollinators
3. Selective advantage : Plants that have pollen that can be pollinated differently
4. will survive to reproductive age to produce viable, fertile offspring.
5. They will pass the favourable allele to the next generation.
6. More individuals in the population with the desirable trait and frequency of
favourable allele increases.
7. Change in flowering and pollination timing can lead to physiological isolation
between individuals in a pop
population.
opu
op
8. Prevent gene flow between
etwee
ee
en populations.
pop
po
9. sympatric speciation
iation
on
n occurs
oc
o
cc
cu
urs
r
For insects:
ts::
not
ottyp
ypic
ic
c v
variation
aria
ar
iati
ia
tion
ti
on a
among
m
plant population arise due to random spontaneous
1. Phenotypic
mutation
on
n
2. Selection
on
n pressure:
prress
availability of food
3. Selective advantage
a
: Insects that can pollinate/feed on other sources
4. will survive to reproductive age to produce viable, fertile offspring.
5. They will pass the favourable allele to the next generation.
6. More individuals in the population with the desirable trait and frequency of favourable
allele increases.
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7. Different maturation timing / reproduction timing / physiological isolation between
individuals in a population.
8. Prevent gene flow between populations.
9. sympatric speciation occurs
Points in blue for natural selection, only mark once. Points in red = must have for plants
and insects.
QWC: Cover all aspects of the question: effects of climate change, impact on
microevolution of plants and insect.
[Total: 25]
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1
TEMASEK JUNIOR COLLEGE
PRELIMINARY EXAMINATION
JC2 / IP YEAR 6 2019
PRACTICAL ANSWERS
1
(a)

Hazard hydrogen peroxide solution / solution X
Level of risk medium / high
(ii) Suggest the precaution to be taken to the hazard identified in (a)(i). [1]




Wear googles,
Wear gloves
Wash hands when come into contact with the solution

(b) (i)

9 cm3 W

1 ccm3 0.03%
solution of X
9 cm3 W

1 cm3 0.003%
solution of X
9 cm3 W

0.03%
solution of X
9cm3 to use

0.003%
solution of X
9cm3 to use

0.0003%
solution of X
10cm3 to use

Fig. 1.1
[3]
1. (labels
bel
els
s under
unde
un
derr correct
de
corr
co
rrec
rr
e t sequence
se
equ
of beakers) 0.03 + 0.003 + 0.0003 + % ;
how
ows tr
ow
tran
transfer
ansf
an
s er o
sf
off 1 cm3 of solution from previous beaker to 2 beakers ;
2. shows
3. adds
ds
s9c
cm
m3 wa
water
ate
ter / W to three beakers ;
3
Ignore ““9c
“9cm
9ccm to
t us
use”
Note:
Students should follow the example given and draw the lines as in the 1st example.
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2
(ii)

Prepare the space below and record your results.
Concentration of
solution X / %
0
0.0003
0.003
0.03
0.3

Number of bubbles
of oxygen released
in 2 minutes
206
188
162
81
5
[4]

(c)
(i)

Time taken to collect 2 cm3 of oxygen produced by the hydrolysis of H

(ii)
1. Fill the sealed syringe completely with water and turn it upside down keeping the open
end of the syringe under the water.
2. Using a syringe, put 5 cm3 of H into a clean test-tube.
3. Using another syringe, put 10 cm3 of the mixture of P and W into the same test-tube.
4. Immediately put the bung (with the delivery tube attached) into this test-tube.
5. Put the end of the delivery tube into the beaker of water and into the syringe / opening
of the syringe so that the bubbles of oxygen pass into the syringe.
6. Start timing using a stopwatch.
7. Stop the stopwatch once 2 cm3 of oxygen is collected in the syringe.
8. Repeat steps 1 to 7 to obtain two more readings / triplicates.
(iii) Use the method you have described in (c)(ii) to collect results.
Record your results in a suitable table in the space below.
mixture of P,
W and H

Time taken for 2 cm3 of oxygen to be collected / s
Reading 1

Reading 2

Average
[3]

(iv) Use your results in (c)(iii) to calculate the rate of activity of the catalase. You may lose
marks if you do not show your working.
Rate = 2cm3 / average time taken to collect oxygen
Rate of activity …………………………………. cm3 s–1 [2]
R
(v)

Identify two significant
gnific
ic
can
ant sources
so
s
ou
urrce
ces
s of error
e
when using each of the two methods to measure
the dependent
ent variable.
va
v
arriiab
ari
able.
le
le
two si
significant
ign
gnifificca
an
nt e
er
errors
rro
rors in ccounting
ou
the number of bubbles [2]
erren
entt sizes
s ze
si
z
1. different
2. too fast
ast
st / bubbles group together ;

two significant errors in measuring the displacement of water [2]
3.
4.
5.
6.

gas dissolves in water hence affecting accuracy of results
gas escapes from delivery tube
not all bubbles go into syringe
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parallax error ;

3
(d)
(i)

(ii)

Plot a graph of the data in Table 1.1.

Using your knowledge of enzymes, suggest how copper sulfate solution may change the
activity of the catalase.[3]
1.
2.
3.
4.

Competitive inhibitor
Shape of copper sulfate is complementary to the shape of the active site of catalase
Block hydrogen peroxide from binding the active site
Fewer enzyme-substrate complexes formed per unit time, thus lower activity of
catalase.

Accept corresponding
ding
ng answer
anssw
we
er fo
fforr N
Non-competitive inhibitor
(iii) State one
e en
environmental
nv
viiro
iro
onm
nmen
entta
al va
vari
variable
riab
ri
ablle that should be kept constant and the method to achieve
ab
it. [2]
Variable
e Te
Temperature
Temp
mp
per
erat
au
Method Th
Thermostatically-controlled
her
er
ermo
water bath
[Total: 33]
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2
(a)
(i)

Use the eyepiece graticule in the microscope to measure across the diameter of the
root as shown in Fig. 2.1: [4]
L to Q = ………200……….. eyepiece graticule units
L to M = ………85……….. eyepiece graticule units
M to N = ………30……….. eyepiece graticule units
N to Q = ………85……….. eyepiece graticule units
1. states 4 measurements (L to Q, L to M, M to N, N to Q) & each measurement;
2. M to N is the lowest value;
3. measurements of L to Q equal to the sum of other measurements (i.e. L to M, M
to N, N to Q)

(ii)

Use the measurements from (a)(i) to state: [3]
the length across the diameter of the root (L to Q) 200 eyepiece graticule units [no
marks]
the length of cortex across the diameter 85 + 85 or 170 [1] eyepiece graticule units
Calculate the length of cortex as a percentage of the diameter of the root.
You may lose marks if you do not show your working.
1. shows length of cortex divided by measurement for L to Q multiplied by 100;
2. answer to the appropriate degree of accuracy;
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5
(iii)

xylem

[5]
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6

M 1 1. clear, sharp, unbroken lines
AND
2. no shading
AND
3. minimum size of at least 90mm;
must have at least 4 lines drawn
M 2 1. no cells drawn
AND
2. only the correct half of the root drawn
M 3 1. central vascular tissue (stele) drawn in
correct proportion to the diameter of the
root

Reject:
- if drawn over the print of question
- feathery lines
- overlaps or gaps

M 4 shows correct outline of xylem tissue

Reject:
- if circles are drawn representing xylem
vessels
Reject:
- if any label is biologically incorrect e.g.
regions belonging to other organs or
animals.
- if any label within drawn area
- if any label to open space

M 5 1. Correct label with label line to xylem
2. Use ruler to draw label line
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7
(iv)

C

[4]
M 1 1. clear, sharp, unbroken lines
AND
2. no shading
AND
3. minimum size of at least 40mm for each
xylem vessel
M 2 1. only 3 complete vesselss drawn
draw
aw
wn
AND
2. each vessel touching
att le
least
one
uchi
hing
hi
ng a
eas
ast o
on
ne of
o tthe
other vessels
els
AND
3. no space
e between
bet
etwe
ween
we
en xylem
xyl
y em vessels
v
M 3 1. thickness of xylem
xyllem vessel
ve
drawn with
two lines mo
more
ore th
than 4 mm
2. must be correct shape (circular with
slight angles)
M 4 correct label with label line to a structure
made of lignin

Reject
- if drawn over the print of question
- feathery lines
- overlaps or gaps
Reject
- if more than 3 vessels

Reject
- if students drew rectangular cells
- if students drew angular cells
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8
(b)

(i)

1. Correct number of eyepiece graticule units along diameter of the root = 29
2. Shows multiplication of the number of eyepiece graticule units by 29.5;
3. correct calculated answer to correct degree of accuracy + correct units;
actual diameter of the root = ……….…………855.5 μm ……………[3]

(ii)

1. Eyepiece graticule will rotate by turning eyepiece lens on the microscope;
2. AVP

(c)

Fig. 2.4
[2]
[Total: 22]
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Paper 1 Multiple Choice
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Additional material: Multiple choice answer sheet
READ THESE INSTRUCTIONS FIRST

Write your name, exam number on the answer sheet provided.
Do not use any staples, paper clips, highlighters, glue or correction fluid.
There are 30 questions in this paper. Answer all questions. For each question there are four
possible answers A, B, C and D.
Choose the one you consider correct and record your choice in soft pencil on the separate
answer sheet.
Read the instructions on the answer sheet very carefully.
Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this paper.
The use of an approved scientific calculator is expected, where appropriate

This document consists of 22 printed pages
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1

The electron micrograph in Fig 1.1 shows an abundance of organelle X that is typically
found in muscle cells.

Fig 1.1
Source: https://www.sciencesource.com/archive
Which option below shows the correct match of structure to function for organelle X?
Structure

Function

A

Consists of a system of interconnected
tubules

Storage of calcium ions

B

A stack of membranes with swollen
ends and associated with vesicles

Synthesis of lipids, phospholipids and
steroid hormones

C

Extensively folded partitions called
cristae which project into the semi-fluid
matrix

These infoldings greatly increase the
surface area for the attachment of
electron carriers and enzymes for
aerobic respiration.

D

Small food vacuoles dispersed
throughout the cytoplasm

Serve as the digestive component and
organelle-recycling facility of animal cells
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Below are statements written by a student to describe transport of material across the cell
surface membrane.
Which of the options below matches correctly the process with the descriptions?
1. It is used for secretion of enzymes.
2. It is used to release undigested products.
3. It involves removal of part of cell surface membrane
4. It is similar to budding
5. The process cannot take place in the presence of a respiratory inhibitor.

3

Endocytosis

Exocytosis

A

1, 5

2, 3, 4

B

3, 5

1, 2, 5

C

3, 4

1, 2, 5

D

1, 2, 5

3, 4

The diagram shows the relationship between different polysaccharides and glycosidic
bonds formed between the monomers

Which row is correct?
1

2

3

4

5

A

Amylopectin

α 1,6

Cellulose

β 1,4

Glycogen

B

Amylose

α 1,4

Glycogen

β 1,4

Amylopectin

C

Cellulose

β 1,4

Amylose

α 1,4

Glycogen

D

Glycogen

α 1,6

Amylopectin

α 1,4

Amylose
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5

Which one of the following statements about haemoglobin is correct?
A

Haemoglobin structure contains both α helices and β pleated sheets

B

Haemoglobin has a quartenary protein structure with 4 identical subunits

C

Haemoglobin structure involves hydrogen, ionic, disulfide bonds and hydrophobic
interactions

D

Haemoglobin contains 4 non-prosthetic heme groups

Two experiments were carred out using an enzyme from humans. The first experiment, X,
was carried out at a constant temperature of 37°C. During the second experiment, the
temperature was increased from 37°C to 80°C. All other factors were kept the same.
Which graph shows the results?
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A mutation occurred within the DNA sequence coding for an enzyme, causing a
decrease in the rate of a reaction catalysed by this enzyme.
Which statements could explain the decrease in the rate of reaction?
1. The enzyme has a greater affinity for the inhibitor.
2. There are now more contact residues at the active site of the enzyme.
3. The activation energy for the reaction with the mutated enzyme is greater.

7

A

1, 2 and 3

B

1 and 2 only

C

1 and 3 only

D

2 and 3 only

Some of the features of different types of stem cells P, Q and R are listed below.
1. They are able to develop into all the cell types of the body to form a whole organism.
2. They can develop into a wide range of different types of cell.
3. They can give rise to cells of the three primary layers.
4. They can only develop into a limited range of cell types.
5. They are unspecialised cells found in differentiated tissue.
Which of the following options shows correctly the features of the different stem cells?
P

Q

R

(inner cell mass)

(morula)

A

1,2 and 3

3 and 4

2 and 5

B

2 and 3

1, 2 and 3

4, 5

C

1, 2 and 3

2, 5

1, 3

D

2 and 3

4, 5

2, 3

(umbilical cord blood)
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The diagram shows part of a nucleic acid.

Which row correctly describes the bonds shown in the diagram at positions 1, 2, 3 and 4?
Can be found in
RNA

Is formed by
condensation

Is formed during
DNA replication

Is easily broken
by changes in
temperature or pH

A

1, 2

2, 3

1, 2, 3

4

B

3, 4

1

2, 3

2, 3

C

1, 2, 3

1, 2

1, 4

3, 4

D

1

1, 3, 4

1, 2

3, 4
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Taylor, Woods, and Hughes performed an experiment on actively dividing root cells of the
broad bean to investigate the mechanism of DNA replication in eukaryotes.
The broad bean plant, Vicia faba, was grown in media containing 3H-thymidine, a radioactive
isotope of hydrogen, for the time it took the actively dividing root cells to undergo one
generation. 3H containing nucleotides will be incorporated into DNA. The radioactive DNA
can be detected using photographic film, in a process known as autoradiography.
After one generation of root cell division, the plants were then transferred to a media with
only non-radioactive nutrients for the second round of cell division. Their results confirmed
that eukaryotic DNA replicates semi-conservatively.
Which of the following shows correctly the appearance of a eukaryotic chromosome after the
second round of DNA replication?
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Puromycin is an antibiotic produced by the bacterium Streptomyces alboniger. It is a potent
translational inhibitor in both prokaryotic and eukaryotic cells.
Based on the information given, it is reasonable to conclude that puromycin works by
preventing the

11

A

translation of the first codon which results in f-methionine being added.

B

formation of peptide bond between adjacent amino acids during translation.

C

association of 50S and 30S subunits of the ribosome.

D

binding of the ribosome to the promoter region of mRNA.

A chromosome mapping exercise was carried out on a DNA sample extracted from liver
cells of a healthy donor. The distribution of heterochromatin and euchromatin in several
chromosomes is represented in a model shown in the figure below.

Which of the following statement can be deduced from the chromosome map?

A

Chromosome 11 has increased number of intron regions compared to
chromosome 12.

B

A greater proportion of chromosome 10 being organized as heterochromatin
enables the most number of genes to be compacted in it.

C

The position of the centromeres along the chromosome is independent of the
distribution of the heterochromatin and euchromatin regions.

D

Chromosome 12 will express the greatest amount of proteins in all the cell types
of the organism as it has greater proportion of the chromosome organized as
euchromatin.
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The table below shows the anticodon sequences for four amino acids.
Amino acid

Anticodon (3’ – 5’)

Asparagine (Asn)

UUA

Glutamic acid (Glu)

CUU

Proline (Pro)

GGA

Threonine (Thr)

UGG

A cell makes a polypeptide with the amino acid sequence:

What was the sequence of bases on the strand of the DNA that codes for this polypeptide
chain?
A

5’ – TTCATTGGTAGG – 3’

B

5’ – CTTTTATGGGGA – 3’

C

5’ – GGATGGTTACTT – 3’

D

5’ – AAGTAAGGATCC – 3’
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A biopsy was conducted on breast cancer patients to extract samples of cancer cells. DNA
from these sample cells were isolated and treated with DNase I, an enzyme that degrades
free double-stranded DNA in a non-specific manner. After digestion, the DNase I enzyme
was removed. Any remaining intact DNA was extracted, made single stranded and mixed
with radioactively labelled DNA probes specific for these genes.
Sample

DNase I
treatment

Gene specific to
radioactive DNA
probes

% binding of radioactive
DNA to remaining DNA after
DNase I digestion

1

No

PTEN gene

90

2

Yes

PTEN gene

19

3

No

BRCA gene

88

4

Yes

BRCA gene

87

Which of the following conclusions may be drawn from the results shown above?

14

A

PTEN and BRCA genes are both tumor suppressor genes.

B

PTEN gene sequence is heavily methylated in these cells.

C

There is reduced transcription of the BRCA gene in these cells.

D

Mutation has occurred in PTEN gene while BRCA gene remained intact.

Which of the following shows correctly the type of genetic material or enzymes present
in the named viruses?

T4 phage

Lambda
phage

HIV

Influenza
virus

A

DNA
polymerase

integrase

(-) sense RNA

(+) sense RNA

B

Lysozyme

DNA

(+) sense RNA

(-) sense RNA

C

DNA

Reverse
transcriptase

DNA

RNA
dependent
RNA
polymerase

D

DNA

DNA

integrase

protease
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Random mutations were induced in genes involved in lactose metabolism. Each culture of
bacteria had a single mutation. When the mutant bacteria were plated on culture medium
containing high lactose and no glucose, some cultures show inability to metabolise lactose.
Which of the following mutations can account for this defect in lactose metabolism?
Mutations in the
1. regulatory gene of the lac operon
2. gene coding for the Catabolite Activator Protein (CAP)
3. CAP binding site of the lac operon
4. gene coding for sigma factor of RNA polymerase
5. DNA binding site for transcription factor

16

A

2 and 4 only

B

1, 2 and 5 only

C

1, 3 and 5 only

D

2, 3 and 4 only

Liver cancer is the third leading cause of cancer-related deaths worldwide. Scientists use
animals to model human diseases.
In a mouse model experiment, deletion of mdr gene leads to the accumulation of bile acids
that initiates liver inflammation, a process that recruits white blood cells to the target site.
These white blood cells secrete Tumour Necrosis Factor-α (TNF-α) that binds to the
corresponding receptor on liver cells. This in turn activates a specific transcription factor
resulting in the elevated levels of an anti-apoptotic protein and the production of a growthpromoting protein. These proteins are involved in the progression of liver cells into cancer
cells.
The findings of this study indicates that deletion of the multi-drug resistance (mdr) gene in
liver cells leads to the development of liver cancer.
Based on the information above, which of the following can be inferred?
A

mdr gene is a tumour suppressor gene which codes for a protein involved in
apoptosis and growth inhibition.

B

The progression to liver cancer requires mutations in proto-oncogenes and tumour
suppressor genes.

C

The progression to liver cancer can occur when a loss-of-function mutation in the
mdr gene results in the over-expression of the other proto-oncogenes.

D

The development of metastatic liver cancer is accelerated with the recruitment of
more white blood cells due to elevated levels of TNF-α .
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Klinefelter syndrome, also known as 47(XXY) is the set of symptoms that result from two or
more X chromosomes in males. This condition arises due to non-disjunction that occurs in
the formation of gametes in the affected individual’s parent. If one of these atypical
reproductive cells is fertilized by a normal gamete, the child will have an abnormal
chromosome number.
Which of the following is not a possible explanation for the production of a child with
Klinefelter’s syndrome?
A

Non-disjunction occurs during meiosis I in the formation of sperms resulting in the
production of a sperm with both XY chromosomes which subsequently fertilized a
normal egg cell.

B

Non-disjunction occurs during meiosis I in the formation of egg cells in the mother,
resulting in the production of an egg with two X chromosomes which is
subsequently fertilized by a sperm with an Y chromosome.

C

Non-disjunction occurs during meiosis II in the formation of egg cells resulting in
the production of an egg with two X chromosomes which is subsequently fertilized
by a sperm with an Y chromosome.

D

Non-disjunction occurs during meiosis II in the formation of sperms resulting in the
production of a sperm with both XY chromosomes which subsequently fertilized a
normal egg cell.
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Red-green colour blindness in humans is inherited in a sex-linked recessive manner. Another
type of heritable colour vision deficiency in humans, known as blue-yellow colour blindness,
is shown in the pedigree chart below.

Identify the option that shows conclusive evidence for the mode of inheritance of blueyellow colour blindness.
A

The trait must be autosomal because there are equal frequencies of male and
females inheriting the trait in generation II and generation III. The trait must be
dominant because it appears in generation II and generation III. All offspring from
this expanded pedigree will always be at risk of the trait.

B

The trait must be X-linked as I2 blue-yellow colour blind mother has II3 son and II5
daughter with same trait. The trait must be recessive as the parents I1, II4 and II6
must be carriers.

C

The trait must be autosomal as II3 blue-yellow colour blind father has son III4 with
the same trait. The trait must be dominant as children III1 and III2 will normal vision
must have parents II1 and II2 with normal vision.

D

The trait must be X-linked as II5 blue-yellow colour blind mother has son III6 with
normal vision and son III5 with the same colour blindness. The trait must be
dominant since II5, a heterozygote has blue-yellow colour blindness.
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DNA analysis may be used in genetic screening. A boy suffers from a sex-linked genetic
disease that results from lack of a functional protein. His DNA was analysed, so was that of
his parents and two sisters. The family’s pedigree and DNA profiles are shown in Figure 19.

Fig 19
Which of the following statements cannot explain why the profile of Individual 3 did not show
any band?

20

A

Mutation occurs in allele 1

B

Mutation occurs in allele 2

C

Probe is complementary to the region that is mutated

D

Mutation is a deletion of a large region of the gene

Which of the following event would lead to an increase in ATP production after pyruvate was
added to a suspension of mitochondria with continuous supply of oxygen?
A

Increasing the supply of NAD+ and H+ to the electron transport chain.

B

Increasing the number of ATPase on the inner mitochondrial membrane.

C

Increasing the permeability of the inner mitochondrial membrane to protons.

D

Lowering the pH in the space between inner and outer mitochondrial membranes.
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Leaf discs were cut and immersed in a syringe containing sodium bicarbonate solution as
shown in the figure below. The syringe was then attached to a glass tubing to investigate
the volume of oxygen released.

Over a period of 30 minutes, the discs were first exposed to bright light, then dim light and
finally left in the dark. Oxygen release was recorded as positive values and oxygen uptake
was recorded as negative values. The results obtained are shown in the graph below.

Which conclusion can be reached from these results?
A

Light saturation occurs at around 18.5 minutes.

B

Dim light drastically decreases the rate at which oxygen is used as a final electron
acceptor.

C

The rate of photolysis of water increases drastically in bright light compared to
the dim light.

D

Light is limiting the rate of photosynthesis for the first 18 minutes of the experiment,
after which another factor becomes limiting.
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The table shows some chemical conversions that may occur in the cells of living
organisms.
1

Glucose Æ cellulose

2

Glucose Æ pyruvate

3

Glucose Æ glycogen

4

Glycogen Æ glucose

5

Starch Æ glucose

Which of the following options is correct?

23

Cow liver cells

Rat muscle cell

Beetroot cell

A

2, 5

2, 3, 4

1

B

3, 4

3

1, 2

C

1, 2, 3

3, 4

2, 5

D

2, 5

3, 4, 5

2, 5

Which of the following is false regarding the signaling pathway?
A

Activated adenylyl cyclase converts intracellular ATP into cAMP and this increased
cAMP level serves to amplify ligand signal to produce a stronger response.

B

A single ligand can elicit many cellular responses through the interaction with
different enzymes involved in various cellular processes.

C

Activated kinase can stimulate the increased expression of relay proteins which
can go on to activate the subsequent kinases via a phosphorylation cascade.

D

The G protein-coupled receptor signalling pathway provides many potential
checkpoints for regulation through the inactivation of the G protein and the
breakdown of the cAMP molecule.
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The following table shows the classification of the common earthworm. Certain taxonomic
ranks are missing from this table.
Taxonomic rank

Named taxonomic group

Domain

Eukaryotae

Kingdom

Animalia
Annelida
Clitellata
Haplotaxida
Lumbricidae

Genus

Lumbricus

Species

terrestris

Identify the correct combination of statements below.
Taxonomic rank that shares the
highest number of derived traits with
the common earthworm

Members of the same class as
earthworm must also be members of

A

Animalia

Haplotaxida

B

Lumbricus

Annelida

C

Lumbricus

Lumbricidae

D

terrestris

Animalia
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There is sparse fossil evidence for changes in dinosaurs near the lineage that leads to birds
and the origin of flight. Recent discovery of dinosaur bones from Mongolia provide supportive
evidence for the divergence of birds and dinosaurs from a common ancestor. More intriguing
is the finding that the common ancestor to lineages that give rise to modern day birds (avian)
and land-bound dinosaurs had small body size.
Fig. 25 shows the phylogeny and body size change within paraves. The small body size and
foot bone structure of Mahakala (indicated by arrow) are avian traits found in the paravian
ancestor.

Fig. 25. Source: AH Turner et al (2007). Science 317, 1378-81.
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19
Based on the information provided and the cladogram shown, what conclusions can be
inferred?
1. Miniature body size is an ancestral trait
2. Gigantism occurred independently in at least four clades
3. Archaeopteryx, the transitional fossil with both reptilian and avian features, diverged
from the paravian common ancestor at the same time as the lineage that gave rise to
giant dinosaurs.
4. Structure of the foot bone in Mahakala and Archaeopteyx are derived traits.

26

A

3 only

B

1 and 2 only

C

3 and 4 only

D

All of the above

Which of the following is an example of convergent evolution?
A

An evolved resemblance between organisms from different species, often as a
means to protect a species from predators. Some species of birds use sight to
identify palatable insects, whilst avoiding the poisonous/vile-tasting ones. Over
time, palatable insects may evolve to resemble poisonous or vile-tasting one.

B

A disease-causing allele occurs within the population at a greater prevalence than
would be estimated by sheer chance, as the carriers have an advantage over those
who do not have the genetic mutation.

C

Bats and dolphins are able to navigate the world using sound. It was found that
200 genes common to both bats and dolphins have undergone mutation
independently, over the course of evolution. These genes are associated with
echolocation and with sight.

D

Recent molecular evidence shows high degree of similarity between dogs and the
gray wolf that was domesticated about 130,000 years ago.
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Below are statements about the primary responses of B and T lymphocytes.
Which of the following is true?

28

A

Activation of the T lymphocytes can occur due to antigen binding directly
to specific receptors on their cell surface membrane.

B

Both types of lymphocytes release cytokines to activate other immune
cells.

C

Only B lymphocytes undergo clonal expansion to generate more cells when
activated.

D

The cytotoxic T cells can recognise infected cells by attaching to the MHCpeptide complex.

The graph shows the changes that occur in the concentration of antibodies in the blood of
a baby before birth and during the first few months after birth.

Which description about the changes in immunity during the first few months after birth
is correct?
A

passive artificial immunity decreases, active natural immunity increases

B

passive natural immunity decreases, active natural immunity increases

C

active artificial immunity decreases, active natural immunity increases

D

active natural immunity decreases, active artificial immunity increases
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Some of the risk factors that increase the probability that a person will develop a more severe
form of dengue disease are listed
1.
2.
3.
4.
5.

Having previously been infected with a different variant of the virus
Having a genetic susceptibility to the virus
Living in a region where mosquitoes carry a more virulent form of the virus
Living near open sewers
Having a chronic disease such as diabetes

Some of these risk factors increase the probability of being infected with the virus while
others increase the risk of developing severe dengue disease following infection.
Which of these risk factors increase the probability of developing severe dengue disease
following infection?
A 3 and 5 only

B 2, 3 and 4 only

C 1, 2 and 5 only

D 1, 2, 3 and 5 only

Need a home tutor? Visit smiletutor.sg21

22
30

Which of the following statements below describes a problem associated with the melting of
the Arctic tundra?

Arctic Tundra
Source: unsplash.com
A

Erosion, landslides, and sinking of the ground.

B

Changes in plant species composition at low latitudes.

C

Release of clean thawed freshwater for drinking and other human activity needs.

D

Sea water pH rising beyond levels that corals can survive in, leading to mass
extinctions

-End of paper-
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1

Lysosomes are the primary catabolic compartments in eukaryotic cells. They
contain more than 40 different enzymes such as proteases, nucleases,
phospholipases. Fig 1.1 below shows a simplified structure of a lysosome with a
large amount of proteins found on its surface. These proteins are highly
glycosylated with oligosaccharides on the side facing the interior of the lysosomes.

Fig. 1.1
(a)

Describe the importance of the Golgi apparatus in the formation of lysosomes.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]

2
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(b) The interior of the lysosome has a pH of 4.5 whereas that of the cytoplasm is
7.2.
(i)

Suggest how the lysosomes are able to maintain such a pH.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
(ii)

Suggest an advantage to the cell that the optimal pH of lysosomal
enzymes is pH 4.5.

………………………………………………………………………………………………
………………………………………………………………………………………..… [1]
(c)

Another structure in the cytoplasm is also responsible for the hydrolysis of
proteins.
Name this structure and state two differences between this structure and
lysosome.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
[Total: 10]

3
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2

Aspartate transcarbamoylase (ATCase) is an allosteric enzyme that catalyzes the
first step in the synthesis of pyrimidines in the cytoplasm. Cytidine triphosphate
(CTP) and uridine triphosphate (UTP) are two products of pyrimidine biosynthesis.
Purines (in the form of ATP and GTP) are synthesized in a separate pathway.
Fig. 2.1 shows the effect of CTP and ATP on the activity of ATCase.

Fig. 2.1
(a)

What do you understand by the term “allosteric enzyme”?

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [4]

4
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(b) Using information from Fig. 2.1, explain the role of CTP and ATP in the
regulation of ATCase activity.
CTP:
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [2]
ATP:
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [2]
(c)

Suggest a reason why ATP synthesised in a different pathway is used to
regulate ATCase activity.

………………………………………………………………………………………………
………………………………………………………………………………………..… [1]
(d) For some enzymes, studies show that there is slight movement of some amino
acids at the active site during the attachment of the substrates.
Suggest an explanation for the above observation.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
[Total: 12]
5
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3

Found in the cell walls of fungi and the exoskeleton of insects, chitin is the second
most abundant organic polymer after cellulose on Earth.
A section of chitin is shown in Fig 3.1.

Fig. 3.1
https://www.differencebetween.com/
(a)

Based on your knowledge of cellulose,
(i)

state one similarity and one difference in the structure of chitin and
cellulose.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [2]
(ii)

suggest how the structure of chitin shown in Fig 3.1 would allow it to
function as a structural component in insects and fungi.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
6
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(b) Unlike chitin and cellulose, triglyceride is an example of a storage
biomolecule.
In the space below, draw the molecular structure of a triglyceride.
Label the components that make up this molecule and the bonds that hold
them together.

[3]
[Total: 8]
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4

The building blocks of anterior (head) – posterior (tail) axis patterning in Drosophila
embryo (fertilised oocyte) are laid out during oocyte (egg) formation. Four genes
are responsible for the polarity of the oocyte and then of the subsequent embryo.
mRNA molecules of these four genes were found to be distributed along the
anterior-posterior axis of the developing oocyte (Fig. 4.1).

Fig. 4.1
https://en.wikipedia.org/wiki/Drosophila_embryogenesis
(a)

With reference to Fig 4.1,
(i)

explain the types of chromatin modifications that may be carried out on
the hunchback and caudal genes.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [4]
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(ii)

explain how the hunchback and caudal mRNA levels are maintained
within the cell.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [2]
(b) The corresponding protein concentrations of the four genes were measured
in the early stages of development of the Drosophila embryo (Fig. 4.2).
It was found that bicoid and nanos proteins act as repressors to block the
translation of caudal and hunchback mRNA respectively.

Fig. 4.2
Sketch two graphs in Fig. 4.2, representing the protein concentrations of
caudal and hunchback and label them C and H respectively.
[2]
[Total: 8]

9
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5

Fig 5.1 is an electron micrograph showing part of an animal cell.

Fig. 5.1
(a)

(i)

Identify the structures labelled W.

………………………………………………………………………………………………
………………………………………………………………………………………..… [1]
(ii)

Support your answer in (i) with 2 observable features shown in Fig 5.1.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [2]

10
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(b) An abnormal increase in the number of structure W is frequently detected in
many human cancers. Aneuploidy is common in tumour cells.
Suggest how an abnormal increase in number of structure W can lead to
aneuploidy and cancer development.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
(c)

Explain the importance of the various checkpoints in the production of
identical daughter stem cells.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
[Total: 9]
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6

(a)

The typical bacterium is 2 Pm in diameter. Explain how it is possible for the
bacterium to have a genome that has a length and width of 1 mm and 2 nm,
respectively.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]

(b) Bacteria are able to acquire new genes via horizontal gene transfer.
An experiment was set up to investigate horizontal gene transfer in bacteria.
Two strains of bacteria (A and B) are placed separately in the two arms of a
Davis U-tube, as shown in Fig. 6.1 below. The bacteria on both arms are
separated by a filter.

Fig. 6.1

12
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With reference to Fig. 6.1, explain why conjugation was not observed in the
two strains of bacteria.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [2]
(c)

The same experiment was then repeated but with the addition of DNase into
the medium.
When samples were removed from both sides of the filter, it was found that
some bacteria taken from the strain A side of the Davis tube now contain
genes from strain B bacteria.
The following hypothesis was proposed:
A filterable agent was released by the strain B cells. This agent was
responsible for transferring the genetic information from B to A. This filterable
agent was released by the strain B cells only when they were grown in
association with strain A cells.
(i)

Explain the purpose of adding DNase to the medium.

………………………………………………………………………………………………
………………………………………………………………………………………..… [1]
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(ii)

Suggest how strain B could have produced the filterable agent to
transfer the genetic information to strain A.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [6]

[Total: 12]

14
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7

To study the mode of inheritance of fruit colour and fruit shape in a variety of plants,
a group of students conducted the following crosses.
Cross I: Plants, pure bred for both characteristics were crossed. All the F1 plants
have red and oval fruits.
Cross II: Two plants (W and T) heterozygous for fruit shape and colour were picked
from the field and test crosses conducted for both plants. The results of these
crosses are shown below.

Phenotype of progeny
Red, long
Yellow, oval
Red, oval
Yellow, long
Total

Number of progeny of test cross involving
Plant W
Plant T
46
4
44
6
5
43
5
47
100
100
Table 7.1

(a)

Explain how the data obtained from test crossing Plant W can be used to
reveal about the relationship between the two genes under investigation.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [4]
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(b) Use a genetic diagram to explain the results of test cross involving Plant T.
You are to use the letters A/a for fruit colour and B/b for fruit shape.

[4]

16
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(c)

Distinguish between a gene and its alleles.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
[Total: 11]

17
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8

Fig. 8.1 shows the net carbon dioxide fixation in a plot of sorghum plants grown in
an open field over a two-day period in August.

Fig. 8.1
(a)

With reference to Fig. 8.1,
(i)

explain the meaning of “limiting factor” by using data from Aug 30.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]

18
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(ii)

suggest and explain what could have happened to cause the drop in the
net CO2 fixation in the boxed up area.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [4]

(b) A competitive inhibitor to the enzyme involved in the formation of reduced
NADP was introduced to the plants at 6pm of 30th Aug.
Sketch a graph on Fig. 8.1 to indicate the net CO2 fixation for these plants
[1]
and label it as R.

(c)

State two differences between Calvin Cycle and Krebs Cycle.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [2]
[Total: 10]

19
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9

Madagascar, the fourth-largest island in the world, sits in the Indian Ocean several
hundred kilometers off Africa's southeastern coast and houses an amazing variety
of plant and animals, many of which are endemic (found only) to the island. The
island is made of many different habitat types from deserts to rainforests.
The vangas of Madagascar represent an example of adaptive radiation that is
considered by many evolutionary biologists to be as notable as Darwin’s finches.
The ancestor of all vangas colonized the island of Madagascar about 20 million
years ago. That single ancestral species gave rise to 22 descendant vanga
species, representing a great variety of feeding strategies via adaptive radiation
(Fig. 9.1).

Fig. 9.1
Source: Proceedings of the National Academy of Sciences, 2012.

20
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(a)

Using Fig. 9.1, and the information provided, explain how adaptive radiation
of the Madagascan vangas can come about.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [5]

(b) What kind of information can scientists use to conclusively prove that the
vangas are closely related species.
………………………………………………………………………………………………
………………………………………………………………………………………..… [1]

21
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(c)

Pictures 1-5 show a possible hypothetical chain of events that occur in the
evolution of species A-E.

Source: https://evolution.berkeley.edu/evolibrary/news/091001_madagascar
In the space below, construct a phylogenetic tree to reflect their evolutionary
relationships.

[3]
[Total: 9]
22
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10

Vibrio cholerae is a bacterium that causes cholera. Many people who have
recovered from cholera rarely become ill again from the disease.
(a)

Explain why people who have recovered from cholera rarely become ill again
from the disease.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
(b) Fig. 10.1 shows a simplified diagram of an antibody.

Fig. 10.1
(i)

Explain how antibodies produced against an antigen may differ in the
region Q.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [2]

23
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(ii)

State the significance of (i).

………………………………………………………………………………………………
………………………………………………………………………………………..… [1]
[Total: 6]

11

Fig 11.1 shows the effect of increase in temperature on the survival of five different
species of insects found in the same locality. All of the insects feed on milkweed
plants. For each species, the mean value (•) and standard deviation (Iine) of
survival was determined. A positive Cohen’s d value means that there is an
increase in the mean value of survival and a negative d value means that there is
a decrease in the mean value of the survival.

Fig. 11.1
https://conservationcorridor.org/2017/12/warmer-temperatures-and-connectivityinteract-to-influence-metacommunity-diversity/

24
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(a)

(i)

Suggest why some insect species show positive d values whereas others
show a negative d values although they are found in the same locality.

………………………………………………………………………………………………
………………………………………………………………………………………..… [1]
(ii)

State the importance of knowing the standard deviation for each set of
data.

………………………………………………………………………………………………
………………………………………………………………………………………..… [1]
(b) Discuss the impact of continued warming on the different populations of insect
species found on the same milkweed plant.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………..… [3]
[Total: 5]

------------------------ End of Paper --------------------------
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Section A
Answer all the questions in the spaces provided
1

Otto Warburg made a striking discovery in the 1920s, when he found that cancer cells prefer
to metabolize glucose by glycolysis, even in the presence of normal levels of oxygen. This is
a paradoxical finding in light of the common understanding that glycolysis is a less efficient
pathway for producing ATP compared to oxidative phosphorylation. This became known as
the Warburg effect.
(a) (i)

State why oxidative phosphorylation is more efficient at producing ATP.

[1]

Mutation of p53 gene was found to prevent expression of the gene SCO2 in cancer cells.
SCO2 codes for synthesis of cytochrome c oxidase protein, the last electron carrier of the
electron transport chain.
(ii)

Suggest and explain the effects of lack of expression of SCO2 in the highly
proliferative cancer cells.

[5]

2
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(iii)

Discuss two possible consequences of the effects in (ii) on the survival of cancer
cells.

[4]

3
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(b) Aerobic glycolysis (another term for Warburg effect) is now generally accepted as a
metabolic hallmark of cancer.
AMP-activated protein kinase (AMPK) plays a central role in regulating cellular energy
homeostasis.
In a study to understand AMPK’s role in cancer, an additional copy of the myc gene and
the AMPK gene were introduced into the genome of a group of mice.
Myc gene codes for the myc protein that stimulates cell division in these mice. Control
mice have the artificially introduced myc gene and normal alleles(D1+/+) in the AMPK
gene. Table 1.1 below shows the genetic modification of the experimental mice.

Table 1.1
The onset of tumors for the three groups of mice was measured (in weeks) and shown
in Fig 1.2.

Fig. 1.2
4
Need avol.
home
tutor? Visit smiletutor.sg
(Source: Fauber et al, Cell Metabolism (2013)
17, pp113–124)

(i)

Explain why the control group of mice develop tumors.

[2]

(ii)

Describe the results obtained for the experimental groups of mice.

[4]

(iii)

Suggest possible explanations for the results shown in Fig 1.2.

[3]

5
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(c) Fig. 1.3 shows one signalling pathway that regulates AMPK activity in the glucose
metabolism in cancer cells.

Fig. 1.3
(adapted from Garcia and Shaw, Molecular Cell Review (2017) vol 66, pp789-800)
(i) With reference to Fig. 1.3, describe how binding of the hormone to the receptor can
result in the uptake of glucose by the cells.

[4]

6
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(ii) Using your knowledge of blood glucose homeostasis, compare the signaling pathway
shown in Fig. 1.3 with that of the glucagon signaling pathway.

[3]

(d) Other than being the site of aerobic respiration, the mitochondrion is widely accepted as
an evidence supporting the Endosymbiont Theory.
Explain the Endosymbiont Theory and state two features of the mitochondrion that
support this theory.

[3]
[Total: 29]

7
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2

(a) Explain briefly the mechanism that generates B cells that can recognize all possible
infectious agents.

[5]

(b) Suggest why the structure of a B cell receptor is different from the antibody produced by
the same B cell.

[3]

8
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(c) Plasma cells and memory cells differ in their relative abundance of organelles.
(i)

State the differences in the relative abundance of two named organelles.

[2]

(ii)

Explain the significance of these differences stated in (i).

[3]

[Total: 13]

9
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3

A group of students decided to collect data to prove that temperature can influence plant
morphology. Data was collected from young rain trees at three different locations (A, B, C) with
different number of cars passing through per hour.
Table 3.1 and Fig 3.2 show the data they have collected.
Location

A

B

C

Number of cars
per hour

Less than 5

Between 5 and
20

More than 20

Average number
of stomata per
leaf

37

33

25

Table 3.1
Gasoline was the preferred car fuel used by motorists in these locations. Gasoline produced
carbon monoxide, carbon dioxide, nitrogen oxide, sulfur dioxide after it undergoes combustion.
Combustion of gasoline releases a lot of heat.
Fig 3.2 show the temperature changes at the locations where the data was collected.

Fig 3.2
(a)

What conclusion can one draw from the data in Table 3.1.

[1]

10
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(b)

Explain how the following factors can impact the number of stomata.
x Use of gasoline
x Number of cars

Use of gasoline

[2]

Number of cars

[2]

(c)

Comment on the extent of validity of the experiment if the data was collected from five
young rain trees.

[3]

[Total: 8]
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Section B
Answer one question in this section
Write your answer on the writing paper provided.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must be set out in parts (a), (b) as indicated in the question.
4

(a)

A critical step in the evolution of eukaryotic cells was the development of an endomembrane
system and the acquisition of special membrane-enclosed organelles.
Justify this statement using named examples. [13]

(b) Interactions between different biomolecules (proteins, carbohydrates, lipids, nucleic acids)
within cells and between cells and the environment are critical to the survival of cells.
Discuss the importance of interactions between proteins with other biomolecules in the
structure, growth and reproduction of a prokaryotic cell. [12]
[Total: 25]
5

(a)

The monarch butterfly (Danaus plexippus L.) is a long distance migratory species of butterﬂy
in North America. It has experienced population declines in recent years due to global
warming effects.
In the oceans, the Chinook salmon migrate hundreds of kilometres from their place of birth
to the ocean and back. Climate change has reduced the numbers that survive this journey.
The effect of climate change is far reaching. Climate change affects an individual species
in terms of its survival and spread, as well as all other species that are associated with it.
Discuss how climate change can impact land and marine ecosystems. [13]

(b) Research has shown that the genome of humans and other mammals contain DNA derived
from viruses. About 8% of the human genetic material in the genome was found to be of
viral origins. Many of these viral DNA are non-coding sequences.
Explain the significance of the functions played by different types of non-coding DNA.
Suggest how viral DNA could have entered the human genome and discuss the importance
of studying them. [12]
[Total: 25]
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Answer all questions.
1. Milk contains proteins which are used to make cheese.
During cheese making, bacteria are added to the milk. The bacteria change the pH of the milk
to acidic, causing the proteins to coagulate (clot) forming curds. The curds are then used to
make cheese.
proteins in milk coagulate

milk + bacteria
pH more acidic

(curds)

Estimating the protein concentration in milk is important when making cheese.
You are required to investigate the protein concentration present in milk using two different
methods.
You will need to:

•

make simple dilutions of the proteins in the milk, M for use in both methods.

•

carry out the biuret test on each concentration, to provide a measure of the concentration
of proteins present in the milk in method (I)

•

observe the coagulation of milk in method (II).

It is recommended that you wear suitable eye protection.

You are provided with:
x

1.0% of milk, labelled M

x

Milk with unknown protein concentration, labelled U

x

Potassium hydroxide solution, labelled K

x

Copper sulfate solution, labelled C

If K comes into contact with your skin, wash it off immediately under cold water.

1
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(a) You are required to make simple dilutions of the proteins in the milk, M (1.0%) to obtain 4
other concentrations of milk. Present your dilution table in the space below.

[2]

Method (I)
Read step 1 to step 9 before proceeding.
1. Prepare all the concentrations of milk stated in (a) in the test tubes provided.
2. Stopper one of the test tubes with the rubber bung provided. Invert the test tube to ensure
that the contents are well mixed. Repeat with each of the test tubes.
3. Label the spotting tile with the concentrations of milk prepared in step 1.
4. Use a pipette to put 2 drops of 1.0% milk into the labelled well on the tile.
Any milk remaining in the pipette should be put back into the test-tube so that as little of
the milk as possible is removed from the test-tube. You will need this milk for step 13.
5. Repeat step 4 with each of the concentrations of milk.
6. Put 1 or 2 drops of K into each of the concentrations of milk on the tile and mix.
7. Put 0.5 cm3 of C into each mixture on the tile, using the syringe labelled C.
8. Leave for 2 minutes for the color to change.
9. Compare the color with the standard colors shown in the color chart. Record the color of
the mixture in (b) (i).
2
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(b) (i) Record your results in an appropriate table for the known concentrations of milk, using
only the standard colors shown in the color chart.
You will need to leave appropriate space to record your results from Method (II) in the
same table below.

[4]

You are now required to estimate the concentration of milk in sample U.
(ii) Describe how you would determine the protein concentration in sample U. [2]

(iii) Estimate the concentration of milk in sample U. [1]

3
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(iv) Besides repeating the experiment, explain how you would modify the experiment to
increase confidence in your results. [2]

Method (II)
The concentration of protein in milk can also be estimated by the extent of coagulation
produced in acidic conditions.
You are provided with 1.0 mol dm–3 hydrochloric acid, labelled A.
If A comes into contact with your skin, wash it off immediately under cold water.
Read step 10 to step 14 before proceeding.
10. Put 2 cm3 of A into each of the test-tubes containing the known concentrations of milk
protein (from step 4) and U. Do not stir or mix A with the milk.
11. Observe the changes in the milk in all of the test tubes for up to 1 minute.
12. If coagulation is not visible after 1 minute, you may need to carefully tilt each test-tube to
move the milk and then observe the coagulation.
13. Repeat the experiment to investigate the protein concentration in sample U.
14. Based on your observations, use the key in Fig. 1.1 to record the results in the same table
in (b) (i).

most coagulation

least coagulation
Fig. 1.1

4
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(c) Complete Fig. 1.2 to show the position on the line of each of the percentage concentrations
of milk stated in the dilution table in (a).
Put the label U on Fig. 1.2 to show an estimate of the concentration of milk which provides
a measure of the proteins in U, using the result in (b) (i).

Percentage concentration of milk protein
Fig. 1.2
[2]
(d) (i) Both methods (I) and (II) provide a subjective and quick estimation of the protein
concentration in milk U.
Evaluate both methods in terms of their accuracy in determining the protein
concentration in the milk. [3]

(ii) Describe one improvement to the procedure in method (II) to allow one to obtain a more
accurate result. [2]

5
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(e) Milk proteins can also be coagulated using the enzyme rennet.
A student investigated the effect of temperature on the activity of rennet, shown by the
percentage coagulation of the milk.
The results are shown in Table 1.3.
Table 1.3
Temperature / °C

Percentage coagulation of the milk / %

21.5

11

29.0

63

42.5

84

57.0

71

68.5

25

Plot a graph of the data in Table 1.3 in the grid provided below.
Use a sharp pencil for drawing graphs.

[4]
[Total: 22]
6
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2. TSF is a slide of a stained transverse section through a plant root.
You are not expected to be familiar with this specimen.
(a) Observe TSF using the 10x objective. An eyepiece graticule is attached to your
microscope.
(i) Outline how you can use the graticule to help you draw an accurate plan diagram of TSF
showing the correct proportions of the different tissues, without needing to calibrate the
eyepiece graticule. [2]

7
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(ii) Use the information that you have collected with the eyepiece graticule, make a plan
drawing of TSF in the space provided below. You only need to draw half of TSF as
indicated in Fig 2.1.
draw this half

Fig. 2.1

[4]

8
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(b) You are provided with a plastic ruler. Use the plastic ruler to calibrate your eyepiece
graticule under 100x magnification.
(i) Explain why this is a less accurate method compared to the use of a stage micrometer. [2]

(ii) Calculate the magnification of your drawing. Show your working clearly. [2]

9
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(c) Observe the central tissue in the root on TSF.
The cells in the central tissue are not identical.
Select one group of four adjacent (touching) cells that show some of the differences
between these cells. Each cell must touch at least two of the other cells.
Make a large drawing of this group of four cells.
Use one ruled line to label the cell wall of one cell.

[4]
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(d) A student carried out an experiment to determine the water potential of a plant material.
He cut stalks of the plant material longitudinally and submerged them in sucrose solutions
of different concentrations. His setup is shown in Fig 2.2.

Fig. 2.2

Note: A - refers to the distance between the 2 halves of the stalk.
P and Q refers to the outer and inner regions of the stem.
He noticed that when the plant material is immersed in a solution with a higher water potential,
the two sides of the stalk bent outwards i.e. distance A increases.
He hypothesises that this is due to the difference in structure between the cells at P and the
cells at Q shown in Fig. 2.2.
Slide K5 is a cross section of the plant material that he used for his experiment.
Observe the slide K5 under the microscope.
Using high power, observe
x

the cells that form the outermost layer (P) as well as

x

the cells that are next to the central cavity of the section (Q).

11
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(i) Prepare a table below to describe three structural differences between the cells found in
P and Q.

[3]
(ii) Based on your observations in (i) above, provide an explanation for the increase in A when
the stem is placed in a sucrose solution with a higher water potential than the cells. [3]

[Total: 20]

12
Need a home tutor? Visit smiletutor.sg

JC2 PRELIMINARY EXAMINATION 2019

H2 BIOLOGY 9744/4

Name: __________________________
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3. Tuberculosis (TB) is an infectious disease caused by the Gram positive bacterium
Mycobacterium tuberculosis (Mtb). Mtb is sensitive to a certain class of antibiotics called
penicillins that inhibit peptidoglycan synthesis in Gram positive bacteria.
In the first part of this question, you are required to investigate the effectiveness of four
different types of penicillins, P1 to P4, on Mtb.
As M. tuberculosis is highly infectious, you will only carry out a simulated test whereby the
lawn of bacteria is represented as a blue surface on the agar plate. Effectiveness of the
penicillins can be observed through decolourisation of the blue colour around the wells.
You are provided with:
x

1 nutrient agar plate containing “a lawn of M. tuberculosis”

x

Microfuge tubes labelled P1, P2, P3 and P4 containing four different penicillins

x

Microfuge tube labelled W containing 500 μl distilled water

x

A ruler

x

Marker pen

x

A straw for creating wells in the nutrient agar

x

1 toothpick to remove the agar cylinder after creating wells with the straw

x

5 plastic droppers

x

A wash bottle of distilled water

You should take care when using the Pasteur pipettes/ syringes to ensure no crosscontamination of samples and reagents occur.

13
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Proceed as follows:
1. Use the straw provided to make 5 wells in the blue nutrient agar plate as shown in Fig 3.1
below. Use a toothpick to help you remove the agar cylinder after cutting.

Fig 3.1
2. Label the wells accordingly before you perform step 3.
3. Use a dropper to deliver sufficient P1 to the appropriate well so that P1 is just below the
surface of the surrounding agar.
Deliver P2, P3 and P4 to the other three wells in the same way, taking care to use a
different dropper to prevent cross-contamination of peniciilins.
4. To the central well, deliver distilled water W as in step 3. Incubate the plate for 5 minutes
at room temperature.
5. After 5 minutes, measure the diameter of decolourisation for all the wells using the ruler
provided (Fig 3.2) and record your results in Table 3.3.

Diameter of decolourisation
Fig 3.2
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(a) (i) Complete Table 3.3 below. [2]
Type of
penicillin

Diameter of
decolourisation
/mm

Area of decolourised zone
around the well / mm2

Antimicrobial
activity against
Mtb

(ii) Identify the most effective of the four penicillins used and explain why. [2]
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(b) Tuberculosis (TB) kills more people than any other infection. The bacterium
Mycobacterium tuberculosis (Mtb) that causes TB can develop resistance to the
antimicrobial drugs used to cure the disease. Multidrug-resistant TB does not respond well
to isoniazid, the most powerful antibiotic against Mtb.
Scientists have identified a compound known as C10 that can reverse isoniazid resistance
in Mtb. C10 apparently can restore isoniazid sensitivity in otherwise isoniazid-resistant Mtb
strains.
A student investigating the antimicrobial activities of C10 and isoniazid hypothesised that
isoniazid used in isolation is only effective when its concentration is at least 30%. However,
when used in combination with C10, the absolute effective concentration of isoniazid
becomes significantly reduced. The concentration of C10 that can restore sensitivity to
isoniazid depends on the Mtb strains but is thought to be in the range of 2-10%.
Design an experiment to determine the most effective concentrations of isoniazid when
used together with 2% C10 to kill Mtb.

In your plan, you must use:
x

Nutrient agar plates containing bacterial lawns of M. tuberculosis

x

a sterile solution of 20% C10

x

a sterile solution of 100% isoniazid

x

an incubator oven set at 37°C

x

a cork borer

x

a ruler

x

sterile distilled water

x

marker pen

x

biosafety cabinet

x

Bunsen burner

x

70% ethanol

You may select from the following sterilised apparatus and plan to use appropriate additional
apparatus/material:
x

syringes

x

microfuge tubes

x

normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring
cylinders, graduated pipettes and pipette fillers, glass rods, etc.
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Your plan should:
x

have a clear and helpful structure such that the method you use is able to be repeated
by anyone reading it

x

be illustrated by relevant diagram(s), if necessary

x

identify the independent and dependent variables

x

describe the method with the scientific reasoning used to decide the method so that
the results are as accurate and repeatable as possible

x

include layout of results tables and graphs with clear headings and labels

x

use the correct technical and scientific terms

x

include reference to safety measures to minimise any risks associated with the
proposed experiment.
[9]
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[Total: 13]
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VICTORIA JUNIOR COLLEGE
JC 2 PRELIMINARY EXAMINATION 2019 - H2 Biology
Proposed Answers – Paper 2
1

Lysosomes are the primary catabolic compartments in eukaryotic cells. They contain more
than 40 different enzymes such as proteases, nucleases, phospholipases. Fig 1.1 below
shows a simplified structure of a lysosome with a large amount of proteins found on its
surface. These proteins are highly glycosylated with oligosaccharides on the side facing
the interior of the lysosomes.

Fig. 1.1
(a)

Describe the importance of the Golgi apparatus in the formation of lysosomes. [3]

x

Glycolysate/add the oligosaccharides to the proteins that are present on the
lysosome membrane;

x

Embedding of the glycoproteins onto the membrane of the GA;

x

Sort and package the different enzymes e.g. nucleases and proteases into the
lysosome;

x

[Idea of] Lysosome membrane is pinched off the Golgi apparatus;
A! Proteins are embedded into the membrane of the Golgi apparatus before being
pinched off;

(b)

The interior of the lysosome
yso
oso
ome
me has
has a p
pH of 4.5 whereas that of the cytoplasm is 7.2.
(i)

Suggest
ggesst how
ho
ow the
the lysosomes
th
lyyso
oso
some
mes are able to maintain such a pH. [3]
me

x

Membrane
ne
ep
protein/
rro
otte
ein
n/ pump
pu
ump that
th can actively transport H+ from the cytoplasm into the
lysosome;

x

ted from diffusing back into the cytoplasm as it charged;
H+ is prevented

x

and cannot cross the hydrophobic core of the phospholipid bilayer;

A! absence of protein channels that allow entry of protons via facilitated diffusion.

1
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(ii)

Suggest an advantage to the cell that the optimal pH of lysosomal enzymes is
pH 4.5. [1]

x

Idea that if the lysosome leaks/ burst (accidental), the enzymes will not be functioning
at their optimal when they are released into the cytoplasm;

x

AVP

(c)

Another structure in the cytoplasm is also responsible for the hydrolysis of proteins.
Name this structure and state two differences between this structure and lysosome.
[3]

Structure: Proteasome;
Any 2 below:
Lysosome
Membrane bound organelle

Proteasome
Non-membrane
bound/
protein
complexes
Proteins are tagged with ubiquitin
Mainly proteases

Proteins are not tagged with ubiquitin
Many different types of enzymes

[Total: 10]
2

Aspartate transcarbamoylase (ATCase) is an allosteric enzyme that catalyzes the first step in
the synthesis of pyrimidines in the cytoplasm. Cytidine triphosphate (CTP) and uridine
triphosphate (UTP) are two products of pyrimidine biosynthesis.
Purines (in the form of ATP and GTP) are synthesized in a separate pathway.
Fig. 2.1 shows the effect of CTP and ATP on the activity of ATCase.

Fig. 2.1
Fi
(a)

What do
o you
yo
ou understand
unde
un
ders
de
by the term “allosteric enzyme”? [4]

x

Enzymes that can change their conformation and hence activity;

x

upon binding of effector to regulatory site/ a site other than the active site;

2
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x

Binding of positive effector/allosteric activator results in increase affinity for substrate
binding at active site;

Or binding of the positive effector/allosteric activator maintains the active form of the enzyme
allowing substrates to bind to the active sites -> increase in rate of reaction;
x

Binding of negative effector/allosteric inhibitor results in decrease affinity for substrate
binding at active site;

Or binding of the negative effector/allosteric inhibitor maintains the inactive form of the enzyme
and substrates are not able to bind to the active sites -> decrease rate of reaction;
x

(b)

Allosteric enzymes exhibits a phenomenon known as cooperativity/ binding of a substrate
molecule to the active site of one subunit facilitates the binding of (other) substrate
molecules to the active sites of the other subunits
Using information from Fig. 2.1, explain the role of CTP and ATP in the regulation of
ATCase activity.

CTP [2]:
x negative effector/ end-product inhibition/allosteric inhibitor;
x Evidence: Km is higher => affinity of enzyme for substrate is lower;
Or any valid data taken from graph
ATP [2]:
x
positive effector/allosteric activator;
x
Evidence: Km is lower => affinity of enzyme(ATCase) for substrate is higher;
Or any valid data from graph
(c)
x
(d)

Suggest a reason why ATP synthesised in a different pathway is used to regulate
ATCase activity. [1]
Idea of pyrimidines and purines synthesis being coordinated so that there is equal
proportion;
For some enzymes, studies show that there is slight movement of some amino acids at
the active site during the attachment
of the substrates.
achm
atio
ion for
io
fo
or th
the
ea
above
bo observation. [3]
Suggest an explanation

x
x
x
x

3

Induced –fit hypothesis:
hyp
yp
y
po
otth
he
esi
sis:
s:
Shape off active
acttiivve site
siite
s
e is
is initially
iin
init
niittialllly
y no
not complementary to the shape of substrates;
Attachment
ntt of
of substrates
su
ub
bs
sttra
rate
rate
tes induced
in
a change in the shape of active site;
Resulting in itt being
bein
bein
be
ing
g complementary
c
-> slight movement in some amino acids;

[Total: 12]
Found in the cell walls of fungi and the exoskeleton of insects, chitin is the second most
abundant organic polymer after cellulose on Earth.

3
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A section of chitin is shown in Fig 3.1.

(a)

Fig. 3.1
https://www.differencebetween.com/
Based on your knowledge of cellulose,
(i)

state one similarity and one difference in the structure of chitin and cellulose. [2]

Similarities:
x Chitin and cellulose are both made from β glucose monomers;
x Both have monomers linked glycosidic bonds;
x Both are linear polymers;
x Both are polysaccharides;
Differences:
x Chitin contains Nitrogen but cellulose does not;
x Second Carbon in chitin glucose monomer binds to amine group, while second carbon in
cellulose glucose monomer binds to hydroxyl group;
(ii)

suggest how the structure of chitin shown in Fig 3.1 would allow it to function as
a structural component in insects and fungi. [3]

x
x

Alternate residues flipped 180°, resulting in straight chain;
Straight chain – hydrogen bonds can be formed between neighbouring chains, increase
tensile strength;
x Polymers can be bundled up to form thicker/bigger fibers;
x Bulky molecule makes chitin a highly-insoluble carrier that makes a good outer layer of
protection for both insects and fungi.
AVP;
(b)

Unlike chitin and cellulose, triglyceride
gly
is an example of a storage biomolecule.
w tthe
h m
he
oe
ol
In the space below, draw
molecular
structure of a triglyceride.
omp
mpon
onen
nents
entts
en
s tha
at ma
make
ke up this molecule and the bonds that hold them
Label the co
components
that
er. [3
[[3]
3]
together.
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[Total: 8]
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4

The building blocks of anterior (head) – posterior (tail) axis patterning in Drosophila embryo
(fertilised oocyte) are laid out during oocyte (egg) formation. Four genes are responsible for the
polarity of the oocyte and then of the subsequent embryo. mRNA molecules of these four genes
were found to be distributed along the anterior-posterior axis of the developing oocyte (Fig.
4.1).

(a)

Fig. 4.1
https://en.wikipedia.org/wiki/Drosophila_embryogenesis
With reference to Fig 4.1,
(i)

explain the types of chromatin modifications that may be carried out on the
hunchback and caudal genes. [4]

1. Histone acetylation;
2. Adding of acetyl groups to histones removes positive charge on histones;
3. leads to less electrostatic attraction / reduced affinity between histones and negatively
charged DNA;
4. idea of DNA unwinding from histones / loosening of chromatin packaging/ form
euchromatin;
5. DNA demethylation / removal of methyl groups from DNA;
6. Idea of greater accessibility of RNA polymerase / transcription factors to the promoter
sequences;
7. Idea of loosely condensed chromatin facilitate assembly of general transcription factors
and RNA polymerase at the promoter (to form transcription initiation complex);
8. Idea of upregulation of transcription / genes become transcriptionally active;
9. high levels / concentrations of mRNA observed for both hunchback and caudal genes;
(½ mk each)

6
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(ii)

explain how the hunchback and caudal mRNA levels are maintained within the cell.
[2]

x
x
x

(post-transcriptional control) 5’ cap and 3’ polyA tail added;
to prevent digestion of mRNA by exonucleases;;
(translational control) Idea of increasing the length of 3’ polyA tail / long 3’polyA tail of
the mRNA;
x to increase half life;;
x (translational control) Binding of certain proteins/inhibitors/hormones;
x which can slow down / block degradation of mRNA (by exonucleases);;
(½ mk each)
(b) The corresponding protein concentrations of the four genes were measured in the early
stages of development of the Drosophila embryo (Fig. 4.2).
It was found that bicoid and nanos proteins act as repressors to block the translation of
caudal and hunchback mRNA respectively.
Sketch two graphs in Fig. 4.2, representing the protein concentrations of caudal and
hunchback and label them C and H respectively. [2]

[Total: 8]
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5

Fig 5.1 is an electron micrograph showing part of an animal cell.

Fig. 5.1
(a)

(i)

Identify the structures labelled W. [1]

x Centrioles;
(R! Centrosome as this refers to a non-membrane bound region. Diagram points to 2
centrioles.)
(ii)
x
x

(b)

Support your answer in (i) with 2 observable features shown in Fig 5.1. [2]

a pair/idea of 2 of rod-like structures that are positioned at right angles/perpendicular to
each other;
transverse section (on the left) shows 9 triplets of microtubules arranged in a ring;
R: 9 groups of 3 segments/ 9 sets of 3 tubulin subunits
R: microtubules are long tubes made of tubulin because not observable.
An abnormal increase in the number of structure W is frequently detected in many human
cancers. Aneuploidy is common in tumour cells.
Suggest how an abnormal increase in number of structure W can lead to aneuploidy and
cancer development. [3]
Unpacking the question

Marking point

“abnormal increase in number  Function of centrioles & consequences – max 1m
of structure”
(Any one below.)
x What is the function of W?
x What happens when W
increase in number?

¾ a. Centrioles constitute the microtubule
organizing centre of the cell (MTOC) that
organizes mitotic spindle formation/ for
o
assembly
a
as
s
of spindle fibers;
¾ b
b. Multiple numbers of centrioles (instead of the
normal two at opposite poles of the dividing cell
during mitosis) can lead to abnormal formation
of spindle apparatus/ multiple spindle apparatus
(idea of);
Note: MTOC helps in the assembly of microtubules,
resulting in the formation of spindle

“can lead to aneuploidy”

2. Relate to aneuploidy - 1m

8
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¾ [Idea of] Disrupts normal attachment of
kinetochore tubules to kinetochore complex at
centromeres of chromosomes, resulting in
unequal
separation
of
sister
chromatids/nondisjunction of sister chromatids;
(resulting in daughter cells having an additional or
one less chromosome)
“can lead to aneuploidy and 3. Relate to cancer development -1m
cancer development”
¾ Cells with extra chromosome:
May carry additional copies of proto-oncogenes,
resulting in overstimulation of cell growth and
division/ that stimulate cell division or prevent
apoptosis of cells with DNA damage;
¾ Cells with fewer number of chromosomes:

(c)

These chromosomes may carry tumor suppressor
gene which are important in preventing cell
division or causes cell death (apoptosis) of cells
with damaged DNA;
Explain the importance of the various checkpoints in the production of identical daughter
stem cells. [3]

x G1 checkpoint @1m
¾ monitors that DNA in parent stem cell is undamaged before DNA synthesis occurs in S
phase/ damage in parent stem cell must be repaired before DNA replication,
¾ so that daughter cells will have genetic material identical to each other as well as to parent
cell;
x G2 checkpoint @1 m
¾ monitors that DNA replication is accurately carried out at S/ any errors in DNA replication
corrected
¾ so that daughter nuclei of stem cells are genetically identical to parent nucleus and to each
other / identical daughter DNA molecules;
x M checkpoint @1m
¾ ALL chromosomes must
ust be
be pr
p
properly
rop
oper
e ly attached to kinetochore tubules to trigger onset of
anaphase to ensure
ure equal
e u
eq
ua
al s
se
separation
epa
para
r tion
ra
o and distribution of sister chromatids into daughter
nuclei of stem
m ccells
ellls
ls p
produced/
rodu
ro
duce
ed/ iidea
dea
de
a th
that daughter nuclei contain the same number and
type of chr
chromsomes.
ro
om
mso
some
mes
s..
[Total: 9]
6

(a)
●

The typicall bacterium
ba
is 2 m in diameter. Explain how it is possible for the bacterium
to have a genome that has a length and width of 1 mm and 2 nm, respectively. [3]
Circular genome undergoes folding into ~ (50) loops/ loop domains through protein-DNA
interactions;

9
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●

Loop domains are bound to central protein scaffold (that is attached to cell membrane);

●

Each loop domain supercoils (A! twists/ folds upon itself as long as the idea that the twisting
or folding is independent of other loop domains) by forming complexes with DNA-binding
proteins;

[To become very compact to occupy nucleoid region of the cell]
(b)

Bacteria are able to acquire new genes via horizontal gene transfer.
An experiment was set up to investigate horizontal gene transfer in bacteria.
Two strains of bacteria (A and B) are placed separately in the two arms of a Davis Utube, as shown in Fig. 6.1 below. The bacteria on both arms are separated by a filter.

Fig. 6.1
With reference to Fig. 6.1, explain why conjugation was not observed in the two strains
of bacteria. [2]

(a)
x

Ref to presence of filter (bacteria too big to pass through),

x

prevents cell contact between strain A and strain B;

x

No attachment via sex pilus/ no formation of conjugation/mating bridge; OR

x

No transfer of F plasmid from F+/ donor cell to F-/ recipient cell;

(b)

The same experiment was then repeated but with the addition of DNase into the
medium.
When samples were removed from both sides of the filter, it was found that some
bacteria taken from the strain A side of the Davis tube now contain genes from strain B
bacteria.
thesiss w
as p
as
ropo
ro
The following hypothesis
was
proposed:
ea
ge
g
ent
nt w
as
a
s released
rel
e ea
ease
sed
se
db
by
y the strain B cells. This agent was responsible for
A filterable
agent
was
transferring
genetic
from B to A. This filterable agent was released by
erring
ng
n
g the
th
he
eg
en
e
enet
net
etiic
c iinformation
nfor
nf
orm
or
the strain
ra
ain
n B cells
cel
ellss only
on
nlly when
whe they were grown in association with strain A cells.
wh
(i)
x

Explain
ai the purpose of adding DNase to the medium. [1]

To enzymatically digests naked DNA and ensure that transformation cannot occur
between the 2 strains of bacteria when bacteria cells die/ lyse;

10
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(ii)

Suggest how strain B could have produced the filterable agent to transfer the
genetic information to strain A. [6]

x

*Filterable agent is lambda/ temperate phage present initially as prophage in the
bacterial DNA of strain B;

x

*In the presence of strain A / when strain A is present, lytic phase of the bacteriophage
occurs in strain B/ viral DNA excise itself from the bacterial DNA;

x

*along with some bacteria DNA that is next to the viral integration, packaged into viruses
which are released by lysed strain B cells;

x

Bacteriophage cross filter to infect/ attach to bacterial cell wall (receptor) of strain A
bacteria;

x

pass the bacterial DNA from strain B into strain A, along with its own DNA;

x

infected cell will incorporate a new piece of bacterial DNA i.e. genetic recombination
has occurred/ recombinant cell’s chromosome has a combination of DNA derived from 2
cells;

x

through specialized transduction;
[Total: 12]

7

To study the mode of inheritance of fruit colour and fruit shape in a variety of plants, a group of
students conducted the following crosses.
Cross I: Plants, pure bred for both characteristics were crossed. All the F1 plants have red and
oval fruits.
Cross II: Two plants (W and T) heterozygous for fruit shape and colour were picked from the
field and test crosses conducted for both plants. The results of these crosses are shown below.

Phenotype of progeny
Red, long
Yellow, oval
Red, oval
Yellow, long
Total

(a)

Number of progeny of test cross involving
Plant W
Plant T
46
4
44
6
5
43
5
47
100
100
Table
Tabl
Ta
b e 7.1

Explain how
w tth
the
he
he d
da
data
ata
ta o
obtained
b aiine
bt
ned
d fr
fro
from
om test crossing Plant W can be used to reveal about
the relationship
lation
onsh
on
ship
ip between
bet
etwe
we
een
en
e
n the
the two
tw genes under investigation. [4]

Each bullet is 1m
mu
un
unless
nlle
ess
ss o
otherwise
the
th
stated.
x Relationship b
between
etwe
etwe
et
ween the 2 genes
¾ The 2 genes
es are linked or show autosomal linkage;
¾ found on the same (pair of homologous) chromosome; (1/2 m)
x

Allele for red is linked to allele for long/ A! found on the same chromosome and allele for
yellow is linked to oval;

11
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x

Using data (QV is expected)
¾ Higher number red, long & yellow, oval (or QV 46 & 44) indicates that these are the
parental combination of alleles as these alleles did not show independent assortment
/ tendency for alleles found on the same chromosome to be inherited together;
¾ Lower number of recombinant progeny - red, oval & yellow long (or QV 5, 5)
as they are a result of cross-overs (during meiosis) which is by chance/ rare event;

x Relationship between the 2 genes
¾ 2 genes are close to each other on the chromosome with a map distance =10%;
x

(b)

Deviates from typical Mendelian test cross of double heterozygote with homozygous
recessive of 1:1:1:1; (1/2 m)
Note: this must be clearly stated as a deviation and not simply stating that the results should
follow a 1:1:1:1 ratio;
Use a genetic diagram to explain the results of test cross involving Plant T.
You are to use the letters A/a for fruit colour and B/b for fruit shape. [4]

Let A be the dominant allele for red fruit and a be the recessive allele for yellow fruit.
Let B be the dominant allele for oval shape and b be the recessive allele for long shape.

Genetic diagram
ra
am – mark
mark
ma
k scheme
sc
ch
hem
eme
(i)

Correct representation
epr
prres
p
esen
enta
tati
tati
tio
on of genotypes for Plant T and double homo plant;

(ii)

Correct gametes
ete – parental and recombinant – circled and clearly identified;

(iii) Correct genotypes of Offspring
(iv) Correct phenotypes of offspring – relate number in Table 7.

12
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(c)

Distinguish between a gene and its alleles. [3]

x

Gene: refer to sequence of nucleotides/bases or a specific length of DNA that codes for a
particular polypeptide which determines a certain characteristic/trait;

x

Alleles: refers to alternative forms of the gene;

x

Alleles have slightly* different base sequences resulting
proteins/different primary structures (for the same trait);

x

Alleles (of a gene) occupy the same gene locus (on homologous chromosomes); (1/2 m)

x

AVP;

in

slightly*

different

[Total: 11]
8

Fig. 8.1 shows the net carbon dioxide fixation in a plot of sorghum plants grown in an open
field over a two-day period in August.

Fig. 8.1
(a)

With reference to Fig. 8.1,
(i)

explain the meaning of “limiting factor” by using data from Aug 30. [3]

x

(Explanation of limiting factor) –

x

Factor nearest its minimum value; Changing its quantity directly change the rate of process;

x

Light intensity is the limiting factor;

x

k
(Evidences from graph - max 2mk):

x

tion
n when
whe
hen there
t
is no light; QV - During night (QV 6pm to 6am)
No / low rate of CO2 fixation
-2 -1
CO2 fixation remains low
w at
at -2umolCO
-2
2u
umo
molC
lC 2m s ;
lCO

x

nsity
y decreases,
dec
ecre
eas
ases
es, the
the rate
ratte of CO2 fixation decreases; QV – (from 12pm – 6pm)
ra
As light intensity
rate of CO
O2 fi
ffixation
xa
attiion
on d
decreases
ecrre
ec
eases
ases
e fr
from 16 to 0 umolCO2m-2s-1;

x

As light intensity
the rate of CO2 fixation increases; QV - (from 6am to 12pm)
ten
en
e
nsi
sity
y iincreases,
ncre
nc
reas
re
rate of CO2 fi
fixation
ixa
xati
tion
ti
o increases from -2 to 16 umolCO2m-2s-1;

(½ mk each) Max 3
(ii)

suggest and explain what could have happened to cause the drop in CO2 fixation
in the boxed up area. [4]
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1. Presence of cloud cover / thunderstorm etc (accept logical idea of a weather condition
that has screening effect on sun);
2. which reduced the amount of light intensity over a temporary period of time;
3. light provides the energy for the photoactivation of chl a;
4. light required for photolysis of water;
5. idea of less electron transfer along ETC
6. thus photophosphorylation / light dependent reactions does not take place;
7. idea that ATP and reduced NADP are reduced / not produced;
8. Calvin cycle requires both biochemical products to proceed;
9. Thus rate of Calvin cycle decreases;
10. QV;
(½ mk each)
(b)

A competitive inhibitor to the enzyme involved in the formation of reduced NADP was
introduced to the plants at 6pm of 30th Aug.
Sketch a graph on Fig. 8.1 to indicate the net CO2 fixation for these plants and label it as
R. [1]
Answer:

whi
hich
c has rate lower than original graph from 6pm 30th Aug
Accept variations of graph which
onwards. Graph must be completed
com
ompl
plet
pl
ete throughout 31st Aug onwards.
et
(c)

State two differences
diiff
f eren
ere
er
en
nce
ces between
be
b
ettw
wee
wee
een
n Calvin
Cal
Cycle and Krebs Cycle. [2]

Location
Input
Output (Products)

Calvin
Ca
alv
lvin cycle
Takes
T
a
place in stroma of
chloroplast;
Requires ATP, NADPH and
CO2
Produces triose phosphate
which can be converted to
starch for plant storage;

14

Krebs cycle
Takes place in matrix of
mitochondria;
Requires acetyl coA, ADP,
NAD and FAD
Produces reduced NAD,
reduced FAD, ATP and CO2;
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Regeneration of
compound

Process to regenerate
Ribulose bisphosphate;

Process to regenerate
Oxaloacetate;

(1mk for each valid difference)
9

[Total: 10]
Madagascar, the fourth-largest island in the world, sits in the Indian Ocean several hundred
kilometers off Africa's southeastern coast and houses an amazing variety of plant and
animals, many of which are endemic (found only) to the island. The island is made of
many different habitat types from deserts to rainforests.
The vangas of Madagascar represent an example of adaptive radiation that is considered
by many evolutionary biologists to be as notable as Darwin’s finches. The ancestor of all
vangas colonized the island of Madagascar about 20 million years ago. That single
ancestral species gave rise to 22 descendant vanga species, representing a great variety
of feeding strategies via adaptive radiation (Fig. 9.1).

Fig. 9.1
Source: Proceedings of the National Academy of Sciences, 2012.
(a)

Using Fig. 9.1, and the information provided, explain how adaptive radiation of the
Madagascan vangas can come about. [5]

Adaptive radiation is speciation from an ancestral species into numerous descendant
species in a relatively short evolutionary
time. Think of the conditions that will allow this to
tion
happen. Note that the contextt he
here
ere
e is
is a single large island.
x Existence of numerous
us ec
e
ecological
col
olog
ogic
i al h
habitats
abi
with different environmental conditions that
exert different selective
lect
ctiv
ct
ive p
ive
pr
pressures
res
essu
sure
res
s (e
(e.g
(e.g.
.g
g. d
different types of food);
al population
po
op
pu
ulla
attio
on o
off vvanga
anga
an
g h
has members that have genetic variation that are
x *Ancestral
manifested
d in
in thei
ttheir
th
hei
eir phenotype
ph
p
hen
not
otyp
ype (e.g. bill shape and size);
e at
at a survival
surv
su
advantage have higher reproductive success and pass down
x Birds that are
advantageous al
a
alleles
le
to their offspring;
x Over many generations, the allele frequency changes in the population’s gene pool;
x *Populations deriving from the ancestral species in the different habitats become
physically isolated through vast distance or a physical barrier on the island of
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Madagascar / become reproductively isolated in the same locality through behavioural
or temporal mechanisms;
x *Each isolated population acquire independent mutations leading to distinct gene pools
over time;
*essential points
(b)
x
(c)

What kind of information can scientists use to conclusively prove that the vangas are
closely related species? [1]
Genetic data/ molecular data;
Pictures 1-5 show a possible hypothetical chain of events that occur in the evolution
of species A-E.

Source: https://evolution.berkeley.edu/evolibrary/news/091001_madagascar
In the space below, construct a phylogenetic tree to reflect their evolutionary
relationships. [3]
Answer:
1. Species A on the left island is the outgroup (picture 2).
2. Then just follow the most recent divergence and work
backwards in time (picture 5). Species C and species E
will share most recent ancestor and thus are sister taxa.
3. Clade containing species D and the branch with
common ancestor of C/E will be the next smallest clade.
4. Clade
ade containing species B and branch to common
ancestor
an
nce
cest of species D and sister taxa with species C and
E wi
willll form
fo the next larger monophylectic clade.
[Total: 9]
10

Vibrio cholerae
ae
e is
is a b
bacterium
acte
ac
teri
teri
rium
u that causes cholera. Many people who have recovered from
cholera rarely become
bec
eccom
e
ome ill
ilil again from the disease.
(a)

Explain why people who have recovered from cholera rarely become ill again from
the disease. [3]

x Presence of memory B cells;
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x Idea of memory B cells are long-lived / remain in body for long period;
x which have BCR specific to the antigen on the cholera bacteria;
x Able to be activated / undergo clonal expansion upon re-exposure to the cholera;
x Differentiate into (large numbers of) plasma cells;
x to produce and secrete more antibodies at faster speed with greater affinities against
the bacterium
x Idea of 2° immune response responding more rapidly and more effectively;
(½ mk each)
(b)

Fig. 10.1 shows a simplified diagram of an antibody.

Fig. 10.1
(i)

Explain how antibodies produced against an antigen may differ in the region Q.
[2]

x
x
x
x
x
x

Class switching;
Due to stimulation by cytokines secreted by T helper cells;
Excision of DNA;
Which allows same VDJ segment to lie next to a different C gene;
Allows the production of IgG, IgA or IgE;
Idea that type of cytokine determines which constant genes are excised within heavy
chain constant domain;
(½ mk each)
(ii)

x

State the significance of (i). [1]

Enable antibody to interact
ct wi
with
ith d
different effector cells / Enable different effector
functions of the antibody
dy / increase
in
ncrea
crea
cr
ease
se the
th range of effector cell functions;
[Total: 6]

11

Fig 11.1 shows
ow
ws th
tthe
he e
ef
effect
ffe
fec
ctt of
of increase
incr
in
crea in temperature on the survival of five different species
cr
of insects found
nd
d iin
n th
tthe
he sa
same
m llocality. All of the insects feed on milkweed plants. For each
species, the mean
value
ea
an va
valu
l e (•) and standard deviation (Iine) of survival was determined. A
lu
positive Cohen’s d vvalue means that there is an increase in the mean value of survival and
a negative d value means that there is a decrease in the mean value of the survival.
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Fig. 11.1
https://conservationcorridor.org/2017/12/warmer-temperatures-and-connectivity-interactto-influence-metacommunity-diversity/
(a)

(i)
x

Suggest why some insect species show positive d values whereas others show
a negative d values although they are found in the same locality. [1]

Difference tolerance range;

A! different thermal limits.
(ii)
x
x

(b)

State the importance of knowing the standard deviation for each set of data.
[1]

Standard deviation (SD) is a measure of distribution of values about the mean,
data sets with large SD means data is very heterogeneous and less reliable compared
data sets with a small SD;
Discuss the impact of continued warming on the different populations of insect
species that are found on the same plant. [3]

x

Continued warming affects survival of the different insect populations to different
extent, (concise QV of the five
e insect
in
nse
s
populations);
x Insect populations with negative
d value at highest threat of death (milkweed
nega
ati
tive
ve Cohen’s
Coh
o
bug), thus impacting
ng on
on the
the possibility
th
poss
po
ssibili of extinction of the species whereas insect
ss
population with highest
high
ghes
gh
he
esst positive
po
p
osiitive d value
val
alue
u (A nerri) has highest chance of survival;
x Within each
ch sp
sspecies,
pec
eccie
ie
es,
s, tthere
here
he
re a
are
re iindividuals
nd
that are outliers with higher d value that
overlap (M
(Monarch,
Mo
on
na
arrch
c , A.
A. n
nerri
erri
er
ri a
and A. asclepiadis) that will survive and compete for
resources
s on
on the
the
he same
same plant;
pa
pl
x Those with b
better
etttte
e
er adapted
ada
ad
phenotypes/ that are able to exploit resources better will be
at selective advantage/have
adv
d
higher reproductive success and increase in number
within their population;
A! reduced biodiversity on the same plant;
[Total: 5]
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VICTORIA JUNIOR COLLEGE
JC 2 PRELIMINARY EXAMINATION 2019 - H2 Biology
Proposed Answers – Paper 3
Section A
1 Otto Warburg made a striking discovery in the 1920s, when he found that cancer cells prefer to
metabolize glucose by glycolysis, even in the presence of normal levels of oxygen. This is a
paradoxical finding in light of the common understanding that glycolysis is a less efficient pathway
for producing ATP compared to oxidative phosphorylation. This became known as the Warburg
effect.
(a) (i)

State why oxidative phosphorylation is more efficient at producing ATP. [1]

x Number of ATP molecules produced by OP is 14x more compared to glycolysis/ 28 molecules of ATP
vs 2 net ATP from glycolysis);
(ii)

Mutation of p53 gene was found to prevent expression of the gene SCO2 in cancer
cells. SCO2 codes for synthesis of cytochrome c oxidase protein, the last electron
carrier of the electron transport chain.
Suggest and explain the effects of lack of expression of SCO2 in the highly proliferative
cancer cells. [5]

x
x
x
x

Deficit of cytochrome C oxidase protein prevents transfer of electron to the final electron acceptor
O2;
Electron carriers of ETC remains reduced so electrons from NADH (coming from glycolysis, Link
and Krebs) and FADH (from Krebs) cannot be transferred down ETC;
No release of energy to transport H+ to intermembrane space → No set up of H+ concentration
gradient across inner mitochondrial membrane, No PMF and no chemiosmosis;
*No OP and no synthesis of ATP in mitochondria;
¾ increase uptake of glucose to sustain metabolism and cell division highly proliferative cancer
cells;
¾ leads to increased lactate formation
as more pyruvate act as alternate H acceptor;
rma
ati
tion
on a

Note: 2m for effects, 2m for
or any
an
nyy off bullets
bu
b
ullllet
ets 1-4
1 -4
*essential point
(iii)

Discuss
sccus
uss tw
ttwo
wo po
p
poss
possible
osssibl consequences of the effects in (ii) on the survival of cancer
cells.[4]
[4
4]

Possible consequence 1:
x increased lactate production lowers pH in cell cytoplasm
x denature cytosolic enzymes
x disrupts cell metabolism and decrease survival of cancer cells
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Possible consequence 2:
x increased lactate production carried away by new blood vessels of tumour mass/ angiogenesis
x Cell cytoplasm pH is not reduced
x Cell metabolism not disrupted
x No decrease in survival of cancer cells
(b) Aerobic glycolysis (another term for Warburg effect) is now generally accepted as a metabolic
hallmark of cancer.
AMP-activated protein kinase (AMPK) plays a central role in regulating cellular energy
homeostasis.
In a study to understand AMPK’s role in cancer, an additional copy of the myc gene and the
AMPK gene were introduced into the genome of a group of mice.
Myc gene codes for the myc protein that stimulates cell division in these mice. Control mice
have the artificially introduced myc gene and normal alleles ( 1+/+) in the AMPK gene. Table
1.1 below shows the genetic modification of the experimental mice.
Table 1.1

The onset of tumorss for
fo
or the
tth
he three
thrre
th
ee groups
g oup of mice was measured (in weeks) and shown in
gr
Fig 1.2.
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Fig. 1.2
(Source: Fauber et al, Cell Metabolism (2013) vol. 17, pp113–124)
(i) Explain why the control group of mice develop tumors. [2]
x Extra copy of myc gene will lead to overexpression of myc protein;
x lead to overstimulation of cell division resulting in tumor formation;
(ii)
x
x
x

x

Describe the results obtained for the experimental groups of mice. [4]

Group 2: These homozygous 1-/- mice displayed accelerated/earlier cancer development/
formation of tumors compared to control animals
QV: with a median/average (idea of) tumor onset of 7 weeks for 50% of mice (and then 0%
remaining tumor-free at 30 weeks);
Group 1: Mice heterozygous for AMPK 1 ( 1+/-) took an intermediate length of time for 50% to
show onset of tumours (idea that it is between the 2 homozygous groups of mice / between control
and Group 2 e.g. faster than control, slower than Group 2);
QV: 50% mice developing a tumors at 10 weeks (and 5% remaining tumor-free at 30 weeks);

(ii)
Suggest possible explanations for the results shown in Fig 1.2. [3]
[Relate the genotype to the amount of functional protein AMPK]:
Either:
x Functional AMPK activates repressor
esso
or that
th is involved in downregulating myc gene expression; [R!
AMPK is a transcription factor
torr ass itit is
is clear
cle
lea
ar iin stem that it is protein kinase thus its role is in signal
transduction that elicits
s a cce
cellular
elllullar rresponse
esspo
e
pon
nse th
nse
ns
tthat
a affects myc gene transcription]
x When both alleles
AMPK, repressor is not activated, cannot migrate to
es are
a e mutated,
ar
muta
muta
mu
ate
ted,
d, no
no functional
func
fu
ncttio
nc
nucleus to downregulate
wn
nre
r eg
gu
ula
ate
te m
my
myc
yc expression
exxpr
e
pre
es
→ earliest onset of tumour formation;
x When one AMPK
mutated, some functional AMPK, so lower levels of active repressor →
PK
K allele
alllele
a
le
ele
e iis
s mu
muta
lower rate of myc ge
g
gene
ene expression
ex
and later onset of tumour formation;
OR
x Functional AMPK inactivates activator that upregulates myc gene expression;
x When both alleles are mutated, no functional AMPK to inhibit activator, active activator migrates to
nucleus to upregulate myc gene transcription → earliest onset of tumour formation;
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x

When one AMPK allele is mutated, some functional AMPK so lower levels of active activator →
lower rate of myc gene expression and later onset of tumour formation;
(c) Fig. 1.3 shows one signalling pathway that regulates AMPK activity in the glucose metabolism
in cancer cells.

Fig. 1.3
(adapted from Garcia and Shaw, Molecular Cell Review (2017) vol 66, pp789-800)

x
x
x
x
x
x

With reference to Fig. 1.3, describe how binding of the hormone to the receptor can result in
the uptake of glucose by the cells. [4]
Hormone binding to GPCR receptor stimulates CAMKK2,
CAMKK2 phosphorylates AMPK;
Activated AMPK phosphorylates and activates TBC1D1, which stimulates translocation (A!
formation) of vesicles containing Glut4 glucose transporters;
At the same time, activated AMPK phosphorylates
and inactivates TXNIP,
pho
osp
s
Inactivated TXNIP unable to inhibit
(A! formation) of vesicles containing Glut1 glucose
hibit translocation
tran
tr
ansl
an
s oc
sl
o
transporters;
Increased no. of both
glucose
transporters
th types
typ
pe
ess of
of g
gl
lucos
ose
os
e tr
tran
ansp
an
in plasma membrane of cancer cell promotes
glucose uptake
e for
orr glycolysis
o
glyyco
colyysi
sis as
as w
well
e l as
el
as synthesis of glycogen in the cytoplasm;
(d) Using yourr kknowledge
nowl
no
wledge
ed
e
dge o
of blood glucose homeostasis, compare the signaling shown in Fig.
1.3 with thatt of glucagon
signaling. [3]
glu
l c

Similarity: both use seven transmembrane receptor/GPCR;
Differences:
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1. Glucagon signalling involves production of cAMP, a second messenger whereas in Fig. 1.3,
CAMKK2 is a kinase that is activated to phosphorylate AMPK; [A! signalling in Fig. 1.3 does
not involve second messenger]
2. Glucagon signalling pathway activates protein kinase cascade that activates other cellular
enzymes (e.g. glycogen phosphorylase) in the signal transduction pathway leading to cellular
response cellular response whereas in Fig. 1.3, there is no kinase cascade involved; [A!
glucagon signalling involves protein kinase cascade whereas signalling in Fig. 1.3 does not]
3. Glucagon signalling is involved in cellular response of releasing glucose into blood stream in
response to blood glucose levels below norm whereas in Fig. 1.3, glucose uptake into the cell
after cellular response of stimulating more vesicles containing glucose transporters to move to
CSM;
4. In glucagon signalling, cellular response involves speeding up the rate of breakdown of
glycogen (glycogenolysis) stored inside liver cells whereas in Fig. 1.3, glycogen synthesis
occurs;
5. AVP;
(e) Other than being the site of aerobic respiration, the mitochondrion is widely accepted as an
evidence supporting the Endosymbiont Theory.
Explain the Endosymbiont Theory and state two features of the mitochondrion that support
this theory. [3]
[Endosymbiont Theory]
x That the mitochondrion was an aerobic bacterium that was engulfed by a primitive eukaryotic cell;
x Its initial symbiotic relationship evolved into an organelle of the eukaryotic cell when both lose
genes that code for products whose functions can be supplied by the other;
[Evidence]
x Size of mitochondrion is same to that of a bacterium (~ 1-2 μm);
x Small circular DNA similar to the bacterial genome/ A! “chromosome”;
x 70S ribosomes similar to that of bacteria and different from the 80S in the cytoplasm;
x Presence of double membrane (suggesting
gge
est
s i that it has been engulfed)
[Total: 29]
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2

a Explain briefly the mechanism that generates B cells that can recognize all possible infectious
agents. [5]
x Somatic recombination involving both the variable regions of both the light and heavy
chain gene loci;
x Multiple different copies of the V, D, J gene segments in germline DNA at the
immunoglobulin heavy gene loci and V, J gene segments at the light gene loci;
x Only 1 segment from V, D and J gene segments is chosen and joined to the constant
region sequence to make the heavy chain gene;
x Only 1 segment from V and J gene segments is chosen and joined to the constant region
sequence to make the light chain gene;
x Many possible combinations of V(D)J due to gene rearrangements, resulting formation of
a repertoire of B cells with different BCRs (B cell receptors) that are specific to different
antigens present on infectious agents (after transcription and translation);
b Suggest why the structure of a B cell receptor is different from the antibody produced by the
same B cell. [3]
x A hydrophobic region present in the Fc domain/constant region;
x that will allow the BCR to embed in the phospholipid of the cell membrane;
x whereas antibody is secreted and soluble and hence the hydrophobic region is either
deleted or masked;
Or
x Class switching;
x They have different constant/ Fc region but same specificity for antigen (with the variable
region or same VDJ segment next to a different C gene);
x leading to antibodies that serve different effector function/ resulting in different classes of
Ig eg. IgG, IgM, IgD etc that are more efficient in killing the pathogen;
c Plasma cells and memory cells differ in their relative abundance of organelles.
(i)
State the differences
ces in tthe relative abundance of two named organelles. [2]
x Plasma cell has more
off ro
eo
rough
roug
ugh endoplasmic reticulum, golgi apparatus/ golgi body,
mitochondria
ria
R: ribosomes
are
osom
om
o
mes
es as
as antibodies
anti
an
t bo
odi
d es a
re synthesized within the lumen of the rER and not by
the
he free
ffrree
e ribosomes
rib
ibos
osom
ome
ess in
n the
t e cytoplasm
th
(ii)
Explain
E
Ex
xp
pllai
aiin
n th
the significance of these differences stated in (i). [3]
x *Plasma
ma ccells are involve in production and secretion of large amounts of antibodies
and antibodies are glycoproteins (whereas memory B cell for production of BCR
only);
Must have to explain the significance
x Explanation for organelle 1;
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x

Explanation for organelle 2;

x

Explanation for rER: synthesis of the protein component of the antibody/translation
of the mRNA that codes for antibody which will be secreted out of the cell (compared
to free ribosomes) Or translation of heavy and light chains of the antibody;
(There must be an indication that antibody is made up of proteins, otherwise, no
mark.)
(A: glycolysation occurring in rER)
Mark once for protein synthesis only. No double awarding for ribosomes and rER.

x

Explanation for GA:
¾ Addition of carbohydrates/glycolysation to the constant domain of the antibody; Or
¾ sorting, modify and packing of the antibodies into secretory vesicles for release to
the outside via exocytosis;

x

Explanation for mitochondria: provide energy/ATP for synthesis of the antibody/
vesicle formation to release the antibody at a high rate for a stronger and more
effective immune response;
[Total: 13]
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3

A group of students decided to collect data to prove that temperature can influence plant
morphology. Data was collected from young rain trees at three different locations (A, B, C) with
different number of cars passing through per hour.
Table 3.1 and Fig 3.2 show the data they have collected.
Location

A

B

C

Number of cars
per hour

Less than 5

Between 5 and
20

More than 20

Average number
of stomata per
leaf

37

33

25

Table 3.1
Fig 3.2 show the temperature change at the locations where the data was collected.
Gasoline was the preferred car fuel used by motorists in these locations. Gasoline produced
carbon monoxide, carbon dioxide, nitrogen oxide, sulfur dioxide after it undergo combustion.
Combustion of gasoline releases a lot of heat.

Fig 3.2
a

What conclusion
ion ca
ccan
a
an
n on
o
one
ne draw
aw ffrom
rom
ro
m the
t data in Table 3.1. [1]
th
x Lower
Lowe
we
w
er a
av
average
ver
erag
age nu
n
number
umb
mber of stomata in location with higher car traffic;

b

Explain how
ow
w the
tth
he following
ffo
foll
ollllo
owi factors can impact the number of stomata. [4]
x Use of g
gasoline
as
x Number of cars
Use of gasoline:
Cause [1]

Need a home tutor? Visit smiletutor.sg

x

Combustion of gasoline releases lots of heat, when the environment gets too hot,
the stoma closes to prevent loss of water vapour;
Effect [1]
x The stoma usually opens for carbon dioxide molecules to enter in order so that
photosynthesis can take place.
x Prolonged closure of stoma can compromise capacity of plant to undergo
photosynthesis, especially the Calvin cycle/light-independent reaction / Carbon
fixation
OR
x Gasoline produced carbon dioxide after it undergo combustion. Environmental
carbon dioxide levels are raised and less stomata is now necessary to sustain
similar photosynthetic levels.
x @ Gasoline produced toxic gases carbon monoxide, carbon dioxide, nitrogen
oxide, sulfur dioxide after it undergo combustion.
x Plants with less stomata may actually have a selective advantage and be selected
for in a natural selection process, hence more plants observed with less stomata;
Number of cars: (similar points as above accepted)
Cause [1]
x Higher temperatures from more car exhausts will cause the roadside temperature
to rise
x Heavier traffic flow will result in a higher level of pollution with higher levels of
emissions of carbon monoxide, carbon dioxide, nitrogen oxide, sulfur dioxide.
Effect [1]
x stomata to close up in order to reduce water loss via transpiration / sufficient carbon
dioxide.
x carbon monoxide, carbon dioxide, nitrogen oxide, sulfur dioxide toxic gases that
can be detrimental to the plant
x Plants with less stomata may actually have a selective advantage and be selected
for in a natural selection process, hence more plants observed with less stomata;
FYI: Guard cells might die from prolonged
p
closure leading to lower numbers of stomata.
d

It was later found that the
he data
da
ata collected
col
olle
lec
le
came from five young rain trees.
s, ccomment
om
mment
ment
me
nt o
n th
he ex
exte
tent of validity of the experiment. [3]
te
In view of this,
on
the
extent
Valid if:
x Nu
Number
umb
mbe
ber o
off leaves
le
– may be significant if at least 50 are taken from each tree and
compared
mpa
mp
are
x Leaves are randomly picked from all parts of the tree, high and low
x AVP;
Invalid if:
x Sample size too small for the number of trees (too few at 5 only)
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x
x
x

sampling is non random
Small sample taken from a few trees may not reflect the selection pressure as
being favourable in selecting for less stomata in leaves.
AVP;
[Total:8]
Section B

4

(a)

A critical step in the evolution of eukaryotic cells was the development of an endomembrane
system and the acquisition of special membrane-enclosed subcellular organelles.
Justify this statement using named examples. [13]
This statement is valid for eukaryotes
Division of labour, specialization (within a cell); [4]
¾ Describe at least 2 different organelles and their function;
Examples: Rough Endoplasmic reticulum (ER), Smooth Endoplasmic reticulum (ER)
Golgi Body etc
Compartmentation – optimum conditions, accessing the intermediates, enzymes [4]
¾ Describe at least 2 different organelles and their function
Example:
x
Membranes consist of a mosaic of protein molecules floating in a fluid phospholipid bilay
x
Separates cell content from the surrounding. It also allows for compartmentalization
within the cell and hence the formation of specialized organelles.
x
As a barrier to most water-soluble molecules and ions (due to the hydrophobic core of
the bilayer). However, It allows fat-soluble substances and small molecules (e.g.
carbon dioxide, oxygen) to move across easily.
x
Provides fluidity to the membrane which is important for cell sealing and healing.
x
Allow water-soluble ions,
ns,, glucose,
g
gl
amino acids and proteins to be transported into
or out of the cells as these
cannot diffuse through the hydrophobic core of
the
hese
he
se molecules
mol
o
the cell membrane.
bran
a e
e..
Other possible
e examples:
exa
amp
mple
mple
les:
s: Nucl
Nuclear
clea
cl
ar en
enve
envelope, lysosomes, etc
Acquisition
io
on of
of sspecial
pe
p
ecciial m
membrane-enclosed
embr
em
b
subcellular organelles [3]
x More energy
ene
nerg
ne
gy production/
prod
pr
odu
od
efficiency of energy production – eg. mito, chloroplast
¾ De
Describe
esc
scrib 2 different organelles and their function
Example: Mitochondria, chloroplasts
Endosymbiont theory [2]
¾ This theory states that an early ancestor of eukaryotic cells engulfed an oxygenusing non-photosynthetic prokaryotic cell. Eventually, the engulfed cell formed a
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relationship with the host cell in which it was enclosed, becoming an
endosymbiont (a cell living within another cell).
¾ Over the course of evolution, the host cell and its endosymbiont merged into a
single organism, a eukaryotic cell with a mitochondrion. At least one of these cells
may have then taken up a photosynthetic prokaryote, becoming the ancestor of
eukaryotic cells that contain chloroplasts.
QWC – must answer both parts on “development” as well as “acquisition. 1m
4

b

Interactions between different biomolecules (proteins, carbohydrates, lipids) within cells and
between cells and the environment are critical to the survival of cells.
Discuss the importance of interactions between proteins and the different biomolecules in
the structure, growth and reproduction of a prokaryotic cell. [12]
Framework for marking
4m maximum for each example
x Identifying the biomolecule that the protein interacts with (eg. carbohydrate/ lactose)
and the structure (eg. peptidoglycan cell wall) – 1m
x Description of the interaction (eg. complementary fitting or described etc) – 2m max
x Importance of the interaction to the prokaryote (eg. synthesis of proteins/ hydrolysis
of lactose to glucose which is used for respiration)
QWC - Answers must include structure, growth and reproduction AND interactions with 2
other different biomolecules.
Structure: (examples)
1. Protein-carbohydrate – peptidoglycan cell wall – prevents cell from bursting when
absorbing water;
2. Protein-DNA – packaging of genome – pack a lot of genetic material into a small
space;
3. Protein-phospholipids – cel
cell membrane structure – fluidity of membrane;
4. AVP
Growth: (examples)
mples)
s)
s)
1.
Pr
Protein-carbohydrate
rot
ot e
eiin-ca
arb
rboh
ohyyd
dra
ate – lac
l repressor with allolactose (inducer) – expression of
lac
la
ac oper
o
op
operon
per
eron
ro
on
n
2.
Proteincarbohydrate
– maltose with protein transporter on cell membrane –
Pr
P
ro
ottei
ein- ca
carb
rbo
rb
uptake
up
pta
take of maltose
take
3.
Proteincarbohydrate- lactose with β- galactosidase – hydrolysis of lactose into
rot
glucose and galactose to provide respiratory substrate
4.
Protein-nucleic acid/DNA/RNA – in transcription/translation etc – resulting in
synthesis of enzymes involved in metabolism
5.
AVP
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Reproduction: (examples)
1. Protein-nucleic acid/DNA – DNA polymerase with DNA - DNA replication, synthesis
of genetic material for daughter cells;
2. AVP

5

(a)

The monarch butterfly (Danaus plexippus L.) is a long distance migratory species of butterﬂy
in North America. It has experienced population declines in recent years due to global
warming effects.
In the oceans, the Chinook salmon migrate hundreds of kilometres from their place of birth
to the ocean and back. Climate change has reduced the numbers that survive this journey.
The effect of climate change is far reaching. Climate change affects an individual species in
terms of its survival and spread, as well as all other species that are associated with it.
Discuss how climate change can impact land and marine ecosystems. [13]

Introduce major anthropogenic factors leading to global warming and brief on ecosystems [2max]
x Some examples of human activities (fossil burning, deforestation, ruminant ranching) that
contribute to enhanced greenhouse effect that causes the global average surface temperature
to increase;
x The effects of global warming are evidenced by melting glaciers and sea ice, shifting
precipitation patterns, rising sea levels, extreme weather;
x Definition of ecosystems - a biological community of organisms in a particular area that interact
with one another and with their physical environment (that includes weather, earth, sun, soil,
climate, atmosphere);
Migration & Impact on Ecosystem [3 max]
x Migrate, adapt or perish – relate tolerance range to global warming
x Altitude and latitude movement - As te
temperatures change, plant and animal species are shifting
their geographic ranges at faste
faster
terr ra
te
rate
rates
tes - butterfly populations are shifting to higher elevations
te
/to higher, cooler areas
s du
due
ue tto
o climate
clliima
mate
t ch
te
change and loss of habitat;
x Many aquatic species
colder
areas
pecies
es ccan
es
an ffind
an
ind co
cold
der a
r a of streams and lakes or move northward along the
re
coast or in the
e ocean;
occea
oc
ea
e
an
n;;
x Idea of how
ocean temperature can impact the metabolic rate, physiology of
ow
w increase
incr
in
cre
ea
ase
se iin
n oc
ocea
Chinook salmon
mon
on an
a
and
nd th
thei
their
e r numbers;
x Idea of how increase
in
ncr
cre
eas in temperature affects the food webs e.g. butterfly caterpillars are
important herbivores as well as a food source for small mammals and birds, thus they play a
significant role in an ecosystem.
x Idea of how migration of animals into new areas may result in competition with the native
species over food and other resources, causing imbalance in the native ecosystem;
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x
x

Their departure from their original habitat or death creates a physical vacuum and if they are
keystone species, can lead to the decimation of the intricately entwined ecosystem altogether;
This also raises a range of sustainability issues for the non-migrating fish species. Those unable
to migrate may not survive in the disruption of food web.

Phenology [2max]
x Animals use predictable environmental cues for the timing and navigation of migration. A
change in these cues will affect the phenology and extent of migration;
x Impact on flowering, laying eggs or migrating etc and relate to insects and fish not being able
to regulate their body temperatures;
x mismatch in the availability and timing of natural resources can influence species' survival;
E.g. if insects emerge well before the arrival of migrating birds that rely on them for food, it can
adversely affect bird populations;
x impact of mismatch on the ecosystems eg. bringing together species that haven't previously
interacted and creating mismatches between animals and their food sources
Reduction in biodiversity [2max]
x Species extinction - climate change and habitat destruction affect butterfly populations
x Animals that have narrow environmental or ecological tolerance are greatly affected. For
example, species that must live at high altitudes or live in cold water with a narrow temperature
range, such as salmon, face an even greater risk due to climate change.
x Coral reefs are bleaching due to warmer temperatures due to stress-induced expulsion or death
of their symbiotic protozoa, zooxanthellae, or the loss of pigmentation within the protozoa.
x Increased ocean acidification reduces the ability of corals to create their skeletons and can
compromise their fertilization process;
x Acidification may threaten the structure of sensitive ecosystems upon which some fish and
shellfish rely;
Pest-host relationships / pathogen-host relationships [2max]
x Earlier thaw and shorter winters / longer growing seasons and warmer winters can extend
growing seasons for insect pests and this can have
devastating consequences on the
ecosystems;
x Changes in migratory behaviour
behavvio
our also
al
alter the incidence of infectious disease and its
transmission;
Other Impacts on land
lan
and and
an
and marine
an
ma
m
a
ari
rine
ri
in
ne
e ecosystems
eco
osy
syst
(on humans) [2max]
x Shifting climate
ma
ate
te cconditions
ondi
on
ondi
diti
t on
ns a
are affecting valuable ecosystem services, eg. role of coastal
habitats in dampening
amp
mpe
mp
penin
ing
g storm
st
surge or the ability of our forests to provide timber and help filter
our drinking water;
atter
e;
x Shifts in the abundance and geographic range of economically important marine fish result in
some local fisheries declining or disappearing;
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x

x

more frequent heavy rainfall events increase the movement of nutrients and pollutants to
downstream ecosystems, likely resulting in ecosystem change and impacting quality of drinking
water;
Expanded distribution latitudinally and altitudinally of insects that are vectors of pathogens pose
global health threat e.g. mosquitoes that carry dengue virus are now found more often in
temperate countries and at higher elevation in Africa;

QWC – answers must shoe clearly the impact of climate change on the ecosystems.
[Students can restrict their answers to butterflies and salmon or include other examples.]
5

(b) Research has shown that the genome of humans and other mammals contain DNA derived
from viruses. About 8% of the human genetic material in the genome was found to be of viral
origins. Many of these viral DNA are non-coding sequences.
Explain the significance of the functions played by different types of non-coding DNA.
Suggest how viral DNA could have entered the human genome and discuss the importance
of studying them. [12]
x
x
x
x
x

Centromeres;
Site of assembly for kinetochore proteins;
For attachment of spindle fibres;
That allow equal separation of chromosomes during nuclear division;
Prevent non-disjunction leading to aneuploidy or polyploidy from occurring;

x
x

x

Telomeres;
Act as buffers to prevent against loss / erosion of crucial genes due to end
replication problem (from successive rounds of replication)
Prevent fusion of chromosome ends / maintain integrity of chromosomal ends;
Limit the life span of the cell as cell undergo cell apoptosis (when critical length of
telomere is reached);
Prevent accumulation of mutations in the cell line;

x
x
x

Introns;
Allows different
fere
rent
n combinations
com
ombi
bina
natition
o s of exons in mature mRNA (idea of alternative splicing)
Allowing
wing
ng
g1g
gene
en
ne to
to code
cod
de fo
forr more
m
than 1 polypeptide;

x
x
x
x
x
x

Control
Co
on
nttro
tro
ol elements
elem
el
emen
ents eg.
ents
e promoters, enhancers, silencers
om
mot
oter – binding
bi
Promoter
of RNA polymerase and general transcription factors;
for initiation
of transcription;
ittia
i t
Enhancer and silencers – interaction with specific transcription factors;
resulting in upregulation and downregulation of transcription;
gene regulation allows cells to perform specialized functions;

x
x
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x

idea prevents wastages of resources by only synthesizing proteins that are
required;

x
x
x
x
x
x
x

Retrovirus infect ancestor cell;
Ref viral glycoproteins binding to specific receptors on host cell;
Ref fusion of viral envelope with host plasma membrane;
Viral RNA / genome undergone reverse transcription;
Into viral DNA which is integrated into host DNA;
Viral genome not removed or excised;
Idea that presence of viral DNA does not affect fitness of organism;

x
x
x

Idea of comparing viral non-coding DNA sequences;
To determine extent of similarities / homology;
Use to study phylogenetics – to trace the evolutionary relationships between
organisms;
Study how humans have evolved through changes to their genome;
Idea of tracing cause / origins of infectious diseases;
Idea of creating vaccines / drug design against similar viruses;

x
x
x

QWC – 1 (students addressed both components of non-coding DNA, as well as introduction
of viral genome and its importance)
[Total: 25]
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Victoria Junior College
Biology Department
2019 JC2 Preliminary
Answers 9744/4

Question 1
(a) You are required to make simple dilutions of the proteins in the milk, M (1.0%) to obtain 4 other
concentrations of milk. Present your dilution table in the space below.
Volume of distilled water, W
Percentage of concentration
Volume of M / cm3
of milk / %
/ cm3
1.0
10.0
0.0
0.8
8.0
2.0
0.6
6.0
4.0
0.4
4.0
6.0
0.2
2.0
8.0
1. Correct headers with units AND independent variable (% concentration of milk) as first column;
2. 4 proposed milk concentrations equally spaced apart, spanning across range AND Correct d.p.;
(b) (i) Record your results in an appropriate table for the known concentrations of milk, using only the
standard colors shown in the color chart.

1.
2.
3.
4.
x

Percentage concentration
of milk / %

Colour change observed

Observation of extent of
coagulation

1.0

Violet

++++++

0.8

Violet

++++

0.6

Pale violet

+++

0.4

Blue

++

0.2

Blue

+

U

Violet

++++

Correct headers with units AND
D Ind
Independent
dep
epen
ende
en
d
variable in first column;
Correct trend for colour change
from blue to pale violet to violet);
hang
nge (colour
( co
(c
ollou
our to progress
pro
Correct trend for coagulation;
agu
ula
ati
tio
on
n;
Students only used
AND
from the chart and fig. respectively AND results are
ed ccolours
ed
olou
ol
urrs
sA
ND
N
D ssymbols
ymb
ym
presented in the
e SAME
SAM
AME ta
ttable;
abl
b e;
re
e able
able
ab
abl
le tto
o rrecord their observations based on strictly the colours depicted in the
Most students were
eu
sa of ‘+’ to denote extent of coagulation.
colour chart and the
usage
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You are now required to estimate the concentration of milk in sample U.
(ii) Describe how you would determine the protein concentration in sample U. [2]
x
x

Put 2 drops of U onto the spotting tile, then add 1-2 drops of K and 0.5cm3 of C to it. (Accept
repeat step 6 to step 9 with U)
Compare with colour standards AND match the colour of sample to the closest match of colour
in the standard milk concentrations

(iii) Estimate the concentration of milk in sample U. [1]
x

0.7% (accept 0.6 – 0.8%)

(iv) Besides repeating the experiment, explain how you would modify the experiment to increase
confidence in your results. [2]
x Use a syringe to transfer fixed volume of milk to spotting tile for testing;
x To ensure that volume is constant across the samples;
OR
x Use a different pipettes for each concentration of milk to prevent cross contamination affect the
results.
OR
x setup of tubes in water bath of a constant temperature;
x to ensure that temperature does not denature milk proteins;
OR
x set up a control tube by replacing the milk with equal volume of distilled water;
x this ensures that any colour change observed in experimental tubes is due to presence of
proteins in the milk;
(c) Complete Fig. 1.2 to show the position on the line of each of the percentage concentrations of
milk stated in the dilution table in (a).
Put the label U on Fig. 1.2 to show an estimate of the concentration of milk which provides a
measure of the proteins in U, using the result in (b) (i).

Fig. 1.2
x

Accept 0.7% OR based
on student’s answer in (b)(iii)
assed o
[2]
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(d) (i) Both methods (I) and (II) provide a subjective and quick estimation of the protein
concentration in milk U.
Evaluate both methods in terms of their accuracy in determining the protein concentration in
the milk. [3]
x

x
x
x
x

Method (I) more accurate as colour change is more obvious and easily observed compared
to method (II) of observing coagulation in milk (accept white colour of milk makes
coagulation hard to observe);
Method (I) more accurate as the colour chart present an actual observable reference point
but method (II) does not;
Method (II) more accurate as there are more benchmarks in standards from 1+ to 6+ while
method (I) only has 3 colours for comparisons;
Method (II) more accurate as it recorded quantitative data compared to recording qualitative
data in method (I);
AVP;

(ii) Describe one improvement to the procedure in method (II) to allow one to obtain a more accurate
result. [2]
x Filter the solid and blot away any liquid;
x Weigh the mass of the coagulated milk;
OR
x Measure time taken for first coagulation to occur;
x To obtain a quantitative reading which reflect the protein concentration in milk;
OR
x Stagger the addition of A to each tube of milk;
x Ensure all milk samples have the same 1 minute for coagulation to occur;
OR
x accept pouring the milk + A onto a petri dish (accept other named apparatus with large surface
area);
x To allow coagulation to be seen more easily;

(e) Plot a graph of the data in Table 1.3 in the grid provided below.
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Question 2
TSF- TS Ranunculus root
K5 – TS Ranunculus stem
(a) Observe TSF using the 10x objective.
An eyepiece graticule scale is attached to your microscope.
(i) Outline how you can use the graticule to help you draw an accurate plan diagram of TSF showing
the correct proportions of the different tissues, without needing to calibrate the eyepiece graticule
scale. [2]
[How to measure the thickness of the different tissues]
x Align eyepiece graticule along the length and/or breath of the different tissues and measure
their thickness by counting the number of eyepiece graticule units;
[How to determine proportion and represent in drawing]
x Determine the relative proportion of each tissue by finding the ratio based on number of
graticule units Or divide the length of each tissue by the diameter of the root;
x Use 1cm to represent 20 graticule units in the drawing;
[2 max]

(ii) use the information that you have collected with the eyepiece graticule, make a plan drawing
of TSF in the space provided below. [4]
Marking points [4m] – 1m each
x Size of drawing (50% of space or at least 7 cm in height)
S
1
x Plus at least 3 lines
2

L

3

P

4

D

x Number of layers – 4 (Epidermis + cortical region + endodermis + xylem)
x Proportion of the stele (center cylinder) to the entire root
(Stele is 1/6 (0.167) to 1/5 (0.2) of the whole root.)
x No cells
x Solid, continuous lines

(b) You are provided with a plastic
sticc rul
ruler.
uller
er. U
Use
se th
the plastic ruler to calibrate your eyepiece under 100x
magnification.
(i) Explain why this
compared to the use of stage micrometer. [2]
hiss is
is a less
less
le
ss accurate
ac
cc
cur
urat
ate
e method
m
(Either one below)
[Idea of alignment problem]
lem
x As the lines on the ruler are thick, there is difficulty in aligning the eyepiece graticule with the
ruler for calibration as several eyepiece graticule units overlap one marking on the ruler Or
difficult to decide where to start and end the reading of the eyepiece graticule;
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x

Compared to the stage micrometer which has thinner lines and the division superimpose
accurately with the division on the eyepiece graticule;

[Uncertainty is larger with the ruler]
x Smallest division on ruler is 1mm whereas that of stage micrometer is 0.01mm (note this will
depend on the stage micrometer given);
x Higher percentage error/ higher uncertainty with ruler;

(ii) Calculate the magnification of your drawing. Show your working clearly. [2]
x 100 eye piece divisions = 1mm on the ruler;
x Magnification = Drawing size/ Actual size + Correct calculation;
(Note: drawing size must be indicated on the plan drawing, otherwise = 0)

(c) Observe the central tissue in the root on TSF.
The cells in the central tissue are not identical.
Make a large drawing of this group of four cells.
Use one ruled label line and label to identify the cell wall of one cell. [4]
Marking points [4m]
x Size of drawing (50% of space: min 5cm combined)
S
1
x Quality of drawing
Differences in the cells drawn
a. Cell wall thickness – must be obviously different (note: cell wall must be
D
drawn for all cells.)
2
(2m)
b. Shape – at least 2 cells must be angular – of which 1 cell must have 5
sides or more)
x Label 1 cell wall
L
3
x 4 cells touching; without intercellular air spaces
Do not award if label line
ne criss-cross with other labels.

(d) Using high power, observe
erv
ve
x the cells that form
the
outermost
m th
he o
ou
utte
erm
mos
ost
st la
llayer
aye
yerr (P
(P) as well as
x the cells that are
of the section (Q).
re
e next
nex
ext to
to the
th
he
e central
cen
entr
tral
al cavity
c
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(i) Prepare a table below to describe three structural differences between the cells found in P and Q.
[3]
Any 3 features
Features
Shape

x

Size

x
x

Cell wall thickness

x

Special features/
Arrangement

x
x

Epidermal cells/P
Squarish/
rectangular/angular
Smaller
All cells – similar sizes/
uniform in size
Unevenly thickened/ thicker
cell wall on the outside
Tightly packed as one
single row;
Absence of intercellular air
spaces

Parenchyma cells/Q
x Roundish
R: irregular circular shape
x Larger (about 5 to 6x larger)
x Cells show a range of sizes/
not uniform in size
x Uniformly thin/ thinner cell wall
x
x

Loosely packed and more than
one layers
Presence of intercellular air
spaces between cells

(ii) Based on your observations in (i) above, provide an explanation for the increase in A when
the stem is placed in a sucrose solution with a higher water potential than the cells. [3]
x

Water will move from a higher water potential (sucrose solution) to a lower water potential (plant
cells) by osmosis, causing cells to be turgid;

[Identify feature]

Differences in cell
wall thickness

Differences in cell size

x thicker cell wall in
P restricts
expansion of cells/
expand whereas/Or
thinner cell wall in
Q allows more
expansion;

x larger cell size of Q
allows more water to
enter into cells
resulting in greater
increase in cell size
compared to P;

Presence of
intercellular air
spaces/ multiple
layers
x intercellular air
spaces - Allows for
expansion of cells in
Q
x Multiple layers of Q –
the greater
expansion of
individual cells in Q
collectively results in
larger overall
increase in the
length of stem at the
inner surface
compared to outer
surface or P
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[Relate to
differences in
expansion]
[Relate to increase
in A]

x This leads to a greater increase in length of the inner region/ Cells Q –
resulting in stem bending outwards;
{Idea that Q expands more than P, resulting in the inner region of the
stem increasing in length more than outer}
R: Larger SA of Q because of its larger size. A larger cell has a smaller SA
to volume ratio compared to a smaller cell.
R: cuticle if cuticle is not one of the features in (i).

Question 3
(a) (i) Complete Table 2.2 below. [2]
Type of
Diameter of
penicillin
decolourisation
/mm
P1
8

Area of decolourised zone
around the well, ߨ ݎଶ / mm2 
50.27 ~50

Antimicrobial
activity against
Mtb
Lowest

P2

11

95.05~95

Highest

P3

10

78.55~79

High

P4

9

63.63~64

Moderate

@1m
1. Correct trend of diameter (A! within 10 minutes) and calculation of area to whole numbers (note
that mm is smallest division on ruler, so round up to whole numbers);
2. Correct conclusion and wording about differential levels of microbial activity (P2>P3>P4>P1);
(ii) Identify the most effective of the four penicillins used and explain why. [2]
x
x

P2 with the largest area of decolorisation indicates most bacteria death and thus the highest
antimicrobial effect of the type of penicillin/ effectiveness of penicillin in destroying Mtb;
by preventing formation/ weakening integrity of cell wall leading to lysis and cell death (AW);

Need a home tutor? Visit smiletutor.sg7

(b) Design an experiment to determine the most effective concentrations of isoniazid when used
together with 2% C10 to kill Mtb. [9]
Mark Scheme:
Independent variable:
1. States that independent variable is relative concentration of component antibiotics and uses
uniformly-spaced concentrations
isoniazid/ C10
combinations
/%

Volume of
100%
isoniazid
/ ml

Volume of
20% C10
/ ml

Volume of
sterile distilled
water
/ ml

*30/0
30/2
25/2
20/2
15/2
10/2
5/2

3.0
3.0
2.5
2.0
1.5
1.0
0.5

0.0
1.0
1.0
1.0
1.0
1.0
1.0

7.0
6.0
6.5
7.0
7.5
8.0
8.5

Total volume
of
isoniazid/C10
cocktail
/ ml
10.0
10.0
10.0
10.0
10.0
10.0
10.0

Dependent variable:
2. Area/ diameter of clearance around the well
Controlled variables:
3. Ref. to controlling temperature at 37°C with incubator oven
4. Identify and describe another variable to be controlled (e.g. volume of antibiotic sample, same
dimensions of wells, duration of incubation, same concentration and volume of Mtb to plate, etc.)
Scientific Theory and Reasoning:
5. Explains that bacteria death is indicated by clear zone around well due to death of cells.
Method:
6. Shows how to perform a simple dilution to obtain the specified relative concentrations
7. How to use of ruler/ graph paper to measure (diameter – broadest part of well) and how to calculate
area of clear circle around well
8. Describe how to determine the cocktail with most effective absolute concentrations of isoniazid
used with 2% C10
Reliability:
9. Performs at least two more repeats
ats with
with fresh
fres reagents
Accuracy:
10. Repeating with decreased
off relative concentrations to obtain more data to achieve
dec
ec
e
crre
e
eas
ased
ased
as
ed intervals
in
ntter
ervals o
experimental aim
Control:
11. Perform a negative control using same volume of distilled water
Recording:
12. Shows how results are to be presented in the form of a table with IV and DV in appropriate
column/rows
Need a home tutor? Visit smiletutor.sg8

Risk/safety:
13. Refers to use of a biosafety cabinet in performing the procedure / isoniazid and C10 are skin
irritants, wear goggles and gloves to prevent contact / isoniazid and C10 may cause allergic reactions,
wear goggles and gloves to prevent contact and wash skin if contacted through spills.
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1

Lysosomes vary in shape and size, making them difficult to identify.
What describes a lysosome?

2

A

a vesicle containing enzymes, enclosed by a double membrane, that is budded off the
endoplasmic reticulum

B

a vesicle containing hydrolytic enzymes and surrounded by a single membrane, found only in
phagocytes

C

vesicle enclosed by a single membrane, containing several different hydrolytic enzymes that may
act inside or outside the cell

D

vesicle surrounded by a double membrane, containing enzymes which can hydrolyse damaged
organelles in a cell

The table compares three molecules, X, Y and Z, which contain the elements carbon, hydrogen and
oxygen only.
The percentage of carbon, hydrogen and oxygen atoms in each molecule is shown.

Which row correctly identifies molecules X, Y and Z?
molecule

3

X

Y

Z

A

monosaccharide

disaccharide

polysaccharide

B

monosaccharide

polysaccharide

triglyceride

C

polysaccharide

triglyceride

monosaccharide

D

triglyceride

monosaccharide

polysaccharide

When a peptide bond is formed, which statement is correct?
A

One amino acid loses a hydroxyl group from its amine group.

B

One amino acid loses a hydroxyl group from its carboxyl group.

C

Both amino acids lose a hydrogen atom from their amine group.

D

Both amino acids lose a hydrogen atom from their carboxyl group.
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The following figure shows the results of an experiment in which samples containing the same
concentration of enzyme and substrate were kept at different temperatures for periods of one, two and
five hours. The quantities of product formed were then determined.

Which statement below does not describe the graphs?
A

As the duration of the experiment decreased, the smaller the quantity of products formed.

B

As the duration of the experiment increased, the rate of denaturation of the enzyme becomes
faster.

C

As temperature increased, the quantity of products formed increased.

D

Optimum temperature for the experiment held over one hour was higher as the enzyme had more
disulfide bonds in stabilizing its structure.
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Which row correctly describes the structure of collagen?

A

covalent bonds hold the
polypeptides within the
triple helices together

about one third of the amino
acids in a molecules are
glycine

collagen does not have a
quaternary structure

B

each of the three
polypeptide strands forms a
right-handed helix

there is a high proportion of
the amino acids proline and
glycine

the triple helices are
insoluble in water

C

the polypeptides in a triple
helix are held together by
hydrogen bonds

the triple helices are cross
bonded to one another by
hydrogen bonds

the glycine side chains are
always on the outside of the
helix

D

three polypeptide helices
are twisted together into a
right-handed triple helix

triple helices cross bond to one
another with staggered ends

every third amino acid in a
polypeptide is usually
glycine

The mechanism of action of four drugs that inhibit DNA replication is stated below.
x

Aphidicholine inhibits DNA polymerase.

x

Cytarabine is converted into a molecule that can substitute for a DNA nucleotide and also
inhibits DNA repair mechanisms.

x

Epirubicin inhibits an enzyme involved in the unwinding of DNA and separation of strands.

x

Hydroxycarbamide inhibits an enzyme involved in the production of deoxyribonucleotides.

Which row correctly matches a drug to an explanation of the mechanism of action?
Explanation of mechanism of action

©YIJC

Decreased pool of
available nucleotides
inhibits chain
elongation

DNA strands not
available as
templates for
replication

DNA damaged
during replication
and cell death
occurs

Exposed DNA
template strands
unable to be copied

A

aphidicholine

epirubicin

cytarabine

hydroxycarbamide

B

epirubicin

cytarabine

hydroxycarbamide

aphidicholine

C

hydroxycarbamide

aphidicholine

epirubicin

cytarabine

D

hydroxycarbamide

epirubicin

cytarabine

aphidicholine
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Exceptions to the universal genetic code are found in mammalian mitochondria, as shown in the table.
in mammalian cytoplasm,
codes for

in mammalian mitochondria,
codes for

AGA

arginine

stop / termination

AGG

arginine

stop / termination

AUA

isoleucine

methionine

UGA

stop / termination

tryptophan

mRNA codon

A short length of messenger RNA was synthesised with the following base sequence.
AUAAGAAGGUGA
How many peptide bonds would be formed by ribosomes translating this mRNA in mammalian cell
cytoplasm and in mammalian mitochondria?

8

9

mammalian cell cytoplasm

mammalian mitochondria

A

2

1

B

2

0

C

3

0

D

3

1

Which feature of the life cycle of some viruses may result in the development of cancer?
A

Viral RNA can integrate into the chromosomes of host cells.

B

Viruses can cause cell lysis and spread to other host cells.

C

Viruses can cause loss of function mutations in proto-oncogenes.

D

Viruses can increase the rate of the cell cycle of host cells.

Which of the following identifies the genome of an influenza virus?
percentage of nucleotides needed with particular base

©YIJC

adenine

cytosine

guanine

thymine

uracil

A

15

20

25

0

40

B

40

10

10

40

0

C

30

15

15

0

30

D

10

35

35

10

10
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The following images show stages in meiosis in the order in which they occur.

Source: Radbound University Nijmegen, Faculty of Science
www.vcbio.science.ru.nl (Virtual Classroom Biology)

Which one of the following statements is correct?
A

During the stage shown in image 9, chromatids separate.

B

Cells after the stage shown in image 10 are haploid.

C

During the stage shown in image 11, DNA will be replicated.

D

Homologous chromosomes pair up in the stage shown in image 12.
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Students examined the nuclei in cells from the tip of an onion root using the high power of a light
microscope.
They counted the number of cells in each stage of the mitotic cell cycle, which they recognised from
the appearance of the chromosomes, nuclear envelope and nucleolus. The onion had been kept in
conditions in which the cell cycle was known to take 24 hours.
Stages of mitosis
interphase

appearance

P

Q

R

S

nuclear
envelope and
nucleolus
visible

nuclear
envelope and
nucleolus
invisible

nuclear
envelope and
nucleolus
invisible

nuclear
envelope and
nucleolus
invisible

nuclear
envelope and
nucleolus
invisible

chromosomes
invisible

chromosomes
visible in
random
arrangement

chromosomes
arranged on
spindle
equator

chromosomes
arranged in
two groups

chromosomes
arranged in
two groups

spindle
microtubules
visible
between the
groups

cell plate
visible
between the
groups

1

2

number of
cells
(out of 96
counted)

80

10

3

Approximately how long was the duration of metaphase?
A

15 minutes

B

30 minutes

C

45 minutes

D

2 hours 30 minutes
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If DNA is damaged, checkpoints in the cell cycle can either trigger DNA repair, allowing the cell to
progress through the cell cycle or, if this cannot be carried out, divert the process to programmed cell
death (apoptosis).
Breaks in double-stranded DNA can be repaired using proteins such as p53 and Chk1.
About half of all cancer cells have non-functional p53 proteins.
An inhibitor for Chk1 protein has been developed as a treatment for cancer patients to improve tumour
shrinkage during radiation treatment.
How would this Chk1 inhibitor benefit these patients?

13

A

Chk1 genes would be damaged and unable to repair DNA.

B

Fewer healthy cells would have damaged DNA.

C

More cells with non-functional p53 protein would undergo apoptosis.

D

The radiation treatment would kill all the tumour cells.

In a mouse model experiment, deletion of the multi-drug resistance (mdr) gene in liver cells leads to
the development of liver cancer. Loss of mdr gene and its encoded protein leads to the accumulation
of bile acids that initiates liver inflammation, a process that recruits white blood cells to the target site.
These white blood cells secrete Tumour Necrosis Factor-α (TNF-α) that binds to the corresponding
receptor on liver cells, which in turn activates a specific transcription factor. Activation of this
transcription factor has been shown to result in the elevated levels of an anti-apoptotic protein and a
growth-promoting protein produced by liver cells. These proteins are involved in the progression of liver
cells to turn cancerous.
Based on the information above, which of the following can be concluded?
A

mdr gene is a tumour suppressor gene which codes for a protein involved in apoptosis.

B

The progression to liver cancer requires mutations in proto-oncogenes and tumour suppressor
genes.

C

The progression to liver cancer can occur when a loss-of-function mutation in the mdr gene results
in the over-expression of the other proto-oncogenes.

D

The metastasis of liver cancer is accelerated with the recruitment of more white blood cells due
to elevated levels of TNF-α.
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The following describes some aspects of operons.
1

is an anabolic operon

2

is a metabolic operon

3

has more than 1 structural gene controlled by a single promoter

4

function as transcription unit with more than 1 structural genes

5

repressor binds to inducer to be inactivated

6

repressor binds to silencer to be activated

Which row correctly describes the lac and trp operon?

15

lac operon

trp operon

A

2 and 5

1 and 6

B

2 and 3

1, 3 and 4

C

2, 3 and 4

3 and 5

D

3 and 4

1 and 3

The following statements describe bacterial conjugation.
1

The F plasmid is made of single-stranded DNA

2

When an F+ donor gives an F plasmid to an F- recipient, both become F-

3

When an F+ donor gives an F plasmid to an F- recipient, both become F+

4

When an F+ donor gives an F plasmid to an F- recipient, the donor becomes F-

5

When F+ cells are mixed with F- cells, eventually all the cells will become F+

Which of the statements is / are true?
A

1, 2 and 4

B

3 and 5

C

2 and 4

D

3, 4 and 5
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A telomere is comprised of a 230-kb array of duplex TTAGGG repeats. This DNA sequence exists as
a telomere loop, in which the 3’ overhang folds back on itself. Proteins known as TTAGGG repeatbinding factors (TRFs) are associated with the duplex repeats.

Which of the statements below explains the significance of the formation of the telomere loop?
A

Telomeres are DNA-protein complexes that have regulatory functions in preserving the length of
genes found at the chromosomal ends.

B

Telomeres are highly conserved across all eukaryotic species with little variation in the base
sequences.

C

Telomeres are repetitive sequences that are permanently cross-linked by proteins such that the
chromosome ends will not be truncated after every cell division.

D

Telomeres protect the ends of chromosomes from enzymatic degradation or fusion with other
chromosomes.
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Drug R is a DNA methyltransferase inhibitor and drug Q is a histone deacetylase inhibitor. An
experiment was carried out to investigate the effects of drugs R and Q on expression of a gene. The
graph shows the experimental results.

Which are possible explanations to the results shown?
1

Drug Q results in weaker binding of histones to DNA.

2

Drug Q increases gene expression by increasing accessibility of RNA polymerase to the
promoter.

3

Drug R increases gene expression by preventing methylation at CpG islands at the
promoter.

4

Inhibiting DNA methylation is more effective in increasing gene expression than inhibiting
histone deacetylation.

A

1 and 2 only

B

2 and 4 only

C

1, 2 and 3 only

D

All of the above
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Cystic fibrosis (CF) is an autosomal recessive genetic disorder. An individual must have two copies of
the mutated CFTR gene to express the disease phenotype. One of the most common CF-causing
mutation resulted in a loss of phenylalanine located at position 508 of the protein.
The DNA sequence of the CF locus from the offspring of 2 carriers are removed and separated by gel
electrophoresis.
Which pattern of bands corresponds to two of the offspring that are phenotypically normal?

19

A

I only

B

II only

C

I and III

D

II and IV

What is the probability of obtaining a gamete of genotype abCd from an individual whose genotype is
AaBbCCDd, assuming the four genes are unlinked?
A

1 in 4

B

1 in 8

C

1 in 16

D

1 in 32
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A naturally occurring mutant tomato plant with yellow fruit was crossed with the red wild type.
The first generation plants were self-pollinated and were also backcrossed with both parents. The
results are below.
x

The first generation plants all produced red coloured fruit.

x

The second generation plants produced fruits in a ratio of 3 red : 1 yellow.

x

Plants from a backcross with red wild type all produced red fruits.

x

Plants from a backcross with the yellow mutant produced fruits in a ratio of 1 red : 1 yellow.

x

The mutant yellow fruit had a higher rate of chlorophyll breakdown during fruit ripening.

x

The red fruit from the first generation showed lower rates of chlorophyll breakdown, as
similarly observed in red wild type fruits.

From the results above, what can be concluded?

21

1

Yellow phenotype is due to a recessive allele at the same locus as the red allele.

2

The dominant red allele influences chlorophyll metabolism in fruits.

3

The effect of the red allele on chlorophyll metabolism is inhibited by the yellow allele.

A

1 only

B

1 and 2

C

1 and 3

D

2 and 3

The wings of fruit flies, Drosophila melanogaster, can be normal or vestigial, and eye colour can be red
or purple. Pure-breeding flies with normal wings and purple eyes produced F1 offspring with all normal
wing, red eyes when mated with pure-breeding flies with vestigial wings and red eyes.
F1 females were crossed with pure-breeding males with vestigial wings and purple eyes to produce
200 offspring.
Which of the following are most likely the offspring of the cross if the two genes are found on the same
chromosome?

©YIJC

normal wings and
red eyes

normal wings and
purple eyes

vestigial wings and
red eyes

vestigial wings and
purple eyes

A

50

54

50

46

B

35

65

70

30

C

80

25

20

75

D

68

28

72

32
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Two genes involved in coat colour of goats are at loci on different chromosomes. The colour of the fruit
of a species of plant can be black, brown or yellow. Fruit colour in this species is controlled by two
genes, each with two alleles. The two genes are on different chromosomes.
A cross between a pure-breeding plant with black fruit and a pure-breeding plant with yellow fruit
resulted in F1 generation with all black fruit. Interbreeding of F1 plants produced offspring with black,
brown and yellow fruits in the ratio of 12 : 3 : 1.
Which of the following are possible genotypes of pure-breeding plants with black, brown or yellow fruit?

black

23

brown

yellow

A

AABB

AAbb

aabb

B

AABB

aabb

aaBB

C

aaBB

AABB

AAbb

D

aabb

aaBB

AAbb

Where are the light-dependent and light-independent reactions taking place in the diagram below?

©YIJC

Light-dependent

Light-independent

A

I

IV

B

II

III

C

III

II

D

IV

I
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An inhibitor of the enzyme catalysing the oxidative decarboxylation of α-ketoglutarate (5C) was added
to respiring animal tissues.
What would have been the effect of the inhibitor on the concentration of oxaloacetate, pyruvate and
ATP?

25

26

oxaloacetate

pyruvate

ATP

A

decreases

increases

decreases

B

decreases

decreases

increases

C

increases

increases

decreases

D

increases

decreases

increases

Which of the following processes do not occur during the conversion of glucose to two molecules of
pyruvate?
1

hydrolysis of ATP

2

phosphorylation of hexose

3

release of CO2

4

reduction of NAD

5

oxidative phosphorylation of ADP

A

1 and 3 only

B

2 and 4 only

C

3 and 5 only

D

1, 2 and 5 only

Two different trees have been classified as Pinus pinea and Pinus nigra. Which of the following
statement is correct?
A

Both trees belong to the same class but a different genus.

B

Both trees belong to the same family and same genus.

C

The species name of both trees is Pinus.

D

The family names are pinea and nigra.
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Bacteria in the genus Wolbachia infect many species of insects. The bacteria live as parasites within
the cells of their insect hosts and are passed from one generation of host to the next through the eggs
of infected females. Infected males cannot pass the infection on to the next generation, since sperms
are too small to be parasitised by Wolbachia.
Wolbachia has evolved several strategies to increase the probability that the infection will be passed
on from one generation of host to the next. These include:
x

feminisation, in which infected males become fertile females

x

male killing, in which male embryos that are developing from infected fertilised eggs die

x

parthenogenesis, in which infected females become capable o reproducing asexually

x

cytoplasmic incompatibility, in which infected males are unable to reproduce successfully
with uninfected females.

Which of these statements could explain how these strategies benefit Wolbachia through natural
selection?
1

Feminisation increases the number of insects infected with Wolbachia that can pass on the
infection to their offspring.

2

Male killing decreases the proportion of uninfected individuals in the offspring of an infected
female.

3

Parthenogenesis increases the probability that an infected female will pass on the infection
to its offspring, since there is no need to find a mate.

4

Cytoplasmic incompatibility increases the fitness of infected females by allowing infected
females to reproduce with uninfected males.

A

1, 2 and 3

B

1, 2 and 4

C

1 and 3 only

D

2 and 4 only
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The following shows a section of the homologous gene between 5 different species.

Which of the following is the correct phylogenetic tree for species 1 to 5?

©YIJC
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Tuberculosis is caused by the bacteria Mycobacterium tuberculosis (M. tuberculosis) and can be spread
when infected people release the bacteria in droplets of liquid when they cough or sneeze.
The following are some of the events that follow the entry of the bacteria into the respiratory tract of a
human.
1

Formation of granuloma consisting of foam cells and lymphocytes

2

Macrophages die and release M. tuberculosis into the cavity

3

Lung tissues destruction and spread to other organs

4

Cytokines released induces the recruitment of more immune cells to the site of infection

5

Phagocytosis of bacteria by resident alveolar macrophages

Which sequence of events correctly describes the infection of M. tuberculosis?

30

A

4→5→1→2→3

B

4→1→5→2→3

C

5→4→2→1→3

D

5→4→1→2→3

Which of the following is not a direct greenhouse gas?
A

carbon dioxide

B

carbon monoxide

C

nitrous oxide

D

water vapour
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Answer all questions.
1

Cholesterol is synthesized in the smooth endoplasmic reticulum (sER) in liver cells by a series
of enzyme-catalysed reactions.
Within the sER, molecules of cholesterol and triglycerides are surrounded by proteins and
phospholipids to form lipoproteins. These lipoprotein particles enter the Golgi apparatus where
they are packaged into vesicles and pass to the blood.
Fig. 1.1 is an electron micrograph of part of a liver cell showing lipoprotein particles within the
Golgi apparatus.

Fig. 1.1
(a)

(i) Name structure T in Fig. 1.1.
[1]
(ii) Explain how the structure of T is adapted to its function in liver cells.

[3]
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The low-density lipoprotein (LDL) receptor is a transmembrane glycoprotein made in the liver
cell that allows for uptake of excess cholesterol from the body into liver cells.
Once attached to LDL receptors on the liver cell surface membrane, LDLs release their
cholesterol and triglycerides. The cholesterol is stored or oxidised to bile salts.
(b)

Describe the sequence of events following the translation of LDL receptor polypeptide
chain at the bound ribosomes on the rough endoplasmic reticulum, to the insertion of the
LDL receptor in the liver cell surface membrane.

[4]
[Total: 8]
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2

(a)

Fig. 2.1 represents a molecule of triglyceride.

Fig. 2.1
(i) Name the components A and C and name the bond B.
Write your answers on the dotted lines provided in Fig. 2.1.

[3]

(ii) Describe how bond B is broken.

[1]
(b)

A phospholipid is sometimes described as a modified triglyceride;
(i) State how the structure of a phospholipid differs from a triglyceride.

[2]
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(ii) Explain how a phospholipid is suited to its role in cell membranes.

[2]
[Total: 8]
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3

Enzymes are globular proteins
(a)

State what is meant by the term globular.

[2]
(b)

Fig. 3.1 shows an enzyme-catalysed reaction.

Fig. 3.1
(i) Name the part of the enzyme labelled U.
[1]
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(ii) With reference to Fig. 3.1, explain the mode of action of enzymes.

[4]
(c)

The enzyme urease is known to be affected by competitive inhibitors. A student carried
out an investigation to determine the percentage of urea hydrolysed by ureases at various
time intervals,
x

without any inhibitor;

x

with a competitive inhibitor.

The experiment was carried out in test tubes set up as follows:
Tube A – 1 cm3 of urease solution, 10 cm3 pH 7.5 buffer solution, 1 cm3 urea solution
Tube B – 1 cm3 of urease solution, 9 cm3 pH 7.5 buffer solution, 1 cm3 of competitive
inhibitor 1 cm3 urea solution
Tube C – 1 cm3 of water, 10 cm3 pH 7.5 buffer solution, 1 cm3 urea solution
The results are shown in Table 3.1 below.
Table 3.1

©YIJC


Percentage of urea remaining / %

Time/
min

Tube A

Tube B

Tube C

0

100

100

100

5

55

99

100

10

29

98

100

15

14

96

100

20

8

95

100

25

5

92

100

30

3

90

100
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(i) State how Tube C acts as a control for this investigation.

[1]
(ii) Explain the difference in results between Tube A and Tube B.

[4]
[Total: 12]
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4

Epithelial tissue, liver tissue and cardiac muscle tissue each respond differently to damage.
x

Epithelial tissue of the gas exchange system contains stem cells.

x

Liver tissue contains cells in a nonǦdividing state that can enter a cell cycle when stimulated.

x

Cardiac muscle tissue contains cells that cannot divide at all. Damage is permanent and is
associated with scar tissue formation.

(a)

Explain the importance of mitosis in the repair of damaged tissue.

[2]
(b)

One of the reasons why stem cells are important in tissue repair is their ability to divide
continually.
(i) Describe one other reason why stem cells are important in tissue repair.

[2]
(ii) Explain how stem cells are able to divide continually.

[2]
(c)

Suggest how stem cells in the epithelial tissue can help with cardiac damage.

[1]
[Total : 7]
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5

The STAT5 gene, a member of the STAT family, is widely expressed in hematopoietic stem cells
(HSC) to regulate the self-renewal and differentiation of the stem cells.
(a)

Explain how the different cell types such as T cell and B cell can arise from a single HSC.

[3]
Fig. 5.1 shows the process of transcription in a eukaryotic cell that produces ribosomal RNA
(rRNA), an important component of ribosomes, which serve as the site of synthesis of STAT
proteins.

Fig. 5.1
(b)

(i) Suggest how RNA polymerase is able to recognise and bind to the promoter on
DNA and not to other DNA regions.

[2]
©YIJC
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(ii) Account for the observed pattern of transcription in Fig. 5.1.

[2]
(iii) State one role of rRNA in protein synthesis.

[1]
(c)

STAT proteins are transcription factors that play important roles in the development and
differentiation of many cell types.
In humans, there are different forms of STAT5 protein, each playing a slightly different role
in different cell types.
Explain how the same STAT5 gene can produce different forms of STAT5 protein.

[2]
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Upon external stimulation, STAT protein is activated from its inactive form and binds to another
activated STAT protein to form a dimer. This protein dimer then translocates to the nucleus and
regulates the expression of other genes as shown in Fig. 5.2.

Fig. 5.2
(d)

(i) With reference to Fig. 5.2, explain how the inactive STAT protein is converted to its
active form.

[2]
(ii) Besides chemically modifying the STAT protein, describe how the level of the active
STAT protein may be controlled after its production.

[2]
[Total: 14]
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6

Fig 6.1 shows an electron micrograph of a bacteriophage.

Fig. 6.1
(a)

(i)

Identify the structures labelled A and B.
A:
B:

(ii)

[2]

Name precisely the type of nucleic acid found inside A.
[1]
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(b)

Since ancient times, there have been documented reports of river water having the ability
to cure infectious diseases, such as leprosy. In 1896, Ernest Hanbury Hankin reported that
something in the waters of the Ganges and Jumna rivers in India had marked antibacterial
action against cholera and could pass through a very fine porcelain filter. In 1915, British
bacteriologist Frederick Twort, superintendent of the Brown Institution of London,
discovered a small agent that infected and killed bacteria.
French-Canadian microbiologist Félix d'Hérelle, announced on September 3, 1917 that he
had discovered "an invisible, antagonistic microbe of the dysentery bacillus". D'Hérelle
called the virus he discovered a bacteriophage or bacteria-eater (from the Greek phagein
meaning to eat).
(i) With reference to your knowledge of bacteriophages, explain how the presence of
bacteriophages in river water can cure infectious diseases.

[3]
(ii) Name a bacteriophage that may be found in river water, which can cure infectious
diseases.
[1]
(iii) Explain your choice in (b)(ii).

[1]
(iv) Suggest a possible limitation of using bacteriophages to cure infectious diseases.

[2]
[Total : 10]
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7

Galactose-1-phosphate uridylyltransferase (GALT) is an enzyme coded by a gene locus on
chromosome 9. It catalyses one of the reactions in galactose metabolism that converts ingested
galactose to glucose. Deficiency in the enzyme results in a recessive condition known as
galactosaemia in humans where galactose accumulates to toxic levels, and can be fatal during
the newborn period. However, those afflicted with galactosaemia can live relatively normal lives
by avoiding lactose-containing food like milk products.
(a)

Explain why avoidance of milk products can help galactosaemia patients live relatively
normal lives.

[2]
(b)

Explain why galactosaemia is a recessive condition.

[2]
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(c)

The gene locus determining ABO blood group is also found on chromosome 9. A woman
with normal galactose metabolism and blood group A married a man with blood group O
with galactosaemia. The woman's father has blood group O and suffered from
galactosemia.
Using a genetic diagram, explain how their first child had blood group A and
galactosaemia.

[4]
(d)

Explain two factors that determines the probability that their first child has blood group A
and galactosaemia.

[2]
[Total: 10]
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8

Fig. 8.1 shows the absorption spectrum for two types of chlorophyll.

Chlorophyll a

% absorbance

Fig. 8.1
(a)

(i) Sketch on Fig. 8.1, the action spectrum of photosynthesis.

[1]

(ii) Explain the relationship between the absorption spectrum for chlorophyll and action
spectrum of photosynthesis for green plants.

[2]
(b)

Outline the photoactivation of photosystem II in the light-dependent reaction of
photosynthesis.

[2]

©YIJC




Need a home tutor? Visit smiletutor.sg
TQMNUDQ

18

Pepper plants can be grown in glasshouses, where extra light can be supplied from electric
lamps.
The amount of carbon dioxide in a glasshouse was measured on two different days, M and N.
On one of these days, the lamp could not be used, because there was no electricity.
Fig. 8. 2 shows the amount of carbon dioxide in the air around the pepper plants on day M and
N.

Fig. 8.2
(c)

With reference Fig .8.2,
(i) state the time of the day when the pepper plants had removed most of the carbon
dioxide,
[1]
(ii) state the day where there was no electricity. Explain your answer.

[3]
[Total: 9]
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9

(a)

Antibodies are glycoproteins.
State what is meant by the term glycoprotein.

[1]
(b)

The genes responsible for antibody production are found on different chromosomes, such
as chromosome 2 and 14 in humans.
Explain how one antibody molecule is the product of more than one gene.

[2]
(c)

Describe and explain how the structure of an antibody molecule is related to its functions.

[4]

©YIJC




Need a home tutor? Visit smiletutor.sg
TQMNUDQ

20

(d)

A human can make more than 1012 different antibody molecules. Explain how different
specific antibodies are generated.

[4]
[Total: 11]
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Increase in emission of greenhouse gases like carbon dioxide leads to an increase in global
temperature due to greenhouse effect. This can affect animals and plants both on land and in
water.
(a)

Explain how an increase in atmospheric carbon dioxide can lead to global warming.

[2]
Sea lions and iguanas feed in the sea around the tropical Galapagos Islands. Sea lions are
mammals and iguanas are reptiles. Both species spend some time on land. Fig. 10.1 shows the
core body temperature of an iguana and a sea lion at different external temperatures.

Fig. 10.1
(b)

With reference to Fig. 10.1, explain the difference in core body temperature of the two
animals at different external temperatures.

[2]
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Fig. 10.2 shows the oxygen consumption of an iguana and a sea lion at different external
temperatures.

Fig. 10.2
(c)

(i) The mean temperature of the sea surrounding the Galapagos Islands is 21 °C while
the mean air temperature during the day is higher than this.
Suggest why the iguana feeds for only short periods in the water before returning
to the land.

[2]
(ii) Predict the feeding behavior of iguanas if global warming increases sea temperature
by 2 oC.

[1]
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(iii) Describe one abiotic effect of raising sea temperatures.

[2]
(iv) Explain the link between core body temperature and the rate of oxygen consumption
in the sea lion between the external temperatures of 10 °C and 30 °C.

[2]
[Total: 11]
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Section A
Answer all questions in this section.
1

Dengue fever is a disease caused by the dengue virus (DENV) from the Flaviviridae family,
Flavivirus genus. The disease is transmitted to humans via the bite of an infective
Aedes aegypti mosquito. There are four different serotypes of dengue virus (DENV1 - 4)
circulating in the world, including Singapore. Hence, individuals can be infected with dengue up
to four times. Repeat dengue infections have been associated with a higher occurrence of
severe dengue. In Singapore, the Ministry of Health (MOH), together with the National
Environment Agency (NEA), track and report all dengue-related cases quarterly.
(a)

Based on your understanding of the characteristics of viruses, discuss if the Flaviviridae
family is a valid phylogenetic grouping.

[3]
(b)

(i)

Explain how the dengue virus is transmitted from person to person.

[2]
(ii)

Explain why individuals can be infected up to four times with DENV.

[3]
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(iii)

Explain why repeated dengue infections have been associated with a higher
occurrence of severe dengue.

[3]
An individual suspected of being infected by DENV can undergo dengue fever testing to
determine if the infection is indeed due to DENV. DENV infection can be difficult to diagnose
without laboratory tests because symptoms may initially resemble those of other diseases, such
as chikungunya infection. Two primary types of testing available are:

(c)



molecular testing which detects the genetic material of DENV in blood within the first
week after symptoms appear, using reverse transcriptase (RT) in polymerase chain
reaction (RT-PCR);



antibody tests which detect two different classes of antibodies produced by the body in
response to a dengue fever infection. This helps diagnose if the infection is current or
has occurred recently.
DENV genetic material in the blood occurs in small amounts. Thus, the genetic material
needs to be amplified before it can be identified.
(i)

Suggest how the DENV genetic material is amplified using RT-PCR.

[4]
(ii)

State the two classes of antibodies that are tested for.
[1]
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(iii) Explain what is meant by 'classes of antibodies'.

[2]
Wolbachia are natural bacteria present in up to 60% of insect species, including some
mosquitoes. However, the Wolbachia bacterium is not usually found in the A. aegypti mosquito.
For many years, scientists have been studying Wolbachia, looking for ways to use it to
potentially control the mosquitoes that transmit human viruses. The World Mosquito Program’s
research has shown that when introduced into the A. aegypti mosquito, Wolbachia can help to
reduce the transmission of these viruses to people.
(d)

State one structural difference between dengue virus and Wolbachia bacteria.

[1]
(e)

Explain how the introduction of Wolbachia into A. aegypti can reduce transmission of
DENV to people.

[2]
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In 2017, a trial was conducted at different parts of Singapore to investigate the effectiveness of
Wolbachia-carrying male mosquitoes in controlling mosquito populations. One of the areas
selected was Nee Soon East.
Fig. 1.1 shows the location of the trial site at Yishun Street 21 and the control site at Yishun
Street 11.

Fig. 1.1
(f)

(i)

Suggest two considerations for the selection of trial and control sites.

[2]
(ii)

Explain why only male mosquitoes carrying Wolbachia were released.

[1]
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The number of A. aegypti caught in ovitraps during the pre- and post-release periods in the trial
site were compared to the control site. Table 1.1 shows part of the data collected.
Table 1.1
Number of A. egypti caught per 100 ovitraps
Pre-release

©YIJC



Post -release

Street 11

Street 21

Street 11

Street 21

20

21

42

15

25

24

35

19

17

22

48

22

22

18

44

25

16

16

32

13
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(g)

Using the following formulae and t-table,

s = standard deviation
¦ = sum of
x = observation
x̅ = mean
n = sample size

where

df

probability
0.25

0.10

0.05

0.025

0.01

1

1.00

3.08

6.31

12.71

31.82

2

0.82

1.89

2.92

4.30

6.96

3

0.76

1.64

2.35

3.18

4.54

4

0.74

1.53

2.13

2.78

3.75

5

0.73

1.48

2.02

2.57

3.37

6

0.72

1.44

1.94

2.45

3.14

7

0.71

1.42

1.90

2.37

3.00

8

0.71

1.40

1.86

2.31

2.90

9

0.70

1.38

1.83

2.26

2.82

10

0.70

1.37

1.81

2.23

2.76

conduct a t-test on appropriate samples to determine if the release of Wolbachia-carrying
mosquitoes was effective in reducing the mosquito population at the trial site.
t-value
probability
conclusion

[4]
[Total: 28]
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2

Occasionally during meiosis, homologous chromosomes fail to separate at anaphase. This is
known as non-disjunction. Turner’s syndrome is the most common chromosome mutation in
human females. It can occur due to non-disjunction in meiosis during gametogenesis. Some
resulting gametes will be missing an X chromosome.
Some forms of Turner’s syndrome occur when one of the pair of X chromosomes is not missing
but has become damaged. The damaged X chromosome may have been broken and re-formed
so that part of its structure is lost.
Fig. 2.1 is a diagram of a normal X chromosome and two forms of ‘damaged’ X chromosomes, X1
and X2.


In X1, a section of the ‘p’ arm of the chromosome is missing. This deletion leads to reduced
height of the affected female and abnormalities such as narrowing of the aorta.



In X2, a section of the ‘q’ arm of the chromosome is missing. This deletion leads to little or no
development of the ovaries in an affected female.

Fig. 2.1
(a)

Name structure K.
[1]

(b)

(i)

Name the type of chromosome mutation that resulted in X1 and X2.
[1]
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(ii)

Explain why X1 and X2 result in different phenotypes.

[3]
(iii)

Describe one similarity and one difference between chromosome mutation and gene
mutation.
Similarity:

Difference:
[2]
(c)

Mothers with the X1 form of Turner’s syndrome can pass on the chromosome mutation to
their daughters while females with X2 form of Turner’s syndrome often do not produce any
offspring.
Suggest why females with X2 form of Turner’s syndrome often do not produce any offspring.

[1]
[Total: 8]
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3

There are two indigenous eel species in New Zealand: the shortfin eel (Anguilla australis) and
the longfin eel (Anguilla dieffenbachii). The longfin eel is endemic to New Zealand and is found
in rivers and streams well inland, while the shortfin eel is limited more to coastal areas. Young
eels (elvers) migrate from the sea into freshwater streams, where they live as adults for many
years (up to 100 years for longfins) before migrating back to sea to reproduce in the Pacific
Ocean.
Table 3.1 shows the timing and age of migration in the two species of eels.
Table 3.1
Age of migration in
females
Males in April and females
Females at 34 years
follow soon after
(75 – 180 cm)
Timing of migration

Longfin eel
Shortfin eel

Males in February – March
and females follow soon after

Females at 22 years
(50 – 100 cm)

Age of migration in
males
Males at an average
of 23 years
(48 – 74 cm)
Males at an average
of 14 years
(38 – 58 cm)


The breeding area for shortfin eels is thought to lie to the northeast of New Zealand near Samoa.
Evidence obtained by satellite tracking of the eels indicates that the longfin breeding area is in
the southwest tropical regions of the Pacific Ocean – somewhere near Fiji and New Caledonia.
The females release their eggs, the males fertilise them, and the adults die after spawning. The
eggs hatch into larvae that float to the surface and drift back towards New Zealand. They may
take about 17 months to arrive. Larvae then change into transparent juvenile eels.
Fig. 3.1 shows the migration patterns and the breeding grounds of the eels.

It is thought that the ancestral species had a shorter migration, which was genetically
programmed and has changed to provide the migrations seen in the shortfin and longfin eels
today.
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(a)

Compare sympatric and allopatric speciation.

[2]
(b)

With reference to the information provided, explain how natural selection could have led to
the evolution of the two species of eels.

[5]
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Fig. 3.2 shows the phylogenetic tree of the eels in the genus Anguilla.

Fig. 3.2
(c)

Explain how molecular methods can be used to determine the evolutionary relationships of
the different species of Anguilla fishes.

[3]
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The Hox genes are master regulatory genes that influence cells in a particular location of an animal
embryo in order to develop structures for that part of the body.
In the brine shrimp, Artemia, the expression of the Hox genes Ubx and Scr results in the growth
of either a swimming appendage or a feeding appendage, depending on whether the genes are
expressed in cells that are in the mid-region of the body or that are near the mouth. These
specialised appendages are labelled in Fig. 3.3 below.

Source: patrimonio designs ltd/Shutterstock.com

Fig. 3.3
(d)

Suggest one way that genes are regulated so that the same genes can produce different
appendages when the genes are expressed in different locations in the Artemia embryo.

[1]
(e)

Explain why it is impossible for evolution to occur at the individual level.

[3]
[Total: 14]
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Section B
Answer ONE question in this section.
Write your answers on the lined paper provided at the end of this Question Paper.
Your answers should be illustrated by large, clearly labelled diagrams, were appropriate.
Your answers must be in continuous prose, where appropriate.
You answers must be set out in parts (a), (b), etc., as indicated in the question.
4

(a)

(b)

Compare the signaling pathways between G protein coupled receptor and receptor
tyrosine kinase in relation to blood glucose regulation.

[11]

Using named examples, describe the various functions of biological receptors and
explain their importance in organisms.

[14]

[Total: 25]
5

(a)

(b)

Using named examples, compare continuous and discontinuous variation, and
explain how the environment can affect phenotypes.

[11]

Describe how variation arises and how recessive alleles are preserved in a
population.

[14]

[Total: 25]
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Answer all questions.
Before you proceed, read carefully through the whole of Questions 1 Part I.
QUESTION 1
Part 1
Plants transport sucrose through vascular bundles in stems and roots. You are required to investigate
the movement of sucrose solution.
The apparatus will be set up as shown in Fig. 1.1, using a boiling tube and a 5 cm3 syringe.

Fig. 1.1
You are provided with the materials shown in Table 1.1.
Table 1.1
labelled

contents

hazard

Volume / cm3

S

20% sucrose solution

None

40

W

Distilled water

none

300

Carry out step 1 to step 5 to investigate the movement of sucrose from the syringe.
1. Set up the apparatus as shown in Fig. 1.1 but without any distilled water, W, in the boiling tube.
2. Observe and record in (a)(i) your observations of any movement of the sucrose solution.
3. Put W into the boiling tube. The level of W must be to the top of the nozzle of the syringe, as
shown in Fig. 1.1.
4. Observe and record in (a)(i) your observations.
Need a home tutor? Visit smiletutor.sg
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5. Empty the syringe and the boiling tube into the container labelled For waste.
(a)

Complete Table 1.2.
Table 1.2
Contents of boiling tube

Observations

Without distilled water
With distilled water
[1]
(b)

You will need to investigate the movement of sucrose solution out of the syringe by:


setting up the apparatus, as shown in Fig. 1.2



collecting the sucrose solution released from the syringe during each of the first four twominute periods after setting up the apparatus, as shown in Fig. 1.2



testing the mixtures of sucrose solution and water collected during each of the four twominute periods, using the non-reducing sugar test



recording the time taken for the first colour change to occur when heating each mixture
with Benedict’s solution during the non-reducing sugar test.

Fig. 1.2
6. Set up a water-bath and heat the warm water to boiling. This will be used in step 20 and step 27
during the tests for non-reducing sugar.
Need a home tutor? Visit smiletutor.sg
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7. Label the four boiling tubes S2, S4, S6 and S8.
The apparatus needs to be set up as shown in Fig. 1.2 so that at the start there is a standard volume
of distilled water in each of the boiling tubes S2, S4, S6 and S8.
8. Put the empty 5 cm3 syringe from step 5 into the boiling tube labelled S2.
9. Put a mark on the boiling tube labelled S2, as shown in Fig. 1.2, so that the mark is level with the
top of the nozzle of the syringe.
(i)

Describe how you will use the apparatus provided to find the volume of distilled water,
W, needed to fill the boiling tube to the mark, when the syringe is in place.

[2]
(ii)

Find the volume of distilled water, W, needed to fill the boiling tube to the mark, using
the method you described in (b)(i).
volume

[1]

10. Put the volume of distilled water, W, stated in (b) (ii) into each of the four boiling tubes, S2, S4,
S6 and S8.
11. Fill a 5 cm3 syringe with more than 5 cm3 of sucrose solution, S. Push the plunger in to the 5 cm3
mark to make sure there are no air bubbles in the nozzle.
12. Put the syringe into the first boiling tube, S2, as shown in Fig. 1.2. The nozzle of the syringe must
be below the surface of the distilled water, W. Start the stopwatch.
13. Leave the syringe in the boiling tube S2 for 2 minutes, then remove the syringe and put it
immediately into the next boiling tube, S4. The nozzle o the syringe must be below the surface
of the distilled water, W. Leave a further 2 minutes. Do not stop the stopwatch.
14. Repeat this process with each of the two remaining boiling tubes, S6 and S8, removing the syringe
from the last boiling tube, S8, at 8 minutes. Each time, the nozzle of the syringe must be below
the surface of the distilled water, W.
To estimate the rate of movement of the sucrose solution into distilled water, W, the solution collected
in each boiling tube will be tested for non-reducing sugar.
After hydrolyzing any non-reducing sugar present, the measurement used will be the time taken for
the first colour change to occur when the solution is heated with Benedict’s solution. This
measurement allows the test to be semi-quantitative.
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(iii)

A student suggested the hypothesis that:
the rate of movement of the sucrose solution from the syringe into the water in
the boiling tube will decrease with time.
If the student’s hypothesis is correct, describe the expected trend in the time taken
for the first colour change to occur when each solution collected in the boiling tube
S2, S4, S6 and S8 is heated with Benedict’s solution.

[1]
You will test the samples of the solution collected during each two-minute period for non-reducing
sugar, using step 15 to step 31.
You are provided with the materials shown in Table 1.3.
Table 1.3
labelled

contents

hazard

Volume / cm3

H

Dilute hydrochloric acid

Irritant

50

A

10 g sodium hydrogencarbonate powder

None

-

Benedict’s

Benedict’s solution

harmful

50

It is recommended that you wear suitable eye protection. If any of these materials come into contact
with your skin, wash them off immediately under cold water.
15. Put a bung into one of the boiling tubes, S2, S4, S6 or S8, and, with a finger on top of the bung,
shake the solution to mix well.
16. Remove the bung and pour the solution from this boiling tube into a labelled beaker.
17. Put 2 cm3 of the solution in the beaker into a labelled test tube.
18. Put 2 cm3 of dilute hydrochloric acid, H, into the same test tube. Shake this test tube gently to
mix.
19. Repeat step 15 to step 18 for each of the solutions in the remaining boiling tubes.
20. Put all the test-tubes into the boiling water-bath (set up in step 6). Leave the test-tubes for
2 minutes.
21. After 2 minutes, remove the test-tubes from the water-bath and put them into the beaker of water
labelled For cooling.
You will need the boiling water-bath again for step 27.
22. Leave the test-tubes in the beaker to cool for 3 minutes. After 3 minutes, continue with step 23.
23. Put a small amount of sodium hydrogencarbonate, A, into each test-tube. The mixture will fizz
and rise up inside each test-tube.
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24. Repeat step 23 until there is no more fizzing.
Note: There may be a small amount of sodium hydrogencarbonate, A, left in the bottom of each testtube.
25. Put 3 cm3 of Benedict’s solution into the test-tube containing S2.
26. Shake the test-tube gently to mix.
27. Put this test-tube into the boiling water bath. Start timing.
28. Measure the time taken for the first appearance of a colour change in the test-tube.
If there is no colour change after 180 seconds, stop timing and record the result in (b)(iv) as ‘more
than 180’.
29. Record in (b)(iv) the result from step 28.
30. Remove the test-tube from the boiling water-bath. Put the test-tube in the test-tube rack.
31. Repeat step 25 to step 30 with each of the other solutions instead of S2.
(iv)

Record your results in an appropriate table.

[4]
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Turn over for remainder of Question 1
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(v)

The student’s hypothesis stated that:
The rate of movement of the sucrose solution from the syringe into the water in the
boiling tube will decrease with time.
State whether your results provide evidence to support or reject this hypothesis.
Explain how your results provide evidence for this decision.
support or reject
explanation
[1]

(c)

A student modified the procedure by:


using a 10% sucrose solution in the syringe



collecting sucrose solution from the syringe in four-minute periods over a total time of
1200 seconds



collecting any precipitate formed during the Benedict’s test when testing each solution
for non-reducing sugar



drying and weighing the precipitate from each test to determine the mass of sucrose that
had been present.

After carrying out the procedure, the student processed and analysed the results to calculate
the rate of movement of the sucrose solution at specific times after placing the syringe in the
boiling tube of water for the first time.
The calculated rates are shown in Table 1.4.
Table 1.4
Time / s

Rate of movement of sucrose solution / arbitrary units

240

0.18

480

0.09

720

0.04

960

0.02

1200

0.01
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(i)

Plot a graph of the data in Table 1.4 on the grid provided.
Use a sharp pencil for drawing graphs.

[4]
(ii)

Use your graph to find the rate of movement of sucrose solution at 5 minutes.
Show on the graph how you determined your answer.
rate of movement

[2]
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(iii)

The procedure investigated how the rate of movement of sucrose from the syringe
changed with time.
The procedure can be modified to investigate the effect of sucrose concentration,
instead of time, on the rate of movement of sucrose solution. In the modified procedure,
the sucrose solution from the sringe only needs to be collected once. The time period
over which the sucrose solution is collected in the procedure needs to be standardised.
Use the graph to suggest a suitable time period for collecting the sucrose solution from
the syringe.
Give a reason for your answer.
time period
reason
[1]

(iv)

You are to modify this procedure to investigate the effect of using different
concentrations of sucrose on the rate of movement of the sucrose solution.
State the concentrations of sucrose solution you would use.

Describe how the concentrations of sucrose solution would be prepared.

[3]
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Part 2
A set of 5 different glucose concentrations were prepared using a 10% stock glucose concentration.
To obtain a set of colour standards, Benedict’s test for reducing sugars was carried out on these
glucose solutions.
A 1 : 10 ratio of glucose solution: Benedict’s solution was used in the
preparation. The colour change in the solutions was recorded after incubation in a boiling water
bath for 2 minutes.
Table 1.5 shows the results for the colour standards after carrying out Benedict’s test.
Table 1.5
Concentration of glucose
/%

Description of colour change and suspension

10.0

Brick red precipitate in reddish brown solution

5.00

Reddish orange precipitate in reddish solution

2.50

Orange precipitate in orange solution

1.25

Trace amount of greenish precipitate in bluish-green solution

0.625

Faint amount of greenish precipitate in blue solution

Orange juice
(d)

(i)

You are provided with 5 cm3 of orange juice, labelled O. Plan and carry out a procedure
to estimate the glucose concentration of the orange juice from the results in Table 1.5.
Indicate your observation in Table 1.5

Estimated glucose concentration of the orange juice

[3]
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(ii)

Describe two other modifications to your method that would increase confidence in the
conclusion and explain how these modifications would achieve this.

[4]
[Total: 27]
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QUESTION 2
Resistance to antibiotics within a population of bacteria is due to selection pressure. This can be
linked to the use of antibiotics by patients.
A study was carried out into the link between antibiotic use and the presence of resistant
Escherichia coli (E. coli) populations in human communities.


Over 30 000 patients were involved in the study.



Only patients attending large medical clinics took part in the study.



The number of prescriptions issued by each clinic was used as an estimate of antibiotic use.



Urine from patients attending the clinics was used as a possible source of antibiotic resistant
E. coli.



Antibiotic resistance of E. coli in the urine samples was measured using the disc diffusion method.

The disc diffusion method measures sensitivity of bacteria to an antibiotic. A bacterial population with
low sensitivity to an antibiotic is resistant to that antibiotic.
In the disc diffusion method a Petri dish is filled with nutrient agar and urine samples containing
E. coli are spread evenly across the agar.
Discs containing different antibiotics are placed on top of the agar. A lid is put on the Petri dish and
the plate is incubated overnight.
Fig. 2.1 shows an example of a Petri dish from the study after incubation.

Fig. 2.1
Need a home tutor? Visit smiletutor.sg

@YIJC

[Turn over

14
(a)

(i)

Suggest two variables that need to be standardised when using the disc diffusion
method in this study.
1

2
[2]
(ii)

Describe how you would determine the sensitivity of E.coli to each antibiotic.

[2]
(b)

Table 2.1 shows the results of this investigation.
Table 2.1

Comment on the standard deviations for antibiotic use as shown in Table 2.1.

[2]
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(c)

Outline how use of antibiotics e.g. ampicillin, can be linked to the development of antibiotic
resistance in E. coli.

[3]
[Total: 9]
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QUESTION 3
During this question, you will require access to a microscope and slide S1.
Fig. 3.1 is a photomicrograph of a stained transverse section through a plant stem.
The stem of this plant grows submerged in water and contains air spaces.
You are not expected to be familiar with this specimen.

Fig. 3.1
Slide S1 is a microscope slide of a stained transverse section through the stem of a different species
of plant. This stem also grows submerged in water and contains air spaces.
(a)

Use a suitable table to record observable differences between the specimen in Fig. 3.1 and
the specimen on slide S1.

[3]
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(b)

(i)

Calculate the actual radius of the stem at the position marked by line W in Fig. 3.1.
You should show your working and use appropriate units.

actual radius of stem

[1]

You are required to estimate the radius of the stem on slide S1.
(ii)

Put the clear plastic ruler on the stage of the microscope and view the scale lines on it
using low power (u10 objective lens).
Estimate the diameter of the field of view to 1 decimal place of a mm.
diameter of field of view

mm

[1]

(iii) View the stem on slide S1 using low power.
Estimate the fraction of the diameter of the field of view occupied by the radius of the
stem on slide S1.
fraction of diameter of field of view

[1]

(iv) Using your estimates from (b)(ii) and (iii), calculate the radius of the stem on slide S1,
using appropriate units.
radius of S1
(v)

[1]

Describe how to obtain a more accurate measurement of the radius of the stem on slide
S1.
State any appropriate pieces of apparatus that you might need.

[3]
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(c)

(i)

You are required to use a sharp pencil for drawings.
Use the space provided to draw a plan diagram of part of the stem on slide S1, as shown
in the shaded area of Fig. 3.2. A plan diagram only shows the arrangement of the
different types of tissues. Individual cells must not be drawn in plan diagrams.
Within this part of the stem there will be a number of air spaces.
You should only draw three of these air spaces.
Your drawing should show the correct shape and proportion of the tissues and three air
spaces.

Fig. 3.2
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(ii)

Observe the cells that are found between the air spaces in slide S1.
Select one group of three touching cells that are found between two air spaces.
Each cell of the group must touch at least one of the other cells.
Make a large drawing of this group of three cells.

[4]
(d)

Suggest one advantage of having air spaces in plant stems that grow submerged in water,
as shown in Fig. 3.1, and slide S1.

[1]
[Total: 19]
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Apparatus / Material List
SN

Apparatus

Quantity

Question 1
1
2
3
4
5
6

20% sucrose solution in a container, labelled S, provided at room
temperature
Distilled water in a beaker or container, labelled W, provided at
room temperature
1.0 moldm-3 hydrochloric acid in a container, labelled H, provided
at room temperature
Sodium hydrogen carbonate (bicarbonate) powder in a container,
labelled A
[MH][N] Benedict’s solution in a container, labelled Benedict’s,
provided at room temperature
Fresh orange juice in a covered container, labelled O, provided at
room temperature

At least 40 cm3
At least 300 cm3
At least 50 cm3
At least 10 g
At least 50 cm3
At least 5 cm3

7

Glass rod

1

8

10 cm3 syringe

1

9

5 cm3 syringes

2

10

3 cm3 syringes

2

12

1 cm3 syringes

1

13

Pasteur pipette, plastic

1

14

50 cm3 measuring cylinder

1

15

Beakers, capacity approximately 100 cm3

4

16

Beaker, capacity approximately 250 cm3

1

17

Test tubes

4

18

Boiling tubes

5

19

Rubber bung to fit boiling tube

1

20

Test-tube rack

1

21

Boiling tube rack

1

22

Wooden test-tube holder

1

23
24
25

Bunsen burner, bench mat, wire gauze and tripod to support
water-bath
Beaker, approximately 400 cm3, with approximately 200 cm3 of
tap water at 40 - 45qC, suitable for heating as a water-bath,
labelled as water-bath.
Beaker, capacity approximately 400 cm3, with approximately 200
cm3 of tap water at room temperature, labelled For cooling

1 each
1
1

26

Spatula

1

27

Container with approximately 400 cm3 of tap water, labelled For
washing

1

28

Container, capacity approximately 400 cm3, labelled For waste

1
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SN

Apparatus

Quantity

29

Paper towels

29

Glass marker pen (permanent)

1

30

Stop-watch showing seconds

1

31

Eye goggles

~ 10

1 pair

Question 3

1

Microscope with
x An eyepiece lens, u10 magnification
x A low-power objective lens, u10 magnification
x A high-power objective lens, u40 magnification
x An eyepiece graticule fitted into the eyepiece lens

1 between 2

2

Slide S1 placed on a Petri dish

1 between 2

3

Clear plastic ruler, marked in mm

1 between 2
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Suggested Mark Scheme
1

Cholesterol is synthesized in the smooth endoplasmic reticulum (SER) in liver cells by a series
of enzyme-catalysed reactions.
Within the SER, molecules of cholesterol and triglycerides are surrounded by proteins and
phospholipids to form lipoproteins. These lipoprotein particles enter the Golgi apparatus where
they are packaged into vesicles and pass to the blood.
Fig. 1.1 is an electron micrograph of part of a liver cell showing lipoprotein particles within the
Golgi apparatus.

Fig. 1.1
(a)

(i) Name structure T in Fig. 1.1.
1. Mitochondrion
[1]

(Reject: mitochondria)
(ii) Explain how the stru
structure
uct
ctur
ure
ur
e of
o T is adapted to its function in liver cells.
1. Inner
er me
memb
membrane
mbrran
mb
ne
eo
off T is
sh
highly folded to form cristae;
2. wh
which
increases
the
surface area for attachment of many proteins
w
ich
ic
h in
incr
crea
cr
ease
ea
s s th
he s
(e.g.
(e.g
(e
.g.. ATP
.g
ATP synthase)
synt
sy
n ha
required for the process of oxidative
phosphorylation
phos
ph
osph
os
phor
ph
ory
or
yllat
a io to synthesise ATP;
OR
1. Fluid-filled matrix enclosed by the inner membrane of T contains
enzymes required for the Krebs cycle;
2. so that organic substrates can be oxidised to form ATP via substrate
level phosphorylation;
OR
©YIJC




[3]
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1. Fluid-filled matrix enclosed by the inner membrane of T contains
enzymes required for the Krebs cycle;
2. So that NAD+ and FAD can undergo oxidation by dehydrogenation to
form reduced NAD / NADH and reduced FAD / NADPH that carry
electrons to the inner membrane of T for ATP synthesis via oxidative
phosphorylation;
3. For the process of (any 1 below):
9 amino acid activation to form liver cell surface membrane
receptor proteins
9 For the movement of transport vesicles between the parts of the
endomembrane system / to the cell surface membrane;
9 For the movement of secretory vesicles carrying secretory
proteins to the cell surface membrane for exocytosis / release to
the extracellular environment;
9 For synthesis of cholesterol / triglycerides / glycogen;
The low density lipoprotein (LDL) receptor, is a transmembrane glycoprotein made in the liver
cell that allows for uptake of cholesterol from the body into liver cells.
Once attached to LDL receptors on the liver cell surface membrane, LDLs release their
cholesterol and triglycerides. The cholesterol is stored or oxidised to bile salts.
(b)

Describe the sequence of events following the entry of LDL receptor polypeptide chain
synthesised at the bound ribosomes on the rough endoplasmic reticulum (rER) into the
rER lumen, to the insertion of the LDL receptor in the liver cell surface membrane.
1. linear polypeptide glycosylated in the rER lumen / cisternae and also folds
into its native three-dimensional configuration with the help of rER
chaperone proteins;
2. (glyco)protein enclosed inside a transport vesicle that pinches off from the
rER & transported to (cis face of) Golgi apparatus (GA) for further
modification / for addition, deletion or substitution of sugar monomers on
oligosaccharide chains of (glycol)protein / LDL receptor;
3. protein is **inserted / embedded into the membrane of transport vesicle
which then buds off from (trans face of) GA, guided to cell surface
membrane by microtubules, with the expenditure of ATP;
Reject: secretory vesi
vesicle
ic
clle
4. Membrane
e of
of transport
tran
tr
a sp
an
por
ort ve
vesicle
esi
sicl
cle fuses with cell surface membrane and the
protein
in is in
inse
inserted
sert
se
rted
rt
ed / embedded
em
mbe
edd
d
in the liver cell surface membrane.
Reject:
ec
ct: ex
ct
e
exocytosis
xoc
ocyt
yttos
osis
is

[4]
[Total: 8]
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2

(a)

Fig. 2.1 represents a molecule of triglyceride.
glycerol;
ester bond; ® covalent bond

fatty acid or hydrocarbon, chain/ tail;

Fig. 2.1
(i) Name the components A and C and name the bond B.
Write your answers on the dotted lines provided in Fig. 2.1.

[3]

(ii) Describe how bond B is broken.
1. hydrolysis reaction
2. with a molecule of water is added Reject: water is needed
(b)

[1]

A phospholipid is sometimes described as a modified triglyceride;
(i) State how the structure of a phospholipid differs from a triglyceride.
1. 2 fatty acid/ hydrocarbon, chain/ tails instead of 3;
2. with phosphate group vs without
3. most contain N / choline (attached to phosphate in, head/ polar
portion);

[2]

Reject: amphipathic vs hydrophobic
(ii) Explain how a phospholipid is suited to its role in cell membranes.
1. is amphipathic,
c, thus
thu able to form bilayer
with hydrophilic
ydro
ro
oph
phiilllic
iic
c head
he
ea
ad ((reject: polar head) interacting with aq. medium
inside
side
de
e & outside
ou
utts
siide
ide
de the
the
he cell
cel
e
2. FA tails
tai
ails
ls form
for
orm
m hydrophobic
h dr
hy
core,
to prevent
pre
eve
vent
nt ((free) movement of / form barrier to hydrophilic substances
nt
conferring
co
onf
nfer
fe
membrane selective permeability (reject: charged molecules)
3. weak hydrophobic interactions btw FA tails
allow lateral movement of phospholipid within monolayer p fluidity

[2]

[Total: 8]
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3

Enzymes are globular proteins.
(a)

State what is meant by the term globular.
1. spherical; (reject: ball, round, cylindrical, circular)
2. tertiary structure
maintained by R group interactions like hydrophobic interactions, ionic,
hydrogen bonds, disulfide bridges (any 2)

(b)

[2]

Fig. 3.1 shows an enzyme-catalysed reaction.

Fig. 3.1
(i) Name the part of the enzyme labelled U.
1. active site (Reject: binding site)

[1]

(ii) With reference to Fig. 3.1, explain the mode of action of enzymes.
1. substrate binds to active site which is complementary
in terms of shape
hap
pe / c
charge;
2. via weak
ak b
bonds
onds
on
ds li
like
ike hy
hydrogen bonds / hydrophobic interactions
to form
for
orm
or
m enzyme-substrate
enzy
en
zyme
zy
e-su
ubs
bsttra complex;
3. causes
caus
ca
uses
us
es bond
bond
ds
stress
t e in substrate / holds substrate in correct orientation
tr
and
an
d in c
close
lo
ose proximity /
alter
al
lte
terr ch
charged in substrate, increasing reactivity / creates conducive
microenvironment (any 2);
m
mi
4. lowering activation energy, speeding up reaction
enzymes remain unchanged at the end of the reaction;
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6

(c)

The enzyme urease is known to be affected by competitive inhibitors. A student carried
out an investigation to determine the percentage of urea hydrolysed by ureases at various
time intervals,
x
x

without any inhibitor;
with a competitive inhibitor.

The experiment was carried out in test tubes set up as follows:
Tube A – 1 cm3 of urease solution, 10 cm3 pH 7.5 buffer solution, 1 cm3 urea solution
Tube B – 1 cm3 of urease solution, 9 cm3 pH 7.5 buffer solution, 1 cm3 of competitive
inhibitor 1 cm3 urea solution
Tube C – 1 cm3 of water, 10 cm3 pH 7.5 buffer solution, 1 cm3 urea solution
The results are shown in Table 3.1 below.
Table 3.1
Time/
min
0
5
10
15
20
25
30

Percentage of urea remaining / %
Tube A
Tube B
Tube C
100
100
100
55
99
100
29
98
100
14
96
100
8
95
100
5
92
100
3
90
100

(i) State how Tube C acts as a control for this investigation.
1. to show that urea is not hydrolysed
in the absence of urease

[1]

(ii) Explain the difference in results between Tube A and Tube B.
1. urea hydrolysed more quickly in Tube A than Tube B
Tube A only has 3% urea remaining while Tube B has 90% urea remaining
at the end of 30 minutes;
2. in Tube A, substrate
at binds enzyme at active site
via complementary
eme
enttar
ary
y fi
ffitt to form enzyme-substrate complex;
3. in Tube
Tub
be B,
B c
competitive
om
o
mpe
peti
peti
titi
t ve
e iinhibitor has similar shape / structure as substrate
tthus
th
hus
us c
compete
ompe
om
pete
pe
t w
te
with
ith
it
hs
substrate binding at active site;
4 fo
4.
form
forming
rmin
rm
ing
in
g enzyme-inhibitor
enzy
en
complex
prevents
prev
pr
eve
ev
/ blocks substrate from binding;

[4]
[Total: 12]
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Epithelial tissue, liver tissue and cardiac muscle tissue each respond differently to damage.
x
x
x
(a)

Epithelial tissue of the gas exchange system contains stem cells.
Liver tissue contains cells in a nonǦdividing state that can enter a cell cycle when stimulated.
Cardiac muscle tissue contains cells that cannot divide at all. Damage is permanent and is
associated with scar tissue formation.
Explain the importance of mitosis in the repair of damaged tissue.
1. genetically identical daughter cells ;
2. to replace to play the same function; (reject: repair damaged cells)

(b)

[2]

One of the reasons why stem cells are important in tissue repair is their ability to divide
continually.
(i) Describe one other reason why stem cells are important in tissue repair.
1. multipotent ;
2. capable of differentiating / specializing into cells of epithelial tissue
that has the same function ;
Reject: unspecialised / undifferentiated

[2]

(ii) Explain how stem cells are able to divide continually.
1. presence of active telomerase
prevents shortening of telomere during DNA replication in each cell cycle
/ prior to each cell division; (Reject: prevent end-replication problem)
2. prevents from telomere from reaching critical length
that triggers apoptosis; (Reject: cell will not die)
(c)

[2]

Suggest how stem cells in the epithelial tissue can help with cardiac damage.
1. chemically induce epithelial stem cells to change from multipotent to
pluripotent / ref to plasticity;

[1]

[Total : 7]
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5

The STAT5 gene, a member of the STAT family, is widely expressed in hematopoietic stem cells
(HSC) to regulate the self-renewal and differentiation of the stem cells.
(a)

Explain how the different cell types such as T cell and B cell can arise from a single HSC.
1. differential gene expression occurred during differentiation;
2. The specific combination of activators present in the cells are different.
They bind to their respective enhancers to up-regulate transcription of
T cell-specific genes and B cell-specific genes respectively / idea of
repressors and silencers;
Or
3. Different sets of cell type specific genes were switched on / off by DNA
methylation / histone deacetylation / histone methylation;
4. Different sets of proteins are synthesized, causing the two cells to have
different structures and hence functions;

[3]

Fig. 5.1 shows the process of transcription in a eukaryotic cell that produces ribosomal RNA
(rRNA), an important component of ribosomes, which serve as the site of synthesis of STAT
proteins.

Fig. 5.1
(b)

(i)) S
Suggest
Su
ugg
gges
est how
how RNA
ho
RNA p
RN
polymerase is able to recognise and bind to the promoter on
DNA
not
other DNA regions.
D
DN
NA and
an
nd no
ot to o
1.

R
RNA
N polymerase contains a DNA-binding site/domain (Reject: active
site, promoter sequence not transcribed) which recognises and binds
to specific DNA sequence in the promoter / is complementary in terms
of shape, size and charge to specific DNA sequence in the promoter;

2.

©YIJC
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(ii) Account for the observed pattern of transcription in Fig. 5.1.
1.

Description:Shorter RNA transcripts seen at the beginning of the DNA
template strand, which get longer till the end of the transcription unit,
(where the transcripts detach from the DNA template after transcription
termination);

2.

Explain: Due to simultaneous transcription of rRNA gene by multiple
RNA polymerases, causing RNA transcripts to extend perpendicularly
from DNA template strand;

[2]

(iii) State one role of rRNA in protein synthesis.
Any 1 below:
1.

The rRNA in ribosomes holds the tRNA and mRNA together in close
proximity, via complementary base pairing / hydrogen bonds;

2.

the rRNA in the small ribosomal subunit has a recognition sequence
(mRNA binding site) which allows it to bind to the 5’ end of the mRNA
so that initiator tRNA bearing the amino acid methionine can attach to the
start codon AUG on mRNA, facilitating the formation of a translation
initiation complex;

3.

rRNA peptidyl transferase activity catalyses formation of a peptide
bond between the new amino acid and the polypeptide chain;

4.

Ref. rRNA associate with ribosomal proteins to form ribosomal subunits
Reject: rRNA forms the ribosomes / use as template for synthesis of
ribosomes

(c)

[1]

STAT proteins are transcription factors that play important roles in the development and
differentiation of many cell types.
In humans, there are different forms of STAT5 protein, each playing a slightly different role
in different cell types.
Explain how the same STAT5 gene can produce different forms of STAT5 protein.
1. Alternative RNA splicing;
Reject: splicing
2. Different spliceosomes
spli
lice
li
ce
eos
som
omes in di
different cell types bind to specific splicing sites in
the introns
tron
o s of pre-mRNA;
on
pre
re--mR
RNA
NA;;
3. All
Alll introns
intr
in
tron
tr
o s are
on
arre removed
r m
re
and different combinations of exons are spliced
together
ge
eth
ther
er to
to form
for three different mature mRNA hence different protein forms of
STAT5
AT
T5 p
protein;
Reject: reference to mutations to STAT5 gene
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Upon external stimulation, STAT protein is activated from its inactive form and binds to another
activated STAT protein to form a dimer. This protein dimer then translocates to the nucleus and
regulates the expression of other genes as shown in Fig. 5.2.

Fig. 5.2
(d)

(i) With reference to Fig. 5.2, explain how the inactive STAT protein is converted to its
active form.
1. Via Post-Translational modification / phosphorylation;
2. ATP is hydrolysed to donate a phosphate group to the inactive STAT to
form an active STAT protein;

[2]

(ii) Besides chemically modifying the STAT protein, describe how the level of the active
STAT protein may be controlled after its production.
1. Active STAT proteins may be tagged with ubiquitin proteins which are
recognized by and degraded in proteasomes;
2. This decreases
s the concentration / amount of STAT;
Reject:: refe
re
reference
e ere
en
nc
ce to
t any
any form of chemical modification, including
addition
groups
ddiiti
t on / rremoval
emov
em
o all of
of phosphates
pho
ph

[2]

[Total: 14]
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6

Fig 6.1 shows an electron micrograph of a bacteriophage.

Fig. 6.1
(a)

(i)

Identify the structures labelled A and B.
A: icosahedral head / capsid;
B: tail sheath /sheath;

(ii)

[2]

Name precisely the type of nucleic acid found inside A.
1. double-stranded linear DNA / deoxyribonucleic acid

©YIJC
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(b)

Since ancient times, there have been documented reports of river water having the ability
to cure infectious diseases, such as leprosy. In 1896, Ernest Hanbury Hankin reported that
something in the waters of the Ganges and Jumna rivers in India had marked antibacterial
action against cholera (is a disease caused by the bacterium Vibrio cholerae) and
could pass through a very fine porcelain filter. In 1915, British bacteriologist Frederick
Twort, superintendent of the Brown Institution of London, discovered a small agent that
infected and killed bacteria.
French-Canadian microbiologist Félix d'Hérelle, announced on September 3, 1917 that he
had discovered "an invisible, antagonistic microbe of the dysentery bacillus". D'Hérelle
called the virus he discovered a bacteriophage or bacteria-eater (from the Greek
phagein meaning to eat).
(i) With reference to your knowledge of bacteriophages, explain how the presence of
bacteriophages in river water can cure infectious diseases.
1. Bacteriophages infect the bacterial cells causing the infectious
disease as part of their life cycle;
2. The bacteriophages would inject their DNA into the bacterial cells,
causing the bacteria to synthesise viral proteins and DNA;
3. The viral proteins and DNA will assemble into new bacteriophages,
which will exit via lysis of the host cell, thus killing the bacterial cells;

[3]

(ii) Name a bacteriophage that may be found in river water, which can cure infectious
diseases.
1. T4 phage;

[1]

(iii) Explain your choice in (b)(ii).
1. T4 phage only undergoes lytic cycle which will definitely result in the
lysis/ death of host bacteria cells;
[1]
(iv) Suggest a possible limitation of using bacteriophages to cure infectious diseases.
1. Bacteria have specific receptors on their cell membranes / /
Bacteriophages can only bind to bacterial cells with the receptors
complementary
y to their tail fibres / complementary receptors;
2. hence limiting
miting
ng
g tthe
he k
kinds
i
/ number of infections they can cure;
[2]

® Bacteriophages
Bact
ctter
e ioph
io
oph
pha
ag
g
ges
es ccan
es
an
n ccause diseases in humans

[Total : 10]
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Galactose-1-phosphate uridylyltransferase (GALT) is an enzyme coded by a gene locus on
chromosome 9. It catalyses one of the reactions in galactose metabolism that converts ingested
galactose to glucose. Deficiency in the enzyme results in a recessive condition known as
galactosaemia in humans where galactose accumulates to toxic levels, and can be fatal during
the newborn period. However, those afflicted with galactosaemia can live relatively normal lives
by avoiding lactose-containing food like milk products.
(a)

Explain why avoidance of milk products can help galactosaemia patients live relatively
normal lives.
1. milk products contain lactose
that is broken down into glucose and galactose ;
2. avoidance of milk products prevents accumulation of galactose
in patients that leads to toxic effects; (credit only if source of galactose is
clear)

(b)

[2]

Explain why galactosaemia is a recessive condition.
1. need two copies of the allele / homozygous for the gene locus for galactosemia
to develop;
2. as one copy of the normal GALT allele can produce sufficient enzyme to
break down galactose;
[2]
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(c)

The gene locus determining ABO blood group is also found on chromosome 9. A woman
with normal galactose metabolism and blood group A married a man with blood group O
with galactosaemia. The woman's father has blood group O and suffered from
galactosemia.
Using a genetic diagram, explain how their first child had blood group A and
galactosaemia.
parental phenotype

woman

parental genotype

IA

x

man
IO

G

IO g
gametes

g

IO g

IA G IO g IA g IO G

IO g

recombinant
gametes
mating via Punnett sq

IO g
offspring
genotypic ratio
offspring
phenotypic ratio

1 IA G
IO g

:

IA G

IO g

IA g

IO G

IA G
IO g

IO g
IO g

IA g
IO g

IO G
IO g

1 IO g
IO g

: 1 IA g
IO g

:

1 IO G
IO g

1 blood grp A : 1 blood grp O : 1 blood grp A : 1 blood grp

O
normal
galactose
metabolism

galactosemia

galactosemia

normal
galactose
metabolism

[4]
(d)

Explain two factors that determines the probability that their first child has blood group A
and galactosaemia.
1.

distance between the 2 gene loci,
which determines the frequency of crossing over (in the woman) thus
proportion of recombinant
na gametes with Io g alleles ;

2. random fertilization
ion of
of gametes
g m
ga
during sexual reproduction;

[2]
[Total: 10]
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8

Fig. 8.1 shows the absorption spectrum for two types of chlorophyll.

Fig. 8.1
(a)

(i) Sketch on Fig. 8.1, the action spectrum of photosynthesis.

[1]

1. line slightly above absorption spectrum with peaks in red and blue
and a trough between but not as low for absorption spectrum;
(ii) Explain the relationship between the absorption spectrum for chlorophyll and action
spectrum of photosynthesis for green plants.
1. the higher the absorbance of wavelength, the higher the rate of
photosynthesis; @peaks in action spectrum correspond to peak
absorption by chlorophyll
2. light/ photon absorbed by chlorophyll is used for photosynthesis
during the light-dependent stage;
3. Differences in two graphs due to light being absorbed by other
accessory pigments e.g. carotene/ carotenoids;
4. Least absorption
on
n iin
n green/ approximately 600nm as most light is
reflected;
(b)

Outline the
th
he photoactivation
phottoact
ph
cttiv
ivattio
iv
ion
n of photosystem II in the light-dependent reaction of
photosynthesis.
ossyn
ynth
hes
esis.
1. light
htt energy/photon
en
ner
ergy
g /p
is absorbed by pigment molecules/ LHC/
photosystem
os
syst
II;

in

2. light energy/ photon is passed to special chlorophyll a molecule, P680, in
reaction centre via inductive resonance;

©YIJC
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Pepper plants can be grown in glasshouses, where extra light can be supplied from electric
lamps.
The amount of carbon dioxide in a glasshouse was measured on two different days, M and N.
On one of these days, the lamp could not be used, because there was no electricity.
Fig. 8. 2 shows the amount of carbon dioxide in the air around the pepper plants on day M and
N.

Fig. 8.2
(c)

With reference Fig .8.2,
(i) state the time of the day when the pepper plants had removed most of the carbon
dioxide,
18.00 / 6pm

[1]

(ii) state the day where there was no electricity. Explain your answer.
1. Day M,
as amount of CO
CO2 in
i air
a increases from 4 arbitrary units to 50 arbitrary
units; Reje
Reject:
ectt: A
A.
A.U.
.U.
U
2. withou
without
outt el
ou
elec
electricity
ectric
ec
citty to
t power
pow lamp ¨ reduced amount of light available sun
sets
se
ts ffrom
rom
ro
m 18
18.00,
.0
00,,
thus
th
u no li
us
light
igh
ght d
dependent reactions / photophosphorylation to produce ATP
and
an
d NADPH;
NADP
NA
D
3. th
thus
hus less C reduction & RuBP regeneration in Calvin Cycle,
leading to lower CO2 fixation;

[3]

[Total: 9]
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9

(a)

Antibodies are glycoproteins.
State what is meant by the term glycoprotein.
1. A protein combined with a carbohydrate;
Reject: protein with glycogen/polysaccharide because the carbohydrates may
consist of several sugar units, usually an oligosaccharide.
Reject: reference to function of glycoprotein

(b)

[1]

The genes responsible for antibody production are found on different chromosomes, such
as chromosome 2 and 14 in humans.
Explain how one antibody molecule is the product of more than one gene.
1. One antibody molecule is made up of 2 heavy and 2 light chains / two
different types of polypeptides;
2. Each type of chain/polypeptide is coded by a different gene / 2 genes;

(c)

Describe and explain how the structure of an antibody molecule is related to its functions.
Structure

1.

[2]

Function

Antigen binding site (Fab) of a specific Hence antibodies can carry out
neutralisation by binding to specific
antibody with either:
antigen of pathogen thus preventing
1. is complementary in shape to a
pathogen from binding to host cell
specific epitope of an antigen;
receptors and infecting the host
OR
cells;
2. due to the precise folding of the Reject: epitopes
variable heavy and light chains that antibodies
gives rise to its unique 3D structure;

are

found

on

2.

Fc region of antibody/constant region of
heavy chain has a conformation that is
complementary in shape to Fc receptors
on phagocytes;

Hence opsonisation can occur as
once antibodies bind to the
pathogen, Fc regions of antibodies
bind to Fc receptors of phagocytes
and promote phagocytosis;

3.

Disulfide bridges between heavy and This gives stability to the quaternary
light chains / two heavy chains;
structure by holding the heavy and
light chains together / heavy chains
together;

4.

Each antibody
y ha
has
as a h
hi
hinge
in
ing
ng
ge re
region
region;
o

This give antibody flexibility when
binding to antigen/pathogen;

5.

Ig G has
has
s two
two antigen
anti
an
t ge
ti
en b
bi
binding
ind
sites;

Each antibody can bind to two
epitopes/antigens at the same time
which will cause pathogens to
aggregate/agglutinate/clump
together to facilitate clearance by
macrophages;

6.

Constant region of heavy chains

determine the class of antibody thus
their different functions;

[1 mark for structure, 1 mark for related function; max 4 marks]
©YIJC




Need a home tutor? Visit smiletutor.sg
TQMNUDQ

[4]

18

(d)

A human can make more than 1012 different antibody molecules. Explain how different
specific antibodies are generated.
1. The specificity of antibodies depends on the variable regions which are encoded
by the variable, joining, and diversity gene segments, each of which are
present in multiple copies in the genome, conferring germline diversity; (less
important point);
2. Somatic recombination enables different combination of these gene
segments to form the variable region, leading to combinatorial diversity;
Reject: different combinations of genes / different combination of regions
3. Combinatorial diversity is also created from the association of different light
and heavy chains to form an antibody;
4. Somatic hypermutation at the rearranged VDJ gene segment of heavy chain
gene locus and the rearranged VJ gene segment light chain gene locus also
increases the diversity of antibodies;
[4]

Reject: reference to class switching

[Total: 11]
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Increase in emission of greenhouse gases like carbon dioxide leads to an increase in global
temperature due to greenhouse effect. This can affect animals and plants both on land and in
water.
(a)

Explain how an increase in atmospheric carbon dioxide can lead to global warming.
1. sun emits solar radiation onto Earth
which emits the absorbed radiation as infrared radiation / heat from its surface;
2. infrared radiation / heat is absorbed by CO2 (a greenhouse gas)
re-emitted as weaker radiation which is unable to pass through the
atmosphere resulting in increase in global temperature;

[2]

Sea lions and iguanas feed in the sea around the tropical Galapagos Islands. Sea lions are
mammals and iguanas are reptiles. Both species spend some time on land. Fig. 10.1 shows the
core body temperature of an iguana and a sea lion at different external temperatures.

Fig. 10.1
(b)

With reference to
o Fi
Fig.
ig.
g. 10.1,
10
0..1,
1, e
explain
xpla the difference in core body temperature of the two
animals at different
iffe
ere
rent
nt external
exter
er al temperatures.
erna
temp
te
mp
per
e
1. as
se
external
x er
xt
erna
n l temperature
temp
te
mp
per
erat
attur increase from 10 – 40oC, core body temperature of
a
iguanas
ua
ana
nas
s in
incr
increase
crea
cr
ea
as
se
e from
f
10 – 40oC
but sea
se
ea li
lio
lion's
on's temperature remains constant at 38oC
2. iguanas are ectotherms that do not keep internal temperature constant /
sea lions are endotherms / have homeostatic mechanisms to regulate
internal body temp
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Fig. 10.2 shows the oxygen consumption of an iguana and a sea lion at different external
temperatures.

Fig. 10.2
(c)

(i) The mean temperature of the sea surrounding the Galapagos Islands is 21 °C while
the mean air temperature during the day is higher than this.
Suggest why the iguana feeds for only short periods in the water before returning
to the land.
1. At 21 oC, O2 consumption is low at 1.6 dm3 kg-1 hour -1;
2. body cools down too much / hypothermia if iguana stays too long in water;
OR
3. low temp ¨ slower respiration (due to low enzymatic activity)
less ATP synthesized may ¨ drowning / unable to escape predators;

[2]

(ii) Predict the feeding
g behavior
b
of iguanas if global warming increases sea
o
temperature by 2 C.
1. feed for
or longer
lon
on
ng
ge
er pe
peri
periods
riods (as they can now stay in water for longer) ®
ri
feed
eed
d more
mor
ore

[1]

(iii) D
Describe
De
esc
scri
ribe
be one
on
o
ne abiotic
abio
ab
i t effect of raising sea temperatures.
1. th
ther
thermally
errma
m ll expanded water OR
melting of ice bergs ® vague ref to polar ice caps;
m
2. leads to increasing sea levels,
which may (cite relevant e.g.) cause salt water intrusion of aquifers
/ intensified water cycle leading to heavy rains etc;
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(iv) Explain the link between core body temperature and the rate of oxygen
consumption in the sea lion between the external temperatures of 10 °C and 30 °C.
1. O2 consumption decreases from 8 to 3.6 dm3 kg-1 hour-1
as external temperature decrease from 10 – 30 oC;
2. sea lion increases respiration rate
to increase heat production to maintain core body temperature at
38 oC;

[2]

[Total: 11]
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Section A
1

Dengue fever is a disease caused by the dengue virus (DENV) from the Flaviviridae family,
Flavivirus genus. The disease is transmitted to humans via the bite of an infective Aedes
aegypti mosquito. There are four different serotypes of dengue virus (DENV1-4) circulating in
the world, including Singapore. Hence, individuals can be infected with dengue up to four times.
Repeat dengue infections have been associated with a higher occurrence of severe dengue. In
Singapore, the Ministry of Health (MOH), together with the National Environment Agency (NEA),
tracks and reports all dengue-related cases quarterly.
(a)

Based on your understanding of virus characteristics, discuss if the Flaviviridae family is a
valid phylogenetic grouping.
No
1. viruses are non-living particles that do not 'reproduce' thus has no ancestordescendent relationship;
2. recombination of different viruses can occur within a single host cell without
'reproductive barrier' thus cannot be classified by Biological Species Concept;
Yes
3. can classified by phenotypic characteristics e.g. morphology / nucleic acid /
mode of replication / host / type of disease they cause etc. using Morphological
Species Concept;
4. virus progeny 'inherits' alleles that determines phenotypes like host type,
from 'predecessors' that first infected the host;
any 3 MP from either argument
[3]

(b)

(i) Explain how the dengue virus is transmitted from person to person.
1. female mosquito takes blood meal from individual infected with DENV
(before laying eggs)
DENV spreads to salivary glands of mosquito;
2. infected mosquito becomes a vector when it takes blood meal from
uninfected individual
spreads virus to individual by injecting its saliva into human
bloodstream;
[2]
(ii) Explain why individuals can be infected up to four times with dengue.
1. exposure to 1 DENV serotype triggers adaptive immune response
that results in
n production
p od
pr
o uc
u t
of memory B cells with BCR specific to Ag of
this serotype
otyp
yp
pe (conferring
(con
(c
onfe
f rr
rring immunological memory);
2. however,
oweve
ver,
ve
r tthe
r,
he 4 DE
DENV
ENV s
serotypes
er
have slightly different antigen / surface
protein
prot
pr
otei
ot
ein
ei
n structure
stru
st
ruct
ru
ctur
ct
ure
ur
e / antigenicity;
ant
BCR
BC
R of m
memory
e or B cells are not fully complementary to Ag of DENV of a
em
different
diff
di
ffer
ff
erren
e t serotype;
s
3. thus
th
hus subsequent exposure to different DENV serotype will trigger primary
immune response
rather than a secondary response;
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(iii) Explain why repeated dengue infections have been associated with a higher
occurrence of severe dengue.
1. memory B cells may be triggered to differentiate into plasma cells to
produce Ab when individual is infected by a different DENV serotype
Ab produced bind to the new DENV serotype but are unable to neutralise
the virus;
2. Ab-virus complexes bind to Fc receptors on macrophages
triggering receptor-mediated endocytosis of the virus into the cells;
3. antibody-dependent enhancement occurs where Ab assist the spread the
DENV
results in increase viraemia thus more severe dengue;
[3]
An individual suspected of being infected by DENV can undergo dengue fever testing to
determine if the infection is indeed due to DENV. DENV infection can be difficult to diagnose
without laboratory tests because symptoms may initially resemble those of other diseases, such
as chikungunya infection. Two primary types of testing available are:


(c)

Molecular testing which detects the genetic material of DENV in blood within the first
week after symptoms appear using reverse transcriptase (RT) in polymerase chain
reaction (RT-PCR)
Antibody tests which detect two different classes of antibodies produced by the body in
response to a dengue fever infection. This helps diagnose a current or recent infection.
DENV genetic material in the blood occurs in small amounts. Thus, the genetic material
needs to be amplified before it can be identified.
(i) Suggest how the DENV genetic material is amplified using RT-PCR.
1. at optimum temp of RT,
RT reverse transcribes DENV RNA genome into cDNA using dNTPs
available;
2. allow annealing of primers to occur to cDNA template at 55oC,
via hydrogen bonds between complementary base pairs;
3. allow elongation of primers at 72oC,
by Taq polymerase which brings in dNTPs complementary to cDNA
template;
4. denaturation of double-stranded DNA to single-stranded DNA at 95oC,
by breaking hydrogen
og
bonds between complementary base pairs
with increased kin
kinetic
net
etic energy
atur
urrattio
on re
rrequired
q ir
qu
no denaturation
at 1st stage as DENV RNA is singlestranded;
nd
ded
ed;;
[4]
(ii) S
State
St
tate
ate the
at
tth
he two
tw
wo classes
clas
cl
a se
ses of antibodies that are tested for.
1. Ig
IgM
M and
and IIgG;
gG
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(iii) Explain what is meant by 'classes of antibodies'.
1. antibodies that have different constant regions,
generated during class switching in activated B cells,
2. which spliced different constant gene segments to already rearranged
VDJ segments,
5 possible classes – IgG, IgM, IgD, IgE and IgA;

[2]

Wolbachia are natural bacteria present in up to 60% of insect species, including some
mosquitoes. However, Wolbachia is not usually found in the A. aegypti mosquito. For many
years, scientists have been studying Wolbachia, looking for ways to use it to potentially control
the mosquitoes that transmit human viruses. The World Mosquito Program’s research has
shown that when introduced into the A. aegypti mosquito, Wolbachia can help to reduce the
transmission of these viruses to people.
(d)

State one structural difference between dengue virus and Wolbachia bacteria.
1. absence of cell wall in DENV
presence in Wolbachia;
2. linear RNA genome in DENV
circular DNA genome in Wolbachia;
any 1 MP

(e)

[1]

Explain how introduction of Wolbachia can reduce transmission of DENV to people.
1. when male Wolbachia-carrying A. aegypti mate with female wild-type A. aegypti
/ that do not carry Wolbachia
resulting eggs do not hatch due to cytoplasmic incompatibility;
2. male Wolbachia-carrying A. aegypti released will compete with wild-type males
for wild-type females
leading to a reduction in the population of A. aegypti over time;
[2]
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In 2017, a trial was conducted at different parts of Singapore to investigate the effectiveness of
Wolbachia-carrying male mosquitoes in controlling mosquito populations. One of the areas
selected was Nee Soon East. Fig. 1.1 shows the location of the trial site at Yishun Street 21 and
the control site at Yishun Street 11.

Fig. 1.1
(f)

(i) Suggest two considerations for the selection of trial and control site.
1. similar conditions
e.g. number of breeding sites / blocks etc.;
2. distance
must not be too near for released Wolbalchia-carrying males to fly
over;

[2]

(ii) Explain why only male
le mosquitoes
mos
mo
carrying Wolbachia were released.
1. male mosquitoes
quitoe
oe
es do n
not
o bite humans / take blood meal
(feed
d on nectar);
nec
cta
tar)
r);
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The number of A. egypti caught in ovitraps during the pre and post release periods in the trial
site were compared to the control site. Table 1.1 shows part of the data collected.
Table 1.1
Number of A. egypti caught per 100 ovitraps
Pre-release

(g)

Street 11

Street 21

Street 11

Street 21

20

21

42

15

25

24

35

19

17

22

48

22

22

18

44

25

16

16

32

13

Using the following formulae and t-table,

where

s = standard deviation
¦ = sum of
x = observation
x̅ = mean
n = sample size

df
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Post -release

probabillity
0.25

0.10

0.05

0.025

0.01

1

1.00

3.08
3

6.31

12.71

31.82

2

0.82
0.
.82
82

1.89
1.8

2.92

4.30

6.96

3

0.76
0
0.
.76
76

1.64
1
.64

2.35

3.18

4.54

4

0.74
0.
0
.74
74

1.53

2.13

2.78

3.75

5

0.73
0
7

1.48

2.02

2.57

3.37

6

0.72

1.44

1.94

2.45

3.14

7

0.71

1.42

1.90

2.37

3.00

8

0.71

1.40

1.86

2.31

2.90

9

0.70

1.38

1.83

2.26

2.82

10

0.70

1.37

1.81
2.23
2.76
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conduct a t-test on appropriate samples to determine if the release of Wolbachia-carrying
mosquitoes was effective in reducing the mosquito population in the trial site.

t-value

5.83;

probability

p < 0.01;

conclusion

tcalculated > tcritical, 5.83 > 2.90;
difference between means is statistically significant, difference not
due to chance,
trial site / St 21 has less mosquitoes than control site / St 11;
OR
Wolbachia-carrying mosquitoes are effective in reducing
mosquito population;

[4]
[Total: 28]
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2

Occasionally during meiosis, homologous chromosomes fail to separate at anaphase. This is
known as non-disjunction. Turner’s syndrome is the most common chromosome mutation in
human females. It can occur due to non-disjunction in meiosis during gametogenesis. Some
resulting gametes will be missing an X chromosome.
Some forms of Turner’s syndrome occur when one of the pair of X chromosomes is not missing
but has become damaged. The damaged X chromosome may have been broken and re-formed
so that part of its structure is lost.
Fig. 2.1 is a diagram of a normal X chromosome and two forms of ‘damaged’ X chromosomes,
X1 and X2.


In X1, a section of the ‘p’ arm of the chromosome is missing. This deletion leads to reduced
height of the female and abnormalities such as narrowing of the aorta.



In X2, a section of the ‘q’ arm of the chromosome is missing. This deletion leads to little or no
development of the ovaries.

Fig. 2.1
(a)

Name structure K.
1. Centromere;

(b)

(i)
(ii)

[1]

Name the type
yp
pe of
of cchromosome
hrom
hr
omos
osom mutation which resulted in X1 and X2.
1. Chromosomal
romo
moso
mo
soma
so
mall de
ma
d
deletion;
ele
leti
t on
n;

[1]

Explain
Ex
E
xp
pllaiin why
wh
w
hy X1 an
and
a
nd X2 result in different phenotype.
1.

Diff
Di
Different
ffer
ff
eren
er
en
nt sections
se
of the chromosome were deleted, X1 had a section
deleted
de
elete
le
ete
te in the p arm while X2 had a section deleted in the q;
ted

2.

thus
h different segments of coding sequences were removed from the
chromosome in X1 and X2;

3. Different proteins were not produced/ produced resulting in different
phenotype;
[3]
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(iii)

Describe one similarity and one difference between chromosome mutation and
gene mutation
Similarity:

Both involves changes to the nucleotide sequence in our DNA;

Difference:

Gene mutation could result in no change in phenotype while
chromosome mutation usually results in a change in phenotype;
Gene mutation usually only affects one gene while
chromosome mutation can affect many genes;

(c)

[2]

Mothers with the X1 form of Turner’s syndrome can pass on the chromosome mutation to
their daughters while females with X2 form of Turner’s syndrome often do not produce
any offspring.
Suggest why females with X2 form of Turner’s syndrome often do not produce any
offspring.
Females with the X2 form of Turner’s syndrome do not have ovaries thus unable to
produce eggs, are infertile;
[1]
[Total: 8]
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3

There are two indigenous eel species in New Zealand: the shortfin eel (Anguilla australis) and
the longfin eel (Anguilla dieffenbachii). The longfin eel is endemic to New Zealand and is found
in rivers and streams well inland (NOT = on land), while the shortfin eel is limited more to
coastal areas. Young eels (elvers) migrate from the sea into freshwater streams, where
they live as adults for many years (up to 100 years for longfins) before migrating back to
sea to reproduce in the Pacific Ocean.
Table 3.1 shows the timing and age of migration in the two species of eels.
Table 3.1
Age of migration in
females
Males in April and females
Females at 34 years
follow soon after
(75 – 180 cm)
Timing of migration

Longfin eel
Shortfin eel

Males in February – March
and females follow soon after

Females at 22 years
(50 – 100 cm)

Age of migration in
males
Males at an average
of 23 years
(48 – 74 cm)
Males at an average
of 14 years
(38 – 58 cm)


The breeding area for shortfin eels is thought to lie to the northeast of New Zealand near
Samoa. Evidence obtained by satellite tracking of the eels indicates that the longfin breeding
area is in the southwest tropical regions of the Pacific Ocean – somewhere near Fiji and New
Caledonia.
The females release their eggs, the males fertilise them, and the adults die after spawning. The
eggs hatch into larvae that float to the surface and drift back towards New Zealand. They
may take about 17 months to arrive. Larvae then change into transparent juvenile eels.
Fig. 3.1 shows the migration patterns and the breeding grounds (NOT where young eels live
& mature to become adults) of the eels.

It is thought that the ancestral species had a shorter migration, which was genetically
programmed and has changed to provide the migrations seen in the shortfin and longfin
eels today.
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(a)

Compare (= BOTH similarities & differences) sympatric and allopatric speciation.
1. Similarity: Both require disruption of gene flow;
Ignore: Both will result in the formation of new species.
2. Difference: Allopatric speciation is formation of species from populations
due to geographic isolation between 2 populations (Reject: btw species)
whereas sympatric speciation is the formation of species from populations
in the same geographic location / by means other than geographic
isolation - such as behaviour, physiological isolation
Ignore: if only mention geographical versus physiological / behavioural /
temporal isolation w/o reference to process happening to populations of
the same species.
[2]

Max 1 mark if only similarity or difference mentioned.
(b)

With reference to the information provided, explain how natural selection could have
led to the evolution of the two species of eels.
Ignore: reference to climate change / overfishing
EITHER:
1. (Ancestral eel population heads to the same breeding ground), however a
mutation in the gene coding for navigation to breeding grounds, results in
different migration patterns (in some eels) in the ancestral eel population;
2. ? Ancestral eels migrate to different breeding grounds – one population
that travels to Samoa will be separated by physical distance from the other
population that travels to New Caledonia / southwest tropical regions of
Pacific Ocean;
3. The selection pressure is the distance to the breeding grounds, ? eels
with advantageous / favourable traits of shorter fins (Reject: shortfin eels)
to travel to Samoa while eels with longer fins (Reject: longfin eels) to travel
to New Caledonia / southwest tropical regions of Pacific Ocean;
4. are selected for and experience greater reproductive success / fertilisation
(Ignore: survive to sexual maturity because only adult eels move to
breeding grounds) in the
he respective breeding grounds and pass on their
advantageous alleles
es (e
(e.
(e.g.
.g. short finned allele in breeding ground near
Samoa) to their offsp
offspring
sp
pri
ring / la
larvae, resulting in a change in allele frequency
in each population’s
pula
atiion
n’s
s gene
gen
e e poo
pool;
5. Eell po
popu
populations
pula
pu
lati
la
tion
ti
ons
on
s ma
may
y al
a
also
lso be subjected to additional selection pressures
(e.g.
.g
g. changes
chan
ch
a ge
an
ges
s in
nw
water
a e currents / water temperatures) that existed during
at
migration
grrat
a io
ion
n and
an
nd at
a tthe respective breeding grounds;
6. Due to
o the absence of gene flow, the gene pools of the separated
populations accumulate different alleles independently from mutations
and presence of different selection pressures, leading to increasing
genetic divergence; resulting in the formation of reproductive barrier;
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7. When larvae that successfully arrive back in New Zealand and change into
juvenile eels, the different eel populations occupy different habitats
(longer fin eels in inland water bodies, shorter fin eels in coaster areas),
they are also geographically isolated;
8. New species of eels arise by descent with modifications from ancestral
species over time, that prevented interbreeding between the two
populations and the formation of fertile viable offspring subsequently;
[max 5]
OR
1. Ancestral eel population has variation in migration time (temporal
isolation), hence longer finned eels migrate in April while shorter finned
eels migrate between February to March, to their respective breeding
grounds;
2. This disrupts gene flow between the 2 populations of eels, ?shorter
finned eels and longer finned eels will only reproduce / undergo
fertilisation within their own populations at the breeding grounds;
3. The gene pools of the separated populations accumulate different alleles
independently from mutations and presence of different selection
pressures along their migration routes, leading to increasing genetic
divergence; resulting in the formation of reproductive barrier;
4. Eel populations that successfully arrive at the respective breeding
grounds may also be subjected to additional selection pressures that exist
there;
5. Idea of founder effect;
6. Eels with advantageous traits are at a selective advantage in the different
waters, survived to reproduce / for fertilisation (Ignore: survive to sexual
maturity because only adult eels move to breeding grounds) and pass on
their advantageous alleles to their offspring / larvae, resulting in a change
in allele frequency in each population’s gene pool;
7. When larvae that successfully arrive back in New Zealand and change into
juvenile eels, the different eel populations occupy different habitats
(longer fin eels in inland
bodies, shorter fin eels in coaster areas),
land
nd
d water
w
they are also geographically
ogra
aph
phic
ic
cal
ally isolated;
8. New species
pecie
es of e
eels
els a
el
arise
ris
se by
b descent with modifications from ancestral
species
cie
es o
over
verr ti
ve
ttime,
me, that
me
th
h
prevented interbreeding between the two
populations
opu
pula
pu
lati
la
tion
ti
o s an
and
d th
the
he fformation
o
of fertile viable offspring subsequently;
[max 5]
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The Hox genes are master regulatory genes that influence cells in a particular location of an
animal embryo in order to develop structures for that part of the body.
In the brine shrimp, Artemia, the expression of the Hox genes Ubx and Scr results in the growth
of either a swimming appendage or a feeding appendage, depending on whether the genes
are expressed in cells that are in the mid-region of the body or that are near the mouth.
These specialised appendages are labelled in Fig. 3.3 below.

Source: patrimonio designs ltd/Shutterstock.com

Fig. 3.3
(d)

Suggest one way that genes are regulated so that the same genes can produce different
appendages when the genes are expressed in different locations in the Artemia embryo.
Any 1 below:
1. There may be different regulatory sequences associated with the genes that
interact with different specific transcription factors that control the
expression / non-expression of the genes at each location;
2. Genes are expressed for different lengths of time in the embryo. The shorter
limb could be a result of the gene switching off earlier or switching on later;
3. Post-transcriptional modification / alternative splicing (Reject: splicing)
where different exons cut out leads to different types of mature mRNA that
will form different regulating proteins when expressed, in each location.
[1]

(e)

Explain why it is impossible
ssib
ble
e fo
for evolution to occur at the individual level.
1. Evolution re
refe
refers
fers
fe
rs to
to changes
chan
ch
a g
ge
es in allele frequencies in a gene pool of a
population
lation
on ov
over
er ttime;
ime;;
im
2. A population
po
opu
pula
lati
la
tion
ti
on is
i a group of interbreeding individuals belonging to a
particular
tic
cul
ular
ar species
spe
peci and sharing a common geographic area
3. There m
must be phenotypic variation in a population before selection can
take place,
individuals are selected for or against by natural selection;
4. Individuals can only pass down their favourable / advantageous alleles to
the next generation, it is the population that actually evolve;
[3]
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5. Individuals can only introduce new allele to the next generation through
mutation during the formation of gametes;
[Total: 14]
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Section B
Answer ONE question in this section.
Write your answers on the lined paper provided at the end of this Question Paper.
Your answers should be illustrated by large, clearly labelled diagrams, were appropriate.
Your answers must be in continuous prose, where appropriate.
You answers must be set out in parts (a), (b), etc., as indicated in the question.
5

(a)

Compare the signaling pathways between G protein coupled receptor and receptor
tyrosine kinase in relation to blood glucose regulation.

[11]

Similarities
1. Both ligands bind to the extracellular domain of the receptor;
2. Termination occurs when the ligand is removed from the receptors;
Differences
Feature of
comparison
3.
Ligands/
Signal
molecules;
4.
Change to
receptor
upon ligand
binding;
5.

6.
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Chemical
modification
s of
receptors
Proteins
associated
with
receptors;

7.

Signal
transduction
;

8.

Effect of
second
messengers
rs
/ activated
ate
te
ed
proteins;
rotei
eins
ei
ns;;
ns

9.

Enzymes
En
nzy
zyme
me
es
involved;
vo
olved
lv
v



GPCR

Receptor Tyrosine
Kinase
Insulin

Glucagon

Conformational change Dimerization of RTK.
of
the
7-helix
transmembrane protein.
Absent.

Phosphorylation
of
tyrosine residues on the
RKT subunit.

Causes a GTP molecule
to displace the GDP
molecule and activates
the G protein.

Insulin response
substrate (IRS) proteins
binds to phosphorylated
tyrosine residues on the
receptor.
Activated
adenylyl Phosphorylated
IRS
cyclase catalyses the proteins phosphorylate
conversion of ATP to other relay proteins.
cAMP.
cAMP
MP
P acts
a
as a second Phosphorylated
IRS
messenger
me
es
ss
sen
e g and activates proteins activate more
intracellular
proteins than
one
signalling
in
nttrrac
cell
ellul
el
such
as
protein
kinase A pathway.
su
s
uch
ha
s pr
p
o
leads to a
((PKA),
(P
KA),
KA
), which
),
wh
phosphorylation
ph
hos
o
cascade.
c
Glycogen phosphorylase Glycogen synthase is
activated
activated
Glycogen
synthase
phosphorylated thus is
inactivated
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10.

Types of
cellular
response;

11.

Effect on
blood
glucose
levels;
Termination
of signals;

12.

(b)

n glycogenolysis
n gluconeogenesis
p glycogenesis

Increase in number of
glucose transporter
n glycogenesis
n protein synthesis
n lipogenesis
p gluconeogenesis
Increased blood glucose Decreased
blood
levels
glucose levels
GTPase portion of Gα Endocytosis
of
subunit hydrolyses GTP insulin-receptor
into
GDP,
cAMP complex.
hydrolysed to AMP by
phosphodiesterase;

the

Using named examples, describe the various functions of biological receptors and
explain their importance in organisms.
1.

[14]

Cell Surface Receptors
General information of hormone action at named cell:
 binding of, ligand / hormone, to cell surface receptor;
 conformational change in receptor;
 cell signalling pathway / second messengers, activated;
 phosphorylation cascade / signal amplification;
 response: change in, gene expression / enzyme activity / cell
metabolism;
Examples:
(1) insulin:
o tyrosine kinase receptor activated;
o conversion of glucose to glycogen;
o restore elevated blood glucose levels to the norm / increase
glycogen storage;
(2) glucagon:
o G-protein coupled receptor activated;
o glycogen / lipid / amino acid, breakdown increased to produce glucose
molecules for respiration;
o raise the low blood glucose levels back to the norm ;
n channel
ch
han
a n
ne
el rreceptors
(3) ligated-gated ion
ro
oph
p ililiic
c cchannel
h nne which allows ions (e.g. Na+, Ca+, K+) to move
ha
o have a hydro
hydrophilic
inside
de a
and
nd ou
outside
utsi
sid
de
eo
off ce
cell
cells;
llls;
s
o co
coordinate
oor
ordi
dina
di
nate
na
te body
bod
o y responses
res
re
espo
like reflex action, movement, maintenance
of ion
ion concentration
con
once
cent
ce
nttra
rati
t on in cells;
ti
arrrie
ierr proteins
prrottei
prot
(4) Carrier
o Thus
Thu moving a solute across the membrane Æ enable uptake of
solutes into cells ;
o E.g. entry of glucose molecules into red blood cells.
(5) T helper cells and T cell receptors (TCR)
o assist in regulating the activity of B cells and cytotoxic T cells by
providing necessary signals and growth factors;
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(6) B lymphocytes (B cells) and B cell receptors (BCR)
1. antibody-secreting plasma cells Æ to produce antibodies to fight off
pathogens;
2. memory B cells Æ to produce a faster and stronger immune
response to subsequent infections;
(7) Cell-cell recognition / cell-cell adhesion
o carbohydrate moiety /chains on glycoproteins or glycolipids allow cellcell recognition & / or cell-cell adhesion;
o allow formation of tissues and organs;
2.



Receptor-mediated endocytosis
The receptor proteins are usually clustered in regions of the membrane
called coated pits.
Helps cell to acquire bulk quantities of specific substances even though
they may not be in very high concentration in the extracellular fluid.
- E.g. Human cells use the process to take in cholesterol for use in
the synthesis of membranes and as a precursor for the synthesis of
other steroids.

3.

Cytoplasmic Receptors / Kinase-linked receptors
o located in the cytoplasm and involves enzymatic activation by
phosphorylation;
o stimulate gene transcription and protein synthesis which lead to
cellular effects;
o e.g. effects of insulin

4.

Nuclear Receptors
o located in the cell nucleus and are activated when ligand molecules
enter the nuclear membrane and bind with them;
o stimulate gene transcription and protein synthesis which lead to
cellular effects;
o e.g. estrogen and other steroid hormones;

QWC: at least 2 mechanisms of biological receptors (from part 1-4) + relevant
examples
[Total: 25]
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6

(a)

Using named examples, compare continuous and discontinuous variation, and
explain how environment can affect phenotypes.

[11]

Named examples
1. Continuous variation – height or mass in humans;
2. Discontinuous variation – ABO blood group in humans;
Similarities
3. Both are determined by genetic factors;
4. Both can be influenced by environmental factors;
Differences
5. A range of phenotypes is usually seen continuous variation while
distinct phenotypes are seen in discontinuous variation;
6. Alleles of many genes are involved in continuous variation @polygenic
while alleles of one or few genes are involved in discontinuous
variation;
7. Each gene involved in continuous variation have very little effect on
the phenotype, the additive effects of the genes give rise to the
phenotype while in discontinuous variation one gene has a huge effect
on the phenotype;
8. Environment has a large effect on phenotype in continuous variation
while environment has a small effect on the phenotype in
discontinuous variation;
Environment on phenotypes
9. Honey bee;
10. Queen and worker bees are females which develop from fertilized
haploid eggs;
11. Difference is due to diet of larvae;
12. After hatching, all larvae are fed with royal jelly. From 3rd day onwards,
larvae destined to be worker bees switched to a diet consisting of
honey and pollen.
e q
13. Larvae destined to b
be
queen continue with royal jelly. High protein
content in royal
the formation and stimulation of female
oy
yal jelly
jel
elly
ly stimulates
sti
timu
m
reproductive
ctive
ve s
system;
ystte
ys
em
m;;
ma
ala
aya
yan
n ra
rabb
bbit
bb
its; ®r
it
rab
a b
14. Himalayan
rabbits;
®rabbits
Temp
mper
mp
e at
er
atur
ure
e af
a
fect the coat colour of Himalayan rabbits;
fe
15. Te
Temperature
affect
yro
rosi
ro
sina
si
na
nase
as
se
e iis one of the enzymes required for the synthesis of pigment
16. Tyrosinase
melanin;
la
ani
nin
17. Himalayan rabbits are homozygous for the recessive ch allele of the
gene for tyrosinase, which codes for heat-sensitive form of tyrosinase;
18. At central part of rabbit’s body where body temperature is above 33qqC,
tyrosinase is inactivated thus no melanin is produced, giving rise to
light coloured fur;
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19. At extremities, temperature is below 33qqC, tyrosinase is active, melanin
is produced, giving rise to dark coloured fur;
QWC: Correct named examples (3) + at least 3 valid comparison

(b)

Describe how variation arises and how recessive alleles are preserved in a
population.

[14]

Gene Mutations
1. gene mutations* + change in nucleotide sequence;
2. any one e.g. substitution, deletion or insertion of a nucleotide;
3. in coding region that changes triplet code, then amino acid hence 3D
conformation of polypeptide / protein
4. in non-coding regions such as e.g. promoter/enhancer/silencer/ that
can increase/decrease transcription frequency/ alter gene expression;
5. and hence changes phenotype of organism;
Chromosomal Mutations
6. chromosomal mutations/aberrations which involve a change in
number and structure of chromosomes resulting in a change of
phenotype of organism;
7. (number
of
chromosomes)
polyploidy/aneuploidy;

non-disjunction

resulting

in

8. (structure) any one with elaboration;
e.g. deletion - when a segment of a chromosome is missing
OR e.g. duplication - when an extra segment of a chromosome is present
OR e.g. inversion - when a chromosome segment is detached, flipped around
180 degrees & reattached to the rest of the chromosome
OR e.g translocation - when a segment from one chromosome is detached &
reattached to a different chromosome;
Meiosis
9. During metaphase
se I,
I, independent assortment of homologous
chromosomes
s occu
occurs
curs
cu
rs w
rs
when
h arrangement of one pair of homologues at
the metaphase
phas
se p
pl
plate
la
atte is independent
ind
of the arrangement of the other
pairs of homologues
hom
omol
ologue
ol
ue
es an
and
d subsequently separation of homologous
chromosomes
hro
omo
moso
some
so
m s during
me
duriing a
du
anaphase
n
I;
10. Ra
Rand
Random
ndom
nd
o
om
and
an
d in
iindependent
d
arrangement of non-identical sister
chromatids
ch
hro
roma
mati
ma
t ds
ti
s at
a the metaphase plate during metaphase II and
subsequent
bs
seq
equ
ue
separation of non-identical sister chromatids during
anaphase
ph
II;
11. results in gametes with numerous combinations of maternal & paternal
chromosomes;
12. crossing over during prophase I between non-sister chromatids of
homologous chromosomes;
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13. results in new combinations of alleles;(must be linked with 12 as long
as idea of crossing over)
14. random fusion of gametes add to the variety of genotypes. Different
genotypes will result in different phenotypes and these will act as raw
materials for natural selection;
AVP:
Continuous variation due where variation in phenotype/ characteristics (can
be due to) interaction of genotypes and environment;
Heterozygote protection/Diploidy
15. Heterozygote protection/diploidy occurs in diploid organism with 2
copies of each gene;
16. 2 different alleles at 1 gene locus where dominant allele determines
organism’s phenotype/recessive allele remains hidden/masked;
17. Recessive homozygote with unfavourable phenotype selected
against/dominant phenotype selected for + heterozygotes survive ;
18. thus heterozygotes pass on recessive allele to offspring when
heterozygotes propagate/interbreed maintaining recessive allele in
population;
19. e.g. heterozygous condition hides recessive HbS allele that is less
favourable from natural selection which only acts on sickle cell
anaemia phenotypes
or any relevant example with details (e.g. cystic fibrosis);
Heterozygote advantage
20. heterozygote advantage when individuals who are heterozygous at a
particular locus have greater fitness than / selective advantage over /
can survive and reproduce better than both kinds of homozygotes;
21. Heterozygote is selected for with named e.g. in malaria prone regions,
HbAHbS do not suffer from negative effects/do not die of sickle cell
anemia or more resistant to malaria;
22. thus heterozygotes pass on recessive allele (HbS) to offspring when
heterozygotes propagate/interbreed maintaining recessive allele in
population;
otes
s ar
a
e selected against with named e.g. HbSHbS
23. Both homozygotes
are
individuals will be
be disadvantaged
disa
di
sadv
sa
d
due to serious effect of sickle-cell
anaemia
a and
an
nd Hb
bA H
Hb
bA w
will
ill be susceptible to malaria;
Frequency-dependent
enc
nc
cy-de
epe
pend
n ent
nd
en
nt s
selection
el
24. frequency
eq
que
uenc
nc
ncy
cy de
dependent selection is where fitness/selective advantage of
phenotype
en
no
otty depends on how common it is;
25. the frequency of each phenotype oscillates over time but is kept close
to 50%, thus maintaining both alleles;
26. e.g. in Lake Tanganyika in Africa, there are two forms of scale-eating
fish i.e. left-mouthed and right-mouthed. Prey of scale-eating fish
guards itself against attack from whatever phenotype of scale-eating
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fish is most common in the lake. So from year to year, selection favours
whichever mouth phenotype is least common;
QWC: 2 variation arises and 2 how of recessive alleles are preserved;
[Total: 25]
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24
2019 H2 Bio Preliminary Examination Paper 4 Mark Scheme
Before you proceed, read carefully through the whole of Questions 1 Part I.
QUESTION 1
Part 1
Plants transport sucrose through vascular bundles in stems and roots. You are required to investigate
the movement of sucrose solution.
The apparatus will be set up as shown in Fig. 1.1, using a boiling tube and a 5 cm3 syringe.

Fig. 1.1
You are provided with the materials shown in Table 1.1.
Table 1.1
labelled

contents

hazard

Volume / cm3

S

20% sucrose
crros
ose solution

None

40

W

Distilled
Di
issttili le
led
d water
w
wa

none

300

Carry out step 1 to st
step
te
ep
p 5 tto
o investigate
inve
in
vessttigat
ate
at
e the
th movement of sucrose from the syringe.
1. Set up the apparatus
pp
par
aratus
attuss a
as
s sh
shown
hown in Fig. 1.1 but without any distilled water, W, in the boiling tube.
co
ord in (a)(i) your observations of any movement of the sucrose solution.
2. Observe and record
3. Put W into the boiling tube. The level of W must be to the top of the nozzle of the syringe, as
shown in Fig. 1.1.
4. Observe and record in (a)(i) your observations.
5. Empty the syringe and the boiling tube into the container labelled For waste.
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(a)

Complete Table 1.2.
Table 1.2
Contents of boiling tube
Without distilled water
With distilled water

Observations
no movement of sucrose solution observed
® level remains at 5 cm3
® no observable change
sucrose solution moves out of syringe
® there is movement (too vague)
® vol. of sucrose decreased
[1]

(b)

You will need to investigate the movement of sucrose solution out of the syringe by:


setting up the apparatus, as shown in Fig. 1.2



collecting the sucrose solution released from the syringe during each of the first four twominute periods after setting up the apparatus, as shown in Fig. 1.2



testing the mixtures of sucrose solution and water collected during each of the four twominute periods, using the non-reducing sugar test



recording the time taken for the first colour change to occur when heating each mixture
with Benedict’s solution during the non-reducing sugar test.

Fig. 1.2
6. Set up a water-bath and heat the warm water to boiling. This will be used in step 20 and step 27
during the tests for non-reducing sugar.
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7. Label the four boiling tubes S2, S4, S6 and S8.
The apparatus needs to be set up as shown in Fig. 1.2 so that at the start there is a standard volume
of distilled water in each of the boiling tubes S2, S4, S6 and S8.
8. Put the empty 5 cm3 syringe from step 5 into the boiling tube labelled S2.
9. Put a mark on the boiling tube labelled S2, as shown in Fig. 1.2, so that the mark is level with the
top of the nozzle of the syringe.
(i)

Describe how you will use the apparatus provided to find the volume of distilled water,
W, needed to fill the boiling tube to the mark, when the syringe is in place.
1.
2.

(ii)

fill boiling tube with distilled water / W up to mark ;
measured / sum up volume of water using measuring cylinder or syringe ;

[2]

Find the volume of distilled water, W, needed to fill the boiling tube to the mark, using
the method you described in (b)(i).
30 – 38, in cm3
volume to 1 dp (if syringe)
[1]

10. Put the volume of distilled water, W, stated in (b) (ii) into each of the four boiling tubes, S2, S4,
S6 and S8.
11. Fill a 5 cm3 syringe with more than 5 cm3 of sucrose solution, S. Push the plunger in to the 5 cm3
mark to make sure there are no air bubbles in the nozzle.
12. Put the syringe into the first boiling tube, S2, as shown in Fig. 1.2. The nozzle of the syringe must
be below the surface of the distilled water, W. Start the stopwatch.
13. Leave the syringe in the boiling tube S2 for 2 minutes, then remove the syringe and put it
immediately into the next boiling tube, S4. The nozzle o the syringe must be below the surface
of the distilled water, W. Leave a further 2 minutes. Do not stop the stopwatch.
14. Repeat this process with each of the two remaining boiling tubes, S6 and S8, removing the syringe
from the last boiling tube, S8, at 8 minutes. Each time, the nozzle of the syringe must be below
the surface of the distilled water, W.
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To estimate the rate of movement of the sucrose solution into distilled water, W, the solution collected
in each boiling tube will be tested for non-reducing sugar.
After hydrolyzing any non-reducing sugar present, the measurement used will be the time taken for
the first colour change to occur when the solution is heated with Benedict’s solution. This
measurement allows the test to be semi-quantitative.
(iii)

A student suggested the hypothesis that:
the rate of movement of the sucrose solution from the syringe into the water in
the boiling tube will decrease with time.
If the student’s hypothesis is correct, describe the expected trend in the time taken
for the first colour change to occur when each solution collected in the boiling tube
S2, S4, S6 and S8 is heated with Benedict’s solution.
1. time to first colour change shortest for S2 and longest for S8
® increasing time without ref to which tubes

[1]

You will test the samples of the solution collected during each two-minute period for non-reducing
sugar, using step 15 to step 31.
You are provided with the materials shown in Table 1.3.
Table 1.3
labelled

contents

hazard

Volume / cm3

H

Dilute hydrochloric acid

Irritant

50

A

10 g sodium hydrogencarbonate powder

None

-

Benedict’s

Benedict’s solution

harmful

50

It is recommended that you wear suitable eye protection. If any of these materials come into contact
with your skin, wash them off immediately under cold water.
15. Put a bung into one of the boiling tubes, S2, S4, S6 or S8, and, with a finger on top of the bung,
shake the solution to mix well.
16. Remove the bung and pour the solution from this boiling tube into a labelled beaker.
17. Put 2 cm3 of the solution in the beaker
bea
ake
ker into
i
a labelled test tube.
18. Put 2 cm3 of dilute hydrochloric
ydroc
oc
o
cchl
hlo
hl
lor
oric
ic acid,
aci
cid,
d, H,, in
into the same test tube. Shake this test tube gently to
mix.
19. Repeat step 15
5 tto
o step
ssttep
ep 1
18
8 fo
ffor
or e
each
a of the solutions in the remaining boiling tubes.
20. Put all the test-tubes
t-tu
tube
tu
bess in
into the boiling water-bath (set up in step 6). Leave the test-tubes for
2 minutes.
21. After 2 minutes, remove the test-tubes from the water-bath and put them into the beaker of water
labelled For cooling.
You will need the boiling water-bath again for step 27.
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22. Leave the test-tubes in the beaker to cool for 3 minutes. After 3 minutes, continue with step 23.
23. Put a small amount of sodium hydrogencarbonate, A, into each test-tube. The mixture will fizz
and rise up inside each test-tube.
24. Repeat step 23 until there is no more fizzing.
Note: There may be a small amount of sodium hydrogencarbonate, A, left in the bottom of each testtube.
25. Put 3 cm3 of Benedict’s solution into the test-tube containing S2.
26. Shake the test-tube gently to mix.
27. Put this test-tube into the boiling water bath. Start timing.
28. Measure the time taken for the first appearance of a colour change in the test-tube.
If there is no colour change after 180 seconds, stop timing and record the result in (b)(iv) as ‘more
than 180’.
29. Record in (b)(iv) the result from step 28.
30. Remove the test-tube from the boiling water-bath. Put the test-tube in the test-tube rack.
31. Repeat step 25 to step 30 with each of the other solutions instead of S2.
(iv)

Record your results in an appropriate table.
1. [L] appropriate layout
2. [IV] heading for independent variable with units e.g. time at which syringe
was placed in boiling tube / min
® test-tube
3. [DV] heading for dependent variable with units e.g. time for first
appearance of a colour change / s
4. [D] records times for S2, S4, S6 and S8 in seconds, in whole numbers

[4]

Trend: increasing time for first appearance of colour change from S2 to
S4
(v)

The student’s hypothesis stated
sta
tate that:
eme
me
entt o
off the
t e sucrose
th
s c
su
solution from the syringe into the water in the
The rate of movement
boiling tube will
wililill d
de
decrease
ecrrea
easse
e with
witith
h time.
time
ti
m
te
e whether
wh
w
he
etth
he
er yo
yyour
our
ur results
res
esul
esul
ults
ts p
State
provide evidence to support or reject this hypothesis.
Explain
in
n ho
h
how
ow your
you
yo
ur results
r
provide evidence for this decision.
support or reject
explanation

state whether supports or rejects hypothesis
state trend in time of 1st colour appearance, quote values

longer time indicates less reducing sugars present ORA

[1]
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(c)

A student modified the procedure by:


using a 10% sucrose solution in the syringe



collecting sucrose solution from the syringe in four-minute periods over a total time of
1200 seconds



collecting any precipitate formed during the Benedict’s test when testing each solution
for non-reducing sugar



drying and weighing the precipitate from each test to determine the mass of sucrose that
had been present.

After carrying out the procedure, the student processed and analysed the results to calculate
the rate of movement of the sucrose solution at specific times after placing the syringe in the
boiling tube of water for the first time.
The calculated rates are shown in Table 1.4.
Table 1.4

240

Rate of movement of sucrose
solution / arbitrary units
0.18

480

0.09

720

0.04

960

0.02

1200

0.01

Time / s
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(i)

Plot a graph of the data in Table 1.4 on the grid provided.
Use a sharp pencil for drawing graphs.

Marking points:
1.

x-axis: time / minutes
and
y-axis: rate of movement of sucrose solution / arbitrary units; Reject: A.U.

2.

x-axis scale: 240 un
units to 2 cm, labelled at least every 2 cm
and
is sscale:
c le
ca
e: 0
0.
.05
05 units
uni
n ts to 2 cm, labelled at least every 2 cm;
y-axis
0.05
OR an
an appropriate
appr
ap
prop
pr
opri
riat
riat
ate
e scale
s
chosen for both axes, allowing plotted graph to
occupy
occu
oc
cu
upy a
att le
least
eas
st 70%
7
0f grid

3.

5 po
poin
in
nts p
lo
points
plotted
accurately with a visible cross;

4.

connected point to point or connected with a curved line, without
5 points
poi
extrapolation
[4]
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(ii)

Use your graph to find the rate of movement of sucrose solution at 5 minutes.
Show on the graph how you determined your answer.
e.g. 0.15 arbitrary units
rate of movement

1.

shows on graph how answer determined;

2.

correct answer for the rate of movement of sucrose solution at 5 minutes (300s)
from candidate’s graph;
(iii)

[2]

The procedure investigated how the rate of movement of sucrose from the syringe
changed with time.
The procedure can be modified to investigate the effect of sucrose concentration,
instead of time, on the rate of movement of sucrose solution. In the modified procedure,
the sucrose solution from the sringe only needs to be collected once. The time period
over which the sucrose solution is collected in the procedure needs to be standardised.
Use the graph to suggest a suitable time period for collecting the sucrose solution from
the syringe.
Give a reason for your answer.
240s / a value showing initial rate of reaction and unit of
measurement must be in s.
time period
Rate of movement of solution is the fastest
reason
[1]

(iv)

You are to modify this procedure to investigate the effect of using different
concentrations of sucrose on the rate of movement of the sucrose solution.
State the concentrations of sucrose solution you would use.
1.

states at least 5 concentrations of sucrose solutions;
e.g. 2%, 4%, 6%, 8%, 10%
For simple dilution, concentrations stated must be of equal intervals
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Describe how the concentrations of sucrose solution would be prepared.
2.

Method: use simple dilution or serial dilution;

3.

description of method to prepare the different concentrations using a
table or in prose
Simple dilution: Using 10% stock sucrose concentration, dilute with
appropriate amounts of distilled water according to the table below to
obtain the different sucrose concentrations with total volume of 10 cm3.
Final
sucrose Volume
of
10% Volume of distilled
concentration /%
sucrose added / cm3
water added / cm3
10
10.0
0.0
8

8.0

2.0

6

6.0

4.0

4

4.0

6.0

2

2.0

8.0

0

0.0

10.0

Serial dilution: 10%, 5%, 2,5%, 1,25%, 0.625% sucrose concentrations
[3]
3

Add 5 cm of distilled water to 5 test tubes labelled 5%, 2,5%, 1,25%, 0.625%
respectively. From a test tube (labelled 10%) containing 10 cm3 of stock
sucrose solution, transfer 5 cm3 of 10% sucrose solution into the test tube
labelled 5% to dilute the sucrose solution by a factor of 2.
Repeat the process for the subsequent sucrose concentrations by
transferring 5 cm3 of sucrose solution from the preceding test tube.
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Part 2
A set of 5 different glucose concentrations were prepared using a 10% stock glucose concentration.
To obtain a set of colour standards, Benedict’s test for reducing sugars was carried out on these
glucose solutions.
A 1 : 10 ratio of glucose solution: Benedict’s solution was used in the
preparation. The colour change in the solutions was recorded after incubation in a boiling water
bath for 2 minutes.
Table 1.5 shows the results for the colour standards after carrying out Benedict’s test.
Table 1.5
Concentration of glucose
/%

Description of colour change and suspension

10.0

Brick red precipitate in reddish brown solution

5.00

Reddish orange precipitate in reddish solution

2.50

Orange precipitate in orange solution

1.25

Trace amount of greenish precipitate in bluish-green solution

0.625

Faint amount of greenish precipitate in blue solution

Orange juice
(d)

(i)

You are provided with 5 cm3 of orange juice, labelled O. Plan and carry out a procedure
to estimate the glucose concentration of the orange juice from the results in Table 1.5.
Indicate your observation in Table 1.5
1.

Add 1 cm3 of orange juice to 10 cm3 of Benedict’s solution, mix and place into
boiling water bath for 2 minutes;

2.

Remove from water bath and compare the colour of the Benedict’s test of
orange juice with the colour standards to estimate glucose concentration of
orange juice
3.
Accept
between 2.50 – 5% OR [3]
Estimated glucose concentration of the orange
5%
juice
Observation must be stated
in table 1.5 to gain this mark
(ii)

Describe two othe
other
he
er modifications
modi
mo
d fi
fica
cation to your method that would increase confidence in the
ca
conclusion
and
explain
on a
nd
n
de
xpla
xp
ain
in how
how these
the
h s modifications would achieve this.
1..

Prep
Pr
Prepare
epar
ep
a e gl
ar
gluc
glucose
ucco
ucos
osse solutions for colour standards using simple dilution with
(smaller)
(sma
(s
mallllller
ma
er) intervals
er)
er
inte
in
t
of 2% between each concentration;

2.

Id
Idea
dea
e of as glucose concentration cannot be estimated accurately using existing
cconcentrations in Table 1.5 as intervals between each concentration is too wide;

OR
1.

@YIJC

Use colourimeter (Reject: calorimeter) to determine quantitatively the amount
of glucose present by measuring the % light absorbance / % light transmission
of both prepared glucose concentrations and orange juice after carrying out
Benedict’s test o results obtained from known glucose concentrations can be
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used to plot a standard curve from where glucose concentration in sample O
can be identified.
Reject: measure colour / colour change
2.

Difficulty in judging the colour differences between the Benedict’s test results of
sample O and the standard solutions / known glucose concentrations / cannot
find accurate match with colour standards as there is subjectivity when doing
visual comparison;
[4]
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QUESTION 2
Resistance to antibiotics within a population of bacteria is due to selection pressure. This can be
linked to the use of antibiotics by patients.
A study was carried out into the link between antibiotic use and the presence of resistant
Escherichia coli (E. coli) populations in human communities.


Over 30 000 patients were involved in the study.



Only patients attending large medical clinics took part in the study.



The number of prescriptions issued by each clinic was used as an estimate of antibiotic use.



Urine from patients attending the clinics was used as a possible source of antibiotic resistant
E. coli.



Antibiotic resistance of E. coli in the urine samples was measured using the disc diffusion method.

The disc diffusion method measures sensitivity of bacteria to an antibiotic. A bacterial population with
low sensitivity to an antibiotic is resistant to that antibiotic.
In the disc diffusion method a Petri dish is filled with nutrient agar and urine samples containing
E. coli are spread evenly across the agar.
Discs containing different antibiotics are placed on top of the agar. A lid is put on the Petri dish and
the plate is incubated overnight.
Fig. 2.1 shows an example of a Petri dish from the study after incubation.

Fig. 2.1
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(a)

(i)

Suggest two variables that need to be standardised when using the disc diffusion
method in this study.
Any two below:
1.

volume of urine;

2.

volume / concentration / composition / pH, of agar;

3.

concentration / volume, of antibiotics;

4.

incubation temperature;

5.

incubation time;

6.

size / diameter / area / spacing / type / source, of discs;
[2]

(ii)

Describe how you would determine the sensitivity of E.coli to each antibiotic.
1.

measure the diameter / radius / area of clear zone around the antibiotic disc
with a ruler;

2.

the larger / wider / bigger the zone of clearing is, the more sensitive / less
resistant, the bacteria are to the given antibiotic / idea of no clear zone means
bacteria are resistant to / not affected by / not killed by / not sensitive to given
antibiotic ;
[2]

(b)

Table 2.1 shows the results of this investigation.
Table 2.1

Commentt on the
th standard deviations for antibiotic use as shown in Table 2.1.
any two below:
1.

it shows a large, spread of data around the mean / difference in data / deviation
from the mean / variation with the mean ;

2.

data is not very reliable / trustworthy / consistent;
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3.

standard deviation increases as mean increases / positive correlation between
standard deviation and mean;
[2]

(c)

Outline how use of antibiotics e.g. ampicillin, can be linked to the development of antibiotic
resistance in E. coli.
1.

Incomplete treatment where dose of antibiotic / ampicillin not finished, some
bacteria survive;

2.

Spontaneous mutation in bacterial population may produce strains that are
resistant to antibiotic / ampicillin;

3.

When antibiotic / ampicillin is added, it acts as a selection pressure, selecting for
antibiotic resistant / ampicillin resistant bacteria,
they reproduce by binary fission and pass the antibiotic / ampicillin resistance /
advantageous allele to the daughter bacterial cells;

4.

while those that are susceptible/sensitive/ non-resistant bacteria die;

5.

increasing antibiotic resistance allele frequency within the populations of bacteria
over time;
[max 3]
[3]
[Total: 9]
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QUESTION 3
During this question, you will require access to a microscope and slide S1.
Fig. 3.1 is a photomicrograph of a stained transverse section through a plant stem.
The stem of this plant grows submerged in water and contains air spaces.
You are not expected to be familiar with this specimen.

Fig. 3.1
Slide S1 is a microscope slide of a stained transverse section through the stem of a different species
of plant. This stem also grows submerged in water and contains air spaces.
(a)

Use a suitable table to record observable differences between the specimen in Fig. 3.1 and
the specimen on slide S1.

S1 (milfoil stem)

Fig. 3.1 (water lily stem)
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Feature

S1

Fig. 3.1

Arrangement of airspace

In a ring;

scattered;

Shape of airspace

cone-shaped;

circular;

Arrangement of vascular
bundle

In the middle of the stem;

scattered;

Number of vascular bundle

1 (in the middle of the
stem);

Many (distributed
throughout the stem);
Max 3
[3]

(b)

(i)

Calculate the actual radius of the stem at the position marked by line W in Fig. 3.1.
You should show your working and use appropriate units.
Total length of W = 73 ± 1 mm
Magnification = Fig. 3.1 diameter / actual diameter
15 = 73 / actual diameter
Actual diameter = 73 / 15 = 4.87 mm
? Actual radius = 4.87/2 = 2.4 mm

actual radius of stem

[1]

You are required to estimate the radius of the stem on slide S1.
(ii)

Put the clear plastic ruler on the stage of the microscope and view the scale lines on it
using low power (u10 objective lens).
Estimate the diameter of the field of view to 1 decimal place of a mm.
diameter of field of view 2.0 ± 1 mm

mm

[1]

(iii) View the stem on slide S1 using low power.
Estimate the fraction of the diameter of the field of view occupied by the radius of the
stem on slide S1.
fraction
ction
on
n of
of diameter
diiam
d
amet
e er of field of view
et

Accept from ½ to ⅔

[1]

(iv) Using your
urr e
u
estimates
stim
stim
st
mat
ates
es from
fro
rom (b
(b)
(b)(ii)
)(i
(ii) and (iii), calculate the radius of the stem on slide S1,
using
units.
g appropriate
apprrop
ap
opri
ra
atte un
unit
niitts.
radius of S1

2.0 x ⅔ = 1.33 mm

[1]
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(v)

Describe how to obtain a more accurate measurement of the radius of the stem on slide
S1.
State any appropriate pieces of apparatus that you might need.
Use of stage micrometer with 100 divisions whereby 1 division is 0.01 cm / 0.1
mm;
1.

2.

3.

4.

Align the scale on the stage micrometer with the scale of the eyepiece
graticule and measure the number of eyepiece division within 1 division of
stage micrometer;
Divide 1 division of stage micrometer (i.e. 0.1 mm) with the number of
eyepiece division to obtain measurement for 1 division of eyepiece;
Radius of S1 can then be calculated in mm by finding out how much
eyepiece units span that radius and multiplying by one eyepiece unit in
mm;
Obtain mean radius by having 3 radius from different parts of the stem

Reject: Ref. to measurement using ×4 objective lens (this lens was removed
from the microscope).
For teacher’s reference only:
Steps in calibration:
1. Length of stage micrometer (SM) = 1 cm / 10 mm
? 1 small division on SM
= 10y100 = 0.1 mm
2. No. of eyepiece graticule units that cover 1 small division on SM
= 10 eyepiece graticule units
3. ? 1 small division of eyepiece graticule
= 0.1 y 10 mm
= 0.01 mm

[3]
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(c)

(i)

You are required to use a sharp pencil for drawings.
Use the space provided to draw a plan diagram of part of the stem on slide S1, as shown
in the shaded area of Fig. 3.2. A plan diagram only shows the arrangement of the
different types of tissues. Individual cells must not be drawn in plan diagrams.
Within this part of the stem there will be a number of air spaces.
You should only draw three of these air spaces.
Your drawing should show the correct shape and proportion of the tissues and three air
spaces.

Fig. 3.2
Marking points:
1. drawing at the appropriate size + no shading + no cells ;
2. only area shaded in Fig. 3.2 drawn ;
3. correct position of air spaces relative to whole depth of stem ;
4. draws three air spaces;
[4]
(ii)

Observe the cells that are found between the air spaces in slide S1.
Select one group of three touching cells that are found between two air spaces.
Each cell of the group must touch at least one of the other cells.
Make a large drawing of thiss g
group
ro of three cells.
Marking points:
s:
1. lines
es shou
sshould
sh
hou
ould
ld
d b
be
e co
con
continuous,
ntin
nuo
ous thin and sharp + drawn to occupy most of the space
provided
prov
o id
ov
ided
ed ;
2. draws
aw
ws on
only
ly
y th
tthree
r e cells + each cell touching at least one of the other cells ;
re
3. two lines
ne
es drawn
d
around each cell + three lines where cells touch ;
4. each cell should contain some intracellular vesicles ;

[4]
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(d)

Suggest one advantage of having air spaces in plant stems that grow submerged in water,
as shown in Fig. 3.1, and slide S1.
1.

Buoyancy, to allow the plant to float near the surface of the water;

OR
storage of oxygen, less oxygen available in the water
[1]
[Total: 19]
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