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3 A series of cell processes is listed below.

1 mineral ions entering root hair cells
2 glucose uptake by villus cells
3 water entering root hair cells

Which of these involve active transport?

A 1 and 2 only
B 1 and 3 only
C 2 and 3 only
D 1, 2 and 3

4 A dish is filled with agar jelly containing starch. Four holes are cut in the jelly and each hole is
filled as shown. After 30 minutes, which hole will be surrounded by the largest area without 
starch?

5 The table shows the results of an investigation of the absorption of products of digestion in the
presence and absence of oxygen.

Which conclusion can be drawn from these results?

A All products of digestion are absorbed by both active transport and diffusion.
B All products of digestion are absorbed by diffusion only.
C Amino acids and glucose are absorbed by active transport only.
D Fatty acids and glycerol are absorbed mainly by diffusion.
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6 A geranium plant has leaves that are green in the centre but white around the edges.

The plant is destarched and then has one of its leaves partly covered with black paper on both
sides of the leaf, as shown.

The plant is placed in bright light for 48 hours. The leaf is then tested for starch.

Which diagram correctly shows the areas that contain starch?

A B

C D 
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9 During translocation in plants, which substance is moved and in which direction?

substance from to
A sucrose anthers stigmas
B sucrose leaves roots
C water roots leaves
D water soil root hairs

10 Which process does not require energy?

A contraction of muscles
B synthesis of proteins
C tissue respiration
D transmission of nerve impulses

11 Which of the following correctly states whether each of the named vessels contain valves?
Key: Yes -   No -

aorta capillaries renal artery renal vein
A
B
C
D

12 The diagram represents part of the human circulatory system.

Where is the blood pressure highest?
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13 The graph shows pressure changes in the left ventricle and the left atrium in one cycle of 
contraction of the heart.

During which period of time are the ventricle muscles contracting?

14 The diagram represents a tissue with an adjacent capillary.

Which substances can 1, 2 and 3 represent?

1 2 3
A glucose tissue fluid carbon dioxide
B oxygen carbon dioxide glucose
C tissue fluid glucose oxygen
D tissue fluid oxygen carbon dioxide
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18 The diagram represents part of a dialysis machine.

Which substance must be at the same concentration in the dialysis fluid and in the blood?

A glucose
B salt
C urea
D water

19 The diagram refers to the control of water potential in the blood.

Why is this a negative feedback system?

A It decreases the amount of water in the blood.
B It increases any change in the amount of water in the blood.
C It increases the amount of water in the blood.
D It reverses any change in the amount of water in the blood.
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22 New plants may be grown from groups of cells that are taken from other plants.

The diagram shows part of plant X. 

From which structure will cell samples grow into new plants that are genetically identical to
plant X? 

23 The diagram shows a side view of the female reproductive system.

In which region are sperms released during sexual intercourse and where does fertilisation
usually take place?

sperms
released fertilisation

A 3 1
B 3 2
C 4 1
D 4 2
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24 The diagram shows the male reproductive and urinary systems.

Which structure produces the fluid part of semen?

25 When is ovulation most likely to occur?

A about halfway between the start of one menstruation and the next
B at the start of menstruation
C 1-5 days before the start of menstruation
D 5-10 days after the start of menstruation

26 Which statement about chromosomes is correct?

A Chromosomes are long DNA molecules called genes which are divided into sections.
B Chromosomes include a long molecule of DNA divided into sections called genes.
C Chromosomes include genes which are divided into sections called DNA molecules.
D Genes include long DNA molecules called chromosomes.

27 The results from mapping 100 nucleotides on a double-stranded DNA molecule are shown 
below.

nucleotide quantity
adenine 26
guanine 24

How many cytosine nucleotides are present in this DNA molecule?

A 24
B 26
C 48
D 52
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28 Which diagram shows early anaphase of the first division of meiosis (anaphase I) of a nucleus
containing two pairs of homologous chromosomes?

29 What is a correct description of the centrioles, nuclear envelope and spindle during each phase 
of mitosis in animal cells?

phase centrioles nuclear envelope spindle
A anaphase replicate absent present
B metaphase present reforms present
C prophase move apart breaks up forms
D telophase replicate breaks up breaks up

30 The diagram shows the blood group phenotypes of some members of a family.

Which member of the F1 generation must be heterozygous, with codominant alleles?
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31 A variety of snail has an inherited condition that affects the thickness of the shell.

   St St have thick shells.
   St Sn have thin shells.
   Sn Sn do not survive.

Two heterozygous snails are mated.

What is the probability that a surviving snail of the next generation is a heterozygote?

A 0.00
B 0.25
C 0.50
D 0.67

32 Polydactyly is a rare condition that causes the development of extra fingers. This condition is
caused by a dominant allele.

The diagram shows the inheritance of polydactyly in a family.

What is the probability that children of person X have inherited polydactyly from him?

A 0.00
B 0.25
C 0.50
D 1.00

16



15

33 Flower colour is controlled by a single pair of alleles. The allele for red flowers is dominant to the
allele for white flowers.

A plant homozygous for red flowers is crossed with a plant homozygous for white flowers. All the
resulting plants have red flowers (F1 generation).

When the F1 generation are crossed with each other, 18 plants are obtained. 12 plants have red
flowers and 6 have white flowers (F2 generation).

What ratio is expected in the F2 generation and what ratio has been obtained?

expected ratio
red to white

obtained ratio
red to white

A 1:1 2:1
B 1:1 3:1
C 3:1 2:1
D 3:1 3:1

34 Which of the following is a result of natural selection?

A dogs that are friendly to humans
B grapes that contain no seeds
C mosquitoes that are resistant to insecticides
D onion crops that have a pleasant taste

35 In the commercial manufacture of insulin, a human gene is inserted into which of these?

A a chromosome of a human cell
B a protein molecule in a yeast cell
C the DNA of a bacterium
D the nucleic acid in a virus

36 A food chain is shown below.

grass ĺ rabbit ĺ fox ĺ flea

Which pyramid of numbers matches this food chain?
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37 The diagram shows a food web from an ecosystem.

If the population of insects decreases, which other population will decrease the most?

A badgers
B lizards
C sagebrush
D squirrels

38 In a food chain, which trophic level has the most energy passing through it?

A carnivores
B decomposers
C herbivores
D producers

39 The diagram shows part of the carbon cycle.

Where in the cycle is there a food chain?

18
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40 The diagram represents the flow of energy in an ecosystem during one year.
Which box represents the largest total mass of living organisms?

Setter : Mr Teo Soon Hock
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Section A

Answer all questions. 

 Write your answers in the boxes below.

1 Fig. 1.1 shows diagrammatically the action of enzymes on two different food molecules.

Fig. 1.1

(a) Identify the molecules D, E, F and enzyme G shown in Fig. 1.1.

D ......................................................   

E ......................................................   

F ......................................................

G ......................................................       [2]
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(b) It has been found that fresh pineapple contains an enzyme that can be used to make
meat more tender.

Explain why the pineapple is placed on the meat a few hours before, rather than 
during, cooking.

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

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

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

………………………………………………………………………………………............[2]

(c) (i) Name the organ that makes bile.

………………………………………………………………………..……………….[1]
         

(ii) Name the organ that produces lipase and is joined to the small intestine.

………………………………………………………………………..……………….[1] 

(iii) Describe the role of bile in the digestion of fats.

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

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

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

………………………………………………………………………..……………….[2] 

[Total: 8]

22





5 

3 Fig. 3.1 shows the events that occur during sexual reproduction in birds. The numbers in
brackets indicate the number of chromosomes in the nuclei of the cells of the common
emerald dove.

Fig. 3.1

(a) Name process A and cell B.

Process A  ……………………………………… 

Cell B  ………………………………………       [1] 

(b) State why cell B is described as a diploid cell.

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

………………………………………………………………………………………............[1] 

(c) Sexual reproduction usually leads to variation. Suggest and explain why 
variation is an advantage for a species such as the common emerald dove.

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

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

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

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

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

………………………………………………………………………………………............[3]

[Total: 5]
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4 Fig. 4.1 shows a person taking part in an experiment on the eye’s response to light. The 
lamp was placed at different positions on the line A – B. 

Fig. 4.1

Table 4.1 shows the diameter of the person’s pupil when the light was placed at seven 
different positions.

Table 4.1

Position of lamp Diameter of pupil / mm

1 3.1
2 4.0
3 4.5
4 4.9
5 3.8
6 2.4
7 1.7

(a) In which position was the lamp furthest from the eye.

………………………………………………………………………………………............[1] 

(b) Explain what is happening to the iris of the eye as the lamp moves from position 1
to position 2. 

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

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

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

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

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

………………………………………………………………………………………............[3]
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(c) (i) State the type of response being shown by the eye.

…………………………………………………………………………………….......[1] 
      

(ii) Explain how does this response benefit the eye.

…………………………………………………………………………………………… 

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

…………………………………………………………………………………………… 

…………………………………………………………………………………….......[2] 
        

(d) Fig. 4.2 shows a section of the eye.

Fig. 4.2

(i) Name A and B.

A: ……………………………………

B: …………………………………… 

       [1] 

(ii) Describe the function of B.

…………………………………………………………………………………………… 

…………………………………………………………………………………….......[1] 

[Total: 9]
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5 A man had three animals of the same species, one male and two females, and all of them 
had brown fur. He allowed them to breed and each female had eight young. In the first 
family, all the young had brown fur but in the second family, there were two offspring with 
yellow fur and six offspring with brown fur.

(a) In the space below, use a genetic diagram to illustrate how the offspring are 
produced in the second family. 

       [3] 

(b) If the young from the first family were allowed to interbreed, explain why there are 
offspring with yellow fur in the next generation. 

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

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

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

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

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

………………………………………………………………………………………............[3] 

(c) State and explain the type of variation shown by the fur colour.

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

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

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

………………………………………………………………………………………............[2] 

[Total: 8]
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Section B

Answer three questions.

Question 10 is in the form of an Either/Or question. Only one part should be answered.

8 Fig. 8.1 shows an apparatus used to investigate the uptake of water by a cut stem of a
fresh green plant.

Fig. 8.1

(a) Draw an arrow on Fig. 8.1 to show the direction in which the air bubble moves when 
the plant takes up water.        [1]
    

(b) The water enters the cut stem of the plant. Describe the path taken by the water
from the point at which it enters the cut stem to the atmosphere around the shoot.

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

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

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

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

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

………………………………………………………………………………………............[3]
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(c) A student carried out an investigation using the apparatus shown in Fig. 8.1, of
water uptake by the cut stem. The data collected is shown in Table 8.1.

Table 8.1

time of day distance moved by bubble / mm per min
06.00 1
08.00 3
10.00 8

12.00 mid-day 16
14.00 14
15.00 11
18.00 2

Construct a line graph of the data on the grid below.  [4]

(d) Describe the pattern of water uptake between 0600 and 1800 hours.

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

………………………………………………………………………………………............[1] 

(e) Suggest two external factors that might have changed to cause this pattern of
water uptake.

………………………………………………………………………………………............[1]

[Total: 10]
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9 (a) State the equation for anaerobic respiration in humans.

………………………………………………………………………………………............[1] 

(b) Describe and explain the changes that occur to breathing rate and heart rate as a 
person climbs a mountain.

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

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

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

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

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

………………………………………………………………………………………………..[3]

(c) Suggest how mountain climbing may affect the concentration of anti-diuretic 
hormone (ADH) in the blood.

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

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

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

………………………………………………………………………………………………..[2]

(d) Describe the role of carbonic anhydrase in the excretion of carbon dioxide.

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

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

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

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

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

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

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

………………………………………………………………………………………………..[4]

[Total: 10]
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10 Either
(a) Describe how excretory products formed from excess amino acids are transported in 

the blood from their site of production to their site of removal from the human body.

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

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

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

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

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

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

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

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

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

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

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

………………………………………………………………………………………………..[5]

(b) Describe and explain the effects of excessive alcohol consumption.

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

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

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

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

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

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

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

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

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

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

………………………………………………………………………………………………..[5]

[Total: 10]
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10 Or
(a) Describe the properties of enzymes.

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

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

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

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

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

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

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

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

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

………………………………………………………………………………………………..[5]

(b) Outline the role of forests and oceans as carbon sinks.

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

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

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

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

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

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

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

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

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

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

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

………………………………………………………………………………………………..[5] 

[Total: 10]

End of Paper

Setter : Mr Teo Soon Hock
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1 The diagram shows the relationship between phloem sieve tube elements, xylem 
vessel elements and companion cells.

Which is correct?

1 2 3 4 5
A companion

cells
endoplasmic

reticulum
phloem sieve
tube elements

nucleus 
absent

xylem vessel
elements

B companion
cells

nucleus phloem sieve
tube elements

cytoplasm xylem vessel
elements

C phloem sieve 
tube elements

mitochondria companion
cells

nucleus xylem vessel
elements

D xylem vessel
elements

cytoplasm
absent

phloem sieve
tube elements

vacuole companion
cells

2 The diagram below shows the structure of a plant cell as seen using an electron 
microscope.

Which structures are involved in the process of enzyme synthesis within this cell?

A 1, 2, 4, 5 and 6
B 1, 3 and 6
C 2, 3, 5 and 6
D 3, 4 and 5
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3 Some processes found in humans are listed.

1 contraction of muscles
2 tissue respiration
3 synthesis of proteins
4 movement of ions in blood plasma
5 exchange of gases in the air sacs
6 transmission of nerve impulses

Which processes does not require energy?

A 1, 4 and 5 only
B 3, 4 and 5 only
C 2, 4 and 5 only
D 2, 4 and 6 only

4 Beetroot cells contain a water-soluble red pigment. Two test tubes were set up 
as described in the table.

tube A Pieces of washed raw beetroot in water
tube B Pieces of washed raw beetroot in water 

containing 3 drops of cyanide, a respiratory 
inhibitor.

After 30 minutes, the water in tube B contained a red pigment but the water in 
tube A did not. Which of the following statements are incorrect for tube B?

1 Pigment molecules passed out and were replaced by cyanide.
2 The cell membrane was unable to retain the red pigment.
3 Water entered the tissue by osmosis and caused the cells to burst.
4 Water passed out of the cells by osmosis and carried the soluble 

pigment with it.
5 The same result will occur if ethanol was used instead of cyanide.

A 1 and 3 only
B 3 and 4 only
C 2 and 5 only
D 1, 3 and 4 only

5 Which of the following statements describe the uses of lipids?

1 It acts as a shock-absorber which protects blood vessels.
2 It forms a heat insulating layer for mammal. 
3 It acts as a food reserve because it is miscible with water.
4 It is an essential component of a cell membrane.

A 1 and 2
B 2 and 3
C 2 and 4
D 3 and 4
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6 The data show the results of an investigation on osmosis using sticks of potato.

concentration of
sugar solution
/ mol per dm3

length of potato
stick at start

/ mm

length of potato
stick after 24 hours

/ mm
0.6 60 54

Which statements explain this change in length?
 

movement of water cause of the movement
A into the potato cells The sugar solution has a higher 

water potential than the potato cells.
B into the potato cells The sugar solution has a lower water

potential than the potato cells.
C out of the potato cells The sugar solution has a higher 

water potential than the potato cells.
D out of the potato cells The sugar solution has a lower water

potential than the potato cells.

7 When a lake begins to freeze, which properties of water are needed for fish to 
survive?

1 Water has a high surface tension.
2 Water has a high latent heat of vaporisation.
3 Water has a high thermal capacity.
4 Water has its maximum density at 4�C.

1 2 3 4
A
B
C
D
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8 An experiment was conducted to investigate the effect of temperature on the 
activity of the enzyme β-glucosidase. The enzyme was tested when in solution 
(free) and when immobilised in alginate beads. The results are shown in the 
graph below.

Which statement about the effect of immobilisation of β-glucosidase is correct?

A It increases the kinetic energy of the enzyme.
B It inhibits the activity of the enzyme.
C It reduces the optimum temperature of the enzyme.
D It stabilises the enzyme against denaturation.

9 The graph below shows curve X which represents the activity of an enzyme at 
20�C.

Which curve represents the activity when the temperature is raised to 30�C and 
more substrate added?

A (1)
B (2)
C (3)
D (4)
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10 What are the characteristics of the lipase used in digestion?

source optimum pH substrate
A pancreas 8 lipid
B small intestines 8 lipid
C stomach 2 sucrose
D liver 8 lipid

11 The diagram below shows the circulatory system in a human body.

After a lunch meal, what happens to blood vessel M when compared with that of 
blood vessel N?

1. Blood vessel M carries more oxygen.
2. Blood vessel M carries less carbon dioxide.
3. Blood vessel M carries more digested food.

A 1 only is correct
B 2 and 3 only are correct
C 1 and 2 only are correct
D 1, 2 and 3 are correct

  

M

N
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12 Translocation is the process whereby manufactured food is transported from 
photosynthesizing parts of the plant to other parts of the plant that requires the 
food. What are the main forms of food which are commonly translocated?

1 amino acids
2 glucose
3 starch
4 sucrose

A 1 only
B 1 and 2 only
C 1 and 4 only
D 1, 2 and 4 only

13 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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19 The diagram shows the external structure of the heart.

In which two vessels would a deposit of cholesterol increase the likelihood of 
coronary thrombosis?

A 1 and 2
B 3 and 4
C 5 and 6
D 7 and 8

20 Which substances are formed during anaerobic respiration in animals and yeast?

animals yeast
A alcohol alcohol and lactic acid
B alcohol and carbon dioxide alcohol
C lactic acid alcohol and carbon dioxide
D lactic acid and water lactic acid

21 The graph shows the relationship between the average age at death and the 
number of cigarettes smoked per day.

Which of the following is a correct conclusion from the graph?

A Most people smoking 30 cigarettes a day die from lung cancer.
B Most people living longer than 74 years are non-smokers.
C Non-smokers live at least 4.5 years longer than people who smoke.
D People smoking five cigarettes a day live longer than those smoking 15 

cigarettes a day.

52



11

22 The diagram shows some of the reactions of carbon dioxide when it enters the 
blood from cells in a metabolically active tissue. Which reaction is catalysed by 
the enzyme carbonic anhydrase?

23 Some effects of smoking are listed.

1 paralyses cilia
2 increases heart rate
3 increases mucus production
4 is addictive
5 reduces the amount of oxygen in the blood
6 emphysema

Which effects are caused by nicotine?

A 1, 2 and 5
B 1 and 3
C 2 and 4
D 3, 4 and 6

24 The table shows the composition of a liquid found in the human body.

component concentration / arbitrary units
amino acids

glucose
proteins

salts
urea

0.00
0.00
0.00
1.50
2.00

In a healthy person, which structure contains this liquid?
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25 The diagram shows an example of homeostasis in a person.

Which two letters represent negative feedback changes?

A W and X
B W and Y
C X and =
D Y and =

26 What happens when the core temperature of the body increases?

diameter of surface 
blood vessels urine production

A decreases decreases
B decreases increases
C increases decreases
D increases increases

27 Which type of cell stimulates the release of adrenaline?

A muscle cell
B adrenal gland
C red blood cell
D motor neurone

28 Which of the following statements about insulin is correct?

A Its secretion is controlled by the pituitary gland.
B It stimulates liver cells to take up glucose from the blood.
C It is transported out of the pancreas through the pancreatic duct.
D It catalyses the conversion of excess glucose to glycogen in the liver.
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29 A boy draws a dot and a cross as shown.

X

He closes his right eye and looks at the cross with his left eye. He brings the 
drawing towards him until the dot disappears. Where does the image of the dot 
fall when it has disappeared?

30 An experiment was set up using four groups of insect-pollinated flowers in a field. 
In each group different parts of the flower were removed as shown below and 
insects were allowed to visit all the flowers.

Which group would produce most seeds?

group of 
flowers petals stigmas anthers

A left left removed
B removed left left
C left removed removed
D removed removed left
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31 A woman gave birth to a pair of twins P and Q. The diagram below shows their 
formation.

Which of the following characters of P and Q must be the same if they are brought 
up under the same environmental conditions?

1 sex
2 height
3 blood group

A 1 only
B 2 only
C 1 and 3 only
D 2 and 3 only

32 The diagram shows the result of the examination of a single cell from a woman’s 
fetus.

Which of the following deductions are correct?

1 The cell is undergoing cell division.
2 The fetus is a male.
3 The fetus has a genetic disorder.

A 2 and 3 only
B 1 and 2 only
C 1 and 3 only
D 1, 2 and 3
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33 Purple or white flowers can be seen in a particular plant species. In this species, 
the colour of the flower is controlled by one gene.

In experiments to investigate the inheritance of flower colour in this plant species, 
four crosses were carried out. The phenotypes of the parents in each cross were 
recorded. In each cross, 40 offspring were produced. The phenotypes of the 
offspring were recorded and the results are displayed in the table below.

Cross Phenotype of 
Parent 1

Phenotype of 
Parent 2

Number of offspring and 
their phenotypes

1 purple white 40 purple offspring
2 purple purple 31 purple and 9 white offspring
3 white white 40 white offspring
4 purple white 21 purple and 19 white 

offspring

From the information given, it can be stated that

A both parents in cross 1 are homozygous.
B the two parents with white flowers in cross 3 will have different 

genotypes.
C one parent in cross 2 will be heterozygous and the other parent will be 

homozygous.
D the parent with purple flowers in cross 1 will have the same genotype as 

the parent with purple flowers in cross 4.

34 The pedigree chart below shows the inheritance of a recessive condition known 
as human albinism. Only homozygous recessive individuals are albinos.

What is the probability of individual 9 being a heterozygous carrier?

A 0.00
B 0.25
C 0.50
D 1.00
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35 What describes two alleles of the same gene?

relative position occupied 
on chromosome

characteristic 
controlled

A different different
B different same
C same different
D same same

36 Which statements about homologous chromosomes are correct?

1 They form pairs during mitosis.
2 They are not present in all cells.
3 They contain identical genes and alleles.
4 X and Y sex chromosomes are not homologous chromosomes.
5 They are inherited from the different parents.
6 They are two chromatids that are joined together to form one 

chromosome.

A 2 and 5
B 2, 3 and 5
C 1, 2 and 4
D 1, 3 and 6

37 A single substitution in an allele of the gene coding for haemoglobin results in 
sickle cell haemoglobin. The mRNA sequence for three amino acids for normal 
haemoglobin is shown.

CCUGAAGAG

The mRNA sequence for sickle cell haemoglobin is shown.

CCUGUAGAG

The table shows some of the triplet codes for two amino acids.

DNA triplet codes amino acid
CTC
CTT
CAT
CAC

Glu
Glu
Val
Val

Which row is correct for the substituted DNA nucleotide of the allele and the 
substituted amino acid of the protein?

DNA
nucleotide

new amino
acid

A A Glu
B A Val
C T Glu
D T Val
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38 In what order do the following processes occur to produce a population of 
bacteria that are resistant to a new antibiotic?

1 change in reproductive success of bacteria
2 increase in frequency of the resistance allele in the population
3 increase in genetic variation within the population
4 random mutation occurs in bacterial DNA

A 1 3 2 4
B 2 1 3 4
C 3 4 1 2
D 4 3 1 2

39 Four water samples are collected from different places along a river. The average 
number of organisms per species and the number of different species of 
organisms are counted. The table shows the results. Which water sample is most 
polluted?

average number of 
organisms per species

number of
species

A 650 5
B 280 30
C 400 17
D 420 43

40 The diagram shows a sewage treatment plant.

In which parts do aerobic and anaerobic bacteria become most active to help to 
digest sewage?

aerobic bacteria anaerobic bacteria
A 1 2
B 2 4
C 3 4
D 3 5

- The End - 
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Section A 
Answer all questions. 

Write your answer in the spaces provided. 

1 Some young grass plants were grown with their roots in a mineral solution that
contained nitrate ions. The plants were divided into two batches, N and P.
Cyanide, which inhibits aerobic respiration, was added to the solution given to the 
plants in batch P.

The quantity of nitrate ions in the plants was determined at regular intervals for 70 
hours. After 60 hours, the mineral solution was replaced by distilled water. The results 
are shown in Fig. 1.1.

Fig. 1.1

Using the data in Fig. 1.1,

(a) calculate the rate of absorption of nitrate ions in batch N between 40 
and 60 hours. Show your working.

[2]

mg per hour
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(b) explain why the absorption of nitrate ions by the plants in batch N differs 
from that in batch P;

[4]

(c) explain why the mean quantity of nitrate ions in both batches of plants 
decreased after 60 hours.

[2]

[Total: 8 marks]

2 (a) State the name of one excretory substance, that is removed by the 
kidneys, that contains nitrogen. Explain why it is excreted.

[2]

name

explanation

(b) Blood is filtered as it flows through the kidneys.
(i) State the name of the structure within a kidney that filters the blood. [1]

(ii) State two components of blood that do not pass through the filter. [1]

1

2
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(c) The filtrate which is formed from the blood in the kidneys contains many 
useful substances, which are reabsorbed into the blood. Fig. 2.1 is a 
photomicrograph of a cross-section of some of the cells that carry out 
reabsorption.

Fig. 2.1

(i) Complete the table by stating the letter in Fig. 2.1 that identifies each 
structure.

structure letter on Fig. 2.1

microvilli

nucleus

mitochondrion

[2]
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(ii) The cells that line the kidney tubules, such as those in Fig. 2.1, absorb 
many compounds from the filtrate. Use Fig. 2.1 to explain how the cells 
are adapted for absorption.

[5]

[Total: 11 marks]
 

3 Fig. 3.1 is a transmission electron micrograph of a section through a blood vessel.

Fig. 3.1

(a) State the type of blood vessel shown in Fig. 3.1 and give two reasons 
for your choice.

[3]

type of blood vessel

reason 1

reason 2
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(b) Fig. 3.2 is a graph showing how the blood pressure in the pulmonary artery 
and in the right ventricle changes during one cardiac cycle.

Fig. 3.2

Use Fig. 3.2 to state the time at which:
(i) the valve between the right ventricle and the pulmonary artery 

closes
[1]

(ii) the ventricle begins to contract. [1]

(iii) State and explain the similarities and differences between Fig. 
3.2 and a graph showing how the blood pressure for the left
ventricle changes during the same cardiac cycle.

[4]

[Total: 9 marks]
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4 Fig. 4.1 shows a potometer that is used for measuring rates of water uptake by leafy 
shoots.

Fig. 4.1

A student used the potometer shown in Fig. 4.1 to investigate the rate of water uptake 
of a leafy shoot under six different sets of conditions. The student changed two 
environmental conditions around the plant:

• temperature
• wind speed.

For each experiment, the apparatus was left in the conditions until the rate of water 
uptake by the leafy shoot became constant. The student took several measurements 
during each experiment and calculated the mean rate of movement of the gas bubble. 
The results are recorded in Table 4.1.

Table 4.1
experiment temperature / �C wind speed mean rate of movement 

of gas bubble / mm h–1

1 15 low 12
2 15 high 22
3 25 low 24
4 25 high 45
5 35 low 64
6 35 high 120
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(a) Using the data in Table 4.1, describe and explain the effect of the two 
conditions that the student changed during the investigation on the rate of 
water uptake.

[5]

temperature

wind speed

The rate of water movement up the leafy shoot was measured before it was cut from 
the plant. The rate was found to be less than the rate of water uptake from the 
potometer when kept in the same temperature and windspeed conditions.

(b) Suggest why the rate of water movement in an intact shoot is less than 
that measured in the potometer.

[2]

[Total: 7 marks]
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5 Fig. 5.1 shows part of a DNA molecule.

Fig. 5.1

(a)(i) Name U to X. [3]

U

W

X

(ii) Name the bonds indicated by =. [1]

(b) Describe three features of a polypeptide molecule that are different 
from those found in a DNA molecule.

[3]

1

2

3

[Total: 7 marks]
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6 Resistance to the widely used poison warfarin is now extremely common in rats. 
Warfarin interacts with vitamin K to prevent its normal functions in the blood clotting 
mechanism.

Normal rats fed on warfarin suffer a fatal haemorrhage. Resistant rats apparently do 
not use vitamin K in the same way and maintain normal blood clotting times, even 
when they have eaten large amounts of warfarin. Warfarin resistance in rats is 
determined by a single dominant allele. Animals carrying the allele for resistance need 
large quantities of vitamin K.

genotype resistance to warfarin quantities of vitamin K required
homozygous recessive not resistant 

(susceptible)
normal

heterozygous resistant slightly higher
homozygous dominant resistant extremely large

When warfarin is used continually the percentage of resistant rats remains at about 
50� of the total rat population.

(a) Using the symbols R for the allele that confers warfarin resistance and 
r for the allele that produces no resistance, draw a genetic diagram to 
explain how resistant rats can produce warfarin susceptible offspring.

[4]
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(b) Suggest why homozygous dominant rats are unlikely to survive in the 
wild.

[1]

(c) Describe how natural selection operates to maintain the proportion of 
resistant rats at about 50� of the total population.

[3]

[Total: 8 marks]

- End of Section A - 
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Section B 
Answer three questions. 

Question 9 is in the form of an Either/Or question. Only one part should be answered. 

7 Fig. 7.1 shows a woman on a stationary bicycle. The mask fitted over her nose and 
mouth measures the composition of the air she breathes out.

Fig. 7.1

Table 7.1 shows the concentration of carbon dioxide in the air expired by the woman 
in the five minutes after she stopped exercising.

Table 7.1
time / min percentage concentration

of carbon dioxide / �
0 6.0
1 5.6
2 4.8
3 4.4
4 4.3
5 4.3
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(a)(i) Plot the data on the graph paper below. [4]

(ii) Describe and explain the results of the investigation. [6]
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(b) Explain why exercise is recommended for people with a high risk of 
developing coronary heart disease.

[2]

[Total: 12 marks]

8 The flowers of pea plants can be pollinated by bees.
(a) State three features of flowers that would attract insects such as bees. [3]

1.

2.

3.

(b) Successful pollination results in fertilisation. Describe the events that 
occur after pollen grains leave the anther of a flower until fertilization 
takes place.

[5]

[Total: 8 marks]
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9 Either

(a) Describe how named components of the nervous system are involved in 
producing a reflex action.

[6]

(b) Describe one example of a simple reflex action and explain the importance 
to the body of this action.

[4]

[Total: 10 marks]
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9 Or
(a) Insulin is a hormone that is secreted by the pancreas.

(i) Define the term hormone. [3]

(ii) Describe the role of insulin in the body. [4]

(b) Explain how blood flow in the skin helps to maintain a constant body 
temperature in very hot conditions.

[3]

[Total: 10 marks]

- End of Section B - 
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Dunearn Secondary School, Preliminary Examination 2018                              Secondary 4 Express, Biology Paper 1 

1 The diagram shows a cell found in an organ in the human body.

From its structures, what are the functions of this cell?

A intracellular digestion and storage of granules of product
B intake of substances and secretion
C secretion and transport of protective mucus
D uptake and transport of ions and molecules

2  The diagram below shows a pancreatic cell.

The order in which the parts of the cell play a role in the production and secretion 
of insulin is 

A M, E, -, T 
B T, -, M, E 
C -, T, E, M 
D E, M, T, -
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3 Students were asked to share a statement regarding a fact they know about 
cells. Which of the following statements are incorrect? 

I. Glucose molecules are able to diffuse into the cells, but cannot diffuse out 
because cell membranes are partially permeable.

II. Green plants are able to photosynthesize, therefore all the cells in green plants 
contain chloroplast.

III. The nucleus is the control centre of the cell, and it communicates with the rest 
of the cell via electrical impulses.

I9. Cells are the basic units of all living things. 

 A I and III only
 B II and I9 only
 C I, II and III only
 D All of the above

4  Which processes can occur through a cell surface membrane? 

active transport diffusion osmosis
A ¥ X ¥ key 
B X X ¥ ¥   yes 
C X ¥ X X   no 
D ¥ ¥ ¥

5 The apparatus shown can be used to compare the energy values of various food 
substances.

Which food substance would give the greatest rise in the temperature of water if 
1 g of it were burnt?

A beef   
B butter 
C cooked rice   
D potato                    
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6  The diagrams below represent food molecules of starch, protein and fat.

The following shows the mixtures of food taken from part of the human 
alimentary canal during digestion of the above food molecules.

Which of the following gives a correct identification to the locations of the food 
molecules? 

mouth stomach
A I III
B II I
C II III
D IV III

7 Amylase solution is tested with Benedict’s solution, biuret solution and iodine 
solution. Which colours are obtained?

Benedict’s solution biuret solution iodine solution
A blue blue blue-black
B blue blue brown
C blue purple brown
D red purple blue-black 

 

87



5 

Dunearn Secondary School, Preliminary Examination 2018                              Secondary 4 Express, Biology Paper 1 

8  Hydrogen peroxide (H2O2) decomposes naturally into oxygen and water. The 
rate of this reaction can be increased by the addition of the enzyme, catalase. 
A student investigated the effect of hydrogen peroxide concentration on the rate 
of catalase activity and the graph below was obtained. 

Which statement about the graph is incorrect?

A Between W and X, the number of H2O2 molecules is limiting. 
B Between X and Y, the number of catalase molecules is limiting.
C Between X and Y, the number of H2O2 molecules is limiting.   
D Between X and Y, the volume of oxygen produced per unit time/cm3

remains the same.

9 The diagram demonstrates the µlock and key’ hypothesis of enzyme action.

What could W, X, Y and = be?

W X Y =
A erepsin fats fatty acids glycerol
B erepsin polypeptide amino acids amino acids
C maltase maltose glucose glucose
D maltase starch glucose fructose
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10 The following diagram represents a villus.

Which of the following shows the correct function of the structures labelled 
1, 2, 3 and 4? 

1 2 3 4
A absorbs 

digested fats
absorbs glucose produces 

enzymes
produces mucus

B absorbs 
digested fats

absorbs glucose produces mucus produces 
enzymes

C absorbs glucose absorbs 
digested fats

produces 
enzymes

produces mucus

D absorbs glucose absorbs 
digested fats

produces mucus produces 
enzymes

11 Which row describes photosynthesis? 

energy conversion immediate product 
of photosynthesis

storage product of 
photosynthesis

A chemical energy to light 
energy

glucose starch

B chemical energy to light 
energy

starch glucose

C light energy to chemical 
energy

glucose starch

D light energy to chemical 
energy

starch glucose

 

89



7 

Dunearn Secondary School, Preliminary Examination 2018                              Secondary 4 Express, Biology Paper 1 

12 Some students investigated gaseous exchange in a green plant. The rate of 
oxygen production was plotted against carbon dioxide concentration.

What explains these results?

A Carbon dioxide controls the rate of respiration.
B Carbon dioxide controls the rate of photosynthesis.
C Oxygen controls the rate of photosynthesis.
D Oxygen controls the rate of respiration.

13  The blood of three people S, T and 9 were tested to determine their blood 
groups. The results are shown below. 

Which of the following shows the correct blood types of people S, T and 9?

S T 9
A A AB O
B A O AB
C B AB O
D B O AB
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14 The graph below shows the pressure changes in the left side of the heart. 

Letters O, A, B, C, D, E and F represent time in seconds.

At which time frame does ventricular systole take place? 

A  between A and C
B between A and D 
C between A and E
D  between O and A

15  If a green plant was fed with water containing radioactive oxygen (18O), 
radioactivity would finally be located in 

A the carbon dioxide formed in respiration.
B the cellulose cell walls.
C  the oxygen formed by photosynthesis. 
D the starch granules in a leaf
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16 The diagrams show a plant in a flask of water. It is left for six hours on a warm and 
windy day in bright sunshine.

Which process explains the result shown in diagram 2? 

A active transport of water into the root hairs
B evaporation of water from the flask
C photosynthesis in the leaves of the plant
D transpiration from the leaves of the plant

17 Two people of equal body mass do the same amount of exercise.
One person is in good health. The other person has emphysema.
The breathing rate and volume of each breath are measured during exercise. 
The results are shown in the table.

during exercise
breathing rate

/ breaths per minute
volume of each

breath / cm3
healthy person 20 1000

person with 
emphysema

30 500

Which statement does not explain these results?

A The healthy person has a slower breathing rate.
B The healthy person has a larger lung volume.
C The person with emphysema has damaged alveoli with smaller surface 

area.
D The person with emphysema has a larger volume of air exchanged per  

minute.
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18 The following reactions X and Y are catalyzed by the same enzyme, carbonic 
anhydrase found in red blood cells.

What is the homeostatic function of these reversible reactions and where do 
reactions X and Y occur in the human body?

homeostatic function X Y
A acid-base balance respiring tissues lungs
B acid-base balance lungs respiring tissues
C CO2-O2 balance respiring tissues lungs
D CO2-O2 balance lungs respiring tissues

19  Seals are marine mammals. When they dive under water, they are capable of 
respiring anaerobically for long periods. During this time, blood flow to the 
muscles is greatly reduced but the muscles are able to tolerate high 
concentrations of lactic acid. 

The graph shows the concentrations of lactic acid and oxygen in the blood of a 
seal before, during and after a dive.

What explains the change in lactic acid concentration during time X?

A increased lactic acid production 
B increased blood flow to the muscles
C increased rate of aerobic respiration
D reduced rate of anaerobic respiration
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20  A person begins to smoke a cigarette at time Y. The graph shows how their heart 
rate changes. 

Which substance in cigarette smoke is the main cause of the change in heart 
rate between 10 and 18 minutes? 

A carbon monoxide     B nicotine 
C smoke particles     D tar

21  The diagram shows how a kidney dialysis machine works. Each shape 
represents a molecule found in blood or dialysis fluid.

Which shape represents urea?
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22 The following table shows the volume of water lost in a student on a cool day.

water lost volume of water 
lost / cm3

urine 1500
faeces 100

expired air 400
sweat 800
total 2800

On a hot day, the student’s water intake remains the same as on the cool day. 
What would be the possible volume of water lost on the hot day?

A B

water lost volume of water 
lost / cm3

urine 700
faeces 100

expired air 700
sweat 1300
total 2800

water lost volume of water 
lost / cm3

urine 1500
faeces 100

expired air 400
sweat 800
total 2800

C D
water lost volume of water 

lost / cm3

urine 1900
faeces 300

expired air 100
sweat 500
total 2800

water lost volume of water 
lost / cm3

urine 1800
faeces 100

expired air 600
sweat 300
total 2800

23 The diagram below shows part of the nervous system in a human being. 

Which of the labeled parts form the central nervous system? 
  
 A I and II only    B I and III only
 C II and I9 only    D III and I9 only
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24  The diagram shows a section through an eye.
Which part is the receptor for the stimulus that results in a change in the size of 
the pupil?

25  The graph shows changes in the diameter of a person’s pupils while outdoors on 
a sunny day. 
At which time did the person take off a pair of sunglasses?
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26  The diagram shows a side view of the female reproductive system with a 
developing embryo. 

In which part is fertilisation likely to have taken place?

27  The diagram shows the percentages of injecting and non-injecting drug users 
who suffer from HIV / AIDS in a particular part of the world.

What accounts for the difference between the two groups of drug users?

A Condoms are used more often by injecting drug users.
B Injecting drugs is more common in areas of dense population.
C The same needle may be used by several injecting drug users.
D There are more injecting drug users than non-injecting drug users in this 

part of the world.
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28  The diagram shows the stigma, style and ovary of a flower.

Where does fertilisation take place?

29 What are the conditions in a human cell just before the cell enters prophase?

number of 
chromatids

number of 
molecules of 

DNA in nucleus
spindle present

nuclear 
envelope
present

A 46 46 yes no
B 92 46 no yes
C 46 92 yes yes
D 92 92 no yes
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30  The diagram shows the chromosomes in a cell.

Which diagram shows the product of one division of the cell by mitosis?
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31  The diagram below represents one pair of homologous chromosomes during 
meiosis. 

Crossing over occurs and random segregation takes place. 
What are the genotypes of the resulting gametes? 

A ABG, abG, ABg, abg 
B ABG, aBg, AbG, abg 
C ABG, ABG, abg, abg 
D ABG, aBG, Abg, abg

32  The table shows the variation in foot length in a number of students.

foot length / cm number of students
20.0–20.9 0
21.0–21.9 5
22.0–22.9 12
23.0–23.9 15
24.0–24.9 17
25.0–25.9 8
26.0–26.9 0

Which row identifies this type of variation and states its cause?

type of variation cause
A continuous genes and the environment
B continuous genes only
C discontinuous environment only
D discontinuous genes and the environment
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33  The colour of the fruit of tomato plants is determined by alleles of the same gene. 
A tomato plant with red fruit was crossed with a tomato plant with yellow fruit. Of 
the offspring, 26 plants had red fruit and 24 had yellow fruit.
Three explanations were suggested.

1 Both parents were homozygous.
2 One parent had two recessive alleles.
3 One parent was heterozygous.

Which of the explanation/s is/are correct? 

A 1 only 
B 3 only 
C 1 and 2 
D 2 and 3

34 What is the correct arrangement for the components in a nucleotide?

35  Which statements about natural selection are correct? 

natural selection can
lead to better adapted

species surviving

natural selection can
lead to extinction

of a species

natural selection can
lead to gene

mutations occurring
A true true true
B true true false
C true false true
D false true true
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36 The following six statements refer to genetically engineered plants.

1 Cross-pollination with weeds could produce new varieties of weeds.
2 Genetically engineered plants may have improved nutritional value.
3 Some plants can be genetically modified to give resistance to diseases.
4 The increased yield from genetically engineered plants allows a smaller 

area of land to be farmed.
5 The use of genetically engineered crops may explain the increase in 

allergies in children.
6 There is more research needed on the long term effects of genetically 

engineered crops on the environment.

Which statements about genetically engineered plants show potential benefits?

A 1, 2 and 3 
B 1, 5 and 6 
C 2, 3 and 4 
D 3, 5 and 6

37  The graph shows changes in the populations of plant and animal plankton in a 
lake.

Consider the following statement in relation to the data provided by the graph.
µPopulation changes in animal plankton lag behind similar changes in plant 
plankton because the animals feed on the plants.’
Into which category does the statement fall?

A It is a reasonable interpretation of the data.
B It is a restatement of the data, not an interpretation.
C It is contradicted or not supported by the data.
D More data are required in order for this interpretation to be made.
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38  In the diagram below, arrows represent the movements of carbon compounds in 
the carbon cycle. A, B, C and D represent carbon compounds in animals, 
decomposers, plants and the atmosphere. 

Which represents the producer?

39 Which of the following is not a conservation measure? 

A  banning the use of timber 
B  limiting the time a fishing vessel may fish   
C  planting new seedlings to replace trees that are cut down 
D  using nets of a specific mesh size  
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40 The diagram below shows how sewage is treated before it is released into water 
bodies.

Which of the following correctly identifies W, X, Y and =?

W X Y =
A Grit and coarse 

materials
Sludge Glucose Methane

B Grit and coarse 
materials

Sludge Oxygen Sludge

C Sludge Microorganisms Oxygen Carbon dioxide

D Sludge Sewage Chlorine Microorganisms

End of Paper
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Section A [50 marks]  
Answer all the questions in the spaces provided. 

1 Fig. 1.1 below shows two experiments to investigate the partial permeability of the
Visking tubing. 

Fig. 1.1
  

(a)  Suggest what solution X was likely to have been.       

…………………………………………………………………………………………….[1]
  
(b)  In experiment 1, explain why
  

(i)  solution X turned from colourless to blue-black;    
  
 ………………………………………………………………………………………………. 
 
 …………………………………………………………………………………………….... 
 
 ……………………………………………………………………………………………[2] 

For Examiner s 
Use
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(ii)  the iodine solution remained brown. 
  
 …………………………………………………………………………………………….... 
 
 ……………………………………………………………………………………………[1]

In experiment 2, solution X and an enzyme were placed in a Visking tubing bag 
which was kept at 35oC for 30 minutes. After this time, the bag was placed in 
iodine solution. This experiment and the results are also shown in Fig. 1.1.

  
(c) In experiment 2, explain

(i)  why the bag was first kept at 35oC for 30 minutes; 

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

…………………………………………………………………………………………….[1]

(ii)  why solution X did not turn blue-black. 

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

…………………………………………………………………………………………….[1]

At the end of experiment 2, the student noticed a change in the condition of the 
Visking tubing bag after 24 hours. 

(d)  (i)  What change might have been noticed?

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

…………………………………………………………………………………………….[1]
  

(ii)  Explain what caused this change. 
  

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

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

…………………………………………………………………………………………….[2]
[Total: 9]

For Examiner s 
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2 The diagram shows a section through the human body divided into regions P, Q, R
and S.

(a) Complete the table below by matching the letters from the diagram to the 
statements in the table. There may be one or more than one letter for each 
statement.

contains an organ which region or regions
produces an acidic secretion R

contains villi

digests protein

produces insulin

contains bronchi

secretes amylase

ingests food

[3]
(b) Compare and contrast the movement of air with food in region Q.

....................................................................................................................................

...................................................................................................................................

...................................................................................................................................

..................................................................................................................................

............................................................................................................................... [3]
[Total: 6]

For Examiner s 
Use
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3 The graph shows the effect on crop yield (amount harvested) of using fertilisers 
that contain nitrogen.

(a)  Use the information in the graph to describe the effect on crop yield of using an 
increasing mass of fertiliser.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

............................................................................................................................... [3] 

(b)  The nitrogen in the fertiliser is in the form of nitrates.
Describe how the nitrogen in the fertiliser is absorbed by roots of the crop plants 
and transported to the leaves for use to give an increased yield.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

............................................................................................................................... [4] 

For Examiner s 
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(c)  Suggest and explain why a farmer may decide to use a mass of fertiliser per 
hectare which is less than that needed for a maximum crop yield.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[3] 
[Total: 10] 

4 The diagrams show the bud of an insect-pollinated flower and a magnified 
transverse section through the same flower bud. The transverse section was taken 
at the position shown by the dotted line.

 (a)  Complete the table to show the name of each of structures A to D and to state one 
function of each structure.

letter name of structure function

A 

B 

C 

D 

[4]

For Examiner s 
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(b)  The diagram shows a transverse section through the stem of this plant and a 
magnified section of the vascular bundle.

(i) Label on the magnified section of the vascular bundle in the diagram, the 
positions of each of the following tissues:

� xylem,
� phloem.         [2]

 (ii)  State one function of xylem tissue.

...................................................................................................................................

................................................................................................................................[1]
[Total: 7]

5  (a)  Describe the cause of each of the following:

(i) Down’s syndrome, ..........................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[2]

(ii) sickle cell anaemia .........................................................................................

...................................................................................................................................  

.............................................................................................................................. [1] 

For Examiner s 
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(b)  Two parents, one with blood group B and the other with blood group A,
have a child with blood group O. The parents decide to have another child.

(i)  Complete the genetic diagram to show the possible blood groups for the 
second child of these parents.

[4]

(ii)  State the probability of each of the following for the second child of these 
parents:

being the same sex as the first child

……………………………………………………………………………………….. 

……………………………………………….. ............................................... [1]

having the same blood group as the first child 

……………………………………………………………………………………….. 

……………………………………………….. ............................................... [1]

(iii) Name the type of inheritance shown by the alleles that produce the blood 
group AB. 

……………………………………………….................................................. [1]
[Total: 10]

For Examiner s 
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6  Fig. 6.1 shows the relationships between a number of organisms living together in 
a South American rainforest.

Fig. 6.1

For Examiner s 
Use
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(a)  Fig. 6.2 is an incomplete food web for these organisms. Complete Fig. 6.2 by:

� writing the name of an organism in each box,
� completing the arrows to show the flow of energy.

[4]
Fig. 6.2

(b)  Which type of pollination (self or cross) is likely to be found in the Brazil nut tree. 
Give a reason for your answer.

...................................................................................................................................  

...............................................................................................................................[1] 

(c)  Suggest the possible effects on the community in the rainforest if the orchids were 
killed by disease and poached by orchid collectors.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[3] 
[Total: 8] 

For Examiner s 
Use

 

114



11

Dunearn Secondary School, Preliminary Examination 2018                                 Secondary 4 Express, Biology Paper 2 

Section B [30 marks]
Answer three questions in the spaces provided.

Question 9 is in the form of an Either/Or question. 
Only one part should be answered.

7 During a health examination, the heart rate of a patient was measured based on 
the number of ³lub-dub´ sounds heard for 5 seconds. This measurement was 
taken every minute for 7 minutes. The counts were recorded in Table 7 below. 

Table 7 : Heart rate of patient
Time/min 0 1 2 3 4 5 6 7
Number of ³lub-dub´ 
sounds heard for 5 seconds 6 6 9 12 9 7 6 5

Heart rate/min-1       

(a) (i) Calculate the heart rate of the patient and fill up Table 7.  [1] 

  (ii) Plot the heart rate of the patient in the grid below.

[3]

For Examiner s 
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(b) Explain how the ³lub-dub´ sounds are generated in the heart.

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

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

…………………………………………………………………………………………… [2]

(c) Suggest an activity the patient could be carrying out during this period.

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

…………………………………………………………………………………………… [1]

(d) Give a detailed explanation how a named hormone could cause this change 
observed in the patient during the health examination.

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

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

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

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

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

…………………………………………………………………………………………… [3]
[Total: 10m]

8 The diagram shows a magnified transverse section through a leaf.

For Examiner s 
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Name each of T, U, 9 and W and explain the importance of each in the process of 
photosynthesis.

T ............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

U ............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

9 ............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  
  
W ...........................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

...............................................................................................................................................  

..........................................................................................................................................[10]
[Total: 10]
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9 Either
(a)  Describe one example of a simple reflex action and explain the importance to the 

body of this action. 

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

............................................................................................................................... [4]

(b)  Describe how named components of the nervous system are involved in 
producing a reflex action.

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  
  
...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

................................................................................................................................[6]
[Total: 10]
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9 Or  
(a)  Explain the concept of control by negative feedback.

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

................................................................................................................................[4]

(b)  Describe how two named components of the skin are involved in regulating body 
temperature in hot conditions.

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

...................................................................................................................................  

................................................................................................................................[6]
[Total: 10]

End of Paper
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6

9 The diagram shows the label from a bottle of gin.

What will happen, during the next few hours, after a person drinks a large volume
of gin?

A Their judgement of distance will improve.

B Their muscle control will be reduced.

C Their reaction time will decrease.

D Their urine output will decrease.

10 A student investigates the effect of different colours of light on the rate of 
photosynthesis.

In three separate experiments, red, blue or green light was shone onto an aquatic 
plant. The number of oxygen bubbles produced by the plant was counted.

Each experiment was carried out three times and the average number of bubbles 
was calculated.

colour of light average number of 
bubbles produced / minute

red 48

blue 37

green 12

What explains the results?

A Chlorophyll absorbs red and blue light more than green light.

B Green light is absorbed by the water.

C Most of the green light is absorbed by the chlorophyll.

D Red light is used least in photosynthesis.
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29 The diagram shows the menstrual cycle of a woman in the month of September.

Why fertilisation would not take place if sperms are released into the vagina on 
the 8th September?

A Sperms are washed out of the female uterus by the menstrual flow.

B Sperms can survive in the female reproductive system for only 3 or 4 days.

C Sperms must be released after ovulation for fertilisation to take place.

D The uterus lining is washed out of the female body during menstruation.

30 A student examined the cells in the growing region of an onion root and obtained 
the data below.

stage number of cells
interphase 886
prophase 73

metaphase 16
anaphase 14
telophase 11

What percentage of cells in mitosis contains chromosomes that appear as two 
chromatids?

A 97.5 � B 95.9 � C 78.1 � D 8.9 �
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31 The diagram shows two homologous chromosomes in early prophase I of meiosis 
in an animal cell. Two genes, A/a and B/b, whose loci occur on the homologous 
chromosomes are also shown. 

Which row of diagrams is a possible representation of these chromosomes as they 
progress from anaphase I to prophase II? 

anaphase I prophase II

A 

B 

C 

D 

144



















5 

(d) (i) Identify the type of cell division that occurs at P.

[1]

(ii) Explain why the cell division identified in (d)(i) occurs at P.

[2]

[Total: 7]
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(i) Explain how a gene mutation on chromosome number 11 may result 
in formation of blue iris.

[2]

(ii) Using the information given in the question, state and explain if iris 
colour is a continuous or discontinuous variation. 

[1]

[Total: 10]

4 Kidneys are important body organs involved in excretion.

(a) Define the term excretion.

[1]

Three samples of urine were obtained from different people to check if their 
kidneys are functioning normally. Benedict’s test and biuret test were performed
using the three urine samples.                   

Table 4.1 shows the results.

Table 4.1

sample Benedict’s test biuret test

A green precipitate colourless solution 

B blue solution colourless solution 

C blue solution violet colouration

156
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(b) Using the information from Table 4.1, explain which sample could be from 
a person with

(i) high blood pressure,

[2]

(ii) diabetes.

[2]

(c) A person with kidney damage needs to undergo the process of dialysis to 
take place several times each week. 

(i) State one way in which blood returning from the dialysis machine will 
differ from blood leaving the body to enter the dialysis machine.

[1]

(ii) Suggest and explain how the efficiency of dialysis is affected if the 
dialysis fluid contains a small amount of urea.

[2]

[Total: 8]
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Section B: Free-Response Questions [30 marks]
Answer all the questions in this Section in the spaces provided.

The last question is in the form of Either/Or.

8 Table 8.1 shows data for the percentage of genetically modified (GM) crops 
such as soy bean and wheat grown in the USA from 1996 to 2014. 

Table 8.1

year
percentage of GM crops / �

soy bean wheat

1996 7 3

2000 34 7

2004 65 20

2008 80 35
2012 83 55
2014 84 68

164
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(b) With reference to the graph drawn in (a), compare the changes in the GM 
soy bean and wheat crops grown from 1996 to 2014.

[3]

(c) Fig. 8.2 shows two possible uses of the same area of land to produce food.

              

Fig. 8.2

Use the information in Fig. 8.2 and your own knowledge, explain why it 
would be more efficient use of the land to grow wheat as a food source for 
humans, as compared to rearing lambs.

[4]

[Total: 11]
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With reference to Fig. 9.1, describe and explain the changes in blood lactic 
acid concentration during and after exercise.

[7]

[Total: 9]

168
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Either
10 (a) Describe the similarities and differences in structure and function of root 

hairs and villi.

(i) similarities

[3]

(ii) differences

[3]

(b) Describe and explain how water molecules from the xylem in the leaf
reaches the atmosphere through the leaf.

[4]

[Total: 10]
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OR
10 (a) Blood flows through different types of blood vessels after leaving the heart.

Draw a line on Fig. 10.1 and Fig. 10.2 to show how the mean blood 
pressure and diameters of the vessels that blood flows through vary. 

               Fig. 10.1                                                       Fig. 10.2         [3]

(b) Using the lines drawn in (a) and your biological knowledge, explain the 
difference in the mean blood pressure in an artery and in a vein. 

[4]

(c) Suggest how a narrowed coronary artery may affect heart function. 

[3]

[Total: 10]
END-OF-PAPER

mean 
blood 

pressure
/ arbitrary 

unit

diameter of 
blood 

vessel /
arbitrary 

unit

blood vessel blood vessel
        arteries capillaries veins         arteries  capillaries veins
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3 Strips of plant tissue were immersed in a range of sucrose solutions of different 
concentrations.
Their lengths were measured before immersion and after 30 minutes in the 
different solutions.
The graph shows the ratio of their initial length to final length.

Which concentration of sucrose solution, in mol dm-3, has the same water potential 
as the cell sap before immersion?

A 0.10
B 0.25
C 0.45
D 0.80

4 Where and how does carbon dioxide enter a plant?

where how
A
B
C
D

root hair cells 
root hair cells 

stomata 
stomata 

active uptake
diffusion

active uptake
diffusion
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5 The diagram shows a biological molecule.

What type of molecule is this likely to be?

A fat 
B glycogen
C protein
D sucrose

6 A mixture of food gives the following results on testing:

a purple colour in the biuret test;
a blue colour when heated with Benedict
s solution;
a yellow colour with iodine;
a white emulsion with ethanol.

What does the mixture contain?

A fat and protein
B protein and reducing sugar
C reducing sugar and starch
D starch and fat

                    
7 Protease enzyme breaks down protein to amino acids.

In the ‘lock and key’ hypothesis, what is the lock and what is the key?

lock key
A
B
C
D

amino acid
protease
protease
protein

protease
amino acid

protein
protease
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8 Four flasks labelled Q, R, S and T were prepared. The contents of each flask are 
given in the table below.

flask contents of flask experiment 
temperature (�C)

Q 20 cm3 of starch + 5 cm3 salivary amylase 35

R 20 cm3 of starch + 2 cm3 salivary amylase 35

S 20 cm3 of starch + 5 cm3 boiled salivary 
amylase

35

T 20 cm3 of starch + 5 cm3 salivary amylase 10

Equal volumes of samples from each flask were obtained and tests for starch were 
done at 5-minute intervals. Each experiment was carried out over a time span of 
25 minutes. The results of the experiments are shown in the graph.

Which of the following shows the accurate trends for reactions in flasks Q and S?

Q S
A
B
C
D

4
1
3
3

1
4
1
2
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9 Rachel has a damaged liver due to excessive drinking. Many functions of the body 
will be affected. 
Which of the following function will not be affected?

A secretion of digestive enzymes
B formation of urea
C production of bile
D formation of glycogen

10 The graph shows the changes in blood glucose concentration during periods of 
rest and exercise.

What causes the change in blood glucose level between X and Y?

glucagon secretion insulin secretion glycogen stored in liver
A
B
C
D

decreases
decreases
increases
increases

increases
increases
decreases
decreases

increases
decreases
decreases
increases
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Section A (50 marks)
Answer all questions.

Write your answers in the spaces provided.

1 A group of students investigated the effect of soaking small onion bulbs in different 
concentrations of sodium chloride solution. They peeled off the outer papery 
leaves of the onion bulbs and divided the onions into 6 batches, each with 10 
onions.

The onions were surface dried with paper towels and weighed. The mean mass of 
the onions in each batch was calculated. The onions were then left in sodium 
chloride solutions for three hours.

After three hours the students surface dried the onions and weighed them again. 
Their results are given in Table 1.1.

Table 1.1

concentration of 
sodium chloride 
solution / g dm-3

mean mass of onions / g
percentage change in 

mass/ �before 
soaking

after soaking 
for 3 hours

0 147 173 +17.7

25 153 165 +7.8

50 176 172 -2.3

100 154 149 -3.2

150 149 142 -4.7

200 183 175

(a) (i) Explain why the students calculated the percentage change in mass 
of the onions.

         [2]

(ii) Calculate the percentage change in mass of the onions that were in 
the most concentrated solution of sodium chloride. Show your 
working. Write your answer in Table 1.1.

[1]

202
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(b) The students plotted a graph of the results as shown in Fig. 1.1.

Fig. 1.1

(i) Complete the graph using your answer to (b)(i).        [1]

(ii) Use the graph in Fig. 1.1 to estimate the concentration of the sodium 
chloride solution that has the same water potential as the onions.

       
[1]

(c) Using the term water potential, explain why the onions change in mass 
when soaked in dilute solutions of sodium chloride.

        [2] 

[Total: 7]
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2 Fig. 2.1 shows parts of the alimentary canal that lie in the upper part of the human 
body.

Fig. 2.1

(a) (i) Name the part labelled E

        [1]

(ii) Name the process that carries food from F to G.

        [1]

(b) Suggest why the walls of part H are normally coated with mucus.

         [4]
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(c) Sometimes, particularly when a person is lying flat, partly digested food 
returns into structure E through the valve at G. This can cause discomfort 
known as heartburn.

(i) Suggest why heartburn is not a biologically accurate name for this 
condition. 

[1]

(ii) Suggest and explain why medications for this condition are often 
alkaline in nature.

        [2]

[Total: 9]
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3 The menstrual cycle involves monthly changes in the ovary and the uterus.

(a) Fig. 3.1 shows the sequence of changes within the ovary that occur during 
the menstrual cycle.

Fig. 3.1

(i) Name structures R and S.

R

S         [2]

(ii) State the name of the process that is occurring at T.

[1]

(b) The ovary secretes hormones that control the growth and maintenance of 
the lining of the uterus.

Name the hormone that stimulates:

(i) the growth of the lining of the uterus during the first half of the 
menstrual cycle

         [1]

(ii) the maintenance of the lining of the uterus during the second half of 
the menstrual cycle.

        [1]

[Total: 5]
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4 There are many different drugs available to treat high blood pressure. Fig. 4.1 
shows the mean heart rates of two groups of people, - and ., over a five-year 
period.

From the start, and throughout the period, group . were treated with a drug called 
a beta-blocker. Group - did not take any form of medication.

Fig. 4.1

(a) (i) State the term used to describe group -.        

[1]

(iii) Using information from Fig. 4.1, describe the effect on the heart of 
taking beta-blockers. 

         [3]
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(b) On Fig. 4.1, draw a curve to show the expected effect on the mean heart 
rate of Group - if, after three years, half of them started to take beta-
blockers.        [3]

(c) Some other drugs reduce blood pressure by having an effect on blood 
vessels. 
Suggest how these drugs may cause a decrease in blood pressure.

         [2]

[Total:9]
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5 A particular type of flower displays co-dominance and has multiple alleles. The 
alleles for purple (P) and red (R) are co-dominant and both the red and purple 
alleles are completely dominant to the white allele (W).
Plant 1 produces purple flowers with patches of red. Plant 2 produces pure purple 
flowers.
(a) Explain how you use the results of a test cross with Plant 2 to determine if 

Plant 2 is heterozygous or homozygous for flower colour.

[3]

(b) Suppose the results of the test cross displayed that Plant 2 is heterozygous. 
Using a genetic diagram, determine the ratios of the phenotype from a cross 
of Plant 1 and Plant 2.       [4]

[Total: 7]
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6 Fig. 6.1 shows a sloth. The sloth is a mammal that lives in the trees of the South 
American rainforests.

Fig. 6.1

Sloths have the following features:
• They are extremely slow moving.
• Some tear leaves from trees using their lips and the teeth at the back of their 

mouths.
• They have no front teeth.
• They climb down the tree to deposit their faeces in a hole they dig near the foot 

of the tree.
• They lose over a quarter of their body weight when they defaecate, which may 

be once every 6–8 days.
• Their fur is often green since it contains single-celled, plant-like organisms 

(algae).
• Their fur also contains blood-sucking mosquitoes and many small animals such 

as adult moths that feed on the algae and on the hair of the sloth.
• Moths lay their eggs in the faeces of the sloth on which the moth larvae feed.
• The major predators of the sloth are jungle cats and the harpy eagle.
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(a) Complete the food web in Fig. 6.2 to show the feeding relationships of the 
organisms mentioned on page 11.        [4]

Fig. 6.2

(b) Suggest and explain an advantage to the sloths of the algae that live in their 
fur.

        [2]

[Total:6]
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7 Fig. 7.1 shows flowers from the same species of plant at different stages, D and E,
in their development.

Fig. 7.1

(a) The flowers are cross-pollinated by an insect. Explain why the insect must 
visit flower D before visiting flower E.

        [3]

(b) Suggest how flowers of this species are adapted to be pollinated by an insect 
such as a bee.

       [4]

[Total: 7]

End of Section A
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Section B (30 marks)
Answer three questions.

Question 9 is in the form of an Either/Or question.
Only one part should be answered.

Write your answers on the separate writing paper provided.

8 A student investigated the effect of wind speed on the rate of transpiration of some 
leaves. 
Five leaves were taken from a tree and each of them was weighed on a balance. 
Each leaf was then hung on a piece of wire. Fans were used to blow air at different 
speeds over each leaf. After 12 hours, the student weighed each leaf again. The 
results are shown in Table 8.1. 

Table 8.1

wind speed/ 
ms-1 initial mass / g final mass / g change in mass / g

0 5.7 3.8

1 5.3 3.3

3 5.9 3.7

6 5.1 2.5

8 5.3 2.6

(a) Complete Table 8.1. [2]

(b) Plot a graph on the grid provided on the next page to show the effect of wind 
speed on the change in mass of the leaves. [4]
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(e) A student criticised the results by saying that the change in mass does not 
allow for a fair comparison between leaves. 
Suggest a more appropriate calculation and explain why it gives a fairer 
comparison.

       [2]

[Total: 12]
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9 Researchers in Michigan investigated the rate of photosynthesis in leaves of big-
tooth aspen trees, Populus grandidentata, by placing some of the growing leaves 
inside transparent boxes.

The researchers measured the uptake of carbon dioxide by the leaves over a 
range of temperatures from 10–40 �C. They carried out their measurements at two 
different concentrations of carbon dioxide:

H – 325 ppm carbon dioxide which is close to the concentration in the 
atmosphere;

- – 1935 ppm carbon dioxide which is a very high concentration.

The results are shown in Fig. 9.1.

Fig. 9.1

(a) Describe how the results for the aspen leaves in batch - differ from the 
results for the aspen leaves in batch H. Use data from Fig. 8.1 in your 
answer.

       [3]
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(b) Use the results in Fig. 9.1 to suggest and explain the likely effect on plant 
growth of an increase in carbon dioxide concentration in the atmosphere as 
a result of the combustion of fossil fuels.

        [5]

[Total: 8]
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10 Either

A person is sitting in the shade reading a book when he looks at the bright sky to 
see an aeroplane flying past. Explain the changes in

(a) the lens of the eye, 

         [6]

(b) the pupil of the eye

        [4]

[Total: 10]
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10 Or
(a) Describe the role of the cilia in the trachea.

       [3] 

(b) Fig. 10.1 shows components of the human gas exchange surface and an 
associated blood vessel.

Fig. 10.1

State the characteristics, and describe the roles, of each of the components 
shown in Fig. 10.1.
You should make reference to named structures in your answer.
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        [7]

[Total: 10]

End of Paper
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BLAN. PAGE

221



















230





2 

1 The table identifies the various organelles within the cell by describing the function of 
membrane surrounding each organelle.

organelle 1 2 3 4 5 6
function of 
membrane

allows 
exit of 
mRNA

protein 
synthesis

transport 
enzymes

lipid 
synthesis

allows 
oxygen to 

enter

allows 
carbon 

dioxide to 
enter

Which row correctly identifies the organelles?

1 2 3 4 5 6
A chloroplast vesicle smooth 

ER
ribosome nucleus mitochondrion

B nucleus ribosome vesicle smooth 
ER

golgi bodies mitochondrion

C nucleus ribosome vesicle smooth 
ER

mitochondrion chloroplast

D nucleus smooth 
ER

golgi 
bodies

ribosome vesicle chloroplast

2 Some processes listed occurs in flowering plants.
1 ion uptake by root hairs
2 water uptake by root hairs
3 ion movement up the xylem in the stem
4 water vapour loss by the mesophyll cells of the leaves

Which processes are controlled by cell surface membranes?

A 1 only
B 1 and 3
C 2 only
D 3 and 4

3 Which statement is true?

A Crenation occurs in all types of cells occur in a hypertonic solution.
B Plasmolysis of onion cells occurs when cytoplasm shrinks against the cell wall.
C Potato tissues are flaccid when there is a loss of cells.
D Turgidity of cells is dependent on the concentration of cell sap.
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24 A student draws a dot and a cross as shown.

With his right eye closed, the student looks hard at the cross with his left eye. He 
brings the drawing towards him until the dot disappears.

On which point inside his eye does the image of the dot fall, when it disappears?

25 The diagram shows part of the womb of a pregnant woman.

Which of the following statements is correct?

A Progesterone is needed to maintain structure M.
B Structure O only protects the foetus from fluctuations in temperature.
C Structure P contains the gaseous water products of the foetus.
D The artery in N transports glucose and amino acids to the foetus.
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29 A plant is heterozygous for a pair of alleles that are codominant. This plant is self-
pollinated and the resulting seeds are germinated and allowed to grow. Which ratios 
are expected in the offspring?

Ratio of phenotypes Ratio of genotypes
A 1:2:1 1:2:1
B 1:2:1 3:1
C 3:1 1:2:1
D 3:1 3:1

30 The family tree shows the inheritance of a genetic disease. This disease is caused 
by a recessive allele, b.

Which females have the Bb genotype?
A 1, 6 and 7 only.
B 1, 7 and 12 only.
C 7, 9 and 15 only.
D 9, 12 and 15 only.

31 A gene containing 600 bases is transcribed and translated to produce a functional 
protein in the cell. Which of the following correctly represents the numbers of the 
respective structures?

number of nucleotides number 
of mRNA 
formed

number of codons on 
the mRNA 

number of 
polypeptide 

formed
A 300 1 200 1
B 300 600 600 600
C 600 600 600 600
D 600 1 200 1
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32 A diploid cell contains two pairs of homologous chromosomes. Each pair is 
heterozygous for a pair of alleles Aa and Bb respectively. After meiosis, how many 
different combinations of these alleles could be produced in the haploid daughter 
cells?

A 2
B 4
C 8
D 16

33 The figure shows an event that occurs during synapsis of two homologous 
chromosomes.

Which of the statements is not true to describe the figure above?

A Crossing over occurs between 2 chromatids at the centromere.
B Crossing over occurs between homologous chromosomes from a male and 

another from a female.
C Crossing over occurs forming 5 chiasmata.
D Crossing over produces new combinations of alleles along its chromosomes.

34 The wall of a pollen grain is made of chemically stable materials. Because of this, 
pollen grains have the ability to remain well preserved for thousands of years in soil 
and sediment. What is the key advantage to the plant for having such pollen grain 
walls?

A It allows pollen to serve as a valuable fossils record for the study of ancient 
plants.

B It prevents the pollen tube from growing out before the pollen grain reaches the 
stigma of a compatible species.

C It protects the vital genetic material in the pollen grain.
D It provides weight to the pollen grain, allowing it to cling easily to the surfaces 

of the insect pollinators
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35 The diagram shows how genetically identical frog can be developed from unfertilized 
frog eggs. The diploid number (2n) frogs is 26.

Which combination of numbers correctly identifies the number of chromosomes in 
each of the type of cells in the diagram?

V W X
A 13 13 26
B 13 26 13
C 13 26 26
D 26 26 13

36 Changes in the climate may lead to the melting of sea ice and the thawing of ice on 
the land in the Antarctic that has been frozen for a very long time. What could lead to 
evolution in this situation?

A Animals adapt their features to suit the new environment.
B Previously advantageous features may become disadvantageous.
C Seed dormant for thousands of years could germinate.
D There would be less competition for space to live.
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37 The statements refer to natural selection.

1 Competition between organisms alters their genes.
2 More organisms are produced than reach maturity.
3 Organisms inherit characteristics from their parents.
4 Organisms vary in their adaptations.
5 Only one species can occupy an ecological niche.
6 Well-adapted organisms survive and reproduce.

Which four statements summarise the theory of evolution by natural selection?

A 1, 2, 3 and 5
B 1, 2, 4 and 5
C 2, 3, 4 and 6
D 2, 3, 5 and 6

38 The following list gives some features of the processes of artificial selection and 
genetic engineering.

I The organism’s genotype is altered.
II The new variety can make a substance previously only made by a different 

species.
III The process involves working with many generations of the organism over a 

long period of time.
I9 The gene for the useful characteristic is transferred from one species to 

another.

Which of the above features refer to genetic engineering and artificial selection?

genetic engineering artificial selection
A I, II, IV III
B I, III, IV I and II
C II and IV II and III
D I, II, III and IV I, II and III

248











4 

(c) If the Fig 2.1 now represents the nervous system where the effector, V is a gastric 
gland in the stomach. Describe the reflex action resulting in the release of gastric 
juice in the stomach after food is being tasted in the mouth.                                [4]

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

[7 marks]

3 Fig 3.1 shows two graphs on transpiration rate of leaves and water potential of leaf cells 
of cotton plants during three hours of daylight respectively.

Fig 3.1
(a) Describe the relationship between the transpiration rate and water potential of leaf 

cells of cotton leaves from 0 to 0.5 hour.                                                              [2]  

…………………………………………………………………………………………..…

…………………………………………………………………………………………..…

……………………………………………………………………………………………..

(b) Describe what happens to the leaf cells when there is an increase rate of 
transpiration.                                                                                                       [1]

…………………………………………………………………………………………..…

…………………………………………………………………………………………..…

[3 marks]
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(d) In another study, the ecologist focuses on turtle population.  Data of energies 
associated with one turtle over a period of a year is recorded in table 4.3.

Energy associated with one turtle Energy (Kj/year)
energy available to the turtle 20935
energy in the undigested waste 1065
energy found in the excreted waste 53
energy released to the environment as heat 20400
energy used for growth in the turtle 482

Table 4.3

(i) Describe how the energy is µmade available’ and subsequently µused for 
growth’ in the turtle’?                                                                              [2]  

………………………………………………………………………………….…...

……………………………………………………….……………………………...

………………………………………………………………………………….…..

……………………………………………………….……………………………...

(ii) Calculate the total amount of energy available for decomposers from this 
turtle in one year. Show your working in the given space below.            [1]  

(e) Upon analysing the carcass of the turtle when it died, the ecologist found an 
unusually high amount of nanoplastics in its body. Explain why it is possible for a 
high amounts of nanoplastics found in the turtle’s body? Use examples of 
organisms in table 4.1 to illustrate your answer.                                                 [3]

…………………………………………………………………………………………..…

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

…………………………………………………………………………………………..…

……………………………………………………………………………………………..

[15 marks]
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5 Fig 5.1 shows a tray of tobacco seedlings.  The seedlings are all grown from the seeds 
of a plant.  Some of the seedlings appear very pale in the photograph because their 
leaves contain no chlorophyll.  These seedlings are called µalbino seedling’.  The rest of 
the seedlings with dark leaves have chlorophyll in them and are normal.

Fig 5.1

(a) Count the numbers of normal seedlings and albino seedlings. Record your 
results in a suitable table below.                                                                       [2]

(b) Determine the approximately ratio of normal to albino seedlings and draw the 
variation graph to show the type of variation this represents.                            [2]
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(c) The seedlings in Fig 5.1 is the F1 generation from two parent tobacco plants. A
single gene, C, controls chlorophyll production, draw a genetic diagram to predict 
the genotypes and phenotypes of both parent plants.                                            [3]  

(d) Explain why these albino seedlings is less advantaged when compared to the 
normal seedlings?                                                                                             [3]  

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

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

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

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

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

………………………………………………………………………………….……….....
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Section B
Answer all three questions.

Question 8 is in the form of Either / Or question.
Only one part should be answered

6 Two experiments were carried out to find the effect of removal of the liver and kidneys 
from 2 different rabbits of the same species. 
Experiment A: The kidneys were removed at time 0 and blood urea concentration was 
recorded. Eight hours later, the liver was removed and blood urea concentration was 
recorded.
Experiment B: The liver was removed at time 0 and the kidneys were removed eight 
hours later. In both, blood urea concentration was recorded after the organs were 
removed respectively
The blood urea concentration of the rabbits was measured from 0 to 16 hours. The 
results were tabulated in table 6.1.

time (hours) blood urea concentration (mg per 100cm3 of blood)
experiment A experiment B

0 10 10
4 17 5
8 22 3

12 22 3
16 21 3

Table 6.1
(a) Plot a graph to compare the trends of results between experiments A and B.  [3]
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(b) Describe and explain the change in blood urea concentration of the rabbits used 
in experiment B.                                                                                                   [4]

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

……………………………………………………………………………………………..

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

……………………………………………………………………………………………..

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

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

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

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

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

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

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

(c) Which rabbit will die first? Give a reason to support your answer.                 [2]

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

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

……………………………………………………………………………………………..

……………………………………………………………………………………………..

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

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

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

(d) A human patient suffers from damaged kidneys. What advice would you give to 
the patient? Explain.                                                                                             [1]  

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

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

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

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

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

[10 marks]

261





14

(b) On the day 15, the ovum was fertilized and the resultant zygote developed into an 
embryo. By day 20, the embryo was implanted into the endometrium. Complete 
and explain the graph in Fig 7.1 for hormone Y from day 19 to 41.                     [3]

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

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

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

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

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

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

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

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

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

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

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

(c) In the first 8 weeks of pregnancy, the ovary is responsible for regulating of 
hormone Y. After the 8th week, the placenta takes over this role. Describe three 
other functions of the placenta.                                                                        [3]

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

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

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

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

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

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

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

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

……………………………………………………………………………………………..

[10 marks]
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EITHER
8E Bacteria plays an important role in biotechnology eg. in biomedical (mass production 

of insulin) and in sewage treatment plants, However it is also a cause for concern 
such as massive eutrophication in many parts of the world. Discuss.                   [10]   

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[10 marks]
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OR
8O (a) Compare the importance of chloroplasts and mitochondria and how living 

things are dependent on them.                                                                      [5]  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(b) Both photosynthesis and respiration are enzyme-based reactions. Discuss the 
properties of enzyme.                                                                                       [5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

End of Paper
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1 The diagram shows cells in the epidermis of a leaf.

To complete the diagram, which structural features should be added to the cells P and 
Q?

P Q 

chloroplast nucleus chloroplast nucleus

A 

B 

C 

D 
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2 Which of the following is not a property of the plasma membrane?

A composed of cellulose and protein

B fully impermeable to starch

C fully permeable to water

D fuses with ribosomes to release protein out of cell

3 Absorption of mineral ions in plants requires energy from respiration.
Which observation best supports this idea?

A Carbohydrates is stored in the roots.

B Living roots give off carbon dioxide.

C The root hairs have a large surface area.

D Uptake of nitrates is reduced at lower oxygen concentrations.

4 Four potato strips were each placed in a petri dish of either 5� sucrose solution or 
distilled water for 20 minutes.
In which of the following petri dishes will result in the potato cells being plasmolysed? 
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5 Ethanol emulsion test and biuret test were carried out separately on peanuts. Which 
of the following correctly describes the results?

ethanol emulsion test biuret test

observation conclusion observation conclusion

A remains clear fats is absent blue solution 
remains

protein is absent

B remains clear fats is present violet mixture 
observed

protein is present

C white emulsion 
formed

fats is absent blue solution 
remains

protein is absent

D white emulsion 
formed

fats is present violet mixture 
observed

protein is present

6 Which of the following statements describe the fate of excess glucose in the liver?
            I                   It is broken down to release energy. 
            II                  It is broken down to fats.
            III                 It is deaminated to produce urea.
            IV                 It is stored as glycogen.

A I and II

B I and IV 

C II and III

D II and IV
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7 The cell wall of a plant cell is removed using an enzyme. What would happen if this 
cell is then placed in distilled water?

A It would take more time for the cell to become turgid.

B Proteins in the cytoplasm would leave through the cell surface membrane.

C The cell would become smaller as water passes out.

D The cell would burst as water moves into it.

8 Two hours after eating a meal of fried potatoes and vegetables, one would least expect

A a decrease in concentration of fats in lymph vessels.

B a high concentration of glucose in the veins leaving the liver.

C an increase in urea in blood leading to the liver.

D less glucose in blood entering the liver than in that leaving the liver.

9 If the pancreatic duct of a mammal becomes blocked, which symptom would the 
mammal show?

A decreased blood insulin level

B decreased protein digestion

C increased bile in the blood

D increased blood glucose level

 

281



6 

KCPSS.4E.Bio.P1.Prelims.2018 [Turn over

10 The diagram shows the transverse section of a leaf.

Which structures are capable of carrying out photosynthesis?

A I, II and IV

B I, II and V

C II, III and IV

D II, III and V

11 A plant stem was dissected into several different tissues. Each tissue was tested for 
the presence of starch, protein and reducing sugar. The results are shown in the table.
Which tissue is the xylem?

starch protein reducing sugar

A absent absent absent

B absent present present

C present absent absent

D present present present
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12 The effect of light intensity on the rate of photosynthesis in two plant species was 
investigated in a laboratory. Species 1 grows best in sunny areas and species 2 grows 
best in shady areas.

Which graph correctly shows how the rate of photosynthesis of these two species will 
vary with light intensity?

A 

B 

C 

D 
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13 The diagrams show the movement of blood in the right side of the heart in a cardiac 
cycle. 

Which of the following correctly shows what is happening at stages 1, 2 and 3?

1 2 3 

A atrial systole ventricular systole atrial and ventricular 
diastole

B atrial systole atrial and ventricular 
diastole

ventricular systole

C atrial and ventricular 
diastole

ventricular systole atrial systole

D ventricular systole atrial systole atrial and ventricular 
diastole

14 A pulse can be felt when the thumb presses the wrist of the left hand.
This pulse is produced because

A of the alternate stretching and recoiling action of the artery.

B the arteries carry oxygenated blood.

C the veins have larger lumen than the arteries.

D the wall of the arteries is thicker than that of the veins.
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15 The active ingredient in brand A pesticide inhibits the synthesis of the plasma protein 
prothrombin in the liver. This pesticide most likely kills pests by

A causing the accumulation of amino acids in the blood.

B preventing the clotting process when bleeding.

C preventing the maintenance of glucose level in the blood.

D stimulating the breakdown of red blood cells.

16 Tar and carbon monoxide are present in tobacco smoke. What are their effects on 
health?

tar carbon monoxide

A causes high blood pressure binds to haemoglobin irreversibly

B causes high blood pressure is addictive

C causes lung cancer binds to haemoglobin irreversibly

D causes lung cancer is addictive
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For questions 17 and 18, refer to the diagram. 

17 The primary aim of this experiment is to demonstrate that

A carbon dioxide is present in the atmosphere.

B oxygen is absorbed to support the metabolic activities of the rat.

C the rat releases carbon dioxide.

D the rat releases energy in the form of heat.

18 This experiment is improperly set up. Correction should be made by

A covering bottle R with a piece of black cloth throughout the experiment.

B immersing sections 1, 3 and 5 into the solutions.

C immersing sections 2, 4 and 6 into the solutions.

D replacing the lime water with hydrogen carbonate indicator solution.
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19 Which of the following does not help to promote survival of an organism living in a dry 
environment?

A larger glomerulus

B longer large intestine

C longer loop of Henle

D more sebaceous glands in skin

20 The diagram below shows a nephron. Reabsorption of glucose and amino acids takes 
place in the section labeled P.

How is section P adapted to carry out its function?

A A high hydrostatic pressure is created at section P as the renal tubule becomes 
narrower.

B The cells lining the walls of the tubule at P have numerous mitochondria to 
release energy for active transport.

C The cells lining the walls of the tubule at P have numerous pores to help in 
passive transport only. 

D The walls of the tubule at P is a few layers thick to ensure effective reabsorption. 
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21 The table shows a medical report of a patient after some diagnostic tests. He had been 
given cakes for breakfast eight hours before the tests.

diagnostic 
test

glycogen 
content in liver

protein in urine sugar in urine urea in urine

result normal amount present present present

Which diagnosis about the patient’s body is correct?

pancreas Bowman’s capsule in 
kidney

convoluted tubules in 
kidney

A - + + 

B - + - 

C + - - 

D + - + 

Key
+      healthy
-  malfunctioning
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22 How does the sweat glands and hair respond to an increasing body temperature?

sweat glands hair 

A Decreased production of sweat leads 
to greater heat loss by evaporation. 

Hair lays down and allows heat to be 
lost easily via the skin surface.

B Decreased production of sweat 
prevents greater heat gain from the 
environment.

Hair stands and creates a layer of air 
that prevents heat gain from 
environment.

C Increased production of sweat leads to 
greater heat loss by evaporation.

Hair lays down and allows heat to be 
lost easily via the skin surface.

D Increased production of sweat 
prevents greater heat gain from the 
environment.

Hair stands and creates a layer of air 
that prevents heat gain from 
environment.

23 Which of the following statements is not an example of homeostasis?

A Increase in the rate of expiration to remove excess carbon dioxide from the 
body.

B Sweating during strenuous physical activity.

C The conversion of excess blood glucose into glycogen for storage.

D The removal of undigested waste materials from the body. 
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The diagram shows the structure of the mammalian skin. Refer to the diagram for Questions 
24 and 25. 

24 Identify the structures labelled I, II, III and IV.

I II III IV

A blood capillary nerve ending sweat gland hair erector 
muscle 

B hair erector 
muscle 

blood capillary nerve ending sweat gland

C sweat gland hair erector 
muscle 

blood capillary nerve ending

D sweat gland nerve ending hair erector 
muscle 

blood capillary
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25 Which of the following would be the result of an increase in the diameter of V?  

A decreased sensation of pain

B heat loss is increased at the skin surface

C heat loss is reduced at the skin surface

D increased sensation of pain

26 Which structure causes the greatest refraction of light that enters the eye?

A conjunctiva

B cornea

C lens

D iris

27 Adrenaline not only functions as a hormone in our body but can also be administered 
as a drug in life-saving situations. Under which condition(s) would the administration 
of adrenaline be useful?

1 low blood glucose concentration
2 low heart rate
3 low water potential of blood

A 3 only

B 1 and 2 only

C 2 and 3 only

D 1, 2 and 3
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28 The trigeminal nerve in humans connects the brain with both the teeth and the skin of 
the face. When the dentist administers a local anesthetic by injection, the patient can 
no longer feel the pain and cannot smile properly.
What does this conclude about the trigeminal nerve?

A It carries impulses from the brain to the teeth and back to the skin.

B It contains both motor and sensory neurones.

C It contains mainly motor neurones.

D It contains mainly sensory neurones.

29 Which statement about pollen grains is correct?

A An embryo is formed when a pollen grain fuses with the female gamete.

B Pollen grains are the male gametes of a plant.

C Pollen grains can only germinate if they land on the stigma of another flower.

D The sugary fluid of a stigma stimulates pollen grains to germinate.
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30 The diagrams show carpels from four different flowers. Which carpel is associated with 
wind pollination?

31 The diagram shows a female reproductive system.

Which correctly shows the regions where the following events occur?

implantation fertilisation meiosis

A P Q R 

B R P Q 

C R Q P 

D T R P 
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32 The diagram shows the changes which take place during a woman’s menstrual cycle.

What is occurring at the time of ovulation?

A A fall in the level of oestrogen and a rise in progesterone.

B A fall in the level of progesterone and a rise in oestrogen.

C A fall in the levels of oestrogen and progesterone.

D A rise is the levels of oestrogen and progesterone.

33 Drosophila melanogaster is a type of fruit fly with a diploid number of chromosomes. 
Cell division occurs in the Drosophila melanogaster in a similar way to humans. Each 
somatic cell has 8 chromosomes. Which statement about this type of fruit fly is correct?

A After fertilisation, the zygote has 8 chromosomes.

B After mitosis, the daughter cells produced have 4 chromosomes each.

C It can produce gametes with 4 different genetic combinations.

D It can produce gametes with 8 chromosomes.
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34 The diagram shows a cell at anaphase I of meiosis.

Which diagram shows a normal gamete that can be produced from this cell?

35 The table shows the percentage of nucleotides found in an octopus and a starfish.

source of DNA adenine (�) cytosine (�) guanine (�) thymine (�)

octopus 28 22 22 28

starfish 28 22 22 28

Which of the following best explains why these two animals differ greatly in their physical 
characteristics? 

A Amino acids used to produce proteins are different in both animals.

B Deoxyribose is used in the DNA of the octopus but ribose is used in the DNA of 
starfish.

C The sequences of DNA are different in both animals and thus code for different 
proteins in their bodies.

D The two animals follow different base pairing rules in their DNA strands.
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36 A short length of DNA has 80 thymine and 60 cytosine bases. What is the total number 
of nucleotides in this DNA segment? 

A 120

B 140

C 280

D 560

37 Samuel and Sandy made four statements about themselves.

Samuel Sandy

1 I am a man. I am a woman.

2 I am 175cm tall. I am 160cm tall.

3 I have brown eyes. I have blue eyes.

4 I am poor at Biology. I am very good at Biology.

Which statements describe characteristics that show discontinuous variation?

A 1 and 3

B 1 and 4

C 2 and 3

D 2 and 4
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38 A species of snails has an inherited condition that affects its shell. The table shows 
the phenotypes and genotypes of this species:

genotype phenotype

SNSN Snails with hard shells.

SASN Snails with brittle shells.

SASA No embryo formed. 

Two heterozygous snails were crossed. Which proportion of their offspring will have 
hard shells? 

A 0�

B 25�

C 33�

D 75�

39 The diagram shows a river flowing into the sea. The river is polluted by untreated 
sewage. At which point (A, B, C or D) will the oxygen level be the lowest?
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40 The following diagram shows an ecological pyramid of energy.

Which statement is always true?

A Energy flows upwards from organisms in level 4 to organisms in level 1.

B Level 1 is occupied by a photosynthetic organism.

C The number of organisms in level 4 exceeds those in level 3.

D Toxins become more concentrated from organisms in level 1 down to 
organisms in level 4.

End of Paper
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Section A
Answer all questions.

Write your answer in the spaces provided.

1 Fig. 1.1 shows a section of a person’s head and throat. 
Fig. 1.2 shows the same person swallowing a bolus of food.

                          Fig. 1.1                                                                 Fig. 1.2

(a) Identify structures B and C shown on Fig. 1.1.

B: ……………………………………………………….

C: ………………………………………………………. [1] 

(b) Name the process that will carry the bolus from the oesophagus to the stomach.

………………………………………………………………………………………. [1]

(c) Describe and explain what happens to structure A when the person swallows 
the bolus.

……………………………………………………………………………………………

……………………………………………………………………………………………

………………………………………………………………………………………. [2]
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(d) (i) Name a chemical process that may be taking place in the bolus.

………………………………………………………………………………… [1]

(ii) Describe the process in (d) (i).

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………… [2]

[Total:7]
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2 Fig. 2.1 shows an experimental set-up measuring the rate of photosynthesis by 
counting the number of bubbles released per minute.

Fig. 2.1

(a) Suggest a purpose for the use of the bubbler.

………………………………………………………………………………………….. 

……………………………………………………………………………………. [1]

(b) (i) Identify the type of gas found in the bubbles produced.

………………………………………………………………………….…… [1]

(ii) State the chemical equation for photosynthesis.

………………………………………………………………………………. [1]

(c) (i) Describe why the rate of bubbles evolved can be taken as a measure of 
the photosynthetic rate.

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………… [2]
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(ii) Suggest two reasons why the rate of photosynthesis measured by this 
method may be less than expected. 

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………… [2]

(d) State the importance of photosynthesis to animals.

…………………………………………………………………………………………..

…………………………………………………………………………………………..

…………………………………………………………………………………….. [2]

[Total:9] 
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3 Fig. 3.1 shows the changes in the blood pressure during the cardiac cycle.

Fig. 3.1

(a) State the duration of ventricular systole.

…………………………………………………………………………………………. [1]

(b) Using points A to H, identify when

(i) the bicuspid valve is first closed: ………….………………………………. [1]

(ii) the semi-lunar valve is first opened: ……………………………………… [1]

(iii) the ventricles have the least volume of blood: …………………………… [1]

[Total: 4] 
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4 Fig. 4.1 shows the model of a nephron. It is used to demonstrate how the nephron
functions.

Fig. 4.1

(a) Identify the labelled structures in the mammalian body that are represented by:

T: …………………………………………………….

U: …………………………………………………… [1]

(b) State and describe the purpose of tightening the tubing near part U with a screw 
clip.

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

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

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

…………………………………………………………………………………………... [2]
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(c) Suggest one type of cell or organic compound in the mammalian body that can be
represented by the coarse sand in the mixture present in the reservoir.

………………………………………………………………………………………….. [1]

(d) Identify one biological process illustrated by the above model. State the significance 
of this process in the human body.

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

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

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

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

[2]

[Total:6]
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5 Fig. 5.1 shows the structure of a flower. 

Fig. 5.1

(a) Identify structures B and C in Fig. 5.1 and suggest how cross pollination can be 
ensured in this species.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………….. [2]

(b) Using Fig. 5.1, outline the events occurring following pollination leading to 
fertilisation of E.                                

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………….. [4] 
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(c) Table 5.2 shows a recording of the lengths of 5000 fully grown standard petals 
of this species growing in a certain area.

Table 5.2

standard petal length, x /mm frequency
5 � x � 10 2

10 � x � 15 0
15 � x � 20 0
20 � x � 25 0
25 � x � 30 1755
30 � x � 35 925
35 � x � 40 50
40 � x � 45 100
45 � x � 50 975
50 � x � 55 1193
55 � x � 60 0

(i) State the type of variation shown by the standard petal length in this species.

………………………………………………………………………………….. [1]

(ii) State one possible cause to account for the frequency recorded for a
standard petal length of 5 � x � 10.

…………………………………………………………………………………………

…………………………………………………………………………………... [1]

[Total:8] 

308



11

KCPSS.4E.Bio.PRELIMS.2018 [Turn over

6 Scientists have created RR2, a genetically engineered soybean plant resistant to a
variety of chemical herbicides. This was done by transferring a gene from a bacterium to 
the soybean plant.

(a) Outline the necessary steps used to transfer the gene from a bacterium to a plant 
cell.

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

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

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

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

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

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

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

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

…………………………………………………………………………………………… [4]

(b) RR2 soybean plants and wild-type soybean plants have yellow flowers. In a genetic 
experiment, pollen grains from a wild-type soybean plant were brushed onto the 
stigmas of an RR2 plant.

Results showed that there were 115 offspring plants with yellow flowers and 41 
offspring plants with purple flowers.

Using FY and FP to represent the alleles for yellow and purple flowers respectively,

(i) write out all the possible genotypes for flower colours in the offspring plants;

…………………………………………………………………………………... [1]

(ii) write out the genotypes for flower colours of the parent plants.

RR2 soybean plant genotype           ………………………………………..

wild-type soybean plant genotype    ……………………………………….. [2] 

309



12

KCPSS.4E.Bio.PRELIMS.2018 [Turn over

(c) State two reasons why the observed phenotypic ratio of the offspring plants in (b) 
was not the same as the expected ratio. 

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

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

…………………………………………………………………………………………… [2]

[Total:9]
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7 Fig. 7.1 shows what happens to the energy as it passes through an herbivorous ox.

Fig. 7.1

(a) State two ways in which energy may be used within the ox.

1. ……………………………………………………………………………………………….

2. ………………………………………………………………………………………... [2]

(b) The bird on the ox’s back is an oxpecker that feeds both on blood-sucking parasites 
(ticks) living on the ox, and on blood from the ox’s wounds.

(i) In the space below, draw one possible food chain linking the organisms shown. 
Indicate on your drawing where energy enters the chain.

[2]

(ii) Explain why there must always be fewer oxpeckers than ticks in this food web.

……………………………………………………………………………………………. 

……………………………………………………………………………………………. 

……………………………………………………………………………………………. 

……………………………………………………………………………………… [3]

[Total:7] 
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Section B (30 marks)
Answer three questions in the spaces provided.
Question 10 is in the form of Either/Or question.

8 Fig. 8.1 shows the concentration of dissolved oxygen and the number of bacterial cells 
along a river, 100m downstream from point X. The river is polluted due to human 
activities.  

Fig. 8.1

Biological oxygen demand (BOD) is used by ecologists to measure the oxygen amount 
required by aerobic microorganisms to decompose organic matter in a sample of water.

Table 8.2 shows the data for relative BOD value for the same river length.

Table 8.2

distance from point X of river /m relative BOD value /arbitrary unit

0 1.0

20 2.0

40 6.0

60 5.0

80 3.0

100 2.0 
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(a) (i) Using the data provided in Table 8.2, sketch a graph of relative BOD in Fig. 
8.1 over the distance of 100 m. Label this graph as relative BOD.              [2]

(ii) Describe the relationship between the relative BOD value and the number of 
bacterial cells between 20m and 40m downstream of point X. 

……………………………………………………………………………………….. 

………………………………………………………………………………….. [1]

(b) (i) Using the information provided in Fig. 8.1, estimate the distance 
downstream from point X where the river was polluted. 

…………………………………………………………………………………. [1]

(ii) On Fig. 8.1, complete the graph for the number of fish in the river till 100m 
downstream from point X.                                                                          [1]

(c) A factory was built some distance away from the river.
Five weeks later, samples of water taken from the river downstream showed 
traces of a non-excretable toxin. 
It was observed that the dead bodies of herons (large birds that feed on fish) were 
found. It was also observed that the population of fish remained in healthy 
numbers.
With reference to bioaccumulation and bioamplification, explain the observations.

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

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

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

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

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

………………………………………………………………………………………… [5]

[Total:10] 
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9 (a) Describe the significance of each of the following features of a dicotyledonous leaf 
in terms of the process named:

(i) the distribution of chloroplasts in the process of photosynthesis.

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

………………………………………………………………………………….. [4]

(ii) stomata in the process of gas exchange.

……………………………………………………………………………………….. 

……………………………………………………………………………………….. 

………………………………………………………………………………….. [2]

(b) Describe how two named tissue involved in transport are arranged in the roots 
and stems. 

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

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

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

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

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

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

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

………………………………………………………………………………………… [4]

[Total:10] 
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10 Either

(a) A bacterial gene, which can boost photosynthesis, has been inserted into a new 
variety of soybean plant. These new plants are resistant to glyphosate, a herbicide 
that disrupts photosynthesis by killing plants including weeds. 
Suggest and explain the advantages and disadvantages of growing this new variety 
of soybeans in the field.

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

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

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

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

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

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

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

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

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

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

………………………………………………………………………………………… [6]

(b) Explain, using a named example, how mutations may lead to genetic diseases.

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

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

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

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

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

………………………………………………………………………………………… [4]

[Total:10]
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10 Or

Fig. 10.1 shows how a frog was cloned.

Fig. 10.1

(a) State the type of cell division that occurs at P and Q.

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

………………………………………………………………………………………… [2]

 

316



19

KCPSS.4E.Bio.PRELIMS.2018  

(b) Is the transfer of nucleus from the cell of frog B to the egg of frog A a process of
fertilisation? Explain your answer.

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

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

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

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

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

………………………………………………………………………………………… [4]

(c) Describe the behaviour of the chromosomes during mitosis.

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

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

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

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

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

………………………………………………………………………………………… [4]

[Total:10]

End of paper
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Answer ALL questions. Shade your answers in the OTAS provided.  

1 The diagram shows a typical animal cell. 

Which structure synthesises and transports lipids?

2 A student cuts out four cylinders of potato from the same potato.
Each cylinder is 30 mm long. The cylinders are all of the same diameter. 

The potato cylinders are placed in sugar solutions of different concentrations. After one hour, the 
lengths of the cylinders are measured again. The results are shown in the table. 

Which potato cylinder has been placed in a solution with a water potential closest to that of the 
potato cells?

starting length/ mm length after one hour/ mm
A 30 33
B 30 31
C 30 27
D 30 26
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3 Which row defines active transport?

cell membrane needed movement of ions energy needed
A no down a concentration gradient yes
B no up a concentration gradient no
C yes down a concentration gradient no
D yes up a concentration gradient yes

4 Which chemical elements are present in both fats and proteins?

A carbon, hydrogen and nitrogen only 
B carbon, hydrogen and oxygen only
C carbon, oxygen and nitrogen only
D carbon, oxygen, hydrogen and nitrogen

5 A sample of milk is tested with Benedict’s solution. After boiling, a yellow precipitate is observed. 

Which conclusion is correct? 

A A high concentration of glucose is present. 
B A low concentration of sucrose is present. 
C No reducing sugars are present. 
D Reducing sugars are present. 

6 Which of the following tests shows the presence of an enzyme in a biological washing powder?

A Benedict’s test
B biuret test
C ethanol emulsion test
D iodine test

7 Which of the following blood vessels transports blood with the highest glucose concentration?

A aorta
B hepatic artery
C hepatic portal vein
D vena cava
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8 What describes the upper cuticle of a leaf? 

A a permeable layer allowing water to enter the leaf
B a single layer of cells containing many chloroplasts
C a single layer of transparent cells allowing light to enter the leaf
D a thin non-cellular layer preventing water loss from the leaf

9 Two test-tubes, E and F, were set up, each containing a solution of red hydrogencarbonate 
indicator. Hydrogencarbonate indicator remains red when the carbon dioxide concentration 
remains unchanged. It turns yellow when the carbon dioxide concentration increases and turns 
purple when the carbon dioxide concentration decreases. 

Similar pieces of the same aquatic plant were placed into tubes E and F. Tube E was uncovered 
while tube F had a black light-proof cover. The tubes were left in a warm room in sunlight for four 
hours.  

                                       tube E                            tube F

What would be the colour of the hydrogencarbonate indicator in the two tubes after four hours?

tube E tube F
A purple red
B purple yellow
C red yellow
D yellow red
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10 The graph shows the rate of photosynthesis of a plant at increasing light intensities at two 
different carbon dioxide concentrations. The temperature is kept constant. 

What may be limiting the rate of photosynthesis at P, Q and R?

P Q R
A carbon dioxide light intensity carbon dioxide
B carbon dioxide light intensity light intensity
C light intensity carbon dioxide carbon dioxide
D light intensity carbon dioxide light intensity

P

Q

R
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11 The cut shoot of a plant is placed in a beaker containing a solution of blue dye for one hour, as 
shown. 

The stem of the shoot is then cut through at S, and examined under a microscope. 

In which region of the stem is the blue dye most concentrated?

12 During translocation in plants, which substance is moved and in which direction?

substance from to
A sucrose anthers stigmas
B sucrose leaves roots
C water roots leaves
D water soil root hairs 

S
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13 The diagrams show a plant in a flask of water. It is left in the light at 16 �C for six hours. 

What explains the change in mass after six hours?

A absorption of water into the root hairs
B evaporation of water from the flask
C photosynthesis in the leaves of the plant
D transpiration from the leaves of the plant

14 An oxygen molecule diffuses directly from the air in an alveolus to haemoglobin in a red blood 
cell. What is the minimum number of cell surface membranes through which this molecule must 
pass? 

A 2
B 3
C 4
D 5

15 Which set of values best represents the blood pressures in an artery, a network of capillaries
and a vein?

pressure/ kPA
artery capillary network vein

A 0.6 4.0 13.0
B 4.0 0.6 13.0
C 13.0 0.6 4.0
D 13.0 4.0 0.6
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16 How does tissue fluid differ from blood plasma?

A Tissue fluid contains lesser proteins. 
B Tissue fluid contains more dissolved food.
C Tissue fluid does not contain dissolved oxygen. 
D Tissue fluid does not contain white blood cells. 

17 The graph shows changes in the blood pressure in the left ventricle of the heart. 

During which period is the left atrium contracting?
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18 The diagram illustrates changes in air pressure taking place inside the lungs during a complete 
cycle of breathing. 

Which position on the graph corresponds to the point at which the ribs are beginning to be 
raised?

19 The diagram shows three types of cells. 

T U 9

Which cells are found in alveoli and in bronchi?

alveoli bronchi
A T U and 9
B T and U 9
C U and 9 T
D 9 T and U

pressure in 
lungs/ kPa

time

atmospheric 
air pressure
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20 What are the effects of the following activities on pulse rate when compared to resting pulse 
rate?

slow walking fast running
A decreases decreases
B decreases increases
C increases decreases
D increases increases

21 A person drinks a large amount of water. 

How does this affect the water potentials of the liquids in the renal arteries, the renal veins and 
the ureters?

water potential
in renal arteries

water potential 
in renal veins

water potential 
in ureters

A higher higher higher
B higher little change higher
C lower lower little change
D lower lower lower

22 The diagram shows a person sweating in hot weather. 

Which part is played by sweat glands during the process of sweating?

A effector
B receptor
C sense organ
D stimulus
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23 Which process occurs in a kidney dialysis machine?

A Large protein molecules are removed from the blood plasma. 
B Materials pass out of the blood down a concentration gradient.
C Oxygen is used up in removing materials from the blood. 
D Pressure forces dialysis fluid into the blood. 

24 The diagram shows part of the nervous system, including a reflex arc. It has been cut at P.

A bee stings a finger, as shown. 

What are the effects of this sting?

pain felt arm moved
A no no
B no yes
C yes no
D yes yes

P
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25 Which changes take place in the eye when a person looks up from reading a book to view a 
distant object?

ciliary muscle lens
A contracts becomes thicker
B contracts becomes thinner
C relaxes becomes thicker
D relaxes becomes thinner

26 What is meant by negative feedback?

A A change away from a set point causes a change back towards the set point. 
B A change away from a set point causes further change away from the set point.
C A change towards a set point causes a change away from a set point.  
D Changes away from a set point were provided. 

27 Which changes occur in the body when a person is shocked?

increases in decreases in
A diameter of pupils in the eye speed of peristalsis
B rate of conversion of glycogen to glucose diameter of pupils in the eye
C rate of urine production rate of conversion of glycogen to glucose
D speed of peristalsis rate of urine production
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28 The diagram shows a section through a flower.

Which labelled structures contain cells which are haploid? 

A 1 and 3
B 1 and 4
C 2 and 3
D 2 and 4

29 Male and female sea urchins release their sperms and eggs into the water where fertilisation 
takes place. 

How can their reproduction be described?

A asexual reproduction which results in genetically dissimilar offspring
B asexual reproduction which results in genetically identical offspring
C sexual reproduction which results in genetically dissimilar offspring
D sexual reproduction which results in genetically identical offspring
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30 The diagram shows a foetus in the uterus. 

Where is the concentration of oxygen highest?

A an artery at X
B an artery at Y
C a vein at X
D a vein at Y

  

31 The statements describe events during the mitotic cell cycle. 

1. Chromosomes migrate to opposite poles of the spindle. 
2. Chromosomes arrange themselves at the equator of the spindle. 
3. Chromosomes condense and the nuclear membrane disappears. 
4. Centromeres divide. 

What is the correct order of three of these events in the mitotic cell cycle?

A 2 3 4 B 3 2 4 C 3 4 2 D 4 2 1

X

Y
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32 The diagram shows part of a DNA molecule. 

Which part is a nucleotide?

33 DNA from a chromosome is analysed and 20� of its bases are found to be cytosine. 

What is the percentage of adenine found in the same DNA molecule?

A 20 B 30 C 40 D 60

34 The gene for insulin production can be removed from human pancreatic cells and added to the 
genetic material of a harmless bacterium. 

What would be the next stage in using this process to treat diabetes?

A Add the transgenic bacterium to human food. 
B Inject the transgenic bacterium into the blood of a person with diabetes. 
C Put the transgenic bacterium into a fermenter to multiply rapidly. 
D Use the transgenic bacterium in a nasal spray. 
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35 Over several hundred years, the milk production of a particular type of mammal in the wild has 
steadily increased. 

How has this been achieved?

A artificial selection
B continuous variation
C genetic engineering
D natural selection 

36 Which statement is always true of dominant allele?

A They cannot undergo mutation. 
B They give a greater chance of survival than recessive alleles. 
C They give the same phenotype in heterozygotes and homozygotes. 
D They occur more frequently in the population than recessive alleles. 

37 In fruit flies, the allele for a black coloured body is recessive to the allele for a grey coloured 
body. In an investigation, a black-bodied fly is crossed with a grey-bodied fly. 

What will be the body colour of the offspring if the grey-bodied fly is heterozygous?

A all black
B all grey
C 50� black and 50� grey
D 75� grey and 25� black
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38 Earlobes can either be attached to the cheek or µfree’ (unattached). This characteristic is 
controlled by a single gene. The allele for attached earlobes is recessive. 

The diagram shows the inheritance of earlobe attachment in one family. 

Which two individuals must be heterozygous for earlobe attachment?

A 1 and 7 B 3 and 4 C 5 and 8 D 6 and 9

39 Within an ecosystem, the top consumers in most food chains are few in numbers. 

Which statement explains this?

A Energy losses occur at each trophic level. 
B Energy losses occur within the consumers’ digestive systems.
C Top consumers are large in size. 
D Top consumers have a low reproductive rate.

40 The diagram shows a food chain. 

grass rabbit fox flea

Which pyramid of numbers matches this food chain? 

A B C D

End of Paper 1 
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Section A (50 marks)

Answer all questions in the spaces provided. 

1 Fig. 1.1 shows parts of the alimentary canal that lie in the upper part of the human body. 

Fig. 1.1

(a) (i)  Name the part labelled E. ………………………………………………………………. 

(ii) Name and describe the process that moves food from F to G. 

name of process ………………………………………………………………………………..

description of process ………………………………………………………………………….

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

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

(b) A sore can develop on the wall of organ H in Fig. 1.1. This sore is called an ulcer, 
which can cause a person pain. The pain may be relieved by taking a drug that stops 
the release of acid produced by the cells in the wall of organ H. 
Suggest and explain how the processes taking place in organ H may be affected in a 
person taking this drug. 

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

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

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

[1]

[3]

[2] 

[Total: 6]
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2 (a) Define the term hormone.

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

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

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

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

(b) (i) State the name of the hormone that is involved in the control of the water potential 
of the blood.

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

(ii) Describe and explain how reduced secretion of the hormone named in (b)(i) would 
affect the composition of urine. 

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

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

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

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

[3]

[1]

[3]
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(c) Table 2.1 shows the concentration of some compounds in the fluids of a glomerulus, a 
renal capsule and a collecting duct of the kidney. 

Table 2.1

compound
concentration/ g per 100 cm3

blood plasma 
entering glomerulus

filtrate in renal 
capsule

urine in collecting 
duct

water 90 90 96
proteins 8.0 0.0 0.0
glucose 0.1 0.1 0.0

urea 0.03 0.03 2.0

With reference to Table 2.1, 

(i) explain why proteins occur in the blood entering the glomerulus but not in the 
filtrate in the renal capsule, 

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

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

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

(ii) explain why there is glucose present in the filtrate but not in the urine, and

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

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

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

(iii) explain the difference in the concentration of urea between the filtrate and urine. 

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

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

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

[2]

[2]

[2]

[Total: 13]
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3 (a) Name the organ that breaks down alcohol in the human body. 

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

(b) Fig. 3.1 shows a computer model of the enzyme alcohol dehydrogenase, which is the 
enzyme responsible for breaking down alcohol. 

Fig. 3.1

Enzymes have a specific three dimensional shape. 
Explain why the shape of an enzyme is important. 

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

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

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

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

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

[1]

[3]
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(c) Table 3.1 shows the enzyme activity of alcohol dehydrogenase at different 
temperatures. 

Table 3.1

temperature/ �C enzyme activity/ arbitrary units
30 115
42 175

(i) The information in Table 3.1 shows that an increase in temperature increases the 
activity of alcohol dehydrogenase. 
Explain why an increase in temperature causes an increase in enzyme activity. 

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

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

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

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

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

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

(ii) State one factor, other than temperature, that affects enzyme activity. 

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

[3]

[1]

[Total: 8]
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4 Blood clots can form if the lining of an artery becomes damaged. 

One cause of heart attack is a blood clot in a coronary artery that supplies the muscle of 
the heart with blood. 

(a) Explain how a blood clot is formed. 

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

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

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

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

(b) Explain how a blood clot can cause a heart attack. 

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

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

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

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

[3]

[3]
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(c) One risk factor for cardiovascular disease (CVD) is a high concentration of blood 
cholesterol.

(i) Table 4.1 shows the death rate due to CVD and the ratio of fatty acids in the diet 
for four countries. 

Table 4.1

country death rate from CVD/ 
deaths per 100 000

ratio of unsaturated to 
saturated fatty acids in diet

Finland 503 0.175
USA 408 0.275
Italy 235 0.350

-apan 115 1.000

Using the information in Table 4.1, describe the relationship between the ratio of 
fatty acids in the diet and the death rate from CVD. 

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

……………………………………………………………………………………………….. [1]
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(ii) Table 4.2 shows information about four fatty acids found in some food.

Table 4.2

fatty acid type of 
fatty acid

effect on blood 
cholesterol 

concentration

percentage of fatty acid in each food/ �

beef butter olive oil corn oil 

palmitic saturated raises 25 30 9 13
stearic saturated raises 29 11 3 3
oleic unsaturated no effect 34 19 77 31

linoleic unsaturated lowers 2 2 11 53

Using the information from Table 4.1 and Table 4.2, explain what changes a 
person could make to their diet to reduce their risk of developing CVD. 

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

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

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

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

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

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

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

……………………………………………………………………………………………….. [4] 

[Total: 11]
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5 Read the following passage. 

Catfish are a commercially important species of freshwater fish used as a human 
food source. In the wild, catfish are found in all types of large freshwater habitats, 
such as rivers, lakes and reservoirs. In North America, they are often maintained 
in catfish ponds, which are artificially constructed habitats. Each pond functions as 
a self-sustaining ecosystem with its own community of organisms. Catfish feed on 
living and dead fish, amphibians, insects and even dead mammals found on the 
bottom of the pond. Different species of phytoplankton are always present in 
these ponds. They are small organisms found suspended in the water and they 
are essential for the growth of all other pond organisms. 

(a) With reference to the passage, explain what is meant by 

(i) consumers, and

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

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

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

(ii) producers.  

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

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

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

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

[2]

[3]
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(b) Studies on the energy efficiency of raising catfish in ponds show that only 15 – 20� of 
the energy taken in by the catfish population in their food is used to increase their total 
biomass.
  
(i) Explain why only some of the energy taken in by the catfish is used to increase 

biomass. 

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

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

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

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

(ii) In the wild, only about 10� of the energy taken in by the catfish in their food is 
used to increase biomass. 
Suggest why this percentage is lower in the wild than in the pond. 

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

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

(c) Explain the effects of excess dead fish and faeces egested from the catfish on the 
environment.   

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

[3]

[1]

[3]

[Total: 12]
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Section B (30 marks)

Answer three questions.
Question 8 is in the form of an Either/ Or question. Only one part should be answered. 

6 Table 6.1 shows the percentage of smokers in a particular country and the number of 
deaths from lung cancer in that country during the years 1920 to 2010. 

Table 6.1

year percentage of population 
that were smokers

deaths from lung cancer 
per 100 000 people 

1920 30 100
1930 35 150
1940 45 200
1950 60 250
1960 40 550
1970 30 700
1980 25 800
1990 20 700
2000 20 525
2010 18 500

(a) Draw a bar chart of the data for the number of deaths from lung cancer on the grid. µ 

[4]
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(b) Describe and explain the relationship between the number of smokers and the number 
of deaths from lung cancer shown in Table 6.1. 

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

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

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

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

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

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

(c) Explain why a pregnant woman is advised not to smoke. 

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

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

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

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

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

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

[3]

[3]

[Total: 10]
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7 (a) Describe the part played by an ovule in the reproduction of a plant. 

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

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

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

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

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

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

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

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

(b) State the products of an ovary in a woman and describe the roles of each of these 
products. 

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

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

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

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

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

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

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

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

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

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

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

[4]

[6]

[Total: 10]
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8 Either

(a) A student went from bright light into a dark room. 
Describe the changes that took place in named components of the student’s eyes.
Use ideas about neurones to explain how the response is achieved. 

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

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

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

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

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

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

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

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

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

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

(b) Suggest why these changes that take place in the eye are controlled by the nervous 
system, rather than by a hormone.

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

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

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

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

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

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

[6] 

[4] 

[Total: 10]
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8 Or

(a) Describe the two forms of variation found within a natural population. 

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

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

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

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

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

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

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

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

(b) Explain how variation is important for the long-term survival of the species.

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

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

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

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

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

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

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

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

[5] 

[5] 

[Total: 10] 

End of Paper 2 
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9 The following is a list of laboratory steps.

1 add copper(II) sulfate drop by drop
2 shake well to mix
3 place in a boiling water-bath
4 add Benedict’s solution
5 add sodium hydroxide solution

Arrange the steps in the order which they need to be carried out to show the presence of a 
protein.

A 4 ĺ 1 ĺ 2 ĺ 3
B 4 ĺ 2 ĺ 3 
C 5 ĺ 2 ĺ 1 ĺ 3
D 5 ĺ 2 ĺ 1

10 A scientist investigated four species of insects. As all the insects look physically familiar, he 
investigated the digestive enzymes found in their guts.

From the data that he gathered, which insect feeds only on human blood?

insect enzyme(s) present in insect guts

amylase protease sucrase lipase

A - - - +
B + - + -
C - + - +
D + + + -

key: + present; - absent

11 Cubes of hard-boiled egg white are placed in test-tubes containing 5 cm3 of water. Other 
substances are added to each tube as shown in the chart. The tubes were left for eight hours 
and then tested for amino acids.

tube solution added results for amino acids

1 pepsin absent
2 pepsin + alkali absent
3 none absent
4 pepsin + acid large amounts
5 boiled pepsin + acid traces
6 acid traces
7 alkali absent

Which tubes show that pepsin is an enzyme?

A 1 and 6
B 2 and 7
C 4 and 5
D 5 and 6
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23 Which of the following diagrams, A, B, C or D, shows the correct sequence of neurons in a

reflex arc?

24 Which structures cover the pupil at the front of a human eye? 

A conjunctiva and sclera
B cornea and conjunctiva
C cornea and retina
D retina and sclera

25 The graph shows the changes in the size of the pupil of the eye as the light intensity of the 
surroundings is changed.

Between which times is the light intensity increasing?  

A 5 to 10 seconds
B 10 to 25 seconds
C 25 to 35 seconds
D 35 to 40 seconds

time / seconds

diameter of 
pupil / mm
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26 The diagram shows the curvature of the lens in a person’s eye. The shape of the lens changes 

as the person watches two motorbikes go past at different speeds.

During which period was a motorbike moving towards the person at the higher speed?

27 Glycogen can undergo the following chemical change: 

glycogen ĺ glucose

Which hormone(s) can be responsible for this chemical change?

adrenaline glucagon insulin

A ¥ x ¥ Key:
B ¥ ¥ x ¥   responsible
C x ¥ x x   not responsible
D x x ¥

28 A person with diabetes mellitus is receiving treatment with insulin injections. The graph shows 
how this person’s blood glucose concentration changed during part of one day.

At which point was an insulin injection given?

29 Which of the following occurs in meiosis but not in mitosis?

A Chromatids of chromosomes cross and twist around each other. 
B Chromosomes line up independently along the equator.
C Sister chromatids are held together at the centromere. 
D Sister chromatids separate during anaphase.
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32 Which one of the following statements correctly describes the sequence of events that follows 

after the pollen grain lands on the stigma?

A The pollen grain forms a pollen tube which grows down the style to the ovule carrying the 
male gamete, which then fuses with the female gamete.

B The pollen grain passes down the style and fuses with the female gamete in the ovule.
C The pollen grain releases male gametes which digest their way through the stigma and style 

and then fuse with the female gametes in the ovule.
D The pollen grain releases male gametes which swim towards the ovule in the ovary, then 

fuse with the female gametes.

33 The diagram shows the changes in the thickness of the uterus lining of a woman during her 
menstrual cycle.

At which period of time is the woman most likely to be fertile?

34 You are a doctor treating a childless couple. Upon detailed study, you discover that the sperms 
from the husband are not strong enough to swim to meet the egg. As such, you decide to 
fertilise the egg in the laboratory and implant the embryo back into the wife. In the diagram, at 
which location would you place the embryo? 

thickness of
the uterus 

lining
A

D

C

B

0 14 28 42
days
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35 Genetic cross of pure bred red four o’clock flowers with pure-bred white four o’clock flowers 

resulted in F1-hybrid offspring that all had pink flowers. When the F1 plants were self-pollinated, 
the resulting F2-generation plants had a phenotypic ratio of 1 red: 2 pink: 1 white. 

The most likely explanation is …………….

A pink flowers are the result of a blending of the red and white genotypes.
B flower colour is due to two or more complementary genes.
C heterozygous plants have a different phenotype from the pure bred parents because of

codominance of the dominant allele.
D flower colour inheritance in four o’clock flower does not obey Mendelian laws.

36 The drawing shows fruit flies produced in a genetic experiment. The number of each type 
represents the ratio resulting from crossing two types of flies.

Assume that F represents the dominant allele and f represents the recessive allele involved in 
the cross. 

Which of the following crosses would produce this ratio? 

A FF x FF 
B FF x ff 
C Ff x Ff
D Ff x ff

37 A person with Down’s syndrome is born with 47 chromosomes in each cell, instead of 46. 

What could cause this?

A More than one sperm fused with the egg at fertilisation.
B Mutation happened during the production of the egg cell.
C Radiation caused a change in structure of a gene in the father’s sperm.
D The mother was exposed to harmful chemicals while she was pregnant.

38 How many adenine molecules are present in a DNA molecule of 4000 bases, if 20� of the base 
molecules are cytosine?

A 600
B 800
C 1200
D 2400
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39 Which of the following statements correctly describes an advantage that genetic engineering 

has over artificial selection?

A It is a quicker process, as only one species is required for beneficial traits to be passed 
down to offspring.

B It always creates organisms that are more suited to their natural environment. 
C Genetically modified food is always more nutritious and safe for all consumers.
D There is a higher chance of offspring receiving the beneficial trait from the genetically 

engineered parent compared to using artificial selection.

40 The diagram shows the positions of four farms and the concentrations of nitrate at different 
points in a river. 

Which farm is likely to have been using too much fertiliser on its land?
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(c) Explain the observations of the following populations when snakes are removed from this food web.

(i) The grasshopper population increases initially but decreases afterwards. 

  .......................................................................................................................................................  
  
  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  ................................................................................................................................................... [3]
  
(ii) The caterpillar population was constant for a while but decreases afterwards. 
  
  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  ................................................................................................................................................... [2]

        [Total: 9] 

2 A surgeon carried out a biopsy on a child who was not gaining the weight expected for his age.  A 
small sample of tissue was removed from inside the child’s small intestine.

Fig. 2.1 shows the appearance of the villi in a normal healthy child and that of the child patient’s small 
intestine of the same age.  Both diagrams are to the same scale.

Fig. 2.1

healthy child child patient
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(a) With reference to Fig. 2.1, state one difference between the villi of the healthy child and that of the 
patient.

..........................................................................................................................................................  

.......................................................................................................................................................... [1]

(b) Describe and explain three other features of a healthy small intestine that help to maximise the 
absorption of digested food. 

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

.......................................................................................................................................................... [3]

(c) The child was diagnosed as suffering from coeliac disease.  This is a condition in which an 
individual lacks a particular enzyme needed to digest gluten.  Gluten is a protein found in wheat.  A 
dietician was asked to advise the family on a suitable diet for the child.  The child’s parents found it 
hard to understand why the child could digest proteins present in meat but was unable to digest 
gluten.  How might the dietician have explained to them, using his knowledge of enzymes? 

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

.......................................................................................................................................................... [3]

        [Total: 7]
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3 Fig. 3.1 shows the structure of a male flower of a maize plant.

Fig. 3.1

(a) With reference to Fig. 3.1, explain how two features of this flower adapt it for wind pollination. 

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [2]
        

(b) The corn borer is an insect pest of maize.  The larvae feed on the leaves of the maize plants.  The 
adults can fly but do not feed on maize plants.

Much of the maize that is grown in the USA has been genetically modified to produce Bt toxin, 
which is lethal to insects that feed on the leaves.  However, many populations of the corn borer 
have now evolved resistance to the Bt toxin.

Explain how this resistance could have evolved.   

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [3]
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(b) Table 4.1 shows the composition of samples obtained from C and E.

Table 4.1

Some materials from C were not found in E.  Explain what has happened to these materials.

..............................................................................................................................................................  

..........................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [4]

[Total: 6] 

substance composition in C /
g/cm3

composition in E /
g/cm3

water 91 9.4

urea 0.02 2.4

glucose 0.1 0.0

protein 7.5 0.0

salts 0.5 1.1

creatinine 0.002 0.13
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(c) From one cigarette, a smoker will inhale between 14 and 20 mg of carbon monoxide. 

Describe the effects of carbon monoxide on haemoglobin.

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [2]

[Total : 7]

6 Fig. 6.1 shows a graph of the number of people, worldwide, estimated to be newly infected with the 
human immunodeficiency virus (HIV) in the years 1990 to 2008. 

Fig. 6.1

(a) Use the information in Fig. 6.1 to describe the changes in the number of people newly infected with 
HIV.          

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [3]
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Section B

Answer three questions.  

Question 10 is in the form of an Either/Or question. Only one part should be answered.

8 Table 8.1 shows the rate of photosynthesis of two different plants over a range of light intensities. 

Table 8.1

light intensity / lux rate of photosynthesis / mg carbohydrate 
produced per unit area per min

plant R plant S

5 2 3 

10 5 10

20 9 29

30 19 46

40 23 49

50 32 54

60 42 58

70 55 60

80 72 60

90 72 60
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(a) Plot the data for all the light intensities in the range of 5 to 90 lux on the grid.  
      

(b)  State, with a reason, which plant would grow best in shady conditions.

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

..........................................................................................................................................................  

.......................................................................................................................................................... [2]

[3]
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(c) Explain why, at light intensity above 80 lux, the rate of photosynthesis in both plants might increase 
if they were:         
     
(i) supplied with higher concentrations of carbon dioxide;

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  ................................................................................................................................................... [2]

(ii) exposed to 40 �C.

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  ................................................................................................................................................... [2]

(d)  Suggest why the rate of photosynthesis may fall when a plant wilts.

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [2]

        [Total: 11]
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(c) Outline the effects of atherosclerosis in coronary arteries and the resulting effects on the heart itself.
  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [3] 

[Total: 9]
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10 either

  (a) Describe and explain the events that occur after the body temperature falls, which will allow the
body temperature to return to its normal level.     
      
..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [7]

 (b)  Explain what is meant by control by µnegative feedback’.     

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [3]

        [Total: 10]
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10 or

Carbon flows through the ecosystem in the carbon cycle whereas energy flows in a non-cyclical manner.

(a) Explain how carbon, in the form of organic matter in the producer, flows through the ecosystem.

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [7]
   

(b) Explain why energy has to be constantly supplied to the ecosystem.

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

..............................................................................................................................................................  

.......................................................................................................................................................... [3]

         [Total: 10]
  

~ END OF PAPER ~ 
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Section A

Answer all the questions in the OTAS. 

1 Which structures are present in a root hair cell?

nucleus chloroplast

A key

B   present

C   absent

D 

2 Pancreatic tissue from a freshly killed mouse was removed. It was placed in a warm isotonic 
saline solution and radioactively labelled amino acids were added. Samples of the tissue were 
later removed, sections cut and the sites of radioactivity determined at regular intervals. 

Which of the following represents the order in which radioactivity appeared in the organelles?

A Golgi apparatus, rough endoplasmic reticulum, secretory vesicles

B Golgi apparatus, rough endoplasmic reticulum, smooth endoplasmic reticulum

C rough endoplasmic reticulum, Golgi apparatus, secretory vesicles

D rough endoplasmic reticulum, smooth endoplasmic reticulum, Golgi apparatus

3 A student created the setup shown below. 

However, he forgot all about it and left the setup overnight. 

Which of the following correctly states the appearance of the potato tuber after 12 hours?

A The bottom half would be flaccid while the top half will be turgid.

B The bottom half would be turgid while the top half will be flaccid.

C It would have uniform turgidity.

D It cannot be inferred from the given data.
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4 The diagram shows three plant cells labelled P, Q and R. The arrows show the direction of 
net movement of water molecules by osmosis.

What is the correct order of salt concentration in the cells, from the highest to the lowest?

highest middle lowest

A P Q R 

B P R Q 

C Q P R 

D R P Q 

5 The diagram represents how an enzyme molecule changes in shape.

What explains this change?

A It has been placed in a concentrated salt solution.

B It has been placed in a dilute salt solution.

C It has been heated to 70 C.

D It has been cooled to 5 C.
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6 A student had samples of four types of biological molecules – water, carbohydrates, proteins 
and fats. 100g of each sample was added to a calorimeter and the temperature change of the 
water as a result of the combustion of the sample was recorded in the table below.

Which of the samples contained fat?

sample temperature change / C 

A 0 

B 25

C 37

D 70

7 What is the enzyme that controls a reaction in which both the enzyme and the substrate can 
denature at high temperatures?

A amylase

B insulin

C lipase

D protease

8 As a seed begins to germinate, it uses enzymes to speed up the rate of

A digestion.

B osmosis.

C photosynthesis.

D transpiration.
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9 The diagram below shows the structure of a leaf of a dicotyledonous plant.

What are the functions of the parts labelled on the diagram?

1 2 3 4 

A gaseous exchange photosynthesis reducing 
evaporation transport

B photosynthesis gaseous exchange transport reducing 
evaporation

C photosynthesis reducing 
evaporation gaseous exchange transport

D transport reducing 
evaporation gaseous exchange photosynthesis

10 Bread contains dietary fibre, fat, protein and starch.

Which substance contributes least to the energy obtained by a person eating the bread?

A dietary fibre

B fat

C protein

D starch
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11 Which of the following would not be an expected consequence of the removal of the 
pancreas?

A diabetes

B increased pH of the duodenum

C reduced protein digestion

D reduced glycogen production in liver and muscle cells

12 The diagrams show a plant in a flask of water. It is left for six hours on a warm and windy day 
in bright sunshine.

Which process explains the result shown in diagram 2?

A active transport of water into the root hairs

B evaporation of water from the flask

C photosynthesis in the leaves of the plant

D transpiration from the leaves of the plant
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13 The diagram shows a transverse section from the middle of a root of a dicotyledonous plant.

In which tissue are sugars and amino acids transported?

14 Which of the following would be consequence(s) of a leaky bicuspid valve?

1 A heart attack would occur.

2 There would be reduced blood pressure in the aorta.

3 The heart would stop beating.

4 The blood leaving the aorta would be less oxygenated.

A 2 only B 2 and 4 

C 1, 2 and 3 D 1, 2, 3 and 4

15 There is a ring of muscle at the origin of a blood capillary network found near the skin.

Which of the following statements related to this ring of muscles is true?

A When constricted, it will increase blood flow in the capillary network.

B When constricted, it will not affect the blood pressure in the capillary network.

C When dilated, it can cause the skin to turn redder.

D When dilated, it will increase the blood pressure in the preceding arteriole.
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16 The table shows features of some blood vessels.

Which is the pulmonary artery?

feature

muscle layer lumen direction of blood flow blood

A thick narrow away from the heart deoxygenated

B thick wide away from the heart oxygenated

C thin narrow towards the heart oxygenated

D thin wide towards the heart deoxygenated

17 The graph shows how the pressure and volume inside the lungs change during one complete 
breath.

At which point are the muscles of the diaphragm starting to contract?
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18 What causes emphysema?

A blockage of the bronchioles

B destruction of the alveolar walls

C inflammation of the walls of the airways

D overproduction of mucus

19 Uric acid is a human metabolic waste product.

Which of the following correctly explains the presence of uric acid in the body?

A It is absorbed from consumed food.

B It is produced in the breakdown of DNA.

C It is produced in the breakdown of excess amino acids.

D It is produced by bacteria found in the large intestine.

20 How is sweat different from urine?

A The production of urine is continuous but that of sweat is not.

B Sweat is always more concentrated than urine.

C Sweat is always more dilute than urine.

D More urea is excreted in urine than sweat.

21 A logistics officer spent twenty minutes in a walk-in freezer to check on the condition of 
frozen food products. Some changes occurred in the officer’s body in response to the 
decrease in environmental temperature and are listed as follows:

 1 brain sends impulses

 2 blood vessels in the skin constrict

 3 skin temperature changes

 4 temperature receptors in the skin detect change

What is the correct sequence of events that took place? 

A 2 1 4 3

B 3 1 4 2

C 4 1 2 3

D 4 2 1 3
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22 The table shows the blood flow through the skin, heart muscle and kidneys at rest and during 
exercise.

region
blood flow / cm3 per min

at rest during exercise

skin 340 980

heart muscle 190 835

kidneys 930 347

Which of the following statement correctly explains the data in the table?

A The blood flow to the skin is increased during exercise so that the skeletal muscles will 
receive more oxygen and glucose to sustain aerobic respiration.

B The blood flow to the kidneys is reduced during exercise because sweat is being lost 
and so the removal of water and nitrogenous waste products can be reduced.

C The blood flow to the heart muscle is increased to pump more oxygenated blood and 
glucose to the skeletal muscles.

D The blood flow to the kidneys is lower than the skin and heart muscle during vigorous 
exercise because blood pressure is low.

23 Which of the following does not describe the peripheral nervous system? 

A It consists of cranial and spinal nerves.

B It helps in the maintenance of body temperature. 

C It sends nerve impulses to and from the central nervous system.

D It is capable of processing stimuli to bring about a reflex action. 
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24 The diagram shows the relationship between two organs and the responses they bring 
about in the body. 

If the response of the target organ is controlled by negative feedback, the product of the 
endocrine gland

A inhibits the target organ with no effect on response.

B stimulates the target organ with no effect on response.

C stimulates the target organ while the response inhibits secretion of the product.

D inhibits the target organ while the response stimulates secretion of the product.

25 A student touched a live electrical wire (with electricity running through it) with his hand and 
his fist immediately closed. Which of the following best explains this?

A Electricity removed the myelin sheath around his neurones and caused his hand 
muscles to contract.

B His pain receptors were stimulated and his fist closing was the result of a reflex 
action.

C Motor neurones were stimulated by the electricity and caused the contraction of his 
hand muscles.

D The electricity stimulated his heat receptors and the dilation of skin arterioles, 
causing his fist to close.
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26 The diagram shows the distribution of blood vessels in the uterine lining and placenta of 
a pregnant woman. 

Which substance will increase in concentration in the blood as it flows from 1 to 2?

A amino acids

B carbon dioxide

C glucose

D oxygen 

Questions 27 and 28 refer to the photomicrograph showing an event taking place in the 
oviduct.
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29 The primrose, Primula vulgaris, is a small herbaceous, yellow flowered plant which is 
common in cooler areas of the Northern hemisphere including alpine and Artic areas. The 
flowers of the primrose have different flower shapes (polymorphic), which are adaptions 
for pollination. µThrum-eyed’ primroses have a short style. µPin-eyed’ primroses have a 
much longer styles. Some populations of primrose consist almost entirely of plants with 
intermediate flowers. These populations are common where there are fewer winged 
insects.

The diagrams show polymorphic flowers of primroses. 

Which of these statements are correct?

 1 Cross-pollination will be favoured in pin-eyed primrose.

2 Self-pollination is more likely to occur with intermediate flowers.

3 Primroses with pin-eyed flowers are likely to show more genetic diversity than 
primroses with intermediate flowers.

4 Primroses with intermediate flowers are likely to be better able at adapting to 
varying environmental conditions than pin-eyed and thrum-eyed primroses.

A 1 and 2

B 1, 2 and 3

C 2 and 3

D all of the above
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30 The diagrams show four different stages of a type of cell division.

In which structure will the cell division shown above, will occur the slowest?

A in the anther sac

B in the bone marrow

C in mature cells of a petal

D in the root cap

31 The diagram represents the nucleus of a cell (where 2n   4) in late prophase of meiosis.

Which diagram represents a cell of the same species in anaphase II of meiosis?
 

 A B C D
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32 The table shows the percentage of nucleotides found in an octopus and a starfish.

source of DNA adenine / � cytosine / � guanine / � thymine / � 

octopus 28 22 22 28

starfish 28 22 22 28

Which best explains why these two animals differ greatly in their physical characteristics?

A Different amino acids are used to produce different proteins in both animals.

B Deoxyribose is used in DNA of the octopus but ribose is used in the DNA of starfish.

C The two animals follow different base pairing rules in their DNA strands.

D The DNA sequences in both animals are different, thus code for different proteins in 
their bodies.

33 Below is a sequence of bases on a messenger RNA molecule.

AUCGAAGUUCGU

It was transcribed from the template strand of a DNA molecule.

What is the sequence of bases on this template strand of DNA?

A TGATGGACCTTG B ATCGAAGTTCGT

C TAGCTTCAAGCA D UGCUUGAAGCUA
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34 In each of the pedigree trees shown below, persons with a genetic disease are indicated by 
shaded boxes. 

Which pedigree tree shows an inherited genetic disease as a recessive trait? 

35 Sickle-cell anaemia is a disease caused by recessive alleles that results in fatality during 
adolescence.

If two sickle-cell carriers mate, what percentage of adults would be homozygous?

A 25� B 33�

C 50� D 75�

36 Cats have the same inheritance pattern as humans in sex determination. In addition, the gene 
for cat coat colour lies on the X-chromosome. The allele for orange fur is XO while the allele 
for black fur is X. Cats with heterozygous genotype have tortoise-shell coat colour (patches 
of orange and black). 

With reference to monohybrid inheritance and sex determination, which offspring cannot be 
produced when a tortoise-shell female cat is mated with an orange male cat? 

A black female

B orange female

C orange male

D tortoise-shell female
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37 The diagram shows a pyramid of numbers.

Which food chain is best represented by this pyramid of numbers?

A grass antelope lion flea

B mahogany tree caterpillar finch lice

C microscopic plants microscopic animals small fish shark

D pond plant snail large beetle fish

38 Which statements about evolution are correct?

1   Phenotypic variation must be present for evolution to take place.
2   Selective breeding and natural selection do not take place at the same time.
3   A change in environmental conditions promotes evolution.
4   Artificial selection caused the removal of harmful mutations during evolution.

A 1 and 2

B 1 and 3

C 2 and 4

D 3 and 4

39 The graph shows changes in part of a lake after it has been polluted by fertilizer discharge
from a nearby farm. At which time will the oxygen concentration in the water be lowest?
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40 The diagram shows how sewage is treated before it is released into water bodies. 

Which correctly identifies W, X, Y and =?

W X Y = 

A sludge microbes oxygen carbon dioxide

B sludge sewage chlorine microbes

C grit and coarse 
materials sludge glucose methane

D grit and coarse 
materials sludge microbes sludge

End of paper
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Section A
Answer all the questions.

Write your answers in the spaces provided on the question paper.

1 A teacher wants to demonstrate the movement of substances. He placed two colours of candies 
(X and Y) in an alternating pattern along the perimeter of a plate. He then filled the plate with 
water. The final setup is shown in Fig. 1.1.

Fig. 1.1

The result of the experiment after 10 minutes is shown in Fig. 1.2.

Fig. 1.2

(a) Describe what had happened to cause the colours from the candies to form a pattern in the 
water.

[2]

429



3 
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A student suggested to add hot water instead so that the pattern formation occurs faster by active 
transport, since hot water has more energy than room temperature water.

(b) Explain why the student’s explanation of active transport is incorrect.

[2]

The teacher then created a more elaborate setup as shown in Fig. 1.3. He then let the experiment 
run for 10 minutes.

 

Fig. 1.3

(c) Draw arrows from the labelled candies (X and Y) on Fig. 1.3, to show the net 
movements of the colour molecules throughout the experiment. [1]
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2 Fig. 2.1 shows a plant called the ghost plant. It is called a ghost plant because it is often 
completely white in colour. 

 
Fig. 2.1

The ghost plant has an unusual feeding relationship with an underground fungus and with a
nearby tree, as shown in Fig. 2.2

Fig. 2.2
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(a) The flow of nutrients in the feeding relationship is shown by the arrow on Fig. 2.2.

Suggest one nutrient that flows from the tree to the ghost plant.

[1]
 

(b) Suggest why the leaves of the ghost plant do not possess stomata or large intercellular
spaces.

[4]
 

3 Table 3.1 shows the loss of water vapour by two similarly-sized potted plants, A and B, grown in
the same environment over a period of 14 hours.

Table 3.1

time of day / hours
water vapour loss / arbitrary units

plant A Plant B

06.00 – 08.00 1.0 5.2

08.00 – 10.00 2.0 13.8

10.00 – 12.00 5.8 14.8

12.00 – 14.00 4.8 9.2

14.00 – 16.00 3.6 6.8

16.00 – 18.00 3.0 4.4

18.00 – 20.00 2.0 1.0
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(a) Suggest reasons for each of the following:

(i) the difference between the total amount of water vapour lost by plants A and B during
the 14-hour period,

[2]
 

(ii) the change in rate of water vapour loss by plant A from 06.00 hours to 12.00 hours.

[1]

(b) The leaves of plant B have their lowest temperature at 12.00 hours. 

Suggest reasons for this.

[2]
 

 

4 Fig. 4.1 shows a kidney and its associated structures. The arrows show the direction of flow of
fluids in these structures.

Fig. 4.1
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(a) Table 4.1 shows the relative concentrations of various substances in structures C and D.

Complete the table to show the possible concentrations of these substances in structure E. 

Table 4.1

substance
relative concentration in structure

C D E

amino acids 0.00 0.05

glucose 0.00 0.10

mineral ions 1.50 0.72

proteins 0.00 8.00

urea 2.00 0.03

[5]

(b) Explain how the relative concentrations of glucose might change in structures C, D and E
in a person with diabetes.

[3]
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5 Fig. 5.1 shows a horizontal section of the human eye and the pathway taken by light rays as they 
leave an object. 

Fig. 5.1

(a) Complete the diagram by continuing the lines from the object to show how the light 
rays produce a focused image on the retina.

[2]

(b) (i) State how the appearance of the pupil in the eye will change when a person moves 
from an area of dim light into an area of bright light.

[1]

(ii) Explain how this change is brought about by the structures in the eye.

[1]

(c) The change in appearance of the pupil when entering an area of bright light is a reflex 
action. 

(i) Define reflex action.

[2]

435





10
  

  
Total marks:   

      

(c) At the end of meiosis, each of the chromatids in Fig. 6.1 will be in a different haploid cell. 

Fig. 6.2 represents the chromatids inside the haploid cells. 

Determine the combinations of alleles that would be present on each chromatid by 
indicating the gene sequence in Fig. 6.2. 

Fig. 6.2
[2]

 

7 Fig. 7.1 shows a family tree and the blood groups of each individual. 

Fig. 7.1

(a) During a blood transfusion in humans, blood group O is considered universal donor. 
Explain why there is no agglutination in the recipient with blood group AB despite the 
presence of both antibodies a and b in blood group O. 

[1]

(b) State the number of heterozygous individuals in generation II. 

[1]
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(c) Is it possible for individuals 6 and 7 to have produced an offspring with blood type O? 
Construct a full genetic diagram in the space below to justify your answer. 

 

[4]
 

 

8 An experiment was conducted to study the feeding relationships between four different species, 
P, Q, R and S. The organisms were separated into four different groups and placed into three 
covered containers. 

Table 8.1 shows the contents of these containers at the beginning of the experiment and at the 
end of two weeks.

Table 8.1

container contents at the beginning contents after two weeks

I 

P disappeared

R unchanged

S unchanged

II

R disappeared

Q unchanged

S unchanged

III

P unchanged

Q dead

S disappeared
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(a) Explain the following

(i) the disappearance of species P in container I and 

[1]

(ii) the death of species Q in bottle III.

[1]

(b) (i) Construct a food chain to show the feeding relationship of the four species of 
organisms.

[1]

(ii) Which species in the food chain will get the least energy? Explain your answer.

[2]

(c) Predict what would happen if all four species were placed into one container.

[1]
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Section B 
Answer all three questions, the last question is in the form EITHER / OR. 

Write your answers in the spaces provided.

9 Peas and beans belong to the same plant group, legumes. Seeds of legumes are known to
contain protein.

(a) (i) Describe a practical test you could carry out on a fresh pea seed to show it contains
protein.

[3]

(ii) Describe an investigation you could carry out using this test to compare the protein
content of fresh pea seeds and fresh bean seeds.

[3]
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10 (a) Compare and contrast gaseous exchange in humans and plants.

[3]

(b) Explain why the respiration rate of humans is relatively high and constant, while that of 
plants may vary widely.

[7]
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EITHER

11 Fig 11.1 shows the flow of energy through a part of the carbon cycle. 

Fig. 11.1

(a) Describe how energy flows through this part of the carbon cycle with reference to what 
happens at each of the points A to F.

[7]
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(b) Describe the harm to the environment as a result of human activities at points D, E and F.

[3]
 

OR

11 (a) In the past, insulin for insulin-deficient patients is extracted from the pancreas of 
slaughtered cattle and pigs. 

In the recent years, human insulin can be produced via the insertion of appropriate genes 
into microorganism. 

Describe how this process is carried out through the use of genetic engineering techniques.

[5]
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(b) Discuss the advantages and disadvantages of such genetic engineering procedures as 
compared to the traditional method.

[3]

(c) State two other applications of genetic engineering.

[2]

End of paper
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