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Instructions to candidates

 y Do not open this examination paper until instructed to do so.
 y Answer all the questions.
 y For each question, choose the answer you consider to be the best and indicate your choice on 

the answer sheet provided.
 y The maximum mark for this examination paper is [40 marks].
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1. How is facilitated diffusion in axons similar to active transport?

A. They both require the energy of ATP.

B. They both move substances against a concentration gradient.

C. They both use sodium–potassium pumps.

D. They are both carried out by proteins embedded in the axon membrane.

2. How do both mitochondria and chloroplasts provide evidence for the endosymbiotic theory?

A. They have double membranes.

B. They have 80S ribosomes similar to prokaryotes.

C. They contain the same DNA as the nucleus of the cell.

D. They exist together in eukaryote cells for their mutual benefit.

3. The graph shows the mitotic index in the roots of lentil plants at different distances from 
the end of the root.

Mitotic index
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What can be deduced from the graph?

A. As the distance from the end of the root increases, more cells are undergoing mitosis.

B. At 0.5 mm from the end of the root, most of the cells are in prophase.

C. There were fewer cells observed at 1.5 mm than at 0.5 mm.

D. As the distance from the end of the root increases, the percentage of cells in interphase 
increases.
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4. Which features of phospholipids give them their amphipathic properties?

A. Basic phosphate groups and acidic lipids

B. Acidic phosphate groups and basic lipids

C. Hydrophobic phosphate groups and hydrophilic fatty acids

D. Hydrophilic phosphate groups and hydrophobic fatty acids

5. Testosterone is a hormone that is important for male reproductive development.

CH3

OH

O

CH3

To which group of compounds does testosterone belong?

A. Nucleotides

B. Carbohydrates

C. Lipids

D. Amino acids
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6. The image shows the structure of the protein hemoglobin.

β2 β1

α1

α2

heme group

What level of protein structure bonds the α and β chains together?

A. Primary

B. Secondary

C. Tertiary

D. Quaternary
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7. The data shows part of the genetic code for mRNA. Which anticodon could be found on a 
tRNA molecule bonded to lysine?

UUU
Phenylalanine

UUC

AAA
Lysine

AAG

A. AAG

B. UUC

C. TTT

D. GAA

8. In 1882, Engelmann investigated photosynthesis by shining light of varying wavelength on a 
green alga. He observed where aerobic bacteria accumulated.

Aerobic bacteria

Blue Green

Increasing wavelength of light

Red

Chloroplast
(helical in shape)

What can be deduced from this experiment?

A. Only parts of the chloroplast contained chlorophyll.

B. The distribution of bacteria indicates the action spectrum of photosynthesis.

C. Most oxygen is released from the algae in green light.

D. Chloroplasts reflect blue and red light.
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9. The diagrams show how monosaccharide molecules are joined to form chains in 
two polysaccharides.

      P    Q

Using the diagram and the table, which diagram and monosaccharide represent glycogen?

Diagram Monosaccharide that makes up the chain

A. P glucose

B. P maltose

C. Q glucose

D. Q maltose
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10. John Cairns used the technique of autoradiography to produce photographs of DNA from the 
bacterium E. coli.

100 µm

Which conclusion was drawn from his experiments?

A. The DNA in all organisms is circular.

B. DNA in E. coli naturally contains thymidine.

C. DNA replication is conservative.

D. The DNA in E. coli is 900 μm in length.

11. Down syndrome can be detected before birth by chorionic villus sampling. From where are the 
cells for this test taken?

A. Amniotic fluid surrounding the fetus

B. Fetal digestive system

C. Tissue in the placenta

D. Lining of the uterus of the mother
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12. Huntington’s disease can develop in middle age and leads to death of brain cells. It is carried by an 
autosomal dominant gene. What can be deduced about a man who has the disease?

A. Half of his children will get the disease.

B. Neither of his parents had the disease, but one must have been a carrier.

C. At least one of his grandparents must have had the disease.

D. His sons are more likely to have the disease than his daughters.

13. A nucleus was removed from a cell of sheep P and fused with a denucleated egg cell of sheep Q. 
This was transplanted into the uterus of sheep R, which gave birth to Dolly.

[Source: Photo courtesy of The Roslin Institute, The University of Edinburgh]

Which describes Dolly?

A. A clone of sheep P, because Dolly was formed from the nucleus of its udder cell

B. A clone of sheep Q, because Dolly was formed from one of its egg cells

C. A clone of sheep R, because Dolly developed in its uterus

D. Not a proper clone, as more than one sheep was involved in the development



– 9 –

N21/4/BIOLO/HPM/ENG/TZ0/XX

8821 – 6001

Turn over

14. In a woodland ecosystem, each tree provides food for numerous aphids which feed on the sap of 
the tree. The aphids are eaten by carnivorous beetles, as shown in the food chain.

Oak Tree → Aphids → Beetles

Which pyramid of energy represents this relationship?

A. B.

C. D.

15. How do greenhouse gases contribute to global warming?

A. They destroy the ozone layer, allowing radiation to reach the Earth’s surface.

B. They prevent radiation from the Earth escaping into space.

C. They trap short wavelength radiation in the atmosphere.

D. They are a product of combustion, which generates heat.
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16. The diagram shows the carbon flux in gigatonnes per year between some of the Earth’s
global reservoirs.

What can be deduced from the information in the diagram?

A. Arrows S are mainly due to respiration of marine plants and animals.

B. Photosynthesis is a component of both arrows Q and S.

C. Every day, more carbon is removed from the ocean than is added.

D. Ocean carbon is stored as dissolved calcium carbonate.

17. Scientists studying ground finches (Geospiza fortis) on the island of Daphne Major in Galapagos 
found great differences in the shapes of the beaks.

What is the explanation for this variation in beak shape between the birds?

A. Ground finches grow larger beaks if there is competition for food.

B. They belong to different species.

C. They are adapted for different diets.

D. The more a beak is used by a ground finch, the larger it becomes.
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18. To which phylum does the earthworm Lumbricus rubellus belong?

A. Annelida

B. Cnidaria

C. Platyhelmintha

D. Arthropoda

19. The cladogram shows one theory of how species of hominin evolved.

A. afarensis

A. africanus
A. garhi

K. platyops
P. aethiopicus
P. robustus
P. boisei
H. habilis
H. rudolfensis
H. ergaster
H. sapiens

What can be deduced using the information in the cladogram?

A. The closest species to K. platyops is A. africanus.

B. A. afarensis is extinct.

C. The DNA of H. sapiens is the same as that of H. ergaster.

D. H. sapiens and P. robustus shared a common ancestor.
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20. What occurs as a result of a cut in the skin of a finger?

A. Prothrombin is transformed into thrombin.

B. Fibrin is converted to insoluble fibrinogen.

C. Platelets produce antibodies to prevent infection.

D. Clotting factors are released from red blood cells.

21. A person was infected with a pathogen and then later in life they were re-infected with the same 
pathogen. The graph shows the concentration of antibodies found in the blood that were produced 
in response to these two infections.

Concentration of
antibodies

First 
infection

Second
infection

Time / days

Delay

0 10 20 30 40 0 10 20 30 40

What is the reason for the faster rise in antibody concentration after the second infection?

A. The patient had previously been vaccinated with the antibody.

B. Antibodies had been stored after the first exposure.

C. Lymphocytes rapidly reproduced to form plasma cells.

D. The second exposure was more infectious.
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22. The graph shows changes in the membrane potential in an action potential.

Membrane
potential

/ mV

Time / ms
0 1 3 52 4

−90
−70

+50

−50

0

What is the approximate value of the threshold potential?

A. −88 mV

B. −70 mV

C. −50 mV

D. +45 mV

23. The diagram shows a cross section through the small intestine of a mammal. Which label 
points to the mucosa?
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24. The image shows the four chambers of the mammalian heart viewed from the ventral side. The 
sinoatrial node is located in the wall of one of these chambers. Which chamber is it?

D.

C.

B.

A.

25. Leptin is a hormone which initiates the process to reduce food intake. What is the location of the 
glands that produce leptin and where are its target cells found?

Location of glands Location of target cells

A. pancreas hypothalamus

B. pancreas lining of stomach

C. adipose tissue lining of stomach

D. adipose tissue hypothalamus
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26. Rosalind Franklin produced X-ray diffraction images of DNA.

Which previously unknown aspect of DNA was deduced from these images?

A. Chromosomes are made of DNA.

B. Deoxyribose sugar is attached to a phosphate group.

C. The base A pairs with T and C with G.

D. The DNA molecule is a double helix.

27. What is the difference between the DNA of adult identical (monozygotic) twins?

A. Order of genes

B. Sequence of nucleotides

C. Methylation pattern

D. Ratio of complementary base pairs
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28. What is the primary function of the free ribosomes shown in the electron micrograph?

A. Synthesize proteins to be used within the cell

B. Synthesize proteins for use in lysosomes

C. Carry amino acids to mRNA for protein synthesis

D. Synthesize proteins for secretion

29. Some bacteria can synthesize the amino acid isoleucine from threonine, a process involving five 
enzymes (E1 to E5) and four intermediary products (P, Q, R and S). The production of isoleucine is 
controlled by end-product inhibition.

H3N+ CH

CH

CH3

C

OH

O

O- H3N+ CH

CH

CH2

C

CH3

O

O-

CH3

P Q
E1 E2

R
E3 E4

S
E5

IsoleucineThreonine

Which statement describes this end-product inhibition?

A. If isoleucine accumulates, it inhibits the production of P.

B. End-product inhibition causes a build-up of intermediary products.

C. Isoleucine inhibits E5, so no more isoleucine is produced.

D. Isoleucine affects the structure of threonine.

Free ribosomes
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30. Where are protons pumped, to allow chemiosmosis in aerobic respiration to occur?

A. From outside the mitochondrion through the double membranes

B. From carrier to carrier in the inner mitochondrial membrane

C. From the matrix of the mitochondrion to the space between the membranes

D. From the space between the membranes to the cytoplasm outside the mitochondrion

31. The diagram shows some of the intermediate compounds produced during the Calvin cycle. At 
what stage does carboxylation take place?

A.

C.

B.D.

Triose
phosphate

Ribulose
phosphate

Ribulose
bisphosphate

Glycerate
3-phosphate

32. A plant is allowed to photosynthesize in an atmosphere containing radioactive 14C. Where in the 
plant stem would radioactive sugars be found?

A

B

C

D
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33. The diagram shows a plant shoot and the direction of the light which the shoot received.

What are the direction of movement and the effect of auxin in the tip of a plant shoot when 
receiving light from one side?

Direction of movement of auxin Effect of auxin on cell elongation

A. Towards light promotes

B. Towards light inhibits

C. Away from light promotes 

D. Away from light inhibits

Light
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34. The graph shows how the mass of a bean seed from which all water has been removed (dry mass) 
changes during germination.

Mass

Period X Period Y

Days

What can be deduced from the graph?

A. The plant loses more water during period X than during period Y.

B. During period Y, photosynthesis occurs but not respiration.

C. During period Y, more CO2 is fixed in photosynthesis than is released by cell respiration.

D. The seeds were not exposed to the correct temperature for germination during period X.

35. A dihybrid cross was carried out between two plants to determine whether the genes for seed 
shape and colour are linked. If the genes are unlinked, the expected ratio of 9:3:3:1 should occur. 
A chi-squared test was carried out on the observed results of the cross. The critical value for chi 
squared at the 5 % level of significance in this test was 7.82. The calculated value for chi squared 
was 6.25. What can be concluded from this data?

A. The results prove that the genes are linked.

B. The results prove that the genes are unlinked.

C. There is significant evidence that the genes are linked.

D. There is significant evidence that the genes are unlinked.
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36. The graph shows the relationship between mass at birth and the percentage that die shortly after 
birth for Scottish Blackface lambs.

Lamb mortality / %

50
45
40
35
30
25
20
15
10
5
0

2 3 4 5 6 7
Mass at birth / kg

What type of selection for the lambs is shown in the graph?

A. Disruptive selection, as there is a drop in mortality at intermediate birth masses

B. Stabilizing selection, as lambs with low or high birth mass are less likely to survive

C. Directional selection, as lambs with a high birth mass have high mortality

D. There is no evidence in the graph of selection, as survival frequency is not shown
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37. The diagram shows a method for the production of monoclonal antibodies.

P

Q

Injected into

Antigen

Antibody

Fuse

Produces

Monoclonal
antibodies

Produces

What are cells P and Q?

P Q

A. Tumour cell Hybridoma

B. Tumour cell Plasma cell

C. T lymphocyte Plasma cell

D. T lymphocyte Hybridoma
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38. The image shows part of a myofibril from a relaxed muscle fibre.

What occurs during muscle contraction?

A. Myosin binding sites are blocked.

B. The bands labelled Y get shorter.

C. The bands labelled X get shorter.

D. Calcium ions bind to myosin.

39. Where in the nephron is most glucose reabsorbed?

A.

C.

B.

D.

X
Y



– 23 –

N21/4/BIOLO/HPM/ENG/TZ0/XX

8821 – 6001

40. The micrograph shows part of a human sperm cell. Which region of the cell is responsible for the 
greatest production of ATP?

A.

C.

B.

D.

2 µm
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