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Answer ALL questions.

Some questions must be answered with a cross in a box . 
 If you change your mind about an answer, put a line through the box  and then 

mark your new answer with a cross .

1	 Chemical control in plants is brought about by plant growth substances such as auxins.

	 Auxins cause elongation of cells.

	 Auxins weaken the bonds between molecules found in cell walls.  Molecules found in 
cell walls include cellulose and hemicellulose.

	 (a)	 (i)	 Which of the following statements about cellulose molecules is correct?
(1)

			   A	 they are branched polymers 

			   B	 they contain α-glucose

			   C	 they are bonded to each other by hydrogen bonds

			   D	 they contain 1,6 glycosidic bonds

		  (ii)	 The following statements relate to calcium pectate:

			   1.	 found in the middle lamella

			   2.	 holds cell walls together

			   3.	 prevents the movement of water

			   Which of the following is correct for calcium pectate?
(1)

 			   A	 statement 1 and statement 2

			   B	 statement 1 and statement 3

			   C	 statement 2 only

			   D	 statement 3 only
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	 (b)	 A scientist investigated apical dominance in plants. 

		  In experiment 1, the shoot tips were cut off and the growth of lateral shoots assessed.

		  This was repeated in experiment 2, but auxin was placed over the cut end of the 
tips and the growth of lateral shoots was assessed.

		  The results are shown in the diagrams.

Experiment 1

lateral shoot 
growth

cut

lateral 
shoots

Experiment 2

		  Explain how the interaction between auxins and cytokinins could have produced 
the results shown in the diagram.

(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 1 = 5 marks)

cut

lateral 
shoots

auxin

In experiment 1, removing the shoot tip (apical meristem) removes the source of auxin,

so the lateral shoots grow.

This is because auxin inhibits lateral shoot growth, whereas cytokinin stimulates lateral

bud growth.

In experiment 2, the auxin placed on the cut end represses (is dominant over) the

action of cytokinin, so when auxin is higher than cytokinin the lateral shoots do not

grow.

stemup.co.uk

https://stemup.co.uk


4

*P52213A0436*

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

2	 The brain is involved in many homeostatic mechanisms.

	 (a)	 The diagram shows a vertical section through a human brain.

X

Z

Y

		  Which row of the table correctly matches the regions X, Y and Z with their functions?
(1)

Control of 
breathing rate

Control of 
balance

Temperature 
regulation

A X Y Z

B Y Z X

C Z X Y

D Z Y X

	 (b)	 An action potential results from the depolarisation of the membrane of a neurone.

		  Which row of the table shows the correct state of the ion channels during this 
depolarisation?

(1)

Na+ channels K+ channels

A closed closed

B closed open

C open closed

D open open

stemup.co.uk

https://stemup.co.uk


5

*P52213A0536* Turn over     

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	 (c)	 The autonomic nervous system plays a role in regulating heart rate. 

		  The diagram shows an ECG trace from a student before and during exercise.

before exercise

0.1s

during exercise

0.1s

		  (i)	 Calculate the heart rate of this student during exercise.
(1)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		

R to R interval = 23 small squares = 0.46 s

heart rate = 60 ÷ 0.46 = 130
130 beats per minute
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		  (ii)	 Describe how exercise results in an increased heart rate.
(4)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

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

(Total for Question 2 = 7 marks)

During exercise the rate of respiration in muscles increases, which increases the carbon
dioxide concentration (and H+ ions) in the blood, lowering the pH.
This is detected by chemoreceptors in the carotid bodies (carotid artery) and aortic
bodies (aorta).
Impulses are sent to the cardiovascular control centre (cardioacceleratory centre) in the
medulla.
More impulses are sent along the sympathetic nerve (sympathetic nervous system) to
the heart.
Noradrenaline is released onto the SA node, which increases the frequency of its
depolarisation, so the heart rate increases.
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3	 In flowering plants, pollen grains grow pollen tubes that are involved in fertilisation, 
producing a zygote and endosperm.

	 (a)	 (i)	 Which row of the table shows the correct description for these nuclei?
(1)

Zygote 
nucleus

Endosperm 
nucleus

Pollen tube 
nucleus

A diploid diploid haploid

B diploid triploid haploid

C diploid triploid diploid

D haploid triploid diploid

		  (ii)	 The production of plant gamete cells involves both mitosis and meiosis.

			   The graph shows the DNA content of a cell during the production of a pollen grain.
(1)

Re
la

tiv
e 

m
as

s 
of

 D
N

A
 in

 a
 c

el
l

Time

4

3

2

1

			   The order of nuclear divisions shown in the graph is

			   A	 meiosis, mitosis, mitosis

			   B	 meiosis, mitosis, meiosis

			   C	 mitosis, meiosis, meiosis

			   D	 mitosis, mitosis, meiosis
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	 (b)	 A scientist investigated the effects of chemical A and chemical B on pollen tube growth.
		  Chemical A prevents transcription.
		  Chemical B prevents translation. 
		  Pollen grains were treated with different concentrations of these two chemicals. 

The lengths of the pollen tubes they produced were compared with a control 
group of pollen grains. 

		  The lengths of the pollen tubes were measured and expressed as a percentage of 
the control group.

		  The results are shown in the graphs. 
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		  (i)	 The mean length of the pollen tubes in the control group was 7.5 mm.

			   Calculate the mean length of the pollen tubes after adding 0.010 μg cm–3 of 
chemical A.

(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Analyse the data to comment on the effects of chemical A and chemical B on 
the roles of transcription and translation in pollen tube growth.

(4)
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(Total for Question 3 = 8 marks)

Chemical A (stopping transcription) has less effect on pollen tube growth than chemical

B (stopping translation).

With chemical A, growth falls and then levels off at about 71% of the control as the

concentration increases, a drop of only 29%. With chemical B, growth falls steeply and

drops to zero at 1 × 101 μg cm-3, a 100% drop.

This suggests that the mRNA needed for growth is already present in the pollen grain

(transcription occurred before chemical A was added), so translation can continue.

Pollen tube growth requires the production (synthesis) of new proteins, e.g. enzymes, so

when translation is stopped the pollen tube cannot grow.

reading at 1 × 10-2 μg cm-3 = 76%

76 ÷ 100 × 7.5 mm = 5.7 mm

5.7 mm
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4	 The retina is the light sensitive structure in the eye. 

	 (a)	 The diagram shows some of the cells in a human retina.

W

X

Y
Z

		  (i)	 Which row in the table correctly identifies the cells W, X and Y?
(1)

Cell W Cell X Cell Y

A bipolar cell cone cell rod cell

B bipolar cell rod cell cone cell

C ganglion cell cone cell rod cell

D ganglion cell rod cell cone cell

		  (ii)	 Draw an arrow on the diagram to show the direction of the light passing through 
the retina.

(1)

light
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		  (iii)	Explain why a higher light intensity is required to produce an action potential 
in cell Z than in cell W.

(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Several rod cells (cell X) connect to one bipolar cell (cell W), whereas each cone cell

(cell Y) connects to its own bipolar cell (cell Z).

So at cell W spatial summation occurs (retinal convergence): the generator potentials

from several rods add together.

This means threshold potential (depolarisation) is reached in cell W at low light

intensity, but cell Z needs a higher light intensity. Also rhodopsin in rods is very

sensitive to light, whereas iodopsin in cones is less sensitive.
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	 (b)	 Red-green colour vision is controlled by a single gene located on the X chromosome.

		  Colour blindness is caused by a recessive allele for the red-green colour vision gene.

		  The diagram shows the inheritance pattern of colour blindness for a family.

1 2

3 4 5 6 7

8 9 10

male who is colour blind

male who is not colour blind

female who is not colour blind

Key

		  (i)	 Explain how the diagram shows that red-green colour blindness is caused by a 
recessive allele.

(2)

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

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

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

Individuals 4 and 9 are colour blind males, but their mothers (2 and 6) are not colour

blind.

A male gets his X chromosome from his mother, so the mothers must carry the allele

without expressing it: they must be heterozygous (carriers), so the allele is recessive.
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		  (ii)	 Use a genetic diagram to determine the probability that the next child of 
individuals 6 and 7 is a male who is colour blind.

(3)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 4 = 10 marks)

XR = normal allele, Xr = colour blind allele

parents:   6 = XRXr  ×  7 = XRY

gametes:   XR, Xr         XR, Y

XR Y

XR

Xr

XRXR XRY

XRXr XrY

offspring: XRXR, XRXr, XRY, XrY
XrY = colour blind male = 1 in 4

0.25 (25%)
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5	 The diagram shows the structure of a synaptic junction between three neurones.

	 Neurone A releases the excitatory neurotransmitter acetylcholine. 

	 Neurone B releases the inhibitory neurotransmitter glutamate. 

	 Glutamate causes chloride ions to move into the postsynaptic neurone.

Neurone A

Postsynaptic neurone

Neurone B

	 (a)	 (i)	 Describe the sequence of events that leads to an excitatory postsynaptic 
potential (EPSP) in the postsynaptic neurone after stimulation of neurone A.

(4)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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An action potential (impulse) arrives at the presynaptic knob of neurone A.

Voltage-gated calcium channels open and calcium ions enter the presynaptic knob.

Vesicles containing acetylcholine move to and fuse with the presynaptic membrane,

releasing acetylcholine into the synaptic cleft by exocytosis.

Acetylcholine diffuses across the cleft and binds to receptors on the postsynaptic

membrane, opening sodium channels so sodium ions enter, causing depolarisation (EPSP).
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		  (ii)	 Which of the following rows correctly describes the action of each substance 
on this postsynaptic neurone?

(1)

Nicotine Lidocaine Cobra venom

A excitatory excitatory excitatory

B excitatory inhibitory inhibitory

C inhibitory excitatory excitatory

D inhibitory inhibitory inhibitory

	 (b)	 A scientist investigated the effect of the intensity of stimulation of neurones A 
and B on the production of an action potential in the postsynaptic neurone.

		  High intensity stimulation of neurones A and B causes a high frequency of 
impulses to arrive at the presynaptic terminals.

		  The results are shown in the table.

Intensity of stimulation Production of action potential 
in postsynaptic neuroneNeurone A Neurone B

low low no

low high no

high low yes

high high no

		  Explain the effect of the intensity of stimulation on the production of an action 
potential in the postsynaptic neurone.

(3)
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(Total for Question 5 = 8 marks)

An action potential is only produced when stimulation of A is high and B is low, as

threshold is reached.

This is because the levels of acetylcholine are high and glutamate are low, so enough

sodium ions enter and the EPSP is greater than the IPSP.

When stimulation of B is high, the high level of glutamate makes chloride ions move in,

causing hyperpolarisation (the inside becomes more negative). The IPSP cancels the

EPSP, so threshold is not reached and no action potential occurs.
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6	 The pancreas is an organ that secretes digestive enzymes.

	 The electron micrograph shows part of a secretory cell from a human pancreas.

1μm

Golgi apparatus




Q

	 (a)	 Name organelle Q.
(1)

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

	 (b)	 Calculate the maximum diameter of organelle Q.
(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Nucleus

scale bar = 10 mm = 1 μm

magnification = 10 000 μm ÷ 1 μm = × 10 000

maximum diameter of Q = 54 mm = 54 000 μm

54 000 ÷ 10 000 = 5.4 μm

5.4 μm
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	 (c)	 Describe the role of the Golgi apparatus in producing secreted enzymes.
(3)
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Vesicles containing the enzyme (protein) made on the rough endoplasmic reticulum move

to and fuse with the Golgi apparatus.

In the Golgi the proteins are modified, e.g. carbohydrates are added (glycosylated) to

form glycoproteins, and they are folded and sorted.

The modified proteins are packaged into vesicles that bud off the Golgi.

These vesicles move to and fuse with the cell surface membrane, releasing the enzymes

by exocytosis.
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	 (d)	 Calcium ions are needed for the secretion of enzymes from pancreatic cells. 

		  The graph shows the effect of increasing calcium ion concentration on the uptake 
of calcium ions by pancreatic cells.

Ra
te
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Calcium ion concentration

		  Explain the effects of calcium ion concentration on the rate of uptake of calcium 
ions through the pancreatic cell membrane.

(3)
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(Total for Question 6 = 9 marks)

Calcium ions enter by facilitated diffusion through calcium ion channels (channel

proteins).

At first, as the calcium ion concentration increases, the rate of uptake increases

because of the steeper concentration gradient, so the rate of diffusion increases.

The rate then levels off because all the calcium ion channels are being used, so the

number of channel proteins limits the rate.
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7	 The diagram shows four varieties of rabbit.

Brown Chinchilla Himalayan Albino

	 Fur colour in rabbits is controlled by four different alleles: 

		  •	 the allele for brown fur, C, is dominant to all other alleles 

		  •	 the allele for chinchilla fur, cch, is dominant to the alleles for Himalayan and albino

		  •	 the allele for Himalayan fur, ch, is dominant to the allele for albino 

		  •	 the allele for albino fur, c, is recessive to all other alleles

	 (a)	 (i)	 Describe how new combinations of alleles are produced in meiosis.
(2)
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		  (ii)	 State all the possible genotypes of a rabbit with brown fur.
(1)

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

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

Independent (random) assortment of homologous chromosomes in meiosis I produces

different combinations of maternal and paternal chromosomes in the gametes.

Crossing over between non-sister chromatids of homologous chromosomes at chiasmata

(recombination) exchanges sections of DNA, producing new combinations of alleles.

CC, Ccch, Cch, Cc
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		  (iii)	Two parent rabbits with brown fur were mated.  Two of the F1 offspring had 
chinchilla fur.

			   The F1 rabbit offspring with chinchilla fur were mated.

			   The F2 generation consisted of some rabbits with chinchilla fur and the rest having 
Himalayan fur.

			   Use genetic crosses to deduce the genotypes of the two parent rabbits with brown fur.
(3)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F1 chinchilla × chinchilla gives chinchilla and Himalayan,
but no albino, so both F1 rabbits must be cchch.

F1 cross:   cchch  ×  cchch

gametes:   cch, ch          cch, ch

F2:  cchcch,  cchch,  cchch  (chinchilla),  chch  (Himalayan)

Each F1 chinchilla got cch from one brown parent and
ch from the other brown parent.

parents:   Ccch  ×  Cch

gametes:   C, cch          C, ch

F1:  CC,  Cch,  Ccch  (brown),  cchch  (chinchilla)

Ccch and Cch
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	 (b)	 The fur colour of animals can be affected by natural selection. 

		  Compare and contrast stabilising selection with disruptive selection.
(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 7 = 9 marks)

Both are types of natural selection that change the frequency of alleles in the gene

pool.

Both select against less well adapted phenotypes.

Stabilising selection selects against the extreme phenotypes and favours the mean

(middle) phenotype, whereas disruptive selection selects against the mean (middle)

phenotype and favours both extremes.

Stabilising selection maintains one population with a narrower range, whereas disruptive

selection leads to a bimodal distribution and two distinct populations.
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8	 The effects of light intensity and temperature on the net primary productivity (NPP) 
of young willow trees were investigated.

	 Young willow trees were grown in two greenhouses: one with high light intensity and 
one with low light intensity. 

	 In each greenhouse, groups of these willow trees were kept at different temperatures for 
six months.

	 The results are shown in the graph.

high light 
intensity

low light 
intensity

Temperature / °C

N
PP

 / 
kJ

 c
m

–2
 y

r–1

	 (a)	 (i)	 State what is meant by the term net primary productivity.
(1)

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

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

		  (ii)	 Explain why temperature has different effects on NPP at these two light intensities.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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NPP is the gross primary productivity minus the energy released (lost) in respiration

(NPP = GPP − R).

At high light intensity, as temperature increases NPP increases because light is not

limiting, so the rate of photosynthesis increases more than the rate of respiration.

At low light intensity, light limits photosynthesis, so as temperature increases NPP

decreases because respiration increases more than photosynthesis.
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	  *(b)	 In a further investigation, succession was monitored for fifty years in an abandoned field.

		  The field was originally used to grow crops.

		  After fifty years, large numbers of coniferous trees were growing in the field. 

		  These coniferous trees do not shed many leaves.

		  When compared with younger trees, older coniferous trees have a much higher 
proportion of tree stem, branches and roots and a lower proportion of leaves.

		  The following factors were monitored:

		  •	 plant biomass
		  •	 NPP
		  •	 mineral ion content of soil
		  •	 index of diversity of animals

		  The line graphs show the trends that happened over fifty years for each of the factors.
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	 Analyse the data to explain how succession is linked to the changes in this 
	 abandoned field.

(6)
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(Total for Question 8 = 9 marks)

The field starts with seeds and roots from previous crops (pioneer species), followed by

herbaceous plants, then shrubs and finally coniferous trees forming the climax

community, so plant biomass increases throughout the 50 years.

Mineral ion content is low at first because farming removed the minerals with the

crops. From about 12 years it increases as dead organic material (humus) from plants

and animals is decomposed by microorganisms, releasing mineral ions.

NPP increases steeply from about 10 to 30 years as more herbaceous plants and shrubs

with a large leaf area grow and photosynthesise, helped by the higher mineral ion

content.

The greater plant diversity provides more niches (food and habitats) for animals, so the

index of diversity of animals increases steeply at about 20 years.

After about 40 years NPP falls, because the older trees have a higher proportion of

non-photosynthetic tissue (stem, branches and roots), so respiration increases compared

with photosynthesis, and biomass levels off.

Mineral ion content also falls after 40 years because the conifers shed few leaves, so

there is less decay, which may also reduce NPP.

The index of diversity of animals stabilises and then decreases slightly, as the trees

shade the area and reduce the herbaceous plants and shrubs, reducing the number of

niches.
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9	 Polyphenol oxidase is an enzyme found in many plant cells. 

	 This enzyme catalyses the following reaction

	 monophenol    +    oxygen        quinone
	 (colourless)	 (brown)

	 This reaction causes cut fruit to turn brown when exposed to air.

	 (a)	 A student carried out an investigation into the rate at which grape juice 
produced quinone. 

		  The graph shows the results of this investigation.
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		  (i)	 Calculate the initial rate of this reaction.
(3)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

42.0

60 s

tangent drawn at 0 s:

gradient = 42.0 mg cm-3 ÷ 60 s

= 0.70 mg cm-3 s-1

0.70 mg cm-3 s-1
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		  (ii)	 Explain why adding citric acid to cut fruit reduces the rate at which the fruit 
turns brown.

(2)

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

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

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

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

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

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

		  (iii)	The diagram shows the structures of monophenol and a molecule called tropolone. 

			   Tropolone can be added to grape juice to slow the rate at which the juice turns brown.

tropolone

OH
O

OH

H

monophenol

			   Explain how tropolone affects the rate at which the grape juice turns brown.
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The acid (H+ ions) affects the ionic and hydrogen bonds in the enzyme, so the shape

of the active site changes.

So the substrate (monophenol) no longer fits the active site and fewer

enzyme-substrate complexes form.

Tropolone is similar in shape (structure) to monophenol.

So it acts as a competitive inhibitor, binding in the active site of polyphenol oxidase.

This prevents monophenol binding, so fewer enzyme-substrate complexes form, decreasing

the rate of reaction and the production of quinone, so the juice turns brown more

slowly.
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	 (b)	 Plant breeders have developed a grape variety that produces inactive polyphenol oxidase. 

		  The bonding in this enzyme is changed and this prevents the juice from turning brown.

		  (i)	 Which of the following bonds are used to form the tertiary structure of enzymes?
(1)

			   A	 hydrogen, glycosidic and ester

			   B	 hydrogen, ionic and disulfide

			   C	 ionic, glycosidic and disulfide

			   D	 ionic, disulfide and ester

		  (ii)	 The base sequence of this polyphenol oxidase gene is different in this grape variety. 

			   Explain how this leads to the production of inactive enzyme.
(3)
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(Total for Question 9 = 11 marks)

The changed base sequence codes for a different sequence of amino acids (primary

structure).

So there will be different R groups, which form different hydrogen, ionic and disulfide

bonds.

Therefore the tertiary structure of the enzyme is different.

The active site has a different shape and is no longer complementary to monophenol, so

monophenol cannot bind and enzyme-substrate complexes cannot form.
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10	 The Northern elephant seal is a mammal found in the Eastern Pacific Ocean.

	 In the nineteenth century, Northern elephant seals were hunted and this reduced the 
population to about 20 seals.

	 The seals were listed as an Appendix II species when CITES was established in the 1970s.

	 The population has now recovered to over 100 000 individuals.

	 The seals in this population have developed health problems, including a high mortality 
rate for newborn pups, deformities and weak immune systems.

	 (a)	 (i)	 Describe the role of treaties such as CITES in maintaining global biodiversity.
(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

CITES is a treaty that prevents the trade, sale and exploitation (hunting) of

endangered species and their products.

It applies to the countries that sign up to the treaty, so endangered species are

protected (conserved).
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		  (ii)	 Explain why, although the population of seals has recovered, many of the 
seals have health problems.

(2)
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	 (b)	 Northern elephant seals have a high concentration of haemoglobin in their blood. 

		  The graph shows the oxygen dissociation curves for myoglobin, adult haemoglobin and 
fetal haemoglobin.
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		  Which of the rows correctly matches each curve with myoglobin, adult haemoglobin 
and fetal haemoglobin?

(1)

Myoglobin Adult haemoglobin Fetal haemoglobin

A X Y Z

B X Z Y

C Y Z X

D Z X Y

Turn over     

The hunting caused a (genetic) population bottleneck, as the population fell to about 20

seals.

This reduced the genetic diversity (smaller gene pool, fewer different alleles), so the

recovered population is inbred.

Therefore the chance of a seal inheriting two harmful recessive alleles increases, causing

health problems.
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	 (c)	 Northern elephant seals are able to dive to great depths and hold their breath for 
up to two hours. 

		  The tables show data for four diving mammals. 

Species

Maximum 
time holding 

breath 
/ min

Maximum 
diving depth 

/ m

Mass of 
animal 

/ kg

bottlenose dolphin     5   20 200

harbour seal   17   19   24

Weddell seal   82 400 400

Northern elephant seal 119 437 400

Species

Volume of 
oxygen in 

body 
/ cm3 kg–1

Concentration 
of haemoglobin 

in blood 
/ g dm–3

Total blood 
volume  

/ cm3 kg–1

Percentage of stored oxygen 
in different body tissues

lungs blood muscle

bottlenose 
dolphin 36   14   71 34 27 39

harbour seal 57   21 132 13 54 33

Weddell seal 87 210 173   5 66 29

Northern 
elephant seal 97 216 207   4 71 25

		  (i)	 Calculate the total mass of haemoglobin in a Northern elephant seal.
(3)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

total blood volume = 207 × 400 = 82800 cm3

concentration = 216 ÷ 1000 = 0.216 g cm-3

mass = 0.216 × 82800 = 17884.8 g

17885 g (17.9 kg)
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		   *(ii)	 Analyse the data to explain how marine mammals are adapted for diving. 
(6)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(Total for Question 10 = 14 marks)

TOTAL FOR PAPER = 90 MARKS

There is a positive correlation between maximum diving depth and maximum time

holding breath: the Northern elephant seal dives to 437 m for 119 min, but the

bottlenose dolphin only to 20 m for 5 min. There is a weaker positive correlation with

mass.

Diving deeper requires a larger oxygen store, as the mammal cannot breathe underwater

and needs oxygen for aerobic respiration to release energy (ATP).

There is a positive correlation between the volume of oxygen in the body and depth (97

cm3 kg-1 for the elephant seal compared with 36 for the dolphin), and between

haemoglobin concentration and depth (216 compared with 14 g dm-3).

Deeper divers store most oxygen in blood (71% in the elephant seal) and very little in

the lungs (4%, compared with 34% in the dolphin), as air in the lungs increases

buoyancy.

The combined effect of a large blood volume and high haemoglobin concentration gives

very high oxygen storage: total haemoglobin is 216 × 0.207 = 44.7 g kg-1 in the

elephant seal, but only 14 × 0.071 = 1.0 g kg-1 in the dolphin, about 45 times more.

All the mammals store a similar proportion of oxygen in muscle (25 to 39%), with no

correlation with depth, as they all possess myoglobin as an oxygen store in muscle.
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