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Year 13 Biology Spring Term Homework Pack  

 

Name:     _________________________ 

Class:       _________________________ 

Teacher: _________________________ 

Our Spring Term Homework Programme. 
 

Due on [Friday]: 

Approximate 

Time 

Needed 

Is there help? 

Where can I find it? 

Week 

#1 

Homework 1: [10th Jan] 

  50 minutes Goo.gl/N1NpEc 

Week 

#2 

Homework 2: [17th Jan] 

 50 minutes Goo.gl/N1NpEc 

Week 

#3 

Homework 3: [24th Jan] 

 50 minutes Goo.gl/N1NpEc 

Week 

#4 

Homework 4: [31st Jan] 

 50 minutes Goo.gl/N1NpEc 

Week 

#5 

Homework 5: [7th Feb] 

 50 minutes Goo.gl/N1NpEc 

Week 

#6  

Homework 6: [14th Feb] 

 
50 minutes Goo.gl/N1NpEc 

Week 

#7 - 

Half 

Term 

Homework 7: [28th Feb] 

 

50 minutes Goo.gl/N1NpEc 

Week 

#8 

Homework 8: [6th Mar] 

 50 minutes Goo.gl/N1NpEc 

Week 

#9 

Homework 9: [13th Mar] 

 50 minutes Goo.gl/N1NpEc 

Week 

#10  

Homework 10: [20th Mar] 

 50 minutes Goo.gl/N1NpEc 

Week 

# 11 

Homework 11: [27th Mar] 

 50 minutes Goo.gl/N1NpEc 

Week 

#12 

Homework 12: [4th Apr] 

 50 minutes Goo.gl/N1NpEc 
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Homework #1.       DUE: [10th Jan]  

Response to Stimuli 

Q1. 

Scientists investigated the effect of humidity on the movement of the insect, 

Tenebrio molitor. 

The insects were placed in choice chambers with one side kept at 100% humidity 

and the other side kept at 30% humidity. 

The insects were used one at a time and the path the insect followed recorded on 

paper. 

Figure 1 shows a typical result. The solid dot shows the final recorded position of 

the insect. 

Figure 1 

  

 

(a)     What type of behaviour was shown by the insect in Figure 1? 

Give evidence from Figure 1 to support your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(b)     The scientists found that the insects moved for 94% of the time in the more 

humid side, but in the drier side they moved only 20% of the time. The 

scientists concluded that reduced movement in the drier side was an 

adaptation that reduced water loss. 

Use your knowledge of gas exchange in insects to explain how this 

behaviour would reduce water loss in the insects. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

(c)     Tenebrio molitor has two antennae on its head. These are sense organs. 

The scientists found that one insect stopped when it reached the boundary 

between the two sides of the choice chamber and seemed to perform 

various movements with its antennae. The insect then moved to the drier 

side. 

This behaviour can be seen in Figure 2. The points marked with a Q indicate 

where the insect showed this behaviour. 

Figure 2 
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What type of behaviour did the scientists conclude that the insect in Figure 2 

was showing? 

___________________________________________________________________ 

(1) 

(d)     After observing the behaviour of the insect in Figure 2, the scientists 

hypothesised that if an insect had one of its antennae removed it would 

have a tendency to turn to one side and move in circles. The scientists tested 

this hypothesis by cutting one antenna off another insect and observing its 

movement. 

The result of this experiment can be seen in Figure 3. 

 

Figure 3 

  

 

Does the movement observed in Figure 3 support the scientists’ hypothesis? 

Give the reason for your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(e)     The scientists then investigated the effect of a range of humidities on the 

activity of the insects. Figure 4 shows their results. The triangles represent the 

number of insects still moving after 15 minutes. 

Figure 4 

  

A student studying Figure 4 concluded that as humidity increases, so does 

movement of the insects. 

Evaluate the student’s conclusion. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 9 marks) 

Q2. IAA is a specific growth factor. 
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(a)     Name the process by which IAA moves from the growing regions of a plant 

shoot to other tissues. 

___________________________________________________________________ 

(1) 

 

(b)     When a young shoot is illuminated from one side, IAA stimulates growth on 

the shaded side. Explain why growth on the shaded side helps to maintain 

the leaves in a favourable environment. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

NAA is a similar substance to IAA. It is used to control the growth of cultivated 

plants. Plant physiologists investigated the effect of temperature on the uptake of 

NAA by leaves. They sprayed a solution containing NAA on the upper and lower 

surfaces of a leaf. The graph shows their results. 
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(c)     Explain the effect of temperature on the rate at which NAA is taken up by 

the lower surface of the leaf. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

(d)     There are differences in the properties of the cuticle on the upper and lower 

surfaces of leaves. 

(i)      Suggest how these differences in the cuticle might explain the 

differences in rates of uptake of NAA by the two surfaces. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

 

(ii)     In this investigation, the physiologists investigated the leaves of pear 

trees. 

Explain why the results might be different for other species. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 8 marks) 
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Q3. 

When a finger accidentally touches a hot object, a reflex action occurs. The 

biceps muscle contracts, causing the arm to be flexed and the finger is pulled 

away. The diagram shows the arrangement of the bones in the arm, the muscles 

used for flexing and straightening the arm and the nervous pathways associated 

with the contraction of these muscles. 

  

 

(a)     Explain the importance of reflex actions. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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(b)     (i)      Describe the sequence of events which allows information to pass from 

one neurone to the next neurone across a cholinergic synapse. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(6) 

 

(ii)     Give two differences between a cholinergic synapse and a 

neuromuscular junction. 

1. ____________________________________________________________ 

______________________________________________________________ 

2. ____________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 11 marks) 
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Q4. 

A biologist investigated the stimulation of a Pacinian corpuscle in the skin of a 

fingertip. 

She used microelectrodes to measure the maximum membrane potential of a 

Pacinian corpuscle and its sensory neurone when different pressures were applied 

to the fingertip. 

The figure below shows the Pacinian corpuscle, its sensory neurone and the 

position of the microelectrodes. 

  

The table below shows some of the biologist’s results. 

  

Pressure applied to the  

fingertip 

Membrane potential at P 

/  

millivolts 

Membrane potential at Q 

/  

millivolts 

None –70 –70 

Light –50 –70 

Medium +30 +40 

Heavy +40 +40 

 

(a)     Explain how the resting potential of –70 mV is maintained in the sensory 

neurone when no pressure is applied. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Explain how applying pressure to the Pacinian corpuscle produces the 

changes in membrane potential recorded by microelectrode P. 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space) _______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     The membrane potential at Q was the same whether medium or heavy 

pressure was applied to the finger tip. Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)     Multiple sclerosis is a disease in which parts of the myelin sheaths surrounding 

neurones are destroyed. Explain how this results in slower responses to stimuli. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 9 marks) 

Q5. The diagram shows part of the retina in a human eye. 
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(a)     Explain each of the following observations. 

(i)      When light falls on cells 1 and 2, only one spot of light is seen. But, when 

light falls on cells 2 and 3, two spots of light are seen. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

 

(ii)     When one unit of light energy falls on cell 3, no light is seen. But, when 

one unit of light energy falls on cell 3, one unit falls on cell 4 and one 

unit falls on cell 5, light is seen. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 
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(b)     Cells of the same type as cells 6 and 7 are found in large numbers at the 

fovea. This results in colour vision with high visual acuity. 

Explain what causes vision using the fovea. 

(i)      to be in colour; 

______________________________________________________________ 

______________________________________________________________ 

(1) 

 

(ii)     to have high visual acuity. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 6 marks) 

Q6. 

The diagram shows a human heart as seen from the front. The main blood vessels 

are labelled D to G. The arrows show the pathways taken by the electrical activity 

involved in coordinating the heartbeat in the cardiac cycle. 
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(a)     Which of the blood vessels, D to G 

(i)      carries oxygenated blood to the heart 

  

(1) 

(ii)     carries deoxygenated blood to the lungs? 

  

(1) 

(b)     Explain, in terms of pressure, why the semilunar valves open. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(c)     When a wave of electrical activity reaches the AVN, there is a short delay 

before a new wave leaves the AVN. Explain the importance of this short 

delay. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)     The table shows the cardiac output and resting heart rate of an athlete 

before and after completing a training programme. 

  

  Before training After training 

Cardiac out/cm3 5000 5000 

Resisting heart rate/beats 

per minute 

70 55 

 

(i)      Calculate the athlete’s stroke volume after training. Show your working. 
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____________________ cm3 

(2) 

(ii)     Use information from the table to explain how training has caused the 

resting heart rate of this athlete to be lower. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 9 marks) 
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Homework #2.       DUE: [17th Jan] 

Nervous Coordination and Muscles 

Q1. The blink reflex involves synapses. Below is a diagram of a synapse. 

 

Identify A, B and C. 

A ____________________________ 

B ____________________________ 

C ____________________________ 

(Total 3 marks) 

 

Q2. 

The resting potential of a neurone is maintained by the unequal distribution of ions 

inside and outside the plasma membrane. The diagram shows the plasma 

membrane of a neurone and the three different proteins that are involved in 

maintaining the resting potential. 

  

(a)     Protein C requires ATP to function. Describe the role of protein C. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

(b)     (i)      Proteins A and B differ from each other. Explain why different proteins 

are required for the diffusion of different ions through the membrane. 

______________________________________________________________ 

(2) 

 

(ii)     The plasma membrane of the neurone is more permeable to potassium 

ions than to sodium ions. Give the evidence from the diagram that 

supports this observation. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 5 marks) 
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Q3. During an action potential, the permeability of the cell-surface membrane of an axon 

changes. The graph shows changes in permeability of the membrane to sodium ions (Na+) 

and to potassium ions (K+) during a single action potential. 

  

(a)     Explain the shape of the curve for sodium ions between 0.5 ms and 0.7ms. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(b)     During an action potential, the membrane potential rises to +40 mV and 

then falls. Use information from the graph to explain the fall in membrane 

potential. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     After exercise, some ATP is used to re-establish the resting potential in axons. 

Explain how the resting potential is re-established. 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 8 marks) 

Q4. 

(a)     A myelinated axon conducts impulses faster than a non-myelinated axon. 

Explain this difference. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

Doctors investigated the relationship between myelin in brain tissue and different 

types of dementia. All types of dementia involve loss of mental ability. 

The doctors measured the mean amount of myelin in samples of brain tissue from: 

•        a control group of 12 people without dementia 

•        20 people with vascular dementia (VaD) 

•        19 people with Alzheimer's dementia (AD) 

•        31 people with Lewy body dementia (LD). 
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The doctors’ results are shown in the figure. The vertical bars show standard errors. 

  

Group of people 

(b)     The doctors used a statistical test to compare the results for AD and LD. 

They obtained a value for P of 0.047. 

What does this result show about the difference between the means for AD 

and LD? 

Use the words probability and chance in your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(c)     A student who read this investigation concluded that there was a 

relationship between the amount of myelin in a person’s brain and whether 

or not they had dementia. 

Do these data support this conclusion? Give reasons for your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space) ________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 9 marks) 
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Q5. 

(a)     Describe how calcium ions are involved in synaptic transmission. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

Cocaine changes the way some synapses function. 

Figure 1 shows a synapse in part of the brain. This synapse uses a neurotransmitter 

called dopamine. 

Figure 1 

  

(b)     This synapse only transmits information from neurone A to neurone B and not 

from B to A. Give one reason why. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(c)     Figure 2 shows the structures of molecules of dopamine and cocaine. 

Figure 2 
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(i)      Explain why cocaine is able to bind to the dopamine transporter, as 

shown in Figure 1. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Dopamine is released at synapses in parts of  the brain where pleasure 

is perceived. 

Using information from Figures 1 and 2, explain how the use of cocaine 

can result in feelings of pleasure. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(Extra space) ___________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 8 marks) 

Q6. The image below shows a transmission electron micrograph of a longitudinal section of 

skeletal muscle. 
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(a)     Name structures C, D and E. 

C _________________________________________________________________ 

D _________________________________________________________________ 

E _________________________________________________________________ 

(3) 

(b)     Give the name of the structure shown between points A and B. 

___________________________________________________________________ 

(1) 

(c)     Calculate the actual distance between points A and B. Give your answer in 

micrometres (µm). 

 

 

Answer = __________________ µm 

(1) 

(d)     The image shows glycogen granules present in skeletal muscle. 

Explain their role in skeletal muscle. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(e)     During vigorous exercise, the pH of skeletal muscle tissue falls. This fall in pH 

leads to a reduction in the ability of calcium ions to stimulate muscle 

contraction. 

Suggest how. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 10 marks) 
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Q7. 

(a)     The diagram shows the banding pattern observed in part of a relaxed 

muscle fibril. 

  

(i)      Describe what causes the different bands seen in the muscle fibril. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

 

(ii)     Describe how the banding pattern will be different when the muscle 

fibril is contracted. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 
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(b)     There is an increase in the activity of the enzyme ATPase during muscle 

contraction. An investigation into muscle contraction involved measuring the 

activity of ATPase in solutions containing ATP, myosin and different muscle 

components. The table shows the results. 

  

Solution Contents 
ATPase activity 

/ arbitrary units 

A ATP, myosin and actin 1.97 

B ATP, myosin, actin and tropomyosin 0.54 

C ATP, myosin, actin, tropomyosin and calcium ions 3.85 

(i)      Explain the importance of ATPase during muscle contraction. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Using your knowledge of muscle contraction, explain the difference in 

the results between  

A and B; 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

B and C. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 10 marks)  
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Homework #3.       DUE: [24th Jan] 

Principles of Homeostasis and Thermoregulation 

Q1. 

(a)     What is homeostasis? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     Describe the role of the hormone glucagon in the control of blood sugar 

concentration. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(c)     The kidney removes various substances from the blood plasma. The 

clearance value for a substance is the volume of blood cleared of that 

substance by the kidney in one minute. This clearance value can be 

calculated using the equation. 

  

  

where the concentration of a substance in the 

blood is 

the concentration of a substance in the urine is 

the volume of urine produced is 

P g cm-3 

U g cm-3 

V cm3 per 

minute 

(i)      Use the equation to work out the clearance value of glucose. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Explain how the activity of the kidney results in this clearance value for 

glucose. 

______________________________________________________________ 
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______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 9 marks) 
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Q2. 

The body temperature of desert-living lizards is greatly affected by the 

temperature of their environment. A lizard was placed in a chamber where one 

half was maintained at 20 °C and the other at 40 °C. The lizard was free to move 

from one half to the other. The lizard’s behaviour was observed using an infra-red 

camera, which records 20 °C surfaces as black and 40 °C surfaces as white. 

Temperatures between 20 °C and 40 °C appear as shades of grey. A series of 

photographs was taken. 

  

(a)     The position and appearance of the lizard, as recorded by the infra-red 

camera, changed during the experiment. Describe and explain these 

changes. 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(b)     Suggest the advantage to the lizard of the behaviour shown. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 5 marks) 

  

Q3. 

(a)     (i)      What is meant by homeostasis? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Giving one example, explain why homeostasis is important in mammals. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     Cross-channel swimmers may suffer from muscle fatigue during which the 

contraction mechanism is disrupted. One factor thought to contribute to 

muscle fatigue is a decrease in the availability of calcium ions within muscle 

fibres. Explain how a decrease in the availability of calcium ions could disrupt 

the contraction mechanism in muscles. 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 6 marks) 

Q4. 

Homeostatic mechanisms maintain a constant environment in the body. 

(a)     The graph shows changes in plasma glucose concentration that occurred in 

a person who went without food for some time. 

  

Use evidence from the graph to explain the role of negative feedback in the 

control of plasma glucose concentration. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(5) 

(b)     How does maintaining a constant body temperature allow metabolic 

reactions in cells to proceed with maximum efficiency? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(5) 

(Total 10 marks) 

Q5. 

(a)     Salmonella typhimurium causes food poisoning in humans but not in other 

mammals. Explain why these bacteria attach to human cells but not to the 

cells of other mammals. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

(b)     Salmonella bacteria release toxins that cause the body temperature to rise. 

Although a small increase in body temperature can be beneficial, a large 

increase can cause serious harm. 
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Explain how a large increase in a person’s body temperature can cause 

harm. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

(c)     Some species of bacteria, which live in soil and decompose organic 

material, release exotoxins. Suggest how the release of exotoxins benefits the 

bacteria. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

 

 

 

 

 

(d)     Washing hands with anti-bacterial soap reduces the risk of transmission of 

the bacteria that cause food poisoning. Tea tree oil is a plant extract used in 

soaps. It is claimed to have anti-bacterial properties. Outline a method for 

investigating this claim. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 9 marks) 
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Q6. 

Broken bones are repaired by cells called osteoclasts and osteoblasts. 

Osteoblasts secrete a hormone called osteocalcin in an inactive form. 

Osteocalcin is a protein. The active form of osteocalcin binds to a receptor on 

beta (β) cells in the pancreas, stimulating them to release insulin. Osteoblasts have 

receptors for insulin. 

The diagram shows how the production of osteocalcin by osteoblasts is controlled 

by positive feedback. 

 

(a)     The secretion of osteocalcin (in an inactive form) by osteoblasts is controlled 

by positive feedback. 

Use information from the diagram to explain why this is positive feedback. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

(b)     The acidic pH conditions created by osteoclasts cause the inactive form of 
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the protein osteocalcin to change into the active form of osteocalcin. 

Suggest how. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     Binding of insulin leads to an increase in the rate of respiration in cells such as 

osteoblasts. 

Explain how. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 6 marks) 
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Homework #4.       DUE: [31st Jan] 

Glucose Regulation 

Q1. 

The diagram shows some of the events which maintain blood glucose 

concentration in a mammal. 

  

(a)     Name 

(i)      hormone A; ____________________________________________________ 

(ii)     organ B. _______________________________________________________ 

(2) 

(b)     Explain why the events shown in the diagram can be described as an 

example of negative feedback. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 3 marks) 

Q2. 

(a)     The graph shows changes in the concentration of glucose in a person’s 

blood following a meal. 
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Changes in the concentration of glucose are controlled by the hormones 

glucagon and insulin. Write the letters X and Y on the graph to show 

X a time when glucagon secretion would be high; 

Y a time when insulin secretion would be high. 

(1) 

(b)     Many diabetics require regular injections of insulin. Describe how bacteria 

can be genetically modified to produce human insulin. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 5 marks) 

Q3. 

(a)     Describe how insulin reduces the concentration of glucose in the blood. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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Some people produce no insulin. As a result they have a condition called 

diabetes. In an investigation, a man with diabetes drank a glucose solution. The 

concentration of glucose in his blood was measured at regular intervals. The results 

are shown in the graph. 

  

(b)     Suggest two reasons why the concentration of glucose decreased after 1 

hour even though this man’s blood contained no insulin. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

(c)     The investigation was repeated on a man who did not have diabetes. The 

concentration of glucose in his blood before drinking the glucose solution 

was 80 mg per 100 cm3. Sketch a curve on the graph to show the results you 

would expect. 

(1) 

(d)     The diabetic man adopted a daily routine to stabilise his blood glucose 

concentration within narrow limits. He ate three meals a day: breakfast, a 

midday meal and an evening meal. He injected insulin once before 

breakfast and once before the evening meal. 

The injection he used before breakfast was a mixture of two types of insulin. 

The mixture contained slow-acting insulin and fast-acting insulin. 
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(i)      Explain the advantage of injecting both types of insulin before 

breakfast. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     One day, the man did not eat a midday meal. Suggest one reason why 

his blood glucose concentration did not fall dangerously low even 

though he had injected himself with the mixture of insulin before 

breakfast. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 9 marks) 

Q4. 

There are two types of diabetes: type 1 and type 2. 

•        People with type 1 diabetes do not produce enough insulin. 

•        People with type 2 diabetes do produce insulin but have cells which do not 

respond to insulin. 

Doctors use a glucose tolerance test to help diagnose people with diabetes. They 

start each test after a person has not eaten overnight. They measure a person’s 

blood glucose concentration. 

The person then drinks a solution containing 75 g of glucose. The doctors measure 

the person’s blood glucose concentration 2 hours later. During the test, the person 

remains at rest. 

Figure 1 shows three diagnoses that can be made from the results of the test. 
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Figure 1 – glucose tolerance test results and diagnoses 

  

Blood glucose 

concentration after 2 hours 

/ mg 100 cm–3 

Diagnosis Comments 

≤ 110 Non-diabetic Low risk for future diabetes 

Between 140 and 200 Pre-diabetic 

High risk for future diabetes. 

Some doctors recommend that 

the 

upper value should be lowered 

to 

180 mg 100 cm–3 

≥ 200 Diabetic Confirm by doing a second test 

A researcher monitored the mean blood glucose concentration of a non-

diabetic, a pre-diabetic and a diabetic after they had each eaten a midday 

meal. 

His results are shown in Figure 2. 

Figure 2 
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(a)     People with type 1 diabetes are described as being insulin-dependent. 

Suggest why they are described as insulin-dependent. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     Some people with type 2 diabetes have cells which do not respond to 

insulin. 

Explain how this leads to a reduced ability to regulate blood glucose 

concentration. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space)________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

 

(c)     During a glucose tolerance test the person remains at rest. 

Why is it important that the person remains at rest? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

(d)     Use Figure 2 to calculate how many times the maximum mean blood 

glucose concentration of the pre-diabetic is greater than the maximum of 

the non-diabetic person. Show your working. 
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Answer =____________________ 

(2) 

 

(e)     Give three differences between the method used by the researcher to 

obtain the results in Figure 2 and the method doctors use to carry out a 

glucose tolerance test. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

3. _________________________________________________________________ 

___________________________________________________________________ 

(3) 
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(f)     Some doctors have recommended that the upper value used in the glucose 

tolerance test should be lowered to 180 mg 100 cm–3. 

Using information from Figure 1 and Figure 2, suggest why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space)________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 14 marks) 

Q5. 

Scientists investigated the control of blood glucose concentration in mice. They 

kept a group of normal mice without food for 48 hours. After 48 hours, the blood 

glucose concentrations of the mice were the same as at the start of the 

experiment. 

(a)     Explain how the normal mice prevented their blood glucose concentration 

falling when they had not eaten for 48 hours. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

[Extra space] _______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

The scientists then investigated mice with a mutation that prevents their liver cells 

making glucose. They kept a group of these mice without food for 48 hours. After 

48 hours, the mean blood glucose concentrations of the mutant mice and the 
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normal mice were the same. 

The scientists investigated how blood glucose concentration is controlled in these 

mutant mice. An enzyme required for synthesis of glucose is coded for by a gene 

called PCK1. The scientists measured the mean amount of mRNA produced from 

this gene in cells from the kidneys and intestines of normal mice and mutant mice. 

They did this with mice that had previously been without food for 48 hours. 

The scientists’ results are shown in the graph. 

  

(b)     Use information from the graph to suggest how blood glucose 

concentration is controlled in the mutant mice, compared with the normal 

mice. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

[Extra space] _______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

 

(c)     The scientists performed statistical tests on the data shown in the graph, to 

see whether the differences in the amount of mRNA in cells from normal and 

mutant mice were significant. Both the probability values they obtained 

were p<0.01. 
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Explain what this means about the differences in the amounts of mRNA 

produced. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

[Extra space] _______________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 8 marks) 
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Homework #5.       DUE: [7th Feb] 

Osmoregulation 

Q1. 

Three processes are involved in the formation of urine in a mammalian kidney. 

These are ultrafiltration, selective reabsorption and concentration. The diagram 

shows where these processes take place in a nephron. 

  

(a) Describe how ultrafiltration produces glomerular filtrate. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

       ___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

(5) 

 

 

 

 

(b) Some people who have diabetes do not secrete insulin. Explain how a lack 

of insulin affects reabsorption of glucose in the kidneys of a person who does 

not secrete insulin. 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

          ___________________________________________________________________ 

          ___________________________________________________________________ 

       ___________________________________________________________________ 

 

(4) 

(c)     Some desert mammals have long loops of Henle and secrete large amounts 

of antidiuretic hormone (ADH). Explain how these two features are 

adaptations to living in desert conditions. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

       ___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

(6) 

(Total 15 marks) 
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Q2. 

The diagram shows a renal capsule where ultrafiltration occurs in the kidney. 

  

(a)     Apart from water and glucose, name two substances which will be present 

in the glomerular filtrate. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 

(1) 

(b)     The glomerular filtration rate is the total volume of filtrate formed per minute. 

Explain the effect on the glomerular filtration rate of a large loss of blood 

from the body. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     Selective reabsorption from the glomerular filtrate occurs in the proximal 

convoluted tubule. Explain two ways in which the cells of the proximal 

convoluted tubule are adapted for reabsorption. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)     The threshold value is the maximum plasma glucose concentration at which 

all the glucose can be reabsorbed from the filtrate. An investigation was 

carried out to determine the threshold value for glucose reabsorption in the 

kidneys of a mammal.The graph shows the results. 
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(i)      Explain the change in the glucose concentration in the urine as the 

plasma glucose concentration increases from 0 to 4 mgcm−3. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     A person with diabetes may have a plasma glucose concentration 

greater than the threshold value for glucose reabsorption. Explain what 

causes this raised plasma glucose concentration. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 8 marks) 
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Q3. 

The graph shows changes in the amounts of water, glucose and sodium ions as 

fluid passes along a kidney tubule from the renal capsule to the collecting duct. 

  

 

(a)     Which hormone causes the decrease in the water content in the distal 

convoluted tubule? 

___________________________________________________________________ 

(1) 

 

(b)     Explain the change in the amount of glucose. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(c)     Explain the shape of the curve for sodium ions in the loop of Henle. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space) _______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 6 marks) 

Q4. 

Osmoreceptors are specialised cells that respond to changes in the water 

potential of the blood. 

(a)     Give the location of osmoreceptors in the body of a mammal. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

 

(b)     When a person is dehydrated, the cell volume of an osmoreceptor 

decreases. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 

 

(c)     Stimulation of osmoreceptors can lead to secretion of the hormone ADH. 

Describe and explain how the secretion of ADH affects urine produced by 

the kidneys. 



 
Page 53 of 123 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

The efficiency with which the kidneys filter the blood can be measured by the rate 

at which they remove a substance called creatinine from the blood. The rate at 

which they filter the blood is called the glomerular filtration rate (GFR). 

In 24 hours, a person excreted 1660 mg of creatinine in his urine. The 

concentration of creatinine in the blood entering his kidneys was constant at 0.01 

mg cm–3. 

(d)     Calculate the GFR in cm3 minute–1. 

  

  

  

Answer = ____________________ 

(1) 

(e)     Creatinine is a breakdown product of creatine found in muscle tissues. Apart 

from age and gender, give two factors that could affect the concentration 

of creatinine in the blood. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 

(1) 

(Total 9 marks) 
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Q5. 

(a)     The table shows the concentrations of dissolved substances in different 

regions of a nephron in a kidney in the presence and in the absence of 

antidiuretic hormone (ADH). 

  

Region of nephron 

Concentration of dissolved 

substances / arbitrary units 

ADH present ADH absent 

First convoluted tubule 300 300 

Bend of loop of Henle 1000 1000 

Start of second convoluted tubule 150 150 

Middle of second convoluted 

tubule 
250 90 

Start of collecting duct 300 50 

End of collecting duct 1000 50 

Describe and explain the effect of ADH on the volume and concentration of 

urine produced by the kidney. Give evidence from the table to support your 

answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

 

 

 

 

 

 

(b)     Glomerulosclerosis is a disease in which the glomeruli of the kidney are 

damaged. Explain why protein is not normally present in the urine of a 

healthy person but may be present in the urine of a person with 
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glomerulosclerosis. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 5 marks) 
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Homework #6.       DUE: [14th Feb] 

Populations and Evolution 

Q1. 

(a)     What does the Hardy–Weinberg principle predict? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

          The table shows the frequencies of some alleles in the population of cats in three 

cities. 

  

City 

Frequency of allele 

White Non-agouti Blotched Long-haired 

Athens 0.001 0.72 0.25 0.50 

Paris 0.011 0.71 0.78 0.24 

London 0.004 0.76 0.81 0.33 

 

(b)     White cats are deaf. Would the Hardy–Weinberg principle hold true for white 

cats? Explain your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(c)     What is the evidence from the table that non-agouti and blotched are 

alleles of different genes? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(d)     Hair length in cats is determined by a single gene with two alleles. The allele 

for long hair (h) is recessive. The allele for short hair (H) is dominant. 

Use the information in the table and the Hardy–Weinberg equation to 

estimate the percentage of cats in London that are heterozygous for hair 

length. Show your working. 

  

  

  

  

  

Answer ____________________ 

(2) 

(Total 8 marks) 

Q2. 

(a)     Explain what is meant by the term phenotype. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(b)     One type of colour blindness is controlled by a gene carried on the X 

chromosome. The allele for this type of colour blindness, b, is recessive to the 

allele for colour vision, B. 

The diagram shows the phenotypes in a family tree for this sex-linked 

condition. 

  

(i)      Explain one piece of evidence from the diagram which shows that 

colour blindness is recessive. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

 

(ii)     Give the genotype of individual 8. 

______________________________________________________________ 

(1) 
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(c)     (i)      The allele for tongue-rolling, T, is dominant to the allele for non-tongue 

rolling, t. 

The gene controlling tongue-rolling is not sex-linked. Individuals 10 and 

11 are both heterozygous for tongue-rolling. 

What is the probability that individuals 10 and 11 will produce a male 

child who is colour blind and a non-tongue roller? 

Answer = ____________________ 

(2) 

(ii)      In a population, the frequency of the allele for tongue-rolling, T, is 0.4. 

Use the Hardy-Weinberg equation to calculate the percentage of 

people in this population that are heterozygous for tongue-rolling. 

Answer = ____________________ % 

(2) 

(Total 9 marks) 

Q3. 

The graph shows the variation in length of 86 Atlantic salmon. 

  

(a)     Give two possible causes of this variation that result from meiosis during 

gamete formation. 

1. _________________________________________________________________ 
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___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     When comparing variation in size between two groups of organisms, it is 

often considered more useful to compare standard deviations rather than 

ranges. Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 4 marks) 

 

Q4. 

Great tits are small birds. The graph shows the relationship between the number of 

breeding pairs in the population and the mean number of eggs per nest in 

different years in a wood. 

  

 

(a)     Explain the relationship shown by the graph. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 



 
Page 61 of 123 

___________________________________________________________________ 

(2) 

(b)     Female great tits usually lay between 3 and 14 eggs in a nest. 

(i)      In the same year, the birds do not all lay the same number of eggs. 

Explain how one factor, other than the number of breeding pairs, could 

influence the number of eggs laid by a great tit. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Natural selection influences the number of eggs laid. Explain why great 

tits that lay fewer than 3 eggs per nest or more than 14 eggs per nest 

are at a selective disadvantage. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 6 marks) 
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Q5. 

Lemmings are small mammals which live in the Arctic. Their main predator is the 

stoat, a small carnivorous mammal, which feeds almost entirely on lemmings. The 

graph shows the changes in the numbers of lemmings and stoats from 1988 to 

2000. 

  

(a)     Describe and explain the changes which occur in the lemming and stoat 

populations. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(6) 
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(b)     Lemmings often live in isolated populations. From time to time some 

lemmings move and join other populations. Explain how this movement is 

important in maintaining genetic variability in lemming populations which 

have large fluctuations in size. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     James Bay is a large ocean bay in northern Canada. It was formed by the 

melting of glaciers. One species of lemming inhabits the eastern side of 

James Bay and another species of lemming inhabits the western side. Before 

the glaciers melted there was only one species of lemming present. Explain 

how two species of lemming evolved from the original species. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 12 marks) 
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Q6. 

There are nine subspecies of giraffe. These subspecies evolved when populations 

of giraffe were separated for long time periods. Each subspecies has distinct 

coloured skin markings. Some biologists have suggested that up to six of these 

subspecies should be classified as different species. 

(a)     Explain how different subspecies of giraffe may have evolved from a 

common ancestor. 

Use information from the passage in your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(5) 

(b)     Biologists compared the mitochondrial DNA of the different subspecies of 

giraffe. They used the results from comparing this DNA to conclude that six of 

the nine subspecies are separate species. 

Suggest how they came to this conclusion. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 7 marks) 
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Homework #7.       DUE: [28th Feb] 

Populations in Ecosystems 

Q1. 

Yeast is a single-celled organism. A student investigated respiration in a population 

of yeast growing in a sealed container. His results are shown in the graph. 

  

(a)     Calculate the rate of oxygen uptake in arbitrary units per hour between 2 

and 4 hours. 

  

  

  

Answer ____________________ arbitrary units per hour 

(1) 
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(b)     (i)      Use the information provided to explain the changes in oxygen uptake 

during this investigation. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(Extra space)___________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

 

(ii)     Use the information provided to explain the changes in production of 

ethanol during this investigation. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 
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(c)     Sodium azide is a substance that inhibits the electron transport chain in 

respiration.The student repeated the investigation but added sodium azide 

after 4 hours. Suggest and explain how the addition of sodium azide would 

affect oxygen uptake and the production of ethanol. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space)________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 9 marks) 

Q2. 

Ecologists studied a community of fish in a lake. 

(a)     Explain what is meant by a community. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 
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(b)     (i)      The ecologists could have used the mark-release-recapture method to 

estimate the number of one species of fish in the lake. Describe how. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(Extra space)___________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     This species of fish breeds at a certain time of the year. During this fish-

breeding season, the mark-release-recapture technique might not give 

a reliable estimate. 

Suggest one reason why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     The ecologists found that each species of fish had adaptations to its niche. 

One of these adaptations was the shape of its mouth. 

Suggest how the shape of mouth is an adaptation to its niche. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 7 marks) 

Q3. 

(a)     Blue tits are small birds that live in woods. An ecologist estimated the size of 

the blue tit population visiting gardens near a wood in November. 
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•        She trapped 28 blue tits. She marked all of these birds with small metal 

rings on their legs. 

•        Two weeks later, she trapped another sample of blue tits. Of these 

birds, 18 were marked and 20 were not marked. 

Use the data to estimate the size of the blue tit population. Show your 

working. 

  

  

  

Size of population ____________________ 

(2) 

(b)     The diagram shows some features of blue tit behaviour at different times of 

the year. 

  

(i)      Using mark-release-recapture to estimate the size of a blue tit 

population in June would not give reliable results. Explain why. 

______________________________________________________________ 

______________________________________________________________ 
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______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Using mark-release-recapture to estimate the size of a blue tit 

population in March would not give reliable results. Explain why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(c)     Whales spend most of their time deep in the sea but they come to the 

surface to breathe. When they are at the surface, scientists obtain small 

samples of their skin. The scientists find the base sequence in some of the 

DNA from these samples. The base sequence is different in each whale. 

You could use the information about the base sequence to estimate the size 

of the whale population by using mark-release-recapture. Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 8 marks) 
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Q4. 

Impala and wildebeest are species of herbivore that live in large groups. They 

spend most of their time feeding with their heads near the ground. 

Scientists investigated the relationship between the number of predators in an 

area and the mean proportion of time these herbivores spent with their heads up, 

looking around rather than feeding. They obtained data from groups of impala 

and wildebeest in two areas. In one area there were few predators and in the 

other area there were many predators. 

The graph shows their results. The bars show standard deviations. 

  

(a)     The scientists observed both groups of animals for 75 hours. 

Use data from the graph to calculate the difference in the mean number of 

hours spent by each species looking around in the area where there were 

many predators. 

Show your working. 

Difference ____________________ hours 

(2) 
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(b)     The scientists concluded that these herbivores spend more time looking for 

predators in areas where there are many predators. 

Do these data support this conclusion? Give reasons for your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(c)     The behaviour of the herbivores in having their heads up has a benefit but it 

also has costs. The benefit is being able to see, and escape from, predators. 

Suggest and explain one cost to the herbivores of this behaviour. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 8 marks) 
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Q5. 

Ecologists studied a stream community before and after a flood. The flood 

reduced animal populations in the stream by 98%. 

The table shows how the populations of six animal species found in the stream 

changed following the flooding. 

  

 Animal species 

Number of days after flooding 

1 5 13 22 35 49 63 

Mean number of organisms / thousands m−3 

 Baetis quilleri 0.03 0.85 2.6 9.3 6.4 0.9 0.3 

 Leptohyphes packeri 0.0 0.0 0.25 2.5 17.3 18.0 29.5 

 Helicopsyche mexicana 0.0 0.02 0.2 0.1 0.07 0.03 0.01 

 Cryptolabis paradoxa 0.0 13.3 21.3 55.8 62.9 168.7 182.6 

 Pentaneurini guttipennis 0.1 0.5 0.6 1.8 1.0 0.6 0.25 

 Micropsectra klinki 0.0 0.0 0.0 0.0 0.0 0.2 5.6 

(a)     Explain how the data in the table provides evidence of succession. 

(5) 

(b)     The populations of Cryptolabis paradoxa and Leptohyphes packeri both 

increased between days 13 and 63. 

Calculate how many times the population growth per day of Cryptolabis 

paradoxa is greater than that of Leptohyphes packeri between these days. 

 

Answer = _____________________ 

(2) 
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(c)     The stream eventually recovered to reach a climax community. 

Give two features of a climax community. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 9 marks) 

  



 
Page 75 of 123 

Homework #8.       DUE: [6th Mar] 

Gene Mutations 

Q1. 

(a)     What name is used for the non-coding sections of a gene? 

___________________________________________________________________ 

(1) 

          Figure 1 shows a DNA base sequence. It also shows the effect of two mutations on 

this base sequence. Figure 2 shows DNA triplets that code for different amino 

acids. 

Figure 1 

  

Original DNA base 

sequence 

A T T G G C G T G T C T 

Amino acid sequence         

Mutation 1 DNA base 

sequence 

A T T G G A G T G T C T 

Mutation 2 DNA base 

sequence 

A T T G G C C T G T C T 

Figure 2 

  

DNA triplets Amino acid 

GGT, GGC, GGA, 

GGG 

Gly 

GTT, GTA, GTG, GTC Val 

ATC, ATT, ATA Ile 

TCC, TCT, TCA, TCG Ser 

CTC, CTT, CTA, CTG Leu 

 

(b)     Complete Figure 1 to show the sequence of amino acids coded for by the 

original DNA base sequence. 

(1) 
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(c)     Some gene mutations affect the amino acid sequence. Some mutations do 

not. 

Use the information from Figure 1 and Figure 2 to explain 

(i)      whether mutation 1 affects the amino acid sequence 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     how mutation 2 could lead to the formation of a non-functional 

enzyme. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(d)     Gene mutations occur spontaneously. 

(i)      During which part of the cell cycle are gene mutations most likely to 

occur? 

______________________________________________________________ 

(1) 

(ii)     Suggest an explanation for your answer. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 9 marks) 
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Q2. 

(a)     There are different types of gene mutation. 

Put a tick (✓) in the box next to the statement which describes incorrectly the 

effect of the mutation in an exon of a gene. 

  

A substitution may not result in a change 

to the encoded amino acid.   

An inversion will result in a change in the 

number of DNA bases.   

A deletion will result in a frame shift. 
  

An addition will result in a frame shift. 
  

(1) 

(b)     Describe how alterations to tumour suppressor genes can lead to the 

development of tumours. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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(c)     A type of malignant tumour cell divides every 8 hours. 

Starting with one of these cells, how many tumour cells will be present after 4 

weeks? 

Assume none of these cells will die. 

Give your answer in standard form. 

Answer = ____________________  

(2) 

(Total 6 marks) 

Q3. 

(a)     Explain how the structure of DNA is related to its functions. 

(6) 

Scientists investigated three genes, C, D and E, involved in controlling cell division. 

They studied the effect of mutations in these genes on the risk of developing lung 

cancer. 

The scientists analysed genes C, D and E from healthy people and people with 

lung cancer. 

•        If a person had a normal allele for a gene, they used the symbol N. 

•        If a person had two mutant alleles for a gene, they used the symbol M. 
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They used their data to calculate the risk of developing lung cancer for people 

with different combinations of N and M alleles of the genes. A risk value of 1.00 

indicates no increased risk. The following table shows the scientists’ results. 

  

Gene C Gene D Gene E 

Risk of 

developing 

lung cancer 

N N N 1.00 

M N N 1.30 

N N M 1.78 

N M N 1.45 

N = at least one copy of the normal allele is 

present 

M = two copies of the mutant allele are present 

(b)     What do these data suggest about the relative importance of the mutant 

alleles of genes C, D and E on increasing the risk of developing lung cancer? 

Explain your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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Chemotherapy is the use of a drug to treat cancer. The drug kills dividing cells. 

The figure below shows the number of healthy cells and cancer cells in the blood 

of a patient receiving chemotherapy. The arrows labelled F to I show when the 

drug was given to the patient. 

  

                                    Time / days 

(c)     Calculate the rate at which healthy cells were killed between days 42 and 

46. 

  

  

  

____________________ cells killed per unit volume of blood per day 

(1) 
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(d)     Describe similarities and differences in the response of healthy cells and 

cancer cells to the drug between times F and G. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space) ________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(e)     More cancer cells could be destroyed if the drug was given more frequently. 

Suggest why the drug was not given more frequently. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 15 marks) 

Q4. 

Phenylketonuria is a disease caused by mutations of the gene coding for the 

enzyme PAH. The table shows part of the DNA base sequence coding for PAH. It 

also shows a mutation of this sequence which leads to the production of non-

functioning PAH. 

  

DNA base sequence coding for 

PAH 

C A G T T C G C T A C G 

DNA base sequence coding for 

non-functioning PAH 

C A G T T C C C T A C G 
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(a)     (i)      What is the maximum number of amino acids for which this base 

sequence could code? 

  

(1) 

(ii)     Explain how this mutation leads to the formation of non-functioning 

PAH. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(Extra space)___________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

PAH catalyses a reaction at the start of two enzyme-controlled pathways. 

The diagram shows these pathways. 

  

(b)     Use the information in the diagram to give two symptoms you might expect 

to be visible in a person who produces non-functioning PAH. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 

(2) 
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(c)     One mutation causing phenylketonuria was originally only found in one 

population in central Asia. It is now found in many different populations 

across Asia. Suggest how the spread of this mutation may have occurred. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 7 marks) 

Q5. 

One hypothesis for the cause of cancer of the colon (large intestine) is that 

Clostridium bacteria present in the gut can convert bile steroids into cancer-

causing substances. 

(a)     Explain the presence of bile in the colon. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     The concentrations of bile steroids and numbers of Clostridium bacteria 

were measured in people with colon cancer and in controls without colon 

cancer. The table shows the results. 

  

Concentration 

of bile steroids 

Number of 

Clostridium 

bacteria 

Percentage of 

cancer 

patients 

Percentage of 

controls 
P 

high 

high 

low 

low 

high 

low 

high 

low 

76 

13 

7 

4 

9 

8 

34 

49 

<0.01 

<0.01 

<0.01 

<0.01 

A statistical test showed there was a significant difference between the 

cancer patients and the controls in each of the four categories. 
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(i)      Explain how the results could be used to support the hypothesis that 

Clostridium bacteria convert bile steroids into substances which cause 

colon cancer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Explain how the results indicate that other factors may be involved in 

causing colon cancer. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     Human cells contain genes that control their growth and division. One of 

these genes codes for a protein that prevents cell division. The substances 

formed from bile steroids by Clostridium bacteria may cause gene mutation. 

Describe and explain how these substances could cause colon cancer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 9 marks) 
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Homework #9.       DUE: [13th Mar] 

Gene Expression 

Q1. 

(a)     What is meant by a genome? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

 

Chromatin immunoprecipitation is one method to determine where a transcription 

factor binds to DNA. The principle behind this procedure is shown in the chart. 
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(b)     Explain why the antibody binds to the transcription factor. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     Use the chart to explain what ‘precipitated DNA’ consists of. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

Soybeans are used in a number of processed foods. However, soybeans contain a 

protein known as P34 that causes an allergic response in some people. Scientists 

have created transgenic soybeans that produce single-stranded cDNA, which 

prevents transcription of the P34 gene. They used recombinant plasmids as vectors 

to transform soybean cells. After they had screened these cells for production of 

the P34 protein, they cultured the transformed cells to form soybean plants. 

(d)     Suggest how single-stranded cDNA could prevent transcription of the P34 

gene. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 
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(e)     Describe the roles of two named types of enzymes used to insert DNA 

fragments into plasmids. 

Type of enzyme _____________________________________________________ 

Role _______________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Type of enzyme _____________________________________________________ 

Role _______________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(f)      The soybean cells were screened for the presence of the P34 protein. This 

process involved the use of gel electrophoresis to separate proteins 

extracted from soybean cells. 

Suggest two features of the structure of different proteins that enable them 

to be separated by gel electrophoresis. 

1. _________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 9 marks) 
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Q2. 

(a)     Define what is meant by epigenetics. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     In eukaryotes, transcription of target genes can be stimulated or inhibited 

when specific transcriptional factors move from the cytoplasm into the 

nucleus. 

Oestrogen, methyl groups and acetyl groups are control factors that can 

play a role in initiating transcription. 

Complete the table to show features of these control factors. 

Put a tick (✔) in the box if the control factor shows the feature. 

  

  Feature 

Control factor Binds with DNA Binds with protein 

Oestrogen     

Methyl groups     

Acetyl groups     

(2) 

(c)     Explain how increased methylation could lead to cancer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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(d)     Give one way in which benign tumours differ from malignant tumours. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 8 marks) 

Q3. 

Scientists have investigated the use of different types of stem cell to treat damage 

to the heart after a myocardial infarction. During a myocardial infarction, a 

number of different cell types in the heart die. This includes cardiomyocytes which 

are heart-muscle cells. 

Embryonic pluripotent stem cells (ESCs) can divide and differentiate into a wide 

range of different cell types. 

(a)     Using the information given, suggest one reason why ESCs might be suitable 

to treat damage to the heart. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     ESCs have not yet been used to treat people who have had a myocardial 

infarction. This is because of concern that the use of ESCs might lead to more 

harm to the person. One way that ESCs might lead to more harm is by 

differentiating into the wrong types of cells. 

Suggest one other way that putting ESCs into a person’s heart might lead to 

more harm to the person. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(c)     Transplants of cardiomyocytes have been shown to increase the repair of 

heart tissue damaged by myocardial infarction. 

One group of scientists investigated the hypothesis that these transplants 

work by stimulating growth of new blood vessels into damaged heart tissues. 

They obtained three groups of mice, A, B and C that had suffered 

myocardial infarctions. 

•        Group A were operated on but no transplant was given. 

•        Group B were operated on and given transplants containing 

cardiomyocytes and two other types of heart cell. 

•        Group C were operated on and given transplants containing the two 

other types of heart cells but no cardiomyocytes. 

After a suitable time, the scientists measured the mean number of capillaries 

per mm2 in sections taken from areas of the hearts of the mice affected by 

myocardial infarction. 

Their results are shown in the graph below. The bars show ±2 standard 

deviations, which includes 95.4% of the data. 

  

Group A was a control group. Explain two ways in which Group A acts as a 

control. 

1. _________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(d)     What can you conclude from these data about the stimulation by 

cardiomyocytes on growth of new blood vessels into damaged heart 

tissues? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

 

(e)     Suggest how the growth of new blood vessels into damaged heart tissues 

could increase the rate of repair of tissues. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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(f)      The scientists used an optical microscope to measure the number of 

capillaries in thin sections cut from samples of heart muscle. 

Describe the method they would have used to find the mean number of 

capillaries per mm2. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 15 marks) 

Q4. 

(a)     Explain how the methylation of tumour suppressor genes can lead to 

cancer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space) _______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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Scientists investigated a possible relationship between the percentage of fat in the 

diet and the death rate from breast cancer in women from 10 countries. 

Their data is shown in the table below. 

  

Percentage of fat in  

diet of population 

Death rate of 

women  

from breast cancer 

per 100 000 women 

9.5 1.5 

15.0 7.0 

20.0 12.0 

25.0 9.0 

32.0 15.0 

35.0 8.0 

35.0 20.0 

40.5 18.0 

43.0 24.0 

45.0 26.0 

(b)     Describe how you would plot a suitable graph of these data. Explain your 

choice of type of graph. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(Extra space) _______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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(c)     What can you conclude from these data? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 8 marks)
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Homework #10.       DUE: [20th Mar] 

Gene Technology 

Q1. 

Scientists investigated the role of a protein called CENP-W in mitosis. Their method 

involved cell fractionation and ultracentrifugation. 

(a)     The scientists began by lysing (breaking open) cells and organelles using a 

detergent that dissolves lipids in water. 

Suggest how the detergent releases CENP-W from cells. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Explain how ultracentrifugation separates CENP-W from other molecules. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(c)     CENP-W is involved in the formation of spindle fibres in mitosis. Spindle fibres 

are made of molecules of a protein called tubulin. 

The scientists treated cells in a culture with small interfering RNA (siRNA). This 

siRNA causes RNA interference of expression of the CENP-W gene. The 

scientists took samples of cells at 0, 48 and 72 hours after adding the siRNA. 

They then used gel electrophoresis to separate CENP-W and tubulin from 

these samples. 

The diagram shows the results of the electrophoresis. The size of each band is 

proportional to the amount of CENP-W or tubulin present. 

 

Suggest how the siRNA produced these results. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 7 marks) 
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Q2. 

People suffering from pituitary dwarfism do not make enough human growth 

hormone (HGH). They can be treated using injections of HGH. 

A geneticist wants to transform the bacterium, Escherichia coli, to make HGH by 

adding the gene coding for HGH. 

The geneticist could obtain the HGH gene using any one of three methods. 

1.      Use restriction enzymes to cut out a fragment of DNA containing the HGH 

gene from a human genome. 

2.      Convert mRNA for HGH into cDNA using reverse transcriptase. 

3.      Create the HGH gene using a ‘gene machine’. 

(a)     The geneticist decided not to use restriction enzymes to cut out a fragment 

of DNA containing the HGH gene from a human genome. She made this 

decision because only methods 2 and 3 would produce DNA that E. coli 

could use to make HGH. 

Explain why only methods 2 and 3 would produce DNA that E. coli could use 

to make HGH. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     The geneticist concluded it would be faster to create the HGH gene using a 

gene machine than by using reverse transcriptase to convert mRNA for HGH 

into cDNA. 

Suggest why the geneticist reached this conclusion. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 
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(c)     After obtaining copies of the HGH gene, the geneticist will attempt to insert 

them into plasmid vectors. 

Describe how the geneticist would attempt to insert copies of the HGH gene 

into these plasmids. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

(3) 

 

(d)     The geneticist plans to use the plasmids containing the HGH gene to try to 

transform cells of E. coli. She knows that some E. coli might not take up the 

plasmid. 

To enable her to identify which bacteria have taken up the plasmid with the 

HGH gene, the plasmids she intends to use contain a gene that codes for a 

green fluorescent protein (GFP). Bacteria that contain this plasmid glow 

green under UV light. 

Suggest one advantage of using this gene for GFP to identify bacteria that 

have taken up plasmids. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 
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The diagram below shows part of the plasmid containing the gene that codes for 

GFP. It also shows the roles of two genes that control the GFP gene. 

  

(e)      Arabinose is a sugar that can bind to the araC protein. 

Use information in the diagram to suggest why the geneticist must include 

arabinose in the agar on which she hopes to grow E. coli containing the 

transgenic plasmids. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 9 marks) 
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Q3. 

Silkworms secrete silk fibres, which are harvested and used to manufacture silk 

fabric. 

Scientists have produced genetically modified (GM) silkworms that contain a 

gene from a spider. 

The GM silkworms secrete fibres made of spider web protein (spider silk), which is 

stronger than normal silk fibre protein. 

The method the scientists used is shown in the figure below. 

  

(a)     Suggest why the plasmids were injected into the eggs of silkworms, rather 

than into the silkworms. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(b)     Suggest why the scientists used a marker gene and why they used the EGFP 

gene. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

The scientists ensured the spider gene was expressed only in cells within the silk 

glands. 

(c)     What would the scientists have inserted into the plasmid along with the 

spider gene to ensure that the spider gene was only expressed in the silk 

glands of the silkworms? 

___________________________________________________________________ 

(1) 

(d)     Suggest two reasons why it was important that the spider gene was 

expressed only in the silk glands of the silkworms. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 7 marks) 
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Q4. 

Agrobacterium tumefaciens is a bacterium that is often used in recombinant DNA 

technology to produce transformed plants that benefit humans. 

A. tumefaciens contains a plasmid which can be used as a vector to transfer a 

desired gene into plant cells. These plant cells may then develop into plants which 

produce the protein coded for by the desired gene. 

The diagram outlines this process. 

  

(a)     (i)      In stage 1, an enzyme is used to cut open the plasmid. 

Name the type of enzyme used to cut open the plasmid. 

______________________________________________________________ 

(1) 

(ii)      In stage 1, another enzyme is used to insert the desired gene into the 

plasmid DNA.  

Name the type of enzyme used to insert the gene into the plasmid. 

______________________________________________________________ 

(1) 
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(b)     In stage 4, some plant cells had plasmid DNA only in their cytoplasm. In other 

plant cells, the plasmid DNA had become inserted into plant DNA in the 

nucleus. 

In stage 5, only cells with plasmid DNA inserted into the plant DNA in the 

nucleus grew into plants where all the cells contained the desired gene. 

Explain why some of the plants in stage 5 contained the desired gene in all 

of their cells and others did not. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     The desired gene in the diagram was from an insect. In stage 6, the plant 

containing this gene was able to use it to synthesise an insect protein. 

The plant is able to synthesise the insect protein. Explain why this is possible. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 8 marks) 

Q5. 

Scientists wanted to measure how much mRNA was transcribed from allele A of a 

gene in a sample of cells. This gene exists in two forms, A and a. 

The scientists isolated mRNA from the cells. They added an enzyme to mRNA to 

produce cDNA. 

(a)     Name the type of enzyme used to produce the cDNA. 

___________________________________________________________________ 

(1) 

  



 
Page 104 of 123 

The scientists used the polymerase chain reaction (PCR) to produce copies of the 

cDNA. They added a DNA probe for allele A to the cDNA copies. This DNA probe 

had a dye attached to it. This dye glows with a green light only when the DNA 

probe is attached to its target cDNA. 

(b)     Explain why this DNA probe will only detect allele A. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     The scientists used this method with cells from two people, H and G. 

One person was homozygous, AA, and the other was heterozygous, Aa. 

The scientists used the PCR and the DNA probe specific for allele A on the 

cDNA from both people. 

The figure shows the scientists’ results. 

  

(i)      Explain the curve for person H. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(Extra space) ___________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 
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(ii)     Which person, H or G, was heterozygous, Aa? Explain your answer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 8 marks) 



Homework #11.       DUE: [27th Mar] 

Homeostasis Revision 

1 The diagram shows some of the events which maintain blood glucose 

concentration in a mammal. 

 

 a Name: 

  i hormone A 

  ii organ B. 

 

  

(2 marks) 

 b Explain why the events shown in the diagram can be described as an 

example of negative feedback. 

  

(1 mark) 

 c The structure of a glycogen molecule is related to its function in 

maintaining blood glucose concentration. Explain how. 

 

  

(2 marks) 

AQA Biology, 2004, Unit 6 (Question 2) 

2 One of the functions of the kidney is osmoregulation. 

 a Explain what is meant by the term osmoregulation. 

  

(1 mark) 
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 b The table below shows the composition of some fluids from the body 

of a healthy adult at rest. 

Fluid Concentration as a percentage of total volume 

 Protein Glucose Urea 

Blood plasma 8.1 0.1 0.3 

Ultrafiltrate at the end 

of the proximal 

convoluted tubule 

    0.03 

Urine   1.9 

 

 

  Complete the table to show the values that you would expect for 

protein and glucose. 

(2 marks) 

 c i Give the region of the nephron which is responsible for 

establishing a gradient of ions across the medulla. 

  

(1 mark) 

  ii This gradient of ions leads to the production of concentrated 

urine. Explain how. 

 

 

  

(3 marks) 
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3 Students carried out an investigation into the functioning of the human 

kidney. Each student emptied their bladder and recorded the volume of 

urine, then immediately drank a litre of de-ionised water. 

 They collected urine samples at 30-minute intervals over a period of 2 

hours. The volume of urine was measured and the chloride ion 

concentration determined by titration. 

 The data obtained from one of the students is shown in the table below. 

Time/minutes Volume of urine/cm3 
Chloride ion 

concentration/g 100 cm−3 

0 53 1.3 

30 81   0.91 

60 246   0.61 

90 182   0.56 

120 56   1.23 

 a Calculate the percentage increase in volume of urine in the first 60 

minutes. Show your working. 

 

  

(2 marks) 

 b i Use your knowledge and the information shown in the table to 

explain the change in volume of urine over the period of the 

investigation.  

 

 

  

(3 marks) 

  ii Explain why the concentration of salt in the urine changed 

between 0 and 60 minutes. 

  

(1 mark) 
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4 When insulin binds to receptors on liver cells, it leads to the formation of 

glycogen from glucose. This lowers the concentration of glucose in liver 

cells. 

 a Explain how the formation of glycogen in liver cells leads to a 

lowering of blood glucose concentration. 

 

 (2 

marks) 

  People with type II diabetes have cells with low sensitivity to insulin. 

About 80% of people with type II diabetes are overweight or obese. 

Some people who are obese have gastric bypass surgery (GBS) to 

help them to lose weight. 

  Doctors investigated whether GBS affected sensitivity to insulin. They 

measured patients’ sensitivity to insulin before and after GBS. About 

half of the patients had type II diabetes. The other half did not, but 

were considered at high risk of developing the condition. 

  The table shows the doctors’ results. The higher the number, the 

greater the sensitivity to insulin. 

Patients 

Mean sensitivity to insulin/ arbitrary units 

(  standard deviation) 

Before gastric 

bypass surgery 

1 month after gastric 

bypass surgery 

Did not have 

diabetes 

  0.55 

( 0.32) 

  1.30 

( 0.88) 

Had type II diabetes 
  0.40 

( 0.24) 

  1.10 

 ( 0.87) 

  

b The doctors concluded that many of the patients who did not have type 

II diabetes were at high risk of developing the condition. 

  Use the data in the table to suggest why they reached this 

conclusion. 

 

  

(2 marks) 
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c The doctors also concluded that GBS cured many patients’ diabetes but 

that some were not helped very much. 

  Do these data support this conclusion? Give reasons for your answer. 

 

 

  

(3 marks) 

AQA Biology, 2014, Unit 5 (Question 4) 

5 a The control of water balance in the body involves negative 

feedback. 

  i Describe what is meant by negative feedback. 

  

(1 mark) 

  ii Water is removed from the body via the kidneys. Give two other 

ways in which water is removed from the body. 

 

  

(2 marks) 

  iii Name the part of the brain which acts as the coordinator in the 

control of water balance. 

  

(1 mark) 
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 b Figure 1 shows the cells lining the collecting duct in a human kidney. 

ADH molecules bind to the receptor proteins and this triggers the 

vesicles containing aquaporins to bind with the plasma membrane 

next to the lumen. Figure 2 shows an aquaporin, which is a large 

channel protein. 

 

  Figure 1 

 

  Figure 2 

  i From which gland is ADH released? 

  

(1 mark) 
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  ii Use the information given to explain how ADH increases the 

movement of water from the lumen of the collecting duct into the 

blood. 

 

 

 

  

(4 marks) 

AQA Biology, 2005, Unit 6 (Question 8) 

6 A healthy adult male underwent an investigation to monitor his blood 

glucose levels over 24 hours. The graph below shows the results of the 

investigation. 

 

 The man ate three carbohydrate-rich meals at the times shown below 

the x-axis. 

 a i Write the letter X on the graph to show one time when the insulin 

concentration in the blood would be highest. 

  

(1 mark) 

  ii Explain why you chose this time. 

  

(1 mark) 
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  iii The graph shows blood glucose concentrations in a healthy, non-

diabetic adult. Describe two ways in which a similar graph, drawn 

for a diabetic adult, would differ. 

 

  

(2 marks) 

 b A man had a total of 20 g of glucose dissolved in his blood and body 

fluids. 

  The man’s rate of energy use at rest was 480 kJ per hour. 

  The breakdown of 1 g of glucose releases 16 kJ of energy. 

  i How long would the 20 g of glucose in the man’s blood and body 

fluids last at rest? 

   Assume that all the man’s energy was supplied by the breakdown 

of glucose. 

   Give your answer in minutes. 

   Show your working. 

 

  

(2 marks) 

  ii The time between one meal and the next is greater than the time 

you calculated in part bi. 

   Extra glucose can be made available during this time to supply 

the body’s needs. 

   Explain how. 

 

 

  

(3 marks) 

AQA Biology, 2013, Unit 4 (Question 9) 
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Homework #12.       DUE: [4th Apr] 

Gene Technology Revision 

1 The diagram below shows the results of a test which can be used to 

analyse evidence left at the scene of a crime. This can then be 

compared with samples taken from various suspects. 

 

 a i Name this technique. 

  

(1 mark) 

  ii State two types of evidence left at the scene of the crime which 

may have been used to provide the DNA sample. 

  

(1 mark) 

  iii Identify the suspect incriminated by the results. Give a reason for 

your answer. 

 

  

(2 marks) 
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b Briefly describe the part played by the following in the technique: 

  i restriction endonuclease; 

  

(1 mark) 

  ii gel electrophoresis. 

  

(1 mark) 

 c Other than criminal investigations, give another situation where this 

technique is used. 

  

(1 mark) 

2 Scientists manufactured large quantities of human insulin using genetic 

engineering. 

 They started by isolating mRNA from pancreas cells. From this they 

produced DNA which coded for insulin. 

 a i Suggest two reasons why it was better to start with mRNA from 

pancreas cells rather than with the DNA from these cells. 

 

  

(2 marks) 

  ii The scientists used two enzymes, Enzyme 1 and Enzyme 2, to 

produce DNA from mRNA. 

   The reactions catalysed by these enzymes are shown below. 

                 Enzyme 1 

   mRNA                            single-stranded DNA 

                                        Enzyme 2 

   single-stranded DNA                            double-stranded DNA 

   Name enzymes 1 and 2. 

 

  

(2 marks) 
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  iii In a double-stranded DNA molecule, the two strands are held 

together by weak bonds. 

   Name this type of bond. 

  

(1 mark) 

 The scientists used the polymerase chain reaction (PCR) to make copies 

of the DNA. 

 The diagram shows the stages of the PCR. 

 

 b i P and Q are short lengths of single-stranded DNA. 

   What name is given to molecules such as P and Q? 

  

(1 mark) 

  ii The mixture is cooled from 95 °C to 55 °C at step 2. 

   Explain why. 

  

(1 mark) 
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iii Explain the function of molecules P and Q. 

 

  

(2 marks) 

  iv How many copies of each original DNA molecule would be 

present after five cycles of PCR? 

  

(1 mark) 

AQA Biology, 2011, Unit 4 (Question 9) 

3 a Scientists can use restriction enzymes to cut a sample of DNA into 

shorter pieces. The lengths of the DNA pieces can be measured in 

units called  

‘base pairs’. Explain why a ‘base pair’ is a suitable unit for measuring 

the length of a piece of DNA. 

 

  

(2 marks) 

 b Sickle-cell anaemia is caused by a point mutation in the 

haemoglobin gene. Doctors have developed a test for the allele 

causing sickle-cell anaemia using a restriction enzyme called Ddel. 

The allele for normal haemoglobin, HA, can be cut by Ddel. The allele 

for sickle-cell haemoglobin, HS, cannot be cut by Ddel. 

  The method used by the doctors involves the following steps. 

  1 Take samples of cells from a person and extract the DNA. 

  2 Treat the DNA with restriction enzymes other than Ddel to cut the 

DNA into many fragments. 

  3 Carry out PCR (the polymerase chain reaction) using primers that 

are specific for part of the haemoglobin gene. 

  4 Add Ddel enzyme to the DNA produced by the PCR. 

  5 Find the lengths of the resulting DNA pieces. 

  i How can a primer be specific to part of the haemoglobin gene 

(step 3)? 

  

(1 mark) 
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  ii Why is it necessary to carry out PCR on the extracted DNA (step 

3)? 

  

(1 mark) 

 c Mustapha and Shahira are both carriers of sickle-cell anaemia. 

Shahira is pregnant and they want to know if their baby will have 

sickle-cell anaemia. 

  The doctors tested samples of DNA from Mustapha, from Shahira and 

from the foetus. They used the method described in part b to test for 

the allele responsible for sickle-cell anaemia. The primers used in this 

method were specific for the base sequences that occur 55 base 

pairs before the point of mutation and 55 base pairs after the point of 

mutation in the haemoglobin gene. 

  The table shows the results. 

Source of DNA 

Length of DNA pieces after 

digesting with Ddel/base 

pairs 

Mustapha 110 and 55 

Shahira 110 and 55 

Foetus 110 only 

  i Explain the results of the tests on Mustapha’s and Shahira’s DNA. 

 

 

  

(3 marks) 

  ii What can the doctors tell Mustapha and Shahira about the risk of 

their baby having sickle-cell anaemia? Explain your answer. 

 

  

(2 marks) 

AQA Biology, 2012, Unit 4 (Question 8) 
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4 ‘Bt maize’ is a crop plant that contains the Bt gene from a bacterium. 

This gene produces a protein that poisons insects that eat the maize. 

 Scientists used a bacterium called Agrobacterium to get the Bt gene into 

the maize. 

 This bacterium contained a plasmid with the Bt gene and a gene for 

resistance to a substance called kanamycin. 

 The diagram shows stages in the transfer of the Bt gene into the maize. 

Note: Question 4 continues on the next page. 
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 a The growth medium containing kanamycin (stage 3) is used to select 

for maize tissue that contains the Bt gene. Explain how. 

  

(1 mark) 

 b All the cells of the maize plants produced at stage 4 contain the Bt 

gene. 

  Explain why. 

 

  

(2 marks) 

 c Kanamycin is an antibiotic. Some scientists are concerned about the 

gene for resistance to kanamycin being present in maize which is 

eaten by humans. 

  Suggest why. 

 

  

(2 marks) 

 d The caterpillar of the European corn borer moth feeds on maize 

plants. When the corn borer caterpillar eats Bt maize, the Bt protein is 

activated by the unusually high pH (pH10) in the insect’s mid-gut. This 

activated protein attaches to a specific receptor protein on the cell 

membranes of cells lining the insect’s gut. This causes the gut cells to 

die and kills the insect. Scientists have demonstrated that the Bt 

protein is not poisonous to humans and that it is safe for humans to 

eat Bt maize. 

  Use this information to suggest why the Bt protein is not poisonous to 

humans. 

 

 

  

(3 marks) 

AQA Biology, 2012, Unit 4 (Question 6) 
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5 Scientists wanted to measure how much mRNA was transcribed from 

allele A of a gene in a sample of cells. This gene exists in two forms, A 

and a. 

 The scientists isolated mRNA from the cells. They added an enzyme to 

mRNA to produce cDNA. 

 The scientists used the polymerase chain reaction (PCR) to produce 

copies of the cDNA. They added a DNA probe for allele A to the cDNA 

copies. This DNA probe had a dye attached to it. This dye glows with a 

green light only when the DNA probe is attached to its target cDNA. 

 a Explain why this DNA probe will only detect allele A. 

 

  

(2 marks) 

 b The scientists used this method with cells from two people, H and G. 

  One person was homozygous, AA, and the other was heterozygous, 

Aa. 

  The scientists used the PCR and the DNA probe specific for allele A on 

the cDNA from both people. 

  Figure 1 shows the scientists’ results. 

 

  Figure 1 

  i Explain the curve for person H. 

 

 

  

(3 marks) 
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ii Which person, H or G, was heterozygous, Aa? Explain your answer. 

 

  

(2 marks) 

AQA Biology, 2014, Unit 5 (Question 8) 

 


