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1
(a) ATP, DNA and tRNA are molecules that have some similarities but several differences in 

structure.

The table lists structural features of ATP, DNA and tRNA. 

Use ticks (✓) to indicate the structural features that are present in ATP, DNA and tRNA.

Structural feature ATP DNA tRNA

Contains adenine

Contains ribose

Has hydrogen bonds within its molecular structure

 [3]
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(b)* Different methods are used to study DNA.

Outline the methods you would use to:

• purify DNA from plant tissue by precipitation

• separate the DNA into fragments using gel electrophoresis 

• visualise the DNA bands once they have been separated. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

Extra answer space if required.

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

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

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

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

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

Purification: grind the plant tissue (e.g. onion) with a pestle and mortar and mix

with a salt and detergent solution. The detergent breaks down membranes and

the salt makes the DNA clump.

Place in a water bath at 60 °C for 15 minutes to denature DNases, then cool in

an ice water bath for 5 minutes and filter.

Add protease to hydrolyse histone proteins and RNAase to hydrolyse RNA. Pour

ice-cold ethanol slowly down the side of the tube to form a layer on top. DNA

precipitates as white strands in the upper alcohol layer and is removed with a

glass rod (hook).

Separation: cut the DNA into fragments with restriction enzymes (endonucleases).

Make an agarose gel, using a comb to form wells at one end, and cover it with

running buffer solution. Mix the fragments with loading buffer and pipette them

into the wells close to the cathode (negative electrode). Load a DNA ladder of

known fragment sizes as a control.

Apply a current: DNA is negatively charged (phosphate groups) so it moves

towards the anode, and smaller fragments move further. Switch off the current

when the loading dye nears the end of the gel.

Visualisation: add a fluorescent dye (e.g. ethidium bromide) and view the bands

under UV light, or Southern blot onto a nylon membrane, fix the bands by

heating to 80 °C and add labelled probes.

stemup.co.uk

https://stemup.co.uk


4

© OCR 2024 

2 A rare disease is defined as a disease that affects less than 0.05% of a population.

(a) NGLY1 deficiency is a rare disease caused by mutation in the NGLY1 gene. 

People with NGLY1 deficiency produce faulty N-glycanase 1, which is an enzyme that removes 
abnormal proteins.

Symptoms of NGLY1 deficiency include weak muscle tone and delayed development of speech 
and motor skills.

Several different mutations in the NGLY1 gene are known to cause NGLY1 deficiency. Two of 
these mutations are:
• a substitution mutation of cytosine (C) to thymine (T) that causes relatively mild symptoms
• a deletion mutation of C that causes severe symptoms.

Suggest why the deletion mutation of C causes more severe symptoms than the substitution 
mutation.

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

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

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

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

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

(b) A student researches NGLY1 deficiency and obtains secondary data for the prevalence of the 
disease.

The student discovers that:
• NGLY1 deficiency is a recessive genetic disease
• 75 people in the world had been diagnosed with NGLY1 deficiency in 2022
• the world population in 2022 was 7 880 000 000.

(i) Using the secondary data obtained by the student and the Hardy–Weinberg principle, estimate 
the number of people in the world that were heterozygous carriers of a mutant NGLY1 allele in 
2022.

Use the equations:

p2 + 2pq + q2 = 1
p + q = 1

Give your answer to 4 significant figures.

 Number of heterozygous carriers in the world =  .......................................................... [3]

The substitution changes only one triplet, so only one amino acid changes,

whereas the deletion causes a frame shift, so many amino acids after the

mutation are changed.

So the active site of N-glycanase 1 is no longer formed (not complementary), so

it cannot remove abnormal proteins.

q2 = 75 ÷ 7 880 000 000 = 9.518 × 10−9

q = √(9.518 × 10−9) = 9.756 × 10−5

p = 1 − q = 0.99990244

2pq = 2 × 0.99990244 × 0.00009756 = 1.95099 × 10−4

1.95099 × 10−4 × 7 880 000 000 = 1 537 380

1 537 000
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(ii) Suggest two reasons why the use of the Hardy–Weinberg principle might not give an accurate 
estimate of the number of people in the world who are carriers of a mutant NGLY1 allele. 

1  .......................................................................................................................................................

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

2  .......................................................................................................................................................

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

(c) The effect of NGLY1 deficiency on muscle tissue has been studied by dissecting muscle tissue 
and observing it under a microscope. 

Describe two safety precautions that should be taken when dissecting muscle tissue. 

1  .......................................................................................................................................................

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

2  .......................................................................................................................................................

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

(d) Suggest why few clinical trials are carried out to test treatments for rare diseases.

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

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

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

(e) In 2022, the government of the UK announced a rare diseases action plan, which outlined ways 
to improve the diagnosis and treatment of rare diseases. 

The use of information technology is viewed as an important tool in the future diagnosis and 
treatment of rare diseases.

Explain how information technology and research into the human genome could be used in the 
diagnosis and treatment of rare genetic diseases. 

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

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

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

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

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

Not all cases are diagnosed or reported, so the real number with the disease

(q2) is unknown.

H-W assumes random mating, no new mutations, no migration and no selection,

but affected people may die before reproductive age.

Cut away from the body, using the scalpel carefully on a dissecting board.

Wear (non-latex) gloves, wash hands after handling the tissue and dispose of

the tissue safely.

So few people have the disease that there are insufficient participants for phase

3 trials, so results cannot be assessed statistically, and it is not financially viable

for drug companies.

Information technology (bioinformatics) stores databases of genome sequences, so

a patient's sequenced genome can be compared with them.

Research can identify SNPs (mutations) used to diagnose a rare disease, and

drugs or treatments can be modified to target that specific mutation.
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3 Hypothyroidism is a condition in which a person produces lower concentrations of the hormone 
thyroxine than normal. Thyroxine affects metabolic rate and has a role in the control of body 
temperature. Hypothyroidism causes a variety of symptoms.

(a)* During an investigation, a group of students plan to compare the core body temperature of 
people with hypothyroidism with people who do not have hypothyroidism.

Describe an experimental plan that would allow the students to collect enough data to be able to 
complete this investigation.

Your answer should include a method to measure core body temperature and a description of an 
appropriate statistical test with which to analyse the data.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

Extra answer space if required.

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

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

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

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

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

Select at least 15 participants in each group (with and without diagnosed

hypothyroidism), matched for control variables such as age, biological sex,

ethnicity and BMI. Exclude people with other underlying health conditions (e.g. an

infection causing fever) and gain informed consent from all participants.

Core temperature is difficult to measure routinely, so use a peripheral site: a

tympanic (ear) digital thermometer, as the inner ear has a blood supply close to

the hypothalamus. It has a resolution of 0.1 °C.

Standardise conditions: same room temperature and time of day, participants

seated for 10 minutes with no food, drink or exercise beforehand. Use a new

probe cover or sterilise the thermometer between participants.

Measure each participant three times, identify anomalies and calculate a mean.

Calculate the mean and SD of each group and use an unpaired t-test to find

whether there is a significant difference between the mean core temperatures of

the two groups. Degrees of freedom = n1 + n2 − 2 = 28 (15 per group). If t is

greater than the critical value at p = 0.05, reject the null hypothesis.

stemup.co.uk

https://stemup.co.uk


7

Turn over© OCR 2024 

(b) Hypothyroidism can affect blood pressure. 

(i) Describe how to use a sphygmomanometer to measure the blood pressure of a person. 

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

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

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

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

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

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

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

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

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

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

(ii) A person with hypothyroidism compares their blood pressure measurements with a friend who 
does not have hypothyroidism.

• The person with hypothyroidism has measurements of 134
82

 mmHg.

• The person without hypothyroidism has measurements of 119
80

mmHg.

Explain what conclusions can be made from these measurements about the effect of 
hypothyroidism on blood pressure and describe the limitations of this comparison.

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

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

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

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

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

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

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

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

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

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

Seat the person for 5 to 10 minutes, with the upper left arm supported at heart

level and no talking or looking at the device.

Wrap the cuff around the upper arm over the brachial artery and inflate it until

blood flow stops (no sounds are heard).

Place a stethoscope under the cuff and slowly release the pressure. Record the

pressure when the first (Korotkoff) sound is heard (systolic) and when the

sounds stop (diastolic), or record both values from a digital display.

The person with hypothyroidism has a higher systolic pressure (134 vs 119

mmHg) but a similar diastolic pressure (82 vs 80 mmHg), so shows some

evidence of pre-hypertension: hypothyroidism may raise systolic pressure.

Limitations: only one person from each group, so a larger sample is needed to

draw conclusions. Named variables are uncontrolled, e.g. age, sex, BMI, smoking,

exercise before the measurement or stress (white coat effect). Readings may not

have been taken by a health professional, and there were no repeats to obtain a

mean.
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(c) Hypothyroidism can affect the concentration of red blood cells in a person’s blood. 

State a method that could be used to measure the concentration of red blood cells in a person 
with hypothyroidism.

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

(d) One effect of thyroxine on the cardiovascular system is to cause the dilation of arteries. 

This is a photomicrograph of an artery.

Draw a plan diagram of the artery in the space below.

On your diagram, label the lumen and the muscle layer of the artery. 

 [3]

Haemocytometry (using a haemocytometer) or flow cytometry.

muscle
layer

lumen
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4 Aphids are insects that feed on fluid from phloem sieve tubes of plants. 

(a) Scientists studied the genetic diversity of six populations of melon aphid, Aphis gossypii.

The scientists used two measures of genetic diversity:

1. percentage of polymorphic loci
2.  heterozygosity, which is the proportion of individuals that have two different alleles for a 

particular gene, averaged over many loci.

The scientists analysed the same 6280 gene loci for each aphid.

The results are shown in the table.

Population Number of 
aphids sampled

Percentage of 
polymorphic loci Heterozygosity

A 10 25.96 0.180

B 10 69.43 0.153

C 10 78.54 0.172

D 9 0.178

E 7 60.78 0.214

F 10 28.57 0.180

(i) The scientists observed more than one allele at 4936 gene loci for the nine aphids from 
population D.

Calculate the percentage of polymorphic loci in population D.

 Percentage =  .......................................................... [2]

(ii) Evaluate whether the method used by the scientists allows an accurate comparison of genetic 
diversity in the six populations. 

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

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

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

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

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

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

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

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

Accurate: thousands of loci (6280) were studied, and the same loci were studied

in each population.

Not accurate: the sample sizes are small (7 to 10 aphids per population). Also

the two measures show different patterns, e.g. A has the lowest percentage of

polymorphic loci but the joint second highest heterozygosity.

So the comparison is not fully accurate.

4936 ÷ 6280 × 100 = 78.5987

78.60

78.60

stemup.co.uk

https://stemup.co.uk


10

© OCR 2024 

(b) Aphids are used in experiments to measure the rate of translocation in phloem tissue. 

Suggest appropriate units for the rate of translocation in phloem tissue.

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

(c) An aphid feeds on a plant by inserting their stylet (a tube-like mouthpart) into a phloem sieve 
tube. 

Pathogens can also pass through the stylet from the aphid to the phloem sieve tube.

Plants have evolved many different adaptations as defences against these pathogenic infections. 

One defence adaptation is the production of callose, a type of polysaccharide, when infection is 
detected. 

The diagram shows the deposition of callose in a plant in response to pathogenic infection after 
aphid feeding.

Stylet

Sieve tube elements

Aphid

Callose
Key:

Pathogen

(i) Discuss whether the production and deposition of callose would have a significant impact on the 
mass of starch this plant is able to store in its sinks.

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

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

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

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

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

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

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

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

cm3 h−1

Callose blocks the sieve plate pores, which reduces mass flow (translocation) of

assimilates such as sucrose to the sinks, so less starch could be stored.

However, the impact may not be significant: only one sieve tube has been blocked

and the plant has many phloem sieve tubes. It depends on how many sieve tubes

are blocked and how long the callose remains.

stemup.co.uk

https://stemup.co.uk


11

Turn over© OCR 2024 

(ii) A scientist plans to compare the concentration of callose in the phloem tissue of two groups of 
plants of the same species:

• plants that have not had aphids feeding on them

• plants that have had aphids feeding on them in order to infect them with pathogens. 

Describe two potential problems that the scientist will need to consider in order to take valid 
measurements in this investigation.

1  .......................................................................................................................................................

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

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

2  .......................................................................................................................................................

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

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

Keep the amount of pathogen transferred consistent: standardise how long each

aphid feeds and the region of the plant where it feeds.

Use plants of the same age grown in the same environmental conditions, with

no other disease or previous infection with the pathogen.
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5 Human activities such as agriculture and urbanisation have resulted in an increase in salinity (the  
concentration of salts) in rivers and lakes.

(a) Western Australia contains many saltwater wetlands. In some cases, human activity has changed 
the salinity of these saltwater wetlands. 

Scientists studied how the salinity of saltwater wetlands affects the number of invertebrate 
species present. They measured salinity and the number of invertebrate species in each wetland. 

The graph shows the results of the study.

0.01 0.10 1.00 10.00 100.00 1000.00
0

10

20

30

40

50

60

70

80

Number of
invertebrate
species

Salinity (log10 A.U.)

(i) Describe the results shown in the graph.

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

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

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

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

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

In general there is a negative correlation: as salinity increases, the number of

invertebrate species decreases.

The correlation is stronger above 10 A.U.; below 10 A.U. there is large variation in

the number of species at similar salinity values.
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(ii) One of the scientists plans to investigate how the number of plant species changes across one of 
the saltwater wetlands.

Outline how the scientist could measure the number of plant species across the saltwater 
wetland.

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

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

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

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

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

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

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

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

(b) Another scientist sampled the species of fish present in a brackish lake, which has salinity that is 
higher than freshwater but lower than seawater. 

The table shows the results of the sampling in the brackish lake. 

Species n
n
N (nN)2

A 3 0.071 0.005

B 5 0.119 0.014

C 3 0.071 0.005

D 10 0.238 0.057

E 19 0.452 0.204

F 2

ΣΣ =

(i) Calculate Simpson’s Index of Diversity.

Use the formula: D = 1 – (Σ(n
N)2)

n = number of individuals of each species present in the sample
N = total number of all individuals of all species

 Simpson’s Index of Diversity (D) =  .......................................................... [3]

Lay a transect line across the wetland, with its starting position selected

randomly.

Place a quadrat at regular intervals along the transect (systematic sampling), e.g.

every 2 m.

Identify each plant species using a dichotomous or photographic key and count

the number of different species within each quadrat.

0.048 0.002

0.287

N = 42, F: 2 ÷ 42 = 0.048
D = 1 − 0.287 = 0.713

0.713
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(ii) A different group of scientists had sampled the fish species in the same lake 20 years earlier.

This group of scientists calculated a D value of 0.709.

Using your answer from (i), state what conclusion can be made about how the biodiversity of fish 
species has changed over the 20-year period. 

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

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

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

(iii) Suggest why the comparison between the two values of D might not be valid.

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

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

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

END OF QUESTION PAPER

Biodiversity has not changed significantly: it is similar, with a very slight increase

from 0.709 to 0.713.

Different sampling methods may have been used, or sampling may have taken

place at a different time of year (season).
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EXTRA ANSWER SPACE

If you need extra space use these lined pages. You must write the question numbers clearly in 
the margin. 
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..................................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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