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Q1.
(a)     What is the proteome of a cell?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(b)     Give two structural differences between a molecule of messenger RNA (mRNA) and
a molecule of transfer RNA (tRNA).

1. _________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(c)     Starting with mRNA in the cytoplasm, describe how translation leads to the 
production of a polypeptide.

Do not include descriptions of transcription and splicing in your answer.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

(5)

(Total 8 marks)

Q2.
Figure 1 shows all the chromosomes present in one human cell during mitosis. A scientist
stained and photographed the chromosomes. In Figure 2, the scientist has arranged the 
images of these chromosomes in homologous pairs.

 

Figure 1 Figure 2

(a)     Give two pieces of evidence from Figure 1 that this cell was undergoing mitosis. 
Explain your answers.

1. _________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)
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(b)     Tick (✓) one box that gives the name of the stage of mitosis shown in Figure 1.
 

A Anaphase

B Interphase

C Prophase

D Telophase

(1)

(c)     When preparing the cells for observation the scientist placed them in a solution that 
had a slightly higher (less negative) water potential than the cytoplasm. This did not 
cause the cells to burst but moved the chromosomes further apart in order to reduce
the overlapping of the chromosomes when observed with an optical microscope.

Suggest how this procedure moved the chromosomes apart.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(d)     The dark stain used on the chromosomes binds more to some areas of the 
chromosomes than others, giving the chromosomes a striped appearance.

Suggest one way the structure of the chromosome could differ along its length to 
result in the stain binding more in some areas.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

(1)

(e)     In Figure 2 the chromosomes are arranged in homologous pairs.
What is a homologous pair of chromosomes?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(f)      Give two ways in which the arrangement of prokaryotic DNA is different from the 
arrangement of the human DNA in Figure 1.

1. _________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 9 marks)

Q3.
(a)     Draw the general structure of an amino acid.

 

(1)

Table 1 shows mRNA codons and the amino acids coded for by each codon. It also 
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shows some properties of the R group of each amino acid.

Table 1

Key to the properties of the R group of each amino acid
 

  No overall change   Positively charged   Negatively charged

(b)     The genetic code is described as degenerate.

What is meant by this? Use an example from Table 1 to illustrate your answer.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)
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A scientist investigated changes in the amino acid sequence of a human enzyme resulting
from mutations. All these amino acid changes result from single base substitution 
mutations.
This enzyme is a polypeptide 465 amino acids long.

Table 2 shows the result of three of the base substitutions.
 

Table 2

Amino acid
number

Correct
amino acid

Amino acid inserted
as a result of

mutation

203 Val Ala

279 Glu Lys

300 Glu Lys

(c)     What is the minimum number of bases in the gene coding for this polypeptide?

Answer = ____________________ 

(1)

(d)     Use information from Table 1 to tick ( ) one box that shows a single base ✔

substitution mutation in DNA that would result in a change from Val to Ala at amino 
acid number 203

 

CAA → CGA
 

GUU → GCA
 

GUU → GUC
 

CAC → CGG
 

(1)

(e)     A change from Glu to Lys at amino acid 300 had no effect on the rate of reaction 
catalysed by the enzyme. The same change at amino acid 279 significantly reduced 
the rate of reaction catalysed by the enzyme.
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Use all the information and your knowledge of protein structure to suggest reasons 
for the differences between the effects of these two changes.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 8 marks)

Q4.
Ammonia in soil is oxidised to nitrites and nitrates by species of nitrifying bacteria.

Scientists investigated whether two soils with a different pH contained different 
communities of nitrifying bacteria. These communities consist of all the nitrifying bacteria 
of different species in each soil. They took samples of soil from two sites, A and B.

They measured the pH of the samples and found that

•        the soil from site A had a pH of 6.9
•        the soil from site B had a pH of 4.3

The scientists measured the concentration of ammonia in soil samples over 20 days. 
Each sample contained the same concentration of ammonia at the start and had the same
mass. They recorded the concentration of ammonia in

•        soil A with a pH of 6.9
•        soil B with a pH of 4.3
•        a mixture of equal masses of soils A and B with its pH adjusted to 6.9

Their results are shown in Figure 1.

Figure 1
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(a)     The scientists used units of μg g–1 for the concentration of ammonia in soil.

Suggest why, in this investigation, the scientists used these units.

μg ________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

g–1 ________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     Calculate the difference in the rate of breakdown of ammonia per day between day 
0 and day 2 in soil A and soil B.

Show your working and the units for your answer.

Difference in rate = ____________________ 

(2)
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(c)     The scientists concluded that the soil mixture experiment showed there were 
different communities of bacteria in soils A and B.

What evidence from Figure 1 supports their conclusions? Give reasons for your 
answer.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

The oxidation of ammonia by nitrifying bacteria involves the enzyme ammonia 
monooxygenase. Each species of nitrifying bacteria has its own specific amoA gene that 
codes for production of ammonia monooxygenase.

In a second investigation, the scientists determined the expression of the amoA gene in 
two species of bacteria, S and T. Species S was from acid soil and species T was from 
soil with a neutral pH.

The scientists grew cultures of each species separately in soils of different pH. They 
determined the amount of mRNA from the amoA gene in each culture.

Their results are shown in Figure 2.

Figure 2
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(d)     In which species was the number of copies of mRNA more affected by changes in 
soil pH from 4.9 to 7.5? Use a calculation to support your answer.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(e)     This method allowed the scientists to estimate the expression of the amoA gene in 
each culture but not the growth of the bacterial population in each culture.

Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)

(f)     The scientists set up their cultures in sterile glass bottles.

Suggest one suitable method for sterilising the bottles and explain why it was 
necessary to sterilise them.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 15 marks)

Q5.
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(a)     Most human cells contain two copies of each gene. However, there might be up to 
15 copies of the gene for amylase (AMY1). Scientists investigated the number of 
copies of the AMY1 gene in individual people in two populations. One population 
had a high-starch diet and the other population had a low-starch diet.

The graph below shows their results.

 

Describe what their results show.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(b)     Multiple copies of the AMY1 gene is an adaptation to a high-starch diet.

Use your knowledge of protein synthesis and enzyme action to explain the 
advantage of this adaptation.

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(c)     Multiple copies of the AMY1 gene is an adaptation to a high-starch diet.

Suggest how this evolved through natural selection.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 9 marks)

Q6.
(a)     Describe the cohesion-tension theory of water transport in the xylem.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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(5)

(b)     Describe how mRNA is produced in a plant cell.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(5)

(Total 10 marks)

Q7.
(a)     Give the two types of molecule from which a ribosome is made.

___________________________________________________________________

___________________________________________________________________

(1)

(b)     Describe the role of a ribosome in the production of a polypeptide. Do not include 
transcription in your answer.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(c)     The table below shows the base sequence of part of a pre-mRNA molecule from a 
eukaryotic cell.
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Complete the table with the base sequence of the DNA strand from which this pre-
mRNA was transcribed.

 

         DNA

A C G C A U U A U pre-mRNA

(1)

(d)     In a eukaryotic cell, the base sequence of the mRNA might be different from the 
sequence of the pre-mRNA.

Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 7 marks)

Q8.
(a)     The genetic code is degenerate and non-overlapping.

Explain the meaning of:

Degenerate _________________________________________________________

___________________________________________________________________

Non-overlapping _____________________________________________________

___________________________________________________________________

(2)

The table shows a short section of a messenger RNA (mRNA) molecule and the section of
a polypeptide for which it codes.

 

mRNA G G G G C U U C A C C G G C A A C G

Polypeptide glycine alanine serine proline alanine threonine

(b)     Name the bases represented in the table by:

A _________________________________

C _________________________________

G _________________________________

U _________________________________
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(2)

(c)     Use information in the table to give the sequence of bases in DNA that codes for 
serine.

___________________________________________________________________

(1)

(Total 5 marks)

Q9.
In a eukaryotic cell, transcription results in a molecule of pre-mRNA that is modified to 
produce mRNA. In a prokaryotic cell transcription produces mRNA directly.

(a)     Explain this difference.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     Give two differences between the structure of mRNA and the structure of tRNA.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

(2)

(Total 4 marks)

Q10.
The saliva of most humans contains α-amylase. The gene encoding α-amylase is called 
AMY1; it is located on chromosome 1.

As a result of mutation, humans might have more than one copy of the AMY1 gene on 
one, or both, of their copies of chromosome 1. A team of scientists investigated whether 
the number of copies of the AMY1 gene was associated with the concentration of α-
amylase in the saliva of 58 human volunteers.

The graph shows their results. Each circle represents one volunteer.
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(a)     What was the range in the number of copies of the AMY1 gene?

___________________________________________________________________

(1)

(b)     The scientists found the mean number of copies of gene AMY1 was 4.4 genes per 
person.

Four values of the standard deviation of this mean are given below.
Estimate which of the four values for the standard deviation is most likely for this 
mean.
Indicate your choice by placing a tick in the appropriate box.

Use evidence from the graph to justify your answer.
 

± 0.002 ± 0.02 ± 0.20 ± 2.00

Justification_________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(c)     The scientists calculated a correlation coefficient, R, from their data.
They found R = 0.50, with P <0.0001

Explain the meaning of the result of their calculations.

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(d)     The number of copies of the AMY1 gene is unlikely to affect people’s ability to digest
starch.

Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 9 marks)

Q11.
(a)     DNA is a polymer of nucleotides. Each nucleotide contains an organic base.

Explain how the organic bases help to stabilise the structure of DNA.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     Triplets of bases in a DNA molecule code for the sequence of amino acids in a 
polypeptide. The genetic code is frequently written as the three bases on mRNA that
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are complementary to a triplet on DNA. Table 1 shows what different combinations 
of bases on mRNA code for. The names of amino acids are abbreviated. For 
example, ‘Ala’ stands for alanine.

 

Table 1

First base Second base Third
base

Guanine (G) Adenine (A) Cytosine (C) Uracil (U)

G

 GGG    Ala

 GGA    Gly

 GGC    Gly

 GGU    Gly

 GAG    Glu

 GAA    Glu

 GAC    Asp

 GAU    Asp

 GCG    Ala

 GCA    Ala

 GCC    Ala

 GCU    Ala

 GUG    Val

 GUA    Val

 GUC    Val

 GUU    Val

G

A

C

U

A

 AGG    Arg

 AGA    Arg

 AGC    Ser

 AGU    Ser

 AAG    Lys

 AAA    Lys

 AAC    Asn

 AAU    Asn

 ACG    Thr

 ACA    Thr

 ACC    Thr

 ACU    Thr

 AUG    Met

 AUA    Iso

 AUC    Iso

 AUU    Iso

G

A

C

U

C

 CGG    Arg

 CGA    Arg

 CGC    Arg

 CGU    Arg

 CAG    Gln

 CAA    Gln

 CAC    Hist

 CAU    Hist

 CCG    Pro

 CCA    Pro

 CCC    Pro

 CCU    Pro

 CUG    Leu

 CUA    Leu

 CUC    Leu

 CUU    Leu

G

A

C

U

U

 UGG    Trp

 UGA    stop

 UGC    Cyst

 UGU    Cyst

 UAG    stop

 UAA    stop

 UAC    Tyr

 UAU    Tyr

 UCG    Ser

 UCA    Ser

 UCC    Ser

 UCU    Ser

 UUG    Leu

 UUA    Leu

 UUC    Phe

 UUU    Phe

G

A

C

U

Suggest one advantage of showing the genetic code as base sequences on mRNA,
rather than triplets on DNA.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(c)     What name is given to a group of three bases on mRNA that codes for an amino 
acid?

___________________________________________________________________

(1)

(d)     Use information from Table 1 to explain why the genetic code is described as 
degenerate.
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(e)     Suggest the role of the mRNA base triplets UGA, UAG and UAA.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(f)      Table 2 shows the sequence of mRNA bases forming part of a single gene.
 

Table 2

Base on 
DNA 
template

         

Base on 
mRNA

G U G U A C U G G

Encoded 
amino acid

   

Complete Table 2 to show the base sequence of the DNA template from which this 
mRNA was transcribed and the encoded amino acid sequence.

(2)

(Total 10 marks)

Q12.
Haemoglobin transports oxygen around the body of many animals.

(a)     Haemoglobin is a protein with a quaternary structure.

Explain the meaning of quaternary structure.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)
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(b)     When fully saturated, each molecule of haemoglobin is bound to four molecules of 
oxygen.

The graph shows the percentage saturation of haemoglobin with oxygen at different 
partial pressures.

 

Give the formula for calculating the percentage saturation of haemoglobin with 
oxygen.

 

Percentage 
saturation of 
haemoglobin with 
oxygen

 =

 

(1)

(c)     The first molecule of oxygen to bind causes a change in the shape of the 
haemoglobin molecule.

This change of shape makes it easier for other oxygen molecules to bind to the 
haemoglobin molecule.

Explain how the graph provides evidence for this.

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(d)     Suggest one advantage of this change in the affinity of haemoglobin for oxygen.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(e)     Tests on the man whose blood was used to construct the graph gave the following 
data.

•        Concentration of haemoglobin in blood = 150 g dm−3.
•        Volume of oxygen carried by fully saturated haemoglobin = 1.35 cm3 g−1.
•        Resting heart rate = 60 beats minute−1.
•        Volume of blood pumped out of left ventricle each beat = 60 cm3.

Use these data and information from the graph to calculate the volume of oxygen 
released to the man’s tissues per minute whilst he was at rest.

Show your working.

Answer =______________cm3 minute−1

(3)

(Total 8 marks)

Q13.
The diagram below represents one process that occurs during protein synthesis.
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(a)     Name the process shown.

___________________________________________________________________

(1)

(b)     Identify the molecule labelled Q.

___________________________________________________________________

(1)

(c)     In the diagram above, the first codon is AUG. Give the base sequence of:

the complementary DNA base sequence __________________________________

the missing anticodon _________________________________________________

(2)

The table below shows the base triplets that code for two amino acids.
 

Amino acid Encoding base triplet

Aspartic acid GAC, GAU

Proline CCA, CCG, CCC, CCU

(d)     Aspartic acid and proline are both amino acids. Describe how two amino acids differ 
from one another. You may use a diagram to help your description.

 

 

 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(e)     Deletion of the sixth base (G) in the sequence shown in the diagram above would 
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change the nature of the protein produced but substitution of the same base would 
not. Use the information in the table and your own knowledge to explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 8 marks)

Q14.
(a)     Messenger RNA (mRNA) is used during translation to form polypeptides.

Describe how mRNA is produced in the nucleus of a cell.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(6)

(b)     Describe the structure of proteins.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(5)

(c)     Describe how proteins are digested in the human gut.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)

(Total 15 marks)

Q15.
Read the following passage carefully.

 

A large and growing number of disorders are now known to 
be due to types of mitochondrial disease (MD). MD often 
affects skeletal muscles, causing muscle weakness.

We get our mitochondria from our mothers, via the fertilised 
egg cell. Fathers do not pass on mitochondria via their 
sperm. Some mitochondrial diseases are caused by 
mutations of mitochondrial genes inside the mitochondria. 
Most mitochondrial diseases are caused by mutations of 
genes in the cell nucleus that are involved in the functioning 
of mitochondria. These mutations of nuclear DNA produce 
recessive alleles.

One form of mitochondrial disease is caused by a mutation of
a mitochondrial gene that codes for a tRNA. The mutation 
involves substitution of guanine for adenine in the DNA base 
sequence. This changes the anticodon on the tRNA. This 
results in the formation of a non-functional protein in the 
mitochondrion.

There are a number of ways to try to diagnose whether 

 
 
 
 
 
5
 
 
 
 
 
10
 
 
 
 
 
15
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someone has a mitochondrial disease. One test involves 
measuring the concentration of lactate in a person’s blood 
after exercise. In someone with MD, the concentration is 
usually much higher than normal. If the lactate test suggests 
MD, a small amount of DNA can be extracted from 
mitochondria and DNA sequencing used to try to find a 
mutation.

20

Use information in the passage and your own knowledge to answer the following 
questions.

(a)     Mitochondrial disease (MD) often causes muscle weakness (lines 1–3). Use your 
knowledge of respiration and muscle contraction to suggest explanations for this 
effect of MD.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

Two couples, couple A and couple B, had one or more children affected by a 
mitochondrial disease. The type of mitochondrial disease was different for each couple.

None of the parents showed signs or symptoms of MD.

•        Couple A had four children who were all affected by an MD.
•        Couple B had four children and only one was affected by an MD.

(b)     Use the information in lines 5–9 and your knowledge of inheritance to suggest why:

•        all of couple A’s children had an MD
•        only one of couple B’s children had an MD.

Couple A ___________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Couple B ___________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)
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(c)     Suggest how the change in the anticodon of a tRNA leads to MD (lines 10–13).

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(d)     If someone has MD, the concentration of lactate in their blood after exercise is 
usually much higher than normal (lines 15–17). Suggest why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(e)     A small amount of DNA can be extracted from mitochondria and DNA sequencing 
used to try to find a mutation (lines 18–19).

From this sample:

•        how would enough DNA be obtained for sequencing?
•        how would sequencing allow the identification of a mutation?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 15 marks)

Q16.
(a)     The table below shows features of a bacterium and the human immunodeficiency 

virus (HIV) particle.

Complete the table by putting a tick ( ) where a feature is present.✔

 

Feature Bacterium Human
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immunodeficiency
virus (HIV) particle

RNA   

Cell wall   

Enzyme molecules   

Capsid   

(2)

(b)     When HIV infects a human cell, the following events occur.

•        A single-stranded length of HIV DNA is made.
•        The human cell then makes a complementary strand to the HIV DNA.

The complementary strand is made in the same way as a new complementary 
strand is made during semi-conservative replication of human DNA.

Describe how the complementary strand of HIV DNA is made.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(c)     Contrast the structures of DNA and mRNA molecules to give three differences.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

3. _________________________________________________________________

___________________________________________________________________

(3)

(Total 8 marks)
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Q17.
Haemoglobin is a protein. It is made of two alpha polypeptides and two beta polypeptides.
Each alpha polypeptide has 141 amino acids and each beta polypeptide has 146 amino 
acids.

(a)     What term is used to describe the structure of a protein made of two or more 
polypeptides?

___________________________________________________________________

(1)

(b)     Calculate the minimum number of DNA bases needed to code for the number of 
amino acids in one alpha polypeptide.

Answer = ____________________

(1)

(c)     Describe the role of haemoglobin in supplying oxygen to the tissues of the body.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

Anaemia is a condition in which there is a decrease in the concentration of haemoglobin in
blood. In some people with anaemia, substances are produced which change the oxygen 
dissociation curve of haemoglobin.

The graph shows the effect of these substances on the oxygen dissociation curve of 
haemoglobin.
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(d)     (i)      Use information in the graph to find the difference in the percentage saturation
of haemoglobin with oxygen between a healthy person and a person with 
anaemia at a partial pressure of oxygen of 4 kPa.

Answer = ____________________

(1)

(ii)     Explain the advantage to a person with anaemia of the change shown in the 
oxygen dissociation curve.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
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______________________________________________________________

(3)

(Total 8 marks)

Q18.
(a)     What is the role of ATP in myofibril contraction?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     Scientists investigated the effect of not being able to produce creatine on the force 
produced by muscle. They used mice with a mutation that made them not able to 
produce creatine.
The force produced when these mice gripped with their paws was compared with 
the force produced by normal mice that were able to produce creatine.

The graph shows the scientists’ results.

 

(i)      What was the percentage fall in the mean force produced by mice not able to 
produce creatine, compared with the normal mice? Show your working.
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Answer ____________________ %

(2)

(ii)      Suggest an explanation for these results.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(c)     The mice that were not able to produce creatine were homozygous for a recessive 
allele of a gene. Mice that are heterozygous for this allele are able to produce forces
similar to those of normal mice that are homozygous for the dominant allele of the 
same gene.

Explain why the heterozygous mice can produce forces similar to those of normal 
mice.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 8 marks)

Q19.
(a)     (i)      A mutation of a tumour suppressor gene can result in the formation of a 

tumour.

Explain how.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Not all mutations result in a change to the amino acid sequence of the 
encoded polypeptide.

Explain why.

______________________________________________________________

______________________________________________________________
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______________________________________________________________

(1)

(b)     Some cancer cells have a receptor protein in their cell-surface membrane that binds
to a hormone called growth factor. This stimulates the cancer cells to divide.

Scientists have produced a monoclonal antibody that stops this stimulation.

Use your knowledge of monoclonal antibodies to suggest how this antibody stops 
the growth of a tumour.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 6 marks)

Q20.
(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.
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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.

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)

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.
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                                    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)

(d)     Describe similarities and differences in the response of healthy cells and cancer 
cells to the drug between times F and G.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

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

Page 36 of 136



Suggest why the drug was not given more frequently.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 15 marks)

Q21.
(a)     (i)      Why is the genetic code described as being universal?

______________________________________________________________

______________________________________________________________

(1)

(ii)     The genetic code uses four different DNA bases. What is the maximum 
number of different DNA triplets that can be made using these four bases?

 

(1)

Transcription of a gene produces pre-mRNA.

(b)     Name the process that removes base sequences from pre-mRNA to form mRNA.

___________________________________________________________________

(1)

(c)     The figure below shows part of a pre-mRNA molecule. Geneticists identified two 
mutations that can affect this pre-mRNA, as shown in the figure.

 

Base sequence
coding

for amino acids

Base sequence
removed

from pre-mRNA

Base sequence
coding

for amino acids

 

Mutation 1,
single base

deletion

Mutation 2,
single base
substitution

(i)      Mutation 1 leads to the production of a non-functional protein.
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Explain why.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(3)

(ii)     What effect might mutation 2 have on the protein produced?

Explain your answer.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(Total 8 marks)

Q22.
CREB is a transcription factor in the mitochondria of neurones.

(a)     What is a transcription factor?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     CREB leads to the formation of a protein that removes electrons and protons from 
reduced NAD in the mitochondrion.

Huntington’s disease (HD) causes the death of neurones. People with HD produce a
substance called huntingtin. Some scientists have suggested that binding of 
huntingtin to CREB may lead to the death of neurones.

Suggest how binding of huntingtin to CREB may lead to the death of neurones.

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(c)     CREB is a protein synthesised in the cytoplasm of neurones. Transport of CREB 
from the cytoplasm into the matrix of a mitochondrion requires two carrier proteins.

Use your knowledge of the structure of a mitochondrion to explain why transport of 
CREB requires two carrier proteins.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 7 marks)

Q23.
The Amish are a group of people who live in America. This group was founded by 30 
Swiss people, who moved to America many years ago. The Amish do not usually marry 
people from outside their own group.

One of the 30 Swiss founders had a genetic disorder called Ellis-van Creveld syndrome. 
People with this disorder have heart defects, are short and have extra fingers and toes. 
Ellis-van Creveld syndrome is caused by a faulty allele.

In America today, about 1 in 200 Amish people are born with Ellis-van Creveld syndrome. 
This disorder is very rare in people in America who are not Amish.

(a)     In America today, there are approximately 1250 Amish people who have Ellis-van 
Creveld syndrome. Use the information provided to calculate the current Amish 
population of America.

 

 

 

 

 

Amish population ____________________

(1)

(b)     The faulty allele that causes Ellis-van Creveld syndrome is the result of a mutation 
of a gene called EVC. This mutation leads to the production of a protein that has 
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one amino acid missing.

(i)      Suggest how a mutation can lead to the production of a protein that has one 
amino acid missing.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Suggest how the production of a protein with one amino acid missing may lead
to a genetic disorder such as Ellis-van Creveld syndrome.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(Total 5 marks)

Q24.
(a)    The genetic code is described as being degenerate. What does this mean?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(b)     What is a codon?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(c)    (i)      What is the role of RNA polymerase during transcription?
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______________________________________________________________

______________________________________________________________

______________________________________________________________

(1)

(ii)     mRNA can be converted to cDNA.

Name the enzyme used in this process.

______________________________________________________________

(1)

(d)     The diagram shows the base sequence on DNA where a restriction endonuclease 
cuts DNA.

 

 

 

Use evidence from the diagram to explain what is meant by a palindromic 
recognition sequence on DNA.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(Total 6 marks)

Q25.
The diagram shows part of a DNA molecule.
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(a)     (i)      DNA is a polymer. What is the evidence from the diagram that DNA is a 
polymer?

______________________________________________________________

______________________________________________________________

______________________________________________________________

(1)

(ii)     Name the parts of the diagram labelled C, D and E.

Part C                       ________________________

Part D                       ________________________

Part E                       ________________________

(3)

(iii)    In a piece of DNA, 34% of the bases were thymine.

Complete the table to show the names and percentages of the other bases.
 

Name of base Percentage

Thymine 34

  

 34

  

(2)

(b)     A polypeptide has 51 amino acids in its primary structure.
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(i)      What is the minimum number of DNA bases required to code for the amino 
acids in this polypeptide?

(1)

(ii)     The gene for this polypeptide contains more than this number of bases.

Explain why

______________________________________________________________

______________________________________________________________

______________________________________________________________

(1)

(Total 8 marks)

Q26.
The black mamba is a poisonous snake. Its poison contains a toxin.

The table shows the base sequence of mRNA that codes for the first two amino acids of 
this toxin.

 

Base sequence of anticodon on tRNA       

Base sequence of mRNA A C G A U G

Base sequence of DNA       

Complete the table to show

(a)     (i)      the base sequence of the anticodon on the first tRNA molecule that would bind
to this mRNA sequence

(1)

(ii)     the base sequence of the DNA from which this mRNA was transcribed.

(1)

(b)     The length of the section of DNA that codes for the complete toxin is longer than the
mRNA used for translation. Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(c)     A mutation in the base sequence of the DNA that codes for the toxin would change 
the base sequence of the mRNA.
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Explain how a change in the base sequence of the mRNA could lead to a change in 
the tertiary structure of the toxin.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(d)     The black mamba’s toxin kills prey by preventing their breathing. It does this by 
inhibiting the enzyme acetylcholinesterase at neuromuscular junctions. Explain how 
this prevents breathing.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 7 marks)

Q27.
The diagram shows a short sequence of DNA bases.

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

(a)     (i)      What is the maximum number of amino acids for which this sequence of DNA 
bases could code?

 

(1)

(ii)     The number of amino acids coded for could be fewer than your answer to part 
(a)(i).

Give one reason why.

______________________________________________________________

______________________________________________________________

(1)

(b)     Explain how a change in the DNA base sequence for a protein may result in a 
change in the structure of the protein.

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(c)     A piece of DNA consisted of 74 base pairs. The two strands of the DNA, strands A 
and B, were analysed to find the number of bases of each type that were present. 
Some of the results are shown in the table.

 

 Number of bases

 C G A T

Strand A 26    

Strand B 19  9  

Complete the table by writing in the missing values.

(2)

(Total 7 marks)

Q28.
The diagram shows part of a pre-mRNA molecule.

 

(a)     (i)      Name the two substances that make up part X.

________________________ and ________________________

(1)

(ii)     Give the sequence of bases on the DNA strand from which this pre-mRNA has
been transcribed.

______________________________________________________________

(1)

(b)     (i)      Give one way in which the structure of an mRNA molecule is different from the
structure of a tRNA molecule.

______________________________________________________________

______________________________________________________________
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(1)

(ii)     Explain the difference between pre-mRNA and mRNA.

______________________________________________________________

______________________________________________________________

______________________________________________________________

(1)

(c)     The table shows the percentage of different bases in two pre-mRNA molecules.
The molecules were transcribed from the DNA in different parts of a chromosome.

 

Part of
chromosome

Percentage of base

A G C U

Middle 38 20 24  

End 31 22 26  

(i)      Complete the table by writing the percentage of uracil (U) in the appropriate 
boxes.

(1)

(ii)     Explain why the percentages of bases from the middle part of the chromosome
and the end part are different.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(Total 7 marks)

 

Q29.
The diagram shows the life cycle of a fly.
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When the larva is fully grown, it changes into a pupa. The pupa does not feed. In the 
pupa, the tissues that made up the body of the larva are broken down. New adult tissues 
are formed from substances obtained from these broken-down tissues and from 
substances that were stored in the body of the larva.

(a)     Hydrolysis and condensation are important in the formation of new adult proteins.
Explain how.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     Most of the protein stored in the body of a fly larva is a protein called calliphorin.
Explain why different adult proteins can be made using calliphorin.

___________________________________________________________________

___________________________________________________________________

(1)

The table shows the mean concentration of RNA in fly pupae at different ages.
 

Age of pupa as percentage of
total time spent as a pupa

Mean concentration of RNA /
μg per pupa

    0 20

  20 15

  40 12

  60 17

  80 33

100 20

(c)     Describe how the concentration of RNA changes during the time spent as a pupa.
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(d)     (i)      Describe how you would expect the number of lysosomes in a pupa to change
with the age of the pupa. Give a reason for your answer.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Suggest an explanation for the change in RNA concentration in the first 40% of
the time spent as a pupa.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(e)     Suggest an explanation for the change in RNA concentration between 60 and 80% 
of the time spent as a pupa.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(f)      The graph shows changes in the activity of two respiratory enzymes in a fly pupa.

•        Enzyme A catalyses a reaction in the Krebs cycle

•        Enzyme B catalyses the formation of lactate from pyruvate
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During the first 6 days as a pupa, the tracheae break down. New tracheae are 
formed after 6 days. Use this information to explain the change in activity of the two 
enzymes.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)

(Total 15 marks)

Q30.
The body markings of cheetahs vary, in particular the pattern of bands on their tails. 
Cheetahs are solitary animals but the young stay with their mother until they are between 
14 and 18 months old.

Scientists investigated the banding pattern on the tails of cheetahs living in the wild.

•        They drove a car alongside a walking cheetah and used binoculars to study the tail 
pattern.

•        They gave each cheetah a banding pattern score based on the width of the dark and
light bands on the end of the tail.

•        They scored the width of the bands on the right and left side of the tail using a 5 
point scale of width.

A typical pattern on the right side of one cheetah’s tail is shown in Figure 1.

Page 49 of 136



Figure 1
 

Band number 1 2  3 4 5 6 7

 
 

Band width 
score

3 1  1 4 3 3 3

The scientists collected data from each cheetah on four separate occasions. Figure 2 
shows the data for one of the cheetahs.

Figure 2
 

Side of
tail

Mean band width score (± standard deviation)

Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7

Right 3.00 
(± 0.82)

1.00 
(± 0.00)

1.00 
(± 0.00)

3.75 
(± 0.50)

2.75 
(± 0.50)

3.00 
(± 0.00)

3.00 
(± 0.00)

Left 3.75 
(± 0.50)

3.25 
(± 0.50)

2.00 
(± 0.50)

3.00 
(± 0.00)

2.00 
(± 0.00)

2.50 
(± 0.50)

3.00 
(± 0.50)

(a)     The scientists only used data from cheetahs which were fully grown. Suggest why.

___________________________________________________________________

___________________________________________________________________

(1)

(b)     The scientists estimated the width of the bands on the same cheetah on four 
separate occasions. They did not always get the same score.

(i)      Give two pieces of evidence from Figure 2 which show that the scientists 
sometimes obtained different scores for the same band.

1. ____________________________________________________________

______________________________________________________________

2. ____________________________________________________________

______________________________________________________________

(2)

(ii)     The method the scientists used resulted in them getting different scores for the
same band. Suggest why.

______________________________________________________________

______________________________________________________________

(1)
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(c)     What is the evidence from Figure 2 that the dark and light bands do not form rings 
of equal width around the tail?

___________________________________________________________________

___________________________________________________________________

(1)

(d)     The scientists found the difference in banding pattern between

•        offspring in the same family
•        cheetahs chosen randomly.

Explain how scientists could use this information to show that some variation in tail 
banding was genetic.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 8 marks)

Q31.
(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
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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)

(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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Q32.
(a)     Complete the table to show the differences between DNA, mRNA and tRNA.

 

Type of nucleic acid
Hydrogen bonds present ( )

or not present ( )

Number of
polynucleotide strands

in molecule

DNA   

mRNA   

tRNA   

(2)

(b)     The diagram shows the bases on one strand of a piece of DNA.

 

(i)      In the space below, give the sequence of bases on the pre-mRNA transcribed 
from this strand.

 

 

 

 

(2)

(ii)     In the space below, give the sequence of bases on the mRNA produced by 
splicing this piece of pre-mRNA.

 

 

 

(1)

(Total 5 marks)

Q33.
Figure 1 shows part of a gene that is being transcribed.

Figure 1
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(a)     Name enzyme X.

___________________________________________________________________

(1)

(b)     (i)      Oestrogen is a hormone that affects transcription. It forms a complex with a 
receptor in the cytoplasm of target cells. Explain how an activated oestrogen 
receptor affects the target cell.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Oestrogen only affects target cells. Explain why oestrogen does not affect 
other cells in the body.

______________________________________________________________

______________________________________________________________

(1)

(c)     Some breast tumours are stimulated to grow by oestrogen. Tamoxifen is used to 
treat these breast tumours. In the liver, tamoxifen is converted into an active 
substance called endoxifen. Figure 2 shows a molecule of oestrogen and a 
molecule of endoxifen.

Figure 2
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Use Figure 2 to suggest how endoxifen reduces the growth rate of these breast 
tumours.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 6 marks)

Q34.
SCID is a severe inherited disease. People who are affected have no immunity. Doctors 
carried out a trial using gene therapy to treat children with SCID. The doctors who carried 
out the trial obtained stem cells from each child’s umbilical cord.

(a)     Give two characteristic features of stem cells.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

(2)

The doctors mixed the stem cells with viruses. The viruses had been genetically modified 
to contain alleles of a gene producing full immunity. The doctors then injected this mixture 
into the child’s bone marrow.

The viruses that the doctors used had RNA as their genetic material. When these viruses 
infect cells, they pass their RNA and two viral enzymes into the host cells.

(b)     One of the viral enzymes makes a DNA copy of the virus RNA. Name this enzyme.

___________________________________________________________________

(1)
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The other viral enzyme is called integrase. Integrase inserts the DNA copy anywhere in 
the DNA of the host cell. It may even insert the DNA copy in one of the host cell’s genes.

(c)     (i)      The insertion of the DNA copy in one of the host cell’s genes may cause the 
cell to make a non-functional protein. Explain how.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Some of the children in the trial developed cancer. How might the insertion of 
the DNA have caused cancer?

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(d)     Five out of the 20 children in the trial developed cancer. Although the cancer was 
treated successfully, the doctors decided to stop the trial in its early stages. They 
then reviewed the situation and decided to continue. Do you agree with their 
decision to continue? Explain your answer.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 9 marks)

Q35.
Figure 1 shows a short section of a DNA molecule.

Figure 1
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(a)     Name parts R and Q.

(i)      R ____________________

(ii)     Q ____________________

(2)

(b)     Name the bonds that join A and B.

___________________________________________________________________

(1)

(c)     Ribonuclease is an enzyme. It is 127 amino acids long.

          What is the minimum number of DNA bases needed to code for ribonuclease?

 

(1)

(d)     Figure 2 shows the sequence of DNA bases coding for seven amino acids in the 
enzyme ribonuclease.

Figure 2

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

The number of each type of amino acid coded for by this sequence of DNA bases is 
shown in the table.

 

Amino acid Number present

Arg 3

Met 2

Gln 1

Asn 1

Use the table and Figure 2 to work out the sequence of amino acids in this part of 
the enzyme. Write your answer in the boxes below.
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Gln       

(1)

(e)     Explain how a change in a sequence of DNA bases could result in a non-functional 
enzyme.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 8 marks)

Q36.
The diagram shows part of a DNA molecule.

 

(a)     Name the two components of the part of the DNA molecule labelled M.

1. _________________________________________________________________

2. _________________________________________________________________

(2)

(b)     What is the maximum number of amino acids for which this piece of DNA could 
code?

 

(1)

(c)     Scientists calculated the percentage of different bases in the DNA from a species of 
bacterium. They found that 14% of the bases were guanine.

(i)      What percentage of the bases in this species of bacterium was cytosine?
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Answer ____________________

(1)

(ii)     What percentage of the bases in this species of bacterium was adenine?

 

 

Answer ____________________

(1)

(d)     The scientists found that, in a second species of bacterium, 29% of the bases were 
guanine.

Explain the difference in the percentage of guanine bases in the two species of 
bacterium.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 7 marks)

Q37.
The table shows the sequence of bases on part of the coding strand of DNA.

 

Base sequence on coding
strand of DNA

C G T T A C

Base sequence of mRNA       

(a)     Complete the table to show the base sequence of the mRNA transcribed from this 
DNA strand.

(2)

(b)     A piece of mRNA is 660 nucleotides long but the DNA coding strand from which it 
was transcribed is 870 nucleotides long.

(i)      Explain this difference in the number of nucleotides.

______________________________________________________________

______________________________________________________________

(1)

(ii)     What is the maximum number of amino acids in the protein translated from this
piece of mRNA? Explain your answer.
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Number of amino acids ___________________________________________

Explanation ____________________________________________________

______________________________________________________________

(2)

(c)     Complete the table to give two differences between the structure of mRNA and the 
structure of tRNA.

 

mRNA tRNA

  

  

(2)

(Total 7 marks)

Q38.
(a)     The table shows the mRNA codons for some amino acids.

 

Codon Amino acid

CUA Leucine

GUC Valine

ACG Threonine

UGC Cysteine

GCU Alanine

AGU Serine

(i)      Give the DNA sequence coding for cysteine.

______________________________________________________________

(1)

(ii)     Name the amino acid coded by the tRNA anticodon UCA.

______________________________________________________________

(1)
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(b)     A particular gene is 562 base-pairs long. However, the resulting mRNA is only 441 
nucleotides long. Explain this difference.

___________________________________________________________________

___________________________________________________________________

(1)

(c)     Tetracycline binds to bacterial ribosomes. This is shown in the diagram.

 

Protein synthesis in bacteria is similar to that in eukaryotic cells. Explain how 
tetracycline stops protein synthesis.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 5 marks)

 

Q39.
In a hospital laboratory, a sterile Petri dish of nutrient agar was inoculated with bacteria 
from a patient with a throat infection. Four discs, each of which had been soaked in a 
different antibiotic, were placed on top of the bacteria. The dish was incubated at 37 °C. 
Figure 1 shows the appearance of the dish after incubation.
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Figure 1

(a)     Explain why there are clear zones around some of the discs containing antibiotic.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     It was suggested that ampicillin might be the best antibiotic to treat the patient’s 
throat infection. Give the evidence from the laboratory test to support this 
suggestion.

___________________________________________________________________

___________________________________________________________________

(1)

(c)     Tetracycline binds to bacterial ribosomes. This is shown in Figure 2.
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Figure 2

Tetracycline prevents bacterial growth by preventing protein synthesis. Give two 
other ways in which antibiotics can prevent bacterial growth.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

(2)

(Total 5 marks)

 

Q40.
Read the following passage.

The sequence of bases in a molecule of DNA codes for proteins. Different sequences of 
bases
code for different proteins. The genetic code, however, is degenerate. Although the base
sequence AGT codes for serine, other sequences may also code for this same amino 
acid.
There are four base sequences which code for the amino acid glycine. These are CCA, 
CCC,

5       CCG and CCT. There are also four base sequences coding for the amino acid proline. 
These
are GGA, GGC, GGG and GGT.

Pieces of DNA which have a sequence where the same base is repeated many times are 
called
“slippery”. When “slippery” DNA is copied during replication, errors may occur in copying.
Individual bases may be copied more than once. This may give rise to differences in the

10     protein which is produced by the piece of DNA containing the errors.

Use information in the passage and your own knowledge to answer the following 
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questions.

(a)     Different sequences of bases code for different proteins (lines 1 – 2). Explain how.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     The base sequence AGT codes for serine (lines 2 – 3). Give the mRNA codon 
transcribed from this base sequence.

___________________________________________________________________

(2)

(c)     Glycine-proline-proline is a series of amino acids found in a particular protein. Give 
the sequence of DNA bases for these three amino acids which contains the longest 
“slippery” sequence.

___________________________________________________________________

(2)

(d)     (i)      Explain how copying bases more than once may give rise to a difference in the
protein (lines 9 – 10).

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     At what stage in the cell cycle would these errors in copying DNA bases 
occur?

______________________________________________________________

(1)

(e)     Starting with mRNA in the nucleus of a cell, describe how a molecule of protein is 
synthesised.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(6)

(Total 15 marks)

Q41.
(a)     Table 1 shows some of the events which take place in protein synthesis.

 

A tRNA molecules bring specific amino acids to the mRNA molecule

B mRNA nucleotides join with exposed DNA bases and form a molecule of mRNA

C The two strands of a DNA molecule separate

D Peptide bonds form between the amino acids

E The mRNA molecule leaves the nucleus

F A ribosome attaches to the mRNA molecule

Table 1

(i)      Write the letters in the correct order to show the sequence of events during 
protein synthesis, starting with the earliest.

________  ________  ________  ________  ________  ________

(2)

(ii)     In which part of a cell does C take place?

______________________________________________________________

(1)

(iii)     Which of A - F are involved in translation?

______________________________________________________________

(1)
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(b)     Table 2 shows some mRNA codons and the amino acids for which they code.
 

mRNA codon Amino acid

GUU Valine

CUU Leucine

GCC Alanine

AUU Isoleucine

ACC Threonine

Table 2

(i)      A tRNA molecule has the anticodon UAA.  Which amino acid does the tRNA 
molecule carry?

______________________________________________________________

(1)

(ii)     Give the DNA base sequence that codes for threonine.

______________________________________________________________

(1)

(Total 6 marks)

 

Q42.
(a)     (i)      What is the role of RNA polymerase in transcription?

______________________________________________________________

______________________________________________________________

(1)

(ii)     Name the organelle involved in translation.

______________________________________________________________

(1)

(b)     Figure 1 shows some molecules involved in protein synthesis.

Figure 1

Page 66 of 136



 

Complete Figure 1 to show

(i)      the bases on the DNA strand from which the mRNA was transcribed;

(ii)     the bases forming the anticodons of the tRNA molecules.

(2)

Figure 2 shows the effects of two different mutations of the DNA on the base sequence of 
the mRNA. The table shows the mRNA codons for three amino acids.

Figure 2

 

(c)     Name the type of mutation represented by mutation 1.

___________________________________________________________________

(1)

(d)     Use the information in the table to

(i)      identify amino acid X in Figure 1;

______________________________________________________________

(1)

(ii)     explain how each mutation may affect the polypeptide for which this section of 
DNA is part of the code.
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Mutation 1 _____________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

Mutation 2 _____________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(Total 10 marks)

Q43.
(a)     Give two factors, other than cost, that should be considered when selecting an 

antibiotic to treat a bacterial disease.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

(2)

(b)     The table describes the effects of two antibiotics on bacteria.
 

Antibiotic Effect

Tetracycline prevents tRNA binding

Chloramphenicol prevents peptide bonds forming

(i)      Explain how each of these antibiotics slows down the rate of growth of 
bacteria.

Tetracycline ____________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Chloramphenicol ________________________________________________

______________________________________________________________
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______________________________________________________________

______________________________________________________________

(4)

(ii)     Suggest why tetracycline has no effect on human cells.

______________________________________________________________

(1)

(Total 7 marks)

Q44.
(a)     Figure 1 shows the exposed bases (anticodons) of two tRNA molecules involved in 

the synthesis of a protein.

Figure 1

 

Complete the boxes to show the sequence of bases found along the corresponding 
section of the coding DNA strand.

(2)

(b)     Describe the role of tRNA in the process of translation.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(c)     Figure 2 shows the sequence of bases in a section of DNA coding for a polypeptide 
of seven amino acids.

Figure 2

TACAAGGTCGTCTTTGTCAAG

The polypeptide was hydrolysed. It contained four different amino acids. The 
number of each type obtained is shown in the table.

 

Amino acid Number present
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Phe 2

Met 1

Lys 1

Gln 3

Use the base sequence shown in Figure 2 to work out the order of amino acids in 
the polypeptide. Write your answer in the table below.

 

Met       

(2)

(Total 7 marks)

Q45.
(a)     Name one mutagenic agent.

___________________________________________________________________

(1)

(b)     In flax plants the flowers are white, lilac or blue. The diagram shows the pathway by 
which the flower cells produce coloured pigments.

 

(i)      A deletion mutation occurs in gene 1. Describe how a deletion mutation alters 
the structure of a gene.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Describe and explain how the altered gene could result in flax plants with 
white-coloured flowers.

______________________________________________________________

______________________________________________________________

______________________________________________________________
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______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(4)

(iii)     Electrophoresis was used to separate the enzymes involved in this pathway. 
When extracts of the differently coloured flax petals were analysed, four 
different patterns of bands were produced. In the table, only bands that 
contain functional enzymes are shown.

 

Result of electrophoresis Colour of petal

White

 

 

 

Complete the table to give the colour of the petal from which each extract was 
taken.

(2)

(Total 9 marks)

Q46.
The diagram shows a single-celled organism called Chlamydomonas.
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(a)     Chlamydomonas lives in fresh-water ponds. It uses its flagella to swim towards light 
of moderate intensity but away from very bright light. Using information in the 
diagram, explain the advantage of this behaviour.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     A Chlamydomonas cell has two flagella. These flagella contain a single sort of 
protein. A flagellum consists of a bundle of 242 filaments. Each filament consists of 
7500 protein molecules. Each protein molecule contains 900 amino acid units.

(i)      What would be the minimum number of nucleotides in the coding region of the 
mRNA used to synthesise this protein?

______________________________________________________________

(1)

(ii)     In an investigation, a culture of Chlamydomonas was treated in a way that 
caused them to lose their flagella without any other damage to the cells. The 
flagella grew back to their original length in 60 minutes.

How many amino acid molecules would be incorporated into each growing 
flagellum per minute? Show your working.

 

 

 

 

Answer ____________________

(2)

(c)     The researchers investigated the rate at which the flagella grew in three different 
media.

1.      A medium containing actinomycin D, which prevents transcription by binding to
the guanine in DNA

2.      A medium containing puromycin, which prevents translation by attaching to 
ribosomes

3.      A control medium

The results are shown in the graph.
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(i)      Describe how the rate of growth was affected by puromycin.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     The researchers concluded

1.       that the cells used mRNA that is already present in the cytoplasm for the
regrowth of the flagella;

2.       that some of the regrowth uses protein molecules already present in the
cell.

Explain the evidence for each of these conclusions.

1. ____________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

2. ____________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
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(4)

(Total 11 marks)

Q47.
Lysozyme is an enzyme consisting of a single polypeptide chain of 129 amino acids.

(a)     What is the minimum number of nucleotide bases needed to code for this enzyme?

___________________________________________________________________

(1)

(b)     The diagram shows the sequence of bases in a section of the mRNA strand used to 
synthesise this enzyme.

G   G   U   C   U   U   U   C   U   U   A   U   G   G   U   A   G   A   U   A   U

(i)      Give the DNA sequence which would be complementary to the first four bases 
in this section of mRNA.

______________________________________________________________

(1)

(ii)     How many different types of tRNA molecule would attach to the section of 
mRNA shown in the diagram?

______________________________________________________________

(1)

(c)     Give two factors which might increase the frequency at which a mutation in DNA 
occurs.

1. _________________________________________________________________

2. _________________________________________________________________

(2)

(d)     Two single base mutations occurred in the DNA coding for this section of mRNA. 
These mutations caused an alteration in the sequence of amino acids in the 
enzyme. The diagram shows the original and altered sequences of amino acids.

 

Original amino acid
sequence

Gly Leu Ser Tyr Gly Arg Tyr

Original mRNA
base sequence

GGU CUU UCU UAU GGU AGA UAU

 

Altered amino acid
sequence

Gly Leu Tyr Leu Trp Arg Tyr

Altered mRNA
base sequence

GGU CUU    AGA UAU

(i)      Use the mRNA codons provided in the table to complete the altered mRNA 
base sequence in the diagram.

Page 74 of 136



 

Amino acid mRNA codons which can be used

Arg AGA

Gly GGU

Leu CUU or UUA

Ser UCU

Trp UGG

Tyr UAU or UAC

(1)

(ii)     Use the information provided to determine the precise nature of the two single 
base mutations in the DNA.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(3)

(Total 9 marks)

Q48.
(a)     CFTR is a transmembrane regulator protein.  Its molecules have 1480 amino acids. 

People with cystic fibrosis produce defective CFTR protein which is missing one 
amino acid from its structure.

(i)      What is the minimum number of bases on DNA which would code for the 
normal CFTR protein? Explain your answer.

Number of bases ____________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Which type of gene mutation produced the cystic fibrosis allele?
Explain your answer.
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______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(b)     The diagram shows part of the process of making normal and defective CFTR in a 
cell. A normal CFTR protein molecule has sugar molecules attached to it which 
make it functional.

 

Describe how the information on mRNA is translated into CFTR at the ribosome.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)

(Total 8 marks)

Q49.
(a)     Changes to the protein coat of the influenza virus cause antigenic variability. Explain
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how antigenic variability has caused some people to become infected more than 
once with influenza viruses.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     The drawings show the changes in a B lymphocyte after stimulation by specific 
antigens.

 

B lymphocyte before stimulation        B lymphocyte after stimulation

(i)      Describe the role of macrophages in stimulating B lymphocytes.

______________________________________________________________

______________________________________________________________

(1)

(ii)     Explain how the changes shown in the drawings are related to the function of 
B lymphocytes.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
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______________________________________________________________

(4)

(Total 7 marks)

Q50.
Mitochondria contain the genes needed for the synthesis of the enzymes involved in the 
electron transport chain. One of these enzymes is cytochrome oxidase. If a mutation 
occurs during replication of the mitochondrial genes, functional cytochrome oxidase may 
not be produced.

Explain why mutation of a mitochondrial gene might result in no functional cytochrome 
oxidase being produced.

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

(Total 5 marks)

Q51.
The diagram shows part of the metabolic pathway involved in the clotting of blood in 
response to an injury.

 

Haemophilia is a condition in which blood fails to clot. This is usually because of a mutant 
allele of the gene for Factor VIII.

(a)     Explain how mutation could lead to faulty Factor VIII.

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(b)     Use information in the diagram to explain how faulty Factor VIII causes haemophilia.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(c)     A boy had haemophilia caused by faulty Factor IX. When his blood was mixed with 
blood from a haemophiliac with faulty Factor VIII, the mixture clotted. Suggest an 
explanation for clotting of the mixture.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 6 marks)

Q52.
This question should be answered in continuous prose.
Quality of Written Communication will be assessed in the answer.

(i)      Starting with mRNA, describe how the process of translation leads to the production 
of a polypeptide.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)
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(ii)      Normal tomato plants have an enzyme that softens tomatoes as they ripen. 
Genetically engineered tomatoes ripen and soften more slowly. A gene was inserted 
which reduces the amount of softening enzyme produced.

The diagram shows matching parts of the base sequences for the mRNA produced 
by the gene for the softening enzyme and that produced by the inserted gene.

Softening gene mRNA                 …AAUCGGAAU…

Inserted gene mRNA                   …UUAGCCUUA…

Suggest how the inserted gene reduces the production of the softening enzyme.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 6 marks)

Q53.
A species of flowering plant can have white, red or purple flowers. The colour of the 
flowers is controlled by two genes. Each gene is found on a different chromosome, and is 
responsible for one step in a biosynthetic pathway. The biosynthetic pathway is

 

Gene 1 has the dominant allele A and the recessive allele a. Gene 2 has the dominant 
allele B and the recessive allele b. In both cases, the dominant allele needs to be present 
for the production of the associated enzyme.

(a)     Explain how the two genes are involved in producing white, red or purple flowers.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(6)

(b)     (i)      A homozygous red-flowered plant was crossed with a homozygous white-
flowered plant. All the flowers of the offspring were purple. What was the 
genotype of

the red-flowered parent;

______________________________________________________________

the white-flowered parent?

______________________________________________________________

(2)

(ii)     The purple-flowered offspring were crossed. What phenotypic ratio would you 
expect in the next generation? Use a genetic diagram to explain your answer.

 

 

 

 

(4)

(c)     (i)      Genetically, there are different types of white-flowered plants of this species. 
Give their different genotypes.

______________________________________________________________

(1)

(ii)     You have samples of fresh petals from the two homozygous types of white 
flowers, and a pure sample of the red pigment, K. Explain, in outline, how you 
might distinguish the two types of petal from each other.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(Total 15 marks)

Page 81 of 136


	Questions

