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DNA AND THE GENOME
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16. The main components
of a ribosome are
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A mRNA and tRNA
B rRNA and protein
C mRNA and protein
D rRNA and mRNA.
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The genetic material in human
mitochondria is arranged as..
A linear chromosomes
B circular plasmids
C circular chromosomes
D inner membranes.
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Section B – Short Answer
1.The diagram below shows part of a DNA molecule during replication and
other molecules associated with it.

(a) Name molecule X which is associated with the tightly coiled DNA.
(b) Name the type of bond shown at Y.
(c) Name base Z.
(d) Choose one word in each pair to make the sentence correct.
DNA is a double stranded (Parallel/antiparallel) molecule with
deoxyribose and (bases/phosphate) at the 3' and 5' ends of each strand
respectively.
(e) State the role of DNA polymerase in the process of DNA replication.

2. The diagram below shows three components of a nucleotide of DNA.

(a) i) Name components X and Y.
(ii) Name the component of a nucleotide which would be found at the 3'
end of a DNA strand.
(b) Arsenic is a toxic chemical element which affects DNA replication.
Cultures of human cells were treated with different concentrations of
arsenic while a control culture was left untreated. The activity of DNA
ligase in the cells was measured and the results shown in the graph below.

(i) Compare the change in DNA ligase activity when the concentration of
arsenic was increased from 0 to 20 millimoles per litre with the change
when arsenic concentration was further increased from 20 to 40
millimoles per litre.
(ii) Give the arsenic concentration which would reduce activity of DNA
ligase by 40 %. Answer in millimoles per litre
(iii) State the role of DNA ligase in the replication of DNA.

3.a) For each statement state whether it is true or false. If you think the
answer is false write a statement to replace the underlined word.
i) A chromosome is made up of DNA associated with proteins.
ii) DNA has a double-stranded parallel structure.
ii) One strand of DNA has deoxyribose at the 3' end of one strand and a base
at the 5' end.
iii) A section of a DNA molecule containing a total of 1600 bases has 184
adenine and 216 thymine bases on one strand. The complementary strand
contains 268 cytosine bases.
Calculate the number of adenine bases in this whole section of the DNA
molecule.
Calculate the number of guanine bases in the complementary strand.
(b) The diagram below shows a small part of a DNA molecule during
replication.

(i) Name the short sequences of bases X needed to start DNA replication.
(ii) Name the enzyme responsible for joining DNA fragments together during
replication.
(c) Name the enzyme required for the synthesis of a primary transcript from
RNA nucleotides during protein production.
(d) A single gene can be expressed to produce a variety of proteins.
Give two processes which can bring about the production of different
proteins from the same gene.

4. The polymerase chain reaction (PCR) amplifies specific sequences of DNA
in vitro.
The flow chart below shows how a sample of DNA was treated during a cycle
of the PCR procedure.

(a) Describe the effect of heating the DNA at Stage 1.
(b) Give the reason for decreasing the temperature to 55 °C at Stage 2.
(c) (i) Name the enzyme used to replicate DNA.
(ii) State the role of primers in DNA replication during PCR and explain
why two different primers are needed.
d) The number of DNA molecules doubles each cycle of the PCR procedure.
Calculate the number of cycles needed to produce 128 copies of a single DNA
molecule.
e) The diagram below shows the contents of a tube used in a PCR procedure.

Describe the contents of a suitable control tube designed to show that DNA is
needed in a PCR reaction.

5. a) DNA and RNA molecules are found in the cells of both eukaryotes and
prokaryotes. DNA molecules are double-stranded whereas RNA molecules are
single-stranded.
(i) Give two other structural differences between DNA and RNA
molecules.
(ii) Describe the function of RNA polymerase in the synthesis of a primary
transcript.
(iii) In eukaryotic cells mRNA is spliced after transcription. Describe what
happens during RNA splicing.
(iv) Describe the role of mRNA in cells.
b) Actinomycin D is an antibiotic which binds to DNA in cells of both
eukaryotes and prokaryotes and inhibits transcription. The graph below
shows changes in the mRNA content of a cell over a 24 hour period after
actinomycin D was added.

(i) State the time taken for the mRNA content of the cell to drop by 70% of
its starting level.
(ii) Explain why actinomycin D would not be suitable in the treatment of
bacterial infections in humans.

6. The diagram below shows a molecule of tRNA. A section of the diagram has
been enlarged.
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Write down the order of the complementary bases from the enlarged
section of tRNA.
Which number on the diagram above shows the amino acid attachment
site.
Name part X and explain its importance in the process of translation.

7. The diagram below shows stages involved in the transcription and
translation of a eukaryotic gene. Both introns and exons are transcribed
and then the primary transcript is modified to produce the functional mRNA
which is then translated.

(a) State the difference between introns and exons.
(b) Name the enzyme responsible for the synthesis of the primary
transcript.
(c) Name the process that involves the modification of the primary
transcript to form the functional mRNA.
(d) Describe how different functional mRNA molecules can be produced
from the same primary transcript sequence.
.

8.

Sickle cell anaemia is a genetic disorder in which red blood cells contain
the protein haemoglobin S instead of normal haemoglobin. The DNA
sequence in the allele for haemoglobin S carries a mutation.

The table below shows some mRNA codons and the abbreviations for the
amino acids they code for.

The diagram below shows sections of the DNA sequences that code for normal
haemoglobin and for haemoglobin S.
Section of DNA coding for normal haemoglobin - - - - ACTCATCCTCCT - - - Section of DNA coding for haemoglobin S
- - - - ACTCTTCCTCCT - - - (a) Use abbreviations from the table to give the amino acid sequence in the
section of haemoglobin S given.
(b) Name the type of mutation which has led to the production of
haemoglobin S.
(c) (i) Name the bond which holds amino acids together.

(ii) The chains of amino acids are folded to give proteins their threedimensional shape. Name one bond or interaction which holds the chain in its
three-dimensional shape.
(iii) Explain why the change in the base sequence in haemoglobin S leads to
a failure of the protein to function normally.

9. Different varieties of banana can have different numbers of chromosome
sets in their cells. Banana flesh contains carotenoids and different varieties
have different carotenoid contents. Extracts of five different varieties of
banana were placed in a colorimeter to measure the transmission of light
through them. The darker the flesh the lower the percentage of light
transmitted. The results are shown in the table below.

(a) Describe the relationship between carotenoid content and darkness of
flesh.
(b) (i) Express as the simplest whole number ratio the average carotenoid
content of the diploid to that of the triploid varieties.
(ii) It has been suggested that additional carotenoid content in the diet
gives humans increased protection against certain cancers.
Calculate the mass of carotenoid which would be found in a 125 g sample
of Figo Cinza flesh.
iii) Is the following statement true of false. Give a reason for your answer.
‘Banana varieties with increased numbers of chromosome sets have
increased carotenoid content in their cells.’

10. A chromosome mutation in humans can result in the formation
of the Philadelphia chromosome, which is associated with a
form of leukaemia.
The stages leading to the formation of a Philadelphia
chromosome are shown in the diagram below.

(a) Name the type of chromosome mutation, shown in the diagram, which
results in the formation of a Philadelphia chromosome.
ii) White blood cell counts in humans normally range from 5000 to
10 000 cells per μl of blood.
The table below shows the white blood cell counts from a patient
with leukaemia before and after treatment with this drug. Calculate the
percentage decrease in the number of white blood
cells after treatment with this drug.

(iii) Explain how the results suggest that the type of leukaemia in this
patient was a result of the presence of a Philadelphia chromosome.

11.In the North Pacific Ocean there are two different
populations of killer whales Orcinus orca. One
population feeds mainly on fish while the other feeds
mainly on sea mammals.
This behavioural barrier has led to considerable genetic
variation between these populations.
(a) (i) Name the type of speciation which could occur as a
result of this barrier.
(ii) State the importance of isolation barriers in speciation.
(iii) Scientists believe that these two populations are still
the same species. Suggest how they could confirm this.

12. Mytilis edulis and Mytilus trossulus are two closely related species of
mussel which have evolved after populations of their common ancestor
became separated by a geographical barrier.
(a) Name the type of speciation involved in this case.
(b) Describe the evidence needed to confirm that M. edulis and M. trossulus
are different species.
13. The diagram below shows the divergence of lineages in the evolution of
the giant panda and related species which exist today.

(a) Give two sources of evidence which can provide information used to
produce diagrams of this type.
(b) (i) State how long ago the last common ancestor of the giant panda and
polar bear existed.
(ii) State the number of other species with which the sun bear shared a
common ancestor eight million years before present.
(c) Evidence has suggested the existence of three main domains of life.
Name the three main domains of life.

14. The table below shows when the last common ancestor of humans and
four primate species lived and the percentage differences in their DNA
sequences compared with humans.

(a) (i) Describe the relationship between the date of the last common
ancestor and the percentage difference in DNA sequences between
humans and the primate species.
(ii) Identify the primate species which is least closely related to humans.
(b) DNA sequence data is used to study evolutionary relatedness.
Give the term used for the statistical analysis of sequence data.
(c) Analysis of an individual human genome can lead to personalised
medicine.
(i)

Give one advantage to an individual of personalised medicine.

(ii) Give one difficulty linked to the use of personal genomics to inform
personalised medicine.

15.
Myxomatosis is a viral disease to which some rabbits are resistant and
survive while others die.
A rabbit population was monitored for 10 years. The percentage of the
population which was resistant was recorded.
The results are shown in the graph below.

(a) (i) Calculate the number of rabbits which were resistant in 1972.
(ii) Calculate the average increase in the rabbit population per year
between1966 and 1970.
(iii) Identify the two year period during which there was the greatest change
in the percentage of the population resistant to myxomatosis.
A- 1966–1968
B-1968–1970
C-1972–1974
D- 1974–1976
(b) Explain the increase in resistance to myxomatosis in the rabbit
population in terms of the frequency of genetic sequences.

(c) Describe evidence from the graph that indicates that the myxomatosis
virus underwent mutation during the 10 year period.

16. The beak widths of a sample of black-bellied seedcrackers Pyrenestes
ostrinus were measured. The survival value of beak width was found by
recording the percentage of these birds which survived to one year.
The results are shown in the graph below.

(a) Give the range of beak widths which had a survival value of 20% or less.
(ii) Calculate the simplest whole number ratio of the survival value to these
birds of having the beak widths (12mm:13.5mm:15.5mm)

(iii) Name the type of selection which is suggested by the pattern of data
shown in the graph.
(b) Birds are eukaryotes. Give one reason why prokaryotes can evolve more
rapidly than eukaryotes.

Section C – Extended Response Questions
1. Write notes on gene expression in eukaryotes under the following headings:
(i) production of mRNA;
(ii) translation of mRNA.
2. Write notes on mutation under the following headings:
(i) point mutations;
(ii) chromosome mutations
3. Give an account of stem cells, their therapeutic use and the ethical issues
surrounding their use.
4.

Give an account of genomics and its importance in phylogenetics and
personalised medicine.

5. Write notes on stem cells under the following headings:
(i) differentiation of stem cells;
(ii) research into stem cells and their therapeutic value.
6. Write notes on evolution under the following headings:
(i) natural selection;
(ii) genetic drift.

