
1 Some organisms have been genetically modified to produce proteins including 
hormones and vaccines.

The flow diagram below shows part of a process to produce a protein, using 
genetically modified plants.

(a) Describe and explain the role of the enzymes involved in stage 1.
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Stage 1

Gene to produce a protein  
removed from animal cell and 

inserted into a plasmid

Stage 2

Modified plasmid incorporated  
into bacterium which is then 

introduced into a plant

Stage 3

Genetically modified plant grows 
and produces the protein 

PhysicsAndMathsTutor.com



(b) Describe the structure of the modified plasmid used in stage 2.
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(c) Suggest why plants rather than bacteria are used to produce the protein in
stage 3.
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(d) Describe two risks associated with the use of genetically modified organisms.
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 (Total for Question 1 = 11 marks)
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2 Some types of cancer lead to the production of tumours (a group of rapidly-dividing 
cancer cells).

Gene therapy has the potential to cure a number of human diseases, including cancer.  
At present, research into gene therapy relies on animal models of diseases.

(a) In one investigation, brain tumours were induced in two groups of rats.
One group of rats was given gene therapy and the other group of rats acted as a
control.

The photographs below show the appearance of a tumour in the brain of a control
rat and in a rat given gene therapy.
Both photographs have the same magnification.

Brain of control rat Brain of rat receiving gene
therapy

Tumour

Magnification ×10

The graph below shows the percentage survival after treatment of the rats in the 
two groups.
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Using the information shown in the photographs and in the graph, describe the 
effects of gene therapy on these rats.

(3)
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(b) Cancer can cause a lot of pain.  Pain can be reduced by a chemical called
endorphin that is made by cells in the brain and spinal cord.  Endorphin reduces
the activity of neurones that carry impulses from pain receptors.

Gene therapy has been used in rats to increase the tolerance to pain.
Viruses, containing a gene coding for endorphin, were developed.  These viruses
were injected into the spinal cords of a group of rats.  The level of tolerance to
pain was tested in these rats and in the rats in a control group.

(i) Describe the role of the viruses in this investigation.
(2)
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(ii) Suggest why the injection was made into the spinal cord.
(1)
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(iii) Suggest why a gene coding for an endorphin was used in this investigation.
(1)
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Using the information in the graph, compare the levels of tolerance to pain in 
the rats given gene therapy with the control group.
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(Total for Question 2 = 10 marks)
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(iv) The results of this investigation are shown in the graph below.
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