Questions on genetic engineering

1. Recombinant DNA technology has been used successfully to transfer genes, thus producing organisms with new properties.  An early example was the transfer of the human insulin gene to yeast.  Part of the process for gene cloning is outlined below.

	DNA containing desired gene is cut with a restriction endonuclease.
	
	Plasmid with two antibiotic resistance genes is treated with the same restriction endonuclease.


	DNA fragment and plasmid are mixed together with ligase.



	Recombinant plasmids transform E.coli.  Treated bacteria are then grown on an ampicillin-rich medium.



	Colonies are transferred by replica plating to a tetracycline-rich medium.


a. Why is the same restriction endonuclease used to cut the DNA in both cases?









(2)

b. What is the function of ligase?





(1)

c. What can be deduced about the colonies of bacteria which can grow on the ampicillin-rich medium?






(1)

d. Explain the meaning of the term replica plating.



(2)

e. Colonies which also grow on the tetracycline-rich medium are discarded.  Explain why these organisms are unwanted.



(2)

f. Suggest an alternative way of introducing the DNA into the bacterial cells.

(1)
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2. Bacillus thuringiensis produces a protein that is toxic to leaf-eating caterpillars.  This protein has been used by farmers as a natural insecticide.  Recently, the gene that codes for the toxin has been genetically engineered into several crop plants.

a. Outline how the gene that codes for the toxin could have been isolated.

(5)

The gene, once isolated, is inserted into a host plant cell either by using the bacterium Agrobacterium tumefaciens as a vector to infect a plant cell or using a particle gun which shoots DNA-coated pellets into a plant cell.

b. Suggest why a plasmid vector cannot be used to insert the gene into plant cells.









(1)

c. Explain why it is important to insert the gene into a single isolated plant cell rather than into a cell within a whole plant.



(2)

d. State two environmental implications of genetically engineered pest resistance in plants.







(2)

It has been suggested that the integration of the gene for toxin production from B thuringiensis into a wide range of crop plants could result in a loss of the effectiveness of the toxin.

e. Outline how this loss of effectiveness of the toxin might occur.
(2)
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3. The human gene for alpha-1-antitrypsin (AAT) was introduced into fertilised eggs of sheep and the eggs implanted into surrogate mothers.  Some surrogates produced transgenic female animals which secreted AAT in their milk.  The sequence of events is shown below.

human gene for AAT




fertilised sheep’s egg







transgenic embryo





embryo implanted into surrogate mother







surrogate mother gives birth to






transgenic female or male lamb


female lamb matures 




more transgenic


and produces milk




sheep bred



AAT extracted from milk

a. Explain what is meant by a transgenic animal



(2)

b. Describe how a transgenic embryo might successfully be implanted into a surrogate mother.







(3)

In some cases the injected DNA may not be incorporated into the DNA of the fertilised egg and in others the transgenic female may not produce much AAT in her milk.

c. Suggest why the transgenic females produce different quantities of AAT.














(2)

Complex human proteins, such as AAT, cannot be produced by genetically engineered bacteria.

d. Suggest why bacteria cannot be genetically engineered to produce complex human proteins such as AAT.

A possible use of AAT is in the treatment of cystic fibrosis.  AAT inhibits an enzyme, elastase, which helps to remove dead or damaged tissue.  In people suffering from cystic fibrosis, the frequent lung infections lead to the presence of large numbers of white blood cells, which release extra elastase, causing a potentially fatal breakdown of lung structure.

e. Describe the inheritance of cystic fibrosis.



(3)

f. Explain why the sufferers of cystic fibrosis develop frequent lung infections.








(2)

In a small clinical trial in 1996-97, patients with cystic fibrosis inhaled AAT into their lungs.  

g. Suggest how this treatment might help someone with cystic fibrosis.














(2)
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4. Read the following passage and then answer the questions that follow. 

Cancers occur when cell division gets out of control. Faults in a gene called p53 are associated with nearly all cancers. A test that could be used to detect a faulty p53 gene would obviously be a good idea. 

There are genes in a cell that prevent it dividing. The protein produced by the p53 gene switches on these genes and so stops cell division. If p53 stops working the cell is likely to become cancerous. 

Faulty p53 can now be detected simply and cheaply with a test based on yeast. The test is much cheaper than gene sequencing. It is much more reliable because knowing the sequence of bases in a DNA molecule does not allow us to distinguish harmless mutations from potentially harmful ones. 

The new test works by inserting the p53 gene into yeast DNA in which another gene, called ADE2 has been inserted. If the p53 gene works, it switches on the ADE2 gene. As a result the yeast cells appear white in colour.  If the p53 gene does not work, the ADE2 gene is not switched and the yeast cells appear red in colour. 

(a) Draw a simple flow chart to show how the p53 gene helps to prevent cancer. (2)

(b) Explain how the product of the ADE2 gene might act to change the colour of the yeast cells. 








         (2)

(c) Explain what is meant by gene sequencing




         (1)

