Genetic engineering


	2.5 Genetics


	Objectives

At the end of this sub section students should be able to:

	2.5.9 Genetic Engineering


	1. Define Genetic Engineering

2. Understand that GE alters DNA

3. Understand the function of restriction enzymes

4. Be able to explain the following processes 

isolation

cutting 

insertion 

transformation 

expression

5. Discuss three applications of GE

6. Discuss the ethical issues of genetic engineering


GENETIC ENGINEERING

Genetic engineering is the manipulation and alteration of the genetic material of organisms. 

It allows the transfer of genes from one organism to another.  

Genetic engineering using bacteria involves:
Isolation of a chromosome (containing the target gene) and a plasmid.

Cutting the chromosome (restriction) and plasmids with a restriction enzyme.

Insertion of the cut sections of the chromosome into the plasmid

Transformation of bacterial cells i.e. getting the bacterial cells to take up the plasmids.

Expression or production of the required protein by the bacteria with the recombinant DNA.

.
A cloning vector is a piece of DNA that can accept the target gene and replicate. Most common = Plasmid – a loop of DNA found in bacteria.

Restriction enzymes cut DNA wherever they find a specific sequence of bases called a restriction site.

DNA ligase – enzyme that is used to get the foreign DNA to join with the DNA of the cloning vector.

The altered DNA is called recombinant DNA because it recombines after the small section of DNA is inserted into it.

Transgenic organisms are organisms that have been altered using genetic engineering.

GMOs are genetically modified organisms – living things whose DNA has been altered artificially.

‘Pharming’ is the production of foreign proteins by gmos.

Applications of genetic engineering: (know 1 plant, 1 animal, 1 m/o)


Plant

· Weedkiller-resistant crops

Inserting a bacterial gene for herbicide resistance in to crop plants, so that when the herbicide is sprayed it will kills weeds but will not kill the plant

Vitamin A in rice

Vitamin A deficiency causes blindness. A gene for vitamin A production was taken from daffodils and inserted into rice grains.

Animals

· Sheep produce human clotting factor

Producing transgenic sheep by inserting the human gene for blood clotting factor VII into sheep DNA. The gene is modified so that it can only be expressed in the mammary glands. It na then be extracted from the milk.
· Goats produce a protein to treat cystic fibrosis

A human gene has been inserted into goats (and sheep) allowing then to produce a human protein used to treat emphysema (lung disorder) and CF. CF = inability to remove fluids from the lungs and other parts of the body.

Microorganisms

Bacteria make insulin

· Inserting the gene for human insulin into a bacterium which then produces human insulin for use by diabetics.  This overcomes the danger of people producing antibodies to the pig insulin.

· Bacteria make interferon

Formed by humans to fight virus infections. Now produced by bacteria and used to treat virus diseases and some types of cancer.

· A piece of DNA from an Aids/Influenza /Hepatitis B virus has been inserted into the smallpox vaccine virus (using the ‘cut and splice’ technique) and the latter virus injected into experimental animals.  This causes the animals to produce antibodies against the Aids/Influenza /Hepatitis B virus without developing the disease itself.  In humans?    .......

Other substances produced by genetic engineering include human growth hormone, blood clotting factors, enzymes to dissolve blood clots & treat heart attacks, enzymes added to washing powders to dissolve protein or fat stains, antibiotics, vaccines, food products, drugs and pesticides.

It would be advantageous to transfer the genes for nitrogen fixation in leguminous plants to non-leguminous plants e.g. cereals.

Tomato plants have been genetically altered to produce hard but ripe tomatoes (gene for softening enzyme no longer functions).

2.5.9 Genetic Engineering
2006 OL

11.
(c)
(i)
What is genetic engineering?

(ii)
Give one example of genetic engineering involving an animal and one example involving a plant. 

(24)
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13.
(c)
Read the following passage and answer the questions that follow.

Dolly, the most famous sheep in the world, was cloned in the Roslin Institute in Scotland in 1996. When this was announced in February 1997 it caused a sensation, because until then many scientists thought that such cloning was impossible. Such cloning is the production of one or more animals that are genetically identical to an existing animal. This cloning technique is based on the fact that, with the exception of the sperm and the egg, every cell in the body contains in its DNA all of the genetic material needed to make an exact replica of the original body. During the normal development process from embryo to fully-fledged animal, all of the cells in the body are differentiated to perform specific physiological functions.

Before Dolly, the majority view was that such differentiated cells could not be reprogrammed to be able to behave as fertilised eggs. Dolly was produced by a process known as "adult DNA cloning", which produces a duplicate of an existing animal. The technique is also known as "cell nuclear replacement". During adult DNA cloning, the DNA is sucked out from a normal unfertilised egg cell, using a device that acts somewhat like a miniature vacuum cleaner. DNA that has already been removed from a cell of the adult to be copied is then inserted in place of the original DNA. Following this stage, the cell containing the inserted DNA is implanted in the womb of an animal of the same species, and gestation may begin.

To make Dolly, a cell was taken from the mammary tissue of a six-year-old sheep. Its DNA was added to a sheep ovum (egg) from which the nucleus had been removed. This artificially fertilized cell was then stimulated with an electric pulse and implanted in an ewe. 

{Adapted from www.biotechinfo.ie}

(i)
What is the difference between a nucleus of an egg cell and that of a somatic (body) cell of an animal?

(ii)
Suggest an advantage of producing genetically identical animals.

(iii)
Suggest a disadvantage of producing genetically identical animals.

(iv)
“Every cell in the body contains in its DNA all of the genetic material needed to make an exact replica of the original body”. Comment on this statement.

(v)
What is the precise meaning of the term “implanted” in the extract above?

(vi)
Suggest a purpose for stimulating the fused egg with an electric pulse.

(vii)What do you think is meant by the phrase “artificially fertilised cell”? (27)
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10.
(a)
(i)
What is meant by genetic engineering?

(ii)
State two applications of genetic engineering, one involving a micro-organism and one involving a plant. 



(9)
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6.
(a)
What is genetic engineering? 

(b)
Name three processes involved in genetic engineering.

 (c)
Give an example of an application of genetic engineering in each of the following cases:  1. A micro-organism. 2. An animal. 3. A plant. 

Marking schemes
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11.
 (c) (i) Artificial (manipulation) / alteration or change of a gene (or genotype / to produce a valuable substance or to confer a valuable trait any two 2(6) 
(ii) example of animal – e.g. “antifreeze” in farmed fish /pharmaceuticals from transgenic animals 6 
example of plant – e.g. long life tomatoes/weed resistance in crops/ Vitamin A in rice 6
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13.
(c) (i) Difference: egg cell is haploid or somatic cell is diploid or

quote from passage line 6 and 7 3

(ii) Advantage: any valid example e.g. same wool quality 3

(iii) Disadvantage: any valid example e.g. lack of variation or

consequence e.g. prone to disease 3

(iv) Comment: valid / mitosis yields genetically identical nuclei / not all

genes switched on / genetic potential to produce new organism or explained / comment

on significance e.g. forensics

[If ‘not valid’ stated for one point, second point got from a reason why not e.g. not sex cells]

any two 2(3)

(v) Implanted: attached (embedded) [allow inserted, placed or put] to the

endometrium [allow uterus or womb] or explained 3

(vi) Why electric pulse: any reasonable suggestion e.g. to initiate

cell division, keep alive, boost viability, energise. 3

(vii) Artificially fertilised: (diploid) nucleus / into ovum without nucleus /

rather than from fusion of haploid nuclei (or gametes)

[These 2 points will be got by quoting from last paragraph]

any two 2(3)
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10.
(a) (i) Manipulation of genes or explained 3 
(ii) Micro-organism - production of hormone or enzymes or named 

or interferon or other 3 
Plant - slow ripening tomatoes / herbicide resistant plants/ 

freeze-resistant plants / other 3 

2009 HL

6. (a) Manipulation or alteration of genes or of genotypes

(b)

Isolation / cutting (or restriction) / transformation (or ligation) / introduction

of base sequence (changes) / expression

Any three

(c) 1. Micro-organism example:

2. Animal example:

3. Plant example:
Name:
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