
KNOWLEDGE AREA: 
Life Processes in Plants and 
Animals

TOPIC 2.2:  Genetic  and 
Inheritance

Genetic Engineering



Some Terminology

Genetically Modified Organisms

Stem Cell Research

Cloning



This section is important because is 
usually comes out as an essay or as a 
long question.

So even though it seems simple, learn it 
well!!!

There are definitely marks here!!!



1. Genetic engineering:

 Is also called genetic modification.

It is defined as…

the deliberate modification of characteristics of 
an organism by manipulating its genetic 
material with the use of biotechnology.

2. Biotechnology:

 Refers to the use of biological processes, 
organisms or systems to manufacture products 
intended to improve the quality of human life.



3. Genetically modified organism (GMO):
 Refers to an organism that is produced through 

genetic engineering.
 Bacteria were the first GMOs.

 They were generated in 1973.

 A year later in 1974, the first GM mice were 
generated.

 In 1982 insulin producing bacteria were 
commercialized.

 Since 1994, genetically modified food has been 
sold.



4. Cloning:

 This is a type of genetic engineering.

 But not the same as true genetic manipulation 
because the composition of the genetic 

material is not interfered with.

 The purpose of cloning is to duplicate the genes 
of the existing organism, so that an identical set 
of genes are found inside the egg.



Cloning is defined as…

the production of an individual which is 
genetically identical to the one from which it 
was produced.



5. Stem Cells:

 This is also an example of genetic engineering, but 

is not an example of genetic manipulation.

 Once again because the genetic composition of 
material is not interfered with, it is not genetic 
manipulation.

 Stem cells are actively dividing cells that can give 
rise to any of the other cells of the same organism.

 Stem  cells are unspecialized cells.





TERM:

Genetic engineering

DEFINITION:

the deliberate modification 
of characteristics of an 
organism by manipulating 
its genetic material with 
the use of biotechnology.

USE IN SENTENCE:

We must remember that 
genetic engineering refers 
to the manipulation of 
genetic material.



TERM:

Biotechnology

DEFINITION:

Refers to the use of 
biological processes, 
organisms or systems to 
manufacture products 
intended to improve the 
quality of human life.

USE IN SENTENCE:

The use of bacteria to make 
cheese is an example of 
biotechnology.



TERM:

Genetically modified organism (GMO)

DEFINITION:

Refers to an organism that 
is produced through 
genetic engineering.

USE IN SENTENCE:

The seedless watermelon 
or a high milk yielding cow 
are examples of genetic 
modified organisms.



TERM:

Cloning

DEFINITION:

Is the production of an 
individual which is 
genetically identical to the 
one from which it was 
produced.

USE IN SENTENCE:

The first animal to be 
cloned was a sheep named 
Dolly.



TERM:

Stem cells

DEFINITION:

Refers to actively dividing 
cells that can give rise to 
any of the other cells of the 
same organism.

USE IN SENTENCE:

Stem cells are useful in the 
treatment of certain 
diseases.



One example of genetic modification or genetic 
engineering is the production of human insulin 
using bacteria.

 This process is called recombinant DNA 
technology.

Remember you studied this last year.



Lets revise a few 
points…

1. A plasmid is a 
structure containing 
DNA in the bacteria.

2. An enzyme is used 
to cut open this 
plasmid.

3. A piece of the 
insulin gene is 
removed.



4. This piece is attached to the plasmid.

5. The plasmid together with the insulin gene is 

called the recombinant DNA.

6. The recombinant DNA is then inserted into the 
bacteria.

7. When the bacteria undergoes reproduction 
through binary fission, it produces insulin.



 The new genetic codes that result from genetic 
engineering can be extremely useful.

For example…

1. It can lead to the production of plants that are 
disease resistant.

2. It can also results in plant or animals with high 
yields, that is hens that produce a large number 
of eggs.

 The foods that are produced by genetic 
engineering are called genetically modified 
foods or GMFs.



Arguments for Genetic Engineering…

Medication or other resources can be produced 
more cheaply.

 Leads to the production of drought or pest 
resistant  plants.

 It can lead to an increase of crop yields and this 
means that there is an increase in food security.

Wastage can be reduced by increasing the shelf 
life of fruit and vegetables.



Arguments against Genetic Modification:

1. It is an expensive process to setup.  

2. By interfering with nature we are playing God.

3. May cause diseases.

4. GMOs are fairly new, therefore we cannot be 
sure of the long term effects of using the 
GMOs.



Genetic modification often comes out as an 
essay question, where you are asked to 
explain what it is,

And the arguments for and against it,

For example lets look at the question that appear 
in the November 2009 paper.



Using genetically modified organisms as a source of 
food is supported by some people and rejected by 
others. 

Explain SIX advantages of using genetically 
modified organisms as a source of food. (12) 

Synthesis: (3) 

(15) 



Advantages of using GMO’s as a source of food 

1. Control pests with specific genes inserted into 
the crop which is less harmful to the 
environment than pesticides  or reduces the 
need for the use of chemicals .

2. Selecting the best genes to produce better 
resistant crops or  stronger offspring to 
withstand harsh environmental conditions.

3. Using specific genes to increase crop yields or

life stock improvement for food security.



4. Selecting genes to increase shelf life of plant 
products so that there is minimal waste.

5. Selecting genes that delay ripening of fruits to 
meet the demand locally and internationally.

6. Using specific genes to improve nutritional 
value of food for better health.

7. Using specific genes to introduce new traits in 
crops to suit specific needs of a population (e.g. 
to increase vitamin A in food) 

any (6 x 2) (12) 



The 6 points in the previous solution can be used 
as notes to study from on arguments for genetic 
engineering.

The highlighted portions are the main points.

Now lets try the question from Nov 2013.





3.1.1  An organisms complete set of genes.

3.1.2  Genetic engineering involves the transfer of 
genes from organism to another, while 
selective breeding is parents with desirable 
phenotypes are selected to produce offspring 
with desirable phenotypes.

3.1.3  To asses the risk to human health.

To determine if the presence of the 
transferred gene will affect the expression of 
other genes.

To test the effectiveness of the product.



3.1.4  The spraying of herbicide will kill the weeds 
without killing the crop, thus reducing competition 
between weeds and crops.  This will increase the 
yield of the crop.

3.1.5  Produce crops that are resistant to adverse 
conditions, like drought, pests etc.
Increase crop yield
Increase shelf life of plant products
Change the time for ripening of fruits
Improve nutritional value
Improve the taste of food.
Developing fruits or plants with desirable 
characteristics.



3.1.6  Companies have invested a lot of time/money 
to make the GM seeds.  The companies want 
to control the seed market thus increasing 
profit.



Note that both these questions have similar 
answers.

Look at your notes and add in all the 
points that you do not have!

Learn all of them!!!!!



 As we mentioned earlier stems cells are 
undifferentiated cells that have the ability to develop 

into any tissue or organ in the body.

 These stem cells are called embryonic stem 
cells.

Uses of  Stem Cells:
 They can be used to replace diseased or damaged 

cells.  Lets look at an example if the myelin sheath is 
damaged it can be used to form a new myelin 
sheath.

 However stem cell research is new.



 At present it is used for the treatment of some 
diseases such as diabetes, leukemia, Alzheimer's 
disease, osteoporosis and sickle cell anaemia.

 But it is only being used to a limited extent.

Harvesting of Embryonic Stem Cells:

 There is a lot of controversy around the 
harvesting of embryonic stem cells.

 As the name suggests embryonic stem cells come 
from the embryo.



Usually when couples 
undergo in-vitro 
fertilization some 
embryos are not 
implanted.

Lets quickly look at 
what is in-vitro 
fertilization? 

 The egg cells are 
harvested from the 
ovary.

 Sperm sample is 
provided.



 Fertilization occurs 
when sperms fuse 
with the eggs.

 Embryos are formed.
 Some of these 

embryos are 
implanted.

 The rest are frozen 
and stored if. needed 
in the future

 Embryonic stem cells 
are harvested from 
these frozen embryos.



 But once the stems cells are removed the 
embryos are destroyed.

 But in a very positive development it was found 
that…

 If one cell is removed when the embryo was in 
the 8 cell stage the embryo survives and 
continues to develop as normal.

 In this case the a stem cell is harvested without 
causing harm to the embryo.



Stems cells from Cord Blood:

 Remember during pregnancy the foetus is 

attached to the mother by means of the 

umbilical cord.

 Also remember that the blood from the placenta is 
also found in the umbilical cord.

 This blood is called cord blood.

 The cord blood is a rich supply of stem cells.
 Once the umbilical cord is cut after birth the stem 

cells can be collected.



 This method of harvested stem cells is very popular 

because no embryos are destroyed.

 Previously  the cord blood was discarded at the end 
of the birthing process.

 In recent times the cord blood has been saved and 
stored.

 The reason for this is because couples are now aware 
of the use of the stem cells found in the cord blood.

 The cord blood is being stored in special cord blood 
banks.



 South Africa has one of these blood banks in Cape 
Town.

 The stem cells stored may be used to develop tissues 
or organs that may need to be replaced fro that child 
in the future.

Should Stem Research Continue?

Remember here there is no 
correct answer !!!

Here are some arguments for and against stem cell 
research.



 It is hoped that it would lead to the treatment of a 
number of diseases and disorders.

 Some people in favour of stem cell research believe 
that embryos are tiny amounts of tissue.

 While others believe that the use of stem cells from 
the cord blood or the 8 cell stage is acceptable 
because no embryos are being destroyed.

 But not everyone is in favour of stem cell research.

 Since they feel that the use and destruction of 
embryos is immoral.

 Because the minute the sperm fertilizes an egg life 
as begun.



 Therefore when embryos are destroyed because 
of stem cell research, they feel that a potential 
life is being destroyed.

 Still others disagree with the use of the stem  
cells from the cord blood or the 8 cell stage 
because they believe that we are playing God.



TERM:

Cord blood

DEFINITION:

Refers to the blood found 
in the umbilical cord.

USE IN SENTENCE:

Stem cells are harvested 
from cord blood.



Answer this question that appeared in the 2010 
November paper 1.

Describe what stem cells are, and give TWO sources 
from which human stem cells may be harvested. 
Also explain TWO arguments, with reasons, for 
the use of stem cells and TWO arguments, with 
reasons, against the use of stem cells in humans.

(12)

Synthesis: (3)

(15)



Stem cells are (actively) dividing cells that are not 
yet differentiated/ not yet mature could give rise 
to different types of cells

Source:

 Embryo

 Blood in umbilical cord/cord blood

 Placenta

 Bone marrow any 2

(Mark first TWO only)



Arguments for use of stem cells

- Provide replacements for tissues /organs damaged by

age/trauma/disease/improve quality of life

-Used for research to see whether it can cure different

diseases e.g. cancer/more reliable results when human 
stem cells are used

- Stem cells from e.g. the blood from the umbilical cord

can be stored when needed in future because it would

not be rejected by the body’s immune system 

any 2 x 2

(Mark first TWO only)



Arguments against use of stem cells

- Expensive, research money could be used for other 
needs 

- Only rich people /expensive can afford to store 
stem cells for later use

- Interfere with religion /culture/creation because it 
is immoral/ unethical/we cannot play God

- Moral /ethical objection because we are 
destroying a human life



- The dangers of using stem cells are unknown and 
may be a risk

- Can lead to illegal trade in embryos /the placentas 
of new-born babies/ to make money

- Embryos conceived and then aborted abandoned/ 
to use the stem cells from the placenta 

any 2 x 2

(Mark first TWO only)



 Earlier we discussed the definition of cloning, 
please go through this.

 Some examples of organisms that have been 
cloned are the Dolly the sheep and Futi the cow.

Now lets look at the process…

 Cloning is based on the following…

1. A new organism is formed when a sperm fuses 
with an egg to form a diploid zygote which 
undergoes mitosis to grow into a new 
organism.



2. An unfertilized egg will not undergo any 
development and will be discarded.

 The above led scientists to believe that the 
body is able to ‘tell’ when an egg is fertilized.

 The body is able to do this because the 
fertilized egg is diploid and the body can 
‘tell’whether that egg is haploid or diploid.

Keeping all of the above in mind they put forward 
the following hypothesis…



We should be able to trick the 
body into believing that an egg 
is fertilized by giving the egg a 
diploid number of 
chromosomes.



 They also believed that this egg will continue to 
develop as a normal fertilized egg.

Now lets look at  the process.



1. An egg is removed 
from 1 organism 
during surgery.  Call 
this organism A.

2. In the laboratory the 
nucleus of the egg is 
removed during 
microsurgery.

3. A actively diving 
somatic cell is 
removed from the 
other organism.  We 
will call this organism 
B. Process of Cloning a Sheep



4. The nucleus from 
the cell of organism 
B is removed.  This 
nucleus is diploid.  
Can you tell why?

5. Then the nucleus 
from organism B is 
inserted into the 
egg cell.

6. The egg is now 
diploid.

Process of Cloning a Sheep



 It is diploid because it is a somatic cell.  And all 
somatic cells are diploid.



7. The diploid egg is now is put back into organism 
A.

8. The ovum then became attached to the uterus.

9. It continues to develop into a new individual.

Their hypothesis was proven to be correct.



 The clone is identical to organism B.

Do you know why?



 Because the nucleus of organism B and not 
organism A was used.

 Therefore A is only a carrier.

 This means that the new organism is a clone of B.



The first cloned 
mammal was born 
in 1996.  it was 
cloned from an 
adult cell.  It was a 
lamb named Dolly.

Dolly



On 19 April 2003 a 
cow called Futi was 
cloned from a 
champion milk cow.  
Futi was born in 
Brits, South Africa.

Futi



 Genetic engineering:  the deliberate modification of 
characteristics of an organism by manipulating its 
genetic material with the use of biotechnology.

 Biotechnology:  refers to the use of biological 
processes, organisms or systems to manufacture 
products intended to improve the quality of human 
life.

 Genetically modified organism (GMO):  refers to an 
organism that is produced through genetic 
engineering.

 Cloning:  is the production of an individual which is 
genetically identical to the one from which it was 
produced.



 Stem cells: are actively dividing cells that can give 
rise to any of the other cells of the same 
organism.

 Cord blood:  refers to the blood found in the 
umbilical cord.



1. The biotechnological production of genetically 
identical offspring…

A.  Stem cell research

B.  Cloning

C.  Recombinant DNA technology

D.  Both B and C



2. The process that is used to artificially produce 
organisms with characteristics that are useful to 
humans is…

A.  Selective breeding

B.  Biotechnology

C.  Both A and B

D.  Neither A nor B



3. The process also known as genetic 
modification…

A.  Cloning

B.  Stem cells

C.  Biotechnology

D.  Genetic engineering  



4. The use of biological processes, organisms or 
systems to produce products intended to 
improve the quality of human life is…

A.  Cloning

B.  Stem cells

C.  Biotechnology

D.  Genetic engineering  



5. The process that duplicates the genes of an 
existing individual so that an identical set is 
inside the egg…

A.  Cloning

B.  Stem cells

C.  Biotechnology

D.  Genetic engineering  



6. Undifferentiated cells that can develop into any 
tissue or organ…

A.  zygote

B.  Stem cells

C.  Biotechnology

D.  Egg cells



7. First cloned mammal…

A.  Dolly

B.  Futi

C.  Both A and B

D.  Neither A nor B



8. First cloned mammal in Africa…

A.  Dolly

B.  Futi

C.  Both A and B

D.  Neither A nor B



9. Recombinant DNA technology is an example of…

A.  Genetic engineering 

B.  Biotechnology

C.  Both A and B

D.  Neither A nor B



10. Recombinant DNA technology is used to make…

A.  Insulin 

B.  Glucagon

C.  Both A and B

D.  Neither A nor B



1. B

2. A

3. D

4. C

5. A

6. B

7. A

8. B

9. C

10. A


