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Genetic Engineering 

Genetic modification has been taking place for centuries: species evolve due to natural mutations. 

Today, however, man is playing a role in modifying the genomes of organisms by biotechnological 

processes, known as genetic engineering. Genes may be activated or deactivated, deleted or 

inserted into chromosomes. 

It is currently the fastest growing branch of genetics. While some aspects cause concern regarding 

ethical and environmental issues, it is proving to be beneficial in fields such as medicine, gene 

therapy, agriculture and forensics. 

Genetic engineering depends on: 

1. Vectors, which are a means to transfer foreign genetic material into another cell. Two 

common vectors used are viruses and plasmids 

a. Plasmids are circular, double stranded DNA molecules found in bacterial cells. They 

are not part of the bacterial chromosome and replicate independently of it 

 

2. Enzymes play a vital role in genetic engineering: 

a. Restriction enzymes enable DNA molecules to be cut up, isolating the required 

genes 

b. Ligase enzymes act as a glue, joining together the ends of two single strands of DNA 

 

Two important aspects of genetic engineering are the production of pharmaceutical products and 

genetically modified crop plants. 

1. The Production of Pharmaceutical Products: 

Several hormones and vaccines are now being produced through recombinant DNA technology 

(recombinant DNA is a form of DNA that does not exist naturally but is created by combining DNA 

sequences that would not occur together). For example: 

 Human growth hormone 

 Factor 8 – essential in blood clotting for haemophiliacs 

 Proteins used to make a vaccine for hepatitis B 

 Interferon – used to treat some kinds of cancer 

Insulin is manufactured using recombinant DNA technology: 

1. The DNA that codes for insulin production is removed from healthy human pancreatic cells 

2. Restriction enzymes chop up these strands, isolating the gene itself 

3. Escherichia coli (E. coli) bacteria, found in the human digestive tract, are used as ‘factories.’ 

A plasmid is removed from a bacterium and cut open using a restriction enzyme. The two cut 

ends are called sticky ends 
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4. The ligase enzyme joins these two sticky ends with the piece of DNA carrying the insulin 

gene, forming recombinant DNA 

5. The plasmid is reinserted into the host E. coli cell, where it produces insulin 

6. The bacteria are kept in tanks containing a nutrient medium, where they reproduce rapidly, 

producing large numbers of cells containing the insulin producing gene. Enormous amounts 

of insulin are produced 

Advantages of the product: 

 Produced rapidly and in large quantities 

 Relatively inexpensive 

 Few side-effects as it is human insulin 

 

2. Genetically Modified Crop Plants: 

Genetics has impacted human agriculture for thousands of years. We have artificially selected to 

strongest, healthiest, best crops to reproduce – a form of selective breeding, which is a kind of 

genetic engineering. 

Crop plants are genetically engineered because conventional breeding methods are too slow and 

unpredictable, and genetic engineering allows for accuracy in producing a generation with a desired 

trait. Conventional plant breeding can only cross closely related plants. Genetic engineering enables 

scientists to take any gene from any living organism and introduce it to the plant. 

The resulting transgenic plant is referred to as a Genetically Modified Organism (GMO) and the 

inserted gene is called a transgene. 

Plants are transformed in two main ways: 

1. The ‘Gene Gun’ Method: 

 Metal pellets coated with the desirable DNA are fired into plant cells 

2. The Agrobacterium method: 

 A common soil bacterium that can enter plants through a wound and cause a 

tumour is used 

 The tumour-inducing section of the plasmid is removed and replaced with the 

relevant transgene 

 The bacterium enters the plant and infects it 

 Tissue samples from the invaded plant are taken and cultured in a growing medium 

(tissue culture) 

 These cells multiply by mitosis to form a callus, which develops into an independent 

plant with the required trait 

In South Africa, herbicide-resistant maize and soy beans, as well as insecticide-resistant maize and 

cotton are grown.  
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Advantages of GM crops are: 

 Increased yields – feed more people 

 Protect and preserve the environment – remove need for chemical pesticides and herbicides 

Disadvantages: 

 Potential danger to environment 

 Possible health risks 

 Economics 

 

 


