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Mutagen or mutagenic agent → is something which may induces mutation 

Mutation in some certain gene 

→ may lead to the malignant transformation of the cells

Some mutagenic agents are carcinogenic agent

Spontaneous mutation usually grow slowly, however

the existence of mutagen will greatly increase the rate

of mutation.

Classification of mutagenic agent

Chemical

Physical

Biological



Chemical mutagenic agents

1. Base analogs they are chemicals that are very similar to the

normal nucleotides that make up DNA. In their

name, 'base' refers to the nitrogenous base in

the nucleotide, and 'analog' means

'analogous,' or similar to.

Shape-shifter



Chemical mutagenic agents

2. Base modifying agents These are chemicals that modify or change

the structure of bases in the DNA, causing

mispairing.



Chemical mutagenic agents

3. Alkylating agents



Chemical mutagenic agents

4. Intercalating agents



Physical mutagenic agents

1. Ionizing radiation

2. Non-ionizing radiation

X-ray and Gamma-ray → short wave length

and high energy.

Can cause:

- Base deletion

- Single nick in DNA strand

- Cross-linking

- Chromosomal breaks

Electromagnetic radiation

→ UV radiation (around 260 nm wave-length)

Can react with DNA and other biological molecules

Leads to:

Cyclobutane pyrimidine dimers



Physical mutagenic agents

Reactive oxygen species as one of physical mutagenic product



Biological mutagenic agents

1. Transposon (transportable elements)

2. Virus → disrupting DNA (e.g. Raos sarcoma, HPV)

3. Bacteria (e.g. Helicobacter pylori → cause inflammation during

oxidative stress occurs and reducing DNA repair efficiency)



Variety of defenses to protect DNA molecules 

from the mutagens attack



Ames test

Bruce Ames (born 1928)



Ames test
Test system – auxotrophic strain of Salmonella 
typhimurium – survives only in medium with 
histidine (dies in normal medium without histidine)

After treatment with mutagen some auxotrophic 
cells are turned into normal ones that synthesize 
histidine and survive in a normal medium.

These cells are called revertants (due to reverse 
mutation).
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Ames test
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Result of the Ames test



What is trans-genesis?

Trans-genesis is the process of introducing an exogenous 
gene – called a transgene – into a living organism so that 
the organism will exhibit a new property and transmit that 
property to its offspring.

A Transgene is the name given to the introduced DNA

Definitions



Why use trans-genesis instead of selective breeding?

More specific — scientists can choose with greater accuracy the trait 
they want to establish. The number of additional unwanted traits can be 
kept to a minimum. 

Faster — establishing the trait takes only one generation compared 
with the many generations often needed for traditional selective 
breeding, where much is left to chance. 

More flexible — traits that would otherwise be unavailable in some 
animals or plants may be achievable using transgenic methods. 

Less costly — much of the cost and labour involved in administering 
feed supplements and chemical treatments to animals and crops could 
be avoided.



Biological Processes
First, the desired gene must be extracted from the donor 
organism.

This is done using restriction enzymes (restriction 
endonucleases).

It is important that the restriction enzymes cut out the whole 
gene required.

This gene can then be inserted into host cells (another 
enzyme, DNA ligase, is very important here)

Three basic methods of producing transgenic 
animals

1. DNA microinjection

2. Retrovirus-mediated gene transfer

3. Embryonic stem cell-mediated gene transfer



Genetic 
engineering:
Recombinant DNA 
technology



DNA Microinjection Electroporation



Life cycle of Retrovirus





Producing genetically living modified-organism

Traditional breeding
Crossing and selecting offspring

Mutagenesis
Chemical and physical 
mutagenic agent exposure RNA interference

Switching off the selected genes

Transgenic
Introducing selected genes

using DNA recombination technique


