
Mutation, an alteration in the genetic material (the genome) of
a cell of a living organism or of a virus that is more or less

permanent and that can be transmitted to the cell’s or the

virus’s descendants.









(Luria-Delbruck fluctuation test)







TYPES OF POINT MUTATIONS

Base pair 
substitutions

Base pair insertions 
or deletions

(A change in the DNA such that one base pair is 
replaced by another base pair)

Transition 
mutation

Transversion
mutation













SPONTANEOUS MUTATION

 Naturally occurring mutations.

 All types of point mutations can occur spontaneously, during

S, G1 and G2 phases of the cell cycle.

 The spontaneous mutation rate in eukaryotes is between

10-4 to 10-6 per gene per generation, and in bacteria and

phages 10-5 to 10-7/gene/generation.

 Many spontaneous errors are corrected by the cellular

repair systems, and so do not become fixed in DNA.

 Spontaneous are more frequent than induced mutations.

Spontaneous 
mutations

DNA 
replication 

errors

Spontaneous 
chemical 
changes

Result from the 
movement of  
transposable 

genetic 
elements



DNA replication errors

Base-pair substitution 

mutations

Small additions &

Small deletions (Indel)



Base-pair substitution mutations

Wobble base pairing

 Pyrimidine-Purine pairing

T-G

C-A

 Purine-Purine and Pyrimidine-Pyrimidine pairing

A-G

T-C





Small additions & Small deletions mutations





Spontaneous chemical changes

Depurination Deamination

Most common chemical changes



Depurination

A mammalian cell typically loses

thousands of purines in an average

cell generation period.

If such lesions are not repaired,

there is no base to specify a

complementary base during DNA

replication. Instead, a randomly

chosen base is inserted, which can

result in a mutation.

Depurination can produce transversion mutations



Deamination



Mutational Hot-Spot

The CpG sites or CG sites are regions of DNA where a cytosine
nucleotide is followed by a guanine nucleotide in the
linear sequence of bases along its 5' → 3' direction.
 Cytosines in CpG dinucleotides can be methylated to form 5-

methylcytosine. In mammals, 70% to 80% of CpG cytosines are
methylated.

 CpG island is a region with at least 200 bp, and a GC percentage
that is greater than 50%.

 Many genes in mammalian genomes have CpG islands
associated with the start of the gene (promoter regions).

 In humans, about 70% of promoters located near
the transcription start site of a gene (proximal promoters)
contain a CpG island.

https://en.wikipedia.org/wiki/Cytosine
https://en.wikipedia.org/wiki/Guanine
https://en.wikipedia.org/wiki/5-methylcytosine
https://en.wikipedia.org/wiki/Promoter_(genetics)


INDUCED MUTATION

 Mutations can be induced by exposing organisms to physical

mutagens such as radiation or chemical mutagens.

Mutagens

Physical

Radiation

Chemical
- Base analogs

- Base modifying agents

- Intercalating agents

Biological

Bacteriophage Mu



Radiation
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Chemical mutagens



Chemical mutagens













• Reverse mutation (reversion) is the production by further mutation of a permutated gene from a mutant gene.
• Reversion is the correction of a mutation, i.e. it occurs at the same site; more loosely, though, the term is applied
also to a mutation at another site that masks or suppresses the effect of the first mutation.

• In fact, such organisms are not non-mutant, but are double mutants with the same phenotype.

• Two types:-

1. True reversion is the reversal of the original nucleotide change.
2. Phenotypic reversion can result from changes that restore a different amino acid with properties identical to the

original. Second-site changes within a protein can also restore normal function.

Reverse Mutation



The Ames test for assaying the potential mutagenicity of chemicals

 The tester strains also carry

mutations in the genes responsible

for lipopolysaccharide synthesis,

making the cell wall of the bacteria

more permeable

 and also mutation in the excision

repair system to make the test

more sensitive.

 Rat liver extract is optionally

added to simulate the effect

of metabolism, as some

compounds, like benzo[a]pyrene,

are not mutagenic themselves but

their metabolic products are.

A list of commonly used Ames bacterial strains and detailed assay guidelines can be obtained in OECD test 471

guideline (OECD 471, 1997; Mortelmans and Zeiger, 2000). (Organisation for Economic Co-operation and Development)


