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MUTATION

INTRODUCTION

« MUTATION- Any sudden change occurring in hereditary

material is called as mutation.
« They may be harmful, beneficial or neutral.

 DNA is highly stable molecule that replicates with amazing

accuracy some errors of replication do occur.
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HISTORY

« 1901: Hugo de Vries first used the term
mutation to describe the sudden heritable
phenotypic changes in evening primrose
Oenothera lamarckiana.

« 1904. T.H. Morgan reported white eyed
drosophila in the population of red eyed E
flies.

« 1928: H.J. Muller first used x-rays to induce
mutation in fruit fly.




TYPES OF MUTATION

MUTATIONS OR CHANGES IN GENES OR
CHROMOSOMES
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GENE MUTATION

* A gene mutation is defined as an alteration in the sequence of

nucleotides in DNA.

 This change can affect a single nucleotide pair or larger gene

segment of a chromosome.



TYPES OF GENE MUTATION

\GENE MUTATIDN/

{ Point mutation Frame shift mutation Base substitution

mutation
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+*Silent mutation

*Insertion *Transition mutation

*Missense mutation

*Deletion

*Nonsense mutation *Transversion mutation




1. POINT MUTATION
*Point mutations are the most common type of gene mutation.
* Also known as base pair substitution.
*Change in a single nucleotide base pair.
Point mutation can be categorized into three types:

Original sequence

» Silent mutation

A A G A G G

» Missense mutation

Point mutation

» Nonsense mutation X




SILENT MUTATION

The change in one codon for an
amino acid into another codon
for that same amino acid .

Silent mutations are also
referred to as synonymous
mutations.




MISSENSE MUTATION

*The codon for one amino
acid is changed into a codon

for another amino acid.

sMissense mutations are
sometimes referred to as

non-synonymous mutations.

Onginal DNA code for an amino acid sequence.
M—CATCATCATCATCATCATCAT

bases
 His H His 5 His H His H His = His = His =

Amino acid Raplacoment of

o His W Wis W His HICITWH Wis H His H His b
\

Incorrect amino acid, which may
produce a malfunctioning protein,




NONSENSE MUTATION

The codon for one amino Orgral Ao b n o o s A
acid is changed into a MA—~éAééA<‘;éAécAcéAéé AGCAG
. ' . 505
translation termination W e aTE R CE W
t n. |
(S Op) COdO Amino acid Replacement of
smglomicboudo.
CAGCAGCAGTAGCAGCAGCAG
~{ Gn K Gin H Gin HE™H
Protein \ Incorrect seqence causes

shortening of protein,




FRAME SHIFT MUTATIONS

« This type of mutation occurs when the addition or loss of DNA
bases charpges a gene' s reading frame. A reading frame consists

of 3 bases, each code for one amino acid.

« A frame shift mutation shifts the grouping of these bases and

changes the code for amino acids.
* The resulting protein is usually nonfunctional.

Insertions and deletion can all be frame shift mutations.

ACG AGG ACU GCA UAC CA...  NormalTranslation
Thr Arg Thr Ala  Tyr

A CGA GGA CUG CAU ACC A... +1Frameshifted :
i b e e b’ Translation =) Insertion

Arg  Gly Leu His  Thr

AC GAG GAC UGC AUA CCA.. -1 Frameshifted I Deleti
| T J 1 T J 1 I J L 7 ] i 7 '] . e e IOn
Glu Asp Cys e Pro



INSERTION

An insertion changes the
number of DNA bases in a
gene by adding a piece of
DNA. As a result, the protein
coded by the gene may not

function properly.

Original DNA code for an amino acd sequence.

M—~CATCATCATCATCATCATCAT
bases

< His H_His H His X His H His M His R His -

single nucleotide.

l 1

CATCATCATACATCATCATCA

 His H His H His

Incorrect amino acid sequence, which
may produce a malfunctioning protein,




DELETION

* A deletion changes the
number of DNA bases by
removing a piece of DNA.

Small deletion may remove
one or few base pairs within
a gene .

Larger deletions can remove
one entire gene or several
neighboring genes. The
deleted DNA may alter the

function of the resulting
nrotein.
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bases
o His K His X His K His H His 5 His K His =

Amino acid

Deletion of a
A singlo nuclootide,

CATCATCATCTCATCRTORTE,
SETRIETRETE Lo ! G L G 1 U B

Incorrect amino acid sequence, which
may produce a maffunctioning protein,




BASE SUBSTITUTION MUTATION

Bas&substitution are mutation in which one base pair is

replaced by another.

Base substitutions can be divide into two subtype

 transition mutation

O transversion mutation

purines HoN N

NH»

NF SN
Iﬁt >
N N

H
adenine Transitions

A <

Transversions Transversions

=% )-T

Transitions

NH3 C
(&N
3o

cytosine

pyrimidines




TRANSITION MUTATION

A transition is the replacement of a ” - ”

base by the other base of the same Purine Purine

Pyrimidine Pyrimidine

G==A
A=t

chemical.




TRANSVERSION MUTATION

A ftransversion is the opposite <D . A_,T
R

the replacement of a base of A
Purine Pyrimidine G —* T

one chemical category by a "

base of the other. ._. <:O $ —vi

Pyrimidine Purine T —=(




MOLECULAR MECHANISM OF MUTATION

« Spontaneous mutation Physical Mutagens
< Tautomerism Blofore '
» Depurination

" |e-c G—C
Cc-G C-G|

A-T Uy A
\ A-T = \A +

L2

< Deamination e by
. Induce:_:! mutation P - Dimer format iR
*Physical mutagens
Radiation

a. lonizing (X- rays, Gamma rays)
b. Non ionizing(UV rays)
»Heat

=Chemical mutagens
Base analogs, alkylating agent, intercalating agent

N

e~
C | Deamination by =
AN Thng, NS
R L W
o o

Deaminated
form of cytosine
(= uracil)

This !:vaseﬁ
cannot pair
with G but
instead pairs
with A




SPONTANEOUS MUTATION (Natural process)

* Tautomerism- A base is changed by the | - |
repositioning of a hydrogen atom, altering the ¢ &« —— ( 1
hydrogen bonding pattern of that bases,' o I
resulting in an incorrect base pairing replication. oo Enol o

 Depurination- Loss of purine base (A or G) to, o
form an apurinic site. * .....;....,....

l

« Deamination- Hydrolysis changes a normal base IL IL,
to an a typical base containing a keto group |n< y o §

place of the original amino acid. gt



EFFECTS OF GENE MUTATION




GENETIC DISORDER

Sickle-Cell Anemio

R atd
)

 Mutation can lead to missing or malformed

proteins that can lead to diseases.

« Some well known inherited genetic disorders
Sickle cell anemia
Cancer

« All these disorders are caused by the

(elwid (ef i mulpe
ek [H DN etz

mutation of a single gene.



Blue eyes area genetic mutation
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