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& sequenced! o e ez LAY o mutations S
DEfinitionS ¥ e P & S e svpermanent 22 sDNAJI

4B S § 5l resostareplication /translation
_ Mutationgt Permanent changes in a DNA sequence.

Physical agent or a chemical reagent that

causes mutation. — e

208 LS e VI 4_-Lf"" ad mutagenesisJ!
» Mutagenesig Process of producing a mutation. It may [ERcEEauli IR % RNV LT
be spontaneous or induced. o S f y c}\,—ﬂrﬂ Sl S s L7 o1 2 ‘
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Causes of mutations

1. DNA polymerase errors:

| primase

Despite of the high degree of fidelity
of DNA polymerases, some mutations | prlmer
could occur during DNA replication %

because not all the replication errors H . O\ }
or damage are detected and repaired
by proofreading.
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Causes of mutations

2. Spontaneous changes

DNA undergoes spontaneous changes that lead to mutations@
they are not repaired.
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+~Deamination of cytosine to uracil 494z b L

§
Spontaneous changes o .
NH2 J1 2250 VE 0 s uge v 2 CU U

i s 2o UJdA CIorNH2 U bt i £ B e

a) Deamination of to proofreading J) vib o 55 o U
S .- . o ” 5

If this is not repaired before replication, adenine pairs with the ’ f Lol gl o Zw b LLL

template strand containing uracil (adenine replaces guanine), this _Los( GGG GCA )W sequenced! s ol Lol 4t 2o als S

explains why DNA contains thymine but not uracil. .
UJL( GGG GUA ) g f-Udets’ 5CUI e SUINH2 M aLs
If DNA contains uracil in its structure, this type of mutation will not

' .z st 2y ol o) .-
be detected and will not be corrected which will produce serious jy\{ Jor2G < ‘a.’/) C LV""" ,Cue’d B @ C’ AC’ ‘%"’
mutations. 0.2b 10 /GL c_.:)
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SpontaneousJ " {25 "0l | g B in b Jd

U purinsd ie DNAJ @t L2 gzl dbls s depurination
NP A NG F75(G,A) P

e b

suger phosphate backboned # Adi oGl &=V ap L)

b) Spontaneous depurination. pyrmidins Ji o s stable 5
¢k bases (‘VL., Lizsap ) ol AT

Spontaneous changes

Purines are less stable under normal cellular condition than
pyrimidines.

The glycosidic bonds that link purines to the sugar phosphate

backbone of DNA are often bro‘léﬁltegm\pﬁfm/egﬁfe\:ﬁ/ @ S
replaced before replication, any base may be added to
complement the missing base during replication.

glycoszidic
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mutagen ¢ 2 Ls~sexternal factors J! Al F- N9
chemicalsJL A g 204 st 7

Chemical mutagens

bes deamination F = sNitrous aciddJ'es? ol

Many chemicals alter DNA bases or the structure of DNA JIJ# 9 amine groupd! =
1. Nitrous acid (HNO, deaminating compound) can promote the 55 Gah i 0L 2 o Nitrous acid 5
change of guanine to xanthine;’adenine to hypoxanthine and 91 e O o oo o
*cytosine to uracil. gz apls Bzl v il

- . . JF goodb ¢ o Usodium nitrate

2. Alkylating agents such as dimethyl sulfate LA 5ok A sl el mitrous acid J
: & Niegon & : ;

* can cause methylation of guanine into 7 methyl guanine DNAJIS

* can disrupt phosphodiester bond resulting in strand break—s ¢ c3d2sugerss g2 #4149 phosphodiester bond
: ) ) . : : S LI e5 sy L
* can interact covalently with both strands, creating intrastrand

bridges. )
3 to S’
Jatedl g salkyl agentdlslos? é\_.f‘-’(/’;” St v S o
dimethylJie? W de alkyl agentolf d-CH3 o basesdl e o ST 57
slewds gl A olis S eSsulfate g 4 DNA strandJi o 4 g
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. T S da ™ iz alkylation
Chemical mutagens - Cancer ST e
chemotherapy J/ & 00D b s et

alkylating antineoplastic ¢ cfd' 2

Ji¢ alkyl group ceg &' SRy agent
02 W (CnH2n+1) e $9 »Guanine
CH3

* Alkylation is the transfer of an alkyl group from one molecule to another.

* Alkylation of DNA is used in chemotherapy to damage the DNA of cancer
cells.

 An alkylating antineoplastic agent is an alkylating agent used in cancer
treatment that attaches an alkyl group (C H,, ;) to DNA.

* The alkyl group is attached to the guanine base of DNA, at the number 7
nitrogen atom of the purine ring.
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S a5 z—( 2 A€ cancer cellsd & oV
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Chemical mutagens - Cancer

* Since cancer cells, in general, proliferate faster and with
less error-correcting than healthy cells,

- such as being alkylated. i oddamageve asall cancer cell
% 50z Lo alkylation ez DNA Y LA
» Alkylating agents are used to treat several cancers. G o e 88 JL s

However, they are also toxic to normal cells (cytotoxic)

particularly cells that divide frequently, such as those in
the gastrointestinal tract, bone marrow, testicles and (‘) Laet Lol s Seafboiis Jui 5
ovaries, which can cause loss of fertility.

chemotherapyJlsside effectal L gute ! ]

aet Lud 8 2L o alkylating agentd il
fast V' sas s A M L L5

2 GITJ Lums o proliferating healthy cells
testicles andJ' »'bone marrowJ!

loss of fertility e M ovaries

\\\\u



radiationd' e M induced damaged' o St §.7

Radiation damage

uv

» Ultraviolet including Tun light and X-ray irradiation are also effective «— & _lg, - radiationJ

. 0 W\/\/
means of producing mutations.
A U e e P W W S

* Radiation energy absorbed by DNA induces formation of ionized ol D"qu"
forms of bases. P& Loyl er s iy 4y
ionization g s DNAJ L 2s

* These ionized forms can not pair with the normal complementary base JAdsionized &l basesd Sl
partner. Instead, they form atypical base pairing as the formation of L) S )

dimers between adjacent pyrimidine bases e.g. thymidine dimer. . .
J ‘
Q ‘
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Classification of mutation types DA g1 oE I o o LA Dl gy

Mutations in the structure of genes can be classified as: PR
sl o s DI iz §5 i s D § e

5/ p_Lscentromeredias_-sshort armd slon
1. Large scale mutations in chromosomal structure ¢ ~— v’ & J

2. Small scale mutations affecting a small gene in one or a
few nucleotides (L, nucleotidesd sz F*DNASI S~ §
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Types of Small-scale mutations

DNAJI S5~ § ef_ib s

> , ;/5
s+ Point mutations ~ ple 3

s Addition or deletion of nucleotides
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Point mutations
poik oo

The most common type of mutations. Mutation occurs due to
change in a single base.

~ Tronsvession 37 Trons Hon é’_". poiat mukwhore ) G o_’_t-:U NS

-
Purint dj purine ;ﬁﬂ;fjbf’—‘_’u

PJ(MI’OI'M AP erd'm B o
T «C / A6 U

< Iransition a purine is changed into another purine or a =
pyrimidine is changed into another pyrimidine.

“* Iransversion a purine is replaced by a pyrimidine, or a
pyrimidine is replaced by a purine. —
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: =) 23
s Missense w2, 5we=s

Effects of point mutations: A1 #b — Nomsense &7
Silent el

occurs if the resulting codon codes for a 3 bases 1z Le 5L L o missense I

different amino acid and this leads to abnormal protein as in sickle 3. cAD ) desils o Wslaf

cell anemia. 7~ 8, AAD J it Lew B 2p =]

—_—

@ Le oo Glu ) o ot o i
o Base LY o0 ) Base o

* Hemoglobin S (HbS )/sickle cell hemoglobin: Thansversion = yai)) goius) A «C
Genetic disease caused by replacement of ¢lutamic acicd in the 6th | (Pw";w <A Piydia 02 Ly =)
position of beta chain by valine. Ls i ) frohenchan)) 2k >

’;J'.}QJI é\Bed l)‘a_/:-'ﬁ Glu &L_a lew Jw

Beba chan Il 5 s N2
st ke (7 = \
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DNA

mRNA

PROTEIN

H GLU H

NORMAL
HAEMOGLOBIN

MUTATION

I
G

L
|
Nt

1L
mANA
G |Ul G e

Al il ~
AAJ =
H VAL H = AR

SICKLE CELL
HAEMOGLOBIN

THE AMINO ACID VALINE REPLACES THE ORIGINAL
AMINO ACID GLUTAMIC ACID; THIS OCCURS ON

THE SIXTH POSITION OF THE POLYPEPTIDE

sy S gl
I oL 7y sl 29V
r..?ji.u mRNA
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N()nsense mutati()n —>  stop codond‘v‘h,fugenetic coded‘uuf'(‘l/"‘ t,fa

b et e O 5 gy 002
stop codond »uw A AJ .

O malﬂhmJ’»A[

* Will result in stop codon with

premature termination of the o5 o0 Qo] )
translated polypeptide which is el <'>,— vl
. Us® oll ona J
usually nonfunctional e.g. S | .
thalassemia's. J mRNA Le éu“’{lr
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Lot =57 GlseSL

L2, g sowls \
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Qlenf Mukhon)) wsls @ %;w Q'{l(?ﬁct ) Q:é\*{fﬁ

Silent mutation = w@fﬂwﬂww
bole wrjb Z’lAM Tules &UX

‘)’6 unguMJddL@

This occurs if the resulting codon still codes for the same amino acid due
to degeneracy of the code.

Charaterishes of Qenehc Code. D)

If the mutation affects nonessential DNA or if it has a negligible effect on R —————
the function of a gene, it is known as a : e

* cme sbcédons. Only methionine & S A A s L.Lrb },
el

5
. lngqneral, thethirdnitrogeno g of the ¢ d is less specific than the firs

h 'rly)thesbgslﬁ cin sll Z) :S (f..(:jl.J i,‘(,c c,c.}l rd(,(,“d (WObb]
A gene mutation that causes no detectable change in the biological = i~ -
characteristics of the gene product. §
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Normal Silent Mutation
A\ oV

DNA Template strand SIS ACTTCAAACES (. T EES DNATemplatestrand 3'| T A CT T CA A ACC ATT]S DNA
DNA Codingstrand S'[A T G A A 3 DNA Coding strand

mRNA 5|A U G/A A G/u U u/G G(cu A Al3 mRNA S|A UGAAGU UUG G(UU A Al3 MRNA

Protein Met Lys  Phe Gly Stop! Protein Met Lys  Phe Gy stop!

A-A D G g
b;‘);\/@j\l\’q)) G\Ij ! coudl 2




BLs YL
I Addition or deletion of nucleotides

) Yaw A murhon ) ol

Addlibhon o delehan 4
» Addition or deletion of one or two nucleotides: this results in a R BN
frame shift mutation, leading to a change in all codons after the = - T s
addition or deletion. 10ls jjgdlacd
* This usually results in the production of a non-functional gene product. L\J)ozqu 1L w03

» Addition or deletion of 3 nucleotides: this leads to addition or
deletion of one amino acid to the peptide chain. s

* The reading frame is not changed. Such mutation is less severe than the = U@é‘,‘”ﬁf ¥ leo b 1 \
frame shift mutation. 3abyn 2 o0 Less Quere <o) 20 (W Q,ggf Lap <Vl (:r\sv B \
OLIIL ShiFHde s \
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ACG AGG ACU GCA UAC CA..  NormalTranslation
e i e e

Thr Arg Thr Ala Tyr

A CGA GGA CUG CAU ACC A... +1Frameshifted
AO)O’I'A'OYL na sl onditver il il m Translation

Arg Gly Leu His Thr

, AC GAG GAC UGC AUA CCA.. -1Frameshifted
Delehon ' Y~ Y~ S S qandation

Glu Asp Cys lle Pro
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Types of Large-scale mutations

e Chromosoma.
e Chromosoma.
e Chromosoma.

| duplications
' deletions
Inversions

e Chromosoma.

translocations
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Chromosomal duplication

A portion of the chromosome is duplicated, resulting in extra genetic material. —, ajl;)@l
] S
Small duplication Chromosomal region
duplication
ong - AGTCETTAATTAATTAATTAATTAAGCTATCC. ..
.. . TCAGCAATTAATTAATTAATTAATTCGATAGG. ..
Gene duplication
Gene 1

[EIVIVIVIVIVOVOVIVOVIVEIVIVIVOVIVOIVI vy

o™ el 31 G2 WAVAV VAV VAV VAV V VAV VAV VAV
ccodion b\p YAV AVAVAVAVAV AV AV VAV VAV AV AV AV 2
P ATRIVIVIVIVIUIRIVIUIVTITUIRIVIUTD

. Gene 1 duplicated

W\ QOVIVIVIVIVIVIVIVIVIVIVOVOIVIVIXOR, :

TXIVEIVEIVIVEIVIVDEIVEIVDIVDI VDT =
|
@- IVIVIVIVIVIVIVOVIVOIVOIVIVIVIVIVOIRXIVG” —
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Chromosomal deletions

A portion of the chromosome-ts missingor-deleted

/ []
Microdeletion Macrodeletion BN _J“} ¢ Seeu é V’EQT r -4 c_SL@ *
4 a1 - . - ‘. LZJ-
Mutation Site = ~ (_):4‘) O bwg

r—

|
|

DNA...GTCGAGTCTA'CGCTATCGCT... |
. .CAGCTCAGATCGCGATAGCGA. .. - =

Deletion

—_—r .GTCGAGTCTAICGCTATCGCT. ‘
. .CAGCTCAGAT GCGATAGCGA. ..

v
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Chromosomal inversions &=

Z:‘> > 9 ‘\_A-EO-»Uﬁ \}70"’-”'
* A portion of the chromosome has broken off, turned upside down, and P2
reattached, therefore the genetic material is inverted.
asly|
)N S ésrmuc INVERSION (PERJCENTRIC INVERSION — ) S5 g,
Lor\a arm Centromere.

.76‘)—" Chromosomad — utahions ;waijuj;g/j:m \‘
5 » N\
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Chromosomal translocations =i e o,

N oz (399225 (paw (2
. . 5 e ~ _) _ N
* A portion of one chromosome is transferred to another chromosome. Sohs SICAVIRS PN
~
. | ~) :
Before translocation After translocation ﬁ""“’fjf B oy, f ot oS 5B
=1
(N M) )
Chromosome 20 Chromosome 20
PN N &
SN RO > 3 > <
y
| @ | _
o B \_/ \
A &
U Chromosome 4 \
\_/ *

Chromosome 4 ____J NN
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