st 5 e
D5 50 K5 anads (6157
noorollahih@gmail.com



T N
25 2 3038 i Sl 5 b 4 DNA Sl das oo &5 i 60 687 loj 5 5 o0 GBI (S5 o3le 53 iy Silos ki & i o5l
L-,i.0|,)~|.ut};d;;o)y@:‘.\g;éw}»,;%fldu..u)@g:,tM;,;s;éwjl,ﬂug,m&w}uju}brﬁaé

03le 135 deall g 01500 5015 (S50 3 Do sn (b Slaaman 53 05058 olua 5 Sl 3 DIk ey Sl 5 OG5 6 4

ey ol g il 5 o 4T Al o e S 4 S

:‘Random mutation b JSalai gie> (S)e5

03 3 g g0 S B i S Ll 5 s 5 5 n 553 0 T itn alat 45 S La g o7 A5 o Oy ol g (6555
bl 0k a6 85l Sy leST da g 3l g (505 K0 13 Mblon i ol gl oS sl & ol Ll 3 S
S 038 B a5 aly 0T Ol5 e &S Lsbor e s 105 Kos 3l e bOS (5 3131l 5 55 45 Sl ol odalin Jl> ()
;\wgﬁ,sf.&_,mo;;\‘;,.o.uzMwsugpwuggzbm‘pf\j>ﬁwwjuoj,_u@gm;uoj

13 o 35 0 g 4 S 355035
1S DNA Hsle s Ol i 5l Gl &yle 48" SpONtaneous b s o= 5 g sla jig —) (12 e oy 55 (i el ol
I e lulse 1, oS Induced mutation U W1 gl iga =Y 5 Ll o Joolr s GladsT 3 53 592 50 slacs luial

LS

e &l

Lns k5 ) 03 3l 6ol O 4 (55b 0 p5 305, o 53 (o L 05 K 5B b (glabal Sy go 4y (ST 55k 4 5 o0 Lt

Bl 5l ke i b oS 5 (S8 35 Bl g 0 b 03 I 53 5L oK (Kl els il 5 e bt (s (S s

3,8 oyl K 5L L e (Sl 015 e Je Ol gte 4 s o 5 DNA s Sl i & 55 6T ol (6 i (s1abS g

b e S 5 JET L gl 3ol G o A s Joo S5 00sm b oo o0 e LT 0 C s Joo Koo (nes 6K & (o
o2 b bopdas 5 s )5 T o a5 diily e Transversion | ablize sla i 51 5dsens g ¢ 5 0ol 3 5850 sl Transition
BW\S:%QQ‘&)J')&};DNAA{L‘oMQ&~\J|ju’_ﬂDNA)"QU;UJ‘}SLE?:)‘}AIZQ)W.-U}.@@V.AL‘ﬁ}i:l;-

3 Sas Ll 5o 058 JI5 53 5k 0ds BLol L B oS el S5 w0 5Y 355 0 sl INDel jlazs | 4 5 Insertion |, Deletion

YK e 5 BB S eds UST g N

K55 S 0 ) Al i (5L I e s dias e ed |y Aty b sl T dl JI g Silent mutation b 5 sl ls i



(1z.a degenerate

53 bt ol 31 4500 K b o ks atseT Aol OT 53 oS bl o BT 5L o ol o5 MSSENSE L cmacs sl g 55 oSo
3 et aaT sl i LS (g 5b 4 381 o BB 0 I8l 05 55 g K (oles 53 35 om oalin S culs G5 oS (5len
o pen s 5 Shee 5 Hltle i 4 pte SlateT dewl (2 S0l ol S o Iy ok kit b g5 el 4 el 6Kl 418

Bl O3S | 2 a8 Lyl 53 05 e Slad s 0SS (s slaisaT el i ol ket 5 355 0

Neutral mutation b s jiger O 4 sl bl 55 5 3 Sas @l (oadndd BB | md fne b g &K 67 )50 5
wl dl 33 a2 oS | il o g S5 Vet ol AU S sl G ST okins i e oy g Jlie Ol 4k 5 e
Yzl ool ool ol L aslin glowd sla S35 b T ol &5 0 380 ey 8o e T (o St 5 03 e 5L 1)l

s S S G 8 el Gl e 05 e Seuaib (5 6 5515 03 Sl s 0 Shes i

DA e g 5l Fag5 din (Jy der i antls Lol e Al e 03 0508 4 (b 05087 ok Juli NONSENSe L pns g sla e

.-Ufsaﬂ’.q"ba—u&odiﬂ\i}ol;;%&&)aﬁ

s Sl N g5l (Sen e s S b (sl sl e

3 e At a1 w6 S A5 S 55 sl O BL1 L i Gl Juls Frameshift mutation U oyl i lo te>

dor 5w 93555 0 ORF L 0l O smslez i 4 e g 59 02l (2l 2l 58 00 313 o e IS8 4 0587 87 i

b e g glae laaaT el gyl g opl Cws sl SIMRNA

5 b i Sl A 5ab slse 53 s Hisls s 3 ,8es s Sl T Tkes b i e (B el gla i sliml &
Joo 5 5 W SRl el oif 3 g sm 53 bl oo o 530 s oS o llas (Sl g £ 55 opl ST on Bl Rl Ses b gladay

.J.;JJ?@

N gl 53 Sl (Ks 35 i Lol 55 5 Shee 5 ity (o slle 2 T 36 5 05 oS oS ailaie (gla i p 5705 bl 6

:}_&é‘jj}»)]m:)}ﬁg)j]éwjéul.\aMdb-d‘b}MJC)cdf‘}‘j
.u:c)}gw@wuﬁﬁﬁu;s,ojoL_g.uit,;);:Sduglj:ﬁxslj@uu:%

Gl 4 e ST 5 sas 53 0l slaul Sl i Doy g ol 53 as i 1) 05 S e IS Sl (SKan g &S5 e Ol s 4

35 g0 S UP Promoter b j5seg <o ydd oins Sl 3l la g cpl & b-Sawsl L sd w3

&_‘ﬁh{}ﬂﬁ@bu@&ﬁ}é‘};6}%%‘;)‘;}.‘:)%ks”jQ.Lﬁ:)}:g;_&\{w\{j}n}ﬁQ).@ﬁ“)ﬁghéﬁﬁhjf&)a

55 DOWN Promoter T « a5 W sd oo oo 5555 Sk 2l d2e 55 5 ot s 995 L) sS B oy S g09 5 Jiled 2alS 4 e



Table 2.2 Main Classes, Groups, and Types of Mutation and Effects on Protein Product

8

Class Group Type Effect on Protein Product
Substitution ~ Synonymous Silent* Same amino acid
Nonsynonymous Missense* Altered amino acid—may affect protein function or stability
Nonsense* Stop codon—loss of function or expression due to degradation of
mRNA
Splice site Aberrant splicing—exon skipping or intron retention
Promoter Altered gene expression
Enhancer Altered gene expression
Deletion Multiple of 3 (codon) In-frame deletion of one or more amino acid(s)—may affect
protein function or stability
Not multiple of 3 Frameshift Likely to result in premature termination with loss of function or
expression
Large deletion Partial gene deletion May result in premature termination with loss of function or
expression
Whole gene deletion Loss of expression
Insertion Multiple of 3 (codon) In-frame insertion of one or more amino acid(s)}—may affect

Not multiple of 3

Large insertion

Expansion of
trinucleotide repeat

Frameshift
Partial gene duplication

Whole gene duplication
Dynamic mutation

protein function or stability

Likely to result in premature termination with loss of function or
expression

May result in premature termination with loss of function or
expression

May have an effect because of increased gene dosage

Altered gene expression or altered protein stability or function

Table 2.3 Frequency of Different Types

of Mutation

Type of Mutation

Percentage of Total

Missense or nonsense
Splicing
Regulatory

Small deletions, insertions, or indels*

Gross deletions or insertions

Other (complex rearrangements or

repeat variations)

56
10
2
24
7
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Table 2.5 Examples of Diseases Arising From Repeat Expansions

Normal Range Pathogenic Repeat
Disease (Gene) Repeat Sequence  (Repeats) Range (Repeats) Location
Huntington disease (HTT) CAG 9-35 36-100 Coding
Myotonic dystrophy type 1 (DMPK) CTG 5-35 50-4000 3" UTR
Myotonic dystrophy type 2 (CNBP) CCTG 11-26 75->11000 Intron 1
Fragile X site A (FMRT) CGG 10-50 200-2000 5" UTR
Kennedy disease (AR) CAG 13-30 40-62 Coding
Spinocerebellar ataxia 1 (ATXNT) CAG 6-36 39-80 Coding
Spinocerebellar ataxia 2 (ATXN2) CAG 13-31 32-79 Coding
Machado-Joseph disease/Spinocerebellar ataxia 3 (ATXN3) CAG 14-44 52-86 Coding
Spinocerebellar ataxia 6 (CACNATA) CAG 4-18 19-33 Coding
Spinocerebellar ataxia 7 (ATXN?7) CAG 7-17 38-220 Coding
Spinocerebellar ataxia 8 (ATXNS) CTG 15-50 71-1300 3’ UTR
Spinocerebellar ataxia 10 (ATXN10) ATTCT 10-29 400-4500 Intron 9
Spinocerebellar ataxia 12 (PPP2R2B) CAG 7-32 51-78 5" UTR
Spinocerebellar ataxia 17 (TBP) CAG 25-44 47-63 Coding
Dentatorubral-pallidoluysian atrophy (ATNT) CAG 7-23 53-88 Coding
Friedreich ataxia (FXNT) GAA 5-30 70—>1000 Intron 1
Fragile X site E (AFF2) CCG 6-25 >200 Promoter
Oculopharyngeal muscular dystrophy (PABPNT) GCG 6 8-13 Coding
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TABLE 19.7

Common Types of DNA Repair Systems

System Description

Direct repair An enzyme recognizes an incorrect alteration in DNA
structure and directly converts the structure back to
the correct form.

Base excision An abnormal base or nucleotide is first recognized

repair and and removed from the DNA, and a segment of DNA

nucleotide in this region is excised. Then the complementary

excision repair DNA strand is used as a template to synthesize a

normal DNA strand.

Mismatch repair Similar to excision repair except that the DNA defect
is a base pair mismatch in the DNA, not an abnormal
nucleotide. The mismatch is recognized, and a
segment of DNA in this region is removed. The
parental strand is used to synthesize a normal

daughter strand of DNA.
Homologous Occurs at double-strand breaks or when DNA repair
recombination damage causes a gap in synthesis during DNA

replication. The strands of a normal sister chromatid
are used to repair a damaged sister chromatid.

Nonhomologous Occurs at double-strand breaks. The broken ends
end joining are recognized by proteins that keep the ends
together; the broken ends are eventually rejoined.
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The MutS protein slides along the DNA and finds a mismatch.
The MutS/Mutl complex binds to MutH, which is already bound
to a hemimethylated sequence.

Parental
strand
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Incarrect MutH makes a cut in the

base nonmethylated strand. MutU
(not shown) separates the DNA
strands at the cleavage site, and
an exonuclease (not shown) digests
the nonmethylated strand until
it passes the site where MutS is
bound, removing the incorrect base.
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MutH cleavage site

DMA polymerase fills in
the vacant region. DNA
ligase seals the end.

The mismatch has been
repaired correctly.
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Table 2.7 DNA Repair Pathways, Genes, and Associated Disorders

Type of DNA Repair Mechanism Genes Disorders

Base excision repair (BER) Removal of abnormal bases MYH Colorectal cancer

Nucleotide excision repair (NER) ~ Removal of thymine dimers and large chemical ~ XP Xeroderma pigmentosum
adducts

Postreplication repair Removal of double-strand breaks by NBS Nijmegen breakage syndrome
homologous recombination or BLM Bloom syndrome
nonhomologous end-joining BRCA1/2 Breast cancer

Mismatch repair (MMR) Corrects mismatched bases caused by mistakes MSH and MLH  Colorectal cancer (HNPCC)

in DNA replication
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Double-strand break
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End binding

End-binding proteins
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End bridging

proteins and end processing

[ Proteins for DNA processing
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lGap repair synthesis and ligation
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Double-strand break

St N I N W N A e e e
An —————
identical 5" 3
region M“HI'IIﬂ“ﬂiiiiﬁﬂ”ﬂlﬂﬂl“l
between ,
sister 3WS'

chromatids
iEnd processing

T T
cnmallemtl ] Ll

iStrand exchange

o N NN W e e e N e A e



0y S quilCo gl

jd:QTLgLA)'l{‘M Gyl b b o slads glS g Hlle Sluld 4 536 &S 101 6 (oS e OSG
g - .. PRI T . o <5 . .
SUN TG e slaey S Codom s 508 51 aul 5 J;J\wamty&i.ﬁg;wubmﬁDNA,;J,ﬂbﬁ,ﬂ,

LEL e (Bl odd i i ssaws EMS 5 Js 5 055 10 e oS LSIT Jolse Lo g5 8™ 51 8

299 b Gl JUb e
Dyl (5 OBLE i dag 6 lags STl 358 ad sl pmls JSK85 4 e il 0 UV 5 i 0 )L31 3 7 gailen
4 ol 556 ST (b jl g S e e o 1 LT 0057 o lelid 1) e o jauls oS S o 5 5L b g 5T
Photoreactivation Lujsb,L;jquﬁ;\,oTJg;w4{.updu;,u,'gﬁjw&rwté\ﬁ,%b)};

L S o



