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ú ' d e s D r e a d  l e o r c  o a r i y s i i r ù r l l h 0 r ú r r r ì  ú f  c r ì r ù r ì o s o n r s
r  ! i  i ìos l  GC r  .h  d r  n  s i l r  l r i s  r r r  r :0  ì rd r l r r l { r l lovJr r l s
chron ioso  e  ends  A .h ro t r r0wr rs  . i ry  r  Dhr  sa lo  1 r
n l l0 r i t r .os  i  r lu r  c8  nrod Ì r  r  r r (  0  ' s ,  d  lhDt r (  h  r [e r0  r rc  o rhù
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d  s l r  bu l  o fs  o l  i  l { r  rssús  o i  o r i
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ivcmgc caîr riîc (.s dcrcrrìircd i,r finî) oi rboúî 10 
I

(()nrcrolI.r dl., l er)e), so itscliwill lcrd to r lNrgc itrrrrbÚ oi
n, is incorpÒn. iors dur i rg rc t r i r .

Double-frard€d |rreaks (DSB', which crn bc .Ìcircd
by io,,izn,s rdirtioD, frcc ftlicrì rctioD, rxl cvcnts dùrnìg
l )NA rcpÌ l . i în Ì ì ,  ùc f i f t ic !hr ìy  dùnNsnìg lcs io, r  whl .h
c in rcùì l î  i r .hron,orÒnrùì  ùbcmrioos,  ccÌ l  nù l tunct1or
ùù cdÌ dcid, (rvicwcd bI vfuì (ìcnr d d/., 201)1).
(ìnnl)lcDrcrtrry slnrd irfoar.tjon cùrìot bc uscd ro rîprir

.h lcsio!s, ùrl ir\rc&l i .orrpÌcx scrcs ofcvcnts cNn tcrd
to rcpxir ofrÌrc l)sB cirhcr dùÒuglrl

) homologoùs rcconbnrrion (HÌì-), nr rvÌricÌr rÌrc
und.r,igcd lsrù chruì.tid ics s rcnìthtc. This

rcp.ir, bu! bccùsc it .eìics on lhc
prcscn.È of rhc sisrcr .hfomÙìd n dependent on d,c
Ìrsc ofd,c ..Ìl .yclc.r wììich dùrage occusi
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G - C

G - C

c - G

-r> c " G

G . C

Fìsurc 3.6: Transltion and ransvers on mutalions.

Fofesch basethere are t lvo p0ss b let ransvers ions,  bul0nly  one
ùansi l ion.  Nonethe essthe rnechanisms ofmutat ion leadto
ransi t ions being more commonthanransvers ons ls€e Sect ion
3.2.41.

3.2.2 Chemical and physical fnutagenesis
' lhc i i tcgr i ty  Òfd,c g. rLt i .  ù i r t . rh l ,  drc scqu(r( .  o f l )NA
widr in r  cc l l ,  is  un( lcr (o, ìs tdt rssr ! l .by cher) i . r l  Nùl  p l ,ys i . i ì1

t,r).csrcs d)rt il!cr I's.s or (lùnrs. d)c physicil stri.trru of

GERt!t-r F iourc3.8:  Tholatss o l  damaqsd DNA.

G - C

DNA
C-G lo f-

Damagsto ono st rand o l  DNA, in  lh ls  cass cytos ine daaminat ion
to y le ld urac i l ,  can be repal red.  Generat ion o i  6 s t8b e and
hertable base-pa r  mutat  on roqu r€stwo rounds o l  DNA

'y, ,1 . 'F  ì , . ,v(  . . ,  ,p  - . ,uvcìy . .w r ,d( , ry  r^r  c \ f r  p t ( .  r . {

È8

ENVIFONMENT

chemlcal  r -
rJlage.

Fiqure3.7:  Che'n cal ,  phvslcal  and endoqenous mutaseness.

ovetu iew of  proceses causlng germ l ine mutaton.  oniz ing radiauon ca
product ion ofdamaq ns ions

c - G
G - C

q.a

G - C

c - G
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ta)

tlCur.19: ldontity bydescont, €nd ancosrr stoto deiormlnotion
ol an SNP.

{a)When two allolBs and thBir common 6ncoslor shar€ ths sama
dllelic staro(hsrc, a C-€ll3ls at SNP,, rhsy show idsniity by
dssc€ntllsttpansl); when ths common anceslof has € diffsfent
a l ls l icstats lT-a l loL€l , th6yshowid6nt i lybVsî6ro(r lghrpaio l ) .
lb) Given tho known plyloseny ot our sr€€t ap€ rslafv€s fso€
ChaptsrT,, ths prssence ol € T al SNP sits in ols8i ap€
homolossota human s€qu€nce showinq s T/C polymorphlsm
dafinos T ss lho ancasÍal sat€. 

-fh€ 
mutalion !nd€rlying ùe

polymorphismis a Tio Cùarìsition. Not€ that polyrnorphism at
the sama base is on rsru occssions crpected to occur in the
orher primdtos. Analysis ofnor€ lhan ono mombsr of €ach

nì asrecmenr wirh rhr( lor ps.ldoseDcs {ldi,L.t./), wìrich
rty rctlrt rliffcrcmcs D scqucDcc compositidrl.

3.2.6 Base substitutions and omall indels
withid g€nes
EvÒÌuùDary gctrciic $ùdics oitcn toùs oD nùrÍions rlùr
ùc i,rìncd to be ndthl - hrving no clîect on phcnotypc.
MaDy of tlìcse lie outsidc g!úci howcvcr, bcciusc of th.
D.n'rc ofdrc bioìoúcrl nrchanisns Nlìich rcrd infonr.tion
in l)NA ,Dd exprc$ it 3r proteirN, somc sequeÌce .ìrrìges
wirhin seDcs rre cxpcctcd rc hrve no or linìc cllect on
fnnotìon. On the oúer hlìd, .Dd s .Uùded to .bove, blsc
subsriturions lvirhnì genes ctrn be dìe c!$c ofgeDcric disc6c.

ùrd it is therciorc nnporrrnl to und€^iînd the potcdtill
phcrorypic etrccts ofsúch.hàgcs in DNA scqúcdces. Most
oùrÎions rnc.ùs phcnorypc do so advesrly - ùèrc arc
ororc $ays to nrpxn the lrn.tioo ofr g.ne ùan to eúhanc.
it. Ilowcvù, therc is .ertdtuly ù rr.ertiinhent birs herc.
sin.c nN tions cùsins dis.rscs arc óoîed and fiDd rhcir
way iìto nartrtiini d.mb.{cr. Mutrtiors inrprevns thc
pcrforrùrc of r protci,) or chmg:rg its functioo
advanhgeouly rLe rot nccc$àrily not(d, bur d!. nevúdrcle$
îbf strrofpositiv. rclcdion dnd cvolutior. Thk discùssion
fo.rses on delctc.iors hùhú)$.

/;iqrk .t 1l shows soìrc of thr potcltiil cfccrs of b.se
Nbstnudons rndsù.ll irdcls on. prot irÈcodiraB!nc; Tdi,J.
J.2 dv.s thc R'l.tivc frcqucncics of thc difÈrcDt typcs of
nNt ti{,o cù,sir1g gcDctic di\casc. !s listcd in drc Hunun
(;cúc Mútrú'i DrlatrNL.

(\Ls (. dr( opcn rdrdnìg lidnr'. nnrtitiors cù rffcct
crprc$n!ì of th. gcn. by il(rìrs promoters, enhancett,
of polyr(lcóylrtn,i li!{l)rls. Mut.tiù of dr co$.nrs
sdi(inH sisú,tls .r d!. .rds of nrt(n$ c.tr îffcct splicirs.
lcrdirg. lòr csrtrrdc. rc th. rctcntioì of rD iuto) h thc
t,îu\cript or rlìc skippiDg ol!D cxor..rd oxcqucnr kxs of
fìrranrr. Whilc !I. (;T/A(; dinúclcod.lcs it thc cÍds of
nrrrcù (Ii{rn .t.,,) úc hislly .ons(rucd rùd úcc$rry fo.
.orc.t s i.n's, otlrr.dji(cot r cvcn dnnnr nùclcotidci
.rn ìnnuco.c i$ .fiì(ico.y of rc.uri.y (rcvicw.d by
()rt.$ri ,1 d/., 20(12). Altrù.rivcly. i ncw spli.c ihc .in bc
crcrte(l nr ùr inÍoD To coùrplicitc nrrucs cvcn lurth.r, r
nnrt.tnD wirhnr ùì nurnr cr! rrlcct thc rcguhtnn of rn
r(ìj.cDt scnc: dris rppon to bc l,c osc n,L dtc huoran
lrrusc gcnc, whosc downrcsuhtnn in rhtldtnl is
prcvcrrcd by r ntrr tnú !4 kb upstrcitrr, in in inÍod withn)
rn ùnrLl ed scnc (s(c sL.du) l-1.,t.3).

lÙhc Jprr hr.ìinF iriùc it.cìf b.nc {rl,.r'ruÌ!ons ciD
hivc à widc r.ngc of p6sibl. cfccts, fron co,rplcte
ncùtaliry ro .onrpl.tc .L,olnion ofprotch production. The
rcdundaDcy of thc s.trctic codc (\cc lrsùr! 2.ó providcs a
bùncr aslnrrt dcletcrious clîech ofb$e subsliruiioÍ: rnany
îrnino î.ids lrc.ncoded by ùorc than one codon Gix
difrc.cnr cÒdons cn.odc s.rinc, for cxintplc), ind gcnchÌ
Lh.  r | |uJ prrL i . rn i '  pJr Ì1, l i r ly  rù\cnnt ivc.o, ruLNon.
SÍbsdtútior\ tlùt dÒ úÒt àìtd dD rmiho i.id rr. known a
cilcrt-diie, or rynonymous rúbstitnrions, .nd .rc ofrcn
rssunr.d r) bc rlcctivcly ùcútr.l. Howcv$, such
nlbstituthrs corld nì pnDciplc ihcr DrlLNA st.biìity, or
cfti{icn.y oftmnsìr(ioD. r hencL 3ffcct iuùctioi. C$cs alc
rlso knowr rvhcrc rhLy hrvc î dcÌcrcriÒrs .Fc.t throúEh
rkercrl splicing (nvi.wcd by C.rtcgDi .t dl, 2oo! - rol
cxî plc, x silcnFsr. srbrituúh in rn dor of thc

theoylrhnn)c Lyd.orylNc s.Dc sivd .ire to a

thcúylkcroùu.ir dìscasc all(.lc (oMIM 2616{)0) by n)ducing
skìppiDg of thc ncxt  cxon (Chro d d l ,  2001).

B6e suìrfitùrioDs wbich lQd to r clurge ofamino acid
ù€ tcúìcd nonrynonymo$, or hi$e € nutatioG, ind
ùc deóored, for cxanple rs Arg702Trp', a súkdrudotr of
rryptophrrr i.r dFtur. it duno $id 70: of / prctcrn.
Ueyond rtuightloNùd redúdifty, rhc scneti. code

(b)



Mutation
Single-base inserlion

causing lrame-shift and
Premature ierminalion

nons€nse mLlaÎon

3-basedelelion
- amrno acid delerion

Non-consefvalive
amino acd substilLtion

Conseruaiiw
amino acid subslitùÙon

m s.sense mutal on

Silènrsne (syoonymous)
substilL,lion

Sla ing seqùence

Efi4t

likely to be .teteteiaus,

fend to be less deteteious

o

{

I

!
3

a
a
I
=

c
=
z
a
z

E5

: N : o

TI

qGI

tl

, I I
3

t

,7 sra" sire

Exon donor Exon acceplo. Slop Poly(A)addition

rt'1 1

Srarlq
î.,

terùitut e'ten''ú ot p,atein

Fiqùrc3.11:Sfiall'scalem!tationswúhin atypicalhuman prorein coding qene and lh€k porentiat efecis
Thed i fè ren leementso l thegeneafenot to5c6 |e 'and inpan icuaf the in t fons i | |Us l .6 tedhereafesma| | fe |a t i ve1o1heexo



l l L r \ \  \ (  i \  L  l L ì \ \  \ \ ,  l \ L r \ \ l \  L l . ! t r  L \ L \  I  i t  \ L t  t \ t \ ( ; t \ \ ) \ |  i 9

I  ARl .F .  .1 . : :  SrJNlMr \ l {Y  ( ) l  ST^  r l s  f l ( lS  l ( )R SMAI-L-sCALE PAI  I I ( ) ( ;FNl ( ì  \ l t i l  A  I  IONS ! \  |  l l , : l  ( i tNES.

Iylmlrulaton !lrE'

Base subst  lu t  of  212A0

AN no aci i  sùbf inrùon {m,ssen$) l4  750

GoferrL on of  rop codof  {no rse rse)  3198

Abo i l ion o ls top codon ?4

î | , , " . r F r " ' o  /  l t )

Bo. lur l lory 246

Smal l  dele l  on 5049

Slr ìd l l  nser l ron 1922

Tora 28111

Percentage

52'16 ofbasc srbst lnr l  ons

l l  l l ,  o l  haso subsrrur  ons

l" i  o i  hase suhsl r t r t  ons

l l  r i ,  o fbaso substrur  ons

l  l i  o l  basc suDsl  lu l  o fs

. 1 . . 1 . 7  S N I )  ( l i v c r s i r \ '  î ' r r ì  S N I '  ( l i s r r i l ) r r i o r t

l r  ,  ,  ,  , , , r  r ,  , ,  \ \ ! . 1  l
. ,  i l  ,  r r  i ,  .  r  I  .  r lne l  

" l r r  " r r r l ,e^  
, l i \ c r \e

r s , , . i i r i , , , ! . ' u , l i . .  r r  I  \ L l  L ì L  . .
, r ! l

r  , . r t  ,
ì  \ \ '  . l l  Ì

l ' ; \ , ,  I  r i f  i , l \ \ Ì L i

\ ,  . . 1  L ,  , ,
1 " , , f ! , , 1  . '  i , ,  r ' ,  , . , 1  . l " . " r r ' \ " ' , r  l r \ (

, l j N \ . , , r  , .  , 1 ,

i " 1 ' ' 1 " ' '
. , L  r  \ \ l ' .  1 1  I  ì r  ,  ,  i  r  .  . 1 , ,  L  l . r ,  , .  , ,

, " , , : 1 t , , ,
' - l . l  , , ,  : , ,  , ,  , ,  ,  , l , t ,

i  f  r , rserror : ì  1Òrf  173

!  r n  o  I
; l
:  . , ,  I
2a

t t r l . - -
2  r  6  a  r 0  1 l  r 1  | i  r a  2 0

l l !  n ! . , . i  ì )ns ,è  r rn , !  oer je r l  rser le .
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