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CzjlsCj ftH Hj2MsodjdB doddL ks jets dL
ted OSyd?2 dwBiyHE 1 CLts6jdeder d3d d/ ddzd 1 dzH 56 § «
COL ter atse ekl kOCY | Cifidg Gatuakls's it tsQp fsigzc
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Hy2Mmisea dJ stsf sdL sd3j tOL d WJjtdsd dzlstse tcj § O
dzlz € dzj sils d H Beadley, Kohitg .1979; Pogozelski, Tullius, 1998; Wang, 2002;

Demple, DeMott, 2002; Hegde et al., 2008]0d3d s Mmj B Jj s Hdzts dagjls
M OLTr 8 O Ismw O MmMbtickzClskztc] 1 s, SHdzZOC s

tcOL ozd ydz o dzj B 2O st tod W Isdzr o f smdzj HMlse dw
fiojfvismisolzs s sy MMOKB bOdMSdfydd, ©j
dmMfsdz Lzjlsmy COC &OIstefigfvy OF dzil Is CEXERIs dtw Hiztsts dadjls
qazHzydtelze s oL dzdCdetseo jdzedj Hobkzdedlsjor n, ud
1 sdzt h s Csdzd yd Msots BGHdsdzdIlsjor n t©OL " 9ts
fsSswhdamw d HIWWJitejdydtetse Odzdzr » ¢ dzj Is€ O,
StcOdzm cdf yylsts MCOLr 9 0] Ismw dzO C dzj Is sy dzt
ykemlsedlsj dz' dets?2 € dzOC s dzj ded® HdzsdzdIsj o' =
mMdMmisj d3r , Y1 sz dzOtkzh jdd] fEkIj2 ]t OO
tcOL o9 dlIlsd® Md ter J L dg" n dzj 2 tctsH j Gtp @) ig Bs I B fztlz&
[Caldecott, 2008a; Reynolds, Stewart, 2013; lyama, Wilson, 2013; Caldecott, 2014Db]

l Btdz hdqdzmise g/ hatpyddyro, 58BttOL ¥ h dj mw
tcOL " 89§ 7118, BsHdW dydtese Odz d, Mmdzj HB9 Ols
zdcdtctso Oded W . 1 1 Issd3lz co¢ d ) fMdzz yow -
sHdsdzdIsj o 7 twOLte’ o8 yd®yud ez jzlgigctsfiy ¢ H dzis gzl
Mudlsojismv B j dexfSs =ff Sdirf{ds oty GARGL). BARRL sfyls sV d;
dzj L O dddsts tsls dz2Odzd ydvw fsotcjyHjded?2 dzORts
Btsdzr "sdg SCtsdzd yj mlse j ( 2* 1[ludwig etd3&E.dzjl988 dz  dgO
oLOdBsH j2Mlsolzjls M MO-ROtsW MW Olsdzer i3 sfMistse
f O dzjZRfldJu et al., 2004; Kimteal., 2004; Tulin, Spradling, 2003] f tcd Mz ls s
sHdsdzd Isj otsEts tOLtr 90 tsHddz L MotsBtsH Az =
M oltster &3 HBMR] dsd3 SIJIFR. ¢ YyPEs €0C2 Efyddyilsus
MOR OtetsW sMW Olsdzgse s tsMisso © MlsOdzso dIlsmw B Sdzj
rvs Mo osltBdzaidBsMESBZYsdy 5 SOtz 34 ftd
3ts dzj ¢ RARGL . 1l ZOGtsH Otew Bdzd L sBARPL , H ofigfo d3 i3S
O sHWh dafmw o d&jMmksjy HooetjyHjddY 158, ¢CC
BsHIWdydtekzjls OCyjtflststeds 2 MO2I HizEGC PRI,

fedd(pdasL" ), ubss d wedwjlbfmw dajfshtc]H
-13-



tcj f Otc Oy ( ts dzdihlicets al.,=201R)j( lsgB H § dz! MowL '™ 9aOdedWw  dst
Btejhd HB®R)&ZOKB] IsdfO ¢ydd tseOklstf Gz dje d ¢
PARPL ftcd Mo w L olDjdad dd3 fric GeLHtskztsediw(dz f e @)oo j H j dzF ¢
[ BdzOtclzy j dzdzr 2 @ tOLtr 9 dzjeSts BEZHOMzvw | IsMmw

ts ) dzts © Oa&E[eXcisign repair BER) [Le Cam et al., 1994; Weinfeld et al., 1997,

Caldecott, 2008a; Caldecott, 2014a; CaldecoR014b] ( sfdztsoe dz | 1
ol f OtcOyd sdzdzB g BOSE Y j SOd MY toj H MISBQo. dzj WD ¢ , dzOS
fosotciyHJddw ftedodzj COslIsmpw BJj dZEd, otMmimisOdz
sBtcOL so Ooh ks mMw Btejhs  ddedtkzehdj ¢tsdzyr
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HenoBpexaennas
@ Lenb

[ToBpesxaennas
uenb

tdmzdets ¢ 2. rdlsd Sydqw tsHddtsdzdIls jPARRL ¢ OL f
[ sH J dz L dzOo Odzdw tSHdesdzzC dzj BIsdH dzts?2 Btcj N ¢
f Odzj ye PARPIAZAFD MmewL '™ 90jIsmw Mts MmMetseBHd df ¢
[ 1 S (L) dzy das?2 Ists 9Bl kMo W1OCe Oj Is MO~ Otets W
dzj f sotej yHjdedats?2 yjdd (or Hjdzj degdes?2 Wdtsdzj Ist
PARPL dzd fsCOL Odz" ) . 1-Q 2 Is fs §3% 0 dzdf HARR s tef Qoddhn
oLOddisHj2Mlseodd f GHdARELIS | dzi 30 o td ML telgtso 1S 3
ftsotej yHJ ded 2 MowLOdz M ~"EtsdiROIsd dzse 52 fmls tc b
oLOddsH j 2 MisoZfFY HedjAEOtsW s Olsdzr (i Giisd e
oLdzdCdetse jdzedd wOLWr 90 fHwsdmMrtsHdls Mowerr g
H s d3 d&2dR). 4 Httkzedd3 Mo tsB i jdgzdftRdzyusidyf dtf fig:
olsstcOW @RBARE] @)z ZOOIsOdzdIsduyj MEd2 HBAG) d2 SH das!
tedBtLddzdtelzjls OCyjffIststodz 2(4),z yplints s fp delizp <19
ftododz yj ded® toj ff Otc O N & dkd20L2) B § tiz§ ths0 (6f BHH § dz
rvs orHjdjd Wwdtdjlse" &3 1a jlsdy dgFldsyg "l dj
CGdzzB "™ d3 Z28DTjylodds " d3. [ oz 6 d J PARRS d3 jsdPts|] | dzCi) tc
yo jlssdz. [ sHdWdydosededda 82 )f s@Yptf Btstcdzr 2
Bsdzj RAREE o " HJj dzj dz StcOMmdzr d3 yo § Istsds.

-16-



/. OHOHHTEBOI pa3psIB 5M 3

2. Jerekuus 5/ 3,
(PARG)
Y
3 Boccranosiienne 5’/_\ 3’
KOHIIOB ‘/\
e
4 3arnojHeHue 5’“3’ 5’/j3’
Opemm ¢ ¢
5. Jluruposanue 5@ @\3, 5/ \3,
13 Is
1 uT 2-12=r

t dmMEzdzs ¢ 3. tnJ BO sy MMO ©jfOtOydd
PARPL MmoewL'™ 90jlIs tsH dzts dzf[l® jseHts[ds € OQjlzals i disstenfofsidy
(1Y2). 1 sdkdédgmL 0) ftododjSOjis@).8 ]y g (&
fesdmMosHdl otsiils Odztse dzj dedsjdzy ® iz dziyy oCte=listin gt
o MistcOd o Odzd § sHdtsects ddzd BBdzj J dzlz € dzj sIsd H
e 9§22, Motilsgd).lsmisefjdiddas®j o MistcOd 9-© tedz] y tsis GE
otsMMmlsOdzOe dzd o Oj Ismw . ] Mz yOJ HBMIstcOd o Odac
sflsOlStses {Ists dgj Ibtejelkjlsmv, KOS GCOC o
1 dzH 5 dzlz CRENIOL 520  sfiffdg] Hifdag s3] R AstH dIs dzd e Jtetso O
o sMisOdzse dzj dzd j J v (5)jCeldedot, @087 Cafyliscitiz 201t to 1
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2. ) sotcj W pdE o© R~totsdzOlsd dzj
J LS Otedlsdy MSdr CdzjlsSOR WHJted@wW
Mdztsy dzgz¥ dzZOH BBsdzj S dzw todgze MbtezSCskztclk f k&Yl
fSHH]Jty OdedWw MisOBddz! detsmisd d wWOBEIssMy sMiss
My jh dzs f tosipOfsls dztoo sd3 tsCtelzy § dzd d .

[ sdzs B3] 6"  riedsafOdsjdiAuslgsyf O SClsidsfjdzy Y BMis ¢ O
d Bj-d&zff g sdztso . 1 2€ dzj smtsdsr mMesmisswils dL dzlz
ftoes@i b ydtsets EyoOmisSO r1s (dzddz€ j tcO) d
146dzf1 s HpdzR ClOdjte dL yYj EREADIz "Hite sy Jsdad
Ho zd3w H JHBA-W2B,.3dd d3j ¥ h d2 Wstedde HdMEO M HJC
o' Mslsts?2 Ctsdzts 5, 7 dzd, fn s M ls O Komtbgrds Thdelms, dzj t
1974; Luger et al., 1997] [ tsdzj S Edzv e dzOW BOMMO ISOCBEB
210 G O, #JtoHYJ o ddzdz J ¢ dMfmlstsdzg dezPy & 26
cdMmissdetso 52 ZC dzZOH C 52 s &89 dzck ts tf ts I51Cdzf] jdzdz@ tz!  Wh
My qteOdzr , t©OLHJdzj dzdz' j  [mprsts Moubrigndgds, 1688]M Is)d&
Mow L™ 9 Odzdl] HIJ3IBJ tetso a3 M HE mMtse 52 slse j yose
cdMmMssdzOd3d 1 3, O LO MmeawLrL' o Odzdid 2 Iy J HizdgOED d
oLOdBBH ] 2Msadw d3jyHE cdMmMssdzOdzd 14 d 121 .
CGBtcOLHB d3j dzj J G d HjteesOVids Bfigits ~ to @fdpv elsldsigiylz s d Bt
Mddzor. 1 iz fted WdLdsdsecdyj MSdr EMmdzts
sClsORBj tc MisOBddzj dz stsdz! €5 fted or MsCdr Ctsdz
I 1 s[Workman, Kingston, 1998] 1 O t4 mMifd&gtcOx J d20 CtedMmis O
MstczClsktc® dgz € dzj sMtsdRdesects WHtCO M or Hj dzj dzder

[ mMsB 28 tctsdz  NoC Wfdmydgdawvr e jls 1 kzeyloemdsiflgr €  ie d M s
&ZOdetsdzj j yoOmlsts fsHO jtecOj 3" §  sMmislstcOdefpdzw
mMkzClskztcd tcts o Odzr d 9" AaBBHYIS LO ctOddyr dzlz ¢
OoLOddBsH | 2 Mise so OlIs [Areffits, Moudsiangkis,BLg98< O d3d

[teOdzdL Oydqw 1158 © dOHBsd] CEdvtedsr §J Mmls
tcOL tclzh O h A oLHj2Mlsa 2. 1 Of toed d3j to, B 1S dz
sCOLT 908 Ismw  dzj H tsMis ENOkiz19B4f Wiglezw Axetlzk%7alzj @LOC 5
1 CtcOdzdteso Odzed ] wWOMftesMistcOdzy j Isw  dzj Istsdz' €
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Wijttdsj delstsea, des d dz0 tyjdz dgjBtsdz hdj 0Oc¢j
[Hayes etal.,1990] S Odzd tctso Odzd i 115 © rntetd3OIsddzi dz
ksdz C$5 d20 W dssj oL HJ 2 flsHigtgrman etalls 1989} d & dz,

t dimkzdaets € 4 . stedMmMlsOzdzzscteOW d yd ms OW 1
Mmd teH yJ o HdtpZ'www.molecularstation.com/ru/molecuaiology-imagesb02dna

pictures/59nucleosomeerystatstructure.htmls c Ofmdz" di3 Yo j stsd3 BB sSL &
121, NJjwBOB fddddd L jidzjds i3 © twdmizdeC j B SL
MidcONEdsddyj o jJ crotfmisr e edmistdatsoe .

lZHEYyd HBotsdz dets fls OB d dz/ dzr disr tdndsdeizsS ldsfipis (
fted L dOudlsj dz' dz' = [Odell égjadzPAiB] v A g lsgsdsz L ON [k
oLOddisH j2Msoadw M Sty O0shddid ojh jMmlse OiR]
LOBjHdzW s M dd3 fsdMC d ©j§fOLOyds f§sotejyHjd
sj stedd, ftojHftskzOcOEh j2, ybbtt ffsdmé d&Otkzn
HO O < BQPKEO! 2 LOC dz6 yO, Ismw ) dzd MY 4 ydw d ud
Witk dzs© ) r1 s ftd HIHBY EdHdod sl gkt O
mMowLr o Oded W BJ dzts € dZzOoyd dzOjls BHdztsd3j todats§ fr
f s tc] ) H[Blapgyjetzal., 2009] v OCdd3 BB KOL 5, dzlz € dzj tsfr
ftoslsj COdedj tsBBdrn 1 IsOftses tcOMY tsL dzOo Odad v .

[ 4 2Mlse dlsj dz' dzts, Stec Odzd L Oydw nuzd y Gaj Is dzt
HsMisky desmils: Hdzw B dz¢tso tj f OtcOyYyd JNERM H §ds H
-19-


http://www.molecularstation.com/ru/molecular-biology-images/502-dna-pictures/59-nucleosome-crystal-structure.html
http://www.molecularstation.com/ru/molecular-biology-images/502-dna-pictures/59-nucleosome-crystal-structure.html

d34 H dzj dzdzts, ftod diszh j Miseo j dzdets o O ¢ [Nalispittets  Is
Hanawalt, 2002] A Bl oty YHJ ddY o dzj d30OIsted ydats?
dzs MoteOdw s h dn  dz S dzj sMsdsdezs MskzC skl
fjtedsHdydesmls! 8, EZCOLT" 908N j2 dgO dBBjdajj W
dzlz € dzj gThjstednan et al., 1999] A j tod3j dzls BERJIfMiste @5 d &
Cdzd S BLIJUIOBPIs dgs dzzyh j MewLrr 90jls EkZtedHddzse
ftso jton desflsd [Hinkz 6tddj RO 31 JHd d3s, 65 1 Ists2 fto
CsdzH j dzlMdJtetso Odzdzs e s R tosBOIsd dzO  daBiB Is2® v P Is iy
rivs OCIlsdedsg = ¢ j fygdean-et atlz®00& Bdhws®r® c k|1 er , L
2012]

3.1 4 § Otc Oy dzdfsistg O I ts'go) s

t Odzy § B'" dzts PARPIOL OOAS, dzdudedsdzz d3 dzO0 § StEW H S
MowLr oa0OjIs daj fsotej yHJ dedzz® dzlz§ dzj tsftsdgdiazks [
et al, 2012] uvOSCdd BteOLtsd3, ZRb VWL OBPHEE & BBy o
stcc OdzdL Oydd 711 s ) ntesd3OIs d dz. RfMAtsHW gL
sHdtsdzd Isj o 7 tcCPARPL 9 s § tcp ji dzGBpgiedadam et ab, 2011; Ali
etal.,202]d ftod HiNlsOo dzj dzdlzis?2 s EzZ&EOH Nikde§ §J d Mo wL
B3j tej dzj Sslstster 7 twOLWr atse [ 1s © dzz€ dzj sMtsdk
L Olstclz H dzj dzts .

1d SBlstster § dzJ fsHHOsh djMmMw Hjl]Sydd tof
ftesyj Mido dr d3d 4] jtdg dgigj dalgafigfeiaf ts oz rs. Iy
tcOL tor o BOted ydets?2 yJfd r1s B-fzts & Bz 2 B L t
(t 1 s })inlvivod in vitro [Zhou, Doetsch, 1993; Kathe et al., 2004] [ Mis @qztsd € O
Il Mz dlIs Mde dzOdzsd3 Hdzv @ dZOYoOdzO sy MMO |
OmMMmtsyd dietso Odzdzts 2  trpnstsiiGdesletrdideqtdeieXcisian repair,
TC-NER). s OC b&BtcOL sd3, o bteOdhSCttdf yd dadatst G Is d €
Il ks jIs Mmdzy dlIs+ MdedzOdkzsdz ¢ tj f OtceOyYydd SH
stcOdzm ¢ ted B d oz j d3ts ¢ [Bouster MMyllsrid®s, 2008 u j &3 dzj d

tcOL tor o1 ZsC Odzd L s Odzdz § o NT-E&JBEO Is todfjy dzte Hzd
mMih jMlse j dzgdzs dzO0 Iste O dzM € tod § y d #n vitipd Belbtterkazskik (S|

-20-



etal, 2013] ~slsw tsdzd 4 W Cils g [Rislasz2006 D0zt et Bl v
2007]

1 d Mdsslstew dzO Iss, Ylsts dzO0 cdzsB Ozt desdz kte
fesdmMatsHdl yjtej L BERIs djofifdsy d “dzjffdthidsgitas™y Mo d H
TC-NERIsOC Y] dBtsy jls BT Is! LOHj2Mlseatso Odz f tod
[Flohr et al., 2003; Khobta et al., 201@] © ¢ , HdzZw EHOdzj dzdvw dzj € s
tcOL tcr 9atso 1 shw ts Cdg) L BonGsjHIs] d3ts 2 0 CIBJ(Eatdnynds
syndrome group B) , Hj2Mlsadj ColsstetsE s ~nOcOCIsj
Is tc © dzf € to d-f Q o ¢ fzdzts NER[Fofisiels, §iullenders, 2008]

RELO fteslsj C Iststcdz-fifo winer 2G¥lshed Ay 1Bsj dz€ 59 , |
ftesdmMrBHWIs o djdadd CtdzHj dzmMdictso Odzdesdz - tot
HsMiskzf desfls [1s ®d@Bsyils HBoawdz des L dzOydls
f so tcj ) Sjadmifet al.,, 2014] v OSC d i3, s sOL kd Otecsd3 dz0R s
slsCter sr §j EyOmisSd cJdtsd3sO d bLwOdmMSteds Jtolzj ¢
o 1Isdn EYyomls¢coOn BECOLT 90 jlsmw dady J, Ud a3
- to ts 3 O[F efdtman et al., 2008; Schus@r c k | e r , LEBEejdzd @4 ¢
tesdzr IstcOdzL ©d ff fipd HRizdzts o § Iso d -cOupl€ NER, TEAIBR, c r |
Mdc dzO dzts 3dz® dz¢ s 2O O®2 ) dglzy & Isdz@s ImtflstOedidsjo X HOj dzd d .

dBMisdzs sdztsj Bsdz h ddzilse 5 {a jsdets ol U kot O dafry Sfijer
bictsodsj bSO chipeymdzs dj shtd, o IS
Piotso dzj IS tc @ dgfipQ) s uedOflzy j Is v dzkz € dzj st gsgz® Vv | 1
MtcOo dzed BO 5 ©WOL &Gtk M deC dzj sMsdgl,s? § il
YitejL dkCdjsmMtdz §kjHnlsOs dizshicdss & dd i@
fesyj Mt ©jckdv"ydd btodhCttdiydd d Meq s

4. vtcOdMCtedf ydvw i s 830k d dzO
steOdzM € teidflysf W W j todzj delsOIsdodzr 2 MmMddelsiLt  t1
sfizh j flse dzwijend'n drd’ sfst dzd 56t OL O3 d Jtetsdmnat
Bjdkitso' n WOCktttse, o' ftsdzdgvs hdrn teOL dzd ydz
t1 o Sdzd B (0L &) )slso j sMmlse j dedzgzs L O IsteOdzM € ted
CkCOtedtslsdujMSdj GtcOddL dr ddjsls sHoz d
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WHjtodz W sidad &34 Ie23) , (¢ O HsBsted Im EZyoOfmlsekzjls o
sdftse GCdzjlstsydz = (18-

) ey M sw0dhSedfydd Mefmssdls dL  daj Mt
trd sdzd i3 wOL 52, dJddydoOoydd, + dsdsoydd d I
i Cdzs yjos?2 Bsdsjdds o € dzjlstsydasEp O @ s didzts
sted) o Iks2 ddd dds2 fsjfjdd tjdcddelkjlsf
LfdcejdajlsduiMSdr &) 2O0dedL o .

{ bwodhStedf ydd -f-HcaddRRSEHEARPY SMise | dzdats?
tdesMsdd ~ (P&l SBE) o pMisdets SHReORIEIOI GO dz
18} )BUYdMmMbsolzjls o bLO&EBEEedF u@EIi 561 8, ©I HC
BZ3Odz" = t1 s . g Yydlsoj lsmw , Yylsts OB MmMtsdzé Is dats § B
stejls' j2 1 k¢ OtedfthfdfijieCa2s2t,] sHso sdz! dats € tstot
fsSterilse Is tc © daiy§ te ofitf QLdlastimi®d d3d | KB4 " O ddi3d Y
[Gerlach et al., 1995] u j d3 dzg3d <R3Q d&f |j 3, A~ O Q@S jdddg s H
f sdzd d@3j e OL T B @MBIs jdcd 5% Oc tsds dzd yO 4 Isw o dzzlstec
sClsOd3j tc© Me P sty d j 2 mw o ff § toj HEJJ LT | fsts IsigCie dif/ td
¢ d mls tiAAHPB, d Slkdtsmdlsj dzv dzts dizdr O td {Bjutidkgg etz ts fi
al., 1995; Studitsky et al., 1994; Studitsky et al., 1997; Bednar et al.,.1999]

1 sdzt hddegmlsets Cdzjssyde' = dzj Cepdtezedfify s
mMddzls j L ditelzg sl OdBtsdzj j dL Ezyj dedets?2 o tsilsdatsh
Ud e L dzz$ dzj smsd3” s @yl e'Ca v j sw {1 s

i1 g sdzd Bl @1 ) I ftej HMsOodzw jIs MBsB B2 G
3 dzj € BH j2 BOMMts? BSdZjj 500 ¢ O, mts
[Meyeretal.,2006] I ts otcj &3 PBlcPtaf kG s Jffcsdd 2 tsBt
10 . da o H ts dz My JtcOdzd 11 s, Hodc Ow M YJ t
- to s 3O KGhatg@t al.,, 2001] 26 dzj s d@zdzOY EZf OCs90C 0O Ricfs
LOtckzHdzw jIs COC HtsMlskzy W jtodzj dzstse d WOC ISt
stcOdz ¢ tod B{\tezE. BIPR 3 BB tOL tsd3, tOMY sdztsy j dzd
HsfMiskzy dtsmis! 115, MIBHEsEESEYY Madwdr o Odzd ®
W OC Iststets off tdzd{di[Zéa® et al., 2001; Whitehouse et al., 2007; Lam et al.,
2008; Boeger et al ., 2008; R ethdssdshew LdiOs |
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~nlocsd3OIsddz ZHOdzY jIsfqw fted OSCSIsde Oydd ¢ j dztse

Edzj toj dedets IstcOdzmMCtedB dtclzj 3" = ¢ j deseo QgHakzOy Is Y
etal.,2002] 1 kS d&zj sftsds’ dBsckls B'Is! otej d3j dedets
fted or MsCtsd3 ktctollre etlals QM) Kiistjutiag, dSejstrup, 2004;

Schwabish, Struhl, 2004] dets Btdz' h ddzMlse s IstcOdMCtcd B d t
ez € dzj s d3dzzs tstec OdzdL Oyde , o, si8 MIdDdzS 5o tOQ |
M dzC dzj sMsd@zOd3d ots otcj dZW | dzsdzc Oy d d .

Cdsdze Oydw fteslswy j dzdz" n Zyofmils¢ tso [1 s (
Stce Odzd L 59 Odzdz" = o dzakI§ dffj sd'sioys § s FAciHEBEISEHIE ¢ $
d3d dzlZBirfgh, Padgett, 200R]} sH B dzOWY MC tstetslis Is tc Oidzm € to
vitrodzO 1 s, Mo tsB tsH [dzmd, Lusds 1982 hénty, e, 2007]

SsOCdsdg tcOf gl lclj SH s ddglzeC @l lds ) 5 Gyl w2tso tc j d3W
Is tc © dzfy ¢ @ iy g0, sBtsBh O h Ow tej L zdz' sOIst a3
ftoj HiNlsOo dzj dz® [Kulg®va Bt@I2OAAY jcd G tedB dzdy j dedd ( €
ontsYHJjddd o (gkldzj BUBEBEA] ChH 2), ftetsdmn
tcOLOotsteOyYdoOdzdy r1s, dOatHWM jIMw fKul@ewad W
etal,2009] ) ttsatsyHjdzdj BOt! jtO tftMmtcjHEZjIlsMw
oy jdedd o dzzlstcd dgz € dzj sMmtsdzdets 2 ff j Is dzddzlg dgjso 2
6z tcdhlkz deustlizt) dzj Q iPLD O daff j sHddfddep@Ms 2Mistcz € sz to
omMdzj HMMlsady Motsdrms GO -~ ©GOL d¢3j tcB9 . ] H O dz
¢cfwsicOdzi S ted f yd tsdzapfgssts * 1 soL O BsH j2Mmlse W
ZORtsHWh 2w f jtcjH (tsQdzMB BB el spzOMIsd,
W J ted3d dzls s d3. ddzj HEZj s lsdjlsdls! teW H sMsB j
MsHjtoy @ g flrdsdzs , o' wWodzj dadz" » @ di) &dnOs dg ' dytt
tcOL toj "[Kudagwa et al., 2009]] Oy dets tslsdzj sdlIs! | Ylsts M
dzj Mso A3y MIsd &3O M dzOdzdyudj &3 Heoa ks o dIlsCBBO dzlz ¢
ris odlkss Htsdyj dl Bl der lisQ 6z diiadin dfdigd=dadO
ftesdmMratHdl Misjtedy MSsy orlsjMmdzj dagdj G wBL :
Ho d> jtdeds"} d | IsB drfjje ug @aiz' dzj 2" j 2 IstcOdainC ©f B dzyf
4).) OlstitdlIsd MrsH dIls toj W tstc d3d to tsd doOfigidstg dztsfafiy ~ s Heda" @ d ©
d otsmMmlsOdtsedzj dzdj MstckSIskztcr diSd] st § f
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OKTamep 5
TMCTOHOB %

tdmzdesS 5. [ 5H ] dg' dslc Qlgdin § tc d fizig JHddpemares iz
al., 2009] tftsdzd 3 e OL O Y tsHABHJL Si3Odzl Bztz§ B ts
fsCOL" 90]j s d2Of cOodzj dzdy BLOdMStdd ydd) , r1
(2. 10kjd3 Wsttdddolzy s W o B HSBHANTEF MHstDdzts o
CsdzZlsOC IsT fJtedH WJ tcdzjOidissody Istf 5 LooL tOdfvdytdH | R thfisfe
f sdzd dzj e OL " . vsO0Cdds sBLOL 53, cdmMstsdzsor 2 s
t1 fsdzd 3 tOL O L OdY § B Bz tesBsb3®MIs 5 C(4).dzkz € dz,

I8 otej g3y IStcOdemC tod § y delf dz juf By i oy Gedz jj ts fiy)t
CtQ@z] 2 &Bitei HOOYHT, o [Kuké&a & al.;20@®; Hfiehdztsay.,| dz
2010} [ sHj dzdteso Odzedj Cs+49 M dMmf sdz' LidsjehQjdaddjwo
ftetsH | Bsdzfis to fudss O uzts to diak Ay afCpRgddgsy 4 s fesd Mn
ssdz Ct5 ftoed BYftej HJ dzj dzdzts a3t 10 $61Q " IKIssjcdr Qlztsedts dif '
Bsdzj Sfpdg} sBOh j 2O o ©OMIse ste, ®lsMizlsMmise 8 I
MdteHYyd o ddetiplstBdzOdzsd d 1 s dOJteOodzj dzO ¢ 5§ Is
WjtcdBlgO dO tHddz dzzC dzj slsdH ftedoatsHdl C°djcets
ftoesMmistcOdzMmis o j dzdets 3z fijils tssdd€ dzbs kG jd dgdstts dztg 9 5 H3z 5 € IS
C s 3t dzjIStjls dedts dzls ©OC Is ' [ 1§ fn 4 diA) s s dzOdgd dzv
Ldzg CStesMisOldud MEdd3d { 198010 d dhd 1 GRfclidsdg 61 IsBsftc " J
MisOBddzdL dqelze.ls stz ¢ e OMY tej H j dzj dzd W L Ot
oLOdBH ] 2Mso Y s EDaEp tPdzd s dzOtelzy dIs+ fMmd dz
LOteWH dz2O0 fisoglcn degiz®@BEGEHWHh 2 My o dal f sMtej H
f sdztsy dIs§ dz' dzts BLZOE)SH | diaRts A tstv j ton dzsisd BCIsOd3
Wistedzdtelz j Is 1L dzj ShtesMisOIsd yd MS d4 oL OddisHj 2
Cod3f j demdtelzjls dz@ghFdasy ™ 71 9L OddissHj 2 fMisod?2

seOdhtedfydd. el oMz § it el jossd
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ftoj SHEd dad j dBz@tel] jsdnds dats ¢ f5t6 j (BY S ks (K@ldmimSets d f -
al., 2009]

firnOddL &3 Istc®azipd toflifteyidld ~tesBOIsSddz st H
sfte j ddzsmisd MistekzClkter dzzC dzj shsds OCIkdo
HOdz dgj 2h j 2 IstcOdgipSseld APtz B8 Pz  tcOL dzd Y dz
BzC dzj s BER MisigzeL Odzdzr j M o o djddsps iiztsdzC
oL Od BsH JOR filstp) fiadets :

1.l Eyomlss O0n, z d3j tcJ dzdzts Is tc © dzff) & tzd &34 e @ tK?
€ &z smtsdBOr YOMists lhizlsmMlisokzjH 2 ddzOgY
dzd ~ dHj s OCIsdo dg 2 sB dilsOd3y IEPm . H Y B4 tc s
stcOdzmMCtedf ydqd, rOtOCIsjtodets?2 Hdzv B sdz' M d dzh
dzz € dzj smtsd3 dzj [NesBewadzt al.O J9BIMMee et al.,, 2004; Kristjuhan,
Svejstrup, 2004; Jiang, Pugh, 2009; Schwabish, Struhl, 204w L Isdn G
~nOtcOCIsjtejdz B Miste™ 2, LOoadMmMddzr 2 sls IstcOdzf
121, dzts| 4fighiriey, Bayes, 2005; Dion et al., 2007; Rufiange et al., 2007]
lted dzj o MsCts?2 OSIdodesMmisd LwOdMStedy ydd
¢cGJSCMOmMsdzr €, Mtsmsswh dj dL IsjltcOBRB] 6O E
1249 21 . v O¢C CoO¢ Btsdz! h ddzMmlise s f smislste
BsHdWdEOyd2 dzj mMikzls cedmistsdzy BB iy ~dtg O day
cedmMssdzsor 2 CtsHe.

2. 1 dzw L iz tlzg @Y JAOIe OC Is § tedzts dzO dzd y d 4 or MsC s
dziz € dzj ts s dzdztEBOIElarenkdtet alj, ROO6]

3.1 dMmls tsder OCIkdodese s ntetsBOISddzO YOMlsts C 0O
nos®ROIsddz, S OS¢ §tcOo d\imbeva et 3l.C 1989H Barkdiyrdcas o O (
al., 1996; Mahy et al., 2002]

4, [BtcOL 59 Odzedj dzgjBtsdz! hdr o dzzlsted dzlz € dzj ts s d3«
fJlsj dz ftcdosHdlIs ¢ dzOC s dzj dzd © f sdztsy  Is
ofjtejHd ftsddh] oL &jaksidyjols lseE@] didjvis dijj
Cdzs yjor &3 i3y nOdzedL sz o tcj 3] dedzse 5 tcOL 9 Sto
o tcj dz3w stcOdzmC ted §f ydd. RL 9 J Mlisdzts, Yls ts
dez C dzj sMsBO daj dd&3j j s SehE @®L 1§ ts dedets Mif s i b Hed
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Istc Odzm ¢ to d BedjtedEPEBC B f + S dMmilstsdzse 1 3 MlsOdats e
tc OL dzd ydz' JChan stddy 1991; Chen, Allfrey, 1987; Prior et al., 1983ic d

L Istsdg O%lsd o BEEtelz] Ctetcj dzdtolz j Is ) i totsr
Is tc © dzfn ¢ ®Chdngtal] 1991; Chen, Allfrey, 1987; Wabt al., 1998]

5.1 ted ddzisj dzmdo dzts?2 IstcOdzmC tcd 1 y d JLeefetczats, RMOF; 5 H ©
Kristjuhan, Svejstrup, 2004; Zhao et al., 2005; Petesch, Lis, 2008; Schwabish, Struhl
2004] d s B d3Thmiet, Hayes, 2005; Schwartz, Ahmad, 2005; Wirbelauer et al.,
2005; Jamai et al.,, 2007; Dion et al., 2007; Rufiange et al., 2@0#]j ~
Md ten yj odfdigils hdzts o ( ofQ d&*) Yy OdzO YIBte@edafy Sclte ~ 2y
G J iweD.§ 52 N d LWWjCls Brdz fsCOLOdz d f t
Is tc © dzfn ¢ tendvifrayifutheva et al., 2007]l tc O B fKiBlgeva et al., 20108 ' dzd
ftoj Hdztsy g S H | Zlzad O dzjddiafCvdz] @€ g d b dz® dzm ¢ ted B d to L
CJdzBc dzOMmdets  j tco 52 -fdsadidgidic OLH o jdij\Hdz ¢ Is
Hiczets?2 . i3l MY O olststcOW BjhOJls toj OMMmE
L OtczHdgvw ftesyjmMm cor ydoOdedwe dalz€ dzj s
fsdzd d3j ceOL © EZHOdzV jIs H2]Id3] 6O caflfists@zso zr Qd
ltedyj d3 olststcOW dzj tsBW L Olsj dz' ddssdzthydzj s Q@ uUs" a
olststcOV B Hj dz' fsmdzi @ ZH Odzjlsdedizr M @ { Ie3f s ©
CodzsOCIstse 115 d edMmssdtse, yYlsts ftodotsH I
delz ¢ dz sMsd3, ks JMmbs! 18 c¢cdzaf EMPJo0Oil
Bjdzeid, Bls 40 we1§oeds s {BBAEHEHjdd] ol
J Mls: felsjtew cdmMtdtsotsetts BECIOR O HtojH
1 Otelzh j dedWw dzzC dzj stsdidets?2 MistelzC Isztorin vivas o |
desmwils ot d3j dzdz" 2 @~ OWOCIS] to, O Mmtsn tc Gy dzd
Hdzv dested3Odz! detsc s W k dzS[Madtensizef alts 80Q6zEeser & dtj Is
2010} | i 5Bt OIsd izZOW ff sIsj tew ¢ d figfldctisdzetOlzd  to dndsticH
AlotsBOISddzO, HtMlslkzYy ds?2 Hdv ttOL ddhuwrmman, Oc j
Hanawalt, 1992; Enright et al.,, 1992] ftcedotsHdIls ¢ {ftslsj tej
Cdzy ss€ d HteiyHJ ot BJ [Regmdglal., 200Ptcj dzd ¥ € dzj
t1 8 sdzd BJEC@IL PIstez S skztedzs d W kdz$ yd sdzOdz! dz

t1s? . IldSIsdode | Yyd delste’ WJtcd3d dzlstse dzO

oLOdhisHj2Msadwy M BOLdydes?2 11858 d Mddalsj L «
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Mistetsj dzd & dqd dz20 90% Mol OH Ol BoRtf Bt all) dAPzts € ¢
Korzheva, Mustaev, 2001; Cramer et al., 2001 O J sO¢ dzOL '
clstcOdzm ¢ tod § y d s dzdztr@nscrigfidnLbultblg Cié dzj(B sdz' h 52 Zy
tcOMYf dzOo dzj dzdese s HEZ§ dzj S MO BOIsted ydes2i g 1 s
L dztsdze Oy d s dzdz - Csdf dzj $ MO~A fn z y O fg tzdef figls + 18
dHjdzlsduyj dz2 § s H dzifidrrenkalv etfrdb, tcl@9B;d&dréeva et al., 2000;
Korzheva, Mustaev, 2001; Gnatt et al., 2004 ]tc s d3 Is 51 s dzd d3JEsd@ L ©
fsoltew jlIs oM Moat2MmMlsoa O IsteOdeM ¢ tedif \ygd inlddiz ¢
vitro [Kireeva et al.,, 2002]d dmMfsdz' LEzjls Issls yj dj ~ Odzd
~ to s dzQWgalfedzet al., 2003; Bondarenko et al., 2006; Kulaeva et al., 2609|¢< , 9
CdzOo dz' § OMYJ Sl B ~OdaEL P te Js e O Bl & WP Hstfpled fr
fted dMmMftsdz L soOdedd  Istsegts W j ted3y dzls O:

1. 1 2Cdz siMsdBO f tcj HMIsOo dzv j ISE. dylis B t§As tsHEsO t®* Qjtcte j
sCOL T 90] Ismw sted jdzlsdtetseo Odzdz" &3 d yYOMmisd Y
Csdzyj dzlstcOydd MmMtsdzd d dBsyjls Brils! ftoj SHTS
( 20 fjtaa),d3 H tsB O9 dzj dzd ) mWjtok tej OCydd
vtecOdzmMCtedqf ydw [1 s BJL dzlz € dzj s M5 d3 tsls
L WWiClsde desiis: ¢ o wBtsdms MzEyow -.

2. ltoj dzgj dedzr | -dzRS gtfgsgys MisOdtsoa Cd (o7 ttOy O
teOMY ted HJ dzj ded d s te O dzfn UstascOydints ete diff ta) d Hf dzdfsdz@AS) d4f
Ud ted L s Hj dz dzlz © dzlz € dzj tsfts dzdzlz © BOIsted ykz)
1 OkzL dtetse Odzd j t1 s} ZOyd dz0j Isfmw o Isj uyj dz
2z € dzj s digdets? 11s d OMftesMmisteOdzY j Isw  ff s

3. 1 totsn Y Hj dadEjcolitoy a1 80 C tsdzd yj Mise j dedetsj] EH Odz
H2A-H2B d L cdmMstsdztoase s BECISOM] 6O, dzd gL c
cdMmistsdztse dzO 1 s .

v O¢ co¢ Istc @ gzfg T tcltflayf dz! dzts Mdztsy dzO Isj n dz
dmMmdzj H sio Bdeg @34 Mists  dzj § YOMs s Hdyd dsjEAecali s W
s H J dz! dzOW . Clks fLrotsdwjls §sdzydls: Btsdz! !
I dztsdzc Oydtsdeder » SRR dzj SMtseo. 1 HOdzdes?2 OB Sl
d3tsH § dz! dztsR. coli.p s}
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5 CWW,jCIls sHdsdzdIsjor n tOL ter atgg srh sl Id

s O¢ i sdzgtb@@zzpn' MudlsOj Ismvw, Yylsts tw©OL ter
BdzsC dtolzs Is s teiOdaf) & tzd 31 tf & Lvied2d in vitro [Zhou, Doetsch,
1993; Kathe et al., 2004 j 03 dzj dBjdzj j, ®WOLWG" 9" , dzs$ O
yd fd [NT-SSBY , dzfj odzdwels Mmkh jMmlse jdedes dzO0 I
¢ d Mis ts dzts ain  vjtrg $Belotserkovskii et al., 2013] =~ slsw sded 4 W
z s tc © dzn svigdn[Bielas, 2006; Dorazi et al., 2007] uv O¢C CoO¢ Is tc O
dzz € dzj MBS IB'fdsr sHl 5 Mdzsy dsdkkz & - O0ddL @Bz
Aot BB3OIs (isdck@Ms Ztc© By jIs f so dzd v Is O ftetsy
oty Hjdd?2 115 15006yt iy d tzdzdatEs.

ClsO ofBL @3sy detsMls BN O By dzf dzO M  sd3sh
1 smMsu jtey O dr GHdtsdzdIsjor j tOLtr of 1 s 9

rdzv  dLizyj ddvy {§ sy Ethe@impt A dif eyt dts H d

COL tor daf G3@Isted udes$ WwJ K] dMniisde'sis s ddeuOufzdz
Bsdes dzglz € dzj s d3r MY stcdsd tctso Odzdal §o O KzP dz! dizis I
o' MsCdds MetsHMise sd3 € [lebwfary)NEddnts 49881Fh-stisn§ dsad,d3j tc |
1999] R MY sdz/ L B eLAMEdp@d d3d dzls Odz! dzOW M Mmisj dzB o @ 5o
steodmStedf ydd ug tej Mmis fMplsagpdzdeds EMdztse dv n,
¢ dMmls H&ztf 814 EHH Odzj dzd j ¢ ¢ fif IsizHABDIPB [Kulaeva et al., 2009;
Chang et al, 2014] 1 L dyddedtetso Odzdz J dzlzdzd®j lds fry
sted J dzlsd e B ®@ezgztc? H dzv I3 5 @ dzfifBotdrmqoded al., 2006]
1 MY j tod d3d dzls § B ' daiglz € dify tstip® d3"sk0® dz tOL tcj h O
stedj dzsOydd, OS¢ C0OC tsdzd drisQlizn ¢ aciAf ol wfeof tsodt
vivo [Kulaeva et al.,, 20091 ¢ dzj sBtsdizd GHdSL ZOydtis OdgsL
MtsHj gogPdz) jno3sk St szt B) Is 1 Yals o

l1jtiH MBBC 2 dHf dig GHNdEDO Qg digsids dagB30 s to

Yd B ssHsd3 f o] ¢ dhats ézlz O 2 dg'dzj sy &diztsy p dadf ¢

sHdtsdzdIsjor j tOLtr ar dL tOfmMyjlsO dzj redsslz] j

fs5COL Odzts, Yt KOS OW YOt O ( fipd Oz dglsn

sis 08 Ismvw fdazdesi@gngwitziet al.,, 1986]y IstsB r  ts 1 tdgjOH jtodzcpls

dzj BOsted Udes T sigE By Jdy P tste Me{efdPaj H dzn W W X Is
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ZO ItcOdhf sdf ygtedsr | dkzCdi shMsdRde | HBEOSEJY'

coli @9 Isjyddedy ®BetOdzdyj dzdescts otej d3j dzd f tsmd
Cd3f dzj SAEAS KR § sdzsy j dzdd o dzOyOdzj BOlsted yr

ksySd MkOtlsO IsteOdnC @YK oo dis cos  §yside=SAgEd ¥
slsdzsh j dadozd ¥ O 2 hjt@ts dlkls s Odzd y ' diba Srlisj dissfrPsudg s dz
C sk dB8PEGMs3 9, ddzd 11 k) te) .

U tc Odzfg) § 6 6 o Odlaligzls tc O dafifsSo tiadedeO ¢ WP tcdy wWOL H
Ldd SbesWstej sdud MSd o f & ded @ J2Odsdf@ dizf n figzistsp o
1 J Istc OdzfiEotc@daif@® C fpthw j oy OdzO 1 dztsdzd Oydtsdzdze” j €
tcOLdzr » sz jddv e d s ftsHo dy dtsidslfd dgf e j
Cod3f dzj CMtse  dz § dICsaBO GL ®P dgde tsB dzj AL Pezff
Is 5 tc Ftsdzaft Mdzks dze @y efsts dzd Bj e OL 7 Yjlsd L d3gatzl bzj tigf) tf
Bsdz M j o3 Csdzdu Mise j o f waj is g l® QzntiZic di'steds ajddg
Meslse j shlezy j dadgts | 1 j dzj dzd W d { e &1 sy fajzdizdas nds |
fsdztsy j dzgdwW R dBOtcdy o bttOdmMSteds dtctso O dadets 2
sydh jdzdgr | dL WtwcOCyd?2 WtcOc d3j dzls [1 s B dz
1064 © HjdObktedeks hdn bkhdass dwn.

¢ zOdzd Lt O twjow jdifpidalads'® 1 s  dRO Istefl Ualzt20 d3
BiNHEZ WBFEYd sCOL Qlzd dao f d OdAEdetd d jtigwdar f) ls
dzkz € dzj sfts dzdatdc?dj Hp sd3OIsted vy, dzi fHtesh juhdrn Ists
sBSGON jddj t©OLtr o9 HiB B zOfIsdzsilsdERls @B
tcOL tcroa(#0d 05) hB1dA0.MiBldetds § & desfitis]] Hig HdegeEdd]ls | o
tcOL tc'dpOmBodz® H O dzts iy o BsLOWgOEqefdiczy COyj Mis:
4 BT ls Brdz ftetsoa jHjdz dzO MmMotsBBHAas?2 IS G
BdYHEZ WteOCydwdsd dzj dzOB dz¥ HOdztsf! .
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t difndets . 6 BN d 2 LWWJCls bBOduthkesde ygf 3O
stcOdzeMC ted § ydb didzie § dizjt sAg®dzcoli ( + S MY Jtcd d3d dzls B ' d
d6. Vlifmlstsoar @3 Hts dzOYOdPp) dOMgKRY &6 d &GJ delO@ dz'lsdz)
WteOe 3§ delsOrn 11 s MY sG 03y J etz ey s f sfdzj H
Mz yO2 dzts 9 enjfrigsdrddz” difzff ts H dzts dzd Isf) ®ic Gxdzj o Oo & B
o -68dzjy dzi B30Is dafOWHAEROC Bt dlzs?2 BiBS SR fif 3 BOtg C
dzz € dzj s A" . [ Ostedyr stcOdzMCtcdB Jtetso Odzd o
sdi3fdzy ¢Mr o Md3jMmd 8" dzd ©WOLHJdzjd' p1 st ¢
sMmMotsBtSYHJddzr = (L Cs dzz€ dzj sy ds @dzd iy HFhtg O d
OdzOdzd L ddpisletOHdts(ds M S o J dzd tolz ¥ hH jedsO I lxitg dgidsfaytsfi. jts t
1V 3 dez € dzj-eHsdiyd sdzd ez h OW  f Sfi@izjterr 0orQls | AN Cidis
steOdzmMCtedf yds , tBBL 2O de" O diy diitdefOHndaf 9§ slsitsugy Is
H Odzdz" ~ , fsdzzyj dedze" = s ftcdojHjdedes?2 o (¢
CteOW d ¢ Mtsslse jIsMlsalzj Is LORBj HAzw 8 h ddg TlsteOcC
EmMCstews Ndsdg.sB&OY j dad j ddzlsj ded o detsfilsd § tsdzts
rits. ¢ws@OWJeORd Mnaj BOIdU MSd fsC0L OdzO i
ZCOLOdts cedzzr d@f o Odzts 43, ydmdzd MmMtslse-jlsml
ftesCid 3Odz! dets?2 dzlz € dzj sMtsdzdets 2 ¢ te O dadOytiQuant) tc OV
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sO0Cdds BBtOL 3, tcOL tor 19 O dgtdiy deg[OVisstdd yadiz® 2 ) &
steOdhCedf ydd ujtdL MBS EHEMmB A 5l d Mdfs dats
tOmMf sdzsy jded ] o dzzlstced dzzC dzj ssdzde" = OL " 9 59
dr odzdwddj Q@ IseOdmMStedq yds

[ OL e odzOnBHWh djiMmw o EyOmisS | dakz Ssdg sits ds
+36 S ls dzts ) d I jdrf 2@ hfj @ diE s B® dzd y' 5Q QU 9 O% s fd
dzcdedtoks hd2 1 W% jCB, HE tosldlafPeds] Is=dO dan® t
fodd k) B L dCdjshskz. vo0Cddk sSBEOLGH
Gz S dzjosdps dp | s “bohdgwijldsofjwdzdEs 2 H dzv MY 0 das? st
f18lLOdbdMd BB, B ~ Oded L Bz

1 OCsfdzj dedy o defsBRcO@NGdedE diipdzlsdiBe frp O
sB zOMiISd HEsls + 36  tsdftdsE jOdzd W O #Bls 0 | lsisH Jakidwts v Is
L Ols to Iz HifdgWt jlsdzj M | ddty dzidteO L * 9 H 5 dz! dzlz € dzj ts s Az
toj ¢ dusElzzOtczhrg @' f S O ( o+l stz j dAW § teas@D s !
+3) Mtse j dzdets o ' t6 O jsdzaBtsdsdaSWAWj CHlsistaikint 1 @pdis fi
eSOy d tsdadzets 2§ As@gsdas@iy Y dzj smMsdBRdets?2 1 =8 .dzd dz@
tcOL to dzts® Q dzcfiz" 50 O ffztc | H-(BEHIEADRS5 ) sB &zOMis @ d 8z j lees@
WicOC ytddimkz(ds < §f 6 H Y 5 dzQcOQ jidsge ' nylsts?2 sB dzOMis d,
sBdPEeHicsrtsyHjdd] Wit dzsO yYyjtejL rtotsdiBOIsdd

RL HOdzdzr = 8 3 mn Odzd L a3 It 5 @ dzig @ th ()16 dathts] gk
oted i3 teOdeMmC s floPedsi' +8aide 16 ddstidz (HOHHJ
t5C ls Qg t s 45 tizls o st O Y i 1O dstlfleaesE i G5O dz dz 2 -
HdMIsOdz dg" 2 EyOomiskds ,daizf) tizp Is fjcligiepts &1 atizd2609]
vsOCdd3 GBtOL s5di3, t©OOKGY B G&sciJdgdPilzd fzts dztsy ddp j dz
otsL HJ 2 Mis et tizgze G yudjste § L dzlz € fiiag dfsdgistdatzts € tstotcj «
yoms§ ®@zdstcOdzm ¢ o d § Y dsds oSsucsBRW8lOPHd d § J 6]
Mstslse jIsise j dedats. Clsts, o fMots syjtejH' , G
MsH jtey®EP&MCtcde BB ERE | Hj v jisYNMEBOd Btz O
M¢ tstets fipls dze Oy d d

v ks BEROLE&GBMNY jted ) dals Odz! dats 2 fdmlsd d3j
¢c &3 dzd B3O dz! dzf n e Bsdetsdzlz € dzj sMsd3dz” An vilRO B 6 dzg
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fsCOL Odzts dzd sl BRWUREIS O &M C td B d oz j d3ts D d3yj Jstfiaks
o dzd ¥ dzd{ s et ) | desfis @ e asd S5 o stsd M
[1s dOosHdlkMY o MhksOsj dz§ dzj M .

ud B3 dad dBJ daj d, osftes t diBJ~OddL BJ
steOdzMCtedf ydd sMisOs dmes tzpr Gdg dsyj dz' ¢ dzOfMml
fls O dftts | b gedsiimts B j fRds Mdsj ~ Oz flklso ¥ ©OL ' o S0
Ud §d 8D ¢ Isd dsdetOngady Cofte diglf Y apjdsdPs 31 f tst 1 s 111
LOodMd sk d3j 5 Oded L Bz .
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[ Olsj ted Odzr d d3j IstsHT
1.A J tod3] dzlsT d BjdE¢tsar J Ctsdiif dzj
I 4 € sd3B d dzO dzldf ds@rd d3jt B @Gaold) f sdzlz yj dedzOvW f ts
[Artsimovitch et al., 2003] ¢ 8t tcd3j dzls €njzs | ffafdd yr ) .
t d Stsd3B d dzOdzls dAP¥ B | f o ¢f dgd Y®@. cdliy slo " H J dzj dzdzO
i tc s Is s[Tangiekzal., 1996]
MictsdBOIsd dz B jH1 , ¢ dofif IsHisjded)] dzdzr 2 dL Ckted dgr
i tc 5 Is ts[Gaykilava et al., 2009]
2.skdz Iskter Cdzj sts¢
s zdz' Is Iz tc G cblidz) list€dgdzXL 10 Gold).
3.1 JOCIsdoer
Sigma Aldrich, 42 ¢: ~ndzstedmilsr 2 COdzr yq?2, - iz
BJPPBJsc OdzOS Is s PEI detstc HegtalztsGdzH 5-dz@ dzO S s s d tc ©

(bromo-chloroindolyl-galactopyranosideBCIG, X-Gal) Oy d yd dzdzd dz, tc
ris dr o@sktst dashsmw, Isj tec d Is ts dz, cGdzd yj ted d
54 steOL Isd dzdzj Isqddzj deghn dOd3ddz (v frr), dzOfmr M j

dzOfmr M jdzdz" 2 BEW jtotsds v W j datsdz.

Amrescq 42z ¢ : stcd fny, B Stc dzOW ' WCOdsh dztz@BSs d WH t
Btotsd3w j dzsdztso r 2 n d dzd Q,N'-d3 4 SIsylefing- e te o] @a@ate:df H Bts
fJjtemMizdz W Ol -dd3eEs@Ydlys 1 ISD dzts dz, Mk - Quia-BErigiis O s j
Broth.

ThermoFisherScientific & z ¢ : BOs j tor s dzj GebetMar dzts «
1 kb DNA Ladder(250-10,000bp) , ®BOtc€ j tor dBsdzi ¢ BeeRoldd®®G ts ¢
bp DNA Ladder(100-1,000bp) , HJLtECMddBtsdzkzS dzj sIsdH"™ , B
BLkWJter dandzvdzlad jdiylspafdgSz W j t6 ¢ H dzv  f 5 dzd ez Sty dsjlso

Panreac AppliChem ] J tc 3@ dzdiY Mmils 'B2 LIsdHd?2, dL sC
dB3d dzj tc O dz¢ dzWgleculgBigldgy Gradg , dzj HW dzOW EC Mk mdzOWw
0G OthA21E). (

Helicon  smmdw: ©OecOte, G U¢.

-33-



GeneraElectric ¢ dzc dzdw: twdetsdzzC dzj slsdH " .

mdditej OCIsdoe, (tshmdw: [ty sted3, Mtsdzw dzC

NEB, dz¢: BEW,jtodzdici®L 'vd4 )] @Cydesdedzr 2 B EZW

(otetsejdz, (BMMdw: BEWJjtK Hd&ZY 1At 10-.

4.1 W jtede J tw©OMmMlso ster d dizdzetse ¢ i ts

1 W jte Hdzv  dBE (biddoratecBDIA) O ( 1 - : 89 d&f Ist
BtcdzOw CdMmdzsls©, 2 &I Cruvod)

1 Wit Hdv | EB(uamsCriptpipuife) (20 6lCl, segm7, 9
d&3f MgCl,, 1 -dgf 20 stst BOdBzdzgj @zetcOydd, Mstsise
ydmazz §shdaj cuvleé)

6~ t©OMlseotste Hzv dOdzj Mj dzdw (dMfsdz' L 2]
CMddzj dzydOdzesdz d 0, 01%. BtetsdzW j detsdztso r 2 fd dzd -

1 Olsdodzr 2 BEWjt Hdzv dzgOdzj Mj dzdv ( dMmYf sdz' 1
Cruvéd, 1 e/ dgdz L d3j dz yJ dedets? r1s dL disdzs
¢ d i lsHi)zO

[ J dZOlskztedtelze M d2 tOMmMlseatste HAzvW dOdzj M ded W
mMkardr ftesB ddzdcdOOEHZ2 -~ ;109 5% W vd, 0, 1% H
0,01% BtotsdgW j desdzseor 2 Mmddzd2, 0, 01% € Mmddzj da

5.8 B®y eud MEdj WJtedsj dals”

[ @ tetsG j dz, Taqr tp fgfips{dzrd o3 e ©OL ©, 5 JHddzdy OCIsd

ThermoFisherScientific & z ¢ 4 dzH ts dzlz QGedr MG Lc dA\pal) Hadl d Mspl,

Istg BsdzOB d dz dzOw " | EasipBzO v sy igdz@ IsiIRS®.d H ¢ d dzOL

NewEnglandBiolabs 4z ¢ :-dzf ¢ ®L O W OcBsmpl. dzd ¢ OL O

6. | slstsor |J dzOBtstr 6 OCIsdotse

Qiagen dzOBtsSte HzW 9" HJdzj dzgdW  dzOL 3dH dL 1
QIAprep Spin MiniPrep Kit, OB H dzv sy fiplssHdz QMBdeipk PCR
Purification Kit, dzOB st H dzW 1 CMsteOC yd d QIAquisk GdlL C
ExtractionKit, dzOBtstc H dzW o' H j dzjQiagprepShimiprag H dzts 2
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Ther mo Fisher Scientific, 4z ¢: ddz@B Sk
Ckdz skte Transfor mAi d Bacteri al Transforr

7uddas jlsdujMSd) Bdddsdzt dj sl
RMAGHd@ZOY BOltedy® ) HAlHBSEHESeR Jf 1 dzd)

5 @(TCCGGATCCAGATCCCGAAAATTTATCAAAAAGAGTATTGACTTAAAGT
CTAACCTATAGGATACTTACAGCCATCGAGAGGGACACGGCGAAAAGCCAA
CCCAAGCGACACCGGCACTGGECCGGTTCGCGCGCCCGCCTGCCGAGTGAA
GTCGTCACTCGGGCGTCTAAGTACGCTTAGCGCACGGTAGAGCGCAATCCAA
GGCTAACCACCGTGCATCGATGTTGAAAGAGGCCCTCCGTCCTTATTACTTCA
AGTCCCTGGGAACGGATCCGGCA-3 6111 of Hj dzj &0 § sH Y] te§

[dzdetsdzz C dzj sIsdHT HdzW o dzfffgj dgf V¥V s BzlsOyYyd2 o ¢
s60325A+12nickBsmAIl 5d(GGGCCCGGTGTCTCCGCCCGCCTGCCGAGTGA)
s60325A+17nickBsmAl 5d(GGGCCCGGTTCGCGGTCTCGCCTGCCGAGTGA)
s60325A+22nickBsmAIl 5d(CGCGCGCCCGTCTCCCGAGTGAAGTEY

s60325A+31nickBsmAl
5- d(CGCGCGCCCGCCTGCCGAGTCTCGTCGTCACTCB)

s603PaulRev HI(GCGCGCGAACCGGGCCCCAGTGS

134 Re vOGCGAACTGGGCCCCAGTGCCGGTGTCGCTTGGGTTGGEI)0
Jzdesdz C dzj sIsdH" Hdzw Mddzlsj L O f SdzdesteOL d3j te ¢
FAM282Forwhst 5FAM-d(CCGGGATCCAGATCCCGAAAATTTA)3

282Revwhst 5H(CGTCGGATCCGTACCCCAGGGACT)-3'

6 0 3 RA(TAGCCCAGGGACTTGAAGTAATAAGGAC)3 6

[dZzdectsdzz C dzj sIsd H pTZERY dzOL fsdtsg j oS Hdzd dzr 9 Ml
M13-2 0 -dBSETTTCCCAGTCACGAC)3 E

M1 3 R e-s(TCAEGACAGGAAACAGCTATGAC)3 E

stcdtcdBdzz C dzj SIsdH Hd&zZW BHAdStcOZdH s 52 Istc O dzf
AUC 5 GAUC)-3 8
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I f)jd ez C dzj slsTALHB03L Bl dsj 8" dzd Mddesj L st
uddastsdz (f sMidw) .

8. [BtstczH s Odzd j
¢ dzO dzd Is d ayjj fipiscdvery(OhausCorporationd z ¢).
| OB tstc O loty tdPzougl (OhausCorporationy z ¢).

1 tots G to O d3dzdsty HgjdzisVgisi OHermalCycler (Life Technologiesy z ¢).
1 OMmis tsdz! dz" 2 THermeSHysdg (EQpisndorf | J ted3Odzd v )
1 OMmistsdz dzOW yJ dzlsted W 2 R Eppgnddsf~ dzOp tei dp @aEdi vdd 5
RMIstsydzed ¢ HY @Bis-Ratdchlioratories & zZ ¢ )
s O3] ter H dzw 1L dzj ClstotsW tstc MinieSuhj gl 6T tMinitc O L +
PROTEANTetraCell, SequiGenGT Sequencingell (Bio-RadLaboratories d z ¢ )
gdMmisy &3O HJlsj ¢y fyphbairits @gneraFjedsigd d¢ dzc dzd v )
CCtcOdz Hdzw dzOSC s dzj dgdW + dzj e dd ©LOHJEBSOS IS
1 CtlcOdzO0 GénerdBdegris,0 ¢ dze dzd v )
dff J CIstesW sIstsd3] Iste N avisoQCr (Fhermo2 Fisbed Scientifie,
gz ¢.)
pH-&3J Iste Sar t ori us PBERIL Garteriu) n a | Meter [
sdMmlsj B3O Hdzv § sdzEyd dzdwvw o SHMIlliQeSyreigy¥UrE 2
(Merck Millipore, &2z ¢)
U tc O dzin d dzdzsteds Rdz@libedkdgirniad.
9. [ JIstsHT
9.1, Bh OW Mo j &BO + CMmi j tod d3j dzls O
1. 1 sdzkz yj dedggOlsitigdsy 1 L OH Odadets 2 dzlz € dzj tsils d H dzts
sfdeso § Mmizh j flspodsse'djy? (11 s
a. 1l sdzz yJ ded § sy Md BsHdWdydtetse Odadz" ~
fsdzd B4 .OL dets?2 Yy J ff @y dad jy @€ Odydf , 1 Aty
zdc dtoctso Odzd j BsHdW dydtotse Odzdz” 7 - ff tot
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fsLdydsddekzsh jet %t O-O Y dz§ g § O
fszdzstcOL d3j edzsc s BsHIW ydese Odzdzs ¢ s
b. [ Sdzj Cbdzvtodets] S esdzdtetso Odedj o sz yj o
coi d GhettwfGAROIE s dkzCdjsksdHds?

f ZOL &q H .
2. 1 sz yj dzd j g€ dzj sMsdder 7 BOktedy HdAY kteOd
a1l Aok dzdW dS OyqdredsOlstedys ) q dzls j te

fsmdzj Hs9 Ols j dz' dgtsfiyls* & dzz € dzj slsd H s @

ode Mj ded j BB W dzlz 5tc § MY digsztfia) adPHs el Yo ;

b. I dzgj M j dzd glzd sty rods@iUste™ 9 © 9 stftej Hj dzj dadz

Bk ¢ dzj- By sddtezs h j2 fshdjHse Olsj d

C. uBBtC O dizCdj stz O ftsdkzkzyj dd' = «&O

3. utcOdzM S tedtf ydw ) tcOL dz' n mMsdzj o A Emdzse d
1 dzj Clstes W tste jLisHjudpiiRdidgE o0 H j dzOlskztcdtelzs h d -

92C¢C MYy Jtedd3 dzls Odz! dzOW MmdMmisy d3

I S0oyj mbej  jdgblaftogdzs? Brfidg dMmyf sdz L 5o O

MeHjtey O d2 t©OL OB SISOdzdzze dzO fhdydaty s\jdont 0 3

1998] dzlz € dzj-ssdsydtsdedtclzs h ¥ ff sfypdzj Hiso Ols ji7T@’ dzts

My duyd¥ dudzr 2 f tcts difstisdsdedsj B@w0II T7Als ( Md dals Isd y
s dzd ¢ ts dzlz T &) S5E3PIA).

40 j BO BOtdy’ JfifdEejjH 5020 dz0 o

T7A1 npomotop HYKneocoma
7 e ———
Crapt
TpaHCKpUNU MK

t d Mk ds? 4o d @Pige 54 d L & sdEpijdezdl iz § B2
L CMY jtedd3j dals Odzjdzts R s @sftindsynds O ¢ d3jodglaizy 1§ @70-
M dudv duds 2 csisdddg)BadiT/All  GsHdvdydet

Bl ¢ dzj-Flsgyd sdzd el h s § sidzj H 5o @) patfdsdztesiplO &
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) sfdzj Hiso Ols j dz' desfyls! dzzC dzj slsdHsRS ®@L OB ST ls t
fsLobdY jls fsosHJIlS -Bic@HAEROC EE B ] s tf &z dzm &
Ctodzd Uj flso j dzlgse 5 OdzOczd L O.

) sfdzj Hso Olsj dz desfyls! , fdzj HiE h OV SHB G E IS YE
stod dzlz € daj dsjfs W) H " | f)lscgjizts det§ Bls BYOMISSE dL
Bzj Slststesd st HC | dE dfsls ¢ O&OY i fiyh)eds ¢ ts:
fsLotdvjlk LWWjChkdods dJddyddtss Ols: IstsOdzl
L OO BYdes e s S@dBd g s At s sdsaiig s ©OHJ &G
Bj uj dzdj dzOYOd dgse s kyOMmisC O &IERPLE ©d sk
ke, beOdhCtdfydy o Ekimdksedwn dzgj HEMisOISC

] U A, o U A d CLOIttOs sydztsc tse stcd ted B 5dz
Mdrdesdzd L Jetso Ols! o Mmj IsteOdzMCtedlf ydsdedz' § € s5d
dzz € dzj slIsdH desd3 tsMIsOIs € j B3O Is te d Yy dats 2 [1 81 U C

slsdzsmglsj dz dzgs o) Hdzj degdzr 2 Hetsyj M, ks [SOC¢t
qdzls j tef toj sqtelzj d3" j toj Ltztsz teHOdsts tc @ b darstsig) s s I ts@

930 dzj S stesWistej Isdyd MEdJg d3j Istst
Czj CtesWstejlsdujMS ) tOL Hj dzjodddQidzd v  1Oak
witecOG d3j dzlsts o v s ftcse sH d dzd B3j IstsHBA 1 dzj §
OGOt L dsd3 ¢ J dzj . t OLHjdzjdedd 118 W tedsdfisls’dd
LIsdqHdjd3 o SCtdzyjdzsteOydd 0,5 &®Sc/ gz o 0, °
BtodzOW CdMmdztslsO, 1 &f Cruvoéo) o € Od3j Mipi- H dzv
SubCell GT Cell (Bio-RadLaboratories wz ¢ ) . 1 jtojH dzOdzaj ] dad J
) Mtsslsdatsh jfifed dc OMBls dltstetsds  H dzw dzO dzj M4 dzd W
BlotsBY j desdzso ' 2 Mddzd2, 0, 01% §fddzj dzyd O dat
tcOLHjdzjded] ftosotsHdqdzd Htod dzOftewy jdedd 2
tcOLHJjdzjdzd] Htod dzOftewyjdedd 5 1/ fmd3 dzj 5B - St
I fMAkzyo] @Edh owOyydj ddy Wkocdj dstss
ftesyjmm ©OLHJdddY {§se sHqdide ]t df tdgd OO
L dzj ChelistejLtsd CO®Rjtk IshOkjd dets ¢ tesdsr o
Bsdzj ¢ &z dzr 1S dgdzlsj toj Mize h j 2 H dzd dz" , 8" ey
1 CMistcOecdtetso Odzd M QtAGuiBks bel extradtizd Kits EgXagen) i
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fMlsOdzeH Otcls des Bz sl sC szt fosdLosHdlsj dv ¢
Csddsj ey MS SEBS] deLAQdm@ Oydy ftese sHddd dzO
H dzd dzts 2 o ts d2ditler LAQuBmA). dzd3  (

Cdzj Chttsj sdyj MEtsj] OB dzpded §j dzs i3 ¢5 §lzdzd o
Emdzsodih OdzOdzE j @C B9 'sn oL OdhisH j2Misad?2 d ¢
ftoeso jteCd yYydmlsslisT d Hdzd dz WicOGed3d delstse 1
tcOLHjdzjdedj fHtesB o f tsdzd O tdaf @Dz ofi fgAfstelzlz! 6L j txia
1004 M Mosldsh jddj B3 0SteddZzOBdHO ¢ BdMOS to
0,50 BRWfjted .4A4yetsB’ 15 HjtjH dzOdzj My ded j o
Hdzw dzgOdgj ifpj dedw (30% cdzdyjtedds, 0, 01% Btetsd
o Ms®lgdedd 5: 1. -bjctk8Bo MBf | S dzj S MOBI dzC
BEWjtey Hddv dOdzgjmijdedw (47 Mt MBHJj ) Od
gL 3 dzr yjdedets?2 r1s dL dBsdsé dshmtsmwHL) 200

Cdzj ClstesW stej sdyj ME 54 tc Ote o dirdoimfpdd(d3 coJ dzjff
Hj dzOls 2z to d tizbipdPtsch @ dz@ dzd L. H dzd dzdzfis g ¥ & B dsdg paizls ts o
ftotso sH Jdzd 1L dzj CSstesWistej sdud MSdd3 tOL H ] dzj dz
Hj z2Olkztcdtclzes M drn 1 Gz @6 cdWzZD BRI H dzr 2 G J dz H C
Hj &Z20kztedtclze M & %, MazsD®R Byl ofd dets?2 o Ctsdzygj d
odgj Mjdedv HtesB dMfitdz LsoOdzd 27 tOMlse tsto
HtsB O dzj dzd § O3 HtSH ] yddzihkzdz W OO dzOIs tc W (0
¢ Mmddzj dzyd Odzts dzO. 1 BHdzj YO dj OdzOdzdL 2 tsMOYH
tcOfMmiso S§OCdzep 1n. 1 jtojH dzOdzj mjdedj d3 ftetsB ' t
sjudddy 5 dBdd ftod fijdsHduimMisd §jtej dgjh
Ldzj ClstetsW tstej Is d Mipi iPRATEANTalyg Cekl ffdz§equiGen GT System
(Bio-Rad Laboratories 4z ¢) . 1 to dog/tsLtets © O detf) f s ts ¢ dzO ) dzts
ftiosdLoHdIsj dzw .

0.4 B dzdW S Oydw WtcOedzj dalstso 1 s d3g Is

Yyd fds?2 tj 0cydd (31 At)
I'md twjoydd 1At ftetse sHIdqzd sots dAddiz] B @YW
Ctsdzyj dzlstcOyd g 2 d tsdzts o BOG ded W 3 BB dz! /| dz
Hy s[cdBsdzlzC dzj slsdH 59 H S C sdzj ydats 2 ¢ tsdzy
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CLOLtcOs sydz - € sdzdetsdzz C dzj slsdH s Tagty | & G da
fsdzdd3j cOL "™ (0,05 jH.OCI./ 3¢ dz) ([ 9ttse-j dz,
BOItedy® o COYHBER MAuzkzyoj ¢ GaHUzRAs s 8§ jtoyidC
SYdHO] iBs2 H dzd dz ftoso jtewdzd oz StotsWistej Is
OGOt L dsd3 64 dzj .

95/ ydmsC O S dzg Jdzsor n CdMmMzsls
Il dzj Sslstster 7 Mz yoOw s dzzCdzj Jdetseor j € d fydzk
tcOMlso stc® BKOBSISC B2 Wydesdgis di3sB | fztiz sm@ ik &
t1s HBBOoadwdzd tHdd Bl jd&3 hj dsydesets d dzd
Ish Olsj dz' dets o fMmlstewn do Odzd. wdBIM! yjdestedWized
BBddz fted 13200 B/ d3ddz dzO REBEdpendodz! dgty As d3P pathly
osHdes?2 WOLJ] HBBOodwdzd 1/10 Bl jdBBO 3] 0"
cdzd S s jdO (20 d&@e/ dgdz) d 3 BBI jBO 96 % L Isc
dgdzC B dtetso Odzd dasOyAu . ftgdzC dzj d dztse ™ § Cd e
YyJ dzZstcdW zcdtctso Oded J &3 § ted 1320 0y J sas/tcdfdrdz ¢ jd:
(Eppendorf ] 4 ed3Odzd v ) ) Isd ud dad 4§ 20 aB3d dzlz Is ¢
or Mh de Odzd d tOMmMlseotstewdzd o Mbslse jlsMmilse kzs h |
IMmd dqLadsjwejddw Ctsdzyd dzelstcOyd?2 1 Nanodrdp dzq
200Cc (ThermoScientific).
9.6.MmtsH 1 S MY jtod d3j dzls O
96.1) sdzz yJ dzdgOls ey M L OH Odadets?2 dzlz ¢
fsfmMdzi Hs9 Olsj dz' detsfyls' &  dzO ts fgsltsdcjd ymkz h j
1 sBOltedyr fm ddasjtej Mz P ddsd ftshmdzjHEs O
B SsHEsdRRISOWG j dzj L O dzO tshdzse § Md dzBJAL A3 M ¢
25A, dzz C dzp s ls disfdzj H 59 Ols j dz' dzts s CslstFtetsG t
sddzlsj sdyd MSdj thddsdkzSs dj slsdH" [ Olsj ted Odzts e
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T7A1 1  $603-25A +«——

t dMzBsS vnj B3O tc O MY GlsitsF g slagder = s dzd @ wzlzlz €
fsdzz yj dzgdv BsHIW Jydtotseo Odade" » WicOE d3j delstse |
fsLdyd sdedtfotzfydizjj Rtso Olsj dz! dzsfyls! 8 B ssHBd 1 At

ANtcOG d3j dalsT MsH | YTOA1d | Bff tes[dztsis tstzlz yj dz"
dmf sdz L s9 Odzd j B3 s EdnehistdziAE da]j isdz H PO 2 BAR O L diglz Js C
ECOLOd o sOBddyj) tt fttsctcOddid :

94 A8 sd dz

94 Aa0 i

63A45 yd s dzts o 25
72A80 i

72Ad o3d dz

ANteOG B dzgls™ , MBHJ tetf) ®©f df \j d Hatlzq tddg tsMlisidz § s dzj
BN dzd f sdzlzyj dz o 1At M dmf sdzka sé Oday j dg O
Bzls Oyg@L dz" j; k¢ OL OdzRevavhsis OB dzd yj) d 282

ltesctcOBBO OB dzdW d S Oydd:

94 A8 dzd

—_

94A40
60A80 3 ydq¢< a&zo
72A80

—_

94A40

\
F T T F I

60A4a5 22 vyd¢ dzo

72A80

\
o =

72Ad o
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l sdztsy j|} s Bis s |
tOL e’ off O 3 |

Q—.

o113,
ftc02 d3j

o=}
~

§ g
— oaxq
Q&I
GO0

Q—.
.I[')f—f'
WQ—.

Pl =T~

(9]
N

34 s603
25A+12nick
BsmAl

+12 134Rev40 Apal

+17 134Rev40 134 s603 162 Apal
25A+17nick
BsmAl

+22 s603PaulRev| 137 s603 152 Paul
25A+22nick
BsmAl

+31 s603PaulRev| 137 s603 152 Paul
25A+31nick
BsmAl

s OB kYO 1. Jdzd e sdzz € iz Ozdzh [ , H dzi i Wes dzlz
BOBdyYy M tOLd" di3d (tsdztsy § dzgd VW dzd  MND.Bskksle z
B ssHtsBRI ) Atj OSydd o Oty M hzdetsdkzC dzj s
282Forwhst M1 282Revwhst LEOL Odg SYdHOJ d3" | H dzd
BsHJW dydtetse Odzdz’OdBY dz' ffatshfsjvHdizlo dzlz € dzj sSIsdH 59 .
Zzdedetso Odzdw o f sBdzdesteOL o3 tedzz® BOIsted ybkz  dac
WicOe 3] dzlstse BT dzd ff sz yJ dz' cdzdf S dd Ctsdzyr «
L dzH s dzgz € dzj OL O3 6 Misted € yd d .

 zddz" ftesHECIstse toj OC ydHtsdg ridefj Sdftads WHiS talg
tcOL Hjdzjdzdy © OcCOtetsL desd3 ¢ J dzj .

l sdzlz yd dzdz" J WtcOGc dgj dals ' [1 S B dzd 5B to!
L dzgH sdzlz € dzj OL O 3dApatcd ptPamy ¢ pdkdoL O dzets 1p g©OE diz@ fr
foslssC sz ftosdL oHdIsj dzv H dzw ftosHEGCIstse
ftotsHddzd ) dhnf tsd MnBletePdQednindk@ B s & @OMdets § tots
ftesdL oBHdIsj dzw .

10Isjd3 fesosHddzd dzdedtotseo Oda jsL ff g 1§ iz stz &
Eyomls¢ se . td OCydse ftosotsHddzd o BIINEB)tcj IH
tej OCyds o desmYaprddz'f sdzdOg, pte zfff dzr = W tc O d3d dzlsts o
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(NEB). 16yOfMtso s ddzS B Oydy g dztBdzs? O §iz8 'z © @
65Auy.

] Sdzdeste OL d3j to dzOW 3t H A @layte[feus® O dzdz@ s dzf § B d3
Csfd?2 B" 20 ftsdzkzyj dO o a~tHJ 1 At o Jdfpfdszz
tcj OCyd?2 ) COyj mMiso § B0 Is te d Forwhst{d tERA/Shstdziz €
OB dzdW¥W S Oyde ftesHEZzCIstses dzdedteseo Odzdw f totsot

94 A8 osd dz

94 A4a0 f
66Aa5 30 ydg¢ dztso
72A80 |m

72Ad &q dz

ANtcOG d3g dzlsT sy dHO] di3s@ .df dzdgdzrdzd ( 7 teidrtsizj Az8
~sH] ftojf OcOlsdodese s t6OL HJ dzj dzgdWVv  9QIAQuECE tG tS L
Gel ExtractionKit.

[ d&zv tslsBtstc® d Cdzsdzdtetseo Odzdw ddzlsj tej iplze h
dzO B &l Aclone PCR Cloning Kit (Thermo Fisher Scientifig. 1 ) J ftcsyJ H
ftosotsHddzd s MIsOdzH Olsdzs iz f teSlIstsC sdzlz  ff to s
f sdzlz yJ dedz’ - ftcd ddedttses Odzdd  tocsplZERTo C
dMmtf sdzr L ts9 O dzdEscheri€halsqli t& dsdo dzti@a XL10 Gold. [ sdzv e dz
Metslsdztsh j dzd J oWjtEOscdinjOdzld@s fiffs O d dzts 5@ 1.

¢ dzOdzd L C s dzts dzd 2 dzO0  dz0dzd yd 4 ofmMisOe € (d
fiesotsHddzd M foodsh: s 1 At o § MIRYDOIMIBReY d ¢
fs ftotsctcOd3d3] :

95A8 &ddz

95A80 T|f

60A80 25 yd§ dztse
72A80 |
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stsdzsded diey Oy § § ZzOL 3dHlz M ddasjtej mizs n
fdtedMmjoOdd o DBAH CABY diyejdedid] dzsd3 o ¢ tsdzyj dzls
Ckdzr sdodteseo Odzd  dzts y zO € Oy O dz€l jdzOf t3d H dizlb «
9" HJ dzw dzd M ¢ ts@h&grep 8pin MEiQiEep @Q@dgen M6 de@flipdss izl
ftesdLotsHdIsj dzwv . riys { dze qtetso Odzd Gaendzc dz € tsc

#4jCojdzdtcso Oded | -fudOm Y Btsod Hlttgo sH d dzts !
([ sMC o O) dzO 0o lstsd30 BR[| RrigMBs1l0d@\piifgdBiosystz@ds)s.tc |

9.6.2) soizz yy dzpp oz dzls ozl j 8d Mz M j 2
fsmdz) His9 Ols ] dz' desmipdzv dzicDOdznt® d i 59 S dzdz’
1 sBObtedyr M dBsHIW dydtese Odede” i3 § sfydzj ¢
H dzw HOdz! dgj 2N j 2 tcOB tSils T OB dzd W dydtetseo Odzd
fsdzzyj dzdz" = § &ZzOL 3dH o € Oyj flsakj ydg®gtc e Pmmls
s dzd ¢ s dzlz SR 88 Fdatwiasty RAU I § tesc tc O dzZd3]

93A8 &qdz

93A@0

63A20 30 yd¢§ dztse
72A20 |

(v SCodsesdy ydhksls' ©j 0Cydd ¢ OtcOddzj
HisB Oo dzj dzd W f zOL &BqH " . [ dzd dezw dzd f to iRy AsCHda
L dzj CotesWstejlsdyujMSsSets ©OLHjdzjddY o OcCOGSs
(270 f. dz ) sydh Odd s fsHkSlss (o]
L dzj CotesWstejlsdyujMSsSets ©OLH,jd&j ddY o OCOESEL

9.6.3. Jldzimjdedy §tsLdydtsded tetseol@dzdz -
WicOGe a3 dzlsn dzy 1 IsteOdzmM S ted f yd sdzdz” =

[ dzv o dzj Mj dzedWvw GHdzsdzdIsj otsets tOLr 90 9o f
WicOGe d3j dzls T [1 s 5B tcOM.BsmAlo(ER)]. didfF @ e { tots
BEW jWNEB)4 fif 1 &Se¢ r1s o B jdBj 50 dfS &7 Awd
CWWiChkdodasfis!: tojOCydd GftwjHjdvdd B ssH
100, © HjdObktedtekshds Ekfdkssdws. IERFR
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WicOed3j dalstseo 1 s ff tcFANSH d alzdz fif jsdzcdaliptisjCdgO o 5 dnts
tsdzd ¢ s dzlz € dzj Felsvidst 1 P 8B & I Mis | df HydIsiSydd W d
Typhoon Trio (General Electric ¢ dzg dzd v ) . [ dzw 9tSLBEYHJ
dimf sdz LsoeOdzd L jdzjdzr 2 @ dzOL jto ) HdAzddts?2 o tsd
Wddz steO, ftsfkzmMCOsh jets Mo jlssor j otsdzdzr HC

(1 WO dsj dalsTo,Ocztaf G tdys + WWjSlsdo datsls: s  da
sls Wjttdsj desO d tjOSkkdoss SBEOBBISCE2 W dzsc

9.6.4. u4BBKBECO dEkz§ dzj shtsd3
10 ydh jdedegr = WtcOedzj dzlsOr BjL t©OLtWKGr 9 O ¢
HJOdzdL O ftoslsde tOMmlsetstese M § tsdady O kg 2w
BJL cdimstsdzO 11 MedtOdzd dkz¢ dj shtsdyr . r dcC
BEW jtj, MBH]jty OHQpPE 7, G, B30, dtdof fis j cc dlssdz, O
Bji3QtcC Of stst IsOdetsdz R~ dzstedfmilsr 2 dzOlstcd 2 (1]
0,750 vy; 7@, %0 ,y0li dsy"' ) . CWWJClsdoe detsfyls fi
1 dzj CtesWistej Isdyd MS oFelgj de®Os ai'j Rz U2ae Biffslzy § gtso o
Emdzse dwn .

965.vtcOdzMC ted § ydvw dziA Stsodgdisiyy Ed@alf ty ¥gro

 Odzy J ftwsatsHddzd bkOdnC ttdtf ytf s dzd dedEzQL dz
colio IstcOdzi$ ted §  d tadsdeptiybufdr, Yy juelj; (2 OHGRS tayts d7fy 9
®Bf MgCI2, 1 -kfteSCOf st bOdSrdzdj deletcOydd, Misslss
ydmaze fsmdzy cuvle) ftod CRBAZOBAE? Isj B j tcOl
1.1 dzv fMeteSd - izl st dPitgdtOs i sidad $5jBem®Ii '

fp Mzl jHddadqje dEHRO] vl40 o Isjujddj 1
2.1 sBOo dzv dzd C-B®IBgHIzr § ¥/ 5 yYOMmlis! fts € tdzdn
d3d dz
. RAdJydoOoyds bttOdhCttdf ydd ftotso sH d dzAUGHdsSB O¢
O v A HisdzyJ dels te Oy d GF°P210u ABS(f4 OIS ds g/ o € tsdzd y

tOL ftojorhOoshjd COEBAOUIIMIsE USdeg) 210 dsc
HSBOoadWwdzd JuvA HB SCBdzyj delsteOydd 20 BSf
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4. 1 dzv  dmC dzt Yy dedw toj ddzdydoOydd H B O9 d20 dzd
k< ¢/ dzdz;

5, sytcOdzmMCtedf yds f tetsH sdzy Odzd ) ftedmizlsmise d
Codayj dzelstceOydd 200 BSf o bteOdMStedt yd s dadz
nzsted Mlssets COdzdw (40, 150 ddzd 300 3f)
t1 & sdzd d3j e OL T MtsMils Oo deOdyds o tote j € sy yddf o3 d
Mtstslse j IsMise j dzdzts, fsfimdzi yjcects IstcOdMCtedf L
sHdzdd3 B jdB3sds CdMmdzse s W j dats dzO.

) tsHECKT ) 0Cydd syqdh Odd d SMO)HOdA] f

steOdzMCtedtf yds HtoseotsHddzd o Isj yj dzd jy d@&s d3c
fszzydls! sflsdkod dsj nsldsh jddj §6dds
Mstslse jlsMisoks h dn dL 2 wWosidkfdd t@OLL G d i | isdzs
dzlz ¢ dzj s ts Bz .

steOdzMCtedtf yds Y ted L dzz € dzj sts 3z f totso t
Csdeyj dzlstcOyd?2 Mtsdzj 2 BdY HBIBG 51 W WisGlBT s st
Emddzy dedw oL OddiisHj2Msod?2 d&@IiyHE 118 d €
BjyHE edmlstsdzOdZd d 1s BBOL EZE IsMwW ¢ dzOo dz
mMdda,tsL dzd ¢ O h dna d3d 3 H ¥ ts ipiédadidde’ ? b Os-frldsds® [ 1S
LOtewp@dzemyjls WesM¥ Older » ctkzftf, SCtlstster i3
L Otew ) j dgdzr 5 OB des S dMmdzslsdz" d3d tsMisOIsC Ok ¢
Clsd oLOdB@sHj2MsadwYy d&sekls EmMddzde Ols' w
d ts dadats 2 mddzr . AL dBdzs@ d yyjfkisw) Is fij s alzdzd n
BlsC dztsdzj dzgdd ls dzjy o Mmlststesdzz kd3j dz' M § dad W
BidHE 118 d cdmbssdoOdd. vejddujddd ddd
ry scdmssdzso™ n oL Oddi3gsH j 2 Mise d 2, off dztsls H S
&f  ( KJl)

Jfrls s tSftcjHJjdzjdds SCtsddyjmlsseO OCIsdso
ftesotsHddzd s Ikts2 i Majdj LO dms dzs-yj da
Bj yj dedetsegts J uA Bf dz dMmftsdz L tso Odze dzj d3j yj dz
ftesotsHddzd fted WdLdsd6Geuy) HSY ] das tz@ud d i) §
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150 &f), fwser dhMmdiHse Odd ! djClktsl 56
ZOkdody & Efmdssdwsn.

9.6.6. 1 tsddsQicd 0Ot Osz0dzdL O Hdzd dz

steOdzCtedf ydd

dzv  f sdzlz u-gs@6 9 J e Os d MY sdg' LiOe? Gsdsdfiz izl PzO'® ©
o ftodtsy j dpRd60F 2L (cOLigs BEBH ALz s ¢ dMmlstsd
LIsOf bteOdhStedfydd fHtesotsnddd ftod L Odzd>
tedBtsdazS dzj slsdH s (54 te @fig y b dzdssicusi daftg j &34 e
ot 3j dzd JddzC kB OYdd dOo by @tzsdisSIsdzs’s] dz o
tejedtsdzaij (yjd Bsdz hjj otejd" Htetse sHJ dzOM:!
ftosctej Mifdtetso Odzts Btsdz' h ddzmso s dsdzj Skdz W
fsLdydd hMOdsstsS wWHH f Htetsy Ok MM
ZOdesfp delgfOtcC jto M kZHBBAs?2 B dZOMIs: ¥  OkzL Jots

9.6. 7. ) tdQic&kdz® 0sz0dzdL O Hdddz {

steOdm¢tedyf ydd

I SOy mse j c@gcj e tei@igidusiCig lsdgde ditsy s d MY
fjtcjo Ot PREERCIMEHE dzzC dzj OL sPIsplic j HB o PE & g W
ftesotsHddzd Mse dzOMdets 1§ toiss®E tRgzbzls 1 tots s aziz ny g E
tej OCydd, HjWtshYsteddzdtetseo Odzd tSBteOBSISS 52
fteslstsC sz ftosdLotsHdlsj dw. { OHds0OCIsd o dzts j
6y OCydj?2 Cddzdtetse Oded v f tfdifzdsdfistjdis d1HOS d dAOdz
tcj OCyd =Ripdgz® Hijdsej BLEWjttO ¢ H diys Hij tedyddddos
fdCisdz?2 WOedkj distse § &zOL BfHr, 5 jaG-0CIs.
b ) OCIkdodetsfyls! ¥ w4R) M0 g dizC BB ks Odzd 30
HsBOd&zdz Cruvd (tey 8, 0) HBts Ctsdeyj delsteOydd 25
l jtejH dzOdzgjmjdzdj s © cjdzr Mkjfm: fHtetsctejo Oc
Isd Wd ded J 5 &ddz 95Awu. 1 dSBRBHJ RS H dzw
odL ZOdz dats.
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9. 6. 8. ¢ 2O dzd L tc OCfrpdf dictfj Is1tg odzj o] WH dedicdd@izk]
L dzj CstesWistej Isdyd MEtsets teOLHJdzjdzdwYy o 1 ¢
Judh j dedz" § ftoesHEZCIsT tcj OCydd t©OL HJ dzv dz
Emdzse o v i d M SgquRden GT System (Bio-Rad Laboratories 4z ¢) .
l JLEzOdzdL Oyde t©OHdtf @&ls dba dpidze] s i f ¢dz® Bragdes o O«
Phosphor Screendz®@ H JjIsj SIsstc] W yaitio den td giofn (Ggneeal Hlettric
¢ dzc dzd v ) .

9.7 sMlstetsjdedj Htod d3j todats?2 Bsdzj € &z dzv toc dat
Cs+24 M tOL" osd3 dzj B3BOIsted ydzts2 yJ td
10 k&4 OLwfdol zadsCdss My HjddY ftodo jH
MtezCbkzte® | dzfsdzec O YA c ity € ® o3t 'z € dig O dzj BOIs
BiyHE 12 d 13 dzCdzjslsdrde 8 tMisOkSC Odd dzt

 dzv fsfmstetsj dedw dBsHjdzd BT dzd dMif s &EDZA 59 (
( dziz € sl @lAmp et al., 200Q] 3HOV (1 dzts dz¢ Oy d s dzdz" 2 -fStdagfi delg j t-Cn.
M r1s d[Sydow &t al, 2009]d 1CGC (H j &P s[Heinemann et al.,
1992). [ SHj dz iz yj 20 odL Z20Odz! dets?2 RyBIOLS 59 €
RMf sdz L 59 OdzO Ml tc L ABWz OO GE epliaizO { g s 3@ s H dgv h dzd
dzjttsj h Jj dedats? MlstczClskzter 1 dzsdzc Oyd sdedetse s € s BY
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tdLkzd sOIsr d tBMEZz)yHj dd j
1.1 9 jHjded j

[Hdzsdzd Isj o7 i Se@zdidy@adr = yYyOMmilsr 7 fsotej Y HJ
Bsclzls ftejfwislso tso Ols ftesyd Mk Istc O dzm ¢ to
f sdzd dzj cOL T 2O tsB o' oyts ¢ dDtdasy difst@ j Hg Otfed].Is j ¢
f sdzlz yJ deder 3 o odz@f Hoty t€ @ls tistoafffu, ® dzg ¥ d3,dzj BBOIs te d Y dzts
sOCHYf Bifls L Odzj Isdets d dzdf GrFfE®p BDls’ [ H 2S5 1 Ist
ssdz? €5 o btdz Mdazzyoj,, CsGHO { €dcts ipPHs [ dakz®
MstclzC b Y s d3ts, sOCB2 1 WWjCls MewlL Odz fts fydzt
t1st uftedL deiz§ dizltsfipesigias.” deq iy 1z ShHsepipsd d
fiH j d&zOIs ! f toj H {dgjd2O|dgddeddyj IsB dZ2Otclzy j dedetse s 4
ftoso j Misd Hisf sdzdzd Is§ dz¢ dz" | dimMmdzj Hise Odad v .
dzj BOtedydzes?2 yYjfd dBsckls SCOLT 90k! §OS ki
2O bteOdMC G dzf Hifts Gz.dzzs OC € OC sy P gel andvidbo 1 dzt
fzzy dls fMdezO&sd § &OYyodkz ©jfottOydd, It
dqdzsjteifmjd M BdsardBdU) MEB2 IsBYSd Ltjddw.

2.CCMY Jtod d3g dzls Odz! dzOwvw Mmd Mmlsj d3C

razf L &z yjoggdn"o dzd 1Odg H disitai@(dei ¢ o d §-f) & dzd dgjRPEEO L
yJ ted L zkz € dzj sMts A3z tcOL to’ 9 Odzd dz) deO IsBtd@O ezt
LSy § ted d3j dals Odz! dzOW fy of ) ls d3eldats dalz S@iids ol pdas
fsLdyd cddidsrod@siaia Isj o " &3d ©OL tor 9 O d3d

SOC B d&ts (sCOLOdM ©Odkij, d&Odetdj,j L
SCOLT 008 5" COIBEE 16} 10 sdzsy j ded 5L dzip § tzglzts iy 1= €
s Hse Ol j dz dasfylsd s dats 5 s [f tizts bzts ¢ & Gedzd e >
(tedMBoelGs) stsdBztcate st § S jtoddzj dels©O BT dzd o
MeOL BHPOR Oty Mt Ol dzs ¢ 5 & B Is wEz® dgdssRmlao 1520 d
111 (teOLtr 8 +9.24)0L tctcd fijlz dftdeCj H f 5 dzOCE O dzts iy ¢ )
HsMiszf dzs?2 NRBIADL s d STORBSHIW d ydtetse Odzdz" | 1
toj MstedSydd, o Cbtster n HJjLOSIdodttseo Odz tsH
oL OdBsH js2 fifiise MY j ydW duj MSs2 §sMdHse Olsj dz
ksdz' 5 SHdEZ L yjfj?2.
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tdmzdetsE 9. tmj BO twOmMf sdzsy j dzdw dMmMmdzj H
rv's o© dkzednpphtc®] tcr or twOMYf sdztsy j dz@ o dzj d&3C
G tsdziz B ® §3ls myf3) . 1 2dz€ Is d tc dzts 2 Mistej dz€ 52 ¢ OL O
[ dMzdez & dzj ssdsr o f dzsc tc @B MY s5dz' L EiplsOalzjlsdy tc
1EQZ ( %-ray structureof thenucleosomeoreparticleat2,5A resolutiore [Harp et al.,
2000).

10 fjtcotsd3 | O sMtz®8 SIs603 1 11 B dOy jas
[ 1 sdi3OIsted yO fn f smdzj His9 Olsj dz! dats Mi.BSmMAL 2 LadzO-
fsslse jlsMlso ks h jd&g EyOmlsej 1 0Ltk itd K@k
OB BIST f15C 0L Odzl0 ddiD. & PP OO nrydzdz § B kO o3,
MsHjtyOhdj ftoodktslststedzs 2 df sd f g dzfzdpdziz? M i
(todgs1ISO, ¢). 1 tfdzi BLOBSISd ApaldiHis@izz®g drplc
Zdcdtetseo Odzd, ftsdzzyde MbjM: §sddsteOL Bj tcdz' !
fjto dydzets?  jYds oty fples o0l dzz € dzj slsd H s 9 . s ts dzd
Wit OG6 i3 dzlstse Iz oQ difddudfiwdzfi¢ Aukdtd 2, dtdte ts(HtdzcfIftl, dztstd )
dZd e dtctso OzPTZ57R ¢ j § drts dzd tEswIOIzdts oL Zdz' sOIsj BT C
f zOL dpfZbTR Mt Mis O s dH O Bs2  ff gl H sz @ lskjj dz

Hdzd dzts? dRBRMHUB S delk € dzj slsdH dzOY § sfydzj H ©8 Ols j
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