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| sCkfp GORUISH RC dzOfmisjtc S tetslsS drn § Odzd 4By s (zdzte @ L i (H ¢
Eyomiss Odzd o Otcd Cptfjid2 MZEQO@N d¢f 5 ¢2Q 2 jter Mslse jIs
fsfmdzi Hs0 Ols j dz' datsflsw &3 Yk J esH & thtc sdsisdgd 1§ @ Wl fisOdis;
WicOe ) dzlsO3 W OpMOp r 4 ezPlgs e d | | aite OR'C WPl & g | d:
fsHIsEPOdzd yder = mMdMmlsjdg CRI SPR/ Cas, o rcasfs iz fo guzD
teOL dzd ydz' ~ d3j ~» Oded L d3ts as f Hstiftplg ch ¥sjo dpafipiitis @l 3 B R

1 ¢ dziCa z §RISPRCasifd mis j Bl d®Od$ @®dzj i h detsSC s dMmif tsc
tej HOS Isq tgtsohCxizd dfp - § Bl d FOPBBY s o desc s Bz dis[df & O
By dzts 6OL HJ dzd s+  dzOd LIs tedfdFmB Pl Qv } j cOOzs yOs h O
M j2 ABAE0 | sseOY MsOHdY o6 dzs YO  Is -t iy ddzls(jd rCRIBRRAf to t
sk bttOdMStededtokzjlsmMw d o HOde dd@drjjd3 cirtgHos],!
Coltster 7 MsMmistsdls dL f cMiBlsc b Mif Sakiss @6 | dz' P Y D filz] €
sStcOdzZM OE B Pevd IR NSPR(t racrt1s), stcOdzMCtcdB Jtolzt h C
oS dzOH o fHwsyjmMimdde cri1s d &y mlseidt j) ls[448]. BB tc
cdBtedHdOWY dsdzj CzdzO Mdzky dls Cagkzy ¢ Odzizy @O Y Jd d ts i dzj
it s. s tdaj ydQfvdzlsijlaerjdgeyj dzydvw, o ~tsHj Ctlktstes?2 Ca
cdBtsdlkzS dzj sftetslsjdHdy 2 StdifdjSh, fse jtewshd?
Codifdig dels Otcdesmisd M ¢ tsmdzj His9 Olsj dz! desflss 86 crt s
Mstsilseo | I§488s al4fiv 445] v L dzOo Odedy dBdh j dzad RO dgjfgs sEaig
Ctod3tf dzj d3j dzls Otcdes?2 ff sfMmdzj Hise Olsj dz' desisd ©® crt1 s
fteslssmy j 2 f) [488 446]P AMD @sts " JlesC 5  f tefigflfy lslg" ik E R S P I
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Streptococcus pyogend2 AM ff toj H MipO A Hdz] H B9 OIs NEG-IRWIP © 1 BN
stclstsdzcetso Cas9 dBsckls B M4, MBEzcd] IstcjBSO Oded W

] ZOo dzgOW dHJWw, dzjy O OW o tsfipdasdej g dztizlsdiizasts x fig
Hokzyjtitsyj yde' = ®©OL K" 959, Ctslstster j | di@aHdetg jo 6 Ps s )¢
mMdMmisj &3 CRI PSR/ Cas9 L OGidshy @igziks e | dzRtOsdd@ s Qls'ts, 1
dzdh ' dL didelafCladr] sBGHdzzE  f sfdz] Hse @] &' ditsfiglic’y dsdnde
9 Otc d OslgsFoRE @RIBSR/Cas®s B ' ydets d M ddi jig dats]IgdzO § tc © oddgws &
(sgt1s) . dhdsdskisdstS s adgtf € )t fca ¢ n484]. SRNA s H J @0 Is dzO o d
Mistelz$ Is Iz to dz' :R0-dplifj g tetidsfon dzlz ¥ ff s ) dzf ety @ls b dp't qzls s 1O
1 s3dh jdz2 s d3j -~ Odzd L d3lz Solag diptfe dsjdal3 S dels OBeRitfsdnis Dl {, \dasd]
ColgelsotjloyOL © Mo w L r §438kd j} i dad a so%dzj M jCaz@ v O wiAkz § fodg O
Hozyd sy ydetses t6OL o ot®] Ot Wwdide.lz J Is MY tc df fiplisia)fy lnend
rv s f eItz dj ? Z2yOmls ¢ Ofdic s ty - HRHSGSIdS Is 20 dats & O L
dzz € dzj sSIsdH dzts?2  sfdzj Hiso Olsg dzff tizis bt o dzzB 1 tridzts @ fizlz & §
BBy - Oded L AFA7TTHMMBIEINHE]) ftcdoetsHdls € fswodzjded®s d dzfyg
BzlsOydd ©OSBets I iots Ay isddd v ZdztisC Gldistseo . 1 tod o
CteOlsdesads 3, ftesdMmMatsHdls MHodce tO®RBSd MmMydlsr o9 O
(t dApzd@ [446, 450, 451]

Cas9
h AByuenoqewaM paspbiB
5' [Ru—

3= - AN i 215
NHEJ/ SgPHK \HR

g:::%&::g g:_é _::é
|\

MHcepums/Aereums ToYHQAA reHHas MoaAdomKaLma

5- - --3 5- -3
3-- --5 3-- --5

t diidz®0 [ Bh OW Mo j BO dMY sdz! LHsEWO dad ' H GCSRI4 SRE{ISRIAMENR] 6 6
toj f OtcOydtsdedz” 2 Y Els! dzgj ¢ tsdBts dzts @ ofsusdgisatints ¢ figftayjdaOd” dz jtedizdh W

[z fsdzyj ddw Cdjbsyds?2 ddddd f d&sCokzltc
G j desBdets ¢ 5 to j GREIBPRC RISy fostatf ustcsOlls j ¢ 5, o € dzs YO h Iz
( dmkzaisesy. 10 §jeosd {kOfj fwusdmisHdls of Bt
G J @ h j dzdilico, LOIjd Sdatsddteseo Odzdj ¢ tsH BB teOdzdzr -
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fsHj 6y Oh ¥ cQads. dzg Odzj PL W dzv Yy 28 d | ¥ WGRISBRCa®zs fi
shkh jhsodvsls lsteOdml § &S ssy @ dBs@RE sl &f Mj C o j da
stcOdmY Jydese Odzdzr 7 S dzjssC. 10 fMdzjHbksh jdg O j
Coltster j] cjdslsdfdelkzsls ] foksh ¥ O0dOdkdL O fdd
(RFLP) d MmjCojddttso Oded " .

0
sgPHK Cas9

@c@ﬁih

TpaHcdekums CEKBEHUPOBAHWE Myna KIeTok

= aHanm x‘ i‘
= Y ’—‘\-‘ 7¢d

)

S~ nony4yeHne MOHOKIOHOB
~

LY
== —
1 I | NonyyeHue KneToyHon RFLP CeKBEHWpOBaHWE MOHOKINOHOB
v TIMHNY

A\ A4
B T

(s h O Mo j BO §sdzEzyj ddwy Cdj stsydss?2 ddddd fi
Cls  CRISPECaPY ([853). 4 s OH d d tSlsdsj W dz  ifcdjL oQDitiap S 16 §
JuJ dzf e dztfdg}f lotssgpQlgd j o  f zOL BdHEZ, @SHIMcH Q) ¢
i Clsdo datsfls dsq iy toH B O jsdzd teso Odzd ¥ § & &zO Is g d
Ujdedj GhHjd dF & dstsdzs § dzs@r@azRELPGRG | SodardmisoCopddr

1.6.s dzj Is ts jucde df@93d A549

skdz Isdo dtzfgzgifizj Iss¢ yJ dzsa j C O dN dHdadlen] ~ § tejddagt
dimimdzj Hs9 Olsj dz MSdnr d Gtotsdy” hdzj dede" 7 yj dzw i Hdzw ¢
ML HOddY o0Cyddzs, ¢ sdzlzyj decPr tet©jp Istisdzes d dz2Q disiztz' 2R Isgj jt
Ists ¢ mdudets ylods qWQ B)BAGJ fladjlf O@fglste™ ifj 2 OB SIsj d M
293 T d A549.

RMoBHA | CdjikSd 293 Bd dad 4 ¢5ezizE3i deOuddy gaziztd & j7
(OBtstelsdods 2 dBOjtedOdz) (hkisj ds SecOgphstc @ gd @ls gz
ofMistes?2C O WtcOcdi3 dzs O ¢ j dzB@ dOH jfditnddi tas D 1 3B b Fdg t

Clsls EZyOmissS o) dsdk0 OH,j dse kMmO daj fjHIA GHEBL d o
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Colstster j odzdwesls dz0 Ctdastetsdz € dzj Is @apdzade]ts  wyx[cSodd
Yydbstglsdui MCdds HOdedzr o5, € dzj Is s qalpB8] dzdQizifdz" j2 93] Swad,
stcOdzMC o dlif B BOdzj stsydes?2 dzddedd d jj HtetsdL o tsHdg
RZOHY sYj uded € ©, O dzgj ¢ syYYdst sz fiud luCdpusis' o tindsds
dzO L o BEKAIB(HumanEmbryonicKidneycell9tf tc j H dzsy j dzts f | &b jsTidfEslistc § Is-
OdzOczdL j HOdzdz' 2 fMjCojdzdteso Odzd™ dzj B' Whic b 3ty tHA
Yylsts ModHjlsjdzt Misdtkkgt Htotf it sH J8edzfy { sdr Cdzj Ists

1 sz yj dets dzgi MStsdz? €5 ftotsdL o shJd2'9~3 Hfigldl ts Htad@s 2dzd &
[dddv TRt MMdtelzjls Is] ted3ts YTxddijdsiocd s QRVAGAN DY fidhz bz §
fsLodY jls &OwOBOIS 90! o jCltster , SWDH | tols Qg jf
L dzOydlsj dzt dets ko j d&zdydoe OW ke j dz 1 € i s i didifyls 4
Cdzd stsydets? Tezd dztbdzif 219 827 CREjSHsTff yDI S i dfySBtecsmis ¢
skzh jmMsokzjls € dzj IS YE2O® Y loaf tdag & © &&EOW 4oy C lsd3s fipk@lzdow
fsHe jtcedzels©O Mz yO2 des Bz BlsOc j dzj L 2 1 Isd dzd3j Is O dzfn
¢ todyddzz. YlstsC OLs@detsS dzj sC€d dzij MY sfse dzN-¢ dxd 820 get
mMtstslse jIsMise j dadzets ftoj 5B dzOH O h OF 1 =sGIENAES. O YJ&F s jc diadf |
B dz ftsdzkzyj dz ¢ dasd, Mis OB d dz' dzts TetRe fiy tfizts | Ml if iz ®
d dzH 2y J tc Sfotlddmdig®) g so . CIsO € dzj ssydzOw dBGdEd W diftotiseE
M sdzr L 2jIsfw Hdv f iNEdzdes st fiflsed Qe s gadE jndzdsty &€ o

A54906 1 Ists hdtetsCts dMmftsd L kzj BOY Cdzj ssydzOw  dzgd
YJ dzs oAGDPtcj HMisOQo dzv jIs M2 cdftslstedtf detsdHdz” j Oc
Cdzj IsC f. dzjUsldss@ dzOW  dzd dzd W B 'cdd@ts H sQUZQcdg@izts® L8822 d
sdzjlsCd A549 dmitsd Lksls Hdiv fesHzSydd OHJ d
OHjdtsodtekzmdzer 7 CtdhistckzCIstss, Clstster j dagj dzzy HO
EIA[463] 1 tBddis 1 lsts Cdzj stsydgzs dzddzds A549 dddes j
Odz' 9 JsdzWtcdztse 5 dzj e sydesets 1 f dlsjdzdw |11 IsdfO. 1r
dmmdzj Hse Odzdv 3] sOBBdZdL BBO dzj ¢ sydets[9]. IsC Odzed d MY
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1.7 OC dz¥ yj dad §

[ dzsC isB s sEZOE 08 h dj dhhdi OEOqdhdY 9 s B daij!
s MOtz Gz stsyder 2 g & " ddzr & BsHj BERE) st ddhyddz
Mz yOj o dL &ZzOyOd dts ftjH]toddd B OdEdn (sfrlssd
fOydJ dalstseo Jdef ¢ @lislsatzyff Iseis " d dz' § B3 BER] [ JSW oy qEdOd
dzj S slstc’ BERGcdOded L &' “dsi wls 5 dfg ©Of jitl§ 1S di' pjseBER 0 6
feyjmMmj | BetedsdOd dscts ©OLodkH®Rc ORiEHBEEMNY €
L 3B tod sdzOdz! dzf § ladedsdysts d § dzQ@ dizj dz'C j R ¥ &z B ighteiafsitiftsa) s ©
YOofmisdsissis Oy d 2 d ylzgSh lssojdcistplististi§eiffing ddy @Al ss¢ § 5 Mt
Cdzf sC OB Hajdkpsidets siIJdz@u(d Is § tizdzdztBO dze SOtz sl el ysdfiz]
¢j 207 fRERMBS s &zd ydo Ols' tdMS OLodlsdw [ u @o6tj t
M sd Lkl d = Cdjlssydy 5 d&ddd?2 ©OLdscs §t
qzls jteftojsOYdj2 tjLbd sOstss dMMmdzj Hise Odzgd™ o fie
d dzd 2. @O0 8 ZOH ¢ j dslsdf O dds j dese Od § ted d
1 sWodoh OWie. olsjRasizsedY ] HOS Isd B MBGIRBOY s ® o
d BBz dzd Is j s O CRISPR ICjats®? L &zOydlsj dz' dats B dzj ¢ yd dzO
N do tslsdzyg dijifidis O o dzj dzdzets L d3j .dzj aedz’ fdis dsis b dzts seds 52 Is §
f sk yOls! desS Okl d dsSCHORd ¢jdss, O IOCY,
fjtemfjSsdody &5 sz yj dedj dL tscj dgdats? 4§ Odzj dzdBERets ¢
] §odsh! 6§D df dzs iz ¢ 5 CRIGPRC® s  t tsalBdzd * € dzj Is &1
HjW%dydlsdey = 6 GftejHjdjdd & kyomsddSod BER
MsjHdda ded2, O OS] BjrROddL i t©jfowoydd §sot
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| 0o OC R j tod Bj dzls Oz dzOw Y OMls:
2.1.f Ols j 6d Odzr

211t Jj OCIsdor

l AtHj] tcOB SlsZdydgifpflAxrdz diijsot® OCIsdor : BT STdENXdzts &
100(cr d ©e, B3t tsfnd "BHA X-gaNSTCP) Is o ts tc W YisteitaffelgOuiafs j t6 § sH o d ¥ d
l1isy da(ctt d B 4 gL didIsMmdw ) ; BOLS j to ffdsHGeafn etisciitisafrolishes !
Scientifice, 4z ¢ ) ; 2MgaCllW st d3O0ddzd & 5L O, G dzd y4 ted dz, G dzd yc
Istod tf Istsdzi te BYOE jsasts 2 1 § fMls to O(Cdsd HteBFiOcdsdz)O0 d3 dlsiaifAls © d
i34 Is 5 € M (C@RIRJodaedicals, o z BP)G (cAppliChene, & z ¢ ;)MTT, MMS, H2O;, fy d3}j
JdzedBdlststets o fteslsj OL ¢ Pr @SigmaAddeache, | n b iz gldGtBasrter C @
9" HJ dzj dzd v ¢cPlagin{@ Pdgiffcation MidiKite, cPlasmid Purification Mii Kite, dzOB s tc
sydmis¢ d { tosHRIAdsitkd urificatioreKitdej O cEffedttngcQiagere,y d H j to dzO dzt
dzO B ts tc DA-SHAAY dzd tc 5 PA@wdny kite (cThermoFisherScientifice); dzd §f sW j € Is @ d3d
BsHdWdydtotse OdzdzOW [ kzdz? Bj CC 5 Moy @ j R € 820 s s @ i
B z W jclmvitrggere, w2z ¢Btcd 5dgOdz' dzOW Is j dgGR|Healthchyd ife tSwanded O
#z0¢) ; IsEOTA f (0.@5%) €Life Technology, vz 03] Ocj dzls H dzW
n J &3 dz¥ d3d dzjc@ptihjotEGIdex DetectionKite ( Abcame , 1 j dzd C tsB tod Is O dzd W

[ dzv S kdz sktcOdz! dz" = d €Cdzj stsydzs = to O Btfstistotdufrifistod
¢cThermoFisherScientifie qorninge (v z ¢ ) . r &zv ted ¢ tsls tofrplf | =idd! WL t=o:
Hj dded L 59 Odzdzlz © otsHEZ CdOMMO mill i Q, LO dMm¢
Cslssoddzd dzO HIMIsd dzdzd tctso Odzdets?2 o tSH

2125 dzj ssyds § dzd ded d
Il twOBtls] dMfsd L s ORI &8 dzj Is Hapdzlf tc | dedsdgds O o dzj dz
Lfdedded sSdCRA dewOft ofdfd @ dzj Istsydzze dzddzds OH geEsO 6
A549, dz¢ BJLdes ftoJ HSMISOO dzj dedzlz® RAINO NP DB o dzd B S g dp
dzd dzdefa DLD-1d HelLafy dzts ¢ Oz NTHil, oty ddidlig §fn f sd3sh @ 8 fMmd Mlsj o
tcJ HOC Is d ERISREAAP'[89], B dzd dz¢BjL dzts ftoj HisSMIS Omtizg Hzts 2
(BddhScd?2 kdde z $ipdzs £©, d ds)dnjdsozdddzyid disj 6 2z dzv e dzs
slsmizlsMmiseadj L Otc Oy dfdtyvdzitfdiCs sy @2PatAB®E d B s N ts 30 dz' dzts 2
213zIs0d3d3¥ BOCIsjted?2 d f dzOL BdqHT
r dzv sz yd dedvw  dzOL dzgd H dz" = € s dzfipBAJ B Is S as H f fiptiz ts
Wz stej Myd dzls dzZEGFR ¢ O teidd@@izlquB4IHQ205*, pMR_Q205° d pMR_A207P,
CsHdtelzs h dJ dzy W dzlz tstc j BGFP @B4dzT O dzdz’Ojc d @ dA®L i@ L' d3d H ¢
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Cdlstes v Is pIBREGMoNEMEri B © dzd dz¥ B j L dzs  § to j. H GEsdnE,
1 zO L lesBpCas(BB)-2A-GFP (pX458) [453] H dzv  f sdzk yj ded ¥ dzs€ Okl o
CRISPRCa®9dzé B j L dzs 1§ 6 H SHistO@ § &0y OB dejel®d S d ©OL o ¢ Is "

dmy
rfbC1

¢ dzd

J

1 O

sk L 59 Odzd E.dnji BESY (Fraa@Eeg 69 (80dlacZ58(M15) ginX44(AS) &t
gyrA96(Nal?) recAl endAl spoTl thiEl hsdRL7). s dzj IsC d R taOAR] dz@-G6t3d
YJ teddzj .

21440 IsOdzH Otcls iz tffr BsOMiso Ster
tcOBtsls] dMftsdz L tso Odzd B EZW jutddB defff YO Mise tster ,
v OB dzdyBMmMlsOo B EW | tctshih{ds de A fidsco@dmdiz o, © OB Bs
Lo Odzd J stsMis 0o

I &2tsC ez h g2 5%dzst§B j LpjdddEs j Mz 5 ERST s dzs € s

1 E

1k

z
z
z
z

1k

1 E

1 E

1k
1k

iz

iz

z
4
iz
s
z
O]
z

_

_|:._

s_ms_ SS - ot

iz

1k

Wt 2008f o iiGligpH 8,0), 50d3f NaCl, 10d3f MgClz, 2d3f DTT, 5%dz" 2
cdzd yd toqd dz

W3t 508 o iGIigH 7,5), 10d3f MgCly, 10d3f DTT, 0,1d3f dATP, 0,1ckf
ATP

Wit 3 2508f  u iiGIigoH 7,5), 50d3f NaCl, 1d3f EDTA, 1d3f DTT

Wit 4 508f  u iIGIgH 7,5), 100d3f NaCl, 58§ MgClz, 1d3f DTT

Wt 10dM v te §HEI (pH 7,8), 200dM KCl

WUt 10dM v te §HEI (pH 7,8), 600dM KCI, 2V EDTA, 40%dz" @ dzd Y j &
0,2%dz" P ts dzd R-40ls

Wl t 10d3f HEPES(pH 7,6), 60d3f KCI, 1d3f EDTA, 0,075%dz" 2 1 ts BzéDH
1d3f PMSF, 1d3f DTT

WV is 200Bf u te {HE! (pH 8,0), 420d3f NaCl,1,5d3f MgCls, 0,2d3f EDTA,
25%dz" @ dzd Y ,j 1t BMSF

W NES 4 2%??10&@044 PT9), 50d3f Oy j & OWzdfors[ Oy j EO S dzed W
1d3f DTT

W pES 10d3f HEPES (pH7,5), 200d3f NaCl, 1d3f EDTA

W BER 50Bf u te {fHE! (pH 7,5), 10d3f MgCly, 10d3f DTT, 0,1d3f dGTP, 1d3f
ATP

WP @L D 103§ © te §HEI (pH 7,6),10d3f MgCl,, 18§ DTT, 0,18f dGTP

YRt 103§ v te {HEI (pH 8,5), 10d3f MgCl,, 100d3f KCl, 0,13 &5 BSA

W i tPNK¥® ¢ © 50d3f  u il ligpH 7,6), 104§ MgCls, 5d3f DTT

W j tcTagn dzv 758 u te {HE! (pH 8,8), 20d3f (NH4):SQs, 0,01%dz" @v/v) Tween20
&g Bj eOL T

Wit H-dz§ ¢ € 40d3f U idHGIfgpH 7,8), 10d3f MgCl, 103§ DTT, 0,5d3f ATP
IO

Wit Hdv 10068 uiHEIpH 7,5) 1 d3f EDTA

dzq ¢ s dzz § dzj t

Wit Hdzw § 2503 uitClfipH 8,3), 1903 ¢ dzd y fdiz, IDG 106tz 2
d&34 Is O dzts dz

Wit f ftt103f o iiGlfgpH 8,0), 1003f EDTA, 3,5%IgepalCA630, 3,5%dz" 2
Tween20, 04036 / dzdz f e ils j d dzOL

OMmdls j-Gty B 30%dz 2 G dzd 4%tzd 2z, B Bisd3W j detsdztseo ™ 2 M dzd

)

OfdIsj d fr 204§ EDTA, 0,1%dz" Q i d dzj dzy d Odgs Bize s &Y J Gsts 0 5 dzts

CROBIJHEDE o WstedOddH j

Bdsdzd B EW j 0,12506f v iGlipH 6,8), 4%dzr $DS 10%dz’ B-Bj S Off Istsd k
20%dz 2 & dzd0WQAtedrdR? Bt iy j dsdser 2 fddz
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dtcjHO LB 1%-dz" @v/v) B O Gléstesd tf B380eldz" Pv/v)B O GHstistsy 4 J 9 82 4
1%dz" @w/v) NaCl

dtej HO SOC 2%-dzr Qw/v) B O Gldstisd f Is s el RQV) 5 O-Hstests )y 3 j 9 52 L
103 NacCtzf RClBzf M@0 cdz¢ Cts5L 0O

EB 10BM  u iEIfipH 8,5)

TAE 40B3f v e Ay J POTK6), 1d3f EDTA

TE 10a3f u te gHEI (pH 8,0), 15[ EDTA

TBE 89d3f v By, B StedzOW KINBEDESAS O, 2
TBST 2003f v to gHEI (pH 7,6), 150d3f NacCl, 0,1%dz" Tween20
TGS 25d3f u tc gHEI (pH 8,3), 25043 ¢ dzd YOflétzdzr SDS

215A j ed3j de®dzls d Is j dzO

ltcOBgHi sdz' if 58506 @§,d@& Ok  de dzd ¢ & LEJcdi@ind),! dzH ts dzlz € dz,
tc j M ls te dO¥allld igpy188Il, NgoMIV, Plel (c& d B 1 dd, d dgH ts dzlz Stedy jin@sLtcldBbs) d d
L dzH s dzlz YdEj 0Bli (New England BioLabs®, & z ¢); dzd ¢ GNb.BpulOl, Nt.BpulOl, Tag
i sdzd d3) e Osdy ¢ HLOAXTA, § 5 dzd dzlz € dzj ts KPHIK) W OB (ZThermo Fisher
Scientifi®®); to j € ts 3B  JaOaRWRPEXL d Fpg o ' H j dzjj slali® B ts tc O & §5 et deflzts 2
B dzC oz dzg e [t ¢1tej ¢ 53  dpQYartiB@L &% B | f tWajsH sfMis Oo dz
zOB s tc Olsesdetytg @ ¢ O dzdh q ISR d3j drlsvision [u [ t ¢y | dzWf tots9 j H ] «
d d3d3z dzts B deftfri dtdde? Qff 5 4o © dz @) tlzts gzdogizlsd| B g fJaAPEX1 y j dzts NBIOO®
101) § j teo d g3z i dzO gzls d I jBdgGlzMBETYH y J dzts o(HOO0®4595M01, ¢Novus
Biological® & z ¢),f j tco d ugtlzh ¢ d® dgls d € g §z@R &L || dzts $afl83® ¢cAbcane )
fJjtco ddg'dd d d@ dgls d Bgj JOBCKRAY j dzts @56, €BantaCruzBiotechnologg & z ¢),
olssted dzL D dzls d Ief jleds@dddgd3lz dzts ¢ dzts & iz WdX i 221) d d3" " als789)
Ctdz ¢ ¢ d tetp OtdaA f) § ks P(AOme ) .

216.f dzdetsazz ¢ dzj SIS H T

lvOBdBfy®©fo j Hjder §fmdzjHBSe Olsj dz! desisd tsdzd ¢ s5dzlz
[dZzdesdzlz € dzj SIsdHT HdzV tHortagnjjddddw dfdoz@eLr delfdH  diry Bffj L dat
¢ mtsB IusPdz ¢ d 2 Iz dzdgo jztelfigiafidy jtelO , o ) J§ feiE®@adp™ dzf | tsdzd G ts
Mddzlsj L Jtctse Odg" ) ZzOB stcOlststed d B4 Hdyd dzin & 52 n
sdzdetsdzzC dzj slsdHtse M f§tseotejyHJddwdd JdOdgdsHas i tsigic
(¢cGlen Research, 4z 0f)d.IssCMd OR3P Hzs 2 € |5 L) © 2914 O n WsmW Ols
Vs stesls s0OIsdz" d3d d3d 3y dzz Mdkj ts LsdWhiXdz" )fifdissdifipdusOudzy d3dis B te

Mslse jIsMise s h da [kt Oy PJdydts 1izjj ts>xs@ Mg & digl] B €3 H
v OB ZGYBMdzj HsSe Ols j dz desilsd Gdzd ctsdzkz § dzj 5ls

1 OL 9 Odzd j |1 sfdzj His9 Ols NBNjdzsMls! (5
1 602 i3 e TA-Haky dzd to 59 O dzgd W

T7APEX1_3 for GGCTTTCGTTGGGTCTATAGTTA

T7APEX1 3 rev CAACATTCTGGGAAGAGGAGAG

T7 _APEX2 2" for CTTTGCTTCCTTCAGCGTCC

T7 _APEX2 29 rev TTCGGGGGTTTGACTTGG
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T7POLB_1_for

CCGTCTCCAAGTCCTGGTA

T7POLB_1 rev GGCTCACGTTCTTCTCAAAGT
T7_OGG1 lex 1 F TGTTAAACAGCACCGTGTGGG
T7 OGG1 lex 1 R GGTTGGCTACCCGTGCTT
T7 MUTYH 7ex F TGTCTCTTTCTGCCTGCCTG
T7 MUTYH 7ex R CTACGTTGCCATCCACCACA
Jdzdesdzz C dzj sIsdHT HdzW Ry ddYwy Heokyd f syl ydzr BERT
in vitro
U CTCTCCCTTRCTCCTTTCCTCT (X = U)
THF CTCTCCCTTRCTCCTTTCCTCT (X= THP
coml AGAGGAAAGGAGCGAAGGGAGAG
primer CGAGACCGTCG
downstream GAGGAAAGAAGCGAAGGAATTCCAGAGC
template GCTCTGGAATTCCTTCGCTTCTTTCCTCTCGACGGTCTCG
[OtC jter ftsHo dx datsfylsd
23 CTCTCCCTTCGCTCCTTTCCTCT
11 CTCTCCCTTCG
10 CTCTCCCTTC
Jdzdetsdzlz € dzj sIsdH "™ Hdzv ff tsdzltcyj M deq Wdzd v dgd L o3 |
pZA_ BpulOl botttom TCAGGGCGGACTGGGTGC
pZAJ 5C TS compl GCACCCAGTCCGCCCTGA
Cloning EGFP_Q204X BTM | TCAGGGCGGACTAGGTGC

nts.613_8G

TGAGCACKAGTCCGCCC (X=80x0G)

ts.613 THF TCAGGGCGGARGGTGC(X = THF)
ts.613_SF TCAGGGCGGARGGTGC(X = SF)
ts.613 U TCAGGGCGGARGGTGC(X = U)
ts.613 sU TCAGGGCGGARGGTGC(X = sU)
ts.613_sUs TCAGGGCGGARGGTGC(X = sUs)
ts.613_fA TCAGGGCGGARGGTGC(X=TA)
Q204* NB compl GCACCTAGTCCGCCCTGA
15.614G TCAGGGCGGACGGGGTGC
ts.614_8G TCAGGGCGGRGGGTGAX =8 - 0x0G)
ts.614_s8G TCAGGGCGGRGGGTGQX =S8 - 0x0G)
pMR_Q205P TS compl GCACCCCGTCCGCCCTGA
t5.619G TCAGGGGGGACTGGGTGC
t5.619_8G TCAGGRGGACTGGGTG(X =8 - 0x0G)
t5.619_s8G TCAGGRGGACTGGGTG(X = S8 - 0x0G)
pMR_A207P TS compl GCACCCAGTCCCCCCTGA
[ZdctdzS dzj SSdH' Hd&" C dzsded oo OdzX458] 6 ls & i
APEXL_1_for CACCGGTAACGGGAATGCCGAAGCG
APEXL 1 rev AAACCGCTTCGGCATTCCCGTTACC
APEXL 2 for CACCGTAACGGGAATGCCGAAGCGT
APEXL 2 rev AAACACGCTTCGGCATTCCCGTTAC
APEXL 3 for CACCGGATCAGAAAACCTCACCCAG
APEX1 3 rev AAACCTGGGTGAGGTTTTCTGATCC
APEX2_2 top CACGATTCGGAGACCCCTGCAAG
APEX2_2 bot AAACCTTGCAGGGGTCTCCGAATC
POLB1 for CACCGGCCGCAGGAGACTCTCAACG
POLB1 rev AAACCGTTGAGAGTCTCCTGCGGCC
POLB_2_for CACCGGGCCGCCATGAGCAAACGGA
POLB 2 rev AAACTCCGTTTGCTCATGGCGGCCC

OGGL _lex 1 top

CACCGCACCGGAAAGATTGTCCAGA

OGGL_lex 1 bot

AAACTCTGGACAATCTTTCCGGTGC

OGGL_1lex 2 top

CACCGCCAGGCGCAGCTCAGAGCGA

OGGL_lex 2 bot

AAACTCGCTCTGAGCTGCGCCTGGC
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MUTYH_5_top CACCGGTATAGTAGTTGATCACAG
MUTYH_5_bot AAACCTGTGATCAACTACTATACC
MUTYH_7_top CACCGCTACTATTCTCGTGGCCGG
MUTYH_7_bot AAACCCGGCCACGAGAATAGTAGC

Fo THF NP MY s (SOlSUASBNEaANENESMY st 5O SdE82 Mo
shs@EBCY sMY ssis d s O NfzNRls theBdxoGs Spxosh Nps MW stsls d s

fl’] ow ! B

Jdzdetsdzz C dzj sIsdH" HdzwW sdzeyd dzedw  dzOL d3d H dz" A
ts.610C TCAGGGCGGACTEEE
ts.610G TCAGGGCGGACTGE
ts.611T TCAGGGCGGACTEO®C
ts.611C TCAGGGCGGACTTGC
ts.611A TCAGGGCGGACTAGC
ts.613T TCAGGGCGGATEGTGC
ts.613C TCAGGGCGGACEGTGC
ts.613A TCAGGGCGGAAGGTGC
ts.614C TCAGGGCGGBGGGTGC
ts.614G TCAGGGCGGAGGGTGC
ts.614A TCAGGGCGGAGGGTGC
ts.615G TCAGGGCGGAGGGTGC
ts.615A TCAGGGCGBAGGGTGC
ts.616T TCAGGGCAGTGGGTGC
ts.616C TCAGGGCGEGETGGGTGC
ts.616G TCAGGGCE&GTGGGTGC
ts.617T TCAGGGCIACTGGGTGC
ts.617C TCAGGGO®BCTGGGTGC
ts.617A TCAGGGGACTGGGTGC
ts.619T TCAGGBGGACTGGGTGC
ts.619G TCAGGGGGACTGGGTGC
ts.619A TCAGGBGGACTGGGTGC
ts.620T TCAGGCGGACTGGGTGC
ts.620C TCAGECGGACTGGGTGC
ts.620A TCAGBCGGACTGGGTGC

Jdzdesdzz C dzj sIsdHT HdzW HtetsojHjddWw 1 A1 o o

rtAPEX1_fwd GTTTCTTACGGCATAGGCGAT
rtAPEX1 rev CACAAACGAGTCAAATTCAGCC
rtMBD4_fwd CCGTCACCTCTAGTGAGCG
rtMBD4 _rev GCAGAAGCGATGGGTTCTTGTA
rtMPG_fwd CCCATACCGCAGCATCTATTT
rtMPG_rev GGCTGGTCGAAGAACTCCAA
rtMUTYH_fwd ATACCGGATGGATGCAGAAGT
rtMUTYH_rev GCCCAGAGTTGATTCACCTCC
rtNEIL1_fwd CCTACCGCATCTCAGCTTCAG
rtNEIL1 rev GTCCACGAAACATAGGGCGAG
rtNEIL2_fwd CTGTCTGCTATACACTGCTGGA
rtNEIL2_rev GCACTCAGGACTGAACCGA
rtNEIL3_fwd TGGATCAGAACGTATTGCCTGG
rtNEIL3_rev GACCACAATTAGGACGCTTGTAA
rNTHL1 fwd TGAGCACTGCTATGACTCCAG
rtNTHL1 rev AGCGTGGCATCATCTGTCTG
rtOGG1_fwd ACTCCCACTTCCAAGAGGTG
rtoOGG1 _rev GGATGAGCCGAGGTCCAAAAG
rtSMUG1_fwd CGCAACTACGTGACTCGCTAC
rtSMUG1_rev ACTGGTCGTTTAGGATGCTCTT
rtTDG_fwd TCACACTCTACCAGGGAAGTATG
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rnTDG_rev ACGTCCTCCTTCACGAAATTCT
rtUNG_fwd CCCCACACCAAGTCTTCACC

rtUNG_rev TTGAACACTAAAGCAGAGCCC
rtB2M_fwd ATGTCTCGCTCCGTGGCCTTA
rtB2M_rev ATCTTGGGCTGTGACAAAGTC

[ sHdW dydtese Odadz" | dzz € dzj sIsdHT v s. tcj f OtcOL
ftcdojHjdmziRBC

(i) DNA (i) DNA (i) DNA (iv) DNA (v) DNA
¢ ? 9 ? ?
0=P-0 0=P-0 0=P-0 0=P-0 0=P-0
o) o0 OH 7]oH OH
o Lo SH ~ ok N SH N sk N
— ™  o-cH, o-cH, o-cH,
o] 0 0]

(@] (0]
0=P-0~DNA Ozé—ONDNA ofé O-DNA ofé O-DNA ofé 0-~DNA
OH OH OH OH $H
(vi) o (vii) o (viii) o (ix)
DNA DNA DNA DNA

1 | |
0=P-0~DNA 0=P-0~DNA 0=P-0~DNA O=P-O~DNA 0=P-0~DNA 0=P-0O~DNA
OH OH SH OH OH OH

bdiRSulstckClsbbter sHdW¥ dquydeseOdede & Lojdz jo i)r@s,
B¢ Mdlsj Is ) Hig asidm asdBiFe s (i) ( GedrisS hdls swocd
B4 s xS BH);( (i) 2,30 d 6 dH B&iEjfisd] ¢ ) Jfdidshlcizfsdzy BN ils) 2,6

d H BEE) sl C ) JdickEisEstl sy seskMXOls () ( 23Hd¢dHBSS
d € 1 g jdsifistefstzty 15 ¥ 15 eSO Isf 5 @ SSMXS), vy v 42N 15 4 ) 2N ¢
W @is(vii -HJNi 5§ ) FS=RGte g W EHac s GiO)ls -H(Nj 5 ¢ ) fS=iGte fy W[ Hac IS eNfs O
¥ sl d s O st Tix) HBHLE 8retsB i L 5§ i d cSRMpstEi @fisto)( (x) 7,8
Srctsg Bl L 5§ M J SHMPsiEiL s IstomoB)s (xi)(  -FRUNG 2 -Njj L 5 ) d GHNj dz
fo)s  (
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22 jlsHT

2211 sdzz yj ded j deiE] AsiAdSqode dkd

I mMisOe Clz, MmtHjtey O #{ t¢f sl @ojsahiGiekr dz (@xils 6 I12H .9,
C dzsdzd tots o O dz@bslp s {f fOPMREHBHCHAS ©  ZOL BFH O MH jG@PJE
Streptococcupyogenesi dzd Is™ 2 EGFBy Jdatsid3 f sfdzj HTRAY O 1§ jsde'tsdetOfy Is
Cd dzljoLdr  sis i 5 dz iz §Os dsi@minidzj H 50 OHsdevz’ @ js1O® dzw
t1ssgQ B} azOL A H 2, ) tshmdpjtes e @y j df tsdzts ) Isdsd Tdf ez Hnj deyOdz
f sditsh ! & qRAsnE i@ Kite, f tOo d dz/ dets s ¢ ofMmMlsOeCd YtejH,
4l dzg jtoz o yJjdestc] SCtdzdzj Slsdodetsets ff sdz' Ltso OdzdwW ¢

[ dzv By dSd yjdzj o s2 OCslg d ssCztzinleBET th € Hstem g Gldgdz
st OdzW d yd tet3® Oz dzDL 2BH H ' ) f§ SEsh 30 0ddd. f BHYj tdhjlsiA) d
i€ o] farfdigfd dsd L OydJ ? EGFRNs kY sy @zdlz® f SO dr'teq e
S3e Cell Sorter(¢Bio-RadLaboratories, & z ¢). 1 fjj ¢ 5 itevddxCabzgilss§L ¢ s
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f sk g s yde 2 ddL O: MmsseOdd j Yozl & 6 ddediz sa
ftosls | dKAQAsQL2L.4. 1 | s sdzz yJ dedz’ = € dzj It dz'dd L Gzef O Qi
f © 02AREde MBO L21.6, ¥ ZOdS dHdetz® P §dz s H d ¥ O deds,o & Hd
fMjCojdzdetso Odzd j AJ dzlp'o € dael ptddisiipiss sy j dzd o dzdf ts dts -
Bddds StedsOls gy j fi) STEDE 65) dzfls to 2 dsj dzls O

] ZOL dpk4bEM s o Mls Oo € 2 dzd i’ s digjdjsAsq Q €9 o dis to O dzfyYod y
C dzj SZOFT d zqA549 d fteso SH J dzd  iesucdsEip@ECS) s Lkse
Wz st MEGFEzydide deOdd 1000 dEOk@isk:e yd & Of iz dz0 gk '
0,5, 1 d 2 Odjckydzsd diEsgthE dzdj HokR dzjHj d' o
COYH' j Isted HdW fsdLotsHddd fdjigidsigespsdedpd:
fSEYHS O MPdo Qdste 20 dbdzC 0 H kY A HHHEAs  dlsbodzss da
f ZOdzh jIsO: SHdde Hd"w § SHH oS iPHidH begh digsss § d ©6 o © iz

[dzv  cjdesksdfdetse Oded v {15 dziz W tipdi \FO dizdg t| i) dz tscizfot
ftesaddht dimf sd' L s Odzd j Wz deCOR ety Wishasts iz QIOHE B d d
Bdh j.dzdesH E X B tc OB Olslyj axDGsfdzH 5 dzlz § dzj OL © () tg GrLIEH 6 y d
ftod Mk ls PSR MgCl ©  Isj yjudedqitedC. 37 wsHbECIls" cdHtesddL
] Mistc@gOydd dv-deg Ko OB 8L dzs 3 ¢ j dzj .

222TAC dzsdzd tets 9 Odzd J

[ dzv " OtOSCIjtedmMisdSd M jClstc® BSHIJWJESOyYyd?2, od
CRISPRCa® 9o yJjdzjots?2 tc0O2 sHA-Calgsdl,ictst) ©tize fH d dzcfzw 1 s
fticsHESC IS Rl sdiy L st @Y GZilsic s o0 sBtcOd3dzw ¥ h A tc©2
( MEO12H.H. 4 OC ydtsdzdzOV T fidn ) S8 AR EABFEE & '™ .j 6 H
Taq ts dzd RBj(tFABO2H.49, MANTRY s @& 2C Oy H TR dGTR dTTP, dCTP,
2d3f MgCly, 1, DS Bapfitsdzd dzj e OL " BEPS FsH 06,5 f e O2 d3j 6 O.
O dzd W d € Oyd d  dzgjusBifstLHa BEEWO Mdzj HiZE "ig] D OGH & (
Hj dz0lsztcOydwdschdz Ist]) BDJ2YUAHH  VBdztse , o Cdzs yoOs h dn Hj @Ol
fed AO5 slsyde f tcO2 d3jfityf @6 ( Hsde'y j Gatfj dzB0APEXD)Y d ff 1 | Bz
(H APOLB) d dzff te d AO( 24 &PEX2, OGGL  MUTYH), | dzts dz¢ Oy d30fe ( AP j dz
dPOLB, o Isj f)j dedBBO}RAzE6M ( @GBLdMUTYH § ted AC7 2 3) WO daC
L dztsdze @y ds j yjdggddg 5. 7[2H dzlz  H | MW sz ¢ to joGHEjusdiss datdzis R
OdzOdzd L dtetso Odzd 1 dzj WdsHGe Gty L dztsgls 96 § Bl . 1 Olsj o3
Ot OB slsOdzdetsects ftotsHEZSCISO 1 At tsls € s i3fcBlAguicklPER
purificationkite.1 ©dzj J fteseotsHddzd tj O¢yds ddcecdtotso Odzdw f
H dZWTA-C dzts dzd tc s @T® dethring kite , 8 M ts i) IsCOmls s teas Bl o | pBRs 2.1,
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ftoj HMisOQoadzws h d2 Msets?2 dzddej Otetf Otsb @ dszy @ tkdzAs HOgHE
dzz € dzj slsd.H Of JAMPIY dzdc dotso Odad Wy Hff tists{o € HshigHzD lsadztsI9 |
10y B3 fsdzse ddzz t6j OC yd ts didipsR ol Blsfpds ¢ 1s 5D gafn W datf
DH5U sdzjIs¢d o' MmjoOdzd dz0 OcGOtdL tso Odzdz J yoh ¢d
C s dayj dzls to ColgCefisHz A0HFPdzX-gal d 100d3f IPTG. [ dzw f jtco d ydets@ s
d M sdz' L ts odOsxflz BEzZj dztsiy @zizd judf® ts dzt§ dzdh) f tsdz! L 8 oK @ dzdlf toets H &
C s tsfipjsRo j diafftctds ou@ dz@ j to Iz .

2231 At M tBtOIlsds?2 LtOdhCtedf ydi2 o tj X dd
4 zB3BOwidazg or H] dzvdzd M f BNeasyPlus MidzCKi & tc@age®).
[BtocOlsdzzs IstcOMCtedti yds f totso tsH d dddrs, M3CdAMdi sdiz’ dzG®ip ©
MuLV-RH First Strand cDNA SynthesisKite (c1 dsdzOB d3d € e, t sihind w
ftesdLotsHdIsj dzvw . r dzw ftcso JHJ ddW 1 At ) tod M d d3d
¢cBioMasterHS-gPCRSYBR Bluekite ( ¢ 1 d tsdzOB d3d ©Ofdzdf ,dzd v  BidptEy<ker Oa
( Roched , 1l 4 ed3Odzd v ) . 1 smodzd H 6 NERS j2di:0 dets figds[d  f fste BB dgjOtd
sBteOL 85d3, yYlstss 'd M dzdd wcOmEixizEDO 6 dzd dzO0- sH d dzf By J @6
tej W jldagtsls 5 Istc @i ¢ wlefsfiesi® dzd L Oy d d [z to w5 dz% dpnQy fstoze ju fitsf
B3t 1 5 -2 tese dzsB ZB2MI,dzO+ { g tdg MM dtclzj d@zgr 2 @ dzO@ o MsC s
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224) sdzkyjdzdj Bj SO A 1 CMlstcOCIstsa dL k¢

[ dzv ff sdfzdgjjlslasiwdz" = 1 C Mistc OF B p tc'd Mif is@a2H.45[46Q)fizd3s
BlWjtekz |1 Mespdgide 28 zf stctso fteslsj O ¢Protease |
Cdzj IstsC HtsBOodzwdzd BHJdz tsBi j d3 Bl WOJstg @z ldztsd tey dntz Idk
SMOHEBS Cdzj stsC d ©MisMe dr Gedzj jz0! B0 Is td3€ Uds f toqj digis to
303 dz, Mz j odzOlsOdzls f jtoj desmdozd o detsolzé ff iBBACH €
rdzv fsdzzyj dedw wHjtedzr = 1 € MUlilcdIV I§ a0 R4 H6B]. L
{MOHtsS Cdzj ssCOdphREmny iaGH diskd PP ds d dz¢ B d taixfod®d daef
dz' HIz. r Odzg § S dzjlstsydzr 2 dzdL Ols &0 @4dedoidzs i dg jQaidzd] W
Mzt j tc dAsldn@pdzlss ¢ mMemistswh 2 gL WHjte Cdzj IstsCd3¢ dO
BlzW jltB@QH ] IsjteG j dzsO. (cHtO tMOY H Odzdgoy jldglsuggddédizic d4tets
ZHOdY dzd Mk jtcdzOlsOdzls d ¢ MOV ZzHEbEO g dzy dz§ sz g
HS &0 fklsjdd HEsB MNaGzjddf | 5 HsBOQoadzwdzd Jh jIVEHJ
i J tc]jdz O@dzd . CCMIstcOCIls ddz€ B doEzm@azd L @B | &k 0l dztf tc
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[ j BB tcOdzz d dgS Hrp detai=CAfds z ¢ M ( tgd3.tc Qigd o Bispagj dzd j
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