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dA32. s etsdzj tlg tsigcfsh, j s dzyyfips j toy Ols' W &zO dz$ d e b#PFS[ 2
PFS ftBdzjudap3j j Is Mbtetse 2 , § €Pd]dHpsbotsD) Isf] tsify digtripegadO Is
By dls B Is! oDt Dap ~daddd L 3 H j 2 ishCasi3eo Crdgt dzfAy Is
dzj MC Sdz' C 5 EfdsCLHEsTOZEYGr] € f) dz€ P §2) MowL '™ o Oded j &
C sl dfprafis@Bd M § dz2 B )  te Ofifhjjldfadgjededni sap Qtfigis € iste d H d dalz
OHjdetsL ddgz Hdzv L baCangCasi3a]33]. Edze Ca ©Otiz8zts 2 d MEMis j o3
sHddz d&dMd3Olsy crey shpth DM gs@ ) Bd MO YO,  tc AWM tsdzts
ftes¢ d 3®Gd'datindlsd MYy Jj2MmjteO, Mfsmsed MEh jMhise
COMh j § dzj adgid™ j dads daz©@ W jC@Is@ 2a, Casl3 fswodv
COMh jfdzjdegd j e, Ctbttts] ¢ sLOUSESY EEEdltizedQlEts |
ftetsyj ffftefdeg 1dg W o dzvwjIsfv  dzjtes@fiyifistsiLodd edsxdet]d dzq dpts
fsor hAXjdsf o detsfyls: wWOMM j§f dzj deder ¢ @b MBPHMe b[Ep ER IS



20

Knacc Il T7un VI CRISPR/Cas13

3

3penas crPHK
(~ 64-66-HT)

PFS

57 ’

UeneBasi ouPHK

TpaHc
" paciiennenis
ouPHK

tdimikzézs g - Odzed L &3 Mg @) I BRRPRCal30 4 d Mis j B3O /CAaRB SP R
fsmistsdls dL Hoe ez ¢ UA5aBYy1 Brdeyj HASEOMY 5L dapfF dzjj BBt s
Ud tej L RSS2 L FezpdteBu ez o3y 1§ 6] -H My @pj davssily
Is tc Ctelifin " J § dfj slEfdrO ¢ j © O gz wizdjs sz " j ffsts figaw jj rifiplg o
Hozrn HEBEPNdFEdCOHOs 13, Ctltster | od3i Mlsy BLOL ¥ Is
PHOY sJtetso Od4B5] L tOBTSIST

1 Jj dBa813h e Odzj J B&geyella ZaphelcunfPrevotella buccad tc j H iyls © o dz!
MmMtsB GRISPROMMtsyd d tc 59 drdpdpitre dgv\j gz (1 s0OLlkz M Ho lzd3
[36]. 1 OdzdzOV { dzH s tef[Bsjdiz ¢ ezfindpig &t vy dzts M igdeld dz jCasil3a,

f s sedfizts L dgQogBdidd j dzd 1§ tesd HtpHzdls NEOR SsfisBFABU (

d dzd GoS =Edy j5 d NFsNS/INAMAU, Cd dzd daByc3sdzyj . 1 MdMmisj d
gz ¢t v oM sdBscOIsj dz' dz" § BJ X dJ &z§ sEILO g dz2hif 1S f
L dzH stcd B 5d3B,87iHzj G\s'ls v dgjOB Gdzddis 2  FCHISHSCaRID | M g s
Ct5dzyO  dzjB "ddftds§ Pda@sdssizg Y stse dzO0 5 BdzOMEZH @O DBt O
[38,39]

1 J HOsdztEz IsK jodztB8d3d (CasRy Colstster 2 PiEJ H dy¥tc j E
tcOMmY 5L dz@ g Gz dzd d By s B Is Hisfls Oo dzj dz
OHJ desOMMtsyd d tets a1 QodeifcstEl 3al d widBfifoH Oj Is Mmdzj Hize b d
dzj Btsdz' h 52 tOL BJ tc; Ho SOV BdglaC daf iPY sz L HCAsIFdo!
tcdBtsdzz Ctrdrjf Qs ; d SlsMmMklsMisedy PFS Hdzvw tOmMh j § dzj ded
My dudW dyudetsls! s MeOo dzj dad ¥ MAOMK R & d dif lsOdzy etz
HOdgdzr = © 2021 GtsHEkz BT dzd dzO2 H J dz' Cad8 CaddXsd ts dzd
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Cadyy [42].1 ¢ dzjC@Ls@ 3 X O fnlsaffapdzttc Offdsg rj SopzSCrgrOs ™ j fmj o3
Casl1l3, dets BB EZOHOjIs MO BsRAERERMGP ¢ b 16 f)kdsi kojg b Oisiix
ftegt1 s, ftesyjmMmdde Ctbtts?2 sMizh j fgkdasdyy] gl sdz
sHdtEs dLBEBEXKBEBHEos d Cas 13X dzgj B dzOtlzy j dets F

[HEBA s MEh j Mise Wity §dzjlshitists RS dsigfiddfyz GRISPRCadl3
sOCdy H&QELO asd " | dEDdzd ydj dzj yj dzj ®" As O t§ § i ¢ ledste )
tcOMmh jfenjdad® { 2C Oted slsd YBHSdr S dzjIsC OR

)| ZOMmiIstswh j j otcj dgw , fmd Mis § d3r CRISPRAzaS & 6zis d & dztic
dimmdzj HEz¥ Isw : dztisds'Cjtcr ds@efigts o fteh j defifildzjsfriddpwiz s h d j
H Odz! dzfs2ehdgjcH tcj dzd W ) Isj tcOf db . 1 OdB tsdzj § LW
Gddzi sdud MEs2 &sHIW JS OYWRGPRCa® dzv js@F @ s JsdiA
dmMmdzj Hso OdZO d GflsdBdL detss OO H &V tc @ OdAflzQH"
Isj n desdzse d W fjtemy j Clsdoe dzO H dzw IsjtcOf jolsdyj M
Gjdei sdud MEdnm Bsdzjdzj &zd Wj dafdeS Ssswwdfsfls d  lofr W
mMdMmisy 3 CR| BRARJ tch | dzlMlso so Odzd] dBJjIssHtse HBMISO
e OCyd2 dzO0 jVv Codif tsdzj dzlsrd woofipifdCigdtz] z0 o ® tdzdzl J
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12 [ sHdWdSOydvw ¢ i CRSPRCED26 1§ APl nd®
[ ) dzts o dff @z Qi3] ) ISGRIBPRCas s s Ofdzd L § Ow L W ¥ j CIs g :
o 5L dzd € dagjoy jdedjjo Wt FCIstseo ftod tojHOCIdictso Oded . dF jt
jhjddy wodwjlfV t©OL©EOBBISCO dasor o MlswkCls
ZOf 600 dzv ¥.h qEsdMS deso’ & Giols & dadE B dzk YR dzlé)d o
9 Otc d Cadglstizse

121 [ sHdW S OydWass j dz€ ts9

] &zZOo fztegls j tcd J d3 H dzv MG a s " wWweOdad jvIs fig W Jdx@sgad g dzij Is
dL zyJ dzd "CRIBRRGdsE d3dz dzO2 H j dz W H Easls SAsSIstse’ jdzizt€ @i
tcOL dzd ydzr § PAM. [ Odzdets §J L df jto d tf o dlgg JdzW telsOfi Wizts to1 el
zOyj dzd o Owdzd v dzddlf@z'plzj H s Ols j dz! desisd ¢ Jj dets BO. [ T
sfMisOj smw MEkh jMise j dadzts? ftetsBdzj d&3s2 HOXY 4 Gtod Ekf
fsmMitsd Sk Iktsdz €8 dzj L d&zOydlsj dz' dzOWO pChfnjlsas  tffridzch tg
Bj ¢ O3 Cas, WEdSydtsddtelzs h @Blss tcC bzg 5 ¢ @& o thizj &1
COLOBSISCO dBzlsOdisdz Cas o O ©OHA s » B @ i BWAzO s Is
dzj sB - SR @REZY ko | &dsuzddg] iHstemls iz f dz'dze] " jind2 2 Isdore dzw
o dJddwj s zOMistjd fls d s azdzats e 5 tc | GRIBPRGHdc s 9 O dzd v

1211 Jtltsdzted dd dBzlsOdlsdzrCad o Oted Odzls™
rdédd3 sdfdGas B jvos v jaddmn "Gaptpotsus pyagentSpdad). |
ZOMmlsswh jguad st ts dMfsd L 2§ sy  H dw , ¢ jipEsidsdas
1368 Odzd dzts ¢ d Mdzts Is tcOMYf sL dzOjIs lsdesMmdIsj dz¢ dats
ftcdd3j dgwils' Mw dzdets M sgitl1s, dzdets M §Otts?2 cr -
My j2Mj OB H dzd das BB 22O H @l Sdzp S iFGEE 152 @ A £ LISofDod@s
qd Owh j f dzj dedizd " j dfgHdzO Otelzd wgd § dzj yj dzj §f Y § © & ) & tizfp
"detsC Bz f tod B fAp@aif o] Bjdz fitear n Mstse j dzd 2
dzlz € dzjSpQagdid vitrod o C dzj IsC On dpdzj Rtds ftefBsd@@ 8 a-j dzs d
Btsdz' Y Hez@tO dzlstgadC Hs 9 Hdzw t6j HOCIsdtetso OdzdWw ¢ J dzt
Staphylococcus aureus, Streptococcus. thermophilus, Neisseria meningitidis, Campylobacte
jejunid dL ddzsedr Htolfcdddr tdCacd@fdgdedstdpy. 5 teOL d3d
RZOf tcQo dzw 6 h j Bd dgQdg', dztsB Y H dzd dzj mfj2Mj O, LWW S
tcd HOC Isd tp tOuf GedFdia.dcyt af SN®isseria meningitidiss O M § s L-diAOG dzj 8BIs d H
BsG Ol 2 { d tPABG-NNNBOART) U O Mlis d ydets dzfytaff okPg 5§ tOMO

[43]. [ oz 6 52 S asdedsdsAtaphylococcus aureus L dz®@-gizkk € dzj ts SRAMdE- 2
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NNGRRT, R-f Z to)d dis[B dzOH @& WIg € Is o tdzi@fj is'd tctso Odzd v , ¢ tils ts to (
LWWJ Clsdowzz®pSasy [44]. s tots a3 st §, dafQif@tsL dzd ¢ dztso j
dzd MY 4 ydw d ydz ¢ ey dzp'OEMyitezé © § u a sSEyfldsOo dzv Is!
Cdzjls¢d fm foksh: & OH pdpEahigh g ted djt s & @ daifxitsi dz'
zo j dedediglf § yd W d iydAsEERISPRCa®, O dzj EOHBEE@CIs 11 s, |
dt1akdh j @l s 0OCOMB j § dzj dzd ify tfyg BtFa Ga s CjeCapod L
Campylobacter jejunilzj L Qo d ) d4$]. usGsS RPaPI sH O oiddWfjtfiste § MMd s ¢
E.colif ted dzOyj dzd o Ozl ¢ tc Hasiis s giztBraincigflia novicida(FnCas9)

My smtse j dzs DL ) 2@ ©UB([4B]s) | ddmCasTzj W o dz¥ fLs@p'd fiPdAdyr o3
Bsydls B Is! o i oz detedy PHA $  dodz[#PiHd].

1JHEMIsOIS sz Bdetsc d r | 1§ ks s BB dts 40 [5\ige@idzy ji BANY | &g s
HdC ¢ tsB jsdfSp@®a s 9 . Il st sz tsHdzdds3 dL  dzOf teOo dzj
fgo j toh j dzfflso so Odzd W Cfagfls j Wi dzvv G s IfdgzAsRYdzle dP @@ izls ts
dzkz ¢ dzjca®, MY sMEE @MY 5L dzO0o Ol h desC d2 M HEDs teH B A |
tcOL tcOBtSIs@Cixs , B tels®tew @dzv jIs Btsdzjj o' MsC k¥ OCId
slsdzd ydzr » ls NGG, sftsB j dzdzl52]. 9 ' dgzkz 1 B¢ © xCBERE ,
1LWWjClsdodes WEkdzCydtsdedtelzj Is ) Cdzj IsC OR dzj € ts
stcOdzm S tedf ydd, Bsyjls BT IS dimf sdz’ L s Odzg H dzw
t6j HOC Isd totso Odad Ws 1 s it dei@dsdlzfRtctso § H § dedets§  SdzdztsG § d
C gizts HEK293Td U200S" esd dmlg HztsCa s 9 {f te slrOoydfvisgj ez jdgts o r s
it J ydW d ydztSpdaso.mts gy dzt W W j S edafptOyds s 9 o tslsdetsh j &
slsdzd ydzr = tsls NGG, 90t! dqtelkzjlsmw o L 0o d firdCifiisddi
Hiclz ®PAMAL @ey dIsj dzt dets teOMh dqtew jIs My j € Is tey tedi Isi odgjls?j, dz't
tej HOCIsdtetso OdERY 1 2 detedEQ dzd ud ded ¥ My j ydw dydatsfls
MS sdzMistelz d totizk Quizisdef dzdzj BS sdz' S5 o' MBS slstsyde 7 o C
dzd yd dzj o s ts to j} HiALolS dite B CABfP &5 2B 1 J esBSter 2 f GBH
LWWjiClkdodesj d Ibtydetsy toj HOC Isd td4th Odeddjs j &3 dets dgQ
BzlsOyd?2, dOf 0o dzj dzdzr = dzO fyded y 4 dzd J W W d dedzts i)
sgg 1 sd grdEhgde o, B dzSpa®AHtE @B tsISBAAzOH O h d2 o M1
OCIsdodetsfylss ¢ d &jde Mddz € tsdzd YBInls g OB tsdgidappdrd off
BjnOddL Bse Hj2fMlsod™Y §jHr HEN R dkzlsOdidsdy ° o
BjdsepaCas9, Ctlster 2 ) Bts@d™ jjRdw & W -k D dah i
) RjdMti@y 4. | fsmdjHmsedd o tjLikd Ok MmS
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dzz C dgpBPa s 9 B' &z BEABERLChpEOd fiisfsydsmis: ¢, yj B3
o' MsC My j ydw d paPasP55)h i@ @Easd \rizts H | dzls d Bniperdasds o O ¢
I 90td Oplzs9 ) dzOdBtSdz " j2 MYSHlye & Gadafsdzed © MY J ud
M sdmistoclz d tots o O dzdzts ¢ tSniperCaES(frP dzb @ z cedjdgefs O tc © dzj | tc O
Bz ls O dzls dz" &3 SpBapIACachdkl, eev o Cas 9, HypaCas BSpCaf, Ca s
f 60L,0dtlHiss L o HdRijlddQAEd FMisSC dr S WW dydj digtspH dptf
ftoj HMIsOo dzj dzdz’ ~¢ AR A dEsGc HHE K 9 8 T 5 dzO E® I &g 1) 1d2¢ ts o3
SniperCas9ssc Zlsmiszyg O8Oyl b p dzyd Bgztc@t d o Isd uJ 86l = C
t Odzj § B dzsylets W astizlpeattalral j ) difsRo I dzts s ¥ 5B dzO
MtcsH ) lbodssis W d y d tc tz® P tz@zd dgv ¥ ddaPdg tc IBICisg 1 s S s’
9 Mottt ByYJtej H! fsLotsdzwels ko j dzdyde Ols! [57]W¥ W § ¢
1 s ssd3dz BT dzts o ff thjzH detdpjsjodzts h dJ B j dsCtfuddis il s g 5§
Bz Is OfiBthckjaclo, sBster | 1 tolg HisQEREWY fH 2 O 3d dztdl 104 dzts Is
qK10184uj gy ObddsdS s H o[88]. ¢ dzd qacdz@uiisasO oz@zelzp 3 H W
qd3j s Is Ho O ReWjWdgiudjQizt{ j CIsd o detsfylsd te® fhig e pitfptatafflsd
dmf sdz' L s Odzdd ¢ tsBY ZE&MMBE 3z Azgzizeztnyd [12sa tg5idaC Odz! Is
BN dzd 1 tsdzlz Qgzgz® B! a &) kiglz ds ©hy @pFaz9ples, SpCas9HFI-p | u s, 5t6¢
5B &ZOH ®O® s C 52 Is { fpdetsi l82OdzQ dzts dzts o MY sMtsB dz' dmy ts
tcj HOSC Isd tc s ss@ded Is dzP H @oddhs)fipelz] H $50]|Btzdzts  totso j H J dats &
Mtc 0o dzjndzed ii Mls o i IsdChdzlsedg” 2S¢ @asd d 9" wWodzj dz dumOad
LWWjSIsde detsmis d tc O BCath &) €S n SpCas9@d.1)SpCas9

HF1 > HypaCaesvo CGa sx9C a sd9 > > jewpGasefhl vz &) 6 $Ca8s9 O
HF 1 S@Case(11 ) >x Ca s 9-Cas FhasPldcrj H Mis Oo dzj dzdz" | toj L & dz
tcOL cOB 5ls Ols! 16 or ydmdzdlsj dz dgr = dgtsH § dzj 2, ¢ts
Bz ls Odzis Getc § CCrB s dalrs B 52 f sfdzj H g © js[fiy tas dififdls s B s d
fyded % jodgdu'd dzj o 52 LG d o dgsfipided Ul pizsc s teddd Mef dz'O
wodzw g g dz Lfs®@dzdij1 1}, MeshBBW td JCAsF%L a ss9 C O H IS
CslstftzEdB dJtcso Odz € Ols ORmYGs 4 fif R@EFAC @ ={cRY 16iz460]. |

dzj HOo dzgj 2 tOBlsj Mkh jMmiselzes h djCad " gts iz Mt joy bW
o ded S dtekze h djBrods  @ddjkifiaid OB B8ls p ff Dfpr ded C O &' -
Istsydztffglp ® s R 5 H ddsh AstsHipEES B CasP°A[61].

[ 4 dMOdeiEs jdzs 5B e OL  f5L oty e Ols ' Cas | dgs dzOd B &
BdzOc s edWisde d&sd Mo s52:MmdsoPEYOV ISP Hazffv d y@As fils
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Bjyjdzjor o 1 WWiCkses d BBd N2 Hd0(GDLIEALR Y tasyls
sB ZOMIs' 1 tod dei’ ZRIGRRCaOMd fiB §z20S 5 MEkh jfsokjls fj
dzj s zOMso OdzdztsMisd HOdzdz' 7 5 M jyd¥ dudesmisd
BjdSto o ©OLdF 7 dMhfjdjHso Odzd ™ 7 .

1212 [tsHdWdS$ Oy(dvCaskf G518 o

1 s MtcOo dzj dzd ¢ Chy® BlgzRBEY20d jsd2j to d to iz j IsC tsdizd da'j hnds e
dzj yJj dzd o7 = 4 WHQffldsveh. j j o tej &3 dz2OdBtdzj 4 ttOMY ot
BJ dfas€l2y o dzw Blgfif®as12a (Cpfl), dwasl2b (C2elQ@ (
f shdzg Mazg J toX Of SRBEIAEOIFOdzd Isd Yyd M G 5 Isusjtedzlg to r Sfifs to te §
dzlz € dzjCaslEm? [ HHz@Y 5G j desdzdzsets toj HOC Isd tots o @elzg tz] QO
Casl2a.v dzjfjlzEHEO2 Hpthtzj | 10 Gwlodses, sy so
tcj HOCIsdtetso Odzdw™w G j dztsp O o ) £ a3 s E&OF dzdeds EHalymCisdl 2Rls
(Acidaminococcus sp BV 3L6) d Ladhho§paaxehe l@acte(iutND2006) dzO d B 5 dzj J
s OOCIsjtedL 59 Odzr d H ddiMg teilisteicgfchy @ Hzd io i§ aidBdEyst2a
d LbCa®y 12 »®Yldz dzdL €2 Ektetse j dz dzd y4 dzj " =
62,63l ©OC x j, ¢ OC BJ dACumREpdazy Odzlz Gpdt j20 Lfrtctso SH W Isqw  (
fts tsBdOtelzy jdeds dzetseor 7 ttolstdzsetses d MtsL HOdzd 8
mMkh jmlsezs h d~ dzj H 5 TIREGBRCBD 2 . Md MG & dgfstc § tctso j F
dMmmdzj H 59 Odzd J B sO dglisdz'H O d&f f dBdsedzzAYs Q adsdd 2a 9 Oted O
(enAsCas 12 &Omnsd i Bidzj J or MsCs2 1+ W
tcj HOCIsdtetso OdzdwY G j desdBO o MOXBIgAAsELHa § Ozt dzd Y § o€
s tots d3y ss¢ s, BI zZ0 fodzkyj 20 o' M€ slis $igdzpPv H ez¥
Edzj dz M jdedw dzj yd gzg ©r Bk ® ks €is® a0 fasdlbRiK 2 9 3 T
fJtecodyubletzE s Or yYj dzso j SO f tofhd]. 9 D z@ & § fn figdzj © & P C
fs fsdMCk sttllmiddmo HGel @ dos] flicd OdzOdzse © Pr
d BsCasl2a &jidg¢ hjets t©OLBjtO, 1 WW,JjClsde dsmlis:
LWWJ SIlsdo dztB fj) l82@s £rackYl 2 a ¢ LChdfjESiCnaEaa 2 ) s oo jist®hQjdzg ity |
5B dzOtclzy j dzdzB F digftgjLdeCPsaiglz Is Odzlsdz" | o Oted Odzls™ , 5B dzO}
Yyd dzj as?2 OCIsdo dztsfls i totts i @BLY 100 INTC\W] TRTV,
V=G,CA) ft MtcQzzx@jddgfxs1&{P5].] HOdz dgj2h jdiz i § sdigsh ¢
f sz sd dztsfls j 2 : dzf WzdzeS ydsdzOdz! dz" = BzlSOdzls" -
Casl2a d Bjd&(O Casl?2a HdStsets Isdf O BT dp]. f tsdz
RMy sdzt L v H OdedS 2ts BdglgOstddy jedzts dzj B G B8a0R2E B PthdO

GRS I
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CslststeB 2O @y J dzdets 2 dzd Yy J dzj pas 2 SRLHRH| oodsRfn IsQ Qs d o dz
vitro d in vivo. & 5L Hif@jdddly jils JCaglagtt iy tsB dzf | flaziCaag d®d dzd E 1 e
tcj HOCIsdtetseo Odzd J E. fcaits d3®@tc ) Y jd2j Is O&K@G). I s foaPidn@esiv d -
otojdgy Bd hj OBl dzOf tcOo dzj dzts QlaCs 1A ,te Owpldsts Sk
f w8 dteOls! o Otdnyf Oddddsy dar jdgel Offis 5 2 fts 2O g Is dzz® L OH Oyl
[67].

s dMISCRIBPRCad 3 B" dzO sIsCte’ SO 1 dfGo disdidsdiizdz adztsdz @ik,
otej @By BB "] CdZdyj Mseats MIlsOIsj 2 § sMp®dajszs] id
dL zyd dzdzr d@3 B J dzCORIBPROVAGSHs i@y Isv aflzw j Ispw  Cas 13 a.
gL o j Misdets dzi MC sdz? € 5 BijlsdfiAt 8 Iz teptotdctsialz shdtis cCrsb3a
(LshCad 3a), LeptotrichiabuccalisCadl3a(LbuCad3a) Lahnospiracea€ad 3a(LbaCad3q);
Cadl3b: Bergeyella zoohelcumBzCasgl3b) Hrevotella buccae(PbuCadl3b); Casl3d:
Eubacterium siraeum Cadl3d (EsCag3d) Ruminococcusflavefaciens Cas3d (CasR3.

1 4 HOMdztf sA3tsh + 8 ftose tcBBAUMNC SizhhbesEficE A Odgd dzd Ols &
9 Otcd OBlzglstE® O d (RIXEaASIBA)[68]. | Odz