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AFEERIE, DNAQ ZEHYIM A f£H 7 (FUIMTE L < IE—KREYMT) . £
7= S SEDNAT F DI A & 1T H T ICH / L OB EREROBERIEE DWE & A4
ETB. T/ ALRIDBRELERVCENICAWS., KEBEIIERHES 12—V
ERBBIEETHEER E OBRAEICET 5,
BRI

HE, BRAGEDPEBICBEWTENOEGRT - 7/ LREEZRET SRl E
LT, ¥/ LRENMTFEINTWS, K. 7/ LIREDOFEELTE B
FUFERIFRIZADNAYIREE 2 B 2 0 F L ECFIERMBE 2B T 59 F & 2 flAED
HEAIXILT7—EEZFBTI2AENREINTVWS GERFFXET) .

BIZIE 29T 42 H-DNAEE R A A > EIERFERGDNALIRT K X o1 >
EHEBER LI, VYO T4V A= LT—E (IFN) 2RV, BEOEYMA
RFITERMAICONAFORBRNBERFEICEWTHBA 2170 AF (F&HX
1) . EYMEREFRY Y N ESFRABAETAINAEEEY 12— THDE%E
SEMAERTFR (TAL) T4 —&. DNAI YV RXRILF7—HEEERELAET
ALENZFWT, HEDX 7 L FF REEFIRXIEENICHRET 2EA T, &N
BETEUM - B8 25% FFX2) . H250 . EEMEYHHE
DR DER/RES X7 L THEET 2DNABEFICRISPR (Clustered Regularly in
terspaced short palindromic repeats) &. CRISPRE & HICEELABE 51
DX % L 7—+tCas (CRISPR-associated) # /X0 BT 7 IV —& & HHE
HE/=CRISPR-Cas9> R 7 L %ZFAYT 2 5EF (FEFXE3) RENMREINT
W2, IHICIE, BEDT I /BAILBY BEOKEBIER %358 5PPREF
—TJDEHCEI>T. BEDXV LA F BRI ZRHT 5L D ICERI NP
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[0004]

[0005]

[0006]

PREVIGEE, RVLT7—HEELZERLEAIXRILT7—EZ2BV. &%
EESDEETENBRGTFEYMY 575% (FIFXm4) t®/EINTWDS

FEATHRAT STHR

R SCHR

FEETCHRT : HFRT 554968498 S AR

BEEESCHR?  53%2013-5133895 /048

BeEFSCERS © H552010-5199295 2 4R
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FERFETOCHR

FERFEF LR : Kelvin M Esvelt, Harris H Wang (2013) Genome-scale engin

eering for systems and synthetic biology, Molecular Systems Biology 9
: 641
FRIPOHE
FALGERLELD & 5FE

INFETREINTELY / LiRERINIE, EARMICOINAZEHIMT (doub
le-stranded DNA breaks : DSB) %ZRiiR& LTWE A, BEHADY / LWE
A 2. BOWERSEPLEAOERMREDREERAIH Y. BT HE
ICHBITBHEFEEAER LY., XV VLA F RREBICLD2EFEMEEHDSEDH T
Dixhoret. BREANMECEMEMEN CTIRERTREBARIRETH
BEVOLEHBOREND -,

> T, AFBAOBEMIL. DSBARL LA FEDNARTH i A &b 71, BB
. ZASHEDNAZ EIETE L < 3 —ASEUMRIC & VBB T ORERS OMEIEE
HRET D, FRAYT ) LAREDOFE. MPICEFDOHDKEEEIIERHEETY
1—- LV RUOBBEEEREBROESFEIRET I ETH D,
ABERRT BI-ODFE

AFERELSIE. LROFREEZFRRIT NIRRT ZENRLER. DSBEHD
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&L, DNMEEDEMRMICL 2IEEEMARA TSI &2FR L, DN
MEEDIRTY I /ERIBICE DEEZRRIGBEREEICAONTVWSA, Ih
ZDNADIFE DELTI % B I H TIER DI 2 ZMIE L. DNAIEEDIEEL
ICK YEMEINAINAZFENICHET 5 2 EIFRERRINTULAL,

FIT, COEDBRBBEOERZITOBRE L TR I /RIS % it
WIBT77IF—EZEAW. CNEDNAERTIERHEEOH 2D TF &2 EFEIED
&Ik Y ., BFEDINARIIZ ETEBICE T 2 KBIBEERTIRICL 25/ LEL
BIDREZ1T> T,

B{RBICIE, CRISPR-Cas> X5 4 (CRISPR-ZEC(as) # AW TITo 7, Hf
5. WEL LD T 2ELTFOENERI EBBNLAEINZS0T / LFENC
RISPR-RNA:crRNA (gRNA) (. Cas¥ v /R0 &% Y Z)L— NT B/ DRNA (tr
ans-activating crRNA : tracrRNA) %#E#E L7/-RNADF% J0— K9 BDNAA{E
L., BATITAREINADOWIT N —HDH L IZEADEOYIMEES KIE L -
EECasH# /N E%ZI— RTBDNA (dCas) &TF7IF—EEBEFEZERL
FDNAZEEIL. CNhHDINAZ, BEL L5 & T2 BETFE22UE B
RICEALL, Z0ER. ENBENZ2SCENERTFOBREX LA F RO
SHENT, SVILILEEEZZEATEIEICKRIILE, ZKEINAOWT D
DNASE % £ 4B L AW ZEZ ECas¥ Y/ EEBWEIBEICLER, wihh
—HDEEMTT 2EECasy VN IVEZAWCHBEDOADN. EEZAREI
ER UK, F/=. DNAZEHOWITNAEUBTT 2L > T, BEBEBDLES
EEBDSHMUNAEILTZIENELAER S, I5IC. BREEREFROD
BHOEREENET I EICEY. EODTHRLICKEEEZEAT LI
ICEEN L7z, BB, DNAZEA LB EHE 2 IZ RS ICHEE L. EIFRIC
BAZIOZ—ICDOWTEMEBRTOERIZRANLER. FEAEELTOO
A=Z—ICDWTEENPBEAINTWE I EZBR L, £/, 2L EOBEME
EFHROHZERE TR TNENLT DI EICLY .. BREFROYS / LIRS
HRIBFICITAD CEBMR Lz, IHIC. HEFZERZ, ZEBEULOBEHUE
) LADONILEGFICARICEREZEATEIENTI S 2P, EXME
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[0007]

DHELT, RBEOL S ARMEICEVWTHEEREEAEAT LI ENTE
 EMEABDOLTACBRARETHL I EERA L, T, HBIEELTH
RISEFFEORIIC—BIICITI 2 EICE Y., ThETHROEDN > B
BRFOMEZWERLILLITABIEHERE LA,

AFEBPELIE. ChOHDOHRICEDVWTILILHRAENRER. AFE
ST DICED T,

BlL. AFERIILITO®BY THDB,

[1] ZAHINADEMIL I NN ARET 2 HETH> T, BRI W
AREEDNAFRDIERN X 7 L F F NEI & REMICHE T 2 RBEIZRHES 1 —
Ve, BBEETHREBRE VMBS LALESHEE. MTAHEINALEMIE, &
BRI NEERICEWTEZAEINAD DR &5 —HDHEETM TS &
B, BENEINAEIBNDTIULEDX IV LAFREMOTUEDXR I LA
FRICEBRTERIEREKIE S, HEWVEEHEMNEINAIBAICT A EDR
ILFFREZEATIIREED. Ak

[2] RUECRBRECIEREEE Y 2 — A% CasD 7R < &% 1 D DDNALIRTEE D
K& ULICRISPR-Cas¥ AT L, IV I T4V H—FEF—7. TAAT 72V 49—
RUPPREF—IHLRZELYBRING, LiE [1] EB&HOAE,

[3] RUEERBRECSIEREE Y 2 — A% CasD 7R < &% 1 D ODNALIRTEE D
55& U/CRISPR-Casv AT L TH B, LB [1] ZBHEHOFE,

[4] E42EMX I LAFREEINE TN ETNEENICHREET S, 27U LE
DORBBERIBHE 2 - EAVWE &2 HET 5, £EB8 [1] ~ [3]
DOWTNIITEEDFE,

[56] RIGEERZEMX I LA F REFIA, ELQZ2ELFRICEET S, L
2 [4] E&EDAE,

[6] RIECRBBIEETMBRNT7I+—ETHs, LB [1] ~[5]1 D
WInMMIEREDAE,

[7] gisgd T 7 X +—+ H'AID (AICDA) T#H 3., i [6] ELHEHEDAEE,
[8] ZASHDNAE 1B &R & DI, B AHINAEZE T HMlla~D. =8
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ERF%E - RTHZRBOBAILLYITbhE, £EEE [1]1 ~[7] Owdh
MMTECED STi%,

[9] miscHREA RMEDMIETH S, L2 [8] BEDFAE

[10] siscMfErEREYMIETH D, Lic [8] EBHD AL

[1 1] siEcMEI M MEDMETH S, L2 [8] BEDAE

[12] piscMREIEMMIETHSD. L8 [8] BRDAE,

[1 3] RUGCHERENBRMRETH S, L5 [8] EHEDFE,

[14] sisciRE I EMMAEETH D, L8 [8] BRDAE,

[1 5] siscifENSHEMWMAIETH D, Lic [8] EBHDAE

[1 6] AiEcMELHIESMMETH D, L2 [8] EBHBOHE.

[1 7] siscifEEHRGEMETHY ., EREEFLOTRTOENLIN
N IEETFAROBUEZRETE & a2FHEd S, LG8 [9]1 ~ [16]

DOWTNIITEEDFE,

[18] RiitEE&HAE 11— NI 2%, RRPHEEHETRELAEETIRT
RN 5 —%, RIECHBICEATSIR. KU

ZASHDNADIEME S MBI OREHLEE I N2 DICHERIERE, KB
RIREFET IR

20, £ [8]1 ~ [17] OWTFNMICEHDF %,

[19] ZASEINAFDENX 7 L4 F RELFIA. RIGCHIARIC & > THEDE
BFRICHD I Ea2FHRETSH, £iE [1 8] EBEDFE,

[20] ZASHEDNARDIEN X 7 L 4 F RELSI & FENICHKE T 5 KBERECTIER
BEV1-L & BBEETHRERE MRS LLEARTH- T BHLS
NIEERALICHE W TEZAEHINAD D2 & —FDOHEATMT 2 2 &<, &
EMEINEEBMNDOTUEDOX I LA F REMO T EOX I LA F RIZE
BT INIEREIESD, HHWRBENEINLEMICTULEDOX I LA F
NEBAT 2. RBAEBRESHE.

[21] L& [20] BROBKBUERRESHEZ 11— N 2K,

FEA DR
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[0008]

[0009]

AFEBD T J LIRERMICENIE, HRDNADIEAEDNAZSHYIMTE b
BWe, ZEHICENTHY., REECBWOELRFHAMIATHDEL
T EMENDH 2 WERMICERD D5 —ZAUTBWTH, BIREKEER
DRBEMDNDANSTH D, T, RELADHEZEB/MWICIT—IBEEDOE
VIRA Y MO OBEREICESHELZITIRLSKERET 2 ENAETH Y.
INETRIFEAERTRTH >R/ EDORENRBIIADS V¥ LEEE
AC & 2 BATMNAELLEEICBIGATE S,

[ i oD F 56 70 5 B
[BJ1]CRISPR-Cas> R T L= AW/ AFKEOBGETREAED A D= L%
TEAMTH S,

[B2]1CRISPR-Cas> AT L& VY XU F FHFXDPCDAI F 7 X F—E & &2/ H
BhEEARAOELCFRELEDOHRE., EEFBEEZRWVWTEIELLER
ETRIETH D,

[H3]=w A—FMA2EY 50asIDDI0AZT E K% AL /=CRISPR-Cas9 X 5
L&, TT7IXFH—EEPnCDAl & A #lAEHE/21HE (nCas9 D10A-PmCDAT) &
. DNAZESHYIMTEE 2 4 B REEECasIE 2 FAVWEIBAED, RRFERDER
HREHBOZEILER"TBETH S,

[B4]1t FAREDOAIDFT 7 I F—F AL, dCas9&, SHARA AL VU RUTEDHE
BVAVRENLTHEETDLDICEBRINALREEIVA NS &, 2D
gRNA (targetd K U'targetSMECIIZBENET D) & & HICHFERICEAL
RRERIHTH S,

[E51W I I DINA—ASE A LIRS 2CasIDFERICL Y EEEAMEKRNS LR
Ll &EZmndIR{TH S,

[B6]—ARSHDNAZ tIRF L AW gE. WA DINA—AREHZ I T 2158 IC &
2T, REEABEOLI EHELIELLTEIEE2TITHTH D,
[M71EE T 220DEEAEBNETHEILE > T, BHTEVWEEE AL
ENRRTEXEHEA2R"THTH S,
[H8IARBADEGFRESAZIEIT—H—ILLDBREE LRV EETRTH
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THbd, BBIRELEZITARTOIOZ—TEENSEAINT W,
[ROIARPBDOEEFHREREICLY . 7/ LFROERERNOERRED T BE
THDdE%=nTHTHD, LBRITZEGCTFOENIBLDX I L FF REES
kU732 /8BENZRL. XV LAF REIO LOREMNIZENX I LA F
NESIZTRT ., KRE L IERBOEFIE, EHNX I LI F FEFIFRIRDORF
tOEBZERT, TEIEHFE R) RUAE W) IO0=—&5/0—VICET
DEMEBLLOY —T Y AFERERLTWS, BIlF, A REXFTRLER
JLFFRICBWTEREEBRAREI >TWE I EETRT, H. AF /A=A
DIHEM (Can®) (F. RIGMHME. SIERZMERT,
[RI0IARBOEBGFRESEICELY., ZEEFT /) LOEREREBELOEA
OWILBEFICARICEEEZEATESL 2RI THS, M1 0AIE, a
deliEEF (L/XRI) RUcanl BIEFOENETNICDOWTOREEEEAR
KaHERL, M10BlF. FBEIOD=Z—TREERICREEENEAINTVD
ZEETRYT (FRRIIL) . e, HEIOZ—THANTOEERIRELTWS
ZEMNTINE (LX)
[MNMIAFEBOBLFREFZEICLY,. ERMETHDIRBEEDY / LiIRE
NARETHZEERTETHD, M1 1AIEFE. AWETSAI ROERE
THd, M1 1Bl qalkBEFROEHESY—F Y h&E LT, ERLLKE
E (CAA-TAA) MBEATERZEZTT, B1 1 Cld, 3EEHRIEM (none)
« 25ug/ml )7 ES Y (Rif25) RUB0uwg/ml Y77 ES Y (Rifh0
) EAEEHMTRRINAIO=-—K2/0—VIZDWT, V=TV RAERLE
fBmRETNT, V77 VES VMM EZRE T 2EENEAINTVWS Z &N
BRI (ER%I) . VI 7V EY VEROHIREEIF10%EE S RES
Shfe (F/RARIV)
[E12]5 14 RRNAD R I IC & HiREREBRORGEZ2RIHTHS, 1 2A
WENX VLA F RENRZ208E E LcZEe s, 24EE E LEFEORE
BEBVNOMSHETRYT, K1 2BIdgsiAEGTEENE L. BHX VLA
F REBIREZEEIETREZT > LERETRT, EENMUEIAFTLTS
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[0010]

[0011]

Y. 111 RO TA] B/ 0—YATERICEZE ((TXIEEG—=A) BAEATH
TWadZ&aERL. Tt BOO0—YRNTRULEDEIETEE (C-T) 1 E
AINhTW? (B2IC70—EIhTwiRWy) c&%aRL, Tel 20—
VHATOER (C-T) N"EBAMERNRETCHD I EERT,
[B113]1=MAFI1 1 CHEALAEREEARBERSME TSI FOERAHTH
%,
[K141ZMEHT 1 ICBITBREEEAOTOMNINEZRTHTH S,
[R15]1EREFI1 1ICBEWTrpoB B FICEREZEALLBRETIIRTH S
[R16]1EREFI1 1 ICHEWTlKEGTFICEREZEALLBERETIIRTH S
FAEERET 57-HDOIEE

AFEBIE, WELLDETEHIZARENAOD AL EH—HDEEIMT S
L, BTAHEHINARODEN XV LA F NEIIRTCZDEEDX VLA F R
EMOXILAFRICERT DI EICEY. HTKREINADKEML S LR
NEWETDHEERMT 5, UFFEIF. ZZAHEINAFOZENI I LA F
NECOI S REMICHKES T 2 RBEIIRHTY 2 -V &, MBIRETRERE
DEE LEERE, ZTAHEINAEERIEZC&ICLY. BENLESIhE
B, BB, BHX VLA F FEBIIKVEDEEDX I LA F RE, DX
IJLFFRICEMTIIREZEC I EZ/HHET 5,

AFEBICBEWT, ZFHINAD IAZE] &1k, DNMEEDHBX I LA F R
(BIz . dC) A, DX I LAF K (FIAIE dT. dAXIZdG) ICE#]Ih
DM RRTBZE. HHWIINABEEOHZ XV LAFREICXILFFR
HELLIEXR VLA F REFIDEFBAINDGIEZRBKT S, I T, HEIN
% ZASHDNAIZFFICHIR I Nawd, FFE LIS/ LNATH B, o =
AREEDNAD TERE I NI &id. HEEECTIERE T Y 2 — IV MG EMICER
BMLUTHETD BENX I LAF RES 0286 LIE—8. XidEh&
FZIEMX VLA F REFDEE (5 ERRVY FROWTIA—HFXIEE
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[0012]

[0013]

[0014]

[0015]

F) ABEKL., TOSEEIZEMICECT. WEE~HEEEROB CET AL
THIENTES,

AFEBFICEWT IREEERNEHES 2 —I/L] &1 DNMEEDOBEDR I L
ZF RE2H (Bl6. WXV LA F REgs)) 2RFENICEH L THET 58
NEBITI2DFRIENTEEHRERRT 5, MBRIZRETY 21 —ILHEH
XPULAFREIICHKEET DI &ICLY., BTV 1 —IVICERIN KRR
EZHEER ZAREINADIENL X N ERALICFEMICERTT 5 2 & A FTEEIC
5,

AERICEWT ZREBIEELHREER] Sid. DNAMEED T U XIEEY Y
VEEOBHREZMOEXERFICERT IRIGEZMET S &ICELY, DNA
SHAYIBI T 52 &<, EMOX IV LAFREMODI I LA F RICE#RLE
DEREEKRT D,

AFEBICBWT [RBREBRESH] &3, LRERBEIIR#EET 21—
W ERBIEEETMBRE NERINEERESATRS, BEOX VL
F NERHIRBREIMT S SN e MBIRE LT HMBEREL BT 20 FEEHRER
X9 2%, 2IT [EEEK] BERODFTERINDIEDOLIT TR, @E
HUNRIVEDEDIC, BMBEIREBTY 1 -V ERBEELTHEBRE 28—
DHFARICETZ2EDHEEEIND

AFRBICBWON B RBIBELHMERIE. LERISEZMELSSHDTH
NISFICHEIRRIE AR, BIAE. PR/EEZANRDNELETRTZHT I/
IERIGEMIET 2, BB XV LVAFRTFTT7IF—ERX—/I—=T73I)—IC
BI277IF—EXRETFLNS, BFELIE, P b UXIFES-XFILD b
SVEETNENV IV FIVICEBRLEBLVFIVTTFISI—E, T
FoVEERFYVFUVILEBRLEBEZT T/ VVTTIS—E, V7V
FUUFUIEBRLBBZIT /O VTTIFT—EENIBEITFONSE, VFVYV
TTPIFT—EELT, LYFELLIE. BHEMOESREICEWTA L/
JO7) VEBRTFIKEREZEATIBRTHLIEHLCFESFIOUTFTIFS
—+ (LT, AIDEB WD) BENETFLND,
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[0016]

[0017]

[0018]

[0019]

MERBEELMBROBRIZFICHRI AW, FIZIE YU AT FFH
S$2MPmCDA1 (Petromyzon marinus cytosine deaminase 1) . TEZLENH ({51,
Bk, T T o, YIILE) BEDAID (Activation-induced cytidin
e deaminase; AICDA) #FB\W3 Z &N TE S, PmCDATDCDSDIEEEH KR VT
X /BB ZBLSIES 1 RO 210, & MAIDOCDSOIBEFIN KRG 7 X / BED
YEfINBESIRT4L4IC. ENETNRT,

AREBORBAEBRRECHOKBEIERHEY 2 —IVICLYEHIND
« ZASHINAFRDIRM X 7 L F F REEFIIE. HXEY 12— HARENICHEE LS
SIRYKICHIRINT. ZAHEINAFDOERDERITH>TLW, BHX VL
ZFF REFIORI . ZKBEIRHES 2 —IIRENICEET HDIC+9
ThHNIE L, BRI HIEAEIODOT /) LINAFR DR EDEMICEE B AT
%G, DT/ LYAXIE LT, 12X LAF RULE, FFL<IFI15X
JLAFRULE, FYFFLLRNTIXILAFRUETHS, RIDLRI
FICHIRI AW, FELIE2X 7 LA F RUT, LYEFFLCIF22X
JLAFRUTTH S,

AREPORBAEBRRECHOKBEIIFRHE 2 - LT FIZE
. CasDD7a< & B 1 DDODNALIRTEEAYLSE L 7=CRISPR-Cas > X 7~ L (CRISPR-
ERCas) . IVI T4 VH—FEF—7. TAAZ T2 V9 —RUPREF— 7%
O, FIREER. BEETF. RNARY XS —EEDINERENICHEALES
FUINJEDINAGEE RAA v xadH. DNAZERUMBEEZB LRWI Z T X

YEEABUVWONE DA, INSHIKREI NGV, 7L <&, CRISPR-EE
Cas, YV I T4 VH—FF—7. TALZ D94 —, PRREF—DVENEISFS
ns,

DV TAVA—FEF—TIE, Cys2His2BIDERDB IV 74 A—a=
v (174 H-—DWIREZRHT 2) Z23~6@EERBIELEDTHY., 9
~1BEEDBRMRX I LA F NEIZRHT D ENTED, YV I T4V A
—FEF—7Id. Modular assembly;x (Nat Biotechnol (2002) 20: 135-141)
. OPEN;%Z (Mol Cell (2008) 31: 294-301) . CoDAi% (Nat Methods (2011) 8
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[0020]

[0021]

[0022]

[0023]

: 67-69) . KEEEone-hybridix (Nat Biotechnol (2008) 26:695-701) Zm
REOFERICLYERTZIENTED, SVITAVHA—EF—T7DEHR
DOFHBICDOWTIE. LERFNM1 23RN TES,

TALZ D 2 74—, M347 I /BEEBEME LAEEY 2 —ILOEYIR LEE
EELTHY., 1DOEV1—LORELCIBBEEDOT I /EBEE (RDEM
Eh3) IC&> T, BEREMEBERBEMNREIN S, EEYVa2—ILIE
WIIMELABVOT, EV1—-IEREEDOEZEIT T BHX VLA F NER
SINCRENRBTALI 7 2 79— fFRHTH W ARETH D, TALT TV %
—i&. F—=T )YV —REFHELERAZE (REALE(Curr Protoc Mol Biol
(2012) Chapter 12: Unit 12.15), FLASH;%(Nat Biotechnol (2012) 30: 46
0-465). Golden Gateix(Nucleic Acids Res (2011) 39: e82)%) AHEIL X
nTHY., tBRMEBEICENX I LA F FRIICHTZTALZI 72/ 49 —%5%
B2 ENTES, TALZI 7 279 —OEROFBICDOWTIE, LERHFTX
M22SRTBIENTES,

PPREF— 7k, 357 I /A SARYIDDORKEEEE#AH T ZPPREF—7
DEFICEI>T. FEDXV LA F NI ZRHTHLDICEBRINTSY
CBEF-OOL ARV (-2) BEEOT I /BOAXTENEEEZRHET D
o EF—TBHRICEKEMIRAL, AROEF—T7H50FHIFAEWVDT, TAL
IJ7xVH—Rkk PPREF—TJZBEEDLEDZLEIFT. EMNX I LT F REE
FICHFEMIGPPRY VNV B A FRIT 2 2 W ARETH D, PPREF— T DE
BDOFEMICOWTIE, LRI A BRI B EHNTES,

Fro. HIRER. BERTF. RARYXS—EED IS AY NERAWVEE
B, INLDYVIRJEDINAREE RAA VIZERMTHBIDT, ZZRAM V%
SH. BONAZEHIMAEEB LAWKHA 2B RICHRET L. BRI &N
TZ %,

FREWTNHOOBEBERIDHE S 12—k, FEBREETHER S O/
BIVRIBEE LTIRBTSZIEHTES L, HBWE, SHBR X1 > PDZ
KXY, GKRXA Y, BRAXASVEDYVNRIBREERNAAVEETNLD
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[0024]

[0025]

BANR—NF—%, BBRISRSTEY 21—, MEBEETIERERSICE
NZLMEIE, BRAMVEZO/ENN— N F—EOBREERAENLTY
VIRVBEEHRELTRBLTELL, HDEWVE, RBEIFREEY 2 -
&, BBBEEHMEREICETRTRA Y TA4 Y (intein) ZREIE, &%
VIROVEERBDIA TS —aviliy, BEEERTEIEETES,
MEBEIIREETY 1 -V ERBBEETHERE MEE LEEF (BaY
VIRVBEED, ) EEATRZIARPEORBALERESH S, ZARHDNA
E DA, BERROBRRIGE LTIThhTELWDS, KEBHOELS
BRICHZE. BBIOZAEINA (fI, 4/ LADNA) 269 2HIMEIC. %ES
haEI—RNTIRBEEATDEIEICLIYERINSZZENEE LWL,

> T, BBEINREBEY 21— &, RBEEZTHRERSIE. ThoOR
BYVNRIEEI-RTIREBELT. HD2VE, BERAAI UYLV TA
VEEMBLTY VARV EICHRE, BEMERTEEARERLES LOR
T, ZNoE2ZFTNTNI—RI2REBE LTHRETEZIENTFELL,
Z ZTHEBIE. DNATH > TERNATH > TH LW, DNADIZEIE, IFF L < I
ZASEDNATH Y, BEMIEANTHENLATOE—S—OHETICERE LR
BRI —DOFETIREIND, RNADIZEIE. 15F L IE—KERNATH %
MEECIRB T Y 1 — L E BB RE TR RS LEAREBOERSE
&, DNAZEHIMT (DSB) Zfbaw/=ed. FEEHDOEREWST / LARENTTEET
HY. AEBOBGFREFFLEEVEDHEICERT 2 &N TE S,
> T, ZBEIZEHETY 21— IR/ XEIKBIEELHEBERE I — N7 5%
BAEAINLMEIE. BREVMTHIKRGEREOHEY TEEREYT
HHERREOHEMOMEL DS, £ NEOHIBMESTEREY. BER
. EYMRESEEREMOMBICWEZDET, HOWIEMEOMEES LS
2L1KB%,

VT4 VHA—EF—7. TALT 7299 —, PPREF— 7 EDELET
BHEY2—IED—RFTBINAE, REVa—LIDOWTLERBLEVWT AL
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DOREICLIYEIGTZ I ENTE S, FIRER. BERTF. RNARY A5 —F
ZOEHEBHES 12—/ A0 — KT BDNAIE, BIZIE. Zh S OCDNAETIIEER
IKETWT, HRY VRN VEDOMEDE D ONAREE KX M U Z2208D) %
O—RI2EFEEHN—TFTBLDICA) INATS A v —%E/KL. HZY Y
NROBEELST ML YFAESL/Z2RNAL L < IEnRNAES 2589 & L TRW
. RT-PCRIZICL > TBIBET B2 &ICLY., /70— TT2BENTES,

MEBBIEE LR 01— NJ 2DNAE, ARRIC. ERT 2ERDOCDNAELSIE
WAL EICA) IINAT S AT —%2EM L. BEHBREAEET 2L Y AR
L7=2RNA% L < IZnRNAEI ) % 858 & L TRV, RT-PCRIRICK > TEIBT 2 C
L&Y, /O0—ZVTFTBENTED, FIAIE. vV XD FFDOPnCDAT
% 1— K9 ZDNAIL, NCBIF—#H R—RIZEFHKI N TV ScDNABEG (accessio
n No. EF094822) %% &IC, CDSOERRUGTRICH L TEEBRT 1Y —%
HET L. VYA D FFHERNANSRT-PCRIZICEY 7 O0—= 5 TEB, &
f=. & MAIDZO— K9 BDNAIE, NCBIF—4& N— R T B$FX 11T LN 5 cDNAED
5] (accession No. AB040431) %% &IC. CDSO ERROTRICH L TEHA
TSA<T—%B/ET L. FIAEE MY 2/ EIEBEMRNAS SRT-PCRIEICE Y 7 O
——VJTED,

20— I NDNAIK, ZDFEFH. TEEFFAEICELYFHIRESRTHELET S
L BHEAY Y H—RG/RIIEBITITFIV (BMOZAHEINAA I hO Y
R 7 REZFAINADIZ G, BFNARSBITITFIV) 2L RIS,
MEEERSSRHEMEY 2 — N EQ—RTBNAES A —2a v LT, May v
VEEI—RTZINAEZART D ENTED, HDWIE, KEEETIERHEY
1—J)l%E3— RFTHDNAE, RERIGBERHIESRZ I — F3SDNAIC, ZhEh
FERXAVELLLIFEOHEE/N— M F—%2 01— RTHINAZREI B S D,
WDNAICDBEA VT4 VA I— R ZINAZRMAEIH BT &I Y., KELERS
REEMEY 12— ERBEBEETRERE VMETHMERNTHRI W ARICE
BREEFRTEDLIICLTEHELL, ThEDFEESL. FRBICLY—HH L
<IFEADOINADEHERABIC, Y H—RG/RIIBHKITY T FIV & ERT
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[0026]

[0027]

52 ENTED,
MEEERAERHES 12— %E 01— KT 5DNA, REEIEERHMEBIRZI— RT3

DNAIL, {EZHIICDNASEAZ ST 2D B LIFENR L—8A—1—Fv 7
324 ') IDNAGSH %A, PCRiEXGibson Assembly; 5% FIFA L CTiEHRT 22 &I
Y, TOEREI—FIINAEZEBRI L EBLHRETH S, LEERXIF
PCR;EZ®H L < IXGibson Assembly;k & DA EHHE TERINAEEBERTLZ I &D
Flsid, ZONAEBATRBEEICADLETCHEADI RV ACSERICHA YRS
TEDRICHD, EEINAORIRICEL. ZODODNAEEI =B EEMICHWTE
BREEORWINVIIERTDZET, YV VERREEOEBAIBRTE
%, MATZBEICEIZDARVEREEDOT—41IE. BIZIE (AF) BT
IDNAFRRFTD R — LAR—JICARINTW S BECESERBEET —IR—2

(http://www, kazusa. or. jp/codon/index. html) WS I ENTE, Fi
FREBEEILSITZ2INVERBEEZRBLAXHKEZSRLTH LWV, AFLE
T EEALLD &ETBINAERI ZSHR L. HDNAERFICAAWSLhTWS O
RYORTEEICSWTERBEEOEVEDE, AI—OF7I/BE2I1—KL
FEREEOSWVWI RVICERTIIEL WL,

MERELSIRHEEY 2 — IV RO/ RSB E R ERE I — N 2N % &
GRS —IE, B2, SNAEELRRERNIY—FOTOE—5—D
TRICERTEZIEICLYERETEIENTED,

HENRJH—ELTE, ABEBEEO S 23X K (4. pBR322, pBR325, p
UC12, pUC13) ; HMEBRHEEODSSZXI K (. pUBI10, pTP5, pC194) ; EX
BEETSZI R (B, pSH19, pSH15) ; ERMIBRAEIFE TS X I K (f : pFa
st-Bac) ; EMVIMEBERIR TS X I K (I : pAl-11, pXT1, pRc/CMV, pRc/RSV
. PcDNAI/Neo) ; AT 7 —=SRREDONIF AT 7~ ;3% 2004IR
BREDERIAINANRYGH— (] : BuNPY, AcNPV) ; L hADIAIR, T4
VZTOANR, TTI)IVANZABREDEMIAINZARG =R ENBVDS
na,

TOE—4—& LT, BRFORRICAVREIICHISL TETA IO
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[0028]

[0029]

E—F—THNEWDARDZEDTH LV, DSBEHDIWRATIEIFMEDLDIC
BEMROEGFENEZ L KT T2HENHHOT, FETOE—V—%F
AL TESHEBEE TICHBEBZEBY L TEIENEZ LWV, ARBO
BULBFECRERRI T TE o LMREBENMESNZ DT, BHR70
E—4—tHRALKFERATEIENTES,

BlZIE. BEFBWHEETHZHBE. Rae TOE—F—., VOTOE—%
—. LRRFOE—#%—. CWV (41 kX HOVAILR) TOE—%—, RV (5
YAREYIAIINR) TOE—F—, MoMuLV (EO=—<I ZHMEI A I X
) LTR, HSV-TK (BfENILRIADAINAFIOVF+—F) 7OE—49—~1E
BREVWLNS, BATH, (IWTOFE—4—. Ra7OFE—9—LEMNFFEL
W,

BENKBETHZHFE. trp7OF—4—, lac7OFE—4%—. recA7/O
E—4—, AP TOE—¥—., lpp7OF—%—, TIT7O0F—9—RENFFE
Ly,

BENNFILABETH DS, SPOI7OE—4—., SPR2TOE—4—, p
enP7OE—4 —RENTFF LY,

BEIHNEETHDIEE, Gall/107OE—4—, PHOSTOE—4 —, PGKT
OF—4—, GAPOE—4%—. ADHOE—4—AENFF L,

BEFRBEMETHIES. RIARN)YTOE—49—, PIOTOE—%—
IMEDTFE LW,

BEHIEMMIETH BIFE. CalW3sSTOE—4—, CalVI9STOE—% —
NOSTOE—H - EDTFFE LW,

R|ANIH—ELTE, LEOMIC, FRBICLY I VNV — T34
VTR, A= x—4—, RYANNMSTFIL. EFMEEETF.
REERMBABEGTFEORRY—H—. BHERAEESALTVWEED
ERAWHIENTES,

MESECTIEREEE Y 2 — IV RO/ RIS KEBIEE LB R % 01— R § 2RNAKL,
BIZIE, ERUABBENREBEY 1 -V RO/ISKBIEEL RS O —
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[0030]

[0031]

N9 2BDNAZD—RT BN —%5FE LT BRAKNIOA Y E MOEE%R
ICTORNAICERE 4 2 Z EICL YIRART 2 2 &N TE S,

RERECSURREE Y 2 — IV RO/ ISR BRIBEE R R 21— R T 2DNA%Z S
CRBEANV Y — B ETMBICEAL., HFEBEIMREZEETLZIIEICEST
. BRBRIRHBETY 12—V EBEEEHRBREOBESFREZMBEANTRIES
HBZENTED,

BEELTE, AIZE. Tz VeT7EBE. NFIAEE. BER. BERM
o, BR. Bl aErRVWLNS,

Tz YeTBEELTRE. AIZE. T2k - 31 (Escherichia ¢
oli) K12 - DH1 (Proc. Natl. Acad. Sci. USA, 60, 160 (1968)] , =<z V)
E7 - 31JIMO3 (Nucleic Acids Research, 9, 309 (1981)] , =Tz Yk
7 - ') JA221 [Journal of Molecular Biology, 120, 517 (1978)]) , T=
T')kE7 - 2)HB101 [Journal of Molecular Biology, 41, 459 (1969)] ,
Ivx)b7 - 310600 (Genetics, 39, 440 (1954)) A ENBVEND,

NFILVABEE LT, PIZE RSFIVR - TFILR (Bacillus subtil
is) MI114 (Gene, 24, 255 (1983)) , /XFILZ - H T FJLZX207-21 (Journa
l of Biochemistry, 95, 87 (1984)) REABEWVWLN DB,

BRE LTk, Bz, yyhavA4 =X - L ES T (Saccharomyces ¢
erevisiae) AH22, AH22R-, NA87-11A, DKD-5D, 20B-12, >V HwHhHOvA
R - IR~ (Schizosaccharomyces pombe) NCYC1913, NCYC2036, X7
A M1 R (Pichia pastoris) KM71&ERBEWVWSN S,

BEREMAEE LTE. BIAE. 74 ADANPYVDIZE. REBH O %) B R4k
{b#mAE (Spodoptera frugiperda cell ; ST#ARE) . Trichoplusia niDAEH
EOMGIHEAE, Trichoplusia niDIPEEMEDHigh Five™#fifid. Mamestra brassi
caeFHR DAL, Estigmena acreafsROMMEBAENAVLNB, T4 I ZXHB
m\PVDIZ &, BRMEE LTk, ZEHEFEARCHEAR (Bombyx mori N #fifE ; BmN
M) REARWENDE, ERSTlilRE LTk, HIA K. SFOMRE (ATCC CRL17
11) . Sf214RE (LA Lk, In Vivo, 13, 213-217 (1977)]) R EAFBEWVSLEN B,
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[0032]

[0033]

[0034]

[0035]

BRELTIE, FIZE, AM3DOHR, avPavNRT, Jx0F4E
MAEWSHN S (Nature, 315, 592 (1985)] ,

EMMIMIRE & L TiE. BIZ X, HILCOS-THERE. HilVeroffifg, F+ 14 =—X
NLZ%—GRRE (CHO) #ERE. dhfri&@fnF/RIECHOMERE, ~ o AL#ERE, ¥D X
AtT-20#fiRE, ¥ X I T O—~<#fE, S v MGH3MAE, b MFLABREZG & DR
B, B MR OEAEY O iPSHECESHIMEA & DL et &e O/
DS L A REEESABRVWLONS, X5, ET75T74 v alk
TI7UBYAATNIBHRELELRAVWSIENTES,

YRS LTk, A 0mEY (FIAE. 4%, J4F, bYEQOCE
DM, b b, Fa0Y, FREOEREY. h—x—a3rv, MLOF
FIavEORZEN. /30, 2 0O4 XFXSTEOERENRE) MHIAS
L-RBIEEME. hILA, 7OMTS M #R, RUFQESBVS
na,

EFREWThOBEEMES. F8E (—FHF) THoTHLWL., BFEF (
Bl. ZfEE&. =B mEFRLE) THoTHLWL, ROEEBAFEAT
&, RRAlE L THBRBAD—KRICOH LHAEENEAINT, ATFOE
GFRICRDH, BEZRETRIThIEFTEOREIIRIRE Y. RELT S
ICIEFEEREAIINY . FEEDE N>/, ThITH L. AEBICELNIE
T LAROEBRER LONIBGEFINTILEREEATEIENTE
DT, $UEERTHoTHERTHEOHELZRRI TS &N TE (M
10) . EREOEERERTRTZIENTEZI2RTHBHTERTH S,

RENVHY—DBAR, BEORBEICKHL. 2MOFE BIAE. VYF
— L3k, AVET Y MNE PEGE. CaClLEMBER. TL 2 hORL—Yavik
RATAA YT aviE N=TAJIAVE VRT7z I avik
CTFTANI T Y I LERE) KRS TERET D ENTE D,

KEEIZ. B ZIE, Proc. Natl. Acad. Sci. USA, 69, 2110 (1972)%Gene
, 17, 107 (1982) R EICRBOFEICK > THEEMR T ZI &N TE S,

INFIIZABREIK. BAIE, Molecular & General Genetics, 168, 111 (19
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[0036]

197 EICRBDHEICK > TNRNII—BATEIENTES,

BRI, B Z1E. Methods in Enzymology, 194, 182-187 (1991). Proc. N
atl. Acad. Sci. USA, 75, 1929 (1978)7x &ICREHDAEKICHE > TRI 4 —
BATBHIENTED,

ERfilas L OEHRIL. FAIE. Bio/Technology, 6, 47-55 (1988) 42 & (C
BEOTEICKE > TNRII—BATEIENTES,

EMMRRIE. BIA L. MBI ERME FMEIFEERONI—IL, 263
-267 (1995) (FE#HF1T) . Virology, 52, 456 (1973)ICE2H;D AEICHES
TR —BATBHIENTED,

Ny H—%BALLMBOEEREIZ. BEOBEAICKHL. AMOFEICHK
TERETDIENTES,

BIZE., RBEFLERINAFIABEZEET 556, BEICERINSE
e UTIRREBHAIFE LW, Fo, B, BEGRRAOETICHER
KRR, BRIR. ERNLEEZSAIIIEMFILL, IIT RRRE
LT BRI ZIa—20 THFIAMY v, ARMERM. ~alhed;
BRRELTE BRI 7YEZULRR. HBIEHR 1I—VRF-7
VAh— RTbhv, A4V AIFR REM. AL A2 3R ED
ERFTIIBRMED ; BEE LTE, BRI BleAhILS T L ) VEE
“KFFN)DL, BT ITRIDLBENENETNETONDS, Tl F
Hicid, BEIFX, ESIVE EREERFLELZRMLTE LW, 15
HDpHIE, FF L < IEM5~H8TH 5,

AEGEZEETH2HE0EME LTI, FIAE. JILd—X, AFI /8
HESOMIEEH (Journal of Experiments in Molecular Genetics, 431-433,
Cold Spring Harbor Laboratory, New York 1972) A#FZF L\, SHEBIC LY
 TAE—Y—EHERLLBHEDZLDIC. BIAIEE 3B-1RULTYY
IWEED & 5 BEFIZBHICHAML TH LW, RIBEDEEIL. BENI15~#4
SCTITabnd, BEICLY, BIPERZTOTH L,

NFIIABEDEER., BEHN~WIOCTITAbLND, BEICLY., &
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[0037]

[IPIERZITo>TH LN,

BREZEETSI5E0MEE LT IR /S—JK—J)L ¥ — (Burkhol
der) &/NEEfE (Proc. Natl. Acad. Sci. USA, 77, 4505 (1980)] %0.5%H
Y3 )BASE T HSDEEH (Proc. Natl, Acad. Sci. USA, 81, 5330 (1984)
] MENBETFONG, BHOpHIE, FELLIZMN~H#8TH D, BEEIZ. &
BH20CT~HBCTITAabNd, HEIHLU T, BRIPREEZIT>TEHLW

ERMEFIIEREZEETI2H5ADEME L TIE, BlAEGrace’s Insec
t Medium (Nature, 195, 788 (1962)] IZ3EEIE L7210% Y & MEZF ORI
ZEEMALHDRENAVWLN S, BHOpHIE. 7% L < 13§96, 2~#46. 4
THd, BEE. BEW2ICTITRLNS, HEILIHLCTEIPERZT-
TH LW,

MR ZIEE YT 2B 0B E LTI, fIAIE. #¥5~#20%DRRIED >
MmEsSHER/NnEREM (MEM)  (Science, 122, 501 (1952)) , #I)IL~Rw 3
BEA —J )tk (DMEM)  (Virology, 8, 396 (1959)) , RPMI 1640t (T
he Journal of the American Medical Association, 199, 519 (1967)]) , 19
9=t [Proceeding of the Society for the Biological Medicine, 73, 1 (
1950)] REMNAVWLNS, BHOPHIZ. FFE L IFH6~H8TH 2, HEIE
. BEMTCT~WACTTITRbNS, BREICHCTRIPERZT-TH &
L,

MEMHIEEZEE T 515 & LT, MSESHh, LSISHh, BSOS EANAWS
ho, BMOpHIFIFE L < IFH5~#8TH B, BEEIF. BEKN20CT~H30C
TiTRbNhd, BBEISEC TGRIPEREZIT>TE LU,

MEDESICLT, HKBEEIRHEY 21— ERBIBELHERE DES
., ERBUEBRRECHEZMERNTRIEIESEMNTES,

MERECTIERH T Y 2 — IV RO/ RISKBIEE LR % 11— R J SRNADTE
FHEADEANIG. Y404 Yz ovavik YR IYaviEFKR
FYTIZENTES, RNMAEARZIES L IFEHEQERE W TERD (
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Bz L, 2~5[E) BYRLTITD ZENTE S,

[0038] H#ERERICEAINIZRIENY Y —XIZRNAD FH D, HBEERIEZEHETY 1 —
W ERBEETIER S DEARIRIZT 5 &, IBBERHEETEI 21—
A EBID ZARSHINA (B, 47/ LDNA) RDEM X 7 LA F RECH =K EHIC
L THRA L. SIHBRENZREMTY 1 —VICER S N REBRIEE L REER
DOEBICE Y., EMBEINLEA (BMX I LA F REFIOELERE L < IE—
BXIEENSOEFEESCHEEEOHEFERNTHEERAMTES) Ot AHE
HE LTV FEURETREZBNR Y., ZAEINARICI ATy FHVE
U2 (BlxiE. PmCDAIRAIDARE DL F U VT T I F—E a2 MBIBEEEER
ELTHWESRS, BRAEINAZEBAOEY REE LR 7Y FRVYARAHELE
DY hUBISUIICERIN, U:GE LLIBGUIRATYFEELD) o
CDIARYFHAELLBEINTIC. REHOERED, TR LUALEOER
ERFERT DL ICBEINSLY (LEZOFITIE. T-ASH LIFAT) | BE
ORRICI IO 7 LA F RICE#R (FIAE. U=>A G) . HBWETAWL
LBHEBEOREE LKIBFBEAZELDZEICLY, BLAOEENEAIN
%,

[0039] YV UT4VH—FEF—7I1F. BHX I LA F FEINCHENICEET S
DT 4 VA DEEMERIAEL KL, T BEREROREWI VI T
4V H—DRBFIDIEM RO, RERICHET DI VI T4V H—FEF—T %
SHEBT ZDIRBRTIEARWV, TALT D 224 —%PPREF—T, Y9
T4V A—EF— 7ICHARTENKBETZEHEOEHEN TV, BHX T
LZAF REFUIIKRCTERBY VNV EE T DREREI L. BRT IHEN
HBDT. WERETHELIE D,

IhIIx L. CRISPR-Cas> AT Ald. BHIX V7 LA F REFICH L THEAE
HIZ 4 RRNAIC & Y BRID ZASEDNADELS & 58383 2 DT, EMIX I LA
F REHEREEMICNA T )y R LS5 2 ) JDNAZEMT 57217 T, £
BEOERIEZENLTEIENTE S,

f>T. AFEBPOLYFFELWEBBRICEWTIE, KBEIZBHEEY 2
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[0040]

[0041]

—JILE LT, CasDPi< &5 1 D DDNAGIMTEEA LSE L /=CRISPR-Cas & X 7
s (CRISPR-ZECas) NAWVWLN D,

B 1 |[CCRISPR-ZE R Cas Z BARCIIERHEY 2 — I & LTRW. AEROD
—AHEINARZE FEDERE %= RT,

CRISPR-ZECas% AW/ AFKPBOKBEIERHES 2 —ILik. BHX I L
7 F FECSI & MBI 4 RRNAE . BECasy /S VED Y VI — MIHE
7etracrRNAE NS BRNAD FEERCasy VNV B EDEEERE L TIRE Y
na,

AEPETHERINSCasy /NI EIE, CRISPRY AT ALICETRHEDTHN
(S ICHIBRIE A WA, 1FFE L < 14Cas9TH B, Cas9& LTI, HIAIER L
ROV AHR - EFH R (Streptococcus pyogenes) HIEMCas9 (SpCas9
) AMLThIYAR - H—FET 15X (Streptococcus thermophi Lus)
sk dCas9 (StCas9) FEAEIFSN DA, THLHICREI AW, IFFLL
($SpCas9TH b, AFEBHTAHWVWOLNDIZEECas& LTIE, Casy /N0 EDZ
AREEDNAD T DSEDUIBTREN RIE LB D&, —HDHEDOUIBEED 7 & KiF
L=y h—EEEEETZ2EDOD. WINEFERTETH S, BlAIE. SpC
as9DIZE. 10FE B DAspERENAlaZEICE# L. H4 RRNAL ABRSHE T
Y D RNEDOEIRTAEL R < DIAZE(E, HB\\d. 84FEEDHI sHEE
DALERETEE L. H4 RRNAE BFHOIRTEE % R < HBAAZ EF, X5
WKIEZD_EEEFREBVWDLIENTESD, MOEZECast ERKICAWSZ
ENTED,

MEEEZTHEBRIE. LB VI 714 v A—FLOERBER EBROFE
IKEY, ZEECas& DEERE LTRHEIND, HDWIE. RBIREEZINRER
E 72 HECas& %, RNA aptamer CTdb BMS2F6, PP7TE & F NS E DRSS I8N0
B(ZL HRNA scaffold%FIE L THRAEIEZZEEHES, H41 RRNALER
X LAF RENEBAEETR L. I NIlH < tracrRNAICEECasA ) 7)1
— N I TDNALDRFEBAIEREAECSIPAM (O M ZAR—H— PP z( VM £
F—7) (SpCas9& B /iza. PAMIZNGG (NIZEEDIEER) 3EETHY.,
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[0042]

B ES ) LALEDQECTHEENLTHIENTED) 23BHT 2N, —FHdH
ZWEEAOINAZ LIRS 2 2 &N TE T, BERCasICERINKBEIEER
BEEROERICE Y. BHINAEMN (BHX VLA F NEFIO2ERE L <
E—HEESOHERECHENTEHERADHITE 2) TREZHENECY
REDNARICI ATy FHEL D, TOIATYFHELLEEINTIC. K
SHEEHOREDN, ZHUALHOBEEWNTERT 2L ICEEShEY., BED
BRICI DICHDRX I LA F RICE#E, 508V LLEHTHEEORELKS L
EBAEELRCEICEY., BAOEENSEAINDS (HIZIE, M2HR)

CRISPR-Z ECas A KBEIEHMEY 2 — /L E LTHWSHETH, YUY
T4 Vv H—EERBREIEHREY 12—/ LTRWRBE ERARKIC. MERE
FIRHBEY 2 -V ERBIEEERBERE . Thoa - NI 3RBOTRE
T. BHOZAHEINAEZE T HHRICEAT S ENEFE LW,

Cas%J— K9 2DNAIL, BEBIBEEHEIREZ I — N 2DNAICDWT EREL
OERBOAERICELY., ZBREELET HMENSIOD—ZVTTBHILE
NTEB, T, EECasld, 70—v{bXNflasxI— KT BDNAIC, BE
NHOEUBENETEFRZEZHAV T, DNAUBTERICEREARTUOT X /B
BE (HAIE. CasINIES. 10EEDAspRELMBFE DHIsEENZEIF SN
ZH. INSHIKEEINRWN) Z2HOTI/VBTERTILDIKEEEZZA
THIEILLY, BBETEHIENTES,

HDWIEECasE I— N HDNAR, BBEINRHEY 12— Ee3— T
DDNAC RIS R T B R A 01— R$ ADNAICDW T LR LD S A% A ZE
&Y. (bEAMXIEPCRIES L < 1&Gibson Assemblyik & O A EHHE T,
AWZEEMIETORRICELLIRNVFEREET2INAE LTEETEIE
£ TE D, BlAIE, Splas9% BEiiffz CRIRD - HICHEL L 7=CDSELH KR T
73/ BB ERINBES S RUV6IIRT, BIBESS ICRINAREITIRE
FE29M TA] % IC] (&I NIE, DIALEAAEI—RTBNAERBB &
ATx, EEFES2518-25190 TCA] % [GC) TR NISHBAO0AZE Bk % O
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[0043]

[0044]

— RIZDNAEBBENTES,

ZHCasx 11— N9 2DNAE, ZEIBELHEERE 11— N 2DNAE X, RS
VRV BELTERITDLDICERBLTELIWVWL, BERAIVPI VT
A VEERAWTHIZICREIYE, YV VEBRBMBEERYY VINIESAY
—2avEN L TEEMERNTESREERT 2L DICHRETLTE LW,

BONERCas R/ RISHBIBEEEHEERE 11— K9 2DNARE, BEICH
UCT. LRREAKROEERIY—DTAT—FY—DFRICHEATEIENT
x5,

—7A. A4 RRNAK U'tracrRNA%Z J— K9 ZDNALE. BHIX 7 LA F RECH
Ioxg U TR /R 74 RRNAERS & BEAN D tracrRNABES (5 X 1F. gttttagage
tagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtggtge
tttt; EIIEST7) & %A &EHE LA ) JIDNAERHI A 5%5 L. DNA/RNAS R %
AWT, EZMICERTDHIENTES,

774 RRNABCHID R I &, XV LA F REEIICH L THRENICHES LE
BIRYFICHEIBRIZ WD, FIZIE15~30X U LFF R, 17F L < 118~243X
JLAFRTHS,

H4 RRNARK U'tracrRNA% O— R4 3DNAE, BEICH U T, LEBERKED
R —ICHEATEZIENTESDN, 7OE—4—& LT pol III%K
DO7OE—4— (. SNR6, SNR52, SCR1, RPR1, U6, I 7OE—4—%) &
VI —IR—%— (B, TEH) ZAVDIENFHRLLL,

ZECasR U/ RIS HEBIEE LR A 01— KT BRNAIE, BlAE. EEBLE
ZEHCask U/ X IEHBIEELMERZ 1 — N3N I— RT3V 49—%
HRE LT, BHRAKOA VE MOEERICTRNAICEZE T 5 2 &ICL YER
BT ENTED,

774 RRNA-tracrRNAIL, ZEMIX VL A F REEFICH L THEAENQES & BE
FMDtracrRNABRT & % & #E L /=7 ') IRNABC S & 5%5T L. DNA/RNAG R # %= A
WT, EZRICERT DI EDNTED,

EECas RO/ XIIHBRIEE L FER% 11— N3 B5DNADH B LMERNA, A KR
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[0045]

[0046]

NA-tracrRNAX |ZFN%EJI— KT 2DNAIZ. BEICM U T, LERERAEDAEE
WKL YBEMBICEATZ I EATES,

MRBDODAIX Y L T7—ETld. DNA_EHIMT (DSB) A#£LS> ., 4/
LAORINEZEN & T 5 & RBEDOERTFLUIRT (off-targettll) ICL5
EBRDLNZIETEAE LMK LA ETRIIND, COREIZSZ OHMED
- BREVICBEVWTRICHSHTHY., ISAMEZBEATWS, AFEBPTE.
ZRE A EDNAYIET CIE A < DNAEE B EOTIR S BICBT7 I /16
RIR) IC&>TITH720. EHOXBRBRNIERTES, R BABDE
BEICRT &Y., HEFBREZEFE L THWLREARTIE, KB DDSB
EMEBET 5Cas9% BV BE. BRFBICSL > TEFMBERAES LTW
DI LT, BECas& HBIBEELHEER & 2 lABDE L ARERADORMT
&, MREISIBRE A Gl CEFEMBERMSEBL TWHDEREALTWS (K3)

M. AFBFOZARHEINADHRETIE, EMEINAEAE BHMX I LFF R
BESDO2HE LIE— 42 SUHEEREOHERTEERETE ) UAT
. EZASHINADEYIRDE U B Z &2 IHIFAaV, LALRY L, RERDEAKR
DOFEDI DA, off-targettIMTIC L 2BMZOET S ETHY,. RAIMIC
WHRZ2EMBICEWTHERAURETHIEEERTNIE. FELWVW—F
FERERRIC B W TIE, AFEID ZAREDNADHZE I, 3BIR S N /o ZAREEDNADAZ
L I NZERRI DA 5T, TN OERAL T ODNASREIRT & 7w,

Fo, BRROEEFICTTEY. BRCas& LT, ZAHEINADS BD—7
DEDHELIFFLEBS =y h—F (nickase) FHAET 2CasxHVWEES

(25) . @ADOEHATMTEAVWERCasEAWVWEREICEART, EEEA
MENALEFRT D, > T, BIAIEE, KBERIEHETY 1 — I ERBIEELH
BRICNAT, IHIKZyA—EEREE T2 VNN VEEZERL TEMR
O LA F REEFDEETINA—KREOAH &M 5 &Ik Y. DSBIC L %
WEMEDOEL DD, RESAVMEXRLMLIEIIEDNARTH S,

XS5, BERZHEHEUMT 220y h—EEHEZE T L ECasOMR
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[0047]

LB LR, — ATl BEBAMSMENI I LA F REFIDOPRRMAIEIC
EFRLEDOICH L. AT, BHX I LA F REINSHEIREICDHRES
BHICEHRBREENS VY LICEAINL (H6) . #>T. Zvh—EH
YT 28HZBIRT D2 &L Y. FEDX I LA FRXIEX I LA F KR
HICEVRSA Y MIEEEZBALLY., H5WEERNEWVEEICEHRAE
BEESVALICEALLEY TR ENAREEARY., BBIZIECTEWVWDITS
TEHETED, flzid, IEORMZEGFERIPSHEICHSATLIE. BE
BEEOHMENSHESLAIPSHEICSWURREGFOEESBELLR. B
MOFEMRRICOHMEI TS 2 & T, EHBROY XK YIERBSI Wl iEE
FER AR T B ENAREE R D,

BIMDERSF 7 ABFICEWT, BEDX I LA F RICIFIEEYRA > MC
BEZBATIEDLIENTINTWVWSG, ZDEDIC, FMEDOX I LFF RIC
EYRA Y MIEEEZEATZ0ICIE. BEEZEALLWIXILAFRE
BHX I LAF RENEDMNERRAHZRMAUMEZREDLIIC. BHX I L
FF REBEINEZFZRETNIETE WV, BIAIE KEBEHERH#ES 12—/ & LTCRIPR
~Cas¥ AT L&AV, MBIBELHERE L TAIDERAWVSIEE. BEEEZEA
L72WC (5 LLIFZEDORMIEDG) NMEHX V7 LA F REEHDS dmh 52~5
X LAFROMUBICRDLDIC. BHAX IV LA F FEEIEZRETTH &N
TED, RO & DI, HA RRNAERIIDR I K, 156~30X 7 LA F K, FZF
LLIZ18~24RX VLA F ROBTEERET S5 EMNTE S, H1 FRNAES!
BEMX I LA F FEIICHEBNRENTH S DT, H4 FRNAERIIREZZE(L
IEHBIET ENX I LA FREIRSELRTEN. XV LFFRRICH
MHS5T. 5 WHL2~5X I LAF ROMEICHDCXISCICEENEAIN
ZWEWIRAMERERREINS (12) , ’£>T. BHX I L FF RELS!
(ZDOHEMETH DM RRNA) ORI ZEERBRT S &ICLY., EEZE
ATEZZBEDIAES T MIEZIENTED, ThITL Y. DNALIBTERAL
EREKECSIPAM (NGG) ICL BHIHZHLMRT B &N TE, ZEEADEHE

BESICEL D,
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[0048]

[0049]

BIROEMBICRT EBY., BRTIEBOENI I LA F REIIIH L
TERIREBEE 2 -V E2EE L. ARICAVWSZEICLY, BROX I LA
FRENEZENET LY, BEEZEAYPEIAKRBICERTTS (B7) . %
DOxRIF. WEMX VLA F FEIIO—ZHFEERT 5L D RIFEHNL. BE
H600bpTEEBMN TV R IZETERKICEEFZENERT 5, T EMXY
L7 F REIAFRUCER (A—ELEICENI Y LA F REIINEFEETS) T
HdEE (B7) & ®AT3 (ZAEINNOENEFNOHEIENX I LA
F REEFINFET 2) 1586 (H4) OEELTHRIYES,

BROEREFICRT EHY., AFRBOS / LRINOBEL LG, EHE
MX I LFF REFZBRTNIE, ARAOKBAEBERECHRZRIREIE
IRIETRTOMBETEEEZEBATZIENTES (H8) , ZDL&H. K
DT ) LRETRBEATH > BRI —D—BLTFOFALBRFIFAET
Hd, CNIFBEGCTFRELZBINICEEICT 2 EARFIC. HEDNADIRIZ £
TR B5DT, EYBERLGEDIGHENIKE LN S,

T, BEEAYPERIBOHTEL. MOV —D—ICLDEREZDEE LA
WZ &S, RAEROY / LARIDOBREFEICSEVWTR, 2K ERDZMED
B OINABIEAIEN S L THET D ENTRETHS (M9) . #E>T. K
FPEDFF LW—EEEBRICBEWTIE, ELLENX I LA F REs (12
DEMEBILEFARATH>THIWL., EQZ2ULOBMEGRTFRICH>TH
W, INSOEMEGFIRE—REKRLICH>TELWL, BIEOREHE
EICRBLTVWTE LW, ) EETNTNREENICEET S, 2BULEOMER
RIARBHE 1 —IERAWVWDIENTES, TOFE. I HOKEEEFIER
HMEYV1-ILDOEAL1DE, BRBEEREREDN, RBREBRESHEZT
Y 2%, IITREBRIEERERIIHBOLDOEZFERTZIENTEDS, HIX
(£, MEEERHIEREE T 2 —JL & L CCRISPR-Cas¥ A F LA FHWBIES. Cas¥
VN EERBIBEEHRBREDEEH REY VNI EEZET) IHED
HED&EAW, HA FRNA-tracrRNAE LT, ERZENX VLA F REIE %
NENEEEHETBNRT 22l EDOH 1 RRNADR < &, tracrRNAE D F X SRNA
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[0050]

[0051]

H2RUEER L TRHWA I ENTE S, —FH. REBEIBHEE 21— &
LTI VI TAVH—FEF—TRTALI 7299 —REEBVWBIEEICIE. B
ZWE, ERBZENX I LA F REFENICHKET 2BBEIDRHETY 21—
WIS, BEBIRETHMBREZMEIED I ENTE S,

AFEPAOMBALEBRRECHREZETMEANTHERIE2720ICIE,. LD
D ICEBUEERES AR E I— RT2NESURERI Y-, &R
WEBRESHEE I — R THRNAZETMAEICEAT SN, URLKEEES
AT 201, —EHBEUE. —ELRILUEORKBUBEBERESHEDOSR
BAMBEINZOAEE LW, MO ZERNSIE. BEMERTERERT
BERFERANI Y — (FSRAINE) 2EATDHIEDPBETHIN, &T5
AI REEFIAFINATHZ7280. BRELKEEEADSERINLZRIT. BPD
IKBREINZE/TFELW, > T, BEMROBEESFICL>TEHT S
M. BIZIE, BERIHY—EAHNL 6FE~ 2 HERERIC, HEBRMOF
TRMOELZDTSRI RBREZERWVWT, BEMHENISEALLTSRE
REBRET DI ENEF L,

HB3WE, EESACTDLEHBAEBRRECHROERNMELNZRY.
BEEMERNTOEREHELZE LRVWRERI Y — (Bl E, BEMETH
BET 2BEHEERRY/ RIFERICHERY VI VEZ - NT 2 EBEFERL
N7 &5 —%F) ¥, RNAZEVWT, —BRNRERICLY BOZARHEHINAICEERE %
BEATBHIEHEFTLEFELLWL,

AFEPOMBALEBRRECHREBEETMERNTHRIRI T, MBIREELHKX
BEIT>TWARE. EMNEGRTFORRIIMEI I TWSH, BEMEEOE
FICKHEOEGTAENELRTE LT, BERRETIOENETHLL S
e (BEDEERSE - ZEEANKROARREL - 4—4y N IFERDEAL
ANOEEFZEDRIFREZEL %) . ARBATIR. MMEOKHIC. MBEELR
RIGHE Y., BREINAERAORENEE I NS DICHEQEARBL T,
—BHICARBORBHNEERECHR B EMIEANTREREI LI &ICLY
. WEBGTOERREEMERLCERT D EICKRT L, HBIEESH
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RIGHE Y., BIELINAERUOBRELIEEI NS DICHELIRBIZ. B
FHREOBECEERGSICLI>TEELRDY, BE2~220MHRIENETHD
EEZLND, Blzd, BEMELIBECHEE (Hl. XKBEE) THIHEIC
&, 5~10tHKDE. KBANEBRESHRDORIRZFET INENH D, HE
Eid. ERTIEEFGTCOBIMBEOBEMEBRICESWT, FELHKER
FEHEAEERET DI ENTED, Flzid, HEFBERZ0.02%555 0 b—
AFEEMP TRAEET 2558, 200~40BEORBFEH[HIFIIIND
o AEPAOKBALERZEAHE I — R 2REBORIBFENEIE. B
BICEHWERAZ4E CIEAVERT. L& MENINABEORELIEEI N
BZDICHEREE] ZBATERINTELWL,
AFPORBAEREFRECH . TEORIRICATEORRE. —BMNICHKIR
THDLIFRE LT, IRBAERBRESHREZ%E23— NI 5B (CRISPR-Ca
SYRATALITHEWTIE, HA KRNA-tracrRNAZ J— R$ ZDNAE, ZECasK U
MEIREEHRERE 1— N7 25DNA) %, REHELEIETEABETET D
VARSI (BENRTS—) R L. BEMBERICEAT 3 HENES
bhd, RIBHEZHIETEAIAE] & LTE BEEMISE. AEBOX
BUEBREAHFEI— NI 2&8B%E,. FEHORAMBEEHOGETICE W
HLDAEFONS, FEMHORAMBEL ] FRICHRI QWA HIZIE,
HE (Fl. XEBEE) PESLEOMEMMETIE. BERSYE (ts) EEY
TLyH—EZhICBIBEINDZARL =9 —DFROVHAEIF LN D, ts
BE)TLyH—&LTE BIAIEAT77—UHBFEDCI) Ly H—DtsE
BELFBFLNDD, THICREINARWV, AT 7—Tcl) FLyH—(ts)
DFE. 30CLLT (fl. 28C) TRHARL—H—ICHALTTROBGTER
WaEMH L TWB A, 37CLLE (B, 42C) O/EBTIFARL—4 —D L fF
BT 5720Il. ELTFRENFEINDS (K13 RUV14) . #£>T. &
WEBFEEAHRE I - NI 2BEBALALEEMEE. BEIFNOCUTT
BEEL., BYARIICEEAIICULEICEFT—EHRESE L T, SEBREE
BMRIGEITHOE. ENEGETICEENEAI LRI, EPHMINCUT
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[0052]

IKRT C&ICLY., EMNERTFOREN/MNGINIBEEZREICTEZIEN
TE, BEMRICE > THEBGLTFEZEMNLET IHETEH. BWERZHI X
DOMKRELIFBETHIENTES(H15),

BERSUHEEZFAT2HE. flIZE XV —OBREHICHERS
VRNV BDRERSMHEREKRE., ARPOBBUEERRESHEZI—NT 5D
NAESLRI S —ICHBET D &ICL Y. BRBREBRESRORERE.
P BEERAERACAY, MESRICH > TENRV S —RRBAICH
ET D, COLOREERSUERY V/XVEE LTIE. pSC101 ori DEH
ICHETRRep101 or i DREERZUERFBNETONDD. ThICREI N
Ly, Repl01 ori (ts)IF30°CLLT (. 28°C) Tid. pSCI101 orilcEB LT
SAINOEEEEETREICT 205 3ICLUE (. 42°C) 73 & H8E
KW, TSR RIZERBREETEILACARS, E>T. LEAT77—TDcll)
TLyH—(ts) AT 22 & T, ARBOBBUEBRESHDO—BHF
Re, TSRAIRBEEE, ARFICITIIENTES,

—7. BME. RRER. BRSO EFERMREZEIMIEETS
BEICIE. AEAOMBRERERRECHKRE I — N 2NA%E, FETO0E—%
— (., X4O0FARA>7TOE—9— (E€BIAVTHEE) . E— Y
Aav oI VNRIETOE—49— (E—b2a vV THEE) . Tet-ONTet-0FF
R7OE—49— (T bSHA4 DY) U RIITOFEEXRORIMIEBRETHES)
. A704 RGBEMTOE—49— (R704 RRILEVYXIZZOFEERTE
8) %) ORETICEWTEEMERNICEAL., BEYRFEICEICESY
BAaim (RISEHNSBRE) L TERBRERRESHORREHFIL.
—EHEEEL T, RBEEZRRELZITOE, ENERTICEENBAY
N-BEBBREBRRECHAO—BNREREERT &N TE D,

W, KBEQEOERZMIETH, FETOE—Y—%2FBETZIENTE
%, TOLHBREBEETOE—H—&LTE HlzE lacFOE—%— (IPTG
THEE) . cspA7OFE—4%— (A= K3 v I THEE) . araBAD/OE—
44— (7ZE/—XTHEE) ENBFOLNBN,. CNOHICREINGWL,
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[0053]

[0054]

[0055]

HdWE, LEOFETOE—9—%. B, BRI, BEYRE
DEEFEMMELEEIMRE T80, XV —KREMEE LTRIRT S
TEHETED, BB, RS- (LB THEEYT 2ERRRE TOERIC
WERY VNI EEI— N8 (B2 B THNIEX. SV40 ori
ES—UTHIR, oriPEEBNA-1%) ZHEHIH, Y VAN JEDI—FT 5%
BOXER% LEBFETOE—4—ICLYRIHET S &ICL Y. FEMERER
TTRRIY—IFERENARETHIND. ZEMEERET 2 BEEET
TRLCARY, HBEARICHE ST, RIS —IZBRICKET S (Tet-0FFR~R S
H—Tld, BT SHAT) R REIHA V) VORMICELY BEER
TEBIND) .

UTIC, ARPEZEROICELYERAT S, L. AERIEINSDERE
BUCREI NS H D TR,

K

BBOEREF 1 ~6 TlE, UTOLIICLTEREITo 2,
<imRakk - & - MEERH - RRFE>

H 5 EER}Saccharomyces cerevisiae BY4A741#k (OA YV RV SVIILER
M) ARV, B AYPDARE AR L L SDEE (D SREBEBE KM IC A ot/ Dropout
R TIEEB L, EEIL25CTHSOCORT, EXSL— NTCOBBEES
FIEREIBRTOIRE D BEET >, WEERERIEERR) 77 LEZRAV,
EHAREBZRMEICEDE S TEIRZT o/, HZI M—RICLDH
WFEITIE, BEUASIEM TP REEL LR, KBERZ27/)IL 31—
52%% 7 4 J — AKX SRIBHICHE A W T—REIBE. I HICRFRFR%0.2
~2%H S h—RITKR A 7=SGa LIFHICHE 2\ TIFEN 5 ZRRRZEEE L T
RRFSZ1To7,

S EMREME L UCan1 ZEXRDRAIEICIF. MEE®REZSD L — NI
& U'SD-Arg+60mg/ | Canavanine L — h&#hdh % L (& SD+300mg/ L Canavanine
FL— MERICEERERL CEH L, 3SERICHIBT 210 =-—He4 M8
BMELThHD Y ML, SDFL—PMTOEEIO=-—HELMEEE L. Can
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[0056]

[0057]

avanine 7L — N TOEFIO=—HEMUHEEERRE LT, EEXREZEH -
M L7, ZEGABMIEIO=—PREICEL > TEMDY —45 v NEIRTHE
15 & S ODNABR /A 3808 L /=8 DNAS — & > R A 4T, Saccharomyces Genome
Database (http://www.yeastgenome.org/) DEEFIHER—ZICTSA VAV K
fEMT 4T > THERE L,
<IBRERFE>

DNAIZ. PCR}%. #IfREEZEANIE, S A4 45— 3>, Gibson Assemblyjx, AT
EEERDOVWTNNMIE>T, NI - \BELE, 75X NZIES - KIFE
r MR G=ELTAA Y VEERAOPRS3S, SXUT SV ILEERREOP
RS426% /Ny JiR—> & LTRAW, 73523 FIEKIGERRXL-10 goldaw L
DHS o TIBHE L. EFER') 7 LIETEBRICEA L,
<AVAIST >

FERRICIE, AV M—ZAFERTRNAEAETOE—9 —THDHHFH
BpGall/10 (BRF5IFES8) =B\, 7AET—4F —TFAICStreptococcus pyo
genesHEDCasIBEGEFORFAZEMRREIREAICI RV 2REBbtINEZE 0 (BFY
BS5) KRBT T F I (ccc aag aag aag agg aag gtg; ELHIHES 9 (PK
KKRV; BL5&S10%230—KR92) ) 2(MLABLOEERE. ) rh—EEd
ENLTTT7IF—EBIEF (Y XD FFPetromyzon marinusHSEPmCDAT
WL B MEEhAID) DORF (BRFIES 1 XIE3) 2#BVWTHMEY V/RVEE
LTHRIRIHEL, Vrh—B5 &L TIEGSY »H— (g9t gga gga ggt tct ;
&S 11 (GGGGS; EEHNES12%21—R9T3) OYRL) PFlag ta
g (gac tat aag gac cacgac gga gac tac aag gat cat gat att gat tac aaa
gac gat gac gat aag; BZ%/&F= 1 3 (DYKDHDGDYKDHDIDYKDDDDK; EZ7I&H =
14%30—K9%) ). Strep-tag (tgg agc cac ccg cag ttc gaa aaa; fig
5/%&= 15 (WSHPOFEK; ECHI&ES16%20—K93) ) . TOMD KXY
R, HAEDETHAWSD, I TIIREFIC2XG6S, SH3RX A v (BHNES
17%018) . Flag tage BWEHDZEAW, 4 —Ix—49—&LTH
FESBROAHI Y —I r—4— (BEFES19) 8L UVTop2d—IF—%
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[0058]

— (BAFES20) 2BVE, LA VEEARNICEWTECashBEFO0
RFZ2xGS) v A—% N L TSHIR A A VICBWELDE—DDI VIR EEL
« TP IF—EICSHI ligandBLy (EEFIHES2 1 RU'22) #[AMLEED
EZRIDS VIR EE L TGl/107AE—9 —DEAMEICEVWTREICRIES
Bz, INSHIFPRS3IET S R I NITHARAAT,

CasICHBEWVWT. BIFEBDOFTRANSFUVBET S VICERTIZEE (D10
A, XHIGDNARCHIZERa29c) BLUBMNEBBHDERF IV ETSZVICERT D
72 52 (H840A, x4 ILDNAEZSIZE R ca2518gc) % £ T Fr {Al DDNASE (D tIBTEE % B
ETB57DICEAL,

gRNAlZ tracrRNA (Streptococcus pyogenesf3E; BT S T7) &DF A S
BiEE LTNRR2TOE—4 — (EBHES23) &Supdy —3Ix—4— (5
FES24) OBICEEL. pRS4267 5 R I RICHAIAA TS, gRNAERIIEEED
Hik. CAN1EI=ZFORF(D187-206 (gatacgttctctatggagga; HZFIES 2 5) (tar
getl), 786-805 (ttggagaaacccaggtgcct; ECFES 2 6 ) (target3d), 793-81
2 (aacccaggtgcctggggtece; ERFIFE S 2 7 ) (targetd), 563-582(ttggccaagtca
ttcaattt; ECHIES 2 8) (target2) & & V'767-786 DIEFIHACS (ataacggaat
ccaactgggc; EEFIES 2 9)(targetbr) ZAW e, DY —7 v M ERFFIC
RRIEIBEICRTOE—I—DLIY—IR—F—FTOEIZEIEY b &
LTEBEE—DT >R FICHAAAL, HIREICCasd-T7 X F—HERRA
TIAIREHICEAL, MERICTHFEI . gRNA-tracrRNA& Cas9-7 7
IF—EEDBEEREEXRI T,

EEFI1 577 3 F—+PmCDA1{ZCRISPR-Cas (DDNAFRFIERERAC A B E 4 5 & &
ek /) LERIDERE

77 27—t & CRISPR-Cas DIZBRECSEREAE & R L AFKBRD T/ L
BRIDBRERMOMREZFZERT N, BEFREBICIY DTN VEZE
L2AFNR=ZV S VRAR=—H—%0— RTBZCANBEBETFAOEEEALEH
#Tco 9RNAE L CCANTE{RFORF(D187-206 (targetl) (CHEMHAYAREZS% AL
. ZhiZStreptococcus pyogenesfEtracrRNAG EHE L 7=+ X SRNADFHIRAN
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[0059]

& —&. Streptococcus pyogenesfH3Cas9 (SpCas9) ICZEE(D10ASH L UHS
WA ZEALTX I L7 —EEMEZERIEdCasIITT7IF—E& LT

VYA FFAKPCDA ZFMEI LI VN IVBEZRIRT IR - %E
EL., BB FOLETHFRANICEAL, HFERIEL, BREM2IC
TG AFTN=ZVEBSDTL— b LTHEET S5 &, gRNA-tracrRNA& dCas9-Pm
CDA1E #EARITI G /MRROA00=_—%FK LA, MEIO=_—%EY
97y 7 UTCANERFREDE %2> — VTV A LERR, BHUX /LS
F RE2F (targetl) RRTEZDEFBICEENEAINTWE & &R LE

(o)

EiEpl2 BIER - S ORIBRER

RERBDCasIB L VMMDALX V7 L 7—+ (ZFN. TALEN) TidgenomeJMD
BES 2 EM & T 5 S ERBAROEKFLQUIMTICE 2 & Bhon 5185EMEE & Mg
FRENBIERIIND, COREBIRZ OMEY - EREMICB VW THICK
WHTHY. IKEMEEBEATWS,

Z I T, AREBOY /) LERFIOBRERMOREMS L CHIBB~NDEM IR
ST 78, HEREBIDCRISPR-Cas9& DLLERRER %A 1T > /-, CANIEGFHELS!
(target 3,4) ZgRNAY —4'w & L. 570 N—ARIRFEHBBER EFH
BROEETOERMBEEZSD L — b ETCOIOZ—HEREEICE > TAELE
o TERAEMIICTAT, MKECasITIE, BIEHMNEEINMRESENIFEINDS
=OIC, EFMREAED LD LT, AFAM (nCas9 D10A-PmCDAT) T
EHRRISIETE A T 2 C & AT E, MBI RIEICIEM L 7.

[0060] EfEfIS HEasEStkAOFEH

CasQ&TT7IF—EEMEY VN VEE LTTIFAL, BERXIVEE
DYAY REN L TRBREBRRESHFERI T &ICL>TH, EMk
LEBGFADEEEANTRENE DD EFFART, Casd& L TIEEREH 1 T
AW/-dCasd%, F7 I+ —t& LTPmCDATICA X Tk MNAIDAEFL, BIEICS
H3RX AV, BEBICZDHEY AV REMEL T, H4ICRITEA4OIV R
NZU MEERI L, /. CANLEETWELS (target 4,5r) ZgRNAY —7%
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[0061]

vy hELTHWE, Tho@AVYRA NSV MaBFBRICEA LKL, 20K
RBEERAAVENLTICasIE T 7 I —EA2RBEIHALHZETH. CANI
BEFOBMEINAHMICHELSKEENEAINL (K4) , dCasdiiE
BOWEERAAVEZEATSHIET, BEEASRFEZICM L LE, 4
TREBAFTIE. ORFDT82&EE (9782¢) TH o7z,
EiEFI4  Nickase2FAWB I S ICLZEMRILEERNRY—V DT
dCasQITH X T, gRNAICHEFERYZREE D & & YT 9 S D10AZ £ {AnCas9(D10A)
. NIZgRNAICHEFER7REE & Rt DEH D & % BT 9 2 HB40AZE £ fAnCas9 (HB40A)
ZRAWB LA, ERELI1 EREKICL T, CAMIEBERFICEEEZEAL. hF
NZVEBSDSL— M ETELCAIO0Z—OCANLEGEFREBOE Y & FH /-
EZ A, miE (nCas9(D10A)) Tk, dCasICLERTHIRA LR T B & & HIC
(K5) . ZENY—F vy MERIIOHRICEFTHZ &>k (K6)
o 2T, COHEILELINEEYRA Y NREESANTREICAD, —A.
#%#E (nCas9(HB40A)) Tidk. dCasOICLERTMIERDEREEHIC (5) . &
BEINX I LA F ROALBBEREICESRIBICERDS VY LREEN
BEAINBZENoh -7k (H6) .
BHXILAFRRBIZEEIETH, ARICEZLEEEANERTE
TW3H, RISPR-CasIv RF L&V FIUVFTIF—HEEAVWEERY / L
WERTIE. R1IRTEBY., BHUX I LA F KBS (20bp) D5 fIHD
2~5bpRREDEHRICEET DY N UABENICHRT I /16T 52 &MV
BINTWVWS, E>T. COFREICEDVWTENX V7 LA F RERIIAERE
L. ¥5ICnCasI(DI0A) EHAHEHEZ I ET, 1RV LA F RBHOERR
5 ) LRENTEETH D, —FH. nCasI(HBAO0A) WD &, EMRX I L+ F
NECFIDIEFEDHEbpEEDHE ICEROEREZRFICHATIIENTE
%, IBIL, TPIS—PORBERRNEELIBTDII&ICL>T, BUKE
MEILICELIEONDHTREELH D,
INSDERENS, BHICK> T, CasI9 VRV BORBREBEAEVWDITZ T
ENHEBEERLTWS,
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| CRUBERT OO L (?3&3{ ;i}*é
1 187206 hzargetii 3
585-582 {targetd

 TRE-BO5 (el R

gwia ge )
O LR ’é) cebéTat, ea%x&eL
Tng?v&aact\ag§tgch {26Y  Loef9Rie. o

T8 & 4 { dncvnugetgoctagentes 8y
767786 (HINMERD (varpecBy) | Muscgeantdoabotasge 1290 a8

EMEFIS AETLERODNAFRINES—4F v bICT B2 &T, HEMIC
MENAEFT D

ET HEROY—7y MERAFICAWSZETEROY—T Yy hEYD
MEAKRIBICER U (7). FEIT, 10~20%DHREL D F /N VR
ZHLTWE (target3, 4) . B, gRNATEgRNAZ & (L, €N Ehtarget3st
argetd& #EMET B, T IF—E & L TIEPmCDA1 Z W, EODRIRIE
BRIIO—EHEERT 5 £ D WiFE (target3, 4) KiF T, 600bpiZEREN
TW3IBE (target!,3) THEL B & &ML, £/INAEIAR LA
BTHDIFE (target3, 4) &, WHET BiFE (targetd,5) (H4) DEDL
LTHEE T,
EHEFI6 BRI —H—%FnEE LBWVEGRTRE

EREHI S Ttarget3& targetd& #EMI & L7#lfE (Target3, 4) (ICDWT,
EBBIR (HFNZVFRE) FL—b (LeuRkWUraxEF WD L—F) £
TEBLAEIO=—N5, 10@%EFRIGEA TCANUEGFREOES % &
—VIVA LT, TORBR. ARLTATOIO=Z—TCANLEERFOFRNIL
INAEMICEENEAIRTWE (K8) . $4abs, AFERICLINIE,
BEYasy—4y Medl & RIRT hid, RIRIBALMEREOIZETATTRED
HETED, O, HEOEGRTFRIETCHEATH>LY—H—EEFD
BASERDIAETH S, CNIFBEGTFREZBNICEEICT 5 & BERRIC,
A EDNADAEE X EMTIF R 2B DT, EPBERAEIRREENREZLCLEDS

UTOEBEFICSEWT, EREF1~6 &HBTHERFRICOVWTR, £
L& RARRICIT o T,
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EET) OFEEE
BEOBGTFREFEICBVWTUL. HRALQFMILBEBE—CIORIET—D
FIOEZLDMESNARV, T, AREAOHFZEICL Y BRICEBEFROZE
BERENTEINEI ZHER L

H B EERIRBYATA1 R DAde 1 5E5 FORFD3-22(1 % SB1DIEM X U L 4 F RES
5l (Adel target5: GTCAATTACGAAGACTGAAC; E2%I#&+= 3 0). CanliE&{xFORF
MDT67-7860I (FBEEEH) ZF20ZHWX 7 LA F REgsd (Canl target8 (786-7
67; ATAACGGAATCCAACTGGGC; EE3I&ES29)& LT, I HICHEMARX I L
ZF REET A FNFNEZL2EDIRNAE tracrRNA (BRFIBET7) & DF X SRN
AZJ0— K9 2DINANF %2, E—D TS ZXX K(pRS426) ICHEtt. ZECas9I&PmC
DATEDREY /N E%Z 11— NI BRE%EZEE 7> XX FnCas9 D10A-PmCDA
1EHIT, BYATAIMRICE A, RIRI BT, MELCTFADEEEAEZRILL 7,
T5RAIRERFIESZD ROy TT7U ME (D520 RO 2V RIE;
SD-UL) AR—2 & LTHIlAEE L, MlEEZEEHAR L. SD-ULH &L Vca
navaineRANBMICER L TCOIOZ—FKZT o7/, 28CTHEE2HEZRICOO

Z—HEREBEIN, adel ZEICL D HFBIO—OFLERE, canavaninelZith
TOEGEREFNFNAD VYN LE, BREKR2IZTT,
[0067] [Z2]
R o s34 | Canavanine B5HE | RO mmedn
Can) TOEHER | Can BER
SDUL 0. 540, 04 |
+panavanine 0, 6430, 14 0, 814:0.15 0,374, 64
[0068] FRIREE LT, Adel B EFRVPCan EEFOMAICEENEAINLEES

BN EBERTH > fzo

RIC, SD-ULEEM FD OO =——%PCRTIEIEL T — 4 Vv AT %17 o7, A
del, CanlZhZFNORFEZELRFELZIEEL. ¥ —4~ v MELFIED500bF2E
DEINDY —4r v RAEHRENE L, BANICIE, ZAOoO0=—-5EsHI0=
—SEDET AT o>/ET 5, FAOZ—IET AT, Adel BIEZFORFOSEB D
CAGIC, HOAAZ—IETRT, SBEEDCATICERINTWA(KI), ¥—4
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v NOEEFKE LTIZI0%THZ D, BETFHIEEVWD BMICHIT2EER
ELT, SJBEDCHGICEL > THRIEI RVICRDZBEDNH ol
FMEDERRIIBNTH D E WA D, ARIC, CanlBIEFICDOVWTIE, I/-T
DY A—2TORFOIZEFEHDGICEZENERI NS (HI) . (NOEED
AT NV EEZ 20, FTEORERE L TET0ERS, mMAD
BEREFICOWT, ARICAAEOEEZFTL® OIEANEET40% (10 0—
vHR4isO—) &Y, ERNAFEVIIERIEFLNT,

X8 ERAET / LORE

ZLOEMETERULED S /) LEBEEFON, REKOZEEZAFET
&, RRAlE L THBRBAD—KRICOH LHAEENEAINT, ATFOE
EFEIIRD 0. BEEETRIINIEBOREIISELONT. RELLTS
WIEFEERFEIDID D, T T, AEBEORMICELY., ¥/ LAROHERSE
BELEDOITRTOBHNIDEGFRICEREAEATIIENTEDZNE I
EER L,

BB, ZfEAHKROHSFERYPHS0I#RICE W T, Adel B L UCan BIZFDE
FRREZ1To/e CNODEBETFEEDRIRE (FEIO=—38 & Ucanavan
inefift) IFLMURBFETHD70. HAEGTOHAFDOEE (REEE) B
BEAINRTIIE., SO ORREIFZIERNRWL,

Ade13&(5FORFD1173-115411 (4B#44) (Adel targetl: GTCAATAGGATCCCC
TTTT; EEHE S 3 1)%E L < 1E3-22{s1 (Adel target5: GTCAATTACGAAGACTGAAC
; BBFES 3 0)ZFBIOEMX VLA F KBS, Canl&{EFORF(D767-78611
(tE#HsH) ZSH20FMX 7 L4 F FEZS) (Canl target8: ATAACGGAATCCAACT
GGGC; ELFIE S 29)& LT, INHICHEENARRX I LA F REEF%=ZFhEN
U2/ DIRNAE tracrRNA (BCSIES 7) & DF X SRNA%Z O— K9 BDNAX 5
., B—DTS5 XX N(pRS426) ([CEtt, ZECasI&PmCDAlE DFAE S >~ /N0
BAI1— RT2%E% 5875 XX KnCas9 D10A-PmCDAT & 212, BY4A741HkIC
BA, RRIET. BEGTFNOEEZBALEKIL .

OAO0Z—hY Y hORR. ThEPNORBEOHE % SR (40%5~70%)
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THRETES2&EMah>7 (M10A)

IS, BEARRTSH, AOO0=Z— &R0 —FhThDAdE
MBSO —r v R %&T2/k&E2 5, HOOZ—TCTRENILICANTORER
ERIU—HTUVAYTFINOERERER LK (B10BLEARIL, LICGE
TOYTFIDNERE) o NTORETHIEHDICKRFERIZEAW T & AR
Ihi, —A. KRIOZ—ICBVWTE, EETZV T FILOEWREEET
HDBEMNEEINE (1 OBT/AARIL, VIZTOTTFHIL) .

EHEFIO ABEICHTDT /) LIFE

AEBAITIE. MEORRNLRETILEY TH 2 KIBE CAEMABERIC
WEET D AR T 5, FICHBETIE. EOX VL T7—EROS / LR
ERMEBRMNTERIRETH > &M D, AEMOBAEIMAI N
%, FLERENOET VB THIEREMET. B - EREEDLTH
SWLEMRBICEVWTIRBASERATES ZENTREIND,

WAHEZ7OT—4 —4%Bi%% 5¢ Streptococcus pyogenes Cas9iE{EFIZD10A
BLUHWAD T X /VBBEEEEA (dCas9) L. Y Hh—EF %N L TPmCDA
1&EOMEY VNN VEE LTRIETAOAVANS YV MEEEL, ILICREN
XU LAF REINICHEENRES %I — R LAF A SRNAEZBRICE TS
SAXIR (BRXVVLFF REIZENES 3 21277, ZHEIHn,,DERSD
ISRy —45 v MNECA S BRI REFIAEAINDS) 2R LE (1 1A)

(o)

F9. ABEEgalKE{ETFORF(DA26-445f1 (T CAA TGG GCT AAC TAC GTT C;
EIES33) 2ENX I LA FRBIE LTEALELZTSRIRT, &4
D AIEERE (XL10-gold, DH5a, MG1655, BW25113) %, HIL I D LKRRWL
EXRBZERVTHESGR L, SICIEhE N T—BROOEREEST > %

TrEDY VEBBEMICT ISR I MEFMREEZRBE. J0=-—%F&
I/, AAZ—PCROLYAL I M=V RITE>T, EEEAERIIL
oo EREX11BICRT,

MirodIO=— (1~3) 25 VY LIBAT, P—F Y ABTLEER. 6
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BILA EDFEETORFOA2TRIDCATICE#R I (Y A—22, 3) . #iEJKFY

(TAA) ZX£ L2 EGRTFHRIENSERI > TWB I ENEEI N,

SRIC, WIEEIEF T B rpoBi&is FORF (D 1530-154915 E 4B D amEE sl (5
" —GGTCCATAAACTGAGACAGC-3' ; ECAIFES 3 4) 24—+~ v & LT, LEEBE
FAFOHFECLYREDRERZEEA L, KBFREICY 77 v B2 UittEas
S5 T 5 & mHA ATz, IEBEIREEM (none) . 25ug/ml Y77 ESY (
Rif25) XUb0ug/ml Y77 ELY (Rifo0) SHEBMTERINAZIOZ
— 5=V B LR, ORFDIM46IDGAACERIND I &ICL Y,
Asp (GAC) mHAsn (AAC) ~DT7 I /BEEMNEATINI, V77V ED VM
MNEEINS ZEARERINAE (K1 1C, ERXxRIV) , BEERBLIER
DOFHRRBRBRDI10ERIRRT %, IEBHREM (none) . 25ug/ml YT 72K
> (Rif25) RU50umg/ml )77 ETY (Rif50) SHEMICENRETNRR
RyFaAVT L THEELLER. WINOHEETY 77 v EY UltEKRDRE S
NTWBERBEELNS (1 1C. F/IxI)

ZDEIIT, AFEMICLY, BRZBEFHRIETIEIAL. HEOAEZEIC
& DEFIRBEE DI INAATRE T H B, Fho. WEBGTEEERFEL VD
RICBWTH, ARMOEBAMEETRLTWS,
EREFI1 O oRNARIC & B RIS E BRI O

ERIEEHX 7 LA F REEFICH T 29RNAR %, 20b%EAXE L. EDH
R 52~5b (PAMEZFID E3FR15~190) DERALICH DY by (RIFRHE
DITF7=V) EEEY—Tv hELTW, CORNMREZLIELED%
RIRIEZE, TN LTY =Ty NERDZEBEDEMNEL 7 M IHES
ENEERDINENERARL (K1 2A)

AGETIT>ERH%ZK1 2BICRT, AKBEY / LLEDOY b2 UH %
Wit ATWBERIZ#R3R L. putative ABC-transporter T BgsiABInF %
FAWTERAITo /-, BHOR I %24bp, 22bp, 20bp, 18bp&Z 2 TEEH X
Nicy NV ERERTEZ S, 20bp (BEDRY) OBAICHLTILE98, 89
IBBEDY P UDNFIVICEBHBIN TV, 20bpk Y HEZHIMARWVIZES
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. 896, 8ITFEB MDY b UHEBEHRI N, BMEAIAEVIEE00, 901FBD
VhIUVEBHEIND B EN MY EERICIRNADORIZZE R 5 & TE
MERA ZBEIE DI ENTED LD IR,

[0073] =B 1 BEKREMS /LBBETSRI ROBEE

[0074]

ARBORBALEBRECAREREFME TRRFEITLLOATIZAINR
EERET Llc, RIREBEZREL CHIET 22 & THFRE2ERELL LD, BIE
A (BEXEOEBRE - ZEEAMERDALRENL - §—7 v MEIFERBEA
~NDER) OBRFAEBEE L, AR, TSR3 ROBREFETLED 2
BEHEZCET. BERICTSAI RBREARBIODBRRZICITI & 5D
BL7., UMTICEROFMZERT,

BEBZM TS A X KpSC101-Rep101% (pSC101 ori DECH A EFIES 3 5
IC. SRERRZMRep1 01 DN ZEINEFES I 6 ICENETNRT) Z/Ny JR—
veE L, RRFEBICEERZIMOAY FLyH— (cI857) P RFLEBWE
o T/ LRERICAY Ly H—ITIdRecATHIE & R ZBC1EEEEABAL TS
Y, SOSLRARVATTCHERICHKEET 2L DICLE (BEBIES37) . dCas
9-PmCDA1 (B2FIHE = 3 8) (XRight Operator (EZFE =3 9) . gRNA (EE%!
#HS4 0) ldLleft Operator (BBHIES4 1) OTFRICODBRVWTHIREFIET
58210 (BRLULAERBENISY—DEX I LA F REINZEIES 4 2
ICRT) o 30CLUTFTHEL TWAREIL, gRNA, dCas9-PmCDA1 DERE - HIR
NENETNFIINDOT, MRBIEERICEETE 3, 3IICULTEEATT
D &. gRNADERE & dCas9-PmCDATDHEITAFEI N, ThERRKFICT IR X
ROEHIMEIIND D, 7/ LIREICVELRBUEBRECHEN—E
MBI, BERRBBRICTSRAINERETZENTES (K13
) o

BEBROEFANATONI—LERKT 4ITR LT,

TZ2AIRAVAIS V2 avaTOBROBEREZ28CRIRE L, &7
EHADTSRAIREZRFTHABEIO=-—%HEIYT S, RIC, £TO2O0=
— 5 FTDEFAVID, BHREEZDFAEE TSI NHEEToTH D,
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BHOEKICBERESGR LEBONALI0-—2BV., 28CT—RREAIEE
5, TD®%, EHMTERL TRCTIEBELS—BREEDFEEB LT,
HMERBEREEESFRLTCIL—MILFRINMRRy LT F)La0z
— %S T 5,

HEAERE L THEELCFTHDrpBADREEEARITo 7, RNARY X
S —EOEREAFDO—DTHSrpoBid, K&K - HEEERKT NIEKBRIIHT
E18%, —ATHREDEMICARAEENADIET, MEMETHZ Y T
7oEYY Rif) ICRHLULTWEEZFOIESAMOENTWVWS, TI T, TO&
DRRRBRAZEDEAZIH> TEMNEBLDOEEZ L. 7ytA %1707,

BRER15ICRY, ZE/AARILOLEIELB (/05 L7 = =3—JLEM)
TL—h ARV I77VESVENALLB (/07 L7 2=23—)VEKM 7
L— KT, 28C - L2CEBRIC/OZ L7 Z0—-ILVEYELY Y TILEA
BELTiTo%k, 28CTHEE LAFZEICIERITIIMEDEISIZEWA, 42CTHES
LEBRICRBHTEWSIRTY 77 VEY VN E S hic, RBRICLBLE
IBohicano=—— (GEBKR) #8a0=-—FO>V—IITVRLAER, 42C
THEE L EEIZCEU EDEESTIMGERD /7= (G) BF7F=> (A)
IKBBIhTWBb I &tbh ok (ETFRUCAELARI)  EREOY -V
AARYG ML (ATFRARIL) IKBWTHEBEENIERICEBRINTVWS I &N
DhB,

Bk, S0 b—ZXOKRBICEAHLZ2EFD1 DTH20alKDIEEEH %
To7. KBEEIZgalKNHS Y h—A D75+ 0% Th B2-deoxy-galactose (
2D0G) =T B & TEIRELRD 0. INEBIRAZEE L THWE, tar
get BIFI AV REEEFRIT BHLDIC, target 123 IET RV AB L
21 (M1 648TF) ThETNEMRAMEZRERE L,

HERAM16ICRT, ZEERUVCETARILOD, EIELB (/A5 4L7 =10
—IVEM) L — b BI32-D06 ZHNA LB (/05 L7 =z =J—JLEKM)
TL— KT, 28C - RCHEERIC/OZ L7z =20-ILVBYERLY Y TILE
AR L TiTo7, target 8T, 2-DOGRMI L —hTcOaOZ—E < HTH
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[0077]

[0078]

[0079]

LhEZ R (EL/AXRJ)) | LBBEodao=— (F#) #300=—17
DU—YJIVALEER, $RTOIO=Z—ICBVWTHIEEDY by (0)
BAFIY (T) IKBBRINTWE (BL) . COEETIZoalKOMAESEKICE
S5BWEDEHRII NS, —7. target 12Tk, 28C, 422CTHEBES 5D
BICBWVWTH2-DOGHRMT L — hcan=—AB5hi (EF/8%L) , LBE
D3AA=Z—%Y— VI VALEER. IA_ATOIOZ—ICEVWT2NERD
RIUBNFIVICEBRINTWE (BAF) « TOLDICELRDS—F v b
IKBWTHLYREDNDSVERICEEZEANHEKS Z ENTRENT,

I TRRONEREF RO R HBEREE 2 202 TOFTHICEE I N
AR, CTTIKBIRINAEZEILE 2T, ZO2THARRINERARE
ICARBBMZE ICHAATZND EDTH S,

AR, ThEh2014F3R5BNM R URFIAIENM THAEICHRESh
- 45 FE2014-43348 R OMiEEE2014-201859% Hft - LTH Y., TTTERT BT
EIEY, TENLORBRINTABHEEICEEINS,

EX EOF R

AFEAAICL Y, HEDNADIEALDNAZEHIMTE b TIC, Z2IERD
EMBICENIFENEEAEAT S ENAEE RS, T, BEEADE
Hz—BEOEY RS Y M OHEEEICEZGHHEETIRLACEET S &
NABETHY., TNETTRIFEAERTRETH > IFEDRE RFEIHA
DOV LEEZANILDRMPLELFEICEBATE, BHOTERTH
%,
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[55KIA1]

[553K1R2]

[553KIR3]

[553K1R4]

[E53KIR5]

[E53KIR6]

[553KIR7]

[53K1R8]

[553KIR9]
[55K1R10]

ZARSHEDNADIEME S N BRI ARE T B 5 ETH> T, BRI N
T ZARSEINAFRDEM X 7 L #4 F NEH & RFENICRE T 5 KEEELS
REEY 1 E. BBEEETHMEBRENEE LLESKE, B2XK
SEDNA & AR X, BEME I NZERALIC B W TERZAREEDNAD D A <
EHE—FADHEZTMFT 5 2 &<, BBENEINEHLD 1 U EDX
HJLAFREMDIUEDR I LA F RICERTZRIERKIE S,
HB5WEEENEINAEEBMAICT U LEDOX I LA F REEATHIRE
=20, Ak

BUECRRBRECHUEREE E S 2 — LD, CasD D < &% 1 D DDNAYIRTEE
A R5E L7CRISPR-Cas ¥ R T L, V9 T4 v H—EF—7, TALT
7TV —RUPPREF—I7HLAZELYBIRIND, BHRIE1E
O H %,

BUECRRBRECHUEREE E S 2 — LD, CasD D < &% 1 D DDNAYIRTEE
Y K5E L 72CRISPR-Cas> R 7 LA TH 5. FERIE 1 THDF %,

BERZENX IV LAFREIEETNTNEENICHKEEST 5. 27
TORBEIRBES 2 —VERVWDRIEERHET S, BXRET ~
3onwgFhmn 1 BICEHED S,

AIRBERDEMX I LI F REEFIN, BRZ2ELFRICFRET 5.
ERIFA BHO S &,

RIS RBERETRBRNT7I+—EThHs. FREI~500F
nh 1 IRICEE DA E,

HIEET 7 X +—tEAAID (AICDA) TH 3. FBEKIE 6 EEHD I A

ZARSHEDNAE AR & DAY, B AHEINAEE T ZHIFA~ D, %
BEEKEI—RTEHBEBOEACLYTbNS, BFREI~7T0WT
nh 1 IRICEE DA E,

RIECHIBE L R EMMIE TH D, BERESLHD I,

RISl ERREMMIE TH D, BERESLHD X,
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[55KIR11]
[55K1R12]
[55K1R13]
[55K1R14]
[553KIR15]
[55KIR16]
[E5KIR17]

FERIR18]

[55K1R19]

[5K1R20]

EARIA21]

RIECHERE O EYIMERIR TH 5. BERIB8EEHMD AL,

RIECHER B TH 5. BEXRIES MDA E,

AIGCHRRN RRMETH 5. BEXRIESEHDAE,

RIECHERD BB CTH 5. FBEKRIES MDA A,

RIECHRE A EHEYMIR TH D, BERIB8EHD AL,

RIECHIREA I ESYMIR TH D, BERIESBHDFE,

RIECHRE MBS TH Y., HREEALOTRTOENILIh
EWRIIBETFROMMUEZRET S 2HHE TS, BHKRKEI~16
OWIFhh 1IBICEEEHDH .

RIESEEREZ 1 — RT 2%, RRAAZAHTRELABETST
RN 5 —%, RIECHBICEATSIR. KU
ZARGSEDNADZRE I NN DORENEE I N5 DICHELHARE.
B OFRRZFHIST 5T
S0, BRE8~170WTFhA 1 HICEHDHE,

ZARSHEDNAFRDIEM X 7 L # F REEFIAS. RUGCHERRIC & > TWHARD
BRFRICHZD I EEHHET S, HFKE1 SEEHDAE,

ZARSHDNARDEEM X 7 L # F NEEH S RFEMNICHEE T 2 R E S
RHBEV1—E BBREEERBRENMMELEEEHRTH> T,
B S NAERALICE W TERZARHINAD DR < &6 —HF OHZ YR
T2 &L BENEINAERMAOTIUEDX I LA F REMOD 1
PLEDRILAF RICE#RT BZXIEREIE D, HDWIEEHENLX
NEEAICT U EDOX I LA F REHAT 2. RBEEERESHE,

BRIE2 OLBHOKMBLERFRESHEZI— NT SR,



