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CRISPR-Cas12j BRI R 4

BRI

FRUY REMRMEBE TR, 52N ERREE N EE X E R (CRISPRIFEAR
. AATS, FRUB R Cas HNEH, SSHREENBMEER, URHBE
MHERSYTF. ARURBRATERRE (Fl, ERREFRAHE) WEEW
MASY, RESERUNESRMEER, REBEMNPERSY T. ARUZEH
ERATERSG®E (i, ERREFAGE) HWFE REARSERANESR
MeEH.

BRER

CRISPR/Cas BiRR—F#) ZEANEEHERAR, BEE RNA 5 SXNEREH -
HIEEFFFIRETAR RIS S HIH DNA AN, FAEYIERER REERFRE
HikiTE RERSE.

CRISPR/Cas9 RERBEAR 11 & CRISPR &4, BiRH 37 -NGG ) PAM #
P, MEEARFEFBTERE IS . CRISPR/Cas Type V R R —IKIEHEH RILK
CRISPR R4, BRHF 5 -TIN REF, XEFFHHTEERRTIH, Al Cpfl,
C2cl, CasX, CasY. 7 HRFERAFK CRISPR/Cas FHARFALRRGRIE. Flitn
Cas9, C2cl fl CasX HBEPW % RNA #1758 M RNA, T Cpfl R BE—%5H RNA i
HWUARBITEEETHE. CasX RHF 980 MEERKIKRAD, THREK Cas9,
C2cl, CasY fI Cpfl EH K/ME 1300 MEERES . M, Cas9, Cpfl, CasX, CasY
H PAM FRIMUEBEREZH, T C2cl RHZER 57 -TTN,FH I ERERAL R AR
G BB TR T R T B AE B BL BB L

BZ, ETHWTIRBK CRISPR/Cas AAMBM T —LifE, FR—FEfRgE
H. BAEZHE RIFHEAEKFE CRISPR/Cas REXMEMHEARNRBAAEER Y.

RHARE

FHFHRUAEESABRLRARRRR, HABBHURR T —FHZ RNA #3H
BRAVIEE. ETX—KHA, FRUANFRTHE CRISPR/Cas REURET ZRLEN
E R Ik
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Cas BNEH

Hik, EE—HH, FRERGETESMED, XBEF SEQ ID NOs: 1-20. 107, 108
AN EERFIRRERAFREY. ARY. RERTREFB: Jd, fiRE
REEY. FEY. RERTIgeM BRERRE T X E K FF LY FEIIEE.

EXRRET, ERFFINEMEDREHREFRT, 55/ RNA SEHIEE. BB
WUIBRER:. 7£5H RNA 5| S T 5RFIRELM RS H IR RELE.

EFELHERY, FFRERFEEY. AEY. RESEMEENFFHEREE
» 80% B 85% BDH 90% BD 91% EED 92%. D 93%. BD 94%, ED
95%- B> 96% B 97% B> 98% . BRED 99% M5 FH—k.

ERELHES RS, FRERFEY. FHEY. 5 SEQ ID NOs: 1-20. 107,
108 E—FFRKFENHEEEED 80%. D 85%. ED 90%. EED 91%. D
2% B> 93%\ B> 94%. B> 95% B 96% B 97%. B> 98%. RED
9% KIFFFIE—, JFFEERRE T HERENFFRNENEIR (Fin, 588 RNA
LEMEE. BRAVIEEE. £5H RNA S| TERFREMRSEE IR KE
® .

EFRELH AR, PREHRE CRISPR/Cas REFHIBMEH .

ERELET RS, FRENEBEOGFEGTHRFS, REEE THANFHA
R

(i) SEQ ID NOs: 1-20. 107, 108 fE—TRTRKIF5;

(i) 5 SEQ ID NOs: 1-20, 107, 108 £—H R KFFIMHLEER M RENMEER
MBS, RREBM (B 14, 24 34, 44 54, 64, 74, 84 9B 10
MEERIER. GRREFMD HIF: R

(iii) 5 SEQ ID NOs: 1-20, 107, 108 fE—WFRKFHNEAEED 80%. B
85% B 90%. B 91%. B 92%. B> 93%. B 94%. B 95%. B/
96% B> 97% B 98%. BED 99% HIFFFH F—1ERIF5] .

ERELHESRY, ARENBEBSEE THNFF, REES TIHHFHNA
B

(i) SEQ ID NO: 1 B HIFF5il;

(i) § SEQ ID NO: 1 FialIFFHEAR I RENMEERNES. HRBHM

2
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Blm 1A, 24, 34, 44 54 64, 74 84 IR 10 MEERESR. B
KREHBM KA R

(iii) 5§ SEQ ID NO: 1 FiRiIFNABED 80%. B 85%. B 90%. B
9% BD 2% BD 93% BD 94%. BD 95%. D 96% B 97% B
98%. BRZED 99%BI R H—ERF.

EFRELHHFRY, 2RBEPELRA SEQID NO: 2 FinkEERFF].

ERELEHRY, FRANEBEOR|SEGTHNFS, REEE THANFHA
B

(i) SEQ ID NO: 2 BiBifFEH;

(i) § SEQ ID NO: 2 FinHfFFHE R — M RENEERNE . SRRBBM
Bmm 1A, 24, 34 44 54 64, 74 84 9IANER 10 MEERKEHR. Bt
REFM B R

(iii) 5 SEQ ID NO: 2 FintIFFIREZRED 80%. B 85%. D 9% D
9% B 2% B 93%. B 94% BD 95%. B 96% B 97%. BD
98% BREA 99% I FFIE—ERIFF .

FERELHG RY, XARBEPEDRAF SEQID NO: 2 FinsEERFF .

ERELETRY, FRENEOLFEGTHRFS, REEE THANFHA
R

(i) SEQ ID NO: 3 FiaHIfF3);

(i) § SEQ ID NO: 3 FinHfFFHE R — /M RENEEREH. SRRBBHM
Bm 1A, 24, 34 44, 54, 64 74, 84, INR 10 MEERKESR. -
REBEFM W R

(iii) 5§ SEQ ID NO: 3 FiRiIFF AR ED 80%. B 85%. B 90%. B
9% B> 92%. B 93%. B 94%. B 95%. B 96% B> 97%. BD
98%. BEA 99% K FHIF— 5.

ERELHSRY, 2RANEBRF SEQID NO: 3 FinlIEERFH .

ERELHESRY, FREVNBEBSEE THNFF, REES THHFHNA

3
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R

(i) SEQ ID NO: 4 B HIFF5;

(i) § SEQ ID NO: 4 FinaHfFFHE A — M RENEERNEH. RGN
Bl 1A, 24, 34 44 54 64, 74 84 9IANER 10 MERERKESR. B
KRB KIFH: R

(iii) 5§ SEQ ID NO: 4 FiRHIFRAEED 80%. B 85%. BD 90%. B
9% BD 2% BD 93% BD 94%. BD 95%. D 96% B 97% B
98% BEA 99% I FFIE— 5 .

ERELETRT, FRENEARSF SEQID NO: 4 FinEERFH.

ERELEHRY, FRENEOR|SEGTHRFS, REEE THANFHA
R

(i) SEQ ID NO: 5 BisBifFH;

(i) 5 SEQ ID NO: 5 it AEF — M RENMEERNESR. SRBRBM
Bmm 1A, 24, 34 44 54 64, 74 84 9IANER 10 MEERKEHR. Bt
REFI B R

(iii) 5 SEQ ID NO: 5 il EEESD 80% B 85%. B 90%. B
9% B> 2% B 93%. B 94% B 95%. B 96% BDH 97%. BD
98% BREA> 99% I FIE—ERIFF .

ERELHGRY, XRBEKEDRSF SEQID NO: 5 FinaEERTFF .

EEXELEFRT, FRENBASSEE THARNFR, RbEE THARFHLH
R

(i) SEQ ID NO: 6 FraiIFF51s

(i) 5 SEQ ID NO: 6 FimalIfFFIHIL AR — M RENMEERNESR. SRRBM
B 1A, 24, 34, 44, 54, 64 74, 84, IANE 10 MEERKEHR. 6t
REBHI BIFH: R

(i) 5 SEQ ID NO: 6 FimKIFNEEED 80%. B 85%. BD 90%. B
9% B> 92%. B 93%. B 94%. B 95%. B 96% B> 97%. B/D
98%. BB 99% K FHIF—ERFF .
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ERBLBHRT, FRVKEEASR SEQID NO: 6 fiaEERTFF.

ERELET RS, FRENBEOGFEGTHNFS, REEE THANFHA
B

(i) SEQ ID NO: 7 FimsBIFEH;

(i) 5 SEQ ID NO: 7 FinalIFAIHLAEF — M RENMEERNESR. GRRBM
Blmm 1A, 24, 34 44, 54 64, 74 84 9IANER 10 MEERKESR. B
REFID B3 R

(iii) 5§ SEQ ID NO: 7 FiRlIFNAEED 80%. B 85%. B 90%. B
9% B 2% B 3% BD 94% BD 95%. B 96% BH 97%. B
98% BEA 99% I FHIE— 5 .

HERELH TR, ARFENELRSF SEQID NO: 7 FinEERFH.

EXRELHETRT, ARANBAESEGTANFS, RBEE TFTHANFAH
B

(i) SEQ ID NO: 8 FiiIfF3;

(i) § SEQ ID NO: 8 FinsHfFFHE R — P RENEERIE . RGN
Blm 1A, 24, 34 44 54 64, 74 84 IR 10 MEERKEHR. B
REFID BIF3: B

(iii) 5§ SEQ ID NO: 8 FiRiIFFAGED 80%. B 85%. B 90%. B
9% B> 2%, B 93%. B> 94% B 95%. BN 9% B> 97%. BD
98% BREA> 99% I FIE— KI5 .

ERELHEGTRY, 2RANEBRF SEQID NO: 8 FiniIEERFF .

ERELEFRY, FRENEBEASSEETHANFR, REEE TANFNA
o8

(i) SEQ ID NO: 9 FriiIFF51s

(i) 5§ SEQ ID NO: 9 FialFAMHEAR M REMERNE R, HRBHM
B 1A, 24, 34, 44, 54, 64 74, 84, INER 10 MEERKEHR. 6t
RERFID BFEF: R
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(ii) 5 SEQ ID NO: 9 FiRiIFNRAEED 80%. B 85%. D 90%. &
9N%\ B> 2% BD 93%. BD 94%. BD 95%. BD 96% BD 97%. B
98% BEA 99% K FHIE—ERFF .

ERELHHRY, ZRENEARSF SEQID NO: 9 FinIEERF .

ERELELTRS, ARUNEACSSEETHARFS, REEE FTANFHA
R

(i) SEQ ID NO: 10 FisKIFE5;

(i) 5 SEQ ID NO: 10 FiniIfFFHEEE — M RENMEERNE SR, RERBFN
B 1A, 24 34 44, 54, 64 74, 84 IANER 10 MEERKEHR. 5t
REHBI KR R

(iii) 5 SEQ ID NO: 10 FiRMIFAATED 80% D 85%. B 90%. ED
9% B 92%. B 93%. B> 94%. BD 95%. B 96%. B 97%. BD
98% BREA 99% I FHIFE—ERIFF .

BTG RY, ZRVKEBASR SEQID NO: 10 FinHIEERFF .

ERELETRY, FRENBEOGFEGTHRFS, RBEEE THANFHA
R

(i) SEQ ID NO: 11 Fr=fifF5;

(i) § SEQ ID NO: 11 FinifFFItE R — /A RENEERE S, HRRFN
Bm 1A, 24, 34 44 54 64 74 84 9IANER 10 MEERKEHR. Bt
REBEFI B R

(iii) 5§ SEQ ID NO: 11 FiaIFNAEFED 80%. B 85% B 0% B
9% B> 2% B 93%. B> 94% B 95%. BD 9% B> 97%. BD
98%+ BRE/D 99% M FFF FH— 3.

ERELHEHRY, ZRAKNEBRF SEQID NO: 11 FralEERFS.

ERELHS RS, FRUNBEESEATANFS, RbEE THHFNL
B

(i) SEQ ID NO: 12 i HIFF51;

(i) 5§ SEQ ID NO: 12 FimIfFAHE R — A RENMKERIE SR, HRREM

6
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Blm 1A, 24, 34, 44 54 64, 74 84 IR 10 MEERESR. B
KREHBM KA R

(iii) § SEQ ID NO: 12 FinKIFRIRERD 80%. B2 85%. B 90%. B
9% BD 2% BD 93% BD 94%. BD 95%. D 96% B 97% B
98%. BRZED 99%BI R H—ERF.

ERELHES RS, FRANEBRSF SEQID NO: 12 FiniIEERTFH .

ERELEHRY, FRENESR|SEGTHRFS, REEE THANFHA
B

(i) SEQ ID NO: 13 FiHIfF5;

(i) 5 SEQ ID NO: 13 FinsIFFIHE RE — M RENEERKEH. SRRRFN
Bmm 1A, 24, 34 44 54 64, 74 84 9IANER 10 MEERKEHR. Bt
REFM B R

(iii) 5 SEQ ID NO: 13 FirsKIFHEFED 80%. ED 85%. D 90%. D
9% B 2% B 93%. B 94% BD 95%. B 96% B 97%. BD
98% BREA> 99% I FIE— LRI 5 .

ERELHGRY, ARB\PEZELRHF SEQID NO: 13 FraiEERF5 .

ERELETRY, FRENEOLFEGTHRFS, REEE THANFHA
R

(i) SEQ ID NO: 14 Fi7~HIfF5;

(i) 5 SEQ ID NO: 14 FinaiifFFtE RAE— A RENEERKEH. SRRRFHN
Bm 1A, 24, 34 44, 54, 64 74, 84, INR 10 MEERKESR. -
REBHM BFF: B

(iii) 5 SEQ ID NO: 14 FinsHIFFHEFED 80%. B 85%. B> 90%. D
9% B> 92%. B 93%. B 94%. B 95%. B 96% B> 97%. BD
98%. BEA 99% K FHIF— 5.

ERELHHRY, ZRANEERH SEQID NO: 14 FirKIREERFF .

ERELHESRY, FREVNBEBSEE THNFF, REES THHFHNA

7
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B

(i) SEQ ID NO: 15 FialIfF5;

(i) 5 SEQ ID NO: 15 FiniifFFHIL A — M ERENMEERNE R, HRRRFM
Bl 1A, 24, 34 44 54 64, 74 84 9IANER 10 MERERKESR. B
REHBM B &R

(iii) 5§ SEQ ID NO: 15 FinaKIFRNRERD 80%. B 85%. D 90%. B
9% BD 2% BD 93% BD 94%. BD 95%. D 96% B 97% B
98%. BRZED 99%HIFHH—ERFEH.

EFRELHES RS, FRANEBRA SEQID NO: 15 FiaIEERFH .

ERELEHRY, FRENEOR|SEGTHRFS, REEE THANFHA
R

(i) SEQ ID NO: 16 FrHIfF5;

(i) 5 SEQ ID NO: 16 FinIfFFIHEE R — M RENEEREH. RRRFN
Bmm 1A, 24, 34 44 54 64, 74 84 9IANER 10 MEERKEHR. Bt
REFI B R

(iii) 5 SEQ ID NO: 16 FirsKIFHEFED 80%. ED 85%. D 90%. D
9% B> 2% B 93%. B 94% B 95%. B 96% BDH 97%. BD
98% BREA> 99% I FIE—ERIFF .

ERELHGRY, FRBEKEDRSF SEQID NO: 16 FralEERF5 .

ERELEST RS, FRENEBEOCGFEGTHRFS, RBEEE THANFHA
R

(i) SEQ ID NO: 17 FrasHIFF5;

(i) 5 SEQ ID NO: 17 FinlIFFFIHIL B — P RENMEERKE S, SRR
B 1A, 24, 34, 44, 54, 64 74, 84, IANE 10 MEERKEHR. 6t
REBHMD KFF: B

(iii) 5 SEQ ID NO: 17 FirMIFEANAEED 80% B 85%. B 90%. B
9% B> 92%. B 93%. B 94%. B 95%. B 96% B> 97%. B/D
98%. BB 99% K FHIF—ERFF .
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ERELHHRY, ARB\KFZEERHF SEQID NO: 17 FiRaMEERF5.

ERELET RS, FRENBEOGFEGTHRFS, REEE THANFHA
B

(i) SEQ ID NO: 18 FiHIfF5;

(i) 5 SEQ ID NO: 18 FimnHIFFIMHL R — M RENEERKWEH. HRRRFN
Blmm 1A, 24, 34 44 54 64, 74 84 IR 10 MEERKEHR. Bt
REFID B3 B8R

(iii) 5 SEQ ID NO: 18 FimMIFEANRAEED 80%. B 85%. BD 90%. B
9% B 92%. B 93%. B 94%. BD 95%. D 96%. B 97%. BD
98%. BRED 9% B F—HERFH.

EFRELHES RS, FRANEBRA SEQID NO: 18 FraiIEERIFH .

ERELET RS, FRENBOGFEGTHRFS, REEE THANFHA
R

(i) SEQ ID NO: 19 FraiIfF5;

(i) 5 SEQ ID NO: 19 i EF — /I RENMEERNERR. SRERRBM
B 1A, 24 34 44 54 64 74, 84 IANER 10 MEERKESR. 5t
REHMD KFPEH: 5%

(i) 5 SEQ ID NO: 19 FinHIFAREED 80% D 85%. B 90%. D
9% B> 2%, B 93%. B> 94%. B 95%. B 9% B 97%. BD
98% BREA> 99% I FIE—ERIFF .

ERELHGRY, XRBEKEDARSF SEQID NO: 19 FiaiEERF5.

ERELEFRT, FRENEBEASSEETHANFR, REEE THANFANA
R

(i) SEQ ID NO: 20 FiaiIfF5;

(i) 5 SEQ ID NO: 20 FinalFFIHL AT — M RENMEERNE LR, SRIBM
B4, 24, 34, 44, 54, 64 74, 84, 9AR 10 MEERMER. B
REFID KFEH: R

(iii) 5 SEQ ID NO: 20 FirMIFARAEED 80% D 85%. B 90%. D

9
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9% B 2%, B 93%, B 94%, D 95%,. B 96%. B 97%. B
98% RE> 99% KI5 F—HRI 5.
EFRELEHRY, EREKNEZEHRSA SEQID NO: 20 FIREERFF.

AERER

FRUBEBEATRHITAEN, AINRERZER M40 F (RWA—ANSKERE
B) . B%, BEEEATEML (F, ) FeARRnxEaniEEt: (fin, 5
R RNA SaHENE. BRATIENGE. 7£2H RNA 5| TERFIIREMRERIH
TIHELR) . Bk, ARENEEEBREHMERTELHER. fln, THEEER
W EAREER GEIEAS. EEME. BMMEERReHTA) T EE
AMRESTEE, A EREREHK, BAEA, HHENE.

R, TRRARVNESEEIMBIIRERIT. filn, TRESREMAES
(NLS) FFRIE#, URBARBHEOFANMREKIRS. filn, 7TeLIESREH
SESE, UERARVINEDAFEAME. fil, TS TRN MR CER, UE
FrAREKZERSRTRN. S, TURERERMAGEER, UETERANERN
Rk, B0, ER/ERLEL.

E =k/|

Hit, EBE_JTHE, ARARKT —MHEEYW, XN EFTRKESMNBHE
¥

ERETHTRT, FrRBmHsEEANNEARSHK. TRAFFCERIMER
HE.

FERELHETTRP, FRANNERERE KRG RS, REEFFIH . BEAL
5% (NLS) 73\ By, RRBBEWE (B, VPed) . BFIMHIGHE (F
W, KRAB SR SID &) MBS (i, Fokl) , RAER THME
HREHE: BERGERE, PEAREE SFELE, RRBEENE BRME
RFRBERETEYE, AROBMEHE, SMEIETE, B8 RNA YIFEEHE, 8 RNA J1#
W&, B8E DNA UIHIT5HE, X8 DNA JIRIE SR SN URERAS.

ERELHTRT, FR\PFEWES RS NLS F51, Hlin Sv40 jJEX
T HURK NLS. FERERHIHESEHT RS, Frid NLS F5Ii SEQ ID NO: 81 . FEHR
BT RF, Brid NLS FAIALT. RERBEARVINEBRARNE (B, NIRR C

10



10

15

20

25

30

WO 2020/098772 PCT/CN2019/118702

W) . BERERAMESEETRS, iR NLS BT, SrRBEARHNEAN C
¥

ERELHEH RSP, FREKBEVE ERAIFE (epitope tag). XRRBAFRERE
FBEARARBEN, XM EIFEARRT His. V5. FLAG. HA, Myc. VSV-G, Trx
&, FHETMEHEAARCHUMAREREEN (P, 2. RUERE) &FE4E
HIRALARZE -

ERELELT RS, FRANZEDESRERZEFF . IRREERR AT
RARBAR, HELMAEEARRET GST. HRP. CAT. GFP. HcRed. DsRed.
CFP. YFP. BFP %,

ERELHTRT, FRVNZEVESERBSE DNA S TFRABRASTFEENENH
B, PInEFRELEEEEMBP). Lex A ] DNA &84 HRDBD). GAL4 i DBD 4.

ERELHGTRY, FRENZESVESTRAKINE, FmRee, #ln FITC
BR DAPI,

ERELHET R, FRENEOEEETEL SR BHHS B, KB
B

ERELEGTRT, RS sEREERERRAKEER N W C 4.

FERELHEGRY, RN AL EREARENEON N ®E C 3. X
RELEAFERAE, REHBHEEARTEE—IRBA B, 14, 24, 3
A, AR 5A) EERR (W, Glu B Ser) BREERATEY (W0, Abx. B-Ala. GABA
B Ava) ik, BRPEG 4%.

AEA

EE=FH, ZRARGKT —HHEEEL, HESERENEAURANMNEAR
£hk.

FERELMEH RS, FRRASMNEARE®EBRABE. MREEFFF. Boeh
55 (NLS) F5l. Y. BRBIESEE (B, VPed) . HFRMBGHE (il
W, KRAB $IRER SID &) . BMEEEHWE (Flim, Fokl) , AFEE TFAME
R BRERBER, PEAREE, XPELE, BRBEELE, BRAOHEE,
RHRRBETEE, AEABmEE, BMEEET, B8 RNA TIHIEE, N8 RNA Y1#)
WEfE, B8 DNA U)HIi5HE, XUk DNA DISIEHRAZIRE At URIERES.

11



10

15

20

25

30

WO 2020/098772 PCT/CN2019/118702

ERBLEHRT, FRAPBESESET I RSN NLS F3l, #ln SV40 #F
K THIER NLS. fEFRELHEHRT, PR NLS FALT. SERBEEARANEAR
A (B, N3EER C¥) . FERERHIHEKHET RS, Brid NLS FFIAT, R
EARYINEER C 4.

EXRETHTRT, 2RANBMEESSTRARE.

ERBLEHRT, FRVPBSESCLSREERF.

ERBLEHRY, FRAPBSEAESTRES DNA S FRERAS FEENS
R

EFRELHARY, ARAKESEENETELSRANNEERE KBE

ERESHTRY, FRAMNBORSKEREERZARVNESN N WK C
¥ o

EXREHATRT, FRAMNERSRETELERERRANESN N R
C ¥t

EREAFHETHRT RS, ARVNMEEERFEE THNEERFS: SEQ ID
NOs: 82-101.

FRANER. 2RUNBRSYRERARBMEEEARZATEFTARRE, #i
o, ERTEMERTRENE (BEASR) ™4, HiERESRFETE.

ERUGE, ZRARMKET —MoEERSF, XRESEE THARNF, RbE
H T 3RIFFFI R

(i) SEQ ID NOs: 41-60 (£—IRET7~HIFF 51

(i) 5 SEQ ID NOs: 41-60 £E—TEFAKFHMHEELEE —MRENMFENEH. 8
REBHBM Bl 1A, 24 34 44, 54 64 74 84, 9B 10 MRENE
B, BREBID KFFEH;

(i) 5 SEQ ID NOs: 41-60 E—THnMFAREFED 20%. BD 30%. D
40% B 50% B 60% B 70% 8D 80% B 90%. B> 95%KIFFFIFE—
2R

(iv) EFRFHT 5 O-GiDE—FRPIRRFFIRZRFF: R

12
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(v) ()-(iiDEE—TRH TR K FF 5] B EAMNF s

FH, ()-WHE—FHFRRFFIEARE TXTREFEFINEMETIRE, FRF
PRI EThRERTE, fEN CRISPR-Cas RAF R AHERFFIRERE.

ERELHHTRT, FrRr BB T2 CRISPR-Cas RAF H AR ERF5.

ERELES RS, FRERS FESFEA TIHNFS, RBEE THNFIA

(a) SEQID NOs: 41—~ EREH;
(b) EREZFHTE@FREFEN AR R B’
(© (F TR FFIRERNFF .

ERELET RS, RS BRBRS T2 RNA.

ERELEGT RS, RS ENERS TESEETANFS, Ra&a THANF
FULH AR

(i) SEQ ID NO: 41 FiaBIfF5;

(i) 5 SEQ ID NO: 41 FinfIFFHEAEE —PREMWENELR. RRIFM
Bm 1A, 24, 34, 44, 54, 64 74 84, IANER 10 MRENER. e
RFBID A

(iii) 5 SEQ ID NO: 41 FiaBIFFAFED 20%. ED 30%. ED 40%. ED
50% B 60% BH 70% B 80% D 90% B 95% K FFH F— K5

(iv) R FET 50-(iVE—TPIRNFHIRZRF: R

(v) ()-(iiE—IH Bk B9 P55 B A3

ERELEST RS, RS ENERS TESEETHANFS, Ra&EE TAKF
FULH R

(a) SEQ ID NO: 41 FiRlIERRF5;

(b) ERFET 5@ RRMFRIRZHFF; R

(¢) SEQ ID NO: 41 FiRRIEHRRIFS K AN .

FERELHGTRY, iR BRERS T2 RNA.

ERELEL RS, RS ENERS TESEE THNF, Ra&EE TAKF
FUL R

(i) SEQ ID NO: 42 FrsHIfF5;

13
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(i) 5§ SEQ ID NO: 42 il ER A REMWENE R, RERB M
Blmm 1A, 24, 34 44 54, 64, 74 84 9AER 10 MRERERR. R
BRI K

(iii) 5§ SEQ ID NO: 42 finHIFFNEFED 20%. D 30%. ED 40%. E/H
50% B 60% B> 70% B 80% B 90% B 95%MFFF E—HE 855

(iv) EERFEHTEO-(iVE—T PR FRIRZR TS R

) ()-GiEE—TH BRI P FI K EANT 5

ERELHGTRP, FRIBHERS FESEE THNFS, RbEE THRSF
FLHL R

(a) SEQ ID NO: 42 Fins B HRRIT5;

(b) EFRFZFG T H5@FFRBFFIRZRIFH; R

(¢) SEQ ID NO: 42 FiHIHRRIFF K EAMNFF .

ERELHGRY, FrRdBERERS T2 RNA.

EEELHEGT RS, IRIENERS FESEE TANFS, RbE8 THNF
B

(i) SEQ ID NO: 43 FrHIfF5;

(i) § SEQ ID NO: 43 FiniIFFHERE A REIBENEHR. SRERFMN
B 1A, 24 34 44 54 64 74 84 9AER 10 MRERMER. ghR
BRI KFEH;

(iii) 5 SEQ ID NO: 43 FinsKFHAFED 20%. D 30%. B 40%. D
50% B> 60% B> 70%. B> 80%. B> 90%. B 95%KIFH H— R P

(iv) ERFET 5O-(iVE—RPIRNFHRZRF: R

) ()-GiifE—TH BRI FFF K EANT S .

ERELHEST RS, RS ENERS FESEETHNFS, Rb&EE TARF
B

(a) SEQ ID NO: 43 Fis I HRRIF5;

(b) EFRFZFETE@FFRBFFIRZRIFH; R

(¢) SEQ ID NO: 43 i KB HRFFI M EAMNTS .
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ERELHETRY, P BRBRS T2 RNA.

ERELEGT RS, RS BENERS FESEETARFS, REEE TARF
FUL

(i) SEQ ID NO: 44 FiRHIfF5l;

(i) 5 SEQ ID NO: 44 FiniIFFHELAERT — M REMBEHERR. RARIFM
Bm LA, 24, 34, 44, 54, 64 74, 84, IR 10 MRENER. Gk
BB B

(ii) 5 SEQ ID NO: #4 FinHIFARFTED 20% ED 30%. ED 40%. ED
50% B 60% B 70% B 80% B 90%. B 95%KIFHIF— R

(iv) ZEPREFGT 50-(iE—RFFRRFFIRZRFF; R

(v) (D)-(iiE—IH BTk K9 P75 B A5

ERELEGT RS, RS ENERS TESEETANFS, Ra&a THANF
FUH R

(a) SEQ ID NO: 44 Fims KB HRRF5;

(b) EHRFET5@FFTRBFFIRZRFF; =R

(¢) SEQID NO: 44 B E RT3 B EANTF .

ERELHGTRY, FrRdERERS T2 RNA.

ERELHG RS, RS RRERS FESEE TARNFS, RbES THRF
B

(i) SEQ ID NO: 45 Fi~HIfF5;

(i) § SEQ ID NO: 45 FinaiIFFHERE A REIBEMEHR. SRAERFM
Bm 1A, 24, 34, 44, 54, 64 74 84, IR 10 MRENER. Gk
BB KFEH;

(iii) 5 SEQ ID NO: 45 FinHIFRAERED 20%. B 30%. B 40%. D
50% 2D 60% B 70% B 80% B 90% B 95%KIFHIFE— K5

(iv) B FLETEO-(iE—FPERRFHIRZRFF; R

) ()-GiiE—TH BRI P FI K EANT S .

RS RS, RS ENERS TESEE TANF, RbEE THRF
B
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(a) SEQID NO: 45 FiHiZERF;
(b) EEKREFHETS@@FIRBFARZRFER; R
(¢) SEQ ID NO: 45 FiRIBERFEF K ENFH .

ERELET R, iR BRBRS T2 RNA.

ERELHET RS, FRSENBERS FESEE TANFS, Rb%EE TARKSF
FUH R

(i) SEQ ID NO: 46 FiRHIFF5;

(i) 5 SEQ ID NO: 46 FinfIFAIMEL AR —AMREMFENE . GERFM
B 1A, 24, 34, 44, 54 64 74 84 IAER 10 MRENER. R
BB A

(iii) 5 SEQ ID NO: 46 FimBIFENAEED 20%. B 30%. BD 40%. B
50% B 60% B 70% B 80% D 90% B 95%KFFH FA— K F5;

(iv) FEERFHETEO-GiVE—TFIRBFFIREZRFF: R

(v) (- (i E—T P BTk B9 PR 5 1 A3

ERELEST RS, MRS ENERS TESEE TAKFS, RHEE THKNF
B R

(a) SEQ ID NO: 46 Fims KB HRRF5;

(b) ERFHT E5@HFTRMFFIRZHFF; R

(¢) SEQ ID NO: 46 Fi KB ERFF M EAMNTF .

FERELHHRY, PRI BRBRSFR RNA.

ERELET RS, FRABNERS FESEETHNFS, REEE TARF
FILLRR:

(i) SEQ ID NO: 47 FimlIfF5l;

(i) 5 SEQ ID NO: 47 FinlIFFIMHEL AR A REMREME B, GRRF N
Bm 1A, 24, 34, 44, 54, 64, 74, 84, IR 10 MRENESR. HE
BB KI5

(i) 5 SEQ ID NO: 47 FinMIFRAEED 20%. D 30%. BD 40%. B
50% ED 60% B> 70%. B> 80% B 90% ED 95%KIFFI R —HEHIF5;
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(iv) ZEERFHTEO-GiVE—TFIRBFAIREZRFF: R

(v) (D)-(iiDE—I BTk K FF 5 B AP35

ERELEGT RS, RS BENERS FESEETARFS, RbEE TARF
FILH R

(a) SEQ ID NO: 47 FinHIEERRFF;

(b) EEHRFET5@FTRMFRIRZRFF; 2R

(¢) SEQID NO: 47 FinHIEHRIF 5 K EANTF .

ERELE TR, s BRBERS T2 RNA.

ERELHET RS, FRSENBERS FESEE TANFS, RbEa TAKF
FULH R

(i) SEQ ID NO: 48 FiHIFF5;

(i) 5 SEQ ID NO: 48 FiniIFFHILAEE — P REMWEMERR. RRIFM
B 1A, 24, 34, 44, 54, 64 74, 84, IR 10 MRENER. HhE
RBID A

(iii) 5 SEQ ID NO: 48 FirMIFANAEED 20% BD 30%. B 40%. B
50% B 60% B 70% B 80% D 90% B 95%KFFH F— K P

(iv) ZEPREFGT 50-(iE—RFERRFFIRZRFF: R

(v) (- (i EE—T R BTk B 51 B AR 5

ERELHEGT RS, RS ENERS TESEETAKFS, Rb&EE TAKF
FUL R

(a) SEQ ID NO: 48 Bz KB HERRF5;

(b) EHRFHT 5@FRRMFFIRZHFF; R

(¢) SEQ ID NO: 48 Fi KB ERFF M EAMNTFF .

RS RF, FriRsr B R%ma-T 2 RNA.

EXRETHTRP, s BRERS TESEE THNFS, RuEE THRF
FIHER:

(i) SEQ ID NO: 49 B HIFF5is

(i) § SEQ ID NO: 49 FimIFFIMHIAR — A REMBENIESR. SRARRBM
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Blm LA, 24, 34, 44, 54, 64 74, 84, IANR 10 MRENER. Gk
BB A

(ii) 5 SEQ ID NO: 49 FimsHIFARFED 20% D 30%. D 40%. D
50% B 60% BH 70% B 80% B 90% B 95% K5 F— K F5;

(iv) EEERFHTEO-GiVE—TFIRBFFIRZRFF: R

(v) (-G EE—IH ik K 75 B AN F 3 .

EFRELHET RS, FRSENERS FRESEE TANFS, RbE8 TAKF
FUH R

(a) SEQ ID NO: 49 i B HRRIT5;

(b) EHRFET5@FTRBFRRZRFF; R

(¢) SEQID NO: 49 Bl RIF 5 I EANTF .

ERELHHRY, FrRBERERS T2 RNA.

HEFRELHTRY, FFRABIERS TFESES TN, Rb&E THNP
B

(i) SEQ ID NO: 50 FrHIFF5;

(i) § SEQ ID NO: 50 FinaiIFFMHE R —ARENABEMEHR. SRERFMN
B 1A, 24, 34 44 54 64, 74 84 9AER 10 MREMER. gRR
BB KFEH;

(iii) 5 SEQ ID NO: 50 FinsKIFFRAFED 20%. D 30%. B 40%. D
50% B> 60% B> 70%. B> 80%. B 90%. B 95%KIFHH— R FH:

(iv) ZEPREFHT 5O-(iDE—RF RN FFIRZRFF; R

) ()-GiE—TH BRI FFFI K EANT S .

ERELELT RS, RS ENERS TESEETANFS, Ra&EE TAKF
B R

(a) SEQ ID NO: 50 BRI HRRIF5;

(b) EHRFHT 5@ RRMFFIRZHFF; R

(¢) SEQ ID NO: 50 Fi KB ERFFI M EAMNTFF .

FEFRETHTRT, Frids)r B F2& RNA.
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ERELEGT RS, MRS BRNERS FESEE TANFS, Rb%EE THKF
S

(i) SEQ ID NO: 51 FrHIfF5l;

(i) 5 SEQ ID NO: 51 FinfIFFHELAERT — I REMWER B, RARIFM
Bmm 1A, 24, 34 44 54 64, 74 84, 9AER 10 MRERMER. GRER
BB KFEH;

(iii) 5§ SEQ ID NO: 51 finHIFNEFED 20%. D 30%. ED 40%. ED
50% B 60% B> 0% B 80% B 90% B 95%KFFE—HE 8 F5:

(iv) EERFEHTEO-(iVE—T PR FFIRZRFS; R

) ()-GiEE—TF BRI PRI EANT 5 .

EFEELEERP, FRSENERS TESEE THNFS, RBEE TIRF
FUE

(a) SEQ ID NO: 51 Fins B HRRITF5;

(b) EFRFZFG T H5@FFRBFFIRZRIFH; B

(¢) SEQ ID NO: 51 FiRHIiHRIF5 K EAMNFF .

FEFRELHETRY, iR BRERS T2 RNA.

ERELHEGT RS, RS ENERS TESEE TANFS, Ra&E THANF
FUL R

(i) SEQ ID NO: 52 FraHIfF5;

(i) 5 SEQ ID NO: 52 finfIFAMHLER A REMRENE . SRERBN
Bm 1A, 24, 34, 44, 54, 64 74 84, IR 10 MRENER. Gk
REFBID A

(iii) 5 SEQ ID NO: 52 FinHIFFREFED 20%. D 30%. B 40%. D
50% B 60% B 70%. B 80% B 90%. B 95%KIFEFIFH— B

(iv) FEHFHT 5 O- (i E—PITRNFFFIRZRIFS]: R

) ()-GiiE—TH BRI FFFI K BT .

ERELEL RS, RS ENERS TESEE THNF, Ra&EE TAKF
FUL R

(a) SEQ ID NO: 52 Fis I HRRIF5;
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(b) EFREFMHT E@FFTRIFFIREHFH: R
(c) SEQID NO: 52 i KB HRRFF R EANFF .

ERELET R, FridsBRBRS T2 RNA.

ERELHET RS, FRSENBERS FESEE TANFS, Rb%EE TARKSF
FULH R

(i) SEQ ID NO: 53 FiRHIFF5;

(i) 5 SEQ ID NO: 53 finiIFAMHLER —AREMWENE#R. SEARB N
Bm 1A, 24, 34, 44, 54, 64 74, 84, IANER 10 MRENER. Rk
BRFBM W

(iii) 5 SEQ ID NO: 53 FiRMIFEAAEED 20%. ED 30%. ED 40%. ED
50% B 60% B 70% B 80% D 90% B 95%KFFH FA— K F5;

(iv) ZEPRFGT 50-(iE—RFFRRFFIRZRFF; R

(v) ()-(iiE—TH BTk K9 P55 B A5

ERELEGT RS, RS ENERS TESEETANFS, Ra&a THANF
FUL R

(a) SEQ ID NO: 53 i B HRRITF5;

(b) EHRFET @R RRMFFIRZHFF; R

(¢) SEQ ID NO: 53 Fin KB ERFF M EAMNTFF .

ERELHG RF, FrRsBERERS T2 RNA.

ERELHG RP, RS RENERS FESEE TANFS, RbES THNF
B

(i) SEQ ID NO: 54 Fi~HIFE3;

(i) 5§ SEQ ID NO: 54 finfIFAIMHL AR A REMRENE . SRERRN
Bm 1A, 24, 34, 44, 54, 64 74 84, IAER 10 MRENER. Gk
BRI KIFEH;

(iii) 5 SEQ ID NO: 54 FinHIFFHEFED 20%. B 30%. B 40%. D
50% B 60%. B> 70% B 80% B 90% B 95%IFHIFE— R F5;

(iv) EEREFEHTEO-(i)E—TP TR FARZRFS; R
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(v) ()-(iDE—TR FriR B3 I EAMNFF -

EFRELHHT RS, RS BHERS FREEE THNFR, Rb&a THKNEF
FILH AR

(2) SEQ ID NO: 54 Fias KB HBRIF 5

(b) EFERFMHT E@FFTRIFFIRZRFI: R

(c) SEQ ID NO: 54 Fin I HRFFIKIEAMNFF -

ERELET R, FridsBRBERS T2 RNA.

HERELEST R, RS BENER) FESEE TARFS, RbEa THNF
FULH R

(i) SEQ ID NO: 55 FraHIfF5;

(i) 5 SEQ ID NO: 55 FinHIFFHIL AR — P REMWEHELR. RRIEFM
Bm 1A, 24, 34, 44, 54, 64 74, 84, IR 10 MRENER. GrE
BB A

(iii) 5 SEQ ID NO: 55 FimBIFENAEED 20%. B 30%. BD 40%. B
50% B 60% B 70% B 80% D 90% B 95%KFFH FA— KI5

(iv) R FET 5 O-(iVE—THIRNFFIRZRF: R

(v) ()-(iiE—TH BTk B9 P55 B AN 3

ERELEST RS, RS ENERS FESEETHANF, Rb&EE TARF
FUL R

(a) SEQ ID NO: 55 B B HRRIF5;

(b) EHRFET @R RRMFFIRZHFF; R

(¢) SEQ ID NO: 55 iR ERRIF5 K EANFF] .

FER BT R, BRI T2 RNA.
FERELHTT R, R BRERS TEEES THRFS, RbEE THKF
FIH R
(i) SEQ ID NO: 56 B HIFF51:
(i) 5§ SEQ ID NO: 56 FiamHIFFIHI AR — A REMRENESR. SRR
BmIA, 24 34 44 545 64 74, 84, 9B 10 MEERER. sRR
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BB WA

(iii) 5 SEQ ID NO: 56 FinlIFERERED 20%. D 30%. B 40%. B
50% B 60% B 70% B 80% D 90% B> 95%KIFF FA— K F5;

(iv) ZEPRFGT 5O-(iE—HPFRRFFIRZRFF; B

(v) (D)-(iiE—IH BTk B9 75 B A5

ERELHET RS, FRSENBERS FESEE TANFS, Rb%EE TARKSF
FUH R

(a) SEQ ID NO: 56 i B HRRIT5;

(b) ETHRFET5@FTRBFRIRZRFF; =R

(¢) SEQ ID NO: 56 FiHIZEHRRIFF K EAMNFF] .

ERELHHRF, FrRsBERERS T2 RNA.

ERELHEGT RS, RS ENERS FESEE TANFS, %8 THNF
B4 R

(i) SEQ ID NO: 57 FiaHIfF5;

(i) § SEQ ID NO: 57 FiniIFFHERE —AREIMBEMEHR. SRERFMN
Bm 1A, 24, 34 44 54 64, 74 84 9AER 10 MREMER. gRR
BB KFEH;

(i) 5 SEQ ID NO: 57 finMIFAIREED 20% D 30%. D 40%. B
50% B 60% B> 70%. B> 80%. B> 90%. B 95%KIFHH— R P

(iv) FEPREEFHT 50-(iE—RFIRRFFIRZRFF: R

(v) (-G EE—TH BTR B PP 5 K EAMNTF 5

ERELEST RS, FRSENERS TESEE TANFS, REES TARSF
LR

(a) SEQ ID NO: 57 Fiz M HRRIF 51

(b) FEHF AT H5@FPTRMFIIRZHFF; R

(¢) SEQ ID NO: 57 FimHIBERFF M EAMNTFF .

FERESHTRF, R BT 2 RNA.
ERELHT R, FRsBRERS FEEEE THRFS, RbEE THRF
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FULH R

(i) SEQ ID NO: 58 FiRHIFF5;

(i) 5 SEQ ID NO: 58 FirnlIFFMHEAE —AMRENMBEME SR, GRRRF M
Bl 1A, 24, 34 44 54, 64, 74 84, 9AER 10 MRERER. GRER
BB WA

(iii) 5 SEQ ID NO: 58 FinlIFRERED 20%. D 30%. B 40%. B
50% B 60% B 70% B 80% B 90% B 95% K5 F—EKF5:

(iv) EEERFHTEO-GiVE—TFRBFFIREZRFF: R

(v) ()-(iiAE—TH BTk K9 FF 5 B A3

ERELHET RS, FRSENBERS FESEE TANFS, RbEa TAKF
IR

(a) SEQ ID NO: 58 B B HRRIT5;

(b) EFRFG T H5@FFRBFFIRZRIFH; R

(¢) SEQ ID NO: 58 FiHIHRRIFF K EANFF .

FERELHEHTRY, s BRERS T2 RNA.

ERELEGT RS, RS ENERS TESEE THANFS, RaEE THANF
B

(i) SEQ ID NO: 59 FrasHIfF5;

(i) 5 SEQ ID NO: 59 finfIFAMHLER —AREIMRENE SR, SRERRN
Bm 1A, 24, 34, 44, 54, 64 74 84, IANER 10 MRENER. Gk
BB HIFF

(iii) 5 SEQ ID NO: 59 FinsKIFRAEFED 20%. D 30%. B 40%. D
50% B 60% B 70% B 80% EBD 90% B 95% K FFH F— K FH;

(iv) FERFET 5 O-(iVE—TRPIRNFHRZHFH: R

(v) (i)- (i EE— T BT B P 50 B AR 5

ERELHEST RS, RS ENERS FESEE THKFS, Ra&EE TAKF
FUL R

(a) SEQ ID NO: 59 B I HRRIF5;

(b) TEHRFZET5@FTRBFRIRZRFH; R
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(¢) SEQID NO: 59 iR T 5 EANTFF .

ERELHGTRY, A BERERS T2 RNA.

ERELHEGT RS, MRS BENERS FESEE TANFS, Rb%EE THKF
FULH RR::

(i) SEQ ID NO: 60 FirHIfF5;

(i) § SEQ ID NO: 60 FiniIFFHEET — A RENMBENESR. GRERFN
Bl 1A, 24, 34 44 54 64, 74 84, 9AER 10 MRERMER. GRER
BRBID M

(iii) &5 SEQ ID NO: 60 FinKIFFIRERD 20%. B 30% B 40% BD
50% B 60% B> 70% B 80% B 90% B 95%KFFIE—HEHIF5;

(iv) EERFETEO-(i)E—TP TR FFIRZRFF; R

(v) ()-(iiE—IH BTk K9 P55 B A5

ERELHEGT RS, RS ENERS FESEE TANFS, %8 THNF
IR

(a) SEQ ID NO: 60 Fiz FIBERRT5;

(b) EFRFG T H@FFRBFFIRZRIFH; B

(¢) SEQ ID NO: 60 Fis B HERRFH I EANTF o

CRISPR/Cas B&%)

EFLHE, FRERHKT —HEEY, HES:

) BAAS, HEH: FRENEL. FEVRMAER, RIER4EE; A

(i) BERRAS, EN ¥F 3y FHESH AR ERNERS TR 55F5
R REFF,

Ko, FIRBOA) SBRASHELARREEY.

ERELHEHRY, R RRHFIEETRRBRSTH 3%,

FERLELHTRY, RS E A S IR S AT .

ERELHEH R, FRRRAS R CRISPR-Cas REH R A RNA.

ERELHEHRY, FrRBRS T2 RNA.

FERELH T RY, FFREAYWAEERAIEA crRNA(tracrRNA).

ERELHETRY, FIRSAFAEKE EAED 5 4 BD 104 BD 14 4.
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ERBLHHTRY, FFRSAFAEKE LA 10-30 A, B 1525 4, &R 1522 4~ B
19-25 A, 19-22 MEHRRE 14-28 MEER.

FERELH S RY, RS BRERS TEKE LR 55-70 MEHR, Bl 55-65 4
BER, #lI 60-65 MEXEHRR, Bl 62-65 MEERR, B 63-64 MEEHR. FEFREIHE
FRE, FRSBHERS FEKEERN 1530 MEER, filn 1525 MEER,
2025 MEER, Hln 22-24 MEER, Bl 23 MEER.

GISERR. Rk XIE A

EBNHGHE, FRARKT —ForERBERS T, HES:

() RWIBERVINEORMEESHEERF;

(i) FMIBIMBIUHEIRRS BERRS T R

(i) BE&ORGRIBEERFS

ERBLHH RS, O-(VE—RPIROETRFIEFHRTFRH TERZHER
T RIE . ERELHTRT, O-GVE—TFFRNETRTFIIESER TR TE
R #ITRIE.

ERCHE, FRABRET —FRE, REFWBEATHEITRNSHHERS
Fo ARAXBRBTURTEERE, HATRRERE. ERETHHT RS, XRUK
BERBIMERL, KR, WEE, FMETRRSS. EREELHTRY, FRRERS
ERRE (Fmizsy, oA BRREEARBIES. MeEB. MBS EAT
RS BEHERSY FRUELSTETRHE Y.

EENTH, ZRPERRMET EFH LIRS BRI FERBRE NS EHH.
HREEMREBFEEART, REARADKETEER, URRERERGmEEH
M, BRI, EWARTSIWAR CGumERsman, fnRaR. AERS .
FRUIFIERETT CORAIR, BItn 293T 408

HAENEBEAEY

ERAHE, FR\ERET —FHESY, HES:

(i) H—A5, FEH: ARUNER. oW, MEER. RETREARMAE
HEBRERFS, DRERLAS: M

(i) H=As5, ABERA RNA BEHERTFS, REFLTREERME RNA H
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BERT S NS ERTS:

K, PRRSH RNA M SZ 3 HESRARERFARNSHFS, FdSmFsLe
BEREFFIIRK;

B S H RNA BB 50O+ PrRMES. FEYRMEEARREEY.

ERELHEFRY, FFRRRERFARNENGFERE XK BRERS T

ERBLEFRT, FRSEAFNEEZFNRARNEREFAIN 33, FEREEy
R4, FRSAFHEERREFARKENFH.

EFRERLHH RS, FFREAEYWAE S tracrRNA.

ERELHET RS, MRASYRERBEERNREBHR . EREIHT RS,
FRAEWPREL> NS RIERBELENREBHR . ERELEHTRS, RE
—HSRIERRFERNREBHR: R/, FRE _H5RERRTFERRLBHR.

R RY, YFREFFSAN DNA K, FOREFFIA TR B 7T
FF(PAM)II 3%, 3FEBTR PAM BF 5-ATG B3] .

RS RY, YPTREFFFFIN DNA K, FOREEFFIA TR B 5T
FF(PAMI] 3°¥%, FFEFTR PAM BF 5-TTN FialifFs, Hef, N#&EH A, G, T,
C.

R RY, LUPTREFFFFIA DNA K, BFOREEFFIA TR 6B 5T
FF(PAM)II 3°¥%5, 3FEBTR PAM BF 5°-KTR FialIfFl.

FERE T RY, YPTREFFN RNA B, FTREFHREE PAM SRR
o

FERELHETRY, FrREFHERE REEARREAZAMK DNA B RNA F5.
FERELHEGTRY, FrREFHRIERMRFFER DNA B RNA F5).

ERELHEGT RS, TREFNFETHRN . ERELHETRS, FrREFFE
ETFHRZNRARE (P, FRB) K. EREXETRP, FRgREIEH
M. FEFELESLHT Ry, PR R B4 .

RS RY, FTRBEOEEF A REAN NLS 75, ERELHTRY, B
REAVRBMEBEAEES —MREN NLS F5]. BT RS, Frid NLS Fl#E
BZ2FREAMN N R/ C 3. ERELEHTRY, ik NLS FIRESZAZEKN N
SHER C 4.
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ERTFHE, aRPERET —HASW, KBS —MHREHBRE, FFR—FHRS
MHREEE.

() F—ER, ARBERINEORMEEANEERF; EEBTRE &
RUTHREREREE WM AR

(i) BEoBR, HHGEE A RNA MBEERF: R ATRE SRR T HRiEM
ERER W

3.

FRE— RS E _BRAFE T HRARARNRME L

FrR %M RNA N\ 5 E 35 HEFRARERFFIMIEFT, FridSEFsles s
FFRIZ3E;

BriR 2 RNA BeB 5 () H TR BN E SRR & EERRE Y.

FEFR B RY, FrR R A ER P32 s 0 75 E e B4 B KSR s+

ERELET RS, RSP ERZTRFARERFAIN 3. FERXELEY
R, FRFEFFIESTREFFIK T

EXREHETRY, FREASWAES tracrRNA.

ERELHTRT, FIRASYRERBFENREBMN . ERELHT RS,
R A G HES— NG RIFERRFENREBIT.

EXRESHTRY, RS AW THREST, AmESEEST.

EXRBLHHRY, FRE_AWTHAREST, AmEREET.

FERELHHRY, LPHREIRFFIN DNA B, BrR#resar T R MRy 5 mir
FF(PAM)HI 3°¥5, F+EFTR PAM BE 5-ATG FiaHIF5.

FERELHHRY, LPTREIRFFIN DNA B, FrR#ss)ar R MRy L
FF(PAM)K 3%, FHEFTR PAM RA 5-TTN FinfifFsl, Hd, N#&BH A G T,
C.

FERELHETRY, LPTREIRFFIN DNA B, BrR#resar T R Ky L
FF(PAM)HI 3%, F+EBTIR PAM AA 5-KTR FiniIfF3.

FERBLHH R, SHTREFFN RNA B, FRREFHRAE PAM SHER
LB

RS RF, FrRiFER B R ARSI DNA BR RNA 731,
FEREHHTRT, FrRRFFIRERREER DNA B RNA F5.
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ERELEH R, FFRRFAFETHARA. ERELEFRY, FrRRFIF
ETFHRZEARERE (Fn, FRE B, ERELETFRS, R EH
M. FEFRELHELRP, Rt RsHa.

ERELHH R, IREOEEE —MREN NLS 5. ERELHHFRS, B
RELEVBREFALE—IREAS NLS FAl. EXRBLHEHF RS, ik NLS FrE
BEFREAN N WK C 4. ERELHEFRY, ik NLS FHRAZEMREAN N
BBk C ¥i.

ERELHH R, —FHRBNRERRAL, BT U T RS TR
R ARIBA S DNA FBUFRRNEE DNA 3. B—MRARRARRERE, Hb
REBATAEM DNA B RNA FAFETHTERREGIL, BEFRE. SHGRENEE
R AR, EHRERRER. DRBHERDRRET. REREEESHA
FHRE—MEZHRFHRBHETHSEER. REREGIN, RFAEEHERH
HEBRAER P BRI YRS BB ETCNBESARE AR E =86 . HMbRiEdR
W, JEMEMEREAIMRE)ESINE MM EA S AR ERAS, HHEHK
SemEERA g8 . MH, XERERBRSEMNTREEENERNRE. X
BRI AR R RIAR A", ZEEA DNA SRS B RAREE 2 RRTE
Ho

BHARZBAETEELATEATEBE AR P HERBERER AR AR BERS
F, XBREXEUBHREIRACESET R TRENE R4 RTEFRN — MRS
T, R AT SRR R A RAN RS

IR RIBIRE Y

FRUNER. FE5W. MEEDR. WRUFEIRNSBRERS T ZREK
EEY. MBATHETRNSBHERS T WB-LHEMRNBRE. WBENTERSE
THEFREESY, TLGETAFRTRMEMR T ERTER. BRGTHEBHERR
Fr BEA. BEE. BRRE. BN, BN, EFR. BRENSHEE. M
BTHER. BRARLE. WBCRER. ABER. SRR, MR, Rk, TR
oo JEEG. WHANBREEREN. UREHREE. SEREE. REFR. AT
TR RSF IR .

ik, ERA—AFE, AR\RKET —MBRAGY, HETBEARE, DURKER
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THRK—MREM: ARAKNES. HEW. MEES. WENHERK S BHER
SF FRVKEEY. WBANFHEARESBRERY T WB-LHEFTRERE.
WA S TR AEY.

ERELHH R, FrRBARER_RT .

ERELHIT R, Frd@atmis s BRBAL. BN, SRBAL. |BBRL
FeRE. sk, e, ERRBRERE (B, SHRREHETEERRE. RS,
B RERBRAESOR ) .

Wl

ER—AHE, ARVRET —FHANE, RS EFENES P H—HRE
o EREIHFET, FARASLA—HREMEE FANES: ARVHEA.
HaY. MARA. NBNFERANABNERS T FRANE AN, WEAHNE
FAMABIRRA T WB-CHERSNRE. WA NE RS- HEHR N4
.

BT ET, RRE MRS S BN EIRNAAY. R
b, BTN A A AR AW R,

B E, ARANRNEL AU EABNAAY. RN
$ob, FRISVNAE A A TR AW

FER R R, AR B R A B4 T DLBER A T TS & 2
i,

EREIHTET, FRRAEEEE —HREMENR. SraT RS
W, BEETETRRASHE. BRENEHE. WREEWR. Tis S,
MOPS S0, HEPES SRS, MM, SERRMIEN. 5
MR, A W 7 4 10 B pH.

ERESHT R, TANAEEE - REMEEER, U RS ERER
3T — A TR S FF], DB R B % S R AR
FEREIHH T, AR R R AR S R,

ke Y dii b
ER—AFE, ARURET —MEHRERK I, REE: BuBihmimng
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MEEY. WMBAFTEFARPASWRMETHETRNASY SR REREM, ®
FRAZATIRRERNAMRS: FrREFNFETIIREERS.

ERELHHRY, FRARERFETHARA. ERESHETRY, FRMARER
BA. ERETHETRT, RS, ERETHTRY, FRgRRmR
M. FERESHHRT, FrRMiR AR, ERETHT RS, a4l
BEHEARKESY. . BREERSIMARE . EREIHSTRY, FrRdaKRIEE
MR, PN ARAE. ERETHTRY, FRRAREEVMHR, BlmR
BEY UAE. K. BR. MRBKR . BR, WERESRRE M.

ERELHT R, FRARERFETHINIERST (W, RRD H. ERE
SRS, FrRRERFET RS,

EXRELHHTRT, FTRBIFLEIMAKEFANNE, W DNA FNENRR RNA
RN

ERESHETRY, FraWi SBOUER R R RERK.

ERELHT RS, FrRTEEEHE: BHEBRREMAREREM, NEBEXE
BEFREERNMMT . ERRELHHTRT, FRTEELSHRERE ZEFRFAR
BHABRTANRNEER, XPRBEIB—MHRE, SETREERN—IRE
MEEFREFEA. RK. BB FERELHET RS, IRRZSHENC T XTSI
RIERREFNEL R P H— I RENEERYZE.

Ft, ERELHEL RS, FIRBHEEEERERR (msEER) BAFR
Wi

ERELHT RS, FRPNES. 6%, MeES. 2HNERS T E69.
BERATWEE TREAREF.

EXRESHDT R, FriRifaRgiE e RRBAL. BN, SR, &ORR.
MeBifk. Stk MBRE (NEBRBABRFRE. BRT. BRTRRHERR
B .

FERESTHiTT RAp, BTk 73 AT o 3 PR sk g A AL 2 R 7= M R B R T+ Y
—AEREMEFFIRBHAR. ARRREDE.

AT, ARURMET —MERERTDHIRIEN T, HEHE: Bufh
FHFRBESY. MBS EFRNAGWRNE+FHATRNA S S HLATRE
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EF=YRIRRS T &M, REBXZETHRERS FHRHAKRY, FrRRFIFEETH
BERYTH.

ERELHH KD, FRERS FHRETHRA. ERETHLTRT, R4
FE. ERETHTRT, TRERRRZMM. EXEIESRY, R
WIS LS RS, R AREN. ERETHELT RS, g
MZEEHEARKRSY. £ FEEERIWAR. ERXRELHESTRY, FTREERIE
WISV EZA, AINXARAE. ERETHTRT, FRgREEMHR, Him
REEY GOAE. TR, BR. MEBAR) . R, WERERRE M.

ERELHT R, FRBRS THRETHINERS T (B, B’AD P £X
BT RY, FRERS THET R .

ERELHT RS, FREFFYRREWRHRE (Fil, HEREE . EREx
WA RE, FFREFRFYHREFEE. ERXRETHTRY, TRy &
&,

EXRBLHHRY, FRERTYRES.

ERELHT RS, FIRPNES. 69, MeES. 2HNERS T 69,
BEBRAGWEE TREARSEF.

FERELHETT R, FrRBARAE e R, BB, SRBN. EaRR.
MeBifk. stk MBRE (NEBISRBABRFRE. BRE. BRTRRERR
5 .

FERELHTRY, Ry ERER TR FRREEER> YRR T
—ARESNEFFIRGIEN. ARAREDE.

ERA—AHH, ARABEWE—FEFTRHES. WE_SHETROEEY. W
B=AHATRNMA RS WENSHAARNSBHERS T WL HTRNE A
Y. WIBAHEFTRISHOERS T WB-LHETRERE. WH/THETR A
9. MBETHTHFTRHAEY. ARAVBHERBRAGY, A THRRENA
.

ERELHH R, FIAERFHBEEERNRERNA%5E, AnBmER. mRE
B BRERFYHRE. BRRE. AEEAZHHR.
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ERA—AFE, ARABRNE—FEHROES. WE_FHIRNEEY. W
BEAHETRNBAES. WENFHFTRNSBHERS T WELTHIRNES
Y. MBEAFETRE S BRERS T WE-CHTHTRRE. WL THEITR KA
Y. MBETFEFRNAEY. ARVKBFSEIBRA Y, 5% 85055
’, PRl T

() PR RE R A 5

(i) BfAEEE DNA KR

(i) SitERnEE R B KR PP RB M AL W BRIE AR YD:

(iv) YE7 R R e v BB P 37 O R A 51 A KR AR

£ B R 4R B AR

FEFREFOLT, BARBERNTES AR BT PSR FAg sz
BHEAEYY g, R ZERFMENAREEHY) k. EREFEL
T, HERVRITES ABGEREEMHT A ESERMETFREFBERES LY R
AR .

Fit, EA—FE, AREEH RN EFRKFERBNARRITR, KPR
YRS HERTFERPAFER B,

F R R R LR B4 BRI AR .

ERPEP R —FESE. BEERG A HARBRARRRENETFN, FrRg
BRABAKRREMNHFRES: WE—FHMRNES. WEZFEMRNEEY. mE
SHHEARNMEERS. WRNTERRNSBNERS T NELTHMRNE S
Y. MBEAFTEATRE S BRBRRS T WEE-CTHATRIERE. W77 TR K4
Y. MBTHEHRRNAEY. AR\KEAEEREAEY.

FER LS R, FriRgiR R .

FERELMEH RSP, FRARRRBEAN. ERELHETRT, MAHRERA)
Wgiie. FERETHT RS, FRgREANRGER. KSRy, R IEA
WA, PImIEARKESW. 4 E B R R &R BER WRKRERS
B B, ERELHESRT, FRARLRERASIMHEEAN, Auxg%R (n
) « AREFFIIY Ui, 05D RZEM. FEREESSHDT RS, Fridd 2 Eya
M, FlmETFHERRNFHEDATHARERE YRR R EDOAE. XK. &
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B, K&, MR, RIPVKBAFTHHN, MR, WRESHEY . RELRHEX (B
o, WRARER . BN FHREY. M. R, B, BE. wEE TS .
ERBLHHRT, R THaRRTHaRR.

RiE X

EEARAT, REAFHHE, BUEAXPFREAHIBZNER L7 RFTF AR
RARFEFEBN S . FH, ZXPFARS TFREE BRLE. LE &5
FEME. EWLE. AREF. WEVE. AREYE. BERAFNEADNASE
BREPBRYAMNFEAT ZEANERASR. AN, ATEFBERERY, T
HE R RARIE R E X AERE.

HEERYH, B “Cas2j”RiR, ERPUNERRAHLEHK—M Cas BNEH,
HAFGEE THNEERTF:

(i) SEQ ID NOs: 1-20. 107, 108 E—IFTR=HIF5;

(ii) 5 SEQ ID NOs: 1-20. 107, 108 f£E—HFraBFFIH AT — I RENKER
B, SRREBM (B4, 24, 34 44, 54 64 74 84 9B 10
MEERPESR. GRERBREFN HFH; R

(iii) 5§ SEQ ID NOs: 1-20, 107, 108 £—HFH=HFAEFTED 80%. ED
85% B> 90%. B 9% B 2% B 3%, B 94% B 95%. B
96% B> 9% B 98% BMED 99% K FFIF—ERF5] .

ARUM Casl2j B—MESH RNA 5| R TE5RFIRRLREESHIHNBERA
TIBE, FRAS DNA M RNA P DIERE#E.

AT BT ER R, ARIE DR KR 4 Bl XX E & (CRISPR)-CRISPR-H3R(Cas)
(CRISPR-Cas) R4 "Bl“CRISPR R4 H#Hh ¥ A I B RA A FHHARN Rl HEARL
HFX, HEEEES CRISPR HR(“Cas”)ERMREF RNERTWRIAMTH, RE
RBEIHR Cas BEFENBERTURIMETH. WRERFUREMTHTUES
%iFS Cas BNFEARFFAE A CRISPR RNA(crRNA)F S RNA, PLRFE CRISPR-
Cas9 RAFHEFHIRAMERA rRNA(tracrRNA)FFS, BSRE CRISPR HHF M AR
FPBBREERT=H0 -

MASCHEERR, RiE<Cas BPEH”. “Cas FNEGW B #kH I HRAE,
CRISPR-Cas REGHEIRAME—FATRE 800 MEERKBLER. EREERT, X
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REAREBMN Cas ZEEFEEHEH.

WASCHBT R, RiE<RME RNA(guide RNA)” “E# crRNA AT B3
BEREARFBEARAREFERNET L. —RAE, FH RNA 7T UEEFH direc) EX
FFHIRZH 5] (guide sequence), REEA FHBRBFHEEFFHNSHFH (FEHR
#£ CRISPR R4H R T MR ANEEFF(spacer)) HR. EFXRBFERT, FRFFRSE
FHEA RBEAMENTT 5FTREFRI RIS T CRISPR/Cas REYSFREFFIH
RREESHNENZBEERFY . £RELHTRY, LREWXN, SEFHSHEME
NI 2 MR EANEERED 50%. BD 60% B 70% B 80% ED 90%-
ZD 95% BRED 99%. BEBFEENERTRIELARANRKEAEEN. H,
FEAFATHBHR N FERERF, HNEART ClustalW. matlab 5 B8 H-R
$8 H:(Smith-Waterman). Bowties Geneious. Biopython P& SeqMan.

EXEEERT, FREAFNEKE LRED 54 2D 104 2D 154 2D
16 4N B 174 225 1840, B2 1940, B 2040, B 2140, B 224, B
234 B 244 BH 2 B 264 BH 274 BH 284 BH 294, B
304 ED 3B A BZD 04N BED S ARED S0 MEER. EREERT, RS
B FFIEK B AR 50 4 45 4~ 40 4~ 354 30 A 254N 24 4~ 23 4, 22
AN 21 AN 20 A 15 AN 10 AREDANBEER. EREEHTRY, FriRSrEFIE
KB ER10-30 4~ BR15-25 4, BR 15-22 4~ B 19-25 AER 19-22 MR .

EREEAT, FRAREEFAERKE LAZRD 104, B2 1540 22 16 4
Z2H 174 ZH 184 BH 194, B 2040 B 214 B 224 B 234
B4 BH25A B 2640 B 274 B 284 B 294 B 304N
B35 BH A BHAA BAHS0AA BS54 B S6 AN B STAN
B/ 5840 B 594 B 604 B 61 AN B 62 4N B 63 A B 64 A
ZD 65 AMRED 70 MEER. EXREBEAT, FIRARERFAEKE LARET 70
AN 654 644, 634 624 614, 60 A 594 S84 5T AN 564N 554N 50
A A5 A0, 354 304N 294, 28N 27 AN 264, 25N 244N 234N 22
AV 21 A 20 A 15 A 10 AREDANMBEER. ERELHELTRY, FIRARERF
FIEKE R 55-70 MEER, Bl 55-65 MEHER, Bl 60-65 MEHERR, Bl 62-65
MEHERR, Bl 63-64 MEHEMR. AEFRULHL RS, FFRRANESFIEKE LA 15-
30 MEERR, Bl 15-25 MEER, Fllm 2025 MEER, Fl0 22-24 MEER, Hln
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23 MEHER. ERELHES RS, FRFAMEEFFHEKE EADT 320t, HI0 32nt-
37nt.

AR R, REFECRISPR/Cas HEY 218, T RNA(guide RNA)BRSR ¥
oaRNA 5 Cas BEEEFBBRNBEREESESE, HESRZIRFF LHEE Cas
BHEAHNRHEFY. ZERBEEOEAARRBRAIHTIFRE XS RNA BRRHK
crRNA R B ZHR.

ik, R CRISPR/Cas EEYIMBERT, “EFF-2E#REITARFREEER
SHFFIFERNZEER, PnEESEFHEFEAMENFES, XPRFN5SE
FFRIZ IR RE CRISPR/Cas HEWHTER. TEEAMEARLT/R, REFE
RBEAECASI A I HRH—F CRISPR/Cas BAMKRRIT. £FATUAS
EMEBEER, W DNA BR RNA. FEREBRT, FRRRFSALT 40 40 e e
B EFEEBERT, ZEBFPH AT BN —/ 4S5 nh A s RE N .
T AT R A G & SR P 5 RORE 2 R BE P ) PP 5 BARAR AR O G RAR B i iE B 1%
R BCREBFS”. ERELHEERY, FREESRRANMBEER. ERELHTR
B, ZEHARFFEESA.

ERRES, RRREFFREEBETFRTURNAR (Fm, KREAR) ms
EAABRRSIENZEER. P, ZESEEFRT DR —MFEET KR4 B
FRZEER. ZREZEERTUR—ITREEEDEIW, BERKFHR—1EH
BRI, AHESEEFREER DNA). EXREERT, BEZEFFIRZSERRE
FPRIEEEF(PAM)FESR . X PAM HIRHIFFIAKEERBUIRTRAR Cas BNEFTH A
M, {H2 PAM SRUHRIEEEERRFZRE, EFEFDE 2-5 MREXNFF. TR
RARRBBEESSER Cas HMNEH—EMEAK PAM 7).

EREFAT, BFIREZEEFRTUSESMORHXEZENSETRULE
SESEMRBHEXEFRNSZHEER. HREFHRELBEHEROIERB &L, S5F
SBHRAETF 2012 48 12 B 12 HA1 2013 48 1 B 2 HWEEKN SR # 61/736,527 f
61/748,427. AT 2013 4£ 12 A 12 HREBRRHE PCT/US2013/074667 H Br5j34 i FR
g, HAHEEE HFAEL.

EREELT, BFNRESETRILACHESRESESELBRBHERNFS,
sS4 SEARBHXERNREZETR. REEFRNLACEERHEXERNRE
BER. “FRHERERREZEERER SR ROARRAM ML, ERETE
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WM AR KA R H UREKFRURER A FRB =R EMEERE B
TR ERERRESEROHIAR/BERRHERNBLT, BEUURE—AMURERERK
FHRRENERE; RE, BETUR—MURFERKKPERENER. FRHERXERE
BEAF M RENREREEARRE M REMA TR R E FENEFERATE
HIRERRMER . BXNEBENYTUECANERAE, FETULETIEER
RHEKE.

mAXFFERK, REFEN AEFFHEERANREFERNE L, KRR E
Y. Bbk. EEKAAREARE LEE S RRFEN X FREERBETE RIHE,
ETMBRFRRES B LEFRARNF BB,

mATHEERAK, REFERAFENR-TERLK TEHRMMHERFERRAT
H25, YXERBRATHRIBERS FTRERN, KRFEBRI TREKZELEL
MNEFEERFTRNEATFHRAATNEREENED B —MHAS BB HXK.

AR ERR, RB“ERAFEY (orthologue, ortholog) ”EAHXFHEAA R
BRERRS L. FAR—PRS, NAXHIRNEARN“ERREY ZERETA
FYMBEER, ZBARMTSEAERRRYKESHFESHELTIE.

mAXHFEAK, REFA—&ATFRBENSKRZBHRHEMERZE P K
LEEFR. SHEMRTEBROFAPREMEFEARANBRERETER AL AT S
TCEER B, B4 DNA 4 FHRE— NP REMIBERBERES 558, RFEANSHK
HE—ANFHEMEFEBERL5E), BAFITFERNEERFA—K. BT
FIZEE“ESRE—ERBXHEANFHRERLEALESE RS THRROAE
FHx100 MEK. Hlm, WEFAMFFIH 10 MIEHE 6 MLE, FLXFEAFH
BEH 60%MF—#. #i, DNA % CTGACT M1 CAGGTT 3tF 50% 1 F—#a
3t 6 MLEFH 3 MIELER). BE, EHFENTFH XN ESKE— R 3t1T
. XM ESER, A, TEdTENEFE#m Align P (DNAstar,
Inc.) 5 {E #iBE4T 1) Needleman £ A (1970)]. Mol. Biol. 48: 443-453 I EEREH. &
WEHEBEAA ALIGN BRE(RA 2.0)l E. Meyers A1 W. Miller (Comput. Appl
Biosci., 4:11-17 (1988)) iy ¥k, {#H PAM120 I ERE R (weight residue table), 12
MROKENSM 4 HROTSRVERAMEERFHAIZEANE 2 HE—HE. B
o, TREABESAN GCGC RHEE(TE www.egeg.com EIRBHK GAP BFHH
Needleman #1 Wunsch (J Mol Biol. 48:444-453 (1970))8.¥%, ¥/ Blossum 62 %55 5R
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PAM250 S5 BL K& 16, 14, 12, 10, 8, 6 BR 4 BB O E (gap weight)f 1, 2, 3.
4. SE 6 KERERNEHRNMEERFIIZ MK E S BE—%.
mACHFERK, RiEBE R THERETREAXFTH —FHERER
ITR. S3BAREHEANSETREGHNESREBREN, RERAIRERE. B
B LB, RERERPRSEANEEAR, ERBFHREYHETHEREH
P RBRE. BERELFHEHEARARAME, BHEEART: FA: BER;
BrBiR:; AL, MG ATREKNYAC. 4B ATLRAEMBACBR P1 XK
BRATREEPAC); WEED L BEER M13 BEERNVDRES. THER
ERFVREE/EART, UERRERBEFBEERSD). BRE. BHEXRE. B
ZRBBALGEEHE). BERE. TRHFEE. ALERE. ALSEEZRREW
SV40). —FMBRETUESHE SHERHRENTH, BEERRT, BT, &F
BIEFS. HBRTFF. EFETHERREEE. A4, BREETESHFEBEHAE
mAXFHREAR, REEIER 2K, THATSARANAR, XaEHE
ARTF, MXBEAERAERSHNEZAR, nRGHARREBESHREHAM,
oSz RIBGHMIER St9 HR R MMM, REWMALFHANME, CHO 446, COS 4/,
NSO 4Hfl, HeLa 4Hfd, BHK 40f8, HEK 293 40 5% A\ 40 B 45 i 3h 4 40 e .
EFFHEARN REERF, RABERBTHTER T8 A4k 118 240 fa i % 4.
FFENREKFEFER. —FRAETT AT A28 2400 k=% 3. BB
B, Bk, EFEBNEXFRNES. MRS 2ENBERSTEWIW, CRISPR ¥
Y, WERERY. BAR. 8.
mAHEFERK, REANTH BEGEET. WERTF. AEBREEANL
RARES). MRMAREEBTHBFNEREILES, WERBEHFRULESHNER U F
), HHEMAHRTSERER (Goeddel), (EFRREKAR: BFEHFE) (GENE
EXPRESSION TECHNOLOGY:METHODS IN ENZYMOLOGY)185, % AR Hi R #:
(Academic Press), ZHiW.EF(San Diego), MFIHEBIEM (1990). FEFEFERT, WHH L
HEFERF—MEEFRFHET RN E E MM KHRERIE AR T 5 D Rk
BEERF S REFKLRE RARPRENILFH G, d5RRERTFN). 488
ARBEN T FERSEBRNBIHEARPRRE, FIREALAMNMIA. #HET.
B RIR. MWK REERESE G, B . SRR (Bl E ). 7
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FEAEHT, W AT AR PR 2 (i A i R S A 1 BRUR B T B Ak it A
REFRE, BHATURRE T UAREAHRAMARERIER . EREERLT, R
BHRH oA RENRYBTFOH, W WPRE; CMV H3&F; #& HTLV-I # LTR F )
R-US’FrBt( (Mol.Cell.Biol., 3£ 8(1)%, 3B 466-472 T, 1988); SV40 HiET; PIRER
B-BREAKNETF 2 5 3 ZRMAETFS (Proc.Natl Acad.Sci.USA., 2B 7834,
1527-31 , 1981).

AR FERK, RiEBEZHTF RERFABERARATHE N, KRB —BA
TFEEAN LIFRE I T WEERENIEREETRFS . HBRZ (constitutive) )53 FRiX
BHBEERFY: SHSRGEEREEF=YNEZBETRY REMMEEN, EHRK
REFREFEFEEEZEGT, KRBARFEE=YN=E. FRUBNTRIFRE
FRFF, SHREMEREREREEFA=DNZZERMAEN, EEXEREF LN
THREFTFHRESWEARTFEN, KSBTREFDEARATE. HRRER
BEFTFRXENBETRFS: SUHEMSRDREREZF =Y EETRMEE
B, #&ERESMMR %R TRMHARRBNERE, X7 SBEagRbr=ss
=Y.

mASXPFERR, RETHREMER BERFNBXBHBETRTFFIU—FRHF
BEERFINREN T AREEZE Z— MRS AT TG, LT —MESERB
FERATRLGZRAESIADE UM P, AT EEAF).

mECHHEAR, RiEEMEREBERE D —MERTFIEB TAARRHR-
BERBEMIEARABR—IRENIRNIERS . EAEFERFI— MR TR
51 E_BRFIIBRER G, RHF-EEERERN) MRENT S @, 10 4
ZHE 5. 6+ 7+ 8. 9. 10 MEIH 50% 60%. 70%. 80%. 90%. F1 100%HHp). “58
EHA BRI —MERTFFINARERE S — AN E_BRF 5P R E ESRE
BRER. mAXFERKER LTI RBE—NRF 8. 9. 10, 11, 12, 13, 14,
15, 164 17, 18, 19, 205 21, 22, 23, 24. 25, 30, 35. 40. 45. 50 APREZMEH
BRI EBDR 60%. 65% 70%. 75% 80%. 85%. 90%. 95%. 97%. 98%.
99%. B 100% K EANERE, RERBETBEZFETRZNHE MR .

mAXHFERK, NTRENTERZFGRESEFIHRT LM —MERE
B 5 ERFIIRIF HER EARZBIERFH LK. TR SR R PR
1, FEBRTHEEERMRL. —BTE, ZFNRK, WEXFHFRERZE
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HEFFF LR R H A B JERR 48 S 3R T % #R (Tijssen) (1993) B (44
HERFTFEVZEFTHLEREIREAR- BRIV RZX) (Laboratory Techniques In
BiochemistryAnd Molecular Biology-Hybridization With Nucleic Acid Probes), % I B
4, B®, “FXEEMRAZREH 2 P KEE ”(“Overview of principles of
hybridization andthe strategy of nucleic acid probe assay”), 3 BME/R (Elsevier), ZH%J.

WmAEXFFERK, REHFRZREBERP—ABRENSEHTRRNEE—MEEY
MRE, ZEAEVEHXEBEHRBREZ AXBENSRReTRENL. SRBETU
BB TFIRR- e B ERC Y . Hoogstein G5B MMEMRMEFARREFRMERE. &
HEEVTESHR—AVNEENFHFE. BERSEEAVYNZFRE 4%, ENERR
ZE. RXENEFAS. RERNTUHER—ME ZHEEG@ PCR MK, RE
H—MEBRNESEERATA)FH—MPR. B85 - MERFIIRZTHFABFTN RS
SEFFFI TN o

mASCPETERAK, RBRE RE, BN DNA REHIREZEETRWHERIR
mRNA BiFifi RNA ¥R ERA/EFRE mRNA FEERLBERK. 2RRES
REEE. BXUNREHEZRTUBRAEER=Y. UREEEFRRETERH
DNA, RATWLIEEFZAMT mRNA §BY#E.

WmAXHFERK, REERLER, AZMKERREETRBERERNLHE
k. ARENELTUNATERNEERTFS, RRREENZKFF, fIWEE
REXTHRKIB K. HRELBIREFFTHE AT AR (S RHIW, Holliger, PEA

(1993) Proc. Natl. Acad. Sci. USA 90 :6444-6448 ; Poljak, R. J.ZEA (1994) Structure
2:1121-1123).

AP FERK, RERTRER, WITRBRRIE, ESWERERIRIE,
A/BIE SRR R R -

WmAXHERAK, RiEZRAE SHEEARTEMH3Y, PHnmazshiy, pws
M. SR, E£R3Y. BRSY. RESY. BRI, ARy, wikRa)
¥ (B, ARBRR) « EARKESY B, BERSER) RA. FERELHE
HRF, FRZRE (FIWA) BERE (B, HWMHRXERGRE TSR
i) .
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RUI R M BOR

ERFEAME, FREK Cas BHARARFEENFTRGE. Fll, FRUK
Cas MNEARAFHRINGEEAFSE, FHTRAFEMOBER. fln, XRHW Cas
BN E SR E IR PAM RAIER, R E R BN .

B B 5 B

128 cas12j FEX} pre-crRNA H0 T AIBERE B3k 45 51

2A-2B A cas12j EBEH PAM BT HER .

3 4 CRISPR/Cas12j RZiH] DNA Y135 A EEE R .

48 Casl2j.4. Casl2j.19. Casl12j.22 FAIRIAL RS R

5 8 Cas12j.19 EARRE T #SEEIE SRR R

6 4 CRISPR/Cas12j.19 REHAF spacer K EXNBFIEEEMNER.

7 4 CRISPR/Cas12j.19 REH AR repeat KEXNBEIEHEEMNER. WT R
REBIEM repeat FFF.

8 3 CRISPR/Cas12j.19 BLXT spacer EMABNER. WT BRRBREH
spacer JF#).

FFHER
ARHBEPEFIFINEERBETTERER 1 F.
£ 1: FIR#R
SEQ ID NO: iR

1 Cas12j.3 Hﬁﬁi&)?ﬂ
4 CaleJ 6 R EERRFF]
5 Cas12j.7 WEERRFF
6 Cas12j.8 R ERFFI
7 Cas12j.9 MEERFH]
3 Cas12j.10 IR ERBFF
9 Casl2j.11 FEERRFF
10 Casl12j.12 FIEEREH]
1 Cas12j.13 IR EERFS)
12 Cas12j.14 R RT3
13 Casl2j.15 FIE X
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14 Cas12j.16 B IERRFS)
15 Cas12j.17 KR RT3
16 Cas12j.18 B‘Jﬁ%@?ﬁﬂ
18 Cas12j.20 E‘Jii@ﬁ‘?ﬂ
19 Casl2j.21 E‘Jii&)—?ﬂ
21 Cas12j.3 ﬁ@&@?yﬂ
22 Casl2j.4 GRS

23 Cas12j.5 SiSERRF5
24 Cas12j.6 iSRS

25 Casl2j.7 HIGERR T35

26 Cas12j.8 fiSIZRRF 5]

27 Cas12j.9 GR35

28 Cas12j.10 RS 75
29 Casl2j.11 RIS
30 Cas12j.12 S ERRRF 5]
31 Casl2j.13 SIS
32 Casl2j.14 RISERFH)
33 Cas12j.15 RIS FF
34 Casl2j.16 RIS
35 Cas12j.17 iSRRI 5]
36 Casl2j.18 RIS T
37 Cas12j.19 SRS T 5
38 Cas12j.20 SRS
39 Casl2j.21 SRS
40 Cas12j.22 SRS T3
41 Cas12j.3 RRIFHER 5]

Je

44 Cas12j.6 R R F M ER 5]
45 Cas12j.7 ERF M ER 5]
46 Cas12j.8 FRFHER 5]
47 Cas12j.9 ERFHERFF)
48 Cas12j.10 BERF R ERF5
49 Cas12j.11 ERRREEFF
50 Cas12j.12 RRF R EE 5
51 Cas12j.13 RRFRRER 73
52 Cas12j.14 BERFRERF5
53 Cas12j.15 RRRRERF3
54 Cas12j.16 ERFRHMEEFF
55 Cas12j.17 KR F R EE 5

56 Cas12j.18 RRF R EEF3)
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Cas12j.20 Eﬂﬁ ﬁiiﬁﬁﬁl

Cas12j.21 Jﬁﬂﬁ_ﬁiﬁﬁ‘ﬂ

Cas12j.3 BRIFH ﬁiﬁﬁyﬂ Eﬁ%ﬁﬁ%&&)’?ﬁﬂ

61
62 Cas12j.4 R R M BERFH KREZERES
63 Cas12j.5 RRIF M ER T NREERTH]
64 Cas12j.6 F R M BEE FF5 R REERTH]
65 Cas12).7 REIF M EE FHNREZERTH]
66 Cas12j.8 BRI F M ER NSRS
67 Cas12j.9 R R M BER P KREZERFES
68 Cas12j.10 BRI F B H P PR
69 Cas12j.11 BFRF R ER F R REIZERFS]
70 Cas12j.12 BRI F M ER F5 PREERES]
71 Cas12j.13 ERFMESFFNREZRTS
72 Cas12j.14 R R F B R 5 RREZERES]
73 Cas12j.15 ERF B R 7 R REZERF
74 Cas12j.16 R R F m B R 5 4R R F 5]
75 Cas12j.17 BRI F R ER 5 RS
76 Cas12j.18 R R F M EH 75 FRSERIF 5]
77 Cas12j.19 BRI F R ER F R REERES]
78 Cas12j.20 BRI F M EZFFHREZRRTS
79 Cas12j.21 R R F R B R 5 R9RISZ R
80 Cas12j.22 BRI F M ER F5 PREERTS]
81

NLS #3
A

84 Casl2j.5-NLS i & BEAKNEEZRBR 5
85 Cas12j.6-NLS Bi&EANEERFH]
86 Cas12j.7-NLS @i & B E NEERFE)
87 Cas12j.8-NLS @& EANEERFF
88 Cas12j.9-NLS B & EHNEERTF
89 Casl12j.10-NLS B & B A NEERFEF
90 Cas12j.11-NLS i 5 B AN ERF5
91 Casl2j.12-NLS gt & B AN EERFF
92 Cas12j.13-NLS i 8 B AN EERF5
93 Cas12j.14-NLS B & Z A NEERTF
94 Casl12j.15-NLS B & B A NEERFF
95 Cas12j.16-NLS B & EEHEERFF
96 Cas12j.17-NLS i &4 EAKEERFF
97

Cas12j.18-NLS Bi &% E_E‘Jii@ﬁ‘?ﬂ
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102 Rk Cas12j.3 REHIR
103 PAM SCEEREH
104 Pre-crRNA TR PAM 435 RNA
105 Cas12j.19 B [f] RNA
106 BE | FIXUE DNA 51
107 Cas12j.1 HERFH]
108 Casl2j.2 RERF
B nR

RSRTHBRERFRBALRYE (MEREELRE) KLHEARERE KA.

BRIERRAIIE B, BN EAR %R AR U RESMHSECRPHRB
AT ERT LA #RO LR TE. i, RREPFERANEEE. £
E. WFE PTFEYE. BEWFE.. AREYE. ZEHZNEH DNA FERE
R, WE RS LERAGE I (Sambrook)s B & (Fritsch) 1 5 JB I # ¥ (Maniatis) ,
(S FRE: TR =EFM) (MOLECULAR CLONING:A LABORATORY
MANUAL), 2 2 X% ¥E(1989): (HRPTFEVWFELRF M) (CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY)(F.M. % 7 I /R (F.M.Ausubel) % A %
2, (1987)); (EE¥HA¥E) (METHODS IN ENZYMOLOGY)RF(EARHIKAR):
{PCR 2: SEH H ) (PCR 2:A PRACTICAL APPROACH)M.J. ¥ %7 3 #
(M.J.MacPherson). B.D.RB#HE;(B.D.Hames)fl G.R.ZE)(G.R.Taylor)4i3(1995)). 1
¥ (Harlow) #1 32 N (Lane) %% 38 (1988) ($ifk: LB = F M) (ANTIBODIES,A
LABORATORY MANUAL) , Bl & (3 % 4 M ¥ 3% ) (ANIMAL CELL
CULTURE)(R.1.35 8 #f /B (R.I.Freshney) % $ (1987))..

Fhh, AP REHRGRGE, RREAFHRMEHRBUNFAHET. B
FARH R REAAE HE, HWATUELTWRENER™R. FEFEARAR
A, ScHEf] LRI R AR, EARBKMRM AR ERRIRIER. F3X+
REMERATFRNFESE TR U ECET 5 A& AL,

DA SEREBI 3 B B985 B R IR T -

LB B85 10g BBEBR (Tryptone) , 5g BERHREMY) (Yeast Extract) , 10g
NaCl, BFZ 1L, KH. H#RMIIER, NWAEHFEAHEM, 500 g/ml KZKRE.

LA/RREE: 240ml K470 10m] 17 088, B .
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RNP Z&M#: 100 mM £4L84, 50 mM Tris-HC, 10 mM MgCl, 100 1 g/ml BSA, pH
7.9.
ERIERE pACYC-Duet-1 R pUC19 WE &ETEMERA .
KGFFEREZA EC100 9 H Epicentre A% .

SEHEH] 1. Cas12j FEEM Cas12j T RNA FIIRE

1. CRISPR FZEE K. £ Prodigal X4 NCBI fl JGI BiBENMENER
HAREFAPRE T EEREER/BTHES, FERA Piler-CR 31T CRISPR BRI
%, BEARNSH.

2. BARKTEE: EXFF—BETEREEETR, ERFAIEE—BHNES,
FREKEXRT 800 NMEERNEBORASAKRSFEE. BTEWAANFTERE =R
CRISPR/Cas REMBMNEAKELZAT 900 MEER, TN TRETHEERE, R
fIIFEIZHE CRISPR B H IR AR KT 800 MEERII K FEREHTER.

3. CRISPR HRKXAFEEWMIRA: #E—A CRISPR B L TF##3EM 10 Kb, X}
CRISPR $BEXE N BIFETTR A FEREMITEE .

4. CRISPR HRKFFEBERMRAE: FH BLASTP MIETUK/KS>F CRISPR H
RE LT A BEREELRT, #H Evalue<1E-10 B4R, £ MCL %t BLASTP [
BHERHETRRLSHT, CRISPR HXREERKE.

5. CRISPR EREXRFFEEHRBRFENESE: £H BLASTP X CRISPR HXEHK
FENEAEXNBERE CRISPR HRXEBNWEALK X2 TFEERERE, il
Evalue<1E-10 BILEXTEER. R —AJE CRISPR HXEBEOHEERANAEREEL M T
100%, WANREAXANKEKFEGE CRISPR KREFRN, BEEXMGERITX
CRISPR BERASFTERARFIEHITESE -

6. BETIREMSEHEIERE: A Plam HIWE, NR FIEEURZMA NCBI BEHK
Cas BEX CRISPR BERXATEARFXBOETIER, BIFH CRISPR/Cas BEARK
¥. PR Mafft 34§84 CRISPR/Cas KIEBAMTZEFHILLX, REH JPred M
HHpred #ATRFEWENT, BEEH RuvC EHBNEBRFIK.

rEERE, XREARBT —HEFHH Cas BBEH, B Cas12j, PAF 22 FiFtk
B, HeEAN Cas12j.3 (SEQ ID NO: 1) . Casl12j.4 (SEQ ID NO: 2) ,
Cas12j.5 (SEQ ID NO: 3) . Casl2j.6 (SEQ ID NO: 4) , Cas12j.7 (SEQ ID NO: 5)
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Cas12j.8 (SEQ ID NO: 6) , Cas12j9 (SEQ ID NO: 7) . Casl12j.10 (SEQ ID NO:
8) , Casl2j.11 (SEQ ID NO: 9) . Cas12j.12 (SEQ ID NO: 10) , Casl2j.13 (SEQ ID
NO: 11) | Casl2j.14 (SEQ ID NO: 12) , Casl2j.15 (SEQ ID NO: 13) . Casl2j.16
(SEQ ID NO: 14) , Casl2j.17 (SEQ ID NO: 15) . Cas12j.18 (SEQ ID NO: 16) ,
Cas12j.19 (SEQ ID NO: 17) , Cas12j.20 (SEQ ID NO: 18) , Casl2j.21 (SEQ ID NO:
19) , Cas12j.22 (SEQ ID NO: 20) , Cas12j.1 (SEQID NO: 107) , Casl2j.2 (SEQ ID
NO: 108) , 20 FFEEWHILRFE DNA 4-FHin SEQ ID NOs: 21-40 fizs. Casl2j.3.
Casl2j.4. Casl2j.5, Casl2j.6. Casl2j.7. Casl2j.8. Cas12j.9. Cas12j.10, Cas12j.11.
Cas12j.12 . Cas12j.13 . Casl12j.14, Casl2j.15, Casl2j.16, Casl2j.17. Cas12j.18.
Cas12j.19, Cas12j.20 Frxf R ERFE M ERFF (pre-crRNA HFHEH K repeat fF
51) 451 SEQ ID NOs: 41-60 iR .

SEHER 2. Cas12j ZEEEXT pre-crRNA BT

1. Casl2j BEMEIRE RS

Cas12j BEKEIRERBUFPREATT:

1. ALERREHABEMESH Cas12j BH (SEQ ID NO: 82-101) HJ DNA F
5.

2. BIR 1 SRHXEE DNA 5 FE5RBERERAE pET-30a (+) EE, BIERAR
$E pET-30a-CRISPR/Cas12j.

3. BEHAFM pET-30a-CRISPR/Cas12j ARG E EC100, BREHE, ¥i%
EHEWZRN EC100-CRISPR/Cas12j.

EX EC100-CRISPR/Cas12j W&, BEMZE 100mL LB WEHEFE (F S0pg/mL
HFRER) , 37C. 200rpm RFHESF 12h, BEFFER.

4. BUHFFEW, WEREHN 1:100 BEHZE 50mL LB BEHEFE (F 50pg/mL &HF
BR) , 37C. 200rpm WHIHEFHAZE ODeoum HH 0.6, RIFMA IPTG FHMHIKEH
1mM, 28°C. 220rpm $#EFH#EIE 4h, 4°C. 10000rpm B L» 10min, WEBEEIUIE.

5. BUERUTSE, A 100mL pH 8.0, 100mM [ Tris-HCl S0, ERGHEEHR

(GEEEIIR 600W, EFREFN: B 45, 5 65, 3£ 20min) , RJF 4T, 10000rpm
B 10min, W& EEBRF.
6. B EJEWBF, 4C. 12000rpm B.{» 10min, WL LERZ .
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7. XA GE AFAEFHSEN LB Z T4t (AP RS ERENYH
), REXARRCHRATE=HEOEERNEX Cas12j BRMTER.
. Cas12j EH S M RNA R R4k
1. W2 RNA BRHERK, HRRRBOEHRN: T7 BT+ Cas12j HIERK
5 repeat (SEQ ID NO:41-60) +spacer (SEQ ID NO:104) , B|¥i¥tiif#H Primer5.0 3%
f, SRAEIEN SRR 65 9E ZE D 18bp FERFF.
2. REWTREAR, BRKITRNBEEE L, BT PCRUFEBRX:

10

PCR ¥ R
Hy AR (u)
1E 5] #5(100nM) 7.5
R 5] ¥1(100nM) 7.5
2*KAPA Mix 25
ddH>0 10
AR 50
51%38 K PCR RMERF
BE (°C) BB ramp at(°C/s)
98°C 5min  2°C/s

85°C/95°C  0.05s —
85°C 1min 0.03°C/s
75°C/85°C  0.05s —
75°C 1min 0.03°C/s
72°C/75°C  0.05s —
72°C 1min 0.03°C/s
55°C/65°C  0.05s —
55°C 1min 0.03°C/s
45°C/55°C  0.05s —
45°C 1min 0.03°C/s
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35°C/45°C  0.05s —
35°C 1min 0.03°C/s
30°C/35°C  0.05s —

30°C 1min 0.03°C/s
25°C 1min —
10°C forever —

3. f#F MinElute PCR Purifcation Kit #ATHR2itk, SBIUT:

1) [ PCR =¥ 5 &4HRE PB, ¥—A MinElute BT HZE 2ml EE L,
ZE#HE 2min, 12000g/2min;

2) FEEW, A 750u Buffer PE (FIZRHCBIMZEL) , 12000g/2min;

3) FBEW, A 350ul Buffer PE,12000g/2min, FEBEH, 12000g, 252 2min;

4) ¥ MinElute R FREFH 1.5ml BLEF L, F#, 65°CEHE 2min;

5) BOA 20p FiFET EB B, #HE 2min /5, 12000g2min, AT REERE, Th
B AAEYT 2-3 38 MinElute 2008

6) F Nanodrop Jl5EWRE, WR7FE-20°CEZH .

4. T/ RNA Hygif: By: @45 FRIREE (25: 24: 1D MIRERERAR DNAsel

1D FEFERIRBAERFIA 80ul RNA free H20, WEMAHZE 100p1;

2) BUHY 2ml B Phase Lock Gel (PLG) Heavy, 15000g, B> 2min, HOIA 100pl
By: &4 RREE (25: 24: 1) . 100pl £223F DNAsel H4LH) RNA, FF42328 Phase-
Lock tube 5-10 %, #HIBEE5], ZJ5 15°C/16000g BL» 12min;

3) BL—ANHH RNA-free ] 1.5ml B0, ¥ ESEOLM EBERHEELES, &
BAERIER, MALS LESERNAREUE 52 —BRNERMER, Ak
RATIRSI G -20°CHKF8 1h RER#HE,

4) 4°C/16000g, B> 30min, F L, WA 75%WA R ZE, KITRRITRS,
4°C/16000g, B:L» 12min, F biF, 7EEXMERFE 2-3min, BT RNA RERZE, WA
100pl fJ RNA free H2O, WHITHEAS .

5) F Nanodrop JE4i{b/5 ) crRNA REE, FHE—MBZE 250ng/ul, 93EZE 200ul
# PCR B.LEH, HFF-80CEH.

4. Casl2f B precrRNA ¥3%%F NEB ffJ HiScribe T7 B3 RNA AREAE, R
REfh R IR
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DNA ¥FE R

Ay BR (u)
ATP(100mM)

GTP(100nM)
CTP (100nM)
UTP(100nM)
10%Reaction buffer
T7 RNA Polymerase Mix
DNA iR
Bt 20
#HE PCR RMNEFN: 37°C/3h BL 31°C/forever, fIA DNAsel, 37°C/45min

5. precrRNA Hy4iift:

(1) By: &5 BREE (25: 24: 1) FhIR LR R PIH DNAsel

1) FEFERRBAARFIMA 80ul RNA free H20, HEBARZE 100p1;

2) HUH 2ml i) Phase Lock Gel(PLG) Heavy, 15000g, Bj:(» 2min, HIA 100pl B3:
£45: BIREE (25: 24: 1) . 100pl 253 DNAsel JE4LE RNA, FIF32M Phase-Lock
tube 5-10 (X, HHIBEHS, 2ZJ5 15°C/16000g B.L» 12min;

3) B—AHH RNA-free B 1L5ml BOF, KOPHLKN LERBZEFELE S, &
BAERIBR, WAL LHEERPRNEUR 42 —BROBERMNER, Ak
IRATIRSIIEN-20°CUKAE 1h BRE R

4) 4°C/16000g, B.L» 30min, F L, A 75%WAKZE, HBITRRITRS,
4°C/16000g, .1 12min, ¥ EiE, EFREEE 2-3min, BT RNA FHNZE, A
100pl ffJ RNA free HO, HBITIES].

(2) BRI MR BB th4li{l precrRNA, f#H ZYMO RESEARCH J ZR
Small-RNATM PAGE Recovery Kit &4k B precrRNA. BBIOTF:

1) precrRNA & K/NA 90bp £, VIHIMMEZIFR RNA B, #BE 1.5ml
RNA-free [R50 &

2) f#H Squisher™.-single TR, MA 400pl ) RNA Recovery Buffer,
65°CK B4R 15min;

3) WEEDR Smin, SLEIEHBA 65°CKHBR N Smin;
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4) Bl Zymo-Spin™ IV HIEFFREE L, REKEREHERRMAR S,
12000g B Smin, FFAREBEE B
5) B Zymo-Spin™ HIC REEFFHMREE L, & LPRRRBAEIMAF S,
2000g B0 2min, fREBEE PR
5 6) WEBEBSEEPRAEARB, WA 2 B4BH RNA MAX Buffer, | TFHBIE:;
7) Bl Zymo-Spin™ IC HIEFTHHKEKE S, BOPREETFHBAEIMAR
i, #E 2min J§, 12000g L 2min;
8) B 800ul RNA Wash Buffer ((ERAZATRBHRBEBMA—ERBTLTKZ
BY) , 12000g B4 2min, FEIREE PR
10 9) BN 400pl RNA Wash Buffer,12000g B .0 2min, FREEPHE, BEHE
2min;
10) 65°CHLFEEFE 1min, WA 20pl RNA-free H:O, F nanodrop Hll%EFrYEH
precrRNA HIIRE, HE—HRIREZ 200ng/nl, 433E7E PCR BOEH, i 80°CHREE
H.
15 6+ B4} pre-crRNA BEVIME R
(1) BREWNTRMNZER, BERITRIGEER L. BT 37°C, 1hour;

&4t pre-crRNA BEU) & &

vl F&

pre-crRNA 400 ng
Cas protein 1 pg
RNA Cleavage Buffer 1L

RNA-free H>O M= 10 uL
(2) FMERRiAEZESIMA 10 pl 2¥RNA loading dye, B F 98°C, 3 min. RS
WELHETFKE 2 min;
20 (3) 10% TBE-Urea FRAMBERSEE LA E#E 10 pl, 150V/40min;

(4) #£ IxTBE HIXEMHBHIA SYBR Gold nucleic acid gel stain dye, BEA%E
B, EEFE 10-15min JFHEE .

ARGERNE 1 in, ERER, Casl2jl. Casl2jd4. Casl2j.18, Casl2j.19,
Casl2j.21. Casl12j.22 T4 EF pre-crRNA YIHEIE#E .

25
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SR 3. Cas12j REH PAM SHRE &

1LAEBRELRR pACYC-Duet-1+CRISPR/Cas12j HMFF. REMFEER, MNEAR
B pACYC-Duet-1+CRISPR/Cas12j FATE MR T : ¥k pACYC-Duet-1 BIFRHIE
ALIEE Pml 1 #1 Kpn RBIFEFIE KA B BB #HR Cas12j #E (SEQ ID NO: 21-40 FiR
KFEFIFE 57 WESE 1 AF IRWRE—AFTAENE DNA 47F) - BARKN
pACYC-Duet-1+CRISPR/Cas12j RiE Cas12j FH (SEQ ID NO: 1-20. 107, 108)
SEQ ID NO:104 Finfy Cas12j S RNA.

2.EHARB pACYC-Duet-1+CRISPR/Cas12j HEHBEE, XEEENBERES
B Cas12j ZEF 2515 SEQ ID NO:104 FE## k. I SEQ ID NO:102 fizn. SEQ ID
NO: 102 FiafifFEFs, B 5 RIGEHE 1 £ 4 A8 pLacZ B3IFRBERFS, B
45 2 3056 AN Cas12j.3 BREKBEHERFS, 2 3057 & 3143 A4 rrnB T1 &IETFRIB
HRFH (ATEILEES) . B 5 RWER 3144 £ 3178 A8 123119 BRI FRIZHER
B3, % 3179 & 3241 CRISPR BEFIKEERFS, £ 3244 & 3268 AL~ rrnB-T2
KIEFHBERTS (ATLEED .

JEHAKXGIFENIRE: WEHARR pACYC-Duet-1+CRISPR/Cas12j SAXGIFE
EC100 #, BIEHKXGITFE, ®4%K EC100/pACYC-Duet-1+CRISPR/Cas12j. ¥ EH
BB pACYC-Duet-1 SAKGHFE ECl00 #, BIBEHAXEHE, ®£2F
EC100/pACYC-Duet-1,

4.PAM CERIHR: A& SEQ ID NO: 103 FinlifFsl, JFEES pUCYY B
&, o SEQ ID NO: 103 FiafFFadE 5 %/ \ A BEHMENEFF. X PAM 3CE
KRR FS 57 WIWEHRTHT 8 MENRENRRBRRICE. BREESHNEAZSHE
Cas12j BEFBHRGITEFRAEH Cas.12j ZFEBIKEITEF. £ 37° C TA#E 1
/NEF IR, BAT B BLEATIREG FE3F PAM XIBF 54T PCR AR,

5.PAM XCEESEHBHERA: 2AETHERHANMXRAF 65,536 FAAH PAM 5]
HAKE, FAZEAFAR PAM FRRHBETRREL. TFEE—% PAM F5, 4
log2(%} IRALFR AL/ SCR A SR D KT 3.5 B, RATAKXE PAM B BEHHE. R
1A Weblogo X+ BEHFEH PAM FHHATHM, RIAZFMEER PAM g, K,
Cas12j.l N 5-TTVW, Casl2j4. Casl2j12 § 5-TTN, Casl2j.18 § 5-AYR,
Casl12j.19 3} 5°-ATG, Casl12j.21 3§ 5-VTTG, Cas12j.22 } 5-KTR. PAM R4
SR LHE 2A4-2B.
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i) 4. CRISPR/Cas12j R4iH] DNA PI#5 AR s5e

—. Casl2j BAMEARER L

Cas12j BEMENRERALKPREGTT.

1. ALARGEHERZEMSE S Cas12j BH (SEQ ID NO: 82-101) i DNA ¥
5.

2, BPR 1 SRS DNA 4T 5RBRERAE pET-30a (+) 8, BBELAR
BL pET-30a-CRISPR/Cas12j.

3. BELRM pET-30a-CRISPR/Cas12j RAKGITE EC100, BREARN, %%
EHBE®ZAN EC100-CRISPR/Cas12j.

B EC100-CRISPR/Cas12j HIBTiRE, BFZE 100mL LB BEHHE (F S0pg/mL
HFREBR) , 37C. 200rpm RWFHHEFE 12h, [AFEFEH.

4. BURHER, BEHERN 1:100 BHZE 50mL LB BiARHEE (& 50pg/mL &¥F
BF) , 37C. 200rpm WHIEFHRE ODsoonm EHAH 0.6, REMA PTG HEHIKE N
1mM, 28°C. 220rpm RHFHIEIE 4h, 4°C. 10000rpm B.L> 10min, WEEEITE.

5. BUEASTEE, A 100mL pH 8.0, 100mM B Tris-HCI 003, EB/EBEEHR

GRERIHE 600W, TEHRBFRN: B 45, 2 65, 3£ 20min) , AR/F 4C. 10000rpm
B0 10min, WS EHEWE .

6« BUEEBE, 4°C. 12000rpm Bl 10min, Y5 LEBRZ..

7. KA GE AFEFRSER HERZ Tk (SR AA SRS EREN TS
), REXARRCHRATEZHEOEERANEX Cas12j BAMITER.

=. Casl2j BEH S RNA #FR4k:

1. BitFHE RNA BRHEBIR, BIBBRNWEHR: T7 B3hF+ Casl2j HEREE
repeat (SEQ ID NO:41-60) +spacer (SEQ ID NO:105) , B|¥i¥ti-{#H Primer5.0 3%
f, GREEIEE SRR 5 H E2 18bp KERFF.

2. BEMTRNAR, BRERITBANEETEL, BT PCRUHEERX:

PCR §" 3 )R b
il &R (u)
IE [ 8] #3(100nM) 7.5
KRB #(100nM) 7.5
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2*KAPA Mix 25
ddH->0 10
BAR 50

3. f#F MinElute PCR Purifcation Kit #ATHHR 2k, SBUT:

1) [ PCR ¥ 5 &4HRE PB, ¥—A MinElute F:FHZE 2ml WEE L,
FEEHHE 2min, 12000g/2min;

2) FEW, A 750u Buffer PE (FIZ BHEBIMZEE) , 12000g/2min;

3) FEBEW, A 350pl Buffer PE,12000g/2min, FEBEWE, 12000g, Z¥E 2min;

4) ¥ MinElute B FHREHH 1.5ml LB L, Fi#, 65°CH#E 2min;

5) M 200 FFET EB B, #E 2min 5, 12000g2min, AT REGEIKE, TH
EOBEASYE 2-3 38 MinElute B0

6) H Nanodrop JUERE, WHF-20°CE&H.

4. T/ RNA 2ifth: By &5 RIREE (25: 24: 1) HREBRAE R AR DNAsel

1D FEFFRIRBAERFIA 80ul RNA free H20, WEAHZE 100p1;

2) BUH 2ml B9 Phase Lock Gel (PLG) Heavy, 15000g, B> 2min, JIA 100pl
BY: &5 RREE (25: 24: 1) . 100p 233 DNAsel 540 RNA, FHF#22# Phase-
Lock tube 5-10 %, #HIBEEIS], ZJ5 15°C/16000g BL» 12min;

3) B—AHTH RNA-free B 15ml B.O%, ¥ EPEOKN EERBEELES, &
BAERIBR, MAS EESERNRRRUAR 52 —6RORERMER, Ak
BATIB S JE A -20°CHKHE 1h BRI E;

4) 4°C/16000g, B> 30min, F L, MA 75%WMA KB, KITRKITRS,
4°C/16000g, B.L» 12min, F EiF, ZEEXEHE 2-3min, BT RNA RENZE, WA
100pl [ RNA free H20, RITHRS .

5. F Nanodrop JE4i{L)/5H crRNA REE, FHA—MBER 250ng/pl, 5FEZR 200ul
# PCR B.LEH, HFF-80CEH.

6 XUEE DNA BEU) A RIKER L.

(D REWTREAR, BREKITRIEETE L. BT 37°C, 15 min;
DNA 18|k NA&R
Moy hnrEE
12j-crRNA (250ng/pl) 600ng
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12j protein (0.5ug/pl) 0.5ug
10¥*DNA Cleavage buffer 1pl
RNA-Free H,O #HE 7

(2) B 300ng ¥ DNA (SEQ ID NO: 106) (100ng/ul) , 3 pL, RIZBIKITE
SEEEE L. ET 37°C, 8hour;

(3) M RNase, BEF 37C, 15min, FHHEMAERFE RNA 245K ;

(4) MAEEBK, BT 58C, 15min, jHfk Cas12j BH:

(5) B Hebe Bl .

B RIMA 3 Fias, Casl2j4, Casl2j.19 BAK Cas12).22 3N8EHH AT ek
DNA, {H Cas12j.22 FIYIIEHERES.

=. Casl2j.4. Casl2j.19. Cas12j.22 {&AIRIAL R TSR

BETRRINX=ARAE DNA XNETRIEEKE B KA IREREARHET T 2
. RAVE L—PRTIRERFFIHTER, FHEAR T Sanger WF. WFLERA
seqman KAFET N, HXNERMKE 4 Fria, HEERMTUEFEH: Cas12j4,
Cas12j.19, Cas12j.22 BERRRLIBHTR, Cas12j.4 A Cas12).22 HEISIEL A AL F PAM
K& 18nt A 25nt &, VIHETERT ot FIRERYS, W0 Cas12j.19 FEEE PAM iZ¥i 25nt
BF—AMIRALR, FERY Int KRN

SEHER) 5. Cas12j.19 A FRE T A/ BEUIE R KSR

# Cas12j.19 (SEQ ID NO: 17) f1&[i RNA (SEQ ID NO: 105) £ 25 C THE 15
80, BB RNA RIBERBREY, BERAN RNP, ZJEHKRNMERFIMAXE DNA

(SEQ ID NO: 106) , #AHEFRENAHEES, REMEER: 17C, 22T,

27°C, 32°C, 37C, 42°C, 47C, 52°C, 62C, 67C, 72C, RN 8h, RFELEREFMA
RNase, 37°CIH{L 15 474F RNA, PIREHEE K, 58CRM 15 48B4 EH, @Eid3RE
PBRB IR WX T DNA HFERNSER. SR0E 5 fian, SGRER, KI Casl2j.19
7 27°C~42°CZ A ¥ EA X8 DNA PIBIiE .

SHER) 6. Cas12j.19 AN[H spacer K BEXTBEVIIE R M 45 R
HF Casl2j.19 KIRIA RERFIZ 4, RALE—DSIRT Cas12j.19 B RNA
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(SEQ ID NO: 105) FFHALEKFF], EE BN spacer FHIHK XTI HIE R
M. KM RNA SHEASMFEIETRE (14-28nt) REE 6 THRNBER, #
Cas12j.19 MBER T RNA 72 25°CTRE 15 940, R RNP, ZJ5HRMARS
AXUE DNA (SEQ ID NO: 106) , 37C, RN 8h. RMEWR/EMA RNase, 37°Ciltk
15 43%F RNA, DIREERE K, 58CRM 15 58 EWES, Bl o iis s ikm s
PR, SRNE 6 fin, SRER, Cas12j19 RIEVIENEETBE spacer KEZRDH
14nt.

SEHER) 7. Cas12j.19 A repeat K BN BRTIE MR W A4S R

FRERAINAT 2 RNA BFEMEZ S repeat MKEXTTF Cas12j.19 X8 DNA
TIHIEEREM. RIERA RNA (SEQ ID NO: 105) FHFEHMERFIHHTERERN
24~34nt 3RBE 7 HPREE, ¥ Cas12j.19 SHMEHAE repeat KERSHE RNA 7
25CTHE 15 280, B RNP, ZJEHRMARSTMAINE DNA, 37C, KRB 8h. K
MEHREMA RNase, 37°CiH4L 15 2488 RNA, BIREEEE K, 58CRM 15 58hEHE
H, BdHEEEREXRUBIER. SRUE 7 fin, SRER, RAUFBHRE
B [ R 73 repeat KN 32nt.

SLHER 8. Cas12).19 XFF spacer A B LR
FH RNA FEFRAKKFERREREFF K EAENF DNA MEARY
HAFEENE . H3H RNA (SEQ ID NO: 105) HEHEFIIFMMRKET RRZE
CBI spacer S¥EFFSRIT 1, 3, 5, 7, 9, 11, 13, 15, 17 ALAH0MRE) , DIRBE 8
HIREE, NTSRFFBRER. Bt Casl2j19 SHNNEFRBAKKERH
RNA 7£ 25°CTHE 15 4448, JER RNP, ZJG5MHRBARFIMANEE DNA (SEQ ID
NO: 106) , 37C, RBL 8h. RMZH)EMA RNase, 37CH{L 15 2+8F RNA, DIRE
8§ K, 58CRM 15 r8hHAEL, BdmERRREXRIBISER. SR0E 8 B
A~ ERER,  spacer FPH SURET Snt N, BEFFFIRREERREENT Cas12j.19 EE DNA
KRR FREENEW. A5, B 130t EFFIRHELN Cas12j.19 e DNA HITIHE
HRMIER. Casl2j.19 TR ESIEA S EFEETRAFERKBER,
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REXRAKAGLHESTACLFI AR, EETFRERARGER: R\
EEAMRFTRES, TUNANHTERBEARS, HEXERRHIEER R RR
PHEEZA. ARAKNESHI AHFTRRAERXMEMERDSH .
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w # E X

1. —MEA, HEF SEQ ID NOs:1-20. 107, 108 E—IRFTREER T REE
RFEEY (ortholog) « FRY. RERIIEEFE: KF, FMRERFEY. REY.
RERThRetE  BREARRE T HATIR B KPR R F TR

Plm, FFRERFAEY. AEY. RESEFRENFFIHLAFTED 80%. ED
85% B> 90%. B N%. B> 2% B 93%. BN %4%. B 95%. BD
96% ED 9% B 98% BRED 99% K FF5]FE—1#;

pln, FFRERAFEY. AFEY. 245 SEQ ID NOs: 1-20, 107, 108 £—IR iR
HIFFIHLLEEED 80%. B 85%. B 90% ED 9N1% B 2%, B 93%.
B 94%, B 95%, B 96%. B 97%. B 98%. RED 99%HKIFEH FA—i,
HEEARRE T IR E B FH LY FETRE:

B, FHRZEBRE CRISPR/Cas REHHIMMNER.

2. RFIER 1 FrdmER, HEFEE TR, RbEE THKFFIHR:

(i) SEQ ID NOs: 1-20. 107, 108 £—TET=KF5;

(i) 5 SEQ ID NOs: 1-20, 107, 108 f£E—TFTAKFFHELEF — I RENMEER
MBS, SRREFM (B 1A, 24, 34, 44, 54, 64, 74, 84, 9410
MRERNE S GREREN KFH; R

(iii) 5 SEQ ID NOs: 1-20, 107, 108 £E—FHHRKFEHNEEFED 80%. &
85% EBD 90% BED 9%\ BD 2%, BED 93%. ED 94%. B 95%, B
96%- B> 97% B 98% BED 99% K FH E— R FEF]:

flin, FrRZEBERASA SEQID NOs: 1-20. 107, 108 FE—FT~HIEERIFF .

3. BUMESR 1 B 2 &S, HESEE THNFS, RbEa TP
B

(i) SEQ ID NO: 17 FiasHIFF51;

(i) 5 SEQ ID NO: 17 FinfIFFHLART MRS NMEERPER. BRBBFM
Bl 1A, 24, 34, 44, 54, 64 74, 84, IR 10 MEERMES.
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REHBMD B R

(ii) 5 SEQ ID NO: 17 FiRMIFEFIAEED 80% £ 85% D 90%. D
9N%\ B 2% BD 93%. BD 94%. BD 95%. BD 96% BD 97%. B
98%. BEA 99% I E—HE R3]

B, FHAEBRE SEQID NO: 17 FinaEERFS .

4. BRER 1 R 2 FrRNES, RESEETHNFS, REEE THRFAL
B

(i) SEQ ID NO: 2 FislIFF5];

(i) 5§ SEQ ID NO: 2 FirnliFFHEAR M RENMEERNE . SRERBM
Blmm 1A, 24, 34 44, 54 64, 74 84 IR 10 MEEREHR. B
REFEID BIFF); =R

(iii) 5 SEQ ID NO: 2 FinRiIFAREED 80% B> 85% B 90%, B
9% BD 2% BD 93% BD 94%. BED 95%. BED 96% B 97%. B
98%. BEA 99% I E—HE R F3;

P, FriRZEBRA SEQID NO: 2 FinEERFF .

5 BAER 1 R 2 fraER, REFEaTHANFS, REEs THRFAL
5%

(i) SEQ ID NO: 22 Fi=KIF5;

(i) 5 SEQ ID NO: 22 FinliFFIHE R — N RENMEERER. REHM
Bm 1A, 24, 34 44, 54, 64 74, 84, INR 10 NMEERKESR. -
REFEID BIFF); 2R

(iii) 5 SEQ ID NO: 22 FiRMIFA AR RS 80%. B 85% BD 90%. BN
9% BH 92%. B 93% B 94%. B 95%. D 96% B 97%. D
98%. BREA 99% ¥ 3 — I3

#ltn, FriREBERA SEQID NO: 22 FiaHIEERF .

6. —FEEW, FHEEFWAER 1-5 £ HIRKE S ARBHIHR
Hitn, FrdBiEsiEe ASNEEREK. TRV, EERASE:
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B, FriRBpmos ekl gL ERZTRE AR N 3R C 3;

Plin, PRGBS REZITREEK N iR C ¥

Bltn, BrRAsSKEEREIKE S RMUFE. REZFFH. KEAES (NLS)
B3, BEEHS. BRBEEHE® (B, VPed) | HFMBILHE (Hlln, KRAB &
WER SID 18D « BREEHRE (B, Fokl) , RREE THREENERE.
BHRREE, FRABEE SPFELE, RRBEEYE, RRM6EE, RRRRE
FiEtE, AFABMHEE, ZRENSHE, B8 RNA T5IEH, X RNA D18IEHE, B
DNA JIgiEH:, MW DNA fRIESRNBRESEY: URRERAS:

plin, FrRZKENESRARE;

i, FrREEWES NLS fF5l;

Blm, PR NLS F3in SEQ ID NO: 81 fizR:

#ltm, BTk NLS FHALT . SESRBEEFRZEE KR (B, N3 C¥W) .

7. —HRIAER, HESHAER 15 £—FHRNEAUR A HEAREK:

i, BrRAsEARS eSS B ERZ TR E AN N 3G C 5:

i, PFrRASNEARSIEBRMRE. REEBFEFH . KBS (NLS)
3. BEES. BRBEEHER (Biln, VvPed) . BFMBILHWE (i, KRAB &
HIRER SID S5498) . BREESHE (Flln, Fokl) , BFEE THREHERSEHER:
BERBEE, FEABEYE, PR, BRBEELE, BXMbEE, RRRRE
TFistk, AEABMIEME, MBS, B8 RNA UIRIIEHE, M RNA UISiEd:, A
DNA UJ#[#5E, W8 DNA JJRIEERERESEM: URMERAS:

i, PridmieE O e RFE;

i, FriRfaEaEE NLS F5);

fitn, PR NLS 3 SEQ ID NO: 81 Fizr;

#lim, Brid NLS FHALT. SIERESEFTRZEKARE (i, NIRR CHR) ;

i, FriRMaEaRAEE THNEERFS: SEQ ID NOs: 82-101;

B, FrRMEEARAEE THKNEERFS: SEQ ID NOs: 83, 98, 101,

8. —MoBERERLS T, REFEETHNFES, SREEE THAKPALR:
(i) SEQ ID NOs: 41-60 f£E—IR a1
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(i) 5 SEQ ID NO: 41-60 E—HiA K FFIHLRET I REMBENELR. HRE
BRm (Bm A, 24 34 44 54 64 T4, 84, 9 AR 10 MRERE
B BREBIND KIFF;

(iv) 5 SEQID NO: 41-60 £E—IRFTAHIFF RA Z2D> 95% B F 5 F— 1731

) EFERFHTSO-GIE—PITRIFFIRIZHFH: B

(vi) (D-GiDAE—TR P R B 5 I AN

FH, ()-MPE—FRFRIOFIERRE TR E K75 A FTh8e:

Bitn, RS FEE— RSN EREMUK RS

#itm, )-(PE—FFRIFIRE T RS HFFIN =% H:

B, FrReRaFESEE TR, RbiEE TARFHER:

(2) SEQ ID NO: 41-60 FE—TRBT I HRRFF;

(b) EFREFNHT E@FFTRIFFIRZRFI: R

(© (F PR B FFI I EAMNF3;

Bitn, FriRsBEIBRR TR RNA;

Bitm, BrRSBHIBRRS TR CRISPR/Cas R IR HMESFF.

9. MFIER 8 RN BEHBRS T, HEFEATANFS, REEETHRF
FULH AR

(i) SEQ ID NO: 57 FianHIfF5;

(i) 5 SEQ ID NO: 57 finiIFAMHLER —AREIMRENE . SRERRN
Bm 1A, 24, 34, 44, 54, 64 74 84, IANER 10 MRENER. Gk
BB HIFF

(iii) 5 SEQ ID NO: 57 FinKIFFREFED 20%. D 30%. B 40%. D
50% B 60% BD70%. B 80% B 90% B 95%BIFFIFE— B 5

(iv) FERFET 5 O-(iVE—TRPIRNFHRZHFH: R

(v) (- EE—TH BT 1 PP 3 i) EL AN 515

P, FrRBERs FESEE THARFS, REEE THARFIAR:

(a) SEQ ID NO: 57 Fin I HRRIF5;

(b) EFREEFL T H@FBRBFFIRZRFS; B

(¢) SEQ ID NO: 57 FiHIHRRIF5 K EANFF] .
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10. BUFIER 8 R BHBRS T, HESEE TR, Rba&EE TAKFE
FULE R

(i) SEQ ID NO: 42 FiHIfF5l;

(i) 5 SEQ ID NO: 42 FiniIFFHILAERT — I REMWEHERR. RARIFM
Blmm 1A, 24, 34 44 54 64, 74 84 9AER 10 MREMER. GRER
BB KFEH;

(iii) 5§ SEQ ID NO: 42 FinHIFNEFED 20%. D 30%. ED 40%. ED
50% ZD 60% B> 70%. B 80% B 90% B 95%KFEFIE—HEHI 5

(iv) ZEPREFGT 50-(iE—RFFRRFFIRZRFF; R

(v) ()-(iii EE—T 5 BT B PP 3 B ELAMF 515

Plim, FrRBRaFESEE TN, RE%EE THRFFILER:

(a) SEQ ID NO: 42 Fins B HRRITF5;

(b) EFRFG T H5@FFRBFFIRZRIFH; R

(¢) SEQ ID NO: 42 FiRHIiH R IF5 K EAMNFF .

1. BFER 8 FrRABHERS T, RESEaTANFS, Ra&a TAKF
FULH AR

(i) SEQ ID NO: 60 FrasHIfF51;

(i) 5 SEQ ID NO: 60 FinfIFAIMHLER —AREMRENE SR, SRERRIN
Bm 1A, 24, 34, 44, 54, 64 74 84, IANER 10 MRENER. Gk
BB HIFF

(iii) 5 SEQ ID NO: 60 FinKIFREFTED 20%. D 30%. B 40%. D
50% B 60% BD70%. B 80% B 90% B 95%BIFFIFE— B 5

(iv) FERFET 5 O-(iVE—TRPIRNFHRZHFH: R

(v) (- EE—TH BT 1 PP 3 i) EL AN 515

P, FrRBERa FESEE THARFS, REEE THARFIAR:

(a) SEQ ID NO: 60 B B HRRITF5;

(b) EFREEFL T H@FBRBFFIRZRFS; B

(¢) SEQ ID NO: 60 FimsHIBERRIFFI KM ERMNTF
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2. —#{EEY, HES:

) BA4S, HiEH: HAER 15 £—HRNER. BFAER ¢ frRNEE
Y. BAER 7 iRRaES, REER4E; N

(i) ZRAS, EN 5SZE IHFHESHFER 8-11 £—THrR 2 BHERS R
B SRFFFIRZRI R H P,

Hf, FIRBEOAS SBRASHEEETREEY:

B, FRRSmFHEETIRBERSTH 3'¥;

B, FRRSEFHEERRRFARKE T

B, FHRBRRA SR CRISPR/Cas REHHIF M RNA;

B, BriRBRRS TR RNA;

plim, FrREEMAEERAIEA crRNA(tracrRNA).

13. NER 12 iR E S, HEs:.

) BE4S, H&EH: HAER 3 friaiEL. BSFREENES YR AE
H: BAR

(ii) R4S, HESBFIER I MRS BHERS T URITR ST .

14. NER 12 iR Z &Y, KBS

) BE4AS, HEH: HAER 4 FriafEL. BSFREENES YR EE
H: PR

(i) R4S, HESHFIER 10 fridi2BBERS T URIR S H 5 .

15. fAER 12 iR E Y, KBS

i) BE4S, H&EH: BAER 5 FrANEL. B8FREENEAYRMERE
H; P&

(i) R4S, HESHFIER 1 FrRfs BRERS T URFTR ST .

16. —MrBRBERS T, HEE:
(i) RISBRIER 1-5 £—WHRMEL. BFIER 6 FrRNEEY. BFER
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7 TR IR & E BRI ERRFS:

(i) ZRESEURIZER 8-11 Frid B4 MBS TR TS /B,

(i) & OM)FIBERF;

B, O-GiAE—TFIRBEERFAEEL TR TERZ 4RI+
HATRIE.

17. —F8fk, HBETNER 16 Fridif 2 BHERYF.

18. — PR, FHEEHAER 16 FrRe4 & KSR FERANER 17 Frds
Btk

19. —FEEY, HES.

(i) F—4sy, HEH: HAER 15 £—THRNES. BFHER ¢ FrRNSE
v, MAER 7 IRNBIAES. REMRBEORBMEEANEERTH, URRER
Hes M

(i) HoWS, HABETHE RNA WEERFS, RERLITRES A RNA 1
BHRTFANBERT;

K, Prid M RNA A SE 3 HEEAHEEFARNRETS, FrRSRF%
BERFHIRZL;

PR G RNA BB 50)FRNER. FAYRBMEBEARRESY:

#itn, FrRRMERRFFIRAER 8-11 £ e K55 R 7

Hitn, BrRSRFFEEZFTRRRESFAN 3°3%;

Bitn, FrRSEFIIE SRR

i, PrREAMAEERAIEH crRNA(tracrRNA);

#itn, FrRAaMRIERRIFERNREBHN;

B, FrRdAWHREDS— MY RIERRFERREBHR;

B, FRE—ASRIERBEENREBHR; F/R, FRE_HSRERRE
FERREBHR.

20. BURIER 19 FrRg A &Y, K.
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FRE—ANEE: BHNER 3 FRNES. RESFREENESVRMEE
H. BRGEHEIREORMSEONEERTS, URMERAS:

FriR A EEFRRAIER 9 HHTE L4 BRZRS T

R, LFTRRRFFIN DNA B, FrRfEREslacT IR R FEEEF (PAM)K)
33, HEFR PAM REF 5°-ATG FiatifF5l.

21. BRIER 19 FrRf A &4, Ko

FRE—ANEE: BHER 4 TRNES. RESFREENESVRMEE
H. BRAEBIREORMSEONEERTS, URMERAS:

Bk F i EE FFRARIER 10 Hp7E X5 B RZRSTs

R, LPTRRRFFN DNA B, FREEREFIAcT IR F 5T 7 (PAM)K)
3%, HEFTR PAM BAF 5°-TTN FraiIfF5).

22. BRIER 19 FrRMI A&, K.

FRE—AHNEE: BHHER 5 TRNES. RESHREENESVEMEE
H. RGBT EERMSEONETERTS, URMERAS:

iR I ERFFRRFIER 11 FETE L5 B RS T

ik, LFTREIRFFFIN DNA B, FrREEREIhcT IR E 5T E F (PAM)K)
3, FHEFTR PAM RE 5-KTR FinfF3).

23. —MAEY, RET—MHREHRE, FR—HREHABET:

(i) B—BR, FHAFHERAER 15 £—HRNEERNAER 7 Frdfm&E
HRSERFS: EEMITRE R REMEEZEE ATl PR

(i) BB, HHNEERA RNA HEERFS: EEMATRE BT HIES
b ET N

Forf:

PR sE— R 5 H R ETHRRA AN RE L

PR 2| RNA M\ S & 3HF B EARERFIINRAFS, FridSnFslRes S5
FFRIZAL;

PR 27 RNA BB 50 H RN E SRS EERRE Y
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Fitn, PR ERFFIRFIER 8-11 F£—I B 4B IR T
Bitn, PR SEFFIEEZIRREERFHN 3'5;

Bitn, FridRRFFIE S IR EFF K E T

Hitn, PR WA EERAMEM crRNA(tracrRNA);

Hitn, FrRAaWRERRFENREBHN;

Bitn, FriRdewEDS— NS RIERBFENREBMN:

B, FrRE—ATRARET, ANESRENT:

Bitn, FrRE_ATWRtEREST, AMESRENT.

24. BUFIER 23 Frid A &9, H.

B —BRARENFER 3 FRRNEORESIREONRMEEONEREERF
1

R A ER FFRIRIER 9 R E X538 RS T

R, LETREARFFIAN DNA B, FRR¥EFHALT IR FRE P 5 s 7 (PAM)
3%, FHEFHR PAM BEF 5-ATG FiakiFs.

25. BUFIER 23 Frid A &4, .

R —BRARENFER 4 FRAREORESIREANMEEONBEERT
H;

iR R M E R FFRFIER 10 FATE X2 BB S T

R, LFTREEAFFIN DNA B, FrRRfFs) AT IR ERE P 51 s 7 (PAM) )
335, FHEATR PAM BF 5°-TTN FiaiIfF5).

26. RAER 23 FriRASw, K.

FrRE—BRAREEAER 5 FRNEORESHIREENMASEONEERF
s

BT ) [ B F 5 BRARIZE SR 11 Hr s 43 B B R 45

R, ZLFHREFRFFIN DNA B, FrREEFF5AT IR F P 5 ImEEF (PAM)H
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3%, FFEBTR PAM BF 5-KTR FiniifF5l.

27. BAIER 19-26 E—TFRWAEY, X, LFHREIFFFN RNA B, Frd
¥ RNA FFIAEF PAM SR H .

28. AIER 19-27 E—WERMAEY, H, PFrREFHRERE RBHRREB
4Ry DNA BR RNA FF5l: B0, BriRRifF3IRIERMFER DNA B RNA F51.

29. HER 19-28 E—HFTRIASY, K, FrRiEFRFETHRA:
Bitn, FrRREFFIFETHRBENRANRR (Flln, 458 A

Biltn, FrR4HHR B4 i

Biltn, PFrR4HpR Fgn.

30. BAIER 1929 £—FFRMAEY, Kb, FrREgEEF —18E4N NLS
5, ¥, FIREEYSMEEAEE RS NLS F5;

B, BrHR NLS FRIEEZREAKN N R C 3%

i, Bk NLS FAf4ZmREARN N 38R C 5.

3. —FEAIE, HEFMHRSHIEETHNLS: HAER 15 £—HRNE
H. BUFIZER 6 FrRfgay. SRR 7 rRN@MaES. RAIER 8-1 £k
K12 BRTBRAT AAHER 12-15 £—FRNE Y. HAER 16 iR HHE
BT BAER 17 8. SRER 19-30 £—BFrR A &

B, FIRRAISESRAIER 19-22 £—WIRNAEY, URBHARAEY
LB 5

pitn, FRARHEESHNAER 23-26 E—HFRNAEY, URBERAFTRAEY
FILEI .

32. —FHEIRHAY, HESELRRE, UREE THHN—MREM: BAER 15
HE—HBTRKNER. BRIER 6 R EY. BAER 7 FRRBEES. HAER
8-11 E—TTRH S BB T BRER 12-15 £—TFRHE Y. WAER 16
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B9 BB BUHER 17 FrRi#fs. SUHER 19-30 £—TrRNAE
s

i, BridsilRERRT;

Bitn, FrRiissiadt s i RBR. BB, €RWN. BEOMR. A&, S8
. . ERBERERAE (Fln, EHREANEIRE. BRE. BRERRME
FRE) .

33. —MBHRERRTE, HARE. BRRER 12-15 £ RN E S WEER
ER 19-30 £—FFTRMASYSITAREREM, RFBXEE S IIRMER 4K
B RS T AR iR

Bitn, FrHRREEAETHRA;

Bltn, BriRgnHR R gn;

Bitn, PrR4H N R R4

Bitn, PrRdifE s (B, WASWAR, FIWARLERD) . EYHK;

Bitn, PrRREFEEETHINNBERSF (P, FAD

i, PridBrRBETREF A KNS, 0 DNA FIXUSEHTRER RNA RRsER;

Bitn, PHRBHIE BRI EEREN TR+ .

34. BAIER 33 FriRfiis, REHEHHER 13 iR EEY. BRIER 20 Fr
REASWENFIER 24 FRPOASYSIRAEERZM, REBAZCTIMREER
HIgERa .

35. BURIEER 33 FriRpih, HEEENRIER 14 iRl e%. BRIZER 21 f
REASWENFIER 25 FIRNAS M SR EENEM, REBRXECATIREER
R4 -

36. BAER 33 FriRpylsis, FHEHEHAER 15 FRNEEW. BRER 22 fir
REASWBERFIER 26 FTRNASYESTRRER S, REBREETHTREER
HI4ERL .
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37. —HRRERTYHREN T, REHE: BHAER 12-15 £—FFRNE S
WBANER 19-30 £—HFTRNAEW SREFTRERN=WHRRS TEM, REE
REQTIRERS FHRARS, FrRFNEETIRERS T4

B, BrdBmRay T THmN;

Bitn, FrR4niuR R4 n:

Biltn, FrR4HHR B4 i

Bilm, FrRdiiike (B, WA, HImARMEH)  EYLHH:

Biln, BrdBRS FHETRANERST (B, BRD .

Bitn, FrRBEREFYHREHEEZE (B, HRRERL ;

Hitn, FrRER~MEES.

38. BUAIER 37 FriRf5iE, HEHEHRER 13 IRNR &Y. BRIER 20 Fr
REASWENFIER 24 FrRNA S SHRBITRERYRER)TEM, BEHBR
ZREIRERS FHART .

39. BAER 37 FriRf i, REHHNHAER 14 fIRNEEY. BRIER 21 Fr
REASWENFIER 25 frRWA SN SHRBIMRER YR SRS TEM, REBR
ZREIRERS TR .

40. BAIER 37 FriRf 75, REFEHIHER 15 RNRE &Y. BRIER 22 fr
REASYENFIER 26 friRWA S SHRBIMRERYRERST8M, REBR
EREFRERS T RIS .

41. BRMER 32-40 £—TFTRBTEE, HPFRNES. 6%, MeES. 45
KBRS T 69, RESASWEE TBEAREF;

Bitn, BrR@EARbEE RN, BB, SR, ZEEMA. BRE. S
%, RERG URBREIERTRE. R, RWRERRERE .

42. BRIER 32-41 E—THFTRBTE, A TEREERRGBEER = WHIBR
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ATFHE—AREMEFFIRGHAR. ARRAREDSE.

43. —FEARER 32-42 E—TFRK G ERBHARRIE TR, FFrRdams
HEHEFER P ARFERBN.

44. BURIER 43 Frid M4 U BSR4 B ™40 o

45. —FESMN . BERRIERA P B ER B R R EATIFAR, PR R e Rk
ENHFRES: BAER 15 £—FRNES. BUHER ¢ frRANEEY. BRAE
R 7 IRRRAES. BRFIER 8-11 £—FMRNSBRIBERS T RRER 12-15
REOEEY. BRER 17 RN S BHERS T BRIER 17 fridisdk. RAER
19-30 F£—BFTR KA &Y

Bitn, PrR4ifusRAf RREMINFRES: BRIER 13 FFRNEEY. RAER
20 PRI A WIERAURER 24 Frid A&

Bitn, PrR4IfsRAMBRREMINFRES: BRIER 14 FFRANEEY. RAER
21 FriR A A YBARIZER 25 Frid A &9;

Bitn, PrRgifsRAMRRETINFRES: BRIER 15 FRNEEY. RAER
22 PRI A WIS ER 26 Frid A &W;

Biltn, BriRg R R 4ni:

Bltn, PFrRgifaRshW4E (B, "SRR, PImARE)D BEYHN;

Bltm, PR TR T4MR.

46. BUFIER 1-5 £—WFTRHED BAER 6 FrRNEEY. BUHER 7 fridi
BEES. HAER 8-11 £—WFRNSBEZERS T RRIER 12-15 £—THRRK
HEW. BAER 16 iR 2 BHBERS T BAIER 17 FrR8E. RFIER 19-30
TR ASWERAER 32 FrRfEfE, ATEREE (i, ERRERH
i) AR

i, FrREEREFAREBCHEBHER. MBRER. XREF=YHRE. B
HRZ. ABHEAZEER.
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47. FHER 1-5 £—HFRHEL. BRER 6 FrREFEEY. HHER 7 Fridly
BMEES. BRER 8-11 £—FFRNSBHERS T BRIER 12-15 £—TFRH
HEW. BAER 16 FrRf BB T BRER 17 Fridi8ak. BRER 19-30
TR IA SYERNER 32 Fri@ il Efl&HHT0RE, s
T

() BAERRERARE:

(i) BfAEEE DNA KR

(i) SitERnEE R B KR PP RB M AL W BRIE AR YD:

(iv) VBT Eh ¥ B e v TR P 37 B R A 51 A KR
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