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1. Cas9-scForkI fli& A, HARFIEAE T, Prif k& & A 0 HHSEQ 1D NO. 1 Fion 2 1R 7
VAR E 1

2. Rt E SR 1 BTk Cas9-scForkl fld 8 A I IR T4 o

3. MRPEAURN LR 2 Pk (% R 741, HRFAEAE T, Frid i R /741 40 SEQ 1D NO. 2 fiy

|

4 AR PERAE SR 1 Frid () Cas9-scFork ] fl& 8 1, HARFEE T, Frid i) Cas9 B A2 K
W Cas9,
5. MRHERURE K 1 ik ) Cas9-scForkl flié 8 H, HAFEAE T, Jrik i scFork! H2H
S WA ForkT, FRlRI FH—~ (G4S) & .
6. BRI K 1 ik i) Cas9-scFork! filié 2 1 7E 25t S 2k RME AR IR A
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Cas9-scFork g8 EB K EN A

A S
[0001] A& BHJE T4r F AW 2 H ARSI, HAKW & —Fp Cas9-scForkl il & 2 A1 M H
o

B

[0002]  CRISPR-Cas i [F 4H 1 A1 ol 40 B (1) 502 ZR 40, W) B A5URe 7 P 1K) RNA K Cas9 4R
Aty 2R 2 b B £, AT S R R s AT B . RNA ) Cas9 W] LLTE 2 A4
MR AL P R h 45 Dy e TR e 7 i AR e LR A o Cas9 XM (R 20 2 17 e A o
RO ZHT ARAMRER, D, K, 2900008 e R AN o

[0003]  ForkI /& —Ff R il £ =% 1R W U1 B, Forkl — B4 J5 Wi w] LK DNA AT P11
220 SCERIRIE, SR VG 1K Cas9 5 Forkl fil &, B Cas9-ForkI W A T2 41 9w, 1 H
Cas9-ForkI nickase n] DL S AEHf 1) A T 25 R 40 ) g i o (E2 X P ISR 75 B2 0H 91> gRNA
BUR, W LR 2y . T H. Cas9-Forkl nickase [YIEIREA LK. Ak B —AN K05
1] Cas9 &5 HIEH P Forkl, IXP Forkl H (G4S) &, Z 7L v by g, A58
Wit gRNA, I I EIE IR o 2073 H T A R R

AR
[0004] AW H K2 N T R ILA H R A R, 12 1 — B Cas9-scForkI f &
WH. Ak B 2B TR 7R, 8N YR 4L Cas9 B B HEAT X0E, O (GAS) (o
(Gly-Gly-Gly—Gly-Ser) & — linker, lH'EEHE A Fork] SR, SR 5 FIRIE ) Cas9 fl
4 i Cas9—scFork I, il & &5 AT L F0RE 5 PE AT JE R 2 1
[0005] AU R FH 4R T S UF

Cas9-scForkl @A 85, Fridmi &8 A H SEQ 1D NO. 1 By &S5 7 A A B 8L (A o
[0006]  Zwhd iR [K] Cas9-scForkl i & H L H R
[0007] LA ERZHERFPA, BTk B IR P41 40 SEQ 1D NO. 2 f7i.
[0008]  PTiAf) Cas9-scForkl Fl& 8 H, rihH Cas9 & H & K1) Cas9,
[0009]  ATIRH) Cas9-scForkl gl-& & H, Frid i scFork] & A 42 H A Forkl, e f—4>
(G4S) %
[0010]  FITiR ] Cas9—scForkI &8 F 75 25 )i it S R RME A b B R T
[0011] AR SIA AR, A @A A K W TP TR ) 2, 05 1
Cas9 & FHMATHUE, H (G4S) B (G1y-Gly—Gly—Gly—Ser) o5& —> linker, H'EERE N
Forkl, 8K J5 R 35 1 Cas9 Fli& il Cas9-scForkl, 1Z & 8 A 1] LA 71 5 M gk 4T 2 A
MM 9wt . AW Cas9—scForkl FlA & 25 1k BE MG A B 22 4, iRl BRI W]
HTHEGTT
[0012]  AS WRIERAT HARAH UL, Ve vk S8 0 R0 o M LIRS 5 5y, FAE R RN K28
FH G SEEAMUA]T DU TR, the] T RETT
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F (= 152 AR
[0013] 1 Jy Cas9-scForkl & HIE MR KIERE ;
2 Sk Cas9-scForkl &5 X Malt1 J& PRI E v 4 560 E 1K

BALHEAR

[0014] " [ &5 & Bl B RSt %o AR i BHAE B — 2B (R 4R IR

[0015]  ABMIEREE AN ¥ 2 BRAR, TF A1 S T Ui BHAC R B, T AS AR R PR 2 A &
B0 o S TG P A B BLAR R AR BUAAR2 , Hi2 FEAC ISP 1) STk B 4 08 (R B AR B 4% 14
B AL O U AT o BT R B OG AR B AR 7 TR, Y T LUAE G T T SR AS I
R

[o016] A B, SEQ ID NO. 8 Iz /741 514 Primer_F1 \5|4) Primer_ R1.Maltl ZE[]
(1) gRNA J7 1) 514 Primer F.5|#) Primer R.5|#) Primer_F2 F15|4) Primer_ R2,¥JW4+4=
TAY TR (B BERAA ;

J2 B e ok IR TR, W T RAR A AR (bRt ) AR 4]

hCas9 # AN T Addgene, Plasmid 41815 ;

/NECES i, T Millipore ;

PL SEQ ID NO. 8 fli7n& % Cas9-ForkI-(Gly-Gly-Gly—Gly-Ser) 10-Forkl DNA JF41|+&
THAETAYTRE ( i) BOARAFE I,

[0017]  SEjifs] 1 Cas9-scForkIfl& &t il &

FITIR I Cas9-scForkl fli-&d H K& 7%, A LR T -

H—#B4r, pCas9—scForkl HAZFKILEAARRIFIEE -

PLSEQ ID NO. 8 fiT7n&r i Cas9-ForkI— (Gly—Gly—Gly—-Gly—Ser) 10-ForkI DNA %41, LA
Cas9-ForkI—-(Gly-Gly—Gly-Gly-Ser) 10-Forkl DNA 4 M#5k, F 514 Primer F1 :CAGCC
TCCGGACTCTAGAGCCACCATGGACAAGAAGTACTC (SEQ ID NO. 3) FIE|4% Primer_ R1 :AACTCATTA
CTAACCGGTTCATGAGCGGAAATTGATCTCGC (SEQ ID NO. 4)

HATY I, BB RNV R WK 1R

®1 RMNAER

5XprimerSTAR Buffer 10 ul
dNTP (2.5 mM) 4up 1
TaKaRa Taq HS (5 U/u 1) 0. bul
Primer F1 20pmol lul
Primer R1 20pmol lul
Cas9-ForkI-(Gly-Gly—Gly-Gly—Ser) 10-Forkl (20ng/ul) 1ul
ddH20 32.5 ul
it 50 ul

¥R VR 98°C 10s,61°C 30s,72°C, bmin, 3L 30 MG
[0018] R [EIUK Cas9-ForkI-(Gly—Gly—Gly—Gly—Ser) 10-Fork F B, Al Xbal F1 Agel F 1]
hCas9 44, P 2R84k . P EXHE4T In—Fusion W (Clothech), #4k, 7o & £ 5%,
A 3R1F pCas9—scForkl HAZRIBBAM . ZHAZRIRIN T E AL N Bz B )
IR VE
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[0019] %5 B4y, pET-Cas9-scForkl JRI% R BH AR .

PL Cas9-ForkI-(Gly—Gly—Gly—-Gly—Ser) 10-ForkI DNA &4 itk , 5|4 Primer F2 .
TTGTTAGCAGCCGGATCCATGGACAAGAAGTACTCCATTGGGC (SEQ ID NO. 9) F5|4) Primer  R2 :ATC
GAAGGTCGTCATATGTCATTATGAGCGGAAATTGATCTCG (SEQ ID NO. 10)

HATY 1, BlE RNVAR R R 2 iR -

®2 RNAAFR

5XprimerSTAR Buffer 10 ul
dNTP (2.5 mM) 4ul
TaKaRa Taq HS (5 U/u 1) 0. bul
Primer F2 20pmol lul
Primer R2 20pmol lul
Cas9-ForkI-(Gly-Gly—Gly-Gly—Ser) 10-Forkl (20ng/ul) 1ul
ddH20 32.5 ul
Bt 50 ul

8 N :98°C 10s,61°C 30s,72°C, 5min, 3£ 30 MG .
[0020]  f&[F[iz Cas9-ForkI-(Gly—Gly—-Gly—Gly-Ser) 10-Fork F E%, F BamHI F1 Ndel Bi1J]
pET-16b #ifa, I [FIfCE B8 k. W i BEdEAT In-Fusion W (Clothech), ¥4k, FifE %
JE » i3t 4 3J 44 pET-Cas9-scForkl JRAZRIE B . ZIRZRIEEMAN TR EZED, HTEH
IEiZ A % DNA B4 EE 2 .
[0021] %5 =14y, Cas9-scFork] & H I F A 5 4ifb .

2 JFURL pET-Cas9-scForkl ¥4 KA B, coli BL21. #ALEAE 5ml Z N HitE
R g P R A, IRH H A N 500m] AHFI R 7R 2k i g%, &8 IPTG 16 CHEiF T, Ik
LEITAF R Cas9-scFork H H B AR, 28k iy He AT fa B o 3R AF n s PRI 138, AT NI AR
FENT. fFFEMEAS N giE 2 )G, SCHEVER (20mM Tris-HC1, 500mM NaCl, 5%Cv/
v) Hi, 60mM BKME, pHS. 0 ) PEWR, 5 SRS (20mM Tris-HC1, 500mM NaCl, 5%
Cv/v) Hil, 500mM BKME, pH8. 0 ) Peliididi . A PD-10 i ShAEKE PR 40 7 Hh 1 i #h %
THVRCE e SRR 4 EE o 20% H KT PBS %W, 2 S 54T SDS-PAGE [RIR I, FrfER1 K
ali1b 11y Cas9—scForkl & H .
[0022]  sEjfs] 2 Cas9-scFork 1 (VI #IE M L IE

¥ Cas9-scForkl 21 (300 nM) S54RI SR pDNAS. 1, tracrRNA, Mg®', crRNA AN[H]
Py E . RIL Cas9-scForkl 2 [ 5L IITR: pDNA3. 1, tracrRNA, Mg®', gRNA % & iX
—2H, DNA BYIEEM . B Cas9-scForkl 22 (300 nM) “Hi&E.
[0023]  BEAKUIS ARSM% SR tracrRNA K crRNA, 95°CAE M, SR G 1B 18 A HI B = 1%
Cas9-scForkl & 155 28 4k A E 42 M4k 1 JURE pDNA3. 1(200 ng) , Mg®', tracrRNA (100
nM) , crRNA (100 nM) ANFEIZH5 37TCHEE — /b KMV buffer & :20 mM HEPES pH
7.5, 150 mM KC1, 0.5 mM DTT, 0.1 mM EDTA, 10 mM MgCl,. & N —AN/ Nt IIA5X SDS
loading buffer (30% glycerol, 1.2% SDS, 250 mM EDTA) Hijk. 4R ERUE 1 FiR,
HE 1 A0, Cas9-scForkl & 526 MEAL I Tk pDNAS. 1, tracrRNA, Mg®', gRNA ¥ HIX—
24, DNA A3 IR T, A4 A VIR TE
[0024]  SEJfEf5] 3 Cas9-scForkI 4 X Malt 1% PRI 7] E3E 14 1) 36 1E

1 Cas9-scForkl B #% % & 3 & 5 &1 % Maltl & Al () gRNA :AACTGTGCTGCCGGGCAAC

5
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(SEQ ID NO.5) HLEZHI/NG ES 4l i, FHLEE G 24 /NI, PR [, TR 96 fLiR% 7% . 5%
MM ST, BEFLINA 47.5 ul ES M0 2.5 ul 10 mg/ml &5 AR K, ¥ E T 56
CCHFE AW . R EHERECE 10 ml P4 JEK Z8E +150 ul 5M NaCl FIVESR, &
HEE 2 hrs, ik DNA JLUE, B0, YENLAT 2/ R ES 40 f kK20 DNA. 40 i SR v e 77 1
Tris—-HC1 pH 7.5 (10 mM), EDTA pH 8.0 (10 mM), NaCl (10 mM), 1% SDS. FH5|4% Primer
F: TGCTTTACAAAGTTTCCAGCTGAAGCSEQ ID NO. 6)F15 |4 Primer R :AACCAACCAACCAACCAGCTAA

(SEQ ID NO. 7) BEATH 1Y, BB [ AR RN 3 o -

4/10 |

%3

10X Taq Buffer 5 ul
dNTP (2.5 mM) 4ul
TaKaRa Taq (5 U/n 1) 0. 5ul
Primer F 20pmol lul
Primer R20pmol lul
FEIR4H DNA 100ng/ul lul
ddH,0 37.5 ul
it 50 ul

P NVAESE :95°C 3min, 95°C 10s,60°C 30s,72°C 30s, 3L 30 MFER,

[0025]  [A[ix PCR P=4iill 7, tn B 2, 45 B B IR, Cas9-scForkl & AXT Maltl FEEEH V)
ENTEME
[0026]  FridEh &AM EREISIE A0 T TR, 753 Wk 5 -

SEQ ID NO. I:

MDKKYSIGLA IGTNSVGWAV ITDEYKVPSK KFKVLGNTDR HSIKKNLIGA LLFDSGETAE 60
ATRLKRTARR RYTRRKNRIC YLQEIFSNEM AKVDDSFFHR LEESFLVEED KKHERHPIFG 120
NIVDEVAYHE KYPTIYHLRK KLVDSTDKAD LRLIYLALAH MIKFRGHFLI EGDLNPDNSD 180
VDKLFIQLVQ TYNQLFEENP INASGVDAKA ILSARLSKSR RLENLIAQLP GEKKNGLFGN 240
LIALSLGLTP NFKSNFDLAE DAKLQLSKDT YDDDLDNLLA QIGDQYADLE LAAKNLSDAI 300
LLSDILRVNT EITKAPLSAS MIKRYDEHHQ DLTLLKALVR QQLPEKYKET FFDQSKNGYA 360
GYIDGGASQE EFYKFIKPIL EKMDGTEELL VKLNREDLLR KQRTFDNGSI PHQIHLGELH 420
ATLRRQEDFY PFLKDNREKI EKILTFRIPY YVGPLARGNS RFAWMTRKSE ETITPWNFEE 480
VVDKGASAQS FIERMTNFDK NLPNEKVLPK HSLLYEYFTV YNELTKVKYV TEGMRKPAFL 540
SGEQKKATVD LLFKTNRKVT VKQLKEDYFK KIECFDSVEI SGVEDRFENAS LGTYHDLLKI 600
IKDKDFLDNE ENEDILEDIV LTLTLFEDRE MIEERLKTYA HLFDDKVMKQ LKRRRYTGWG 660
RLSRKLINGI RDKQSGKTIL DFLKSDGFAN RNFMQLIHDD SLTFKEDIQK AQVSGQGDSL 720
HEHTANLAGS PATKKGILQT VKVVDELVKV MGRHKPENIV TEMARENQTT QKGQKNSRER 780
MKRIEEGIKE LGSQILKEHP VENTQLQNEK LYLYYLQNGR DMYVDQELDI NRLSDYDVAA 840
IVPQSFLKDD SIDNKVLTRS DKARGKSDNV PSEEVVKKMK NYWRQLLNAK LITQRKFDNL 900
TKAERGGLSE LDKAGFTIKRQ LVETRQITKH VAQILDSRMN TKYDENDKLI REVKVITLKS 960
KLVSDFRKDF QFYKVREINN YHHAHDAYLN AVVGTALIKK YPKLESEFVY GDYKVYDVRK 1020
MIAKSEQEIG KATAKYFFYS NIMNFFKTEI TLANGEIRKR PLIETNGETG EIVWDKGRDE 1080
ATVRKVLSMP QVNIVKKTEV QTGGFSKESI LPKRNSDKLI ARKKDWDPKK YGGEFDSPTVA 1140
YSVLVVAKVE KGKSKKLKSV KELLGITIME RSSFEKNPID FLEAKGYKEV KKDLIIKLPK 1200

6
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YSLFELENGR KRMLASAGEL QKGNELALPS KYVNFLYLAS HYEKLKGSPE DNEQKQLFVE 1260
QHKHYLDETT EQISEFSKRV TLADANLDKV LSAYNKHRDK PIREQAENIT HLFTLTNLGA 1320
PAAFKYFDTT IDRKRYTSTK EVLDATLIHQ SITGLYETRI DLSQLGGDSR ADPKKKRKVG 1380
SQLVKSELEE KKSELRHKLK YVPHEYIELI ETARNSTQDR ILEMKVMEFF MKVYGYRGKH 1440
LGGSRKPDGA TYTVGSPIDY GVIVDTKAYS GGYNLPIGQA DEMQRYVEEN QTRNKHINPN 1500
EWWKVYPSSV TEFKFLEVSG HFKGNYKAQL TRLNHITNCN GAVLSVEELL IGGEMIKAGT 1560
LTLEEVRRKF NNGEINFRSG GGGSGGGGSG GGGSGGGGSG GGGSGGGGSG GGGSGGGGSG 1620
GGGSGGGGSG SQLVKSELEE KKSELRHKLK YVPHEYIELI ETARNSTQDR ILEMKVMEFF 1680
MKVYGYRGKH LGGSRKPDGA IYTVGSPIDY GVIVDTKAYS GGYNLPIGQA DEMQRYVEEN 1740
QTRNKHINPN EWWKVYPSSV TEFKFLFVSG HFKGNYKAQL TRLNHITNCN GAVLSVEELL 1800
IGGEMIKAGT LTLEEVRRKF NNGEINFRS 1829
SEQ TID NO. 2:
atggacaaga agtactccat tgggctcget atcggcacaa acagegtegg ctgggecgte 60
attacggacg agtacaaggt gccgagcaaa aaattcaaag ttctgggcaa taccgatcge 120
cacagcataa agaagaacct cattggcgece cteetgtteg actceccgggga gacggecgaa 180
gccacgegge tcaaaagaac agcacggege agatataccc gecagaaagaa tcggatctge 240
tacctgcagg agatctttag taatgagatg gctaaggtgg atgactcttt cttccatagg 300
ctggaggagt cctttttggt ggaggaggat aaaaagcacg agcgccaccce aatctttgge 360
aatatcgtgg acgaggtgge gtaccatgaa aagtacccaa ccatatatca tctgaggaag 420
aagcttgtag acagtactga taaggctgac ttgeggttga tctatctecge getggegeat 480
atgatcaaat ttcggggaca cttcctcatc gagggggacc tgaacccaga caacagegat 540
gtcgacaaac tctttatcca actggttcag acttacaatc agcttttcga agagaacccg 600
atcaacgcat ccggagttga cgccaaagca atcctgageg ctaggetgtce caaatcccegg 660
cggctcgaaa acctcatcege acagetccct ggggagaaga agaacggect gtttggtaat 720
cttatcgeee tgtcactcgg getgaccece aactttaaat ctaacttcga cctggecgaa 780
gatgccaage ttcaactgag caaagacacc tacgatgatg atctcgacaa tctgetggece 840
cagatcggeg accagtacge agaccttttt ttggeggecaa agaacctgtc agacgecatt 900
ctgctgagtg atattctgeg agtgaacacg gagatcacca aagctccget gagcecgetagt 960
atgatcaage gctatgatga gcaccaccaa gacttgactt tgetgaagge ccttgtcaga 1020
cagcaactge ctgagaagta caaggaaatt ttcttcgatc agtctaaaaa tggctacgece 1080
ggatacattg acggcggage aagccaggag gaattttaca aatttattaa gcccatcttg 1140
gaaaaaatgg acggcaccga ggagetgetg gtaaagetta acagagaaga tctgttgege 1200
aaacagcgca ctttcgacaa tggaagcatc ccccaccaga ttcacctggg cgaactgeac 1260
gctatcctca ggeggeaaga ggatttctac cecctttttga aagataacag ggaaaagatt 1320
gagaaaatcc tcacatttcg gataccctac tatgtaggee ccctegeceg gggaaattce 1380
agattcgcgt ggatgactcg caaatcagaa gagaccatca ctccctggaa cttcgaggaa 1440
gtcgtggata agggggecte tgeccagtee ttcatcgaaa ggatgactaa ctttgataaa 1500
aatctgccta acgaaaaggt gcttcctaaa cactctctge tgtacgagta cttcacagtt 1560
tataacgagc tcaccaaggt caaatacgtc acagaaggga tgagaaagcc agcattcctg 1620
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tctggagage agaagaaagce tatcgtggac ctcctcttca agacgaaccg gaaagttacce 1680
gtgaaacagc tcaaagaaga ctatttcaaa aagattgaat gtttcgactc tgttgaaatc 1740
agcggagtgg aggatcgett caacgcatce ctgggaacgt atcacgatct cctgaaaatce 1800
attaaagaca aggacttcct ggacaatgag gagaacgagg acattcttga ggacattgtce 1860
ctcaccctta cgttgtttga agatagggag atgattgaag aacgcttgaa aacttacget 1920
catctcttcg acgacaaagt catgaaacag ctcaagagge geccgatatac aggatggggg 1980
cggetgtcaa gaaaactgat caatgggatc cgagacaagc agagtggaaa gacaatcctg 2040
gattttctta agtccgatgg atttgccaac cggaacttca tgcagttgat ccatgatgac 2100
tctctcacct ttaaggagga catccagaaa gcacaagttt ctggecaggg ggacagtett 2160
cacgagcaca tcgctaatct tgcaggtage ccagctatca aaaagggaat actgcagacc 2220
gttaaggtcg tggatgaact cgtcaaagta atgggaagge ataagcccga gaatatcgtt 2280
atcgagatgg cccgagagaa ccaaactacc cagaagggac agaagaacag tagggaaagg 2340
atgaagagga ttgaagaggg tataaaagaa ctggggtccce aaatccttaa ggaacaccca 2400
gttgaaaaca cccagcttca gaatgagaag ctctacctgt actacctgca gaacggcagg 2460
gacatgtacg tggatcagga actggacatc aatcggctct ccgactacga cgtggecget 2520
atcgtgececee agtcttttet caaagatgat tctattgata ataaagtgtt gacaagatcc 2580
gataaagcta gagggaagag tgataacgtc ccctcagaag aagttgtcaa gaaaatgaaa 2640
aattattgge ggcagetget gaacgccaaa ctgatcacac aacggaagtt cgataatctg 2700
actaaggctg aacgaggtgg cctgtctgag ttggataaag ccggettcat caaaaggceag 2760
cttgttgaga cacgccagat caccaagcac gtggcccaaa ttctcgattc acgcatgaac 2820
accaagtacg atgaaaatga caaactgatt cgagaggtga aagttattac tctgaagtct 2880
aagctggtct cagatttcag aaaggacttt cagttttata aggtgagaga gatcaacaat 2940
taccaccatg cgcatgatge ctacctgaat gcagtggtag gecactgecact tatcaaaaaa 3000
tatcccaage ttgaatctga atttgtttac ggagactata aagtgtacga tgttaggaaa 3060
atgatcgcaa agtctgagca ggaaataggce aaggccaccg ctaagtactt cttttacage 3120
aatattatga attttttcaa gaccgagatt acactggcca atggagagat tcggaagcga 3180
ccacttatcg aaacaaacgg agaaacagga gaaatcgtgt gggacaaggg tagggatttc 3240
gcgacagtce ggaaggtceet gtccatgeeg caggtgaaca tcgttaaaaa gaccgaagta 3300
cagaccggag gcttctccaa ggaaagtatc ctcccgaaaa ggaacagega caagetgate 3360
gcacgcaaaa aagattggga ccccaagaaa tacggeggat tcgattctcece tacagtceget 3420
tacagtgtac tggttgtgge caaagtggag aaagggaagt ctaaaaaact caaaagcgtc 3480
aaggaactgc tgggcatcac aatcatggag cgatcaaget tcgaaaaaaa ccccatcgac 3540
tttctcgagg cgaaaggata taaagaggtc aaaaaagacc tcatcattaa gcttcccaag 3600
tactctctct ttgagcttga aaacggecgg aaacgaatge tcgetagtge gggegagetg 3660
cagaaaggta acgagctgge actgecctet aaatacgtta atttcttgta tctggecage 3720
cactatgaaa agctcaaagg gtctcccgaa gataatgage agaagcaget gttcgtggaa 3780
caacacaaac actaccttga tgagatcatc gagcaaataa gcgaattctc caaaagagtg 3840
atcctcgeeg acgetaacct cgataaggtg ctttetgett acaataageca cagggataag 3900
cccatcaggg agcaggcaga aaacattatc cacttgttta ctctgaccaa cttgggegeg 3960



i

R B

9

CN 104531633 A 7/10 T
cctgcageet tcaagtactt cgacaccacc atagacagaa agcecggtacac ctctacaaag 4020
gaggtcctgg acgccacact gattcatcag tcaattacgg ggctctatga aacaagaatc 4080
gacctctete agetecggtgg agacagcecagg getgacccca agaagaagag gaaggtgggt 4140
tcccaactcg tgaagagtga acttgaggag aaaaagtcgg agcectgeggea caaattgaaa 4200
tacgtaccge atgaatacat cgaacttatc gaaattgcta ggaactcgac tcaagacaga 4260
atccttgaga tgaaggtaat ggagttcttt atgaaggttt atggataccg agggaagcat 4320
ctcggtggat cacgaaaacc cgacggagca atctatacgg tggggagecce gattgattac 4380
ggagtgatcg tcgacacgaa agcctacage ggtgggtaca atcttcecccat cgggecaggea 4440
gatgagatgc aacgttatgt cgaagaaaat cagaccagga acaaacacat caatccaaat 4500
gagtggtgga aagtgtatcc ttcatcagtg accgagttta agtttttgtt tgtctctggg 4560
catttcaaag gcaactataa ggcccagetc acacggttga atcacattac gaactgcaat 4620
ggtgcggttt tgtccgtaga ggaactgetc attggtggag aaatgatcaa agcgggaact 4680
ctgacactgg aagaagtcag acgcaagttt aacaatggcg agatcaattt ccgctcaggt 4740
ggcggaggtt caggeggagg tggatctgga ggaggeggtt ccggeggagg tggttcagga 4800
ggtggagget ccggtggagg tggetcaggt ggeggaggtt caggeggagg tggatctgga 4860
ggaggcggtt ccggeggagg tggttcaggt tcccaactcg tgaagagtga acttgaggag 4920
aaaaagtcgg agctgeggea caaattgaaa tacgtaccge atgaatacat cgaacttatc 4980
gaaattgcta ggaactcgac tcaagacaga atccttgaga tgaaggtaat ggagttcttt 5040
atgaaggttt atggataccg agggaagcat ctcggtggat cacgaaaacc cgacggagea 5100
atctatacgg tggggagecee gattgattac ggagtgatcg tcgacacgaa agcctacage 5160
ggtgggtaca atcttcccat cgggecaggea gatgagatge aacgttatgt cgaagaaaat 5220
cagaccagga acaaacacat caatccaaat gagtggtgga aagtgtatcc ttcatcagtg 5280
accgagttta agtttttgtt tgtctctggg catttcaaag gcaactataa ggcccagete 5340
acacggttga atcacattac gaactgcaat ggtgeggttt tgtccgtaga ggaactgete 5400
attggtggag aaatgatcaa agcgggaact ctgacactgg aagaagtcag acgcaagttt 5460
aacaatggeg agatcaattt ccgctcatga 5490
SEQ ID NO. 8
atggacaaga agtactccat tgggctcgat atcggcacaa acagcegtegg ctgggecgte 60
attacggacg agtacaaggt gccgagcaaa aaattcaaag ttctgggecaa taccgatcge 120
cacagcataa agaagaacct cattggcecgece cteetgtteg actececgggga gacggecgaa 180
gccacgegge tcaaaagaac agcacggege agatataccc gcecagaaagaa tcggatctge 240
tacctgcagg agatctttag taatgagatg gctaaggtgg atgactcttt cttccatagg 300
ctggaggagt cctttttggt ggaggaggat aaaaagcacg agcgccaccce aatctttgge 360
aatatcgtgg acgaggtgge gtaccatgaa aagtacccaa ccatatatca tctgaggaag 420
aagcttgtag acagtactga taaggctgac ttgeggttga tctatctecge getggegeat 480
atgatcaaat ttcggggaca cttcctcatc gagggggacc tgaacccaga caacagegat 540
gtcgacaaac tctttatcca actggttcag acttacaatc agcttttcga agagaacccg 600
atcaacgcat ccggagttga cgccaaagca atcctgageg ctaggetgte caaatcccegg 0660
cggctecgaaa acctcatcge acagcetcecect ggggagaaga agaacggect gtttggtaat 720
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cttatcgeee tgtcactcgg getgaccecee aactttaaat ctaacttcga cctggecgaa 780
gatgccaage ttcaactgag caaagacacc tacgatgatg atctcgacaa tctgetggece 840
cagatcggceg accagtacge agaccttttt ttggeggecaa agaacctgtc agacgecatt 900
ctgctgagtg atattctgeg agtgaacacg gagatcacca aagctccget gagcegetagt 960
atgatcaagc gctatgatga gcaccaccaa gacttgactt tgctgaagge ccttgtcaga 1020
cagcaactgc ctgagaagta caaggaaatt ttcttcgatc agtctaaaaa tggctacgece 1080
ggatacattg acggcggage aagccaggag gaattttaca aatttattaa geccatcttg 1140
gaaaaaatgg acggcaccga ggagcetgetg gtaaagetta acagagaaga tctgttgege 1200
aaacagcgeca ctttcgacaa tggaagcatc ccccaccaga ttcacctggg cgaactgeac 1260
gctatcctca ggeggeaaga ggatttctac cecctttttga aagataacag ggaaaagatt 1320
gagaaaatcc tcacatttcg gataccctac tatgtaggee ccctegeceg gggaaattee 1380
agattcgcecgt ggatgactcg caaatcagaa gagaccatca ctccctggaa cttcgaggaa 1440
gtcgtggata agggggecte tgeccagtee ttcatcgaaa ggatgactaa ctttgataaa 1500
aatctgecta acgaaaaggt gcttcctaaa cactctctge tgtacgagta cttcacagtt 1560
tataacgage tcaccaaggt caaatacgtc acagaaggga tgagaaagcc agcattcctg 1620
tctggagage agaagaaage tatcgtggac ctcctcttca agacgaaccg gaaagttacce 1680
gtgaaacagc tcaaagaaga ctatttcaaa aagattgaat gtttcgactc tgttgaaatc 1740
agcggagtgg aggatcgett caacgcatce ctgggaacgt atcacgatct cctgaaaatce 1800
attaaagaca aggacttcct ggacaatgag gagaacgagg acattcttga ggacattgte 1860
ctcaccctta cgttgtttga agatagggag atgattgaag aacgcttgaa aacttacget 1920
catctcttcg acgacaaagt catgaaacag ctcaagagge geccgatatac aggatggggg 1980
cggctgtcaa gaaaactgat caatgggatc cgagacaagc agagtggaaa gacaatcctg 2040
gattttctta agtccgatgg atttgccaac cggaacttca tgcagttgat ccatgatgac 2100
tctctcacet ttaaggagga catccagaaa gcacaagttt ctggccaggg ggacagtcett 2160
cacgagcaca tcgctaatct tgcaggtage ccagctatca aaaagggaat actgcagacc 2220
gttaaggtcg tggatgaact cgtcaaagta atgggaagge ataagcccga gaatatcgtt 2280
atcgagatgg cccgagagaa ccaaactacc cagaagggac agaagaacag tagggaaagg 2340
atgaagagga ttgaagaggg tataaaagaa ctggggtccce aaatccttaa ggaacaccca 2400
gttgaaaaca cccagcttca gaatgagaag ctctacctgt actacctgca gaacggecagg 2460
gacatgtacg tggatcagga actggacatc aatcggetct ccgactacga cgtggatcat 2520
atcgtgecee agtcttttet caaagatgat tctattgata ataaagtgtt gacaagatcce 2580
gataaaaata gagggaagag tgataacgtc ccctcagaag aagttgtcaa gaaaatgaaa 2640
aattattgge ggcagetget gaacgcecaaa ctgatcacac aacggaagtt cgataatctg 2700
actaaggctg aacgaggtgg cctgtectgag ttggataaag ccggettcat caaaaggeag 2760
cttgttgaga cacgccagat caccaagcac gtggeccaaa ttctecgattc acgecatgaac 2820
accaagtacg atgaaaatga caaactgatt cgagaggtga aagttattac tctgaagtct 2880
aagctggtct cagatttcag aaaggacttt cagttttata aggtgagaga gatcaacaat 2940
taccaccatg cgcatgatge ctacctgaat gcagtggtag gecactgeact tatcaaaaaa 3000
tatcccaage ttgaatctga atttgtttac ggagactata aagtgtacga tgttaggaaa 3060
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atgatcgcaa agtctgagca ggaaataggce aaggccaccg ctaagtactt cttttacage 3120
aatattatga attttttcaa gaccgagatt acactggcca atggagagat tcggaagcega 3180
ccacttatcg aaacaaacgg agaaacagga gaaatcgtgt gggacaaggg tagggatttc 3240
gegacagtce ggaaggtcect gtccatgecg caggtgaaca tcgttaaaaa gaccgaagta 3300
cagaccggag gcttctccaa ggaaagtatc ctcccgaaaa ggaacagega caagcetgate 3360
gcacgcaaaa aagattggga ccccaagaaa tacggcggat tcgattctce tacagtcget 3420
tacagtgtac tggttgtgge caaagtggag aaagggaagt ctaaaaaact caaaagcgtc 3480
aaggaactgc tgggcatcac aatcatggag cgatcaaget tcgaaaaaaa ccccatcgac 3540
tttctcgagg cgaaaggata taaagaggtc aaaaaagacc tcatcattaa gcttcccaag 3600
tactctctct ttgagcttga aaacggecgg aaacgaatge tcgetagtge gggegagetg 3660
cagaaaggta acgagctgge actgecctet aaatacgtta atttcttgta tctggecage 3720
cactatgaaa agctcaaagg gtctcccgaa gataatgage agaagcaget gttcgtggaa 3780
caacacaaac actaccttga tgagatcatc gagcaaataa gcgaattctc caaaagagtg 3840
atcctegeeg acgetaacct cgataaggtg ctttetgett acaataagea cagggataag 3900
cccatcaggg agcaggecaga aaacattatc cacttgttta ctctgaccaa cttgggegeg 3960
cctgcageet tcaagtactt cgacaccacc atagacagaa agcecggtacac ctctacaaag 4020
gaggtcctgg acgccacact gattcatcag tcaattacgg ggectctatga aacaagaatc 4080
gacctctcte agetcggtgg agacagcagg getgacccca agaagaagag gaaggtgggt 4140
tcccaactcg tgaagagtga acttgaggag aaaaagtcgg agetgeggea caaattgaaa 4200
tacgtaccge atgaatacat cgaacttatc gaaattgcta ggaactcgac tcaagacaga 4260
atccttgaga tgaaggtaat ggagttcttt atgaaggttt atggataccg agggaagcat 4320
ctcggtggat cacgaaaacc cgacggagca atctatacgg tggggagece gattgattac 4380
ggagtgatcg tcgacacgaa agcctacage ggtgggtaca atcttcccat cgggecaggea 4440
gatgagatgc aacgttatgt cgaagaaaat cagaccagga acaaacacat caatccaaat 4500
gagtggtgga aagtgtatcc ttcatcagtg accgagttta agtttttgtt tgtctctggg 4560
catttcaaag gcaactataa ggcccagetc acacggttga atcacattac gaactgcaat 4620
ggtgcggttt tgtccgtaga ggaactgetc attggtggag aaatgatcaa agcgggaact 4680
ctgacactgg aagaagtcag acgcaagttt aacaatggcg agatcaattt ccgctcaggt 4740
ggcggaggtt caggeggagg tggatctgga ggaggeggtt ccggeggagg tggttcagga 4800
ggtggagget ccggtggagg tggetcaggt ggcggaggtt caggeggagg tggatctgga 4860
ggaggcggtt ccggeggagg tggttcaggt tcccaactcg tgaagagtga acttgaggag 4920
aaaaagtcgg agctgeggea caaattgaaa tacgtaccge atgaatacat cgaacttatc 4980
gaaattgcta ggaactcgac tcaagacaga atccttgaga tgaaggtaat ggagttcttt 5040
atgaaggttt atggataccg agggaagcat ctcggtggat cacgaaaacc cgacggagea 5100
atctatacgg tggggagecee gattgattac ggagtgatcg tcgacacgaa agcctacage 5160
gegtgggtaca atcttcccat cgggecaggea gatgagatge aacgttatgt cgaagaaaat 5220
cagaccagga acaaacacat caatccaaat gagtggtgga aagtgtatcc ttcatcagtg 5280
accgagttta agtttttgtt tgtctctggg catttcaaag gcaactataa ggcccagetce 5340
acacggttga atcacattac gaactgcaat ggtgecggttt tgtccgtaga ggaactgetce 5400
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attggtggag aaatgatcaa agcgggaact ctgacactgg aagaagtcag acgcaagttt 5460
aacaatggcecg agatcaattt ccgctcataa tga 5493
x4 51075
il SEQ ID NO.

5|4 Primer F1 CAGCCTCCGGACTCTAGAGCCACCATGGACAAGAAGTACTC 3

5|4 Primer Rl AACTCATTACTAACCGGTTCATGAGCGGAAATTGATCTCGC 4

Maltl FE[RIfG) gRNA J51]  [AACTGTGCTGCCGGGCAAC 5

34 primer F TGCTTTACAAAGTTTCCAGCTGAAG 6

3|4 Primer R AACCAACCAACCAACCAGCTAA 7

5|4 Primer F2 ttgttagcag ccggatccat ggacaagaag tactccattg gge |9

5|4 Primer R2 atcgaaggtc gtcatatgtc attatgageg gaaattgatc teg |10

12
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