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A1l lolA,

A7l ZE-HASE Cas9 S AERs 19 QAVIMEE EFse AHE i%——%]’ﬁ.ﬁ}?l Cas9 4ik(plant
codon-optimized Cas9, pcoCas9), AAHZT 29 J7IHLES ¥Egst= o7& =-FZA3E Cas9 HAF
(Arabidopsis codon-optimized Cas9, acoCas9) T MEWHZ 39 F7IMLES x5 }‘“ C 5o =2 A&
FE-FHAEE Cas9 2H(plant codon-optimized Cas9 with high GC content, pcohCas9)S EZastE= AS E4

o s, AFEH T fAATA AxH,

7% 3
A2&el hojA,

A7) ZE-H A3 Cas9 A2 AEWs 39 G7MES X838t AS 5= s, 1889 F FAAn
IS
AT 4

A7) ZE-HABE Cas9 A L/EE 7] F ) o]4e] slol= RNA(guide RNA)E FE3tete #ate 2HE
7FsstHl ddAd® TRRE T sly o]t 3 9% AlF (Nuclear localization sequence, NLS) A do] © X
el As EHOR o=, naso] F FHAAwA A ~EH,

AT% 5

I=-FAstE Cas9 A 2 34 {FHRe] 34 Foof Addst= 7 7l o]de] gRNAE dastete dite] 45

A5l glo1A,

A7) WEE AF sbestl AZR et olabel e Az Muelrd 9 skt olare] 8 912 A (Nuclear
localization sequence, NLS) A ¥o] ¥ ¥3tEE AL EAFOR 3, F FHAALAS $13 #HFH.
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= CRISPR/Cas A]|2ElS o]&3F FHAA (gene editing) AT7F AEoAM= thokeA A&5a ot
CRISPR/Cas Al ~®lS o] 83 F-4xw A (gene editing) 7]&L vlg o}, AS ¥3sle 55 2 A5 &

R4 =
FE AANA FHA] £S), AN EE WolF o] 4 QL o]F Bal FUA 7]
% A

H T
U Al Ag, AR Ae 53 AY 55 A% =42 ARSI QU

CRISPR/Cas AlBle Cas dX=FZ@obAl(endonuclease) ©@MAI} & FHA HES 2A23k= CRISPR
RNACcrRNA) €} crRNAS®} ZAgsta A A7) Cas A= g]olAlo] ZAE3}+= transactivating CRISPR RNA(tracrRN
A7) B3AE s Aotk o714, crRNA®F tracrRNAE HAZ A3 ©+d 71ek 7lo]= RNA(single guide
RNA, sgRNA) E7} =2 o] &% a1, o] ©@d 7}Y 7lo]= RNA(sgRNA)+= Cas Al=*7E 2] o}Al (endonuclease) S
ol 3 14 FHAY o|F U DNA VIMER Shgtt. 14 FHA F-9lol $1X|g Cas d=wFEE| oA
(endonuclease) = ZA A1 ALz o]stxn Y ZTREATF oA AA EE|Z(protospacer adjacent
motif, PADE AT F, 74 b AL fF T 9fF A7IM<LD(base pair, bp)ellA DNA o]F7te et
(double strand breaks, DSB)o] dojubAl #Hth(Jinek et al., 2012).

FrAAF7E9 (CRISPR/Cas) Al2=®lell oJ3] Axhel x4 A2 2 F/F7F 2A387] 4% DNA 57712 (error-prone
DSB repair)e] dojupE Heko] A A% (Homology directed repair, HDR) ¥x BlAFSUA 2 (non-
homologous end joining, NHEJ) 37| DNA H+712& &3 H57F dojdtt. vlds bl 2 (NHET) ] DNA
E47148 B ddd DNA B9 Alolo] A9 d7]e] A<(insertion) EE A4 (deletion)d <&
(insertion and deletion, indel) EAWol7} dojuAl ®vh. 1 A7} FHAe] 39 FEAA Fols Wol
(frameshift mutation) T+ F7]%4 YHo|(premature mutation)”’} TAs] EA F-4Ax7F Al A (Knock-out ) F
o}, wkdel] AEAZE(HDR) S DNA E77]2He Hek® DNAS 57817 918kl Tk DNA(Donor DNA)E T o=
sh=dl, o] Folxl DNAS] AES FPoR 3t UFe H2 fFHxe] Ado] HustA uAPo2ZHN, FHA
"ol SAHT.

A (gene editing) S A ] FHAEE AFaA V3= 7E€2A, JAE 288t 55, A&
HAAES] FAARE MIAA 2 ZEHE FV|HoR AL = Qdrk. dAl BS AFAEe]l fHAuA
A5 FHE A o FHAAwA dHES g, fFHAwg Ag AL, FAANA A ETRE S5 S
71Nk 71% B ATE W& Folvk. CRISPR 7]wke] fAxtag AL wid w2 A dgsta 9low, &5 10
g ool dAle oF 20m) o] #RZ Z7} 9 Aoz oAE 1 Yrh(Inkwood Research, 2019).

ey, AR ARSI (CRISPR/Cas) Al2=8lE o] &ats FiA Ay 7ES o83 A& AF A4e 27 &
Aolm, 53] F& v A& Hlgte] FAMIAE Axste= 7|te] Aal AUlHoR afo] By wie, 3
AAgo] g Fo| A FHANA e 7Nk F SF A o] dF Ao nt Aoz o] Fo
23 Q= Aot

ofol], CRISPR/Cas9 Al2=®¥l& EQJsh FAHAS T8 Axstr] ol st gRNAES] &85 AAT F U&= o7
’d A7 (transient assay) Alz=®l 7fdke] Hasta, FAAWA 7] 7w F SFLA NS A5 SEA

<
= =
ALaEo F FAAS AT FFHo] dAs] e Ha ATt
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g J§
ddstel= A

woage grleh ge aTE ddsa SUvlee BARE FHe] A% Ao, FAALY

L

A
[e
MNEE 98] FollA na&9 FHALA (Gene Editing, GE) A|=®E AFsE AL HHo=R 3},

EY, 2 22 A7 nage] ¥ FAANA ALEE o)8shs T adAnA B, Y] e R IEde
1 F A E= o9 FAE ATss As HHLE I

= 2o v 54 92 2 2do] o|FuA sk Ve A= ol dolM AFE Aol AFdHA dor, &
Al 71 e 2= 3 shrle] o] Aol ofe By el Zojrk. R WA
ZIAHE A 2 o] oAzt sk YlwA Al 2 2l Vs ZokdlA T A4S 7R A(elst
e ZleA 2 )7 Wae olsista 5 ¢ e As I

B2 HE 8
71 A dAsk] fdl, e EHS AlE .

2 e F ARy a8 SUE % 18§ F A A|a" e Aom | FoA w2 FHA
Y a8 Jellle ZE-ZHZA3 9 Cas9 4 2 F 7] o]Ate] 7lo]= RNA(guide RNA)E U3 3lsle dHaks
¥3etE 1889 F FRAARA Al2gE AFett

FE-HAgE Cas9 e AE FZE-FHA3E Cas9 AiH(plant codon-
optimized Cas9, pcoCas9), °f71dt] ZE=-ZHA3lH Cas9 @,J’}}(Arab1dops1s codon-optimized Cas9, acoCas9)
TE GC o] o E FE-FHZH3IE Cas9 d4H(plant codon-optimized Cas9 with high GC content,
pcohCas9)a: e AY g da, FAHCRE Y] ZE-FHA sk Casd IS AEHE 1 UA AEHS 3

T o= sy AVIMES = Y F Ak JHE uiEAE AT AEHS 39 QAVIAES xFete A Y

_i

o]
AN

2
Eoae) woE pAldR, 47 nEEe] F &
o] 7hol= RNA(guide RNA)E 4Zshel= b2

& (Nuclear localization sequence, NLS) A €o] ©
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!

ARG B2 P S o A8k 2ol

% 2+ pMDC123_35S,,, HE S dAA A& BAEE e,

T o3& 2wy wE  pMDC123_pcoCas9/CRISPR_gl g2 @E], pMDC123_acoCas9/CRISPR gl g2 WE 2
pMDC123_pcohCas9 /CRISPR_gl_g2 WE Q] oA|& RAEE JElAT),

& de olazdtHYes ol8d T A Ax(x) # PR SWA strips o8&t FEADA(T)E

T 5% 2 ¥Hd mE I fFAAnA Ax¥oR FHAHIE F AEAE BAFE EWoltt. (a), (b) %

b2y 2 ol w2 pMDC123_pcoCas9/CRISPR_gl_g2 HH, pMDClZS_pcohCaS9 /CRISPR_gl_g2 9E 2
pMDC123 acoCas9/CRISPR_gl_g2 WEl7} PAHEE A EA AFo|tt. 47 T FHAHASA(THE Y W %
HubA 9 oRNA 2 FHA|Ee] disl] PR S%3te] &Rlst AvE HoF

& 62 InDel PCRE o]&sto] 7] T FAAGA(ToolA 4 FA4H(a) R ole] s Fd4(h)7F g

QA BAF AAE e

gy At ek A &

oo I fARnY &8 FHE 93 1889 F AR AAgd B3 Aoz, FM xS FHA
A a8S Yeille ZE-HASE Cas9 4 F T I o]ike] Jhol= RNA(gui NODE gz slsts diks
¥eets naEEY F AR AlAES Felgtozy W iyS 4SSt

B owola ALgEE gojo] tjg Aol olatel 2.

[8oe 4]

CRISPR/Cas Al2=®] ¥ FHAFA A]2~H]

[0

B oatdo A AlgE¥E &0  “CRISPR/Cas Al&® £l FHARA A2 & (as AEF

endonuclease) ¥ 7] AR @ao &3k 7P°]E FA7F 23 BEEAEA, 14 A e 14 S—H
Aol AFE F e SFAE 9u|g RNA(guide RNA)Z TR =+
d 5 dont, old AgE A= 9=

r.
:L
2
~ o
x 3
;L
o
iy
iz
>
Ir
N
0
m

).

AN A 2EE Cas AE=FFEF @ o}A(Cas endonuclease) B A7) 7hol=
X3 E/H7F 7bsdte | Cas A= E @ olAl(Cas endonuclease)= A7 35 = 7)o
E %z—g— &3 g Ak e FA frAtel Seolxoz Adste] DNA olF sty ddk T fFrxtuwA

b -1 -1

CRISPR/Cas A=) = fFAAmA A|&8S o] &dh A4 (gene editing) 71&& AZtolut 4 & &
5] 3 %

.
=
o R F Au, olF Ba FAA /5 W AT, AR

chye A faAel W & 4% 74
= gAABAY A% L FAA B A AR PEo A ek, A7) RISPR/Cas A=W 574 A
Qe wASy] g8 wER Dude] A4S We oA B, ol= BA o) wA B9l AF AL 2
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ol MHe] WAS A thFe HFED ] CRISPR/Cas Al 2=8 B FHAwA Al2=gES A2E 5 vt

Cas M=y 8| otA] (Cas endonuclease)

B oA AFEEE 8o] “Cas dE=FFdHolA(Cas endonuclease)"s FTA8FE= aAFQl DNA HEE RNA, EE
BA AR Yo ZREAF oA QA RE|Z(protospacer adjacent motif, PADE AA& &, 14 ik HE
o Y§ T 9 i7]/‘%"ﬂ(base pair, bp)ollA DNA ©]57}=k dxt(double strand breaks, DSB)¢] UojiiA
AR 4 Jd= AR 2LE gudit. 2 @AMl Cas =7 okl (endonuclease)t= CRISPR/Cas Al
2¥E 43t

= adr ](effector) ez o A}, o] 7|A] &37) (effector) ¥ A-S CRISPR ©ld | 7)ol
o

grel ¢ 9e 283y

[¢)
T RNA(gRNA)

A 4 ol Ak O, e g4 Sk B wA SRl 29 5 9l
Aol 23 7hed fEI= ©Ed 5 vk, FAIH SR Cas9 EE Opfl, TE WFE AT diPdd 5 9l
W olS 2 AREA etk B, (RISPR/Cas 7% wobdll A S49] 7IeAh A4 4 3l onE 25 £
et
Cas9 whuiz

2 dof] mE “Cas) @A A A e 14 A U 324 Y AE SA 9 ZEREAF A QI
A EE[Z(protospacer adjacent motif, PADE <U2gh ¥, 14 i AEe U e 5 #7144 (base
pair, bp)ollAl DNA ©]57Fe Hxt(double strand breaks, DSB)&te] ¥4 FHzlolA <2l *E(lnsertlon and/or
deletion, Indel) Weol(mutation)= o7& 4= Q= BE Cas9s FollA A8d 1F ol dd F Aok, FAHL
2, 7] Cas9 ©¥de ~EATEFAA(Streptococcus) <, #Z i‘i}H(Campylobacter) &, Ylo]Algo}
(Neisseria) &, ¥2=H A} (Pasteurella) &, kA A (Francisella) & a9l Cas9 @ d 54 4 9l
i, g FAFeR, 2EEFTAL WEHH = (Streptococcus thermophiles), Z2EREFTH L of -2
(Streptocuccus aureus) Hi AEFEIAH 2 9 2 AU (Streptococcus pyogenes) Frele] Cas9 ©iz; g
Zug A4 (Campylobacter jejuni) el Cas9 w9z, Yol Alglol g 7|t el ~(Neisseria
meningitidis) ¢ Cas9 wulzd; sxgf-Ae} EEAY (Pasteurella multocida) 22 Cas9 T =,
45‘0\]*“3} =B A tH(Francisella novicida) 219 Cas9 ©¥d SA 4= glo}, olo A= AL ofyr},
, CRISPR/Cas 7]& ofellA &9 77t A4 + e 9rE 25 233, 7] Cas9 @hild &
72} A H+= NCBI(National Center for Biotechnology Information)<?] GenBank®} 72 FXA|2] Ho]E H
o|zoA & F Ut

o [

o Flr Il

ZFol= RNA(guide RNA)

2 o mE 8o "7le]= RNA(guide RNA)"&= Cas =+ E @ o}Al(Cas endonuclease)®t HFAE AT 4
R, x4 A MG E45E 7 dow, 14 @A Addd gk B3 AE-FolH AFE sl T
g XA WA AEHe] FEAS e TtolE AES 23S RNAE WSt 2 gAlAelA ol #at E
= 7kel= RNAE A5 ed 7hsshA AHgETt

2 AlA el 7hol= RNA(guide RNA)E 34 32 A 9S 23k= CRISPR RNA(crRNA) 9} crRNA®F Z sl A
7] Cas dZyrEE|olAl(Cas endonuclease)ell Z3¥ 3} transactivating CRISPR RNA(tracrRNA)E 3-3hstc),
7}o]= RNA(guide RNA)E= crRNAS} tracrRNAVE HAZ AZ4ddE d<d 719 Feld < dal, crRNA®}F tracrRNAZ}

A Aol olF7h HHE BAT FE vk, ¥ @AMl sbol= RUAE sk} o gl Bt Wy o
Sol, 279l PuirFd ool ety Az s wE sht olge] eluirZaAeetelmel st oyl )
AP u R el Eze] dAldl g WES 2 RU-ZINE 249 4 gk,

Cas M= FZF#o}A(Cas endonuclease)o] WE 7}o]= RNA(guide RNA)Q] EojAd& A wHiE xge AAZC
(Scafold)ellel o3& 9T =2, Cas M= okAl(Cas endonuclease)ol #HZ 2] 7}o]= RNA(guide RNA)E A
Atz & o= 7] AR 9 AEE Case fraElol wel AA 4 vk, 2 3w mE 7lo]= RNA(guide

RNA) = Cas = Z ] o}A|(Cas endonuclease)ol EO]@,QE Ao PSS YHeEPWESE 317] ¢J8] oA
A= 7}e]= RNA(guide RNA) T 21 Zolup Ade] o 7= AL 4 duk. T3, (RISPR/Cas 7]&

ﬂ MIO

AR FAo] LAt AT S A Sl BT gD

_9_
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[0091]

[0092]
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2 ayo) mE o] “AIEZS(Scafold) F9” & 7lo]l= RNA(guide RNA) & @A s whwlady) Abs =83

T AE FES 559 A, AAAA HAEE Jlo]= RNAY HE F ¥ o)X (Spacer)E A3 L

A HES AHT 4 Aok, 7] 2AE=(Scafold) F92 tracrRNA F crRNAS] AH-E ¥ g5l | WE=A] 3

®2] RNAS A8 AL ol

2ol X 4 (spacer sequence)

Eodbgo] wE go] "y o)A 10"(Spacer sequence) "2 ¥ o w2 CRISPR/Cas A|2ElolAd BH Ad H

3 EAgEE EEwEU e =g ou|stt). A7) 2 o)A A Y (spacer sequence)= & U wE {3
elo] 4 7Fo]= RNA(guide RNA)QI crRNA9] 3'-ek Foro] oF 20719 AgE FEUQE|=E X3

shm, 2 kg o) A

"gRNA"B %= R HETEH,

ool e "gRNA" S, 7] 2Fol AEe A7) KR AR ARgete] wAstaal s w4 9
A EE EA e 24 Ml digstel AR, S, 7] Aol 2A Sdbe] 4 M weh o
F ALE 7H Sl 2 BAACA ol MdE 7] A ARl £ orRNA W] 2o
oA MEE emstal, 7kel= RNA(guide RNA)OIA 34 At ARste #9124 24 ¥91& sl &
o Frosyn, 2y YAHA FE &, 7Fol= RNA(guide RNASH TR Hdez "gRNA"Zhal R
3, CRISPR/Cas 7] #ofellA 5o 71aA7h 1A% = gl ofrle 25 2t

CRISPR RNA(crRNA)

rlo
17
¢

ool whE §o] "CRISPR RNA(crRNA)"2 ¥ o] wh CRISPR/Cas Al2=¥) We] 7ko]= RNA(guide RNA)E
TASE T8 TR0tk B WAl A7) orRNAE FF FHA DS Q4 sE AHo] A (Spacer) A
D& et Aom, A A B E4 #adel Adsh= 7hol= RNA(guide RNA)©] ot

H owo] w2 "tracrRNA"+ crRNAS®} A CRISPR/Cas A]22®le] 7Fo]= RNA(guide RNA)E A3+ 23
Adazoltt, & WA 7] tracrRNAS] AHolm ¥ crRNAY Holm= d¥e} FJuxoz Al olF
719S g4 & 2, Cas l=wEgolAld Assd & Q&= 7P°]E RNA F-Eolt}. ¢ FAHS=R, A7)

tracrRNAS] U5 A E-2 7] crRNAC] Z3hE CRISPR RNA ®bE Ao ZAHF e dFe 4rH A48 7Hxc).

o>,

= 7Fe]= RNA(sgRNA)

ool whE "AJE 7Fol= RNA(sgRNA)'= 7Fel= RNA(guide RNA) #Ae] H%== 7] tracrRNA 2 737]
crRNAE BAR A4 o 7hehe] RNA EAbolth. # WAA A AT EH = kol = RNA(guide RNA)= A2 7hol=

RNAY &= 9lar, o] A9 A7) A2 7lo]= RNAE A7) tracrRNA % 2ol MEE E83FE orRNAS 5% ¥
ghah 3k b2 RNAC|T.

oA AFEEE go] "HA - HA(Target gene)":= & wrio] w}E CRISPR/Cas A]~Elo
o W 3z 2 diks onsich, 14

. s ar fﬂ,l
B ST s AAE vk A7 24 FAxe 2 1A
r - o



[0094]

[0095]

[0097]

[0098]

[0099]

[0101]

[0102]

[0104]

[0105]

[0106]

[0107]
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F4 59 (Target region) ¥ ¥ % A< (Target sequence)

Boultdo)] W& "E A H9|(Target region)" HX: "X A A F(Target sequence)"S A A = 3 HA
ol EAstE AdRE, 2 @rge] w2 (RISPR/Cas Al=Ele]l ¥4 Fdx & %3 ke dudsty] 43l
B4 DS ougit. A7) 84 29 £ 574 Age O B w3

SR ]
AHem, 74 79 £E 14 AL 2 2y Gt 7ho]= RNA(sgRNA) o 23
o oS

= =%
o] a37](effector) o] I4ah= PAM M A adste] A€, 47 4 F9] Ee 14 MI2 4
A7E9] Alz=dle] Jhel= RNASE Ao w Ajtshs 54 JtHwE AT £ glen, A7 54 Ut FEE
Xk 24 olF Jte AAE AT F= o, o= &l uet Ads] siMEnt. =, 7] gole
A B TlEATr A4 F ole ofulg mF ek, Z9d wet 4438 siad § ol

AH= A (homolog)

B odgel A ALgEE g0 “4EA (homolog)” £ olWa BAo] s H4 Bd nEH AL dahv, o
Feld B, AN P T FAGY 97D nES nd S ot Qs AFe] Az Aol
W, e ANWA nEsE 5950 £AE gold ¥ & gl AL gt /4 4EHel 1
Fdths Ao s QA@HE o] ohel, olWd FEA x4 FARNH feR de]l Ad¥A gu
dob Qo] AsE #AE #5385 A ke AL @k,

E, GAR G749 EE e ouledt 4GS JFoR FEAL WMo e FAFE BE
A AGe) ugo] B3, AR VR4 Jvel BrA 2AU5% wEHe] 9 AbsAe] Ronm, B uy
oA elmlshs FEAL V%A BAES ERAY. J1FH BB E AdErE st w1 ol X
g, A4 EE 27 Al A e dddon BAsAY fA)
. N

& gl AbgHE go] “FAdH(transformation)” & AE] FH4 54 Ws, S {FHILS WA
E A4e oudnt. AE7E ool MEE DNA EE RNA 5o B mggown Hd FHERYEH fiHe
2 H¥EE AL oujey, AW, UG xE FAsoldnr I, FALY e FARYF, 95
AIZ2 DNA B3= RNA 58 Alze] A e Aelstdor shgons Alxe] s Adstd = dAY, &
A glo] dE LamA dAHoR fAd F Y, B FHAvERA SYPHoR BAd 5

Bowye] mE EE 2 5RHA 9 @, 44 2IL AT g2 eud

2 = @, 2 £ 248 $E
dEEG. dE 5o, HEE O] HE fd 24, oS S°] (RISPR/Cas Al2=8le] o]=E] o dS ¢t 35}
dhe Siak B/EE Jhel= RNAE fEstebe #AbS Edshe DNA #A 5 glont, oo AFHE AL ofy
o A7) gol "HEY o] TlEieobell A B et A4F S gl ovE BF e, Eue] uhet
s

o=

A 5 9l

A7 AgAer BREES Fevbesl ddd A 24 a4

sev= wE, wtHe sk e, L viole s ¥

o=, Ti F&h2WE pGA3383, pCAMBIA3301, pCAMBIA3300, pGA3426, pGA3780,

pGWB12, pGWB14, @E&Euto]lzd], ofdiulo]d]~ wE AL oluto]a] 29t e H& ulo]g]x~, wjF &Eulo]y]

29} e FF ulo]y s EE AE who]y vl ALgE Rem, pPZP, pGA, pCAMBIA, pMDC123, pECO100,
pEC0200 3! pEC0300 Ald} 2 mpolde] WEE A8 5 9

4

i

g, 7] WEe] Exo] (RISPR/Cas Al 2t 7 a2E AX el TdH=S s 2 I
MEE CRISPR/Cas Al=Ele] 7F #4845 dodlshe it N 5 s ojd& AgHor xgsof

ot
ir 0
(o3
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[0109]

[0110]

[0112]

[0113]

[0114]

[0115]

[0117]

[0118]

[0120]
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drh. pAHeR, 4] wEe] Qe WASLA SH= RISPR/Cas Al2wlo] Eghe b= RNA, B/ Cas
SuEe a9 AUe T olul, 47 el MDA obYPel bt RVA R oRYF Cas
A dEskshs W A R o, =E ANSE Cas BUALS JBSSE BN NDS TIY 5 9
o,

A7) WE e Emg EetavE, AP PR AEEE Ev vhold s WEY § Utk o714, A7) vlelei s W)
H+ dEZulole]~ #HE(retrovirus vector), #EJH}o]2]2 ¥WE (lentivirus vector), otd|izujo]eis HE
(adenovirus vector), o}dl=-¢13 ulo]z]2 WE](adeno-associated virus(AAV) vector), WA]Yojujo]eix ¥
El(vaccinia virus vector), FZ=ulo]#]2~ WE (poxvirus vector) ® WX wlo]# 2 ¥WE (herpes simplex
virus vector)®@ TAH {rLoﬂ/ﬂ AEE = Holm el nlolga WEHY 4 At

=9 7] MEE 2d e ¢ oa, 49, £t 99 e Fez 448 £ A 4] Casy {947 2
48 5 YES, wARY A93 /150 Aol Ak oF Eof, WEE Z2uy, esddly, AHNm
E, FAmE, Toohudst Ay, @A R wd 2d 24 oo v ¥4 wk EuE A9 454
E Py Ade e 20 we gdel AxE 4+ A, =@, MEE dud ne 29 5 e
o, MEE Ak BARAY %7 DN BEE &

woagel MEe e Jl% Ropld @ Qelzl FA% ARG /1€ olgde] ALT F Qov], F9)-Eo
40N AW 9 dde gel J1% Rokld dwKom delxl ia 52 AHEdT

ZIEHE

= 8o "IREH"E WE Bd S HE Yol BEA Y] Y3 4 A 25 o
deHoz AZAF O ME el RNA HAF Axp7F st 5 gl < 9H3,
B AEe U$sE RNA HAF QxF, m=E 238 344 uteg g A

=] [i3
a- =
4 8AaE AE A A-s] LA & A= Aoldtd AFHA F=rt.

].

2 oo MEst 4E A AgRtw, B oagel Zerhs, 4249 434 298 A o gsE =z
REE B 4 ST A4S S, P6 TewH, 7 TeRE, 19 Town, A SLRE, S5 fH90
Z2HE(Ubi), A#EEs] EAola ulo]y 2~ (CallV) 355 Z2HYH, =37 REfolAl(nos) Z= , IR E

Lm }-1:1
=z

el s vholel 358 EEwE, FohAde BhAAE velds Tz, Fuenl dmg wE velds x
E2HYH, PEEZQLA-1,5-H| - AF0|E g2 AgolA] ~u AJHFEE(ssRUBISCO) S FFEA Z2HYH,
AolEE Ee)omErdolE ol avietolal (IP]) 2R e, ofehulFA2e obuld E2feludE=sseold
(APRD) Z2wE % SEstel Aeehd Z2Reg 238 & Uk, ¥ 99e] ZuEs Ao JANE
mEyeoln, Ug TAHOR 355 TENE AL 5o & F g,

T3, A7) WEE A7) dAYeH ®H 7lol= RNAE dmslele dAbS A% TEREHE u 23 ).
FARoR, Ay TRREE= AtU6 TERE, Hl T2XE F= 75K T2REA g

vl A

ool fo "MdulA s FebA el WHo R MEd 4 e EAS ZE A IS ushy, JEdAsg
| AEE vPAAS AEERE PEHT F e BE AT old sidEn. A ’ﬂEﬂ A= 2 iy
w2 wEe] xgE Qv FAXORE Y] A wiAE FE EAC]E(glyphosate), FFEAIUO]ESR

(glufosinate ammonium) %+ ¥ 23 :-EZ] 4l (phosphinothricin)¥ 7L A|xA A 3A %x‘jx}, FH}ualo] Al
(kanamycin), G418, E#|2vle]2l(Bleomycin), 3lo]zZwu}lo]Al(hygromycin), 2% Y= (chloramphenicol)¥}
22 A A FARTE o, old A EE AL ofurt. F@EAo]E(glyphosate), EFFEA|UO]ES
B ¥ (glufosinate ammonium) =¥ ¥ :=E @2l (phosphinothricin) ¥ 72 A xA A 4 FH1x, S22
(ampicillin), ZFvfo]Al(kanamycin), G418, =2 w}o]2l (Bleomycin), 3Fo]ZLZw}o]al(hygromycin), 2%
#H 1= (chloramphenicol ) ¥ 2 A WA FdALD 4 dort, olo Algs= AL of .

25 71sslAl 12 9 (operably linked)
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[0121]

[0123]

[0124]

[0125]

[0127]

[0128]

[0130]

[0132]
[0133]

[0134]

[0135]

[0137]
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£ oA AMREHE "AE JbseA AR oEE §oE XA 2E v A, 54 Tl tvE T+
AT 45, 7] B T grE FAYR Ve F UARE AddHA e RS qudt. oE 59,
T2 RE Ao 453 MEH AeHor AAHYT & uf, 7] Z2REIF ] G5t Ade] AE U
o o] AL /= BEe JFgS wlA S Qs AA"E AL Ju|sig. Tgk, AT &0l o] 7lsEoke
4] TleA ) s = Qe uiE 25 ¥3ksty | B uel F43] siME ¢ dot

& Q%] A& (Nuclear Localization Signal. NLS)

Hodgo whE "8 QX A& (NLS)"2} ¢h2, 3 $<%(nuclear transport) ZFEo 2 A X 3 oFo] &35 3
YHEZ 58 o, 5% g4 duldd Zo] dFo] """ TS = dF Zolo HEE EE 1 NES
ojmgiet, & ol uhE (RISPR/Cas Al&®lE A= AlEoAM 9] A8S sl Cas di=irESelobAlel NLS7F 14

gith. o714 NLSE= SV40 wlolei~ tE T-ad¥9 NLS, wEdeZg~" (nucleoplasmin) &2 5B 2] NLS,
c-myc NLSY <= Jt}. HE3F hRNPAL MO NLS AM<E; dX¥el-dulzXHE o BB =mele NLS Ad, wlole n}
(myoma) T wr@e] NLS A 2 217F p532] NLS M, vl$-2 c-abl IVE NLS M E; Q1ZF<IA} nvlo]e] 2~ NS1
o] NLS A&, 714 nfoleix dEl &9 NLS AE, vh9-2= Mx1 ©hlde] NLS A g, Az7F E8(ADP-g|u2~) F
aso NLS JE E+ 2fZRoE 32X F£874(2d7) SFZAZEFHo|=9] NLS AE=ZRE F3w NLS A

H
dd = glov, ol AFHA ke
=

2 odtgo) w2 wEfd] ¥EE AFEEE NLS AE2 9T 8
lold 2~ 13 T-3ggel NS Ad /= Adds 11 UX 12 F 9

WA 10 F o= kv o4kl Sv40
d =
(nucleoplasmin) & ZFE] ] NLS AEdd + <l

s ol Rl Eeay

el mE “of oght ot FE %,

30, 25, 20, 15, 10,
A7), % £ o)

o e

2
lo
=)
o -
v}

Bogel AgHE RE J]&8olt, del AoEA g o)y, B wWyel wal Ropld Fae T}
GO ol W e v ASHG. B ¥ PAAAL HEAT Yol Ao AAF, o
o} §AEAL BE AT R wee] wie] ¥

EER Y

1. B4 AR fAARGS AT TEE RNA A

Hodtgo A AFRSE BE gRNAS S FHARA Web Tools o] &3}e] SR gRNAE Awalar, o]

i

o Pa4

HA, FAANAS A 324 FAAE dAAST. O 5, F FAAEAS % RNAE YRRlsH] sk
CRISPR-P2.0 (http://crispr.hzau.edu.cn/ CRISPR2/), RGEN(http://www.rgenome.net/), Phytozome
(https://phytozome.jgi._doe.gov/pz/portal.html) 52 web site®} Phytozome Woll Sli= JBrowse toole ©]
&3lo] HRARFAAE wAGsh= ‘SZ-E2l ¥ (off-target effect) 7} A1 FHANA F&o] & AL=R
dF 5= gRNAS S Auksit),

CRISPR-P= EA3h= 971 E=E 7o]l= RNA(guide RNA)E A = U= web siteRA] FHIF E= gRNAE©]

a8 uwt BF FHoYa, off-targete] FTFHY genomeFoNA2  off-target®] ¢ (exon, intron,
intergenic, promoter)® 3<e1& 4= glt}. d}X 9k CRISPR-P2.0 oA+ off targetS A|A o7 HAFE G
o] 2

_13_



[0138]

[0139]

[0141]

[0142]

[0143]

[0144]

[0145]
[0146]

[0147]
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RGENS EX 2 3l FdA9 9714 <E 5 CRISPR/Cas9r]2=Elo] 2125t= PANM DS A A3 & PANC ZH-E <
A3k v X (perfect match) T EEX 1bp W 2" X](mismatch) T+ 2bp W] 2u]X] (mismatch) ¥+ 20bpe] gRNAZS
AAsEh. 223l RGENO| A= out-of-frame score’} A|&%o] & o5 Wo](frame shift mutation)”} Yo
g 7teAES dESAFERE score’t S RS AAIWE o]Fo Avie Wolrl dojg shsAel =rh. iRk,
RGENS =2 9] off-targetS A2 FA|T 7z} off-target9] genome’d2] A|TF AFad| F7|ufiLol off-
target®] Al FRE= AF Eelets HAo] wh=A]l F sttt

wEhA] 2 A E FolA x4 f7 Rl EOWOE Adsls 1a &2 gRNAE TRl OM %’45}@, CRISPR-
P2.0 9} RGEN tool& &t J 4§

AR S ALk E, kel B4 G404 gl 2 el £ Selos Ak 2 A9 gRVA
g2 Ao FF ARE A4 o NSt FAA AYE el Melshzn F83A st

BN

hul

w3k, FS genome®] duplication ol 90% ©]4e] A%Ao] 9E homologEoe]l EA)3H 5
homologES 3T ste] 5EAS FRe] gRNAE tAIQJIS 49 k9ol A7 E gRNAZE A= 7?%/‘301 o
3 A4 FHAAE RS B8 7)ol AAHYHE 715 AH F5A (functional redundancy) o ® 213
F/°] =2 homolog FAA7E 4 FAAY 7]5S dAT 5= 7] WiEol] dst= Fdo] YA &8 7t
do] Art.
upeba o2l g
AskelaL, 7

O~
do] F 5 9

_u

of ox 1 ro

ER 3= 5129 homologE EA)o editingsts gRNAS UHA)
o] &2 9 (target site)olA] A (editing)o] FA]
o]# o QAT gRNAE FF AtE AT v NGS glol

X ofy
(o]
42
i
= ¥
(o] mlo
0
= K
=
i op
oy
ro o £
=
23
)

o B

ins

o

Q. m
Nt

Y

L i
5|
2
o

N
==

ro
tlo
2
)
ol
rr
=
o
o
o
Aui

TAReR, BAsts A& G424 JEE 'phytozome' oA AMstI, E7F FAe] genomic DNA @714 4D

sho)y. 52 {22 dhald AEA (protem homol ogs)E At Y AE Y FAo] =& A
] = g = FAE = 9lE off-target A 2 398}
Agtolct. ojw), EEHAA9} homologZ}gl F5 43 ELPE‘r FAAF el fFALETE =2 9] MY RS
Aeste] gRNAE TARRISEAY, Hxdhe FaAke] A7IM LS Aeste] gRNAE tARQISFHA] homologZt of f-
target = Q= A9 FAlGhkE A 5 shts A9d 4 ol

U502, gRNASl #HAE& 3ed3ske] 1000 bp oJUl= genomic DNA @71MES HE 3 F 'CRISPR-P' o &
ol dld A7IAYD e gRNAS AAMFTh. 'CRISPR-P' oA #HM F gRNA B= = On-target score’} How
A, Thymine (T) €717} 470 o4 whEw|x] eXi, ]9 gRNAS] off-target o] WA= 917} € §7late] o
E(exon)ol dF3t= A97F 7HE A S FRITOE AWt THT gRNAES “aL??} 5 54 fdatl
g 3 2 7 gRNA AE, d2AA3A 85 T targeted deep sequencing®© Z indelS eld u} sequencing
o] 71=4Rl AR FHd| 300bpZ7FAIRE THEEER JHEe T otarget Abole] ARE HWF7] YA eF 250 bp Y]
of RS & dEt. A7 £21& S gRNA @714 LS 'RGEN' 9] Cas-OFFinder & ©]-&-3f ¥ ¢
3 gRNAZ <18 e 4= 9= off-targetS M3}, 'CRISPR-P'E= On-score AH=ZE Q& &go] &
gRNAS Anutalr] goldhu}, off-target AR H 20702 AFH ez WojFE2  'RGEN'OIA 3 o wx}
AZste] T FAANAGS $8 na & gRNAS AEdth, 'RGEN'IA AAE genome o] £33 off-target
AEE o] &ste] 'JBrowse' oAl AW gRNAS] off-targeto] WAEE HEo] oA E AMEt}t. 'JBrowse' &
n*H chromosome®] A A genome FEE HJFHRZ off-targeto] TAE= F97F exon €A 1 ¢ gE FEQ
AE Fetd ¢ glom, olE FI gRNAS] AHAA oARE FAT F drh. V] FAHE WHESte] On-target
score’} ¥, Off-targeto] 7P 22 gRNAS HF Awsla, ol ASssic).

or_ér

2. Autd TEE gRNAS ¥ 35t CRISPR/Cas9 WE Q] A%

Ao wel 4 FHAE AR = gRNAES HF AWt (RISPR/Cas9 #HE A|2E 4 vy, & &
ol A= = FAAAG S 2] 3lo] pMDC123_pcoCas9_gl_g2(plant codon opt imized Cas9),
pMDC123_acoCas9_gl_g2 (Arabidopsis codon optimized Cas9) % pMDC123_pcohCas9_gl g2(plant codon
optimized high GC Cas9) ¥ (vector)& o] &3lgltt. 7] AHES FAAZ d AEAE Adsr] st A
B nlAR Bar FAAE AW, AZRFES Y5t attR1¥ attR2 AEE VA= gateways HE o]t}

_14_



[0148]

[0150]

[0151]

[0152]

[0154]

[0155]
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pMDC123_Cas9_gl g2+ har +A A7} enhanced 35S CaMV 2R E]] o]ajA Ao]w ).

N
>

do ot

RNAE 2] 97|M Lol that Al (sense) ¥ SHEJ A~ (antisense) ZEto]WE A 2H3te] annealing A7 &, 2
8 WY U9 A6 ZZRE(Arabidopsis U6 promter) F ol Zs7ls3stAl 293, Golden gateway
£ o]&3te] 7+ gRNAES] I FHEE st wWlHe] S293t}. Streptococcus pyogenes fr# el SpCas9
Z}e} gRNA HHIIME | 2x355 T2 HE]9} cedB recombination systems 7FAl= T-DNA #HHE AH2Eslo
HAEH o7 MEvAZ 7HA = AEH A M-S multiplex CRISPR/Cas9 HEES AZ3kc}. o] w], multiplex
CRISPR/Cas9 ®E|SA SpCas9d GAA= FZE-HAstE kel 2= 9lu, MutolAGAR= Bar FAAY 4= glo
W, A7 WEE NS AEES g Ul ol EFT 4 k. shue] ZARAR 7 2/ gRNAE AEFSHE
multiplex MEE A %3} Indel PCRE ©] &3+ F- A2 (Gene Editing, GE) FAA3A ALS golslA 3f
ATH.

g
1513
=
H
kil

p

Z FAAG ] ALgs Ay AEHAHSE binary vectorS Agrobacterium tumefaciens strain EHA1059]
electroporation2 0.2 FAAZeITE. FPAF o] &ld el F2ZUY(single colony)© A7 H7td

LB " #}=] (LB, Ripampicin 25mg/L, kanamycin 50mg/L = spetinomycin 50mg/L)olA o]& EoF 28°Col A

wjoFsl B glycerol (H%E 30%)<S H7bste]l -70°Col wos] Tk, AAS o= Ao -70°Coll Bya] FUW

cell stock® A¥= FAAZE H7be LB A4 wixe] HFate] 30417 5ok 28°CollA wjFariet. & A
Agrobacterium cell 400ulS 3FAA| 7} HA7FE AB A ¥i#] (100m¢ & glucose 0.5g, agar 1.5g/90ml water, 5
ml 20x AB buffer(K2HPO4 60g/L, NalH2P04 20g/L), 5m¢ 20x Stock of AB salts(NH4C1 20g/L, MgS04.7H20 6g/L,

1 3g/L, CaCl 0.2g/L, FeS04.7H20 50mg/L), Ripampicin 25mg/L, kanamycin 50mg/L)el] =23ale] w3}k,
FAA Fd ABA wiA|d =wste] & &k Agrobacterium cell LCMBIX](HA] CCM ®iA], 1¢9 B5
medium 3.2g, Sucrose 30g, Sodium thiosulfate 158mg, DTT 154mg, L-cystein 580mg, MES 4.26g, pH5.4 with
M KOD)E o] &3Fe] ABWiX| ] FWHOo RHE FHo] dith., o] AR = D] 0.6(AFE)o FHE=E 35t o

= ODgo®] 2(als=)7F HEE 343 5 Acetosyringon (HF 200uM)S 3 7}8ke] Agrobacterium infection

A7k 28°Col A Wt

EH, B odwel 4v) vMER AEAE dARdE AL o JERoklA &R FAH FARRNNE
A G AR ¢ oAd. PAReR, oiazued s o8@ YAAMPY elsllE, wANEY

H
(microprojectile bombardment), ¥HEZF o] (electroporation), PEG-"17] & H (PEG-mediated fusion),
A=A (microinjection), #]%%F vi71% (liposome-mediated method), S¢I1-Z el FAADH(In planta
transformation), ¥ Z&% (Vacuum infiltration method), Z+o}E X (floral meristem dipping method),
2 ol zuleE| 2o} FAM (Agrobacterium spraying method)S o] €& 4= 9o ¢ FAHoRE olzuly g
e o]8% FAMIYR E= ofmubH 2o} AN (Agrobacterium spraying method)& ©]-8% = At}

oz, F TAE 25 FEE 308 s AFS H FAHA FIE e TAE 2. F#Hjd F
FTAE 70% ethanololA 30% &< Adsta Ad5=2 33 AMFTT. o]F 1% sodium hypochlorite 8ol A
308 &<t shakingslWA]l Atdt H 5 HAo R 53] ATt oo EVE AAS F FTAE ujHFe] of
2 7}=E 2ol vjA (Germination medium(GM), 1 ¢ 9 B5 medium 3.2g, Sucrose 20g, MES 0.5g, agar(sigma)
8g, pH5.7 with 1M KOH)oll & & 26°C mjd7]ol Al 20417+ Sk bzl o & urolA| 71t}

20X 7 FoF GMujA| ol Al wro}dt F EAE scalpel (#11 blade) & ©]&3to] E2+ ZdolE g} dwroz AT,

HAAS 935le] embryonic axisE 7FA+E cothyledong A1E]3}al, embryonic axis tip¥ axial budE #|A
ok, g FEH|E = AL = (0Ds00=2)2] Agrobacterium £48 ZEo] &3 axial budE A|AI FHE 6-83]

AF5E Agrobacterium 2% (0Dg=0.6)° =7 sonication 20%,
vaccum 3% A3 T 308 For HFE AT, Agrobacterium® NS A AZ HAAES Hi A7 &I
A

J5hed (7 explant) 49 EoF 3% wj2k(23°C, 16h light, 8h dark)3tu}.

ox
Ll
HN
i)
ox
Ll
HN
j=
o
=
w
(¢)
D
[aN
rl
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[0157]

[0158]

[0159]

[0160]

[0161]
[0162]

[0163]

[0165]

[0166]

[0167]

[0169]

[0170]

ZIHS3d 10-2023-0022743

497 3% I AAAE AgrobacteriumES AAS 7] Yot FAAIF HrrE HHE5(250mg/L cefotaxim,
100mg/L Timetin, 50mg/L vancomycin)® 5%4 33] A|H&tx TU3 WAL A7 AA <=(shoot) = Wi
A (SIMIPO ®iA], 1¢ = B5 medium 3.2g, Sucrose 30g, Sodium thiosulfate 158mg, DTT 154mg, MES 0.6g
agar(sigma) 8g, pH5.7 with 1M KOH)oA] 1557t 33] © AlHsTh. Az & dAAEZRE o9 E7E A
Agk 5 FAAA T HIFE R e SIMIPO iAol shullE RS 45% AE v =55 A9 27dsisit.

25 ¥ half seed® FTHI3M= 7FdolA axial bud7} A2 AAE A kol whA¥s 2 shoots A3 AAS
YA 2 (shoot) Al ko] SolaHES 4 (shoot)e] 915 R A st} FA7L H7hE SINP10
Hix o] A w25 F PPTOl 98] ZAWE shoot: 7HE o]&3te] AAS el F-Eol| A
H 2 Ay gdolg]E thEola SEMP5 wiA| (shoot elogtion medium_PPT5, 10 % MS B5 medium 4.4g, Sucrose
30g, Sodium thiosulfate 158mg, DIT 154mg, MES 0.6g, Asparagin 50mg, Pyroglutamic acid 100mg,
agar(sigma) 8g, pH5.7 with IM KOH, Zeatin-ribose 1mglL, GA3 1mg, IAA 0.1lmg, Cefotaxim 125mg, Timetin
50mg, Vancomycin 50mg)oll X]/d5}% T},

2okt FAF SENPS MR A wiFskel E717k 4 ool AFARE A F FAADAY /) wre d
ateo] AT I E A e B (Root) % A (RIMPO, 1¢ % MS B5 medium 4.4g, Sucrose 30g, Sodium
thiosulfate 158mg, DIT 154mg, MES 0.6g, Asparagin 50mg, Pyroglutamic acid 100mg, agar(sigma) 8g,
pH5.7 with 1M KOH, IBA 1mg, Cefotaxim 50mg, Timetin 50mg, Vancomycin 25mg) BiX|ol| A S F=3A
o 719 dddolA ey G FEAA e 22 gHEoR A ZErY FAA 2FEe &I & &
S0 $A oA Ausien.

AEstE A=A o] T-DNA =9 3H¢lsl7] 9ste] /MAEZ genomic DNAS FZ38}3 genomic PCRE B3l =Y
g AdwbA A 9 gRNA T E ) ﬂE«l =4S #lskdtl. 3 Bar-strips ©]438ke] AEshE 2 EA
Aol AtelA FAA(Bar)e HAES AT, T-DNA Edo] ¥ T, 2] EAZRE %3 genomic DNAS
FEoz o] InDel PCRE Fatol deletiono] WASFE=AE Fagitt. olF 7 FHHI gedse

deletion Y=} ¥, genome-editing ES2 targeted deep sequencings E35}o] &2ls)

[AA]e]]

AAle 1. gRNA A & sE-FZA3HE (RISPR/Cas9 HE A=

2L
i
=
ol
o
Ir
to
[kl
|

‘CRISPR-P' EEX ‘CRISPR RGEN Tools' %5¢] f-x4 Web Tool S o] §ske] MlEH 7
Bl a3 (off-target effect)’} A3 FAAWA G&o] =& AR oFH= gRNAES
s 9 B4 FHAR P34 FAAE AYsta, FARgSs 9% 14 FHA
Phytozome databasedlA] FH3IATE. A7) BA FHAAE wAA 7| 1A} o= = ]
At oo R, ¥4 FAA e %4 AMd(target sequence) T 3ol ZHz AFSH= gRNAL 2 gRNA29] %%
< skt

O

o]7]14 "gRNA"E Zbo]= RNA(guide RNA)S} TF2 do®, 7bol= RNA(guide RNA)OIA %2 84k w7
el 4 Mol At oF 20 el FE el S E = (20nt)el Pk Zao] M (spacer) MEE v Ett,

PAAS FRoT AL Willimas 82 F59 F7INEE wEe

ol

b7 gRNAL 2 gRNA29] Z3he] AW S
2 54 444 Yy 538 98 A

8,
Foich.
o] wj, CRISPR-Pl ®]&l RGENo] Xt} B-& off-target +A A candidateES A8 F7] W&o, F 7}A =
2a3g 5 AEstY LE-EM(off-target) 7FeAdol AL P34 FAA H o]e] s A (homolog)

o?xi tlo
[«0
38
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[0172]

[0173]

[0175]

[0177]

[0178]

[0179]

[0181]
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Glyma08g116400 A4 e ¥4 M4
o] H&F MYEW Jbrowse siteE o]&
Felsle] FHAwAY A& i LE-

sequence)= A3l

< /L P‘ﬁq w3k, @ I-B}Al(off-target) AR & H (candidate) S
i3 Z-epl(of f-target) A oA gRNA 237 914 55 HF
EW(off—target) 7beAdol A& ®A A U9 ®A Md(target

AN 2. ZE-HZ 39 (RISPR/Cas9 HE A%

oo F A ugel AR BE 34 fAAEe] dEiA, 4 28564 & 2 7H“‘-°4 gRNA1 3 gRNA2E
Kikh 1 7 7he] gRNASS shibe] #Efel =Yg multiplex HMEHE Axst3ltt. o < FAHRAE &
B3k $o] Indel PCRS o] &3lo] GE QA3 HALe wrl godoz 3t 2
ol mE nage] F A A" o gRNAse] %4 FA F9E dAsta

2

A, & 1& =

Z FAAS o] AFEFE 7] ME = pMDCI23 ME (vector)® AEWIAR Bar FAAE 7Y, AxTS —?46}04
attR1¥ attR2 N EE& 7FA= gateway-& ¥WEo|th. 94 pMDC123 WEl= HA = fdae] LS Alojstes =

2RE7F Q17] wEel, pMDC32HWE ZR-E] 2X 355 CaMlV ZERE]S Adhste] pMDC123 WEl S| HindIII/Ascl site
of A3l pMDC123_35S,, HEE AZFsATt. AzZtE pMDC123_35S,, HHE+E HF Multisite Gateway

recombinationo] ©]-&&}%tl. & 2% pMDC123_35S,, HE S AZ B2 EE Yepdt),

A7) AEE 14 59 QUIAES = T /9] gRNA(gRNAL 2 gRNA2) 9} Z+7he] IE-2743ke Cas9 F3
2}l pcoCas9(AMEHE 1), acoCasI(AMEHE 2) 2 peohCasI(AMEHZE 3)E 7= HHE AFssid. o &
A&l F He Golden Gate assembly$} 3HHE] Multisite Gateway recombination®] #A3L Z3sldct. WA,
gRNAZ} AtU6 Z2REO AE=E ¢ Jes Adste Aok, AtU6 4&“‘3 7FA1= golden gate entry
vector®l pYPQ131A%} pYPQ132A vectorE Adta i ESP3I(BsmBI)S.Z A3k & oligo annealing #}3ES A
gRNA1¥} gRNA2E Z}7} pYPQ131A9} pYPQ132A ¥Efo] Golden Gate assembly W o= AT, thgo=, 7t
Zke] AtU6 ZEREo] AZ¥ gRNA1(pYPQI31A_gRNA1) ¥} gRNA2(pYPQI32A_gRNA2)E A|gt& A Bsals ©] 83
pYPQ142 ME(Golden Gate recipient and Gateway entry vector)ol Golden Gate assembly WHOo=Z
AZdsHATt.

olwl, gRNAS| WdS =Hoz Atl6 ZREHE AHEE 4§ g

g 2 dsglahs A ¢ 2 AFEhs 3l
Efol £7) e, 37 gL B RA2E 27 Esehi

z E o] MEHE 4(5'-ACTAGAAGAGAGACCTAAGA-3")
2 A EWE 5(5'-GCCCCCTTGGTACTTTACTT-3" ) Z+zhe] 5'-dek <kol 17] ‘G0 & H7Kske], 7] multiplex WE
AzA o5 ARRET. =, AtU6 ZRREHE 7HA = WHo| E3hH = gRNAL 3 gRNA2E F3s}ste diqhe: 7}
7 A S 6(5'-GACTAGAAGAGAGACCTAAGA-3") 2 A A& 7(5'-GGCCCCCTTGGTACTTITACIT-3') & EFE 4 Utt.

O %, kel Cas9 FAAFS} nos Terminator® 7FAl+=  Gateway entry vector(pYPQ150(plant codon
optimized), pYPQ154(Arabidopsis codon optimized), pYPQ167(plant codon optimized: high GC content at 5'
region)) ¢} FHA Ao A ThEolX gRNA1Y} gRNA2E X7 7FA]&= pYPQ 142 vector 18] 2lE UdE W
¢l pMDC123_35S 0= ©l-83lo] multisite gateway assembly WS o] &3l ZHF At 2 Ao A&
gk pYPQI31A, pYPQ132A, pYPQl42, pYPQ150, pYPQ154, pYPQ167 plasmid DNAT Addgene o2 H-E FY3to] AME-3)
Oﬂx;}_

AN .

olg|gt A7FA AL B3Il FHF  pMDC123_pcoCas9/CRISPR_gl_g2, pMDC123_acoCas9/CRISPR_gl_g2 %

pMDC123_pcohCas9/CRISPR_g1_g2 WME] S A&k, A7) AZe A T/ pMDC123_Cas9/CRISPR_gl_g2# €] =

T 7N gRNAZE Z}Zhel AtU6 T2 RE|S] 24 stof] =™, 747t Cas9 F7Ak= 2X CalMlV3sS Z2RE | 9

3 WHo] zAF, AEAY AL A= CallV3ss ZTERE0] e AolHE Bar F-AAE o] &8}%).

7] WE e ZE-HASE Cas9 A2 e 7 W] gRNACIE= NLS Algo] 5712 4 vk, o] NLS A E2 A

AW 8 WA 10 F ol st o]/de] SV40 vlolg]~ iy T-F99 NLS AE Z/EE AEHSE 11 UA 12 &
= 3y o) e] wEH e Zek A~ (nucleoplasmin) &2 F-E o] NLS AEd 4 dt}.
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[0182]

[0184]

[0186]

[0187]

[0189]

[0190]

[0191]

[0193]

[0194]

[0196]

ZIHS3d 10-2023-0022743

FAHez, B diore= 5 3E-HASE Cas9 FHA(pcoCas9)d N-ZTehoE= AMIHE  8(5'-
ccaaagaagaagagaaaggtt—-3') <] NLS Aqd = C-Zetol = s 11(5'-
aagagaccagctgctaccaagaaggetggacaggctaagaagaagaa—3' )2 NLS A Ldo] Estet}. o714t Z=-FZA3}E Cas9
A (acoCas9) 2] C-Eetol= AMAHST 9(5'-cctaagaagaagaggaaggtt-3')2e] NLS A Fo] EstE i, GC gheol
o ANE FE-HA3E Cas9 A (pcohCas9)e] N-LetoE= A EWE 10(5'-cctaagaagaageggaaggtt—-3') <)
NLS Mg 2 C-Edto]= IS 12(5'-aagegtectgetgecaccaaaaaggecggacaggct aagaaaaagaag—3')2e] NLS A E o]
SESHEIC) .

anih © Bl

1>

T3, A7) AE WEE v 14 FhA F 2 MR RNAE E e multiplex WE]E A28 Indel
PCRE o] &3 A4 (Gene Editing, GE) FAMEA kg &olshA sh3irh. & 3& £ @de wg
pMDC123_pcoCas9/CRISPR_g1_g2 ¥, pMDC123_acoCas9/CRISPR_gl_g2 ®E 2 pMDC123_pcohCas9/CRISPR_gl_g2
W o] HARE Ve,

AAd 3. T FFASA § 2589 F FA(EA A 2" FAF

7] e 2004 AAE, AEE gRNAL 2 gRNA2E 727} g5 3dlsls Al 2 mE-H A3 Cas9 FAAS
x3steE & FAAuAS -?4?1]' pMDC123_pcoCas9/CRISPR_gl_g2, pMDC123 acoCas9/CRISPR gl g2 &=
pMDC123_pcohCas9/CRISPR_g1_g2 ®EE ol =Zule|g]3 EHAL059] A3 3 & Willimas 82 ¥3% &< 4A#
Ao} Fujokste] dAASAALT. ARL3E A2 T-DNA £98 Folslr] 40}04 NAE = genomic DNAE
F=o}iL, genomic PCR& &3] boddkebr] Ak B gRNA 2 TR ES] =9 FelEkgitt. EE Bar-
strips o]g3te] A3t 2 EA A Admt f- AR Bar gene)d T3AE Felslitt.

oA, % o)A vkl ek gol, EH AR vl 2 el HA Felo] AT gRNAL 2 gRVAZ WRshs
GAABA T, A%S Swsteinh.

wd, A7) drE FAAA ] T-DN
£ #%3}3 genomic PCRS =33}

att. 1 A= & 59 YERAT
= 6ol A UeERRE ukel o], A7) Bar St thEF PCRAIA positive WSS

Fol8 #olsly] 95ty FAAZE wWE e wE ANAEZ genomic DNA
At AdtvbA {12 (Bar gene) 2 oRNA WE JMMES =S BRI}

o=

o
s
rO
>
i
2
O
o,
oo
ot
5
jw)
@

PCRE E3te] 7 gRNAL 2 gRNAZ 324 Apole] Sd7]A Lol A (deletion)® FH 73 shArk. ®A
AxE el 14 Ad 39 A (deletion)e F4 A% 6a) 2 o9 EA FHA(E 6b)ellA] BF Fel
=] ATt

o, nage T A A=ES AHE] AsiA, B gy Aze T Rty A ~E 2k
FAALE &S HWSIGITE. 7] Bar A FA] digk PCRAIA positive ¥HgS Bl T FAAE 2
EAE o] &3 InDel PCRE E3lo], = gRNAL B gRNA29] 324 -9 Ate]o] <d7jAde] A (deletion)d B4
ABA S skt

5
it
o
Y

7 A e vkel o], B e w2 A FRHe FE-FH A sk Cas9 FAAR] peoCasd Hak
(MEHZ 1), acoCas9 HAH(AHEHSE 2) L pcohCas9 HAAH(AHLEHE 3) FolA pcohCasd HAH(AMEHT 3)S
Egtete A9l the ZE-HASE Cas9 FHAE EFets AET of 3w o] 34 FHAe] AdS
Bl P (indel) HolE of7|eteE S 3G},

47 AFE SellA, Rl AR nase] F AN ALE Ee s F HEAE adHes
FAAEAND = dar, 2 BEe @A e Al AREH AL gl Streptococcus pyogenes rEl 9l
SpCas9 A2 o714 FZ=-H A3k Cas9(acoCas9), A& F=-H A3k Cas9 (peoCas9), GC FFol H&
215 FE-22 31 Cas9(peohCas9) T-ollA Foll A | 71 £ Z=-F43td Cas9 Hubs FH5FA .
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k1
N2

HPTFCR

gRNA PCR

inde! PCR

k1
g
[\

Hinefll a

A !:-cidim nos TI—I Hyd

Hin Asel

| | ccdB |
2 E Basta'
attRd B2
. Hin 5*3“ An code 3l
re
atRy aftRt
EH3
SV40 NLS NOS-Ter gRNA1 gRNAZ CaMV-Ter
}— mssml FEOCH.B H CamMvass Basta® H
RB IXFLAG STLS1  Nucleplasmin AtUS ALUG LB
Intren NLS
NOS-Ter gRHNAY gRNAZ CaMV-Ter
— 2xsss,.  acocase _._._ comass oot ——r]
B8 SW40 NLE AtU6 AtUE LB
NOS-Ter gRNA1  gRMAZ CaMV-Ter
— axsss,. | Poohtaso _._._ cunass suva | ——]
RS BV40 NLS Nuclsaplasmsin AtU6 AtUE LB

HLS
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EHS

a. Plant codon-optimized Cas9 To lines

#1 #2 #3 #4 W82 W82

g —— WS — — Bar PCR
-—--——- gRNA PCR

b. Plant codon-optimized with high GC Cas9 To lines
#1 #2 #3 #4 #5 #G6 #7 WB2WS82

——— — —— — Q‘RNAPCR

(T g

c. Arabidopsis codon-optimized Cas9 To lines

#1 #2 #3 #4 W82 W82

Bar PCR

— — — — gRNA PCR

T /1
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k1
N2
()Y

1
g
Z

-
(S

Relative GE efficiency (fold}

Aqdz

<110>

<120>

<130>

<160>

<170>

<210>

<211>

(5]

ha
(5]

[o%]

—
[Sp]

b

=
(8]

=

pcohCas9 acoCas9 pcoCas9

waz I 3 &4 5. % 7 1 2 3 & I 2 3 4

ZIHSd 10-2023-0022743

| — — e — — — — — — — — — — — 15tpCR
" —r— — nd
D ettt L TP
B el e mEmamee— 39 PCR
pcohCas9 acoCas9 pcoCas9
was2z 1 3 4 5 ‘B 7 1 2 3 4 1 2 F %
iii et F 2 & & & §F ¥ 3§ §F 15 PCR
E—-—-—-—--—_-—-_ 2nd PCR
B 3<ecR
3N
1 11
pcoCas9 acoCas9 pcohCas9
=
)
INDUSTRY-ACADEMIC COOPERATION FOUNDATION GYEONGSANG NATIONAL UNIVERSITY

Gene editing system for increasing of soybean gene editing

efficiency and uses thereof
PN21232

12

KoPatentIn 3.0

1

4293
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<212> DNA
<213> Artificial Sequence

<220><223> pcoCas9

<400> 1

atggataaga agtactctat cggacttgac atcggaacca actctgttgg atgggetgtt 60
atcaccgatg agtacaaggt tccatctaag aagttcaagg ttcttggaaa caccgataga 120
cactctatca agaagaacct tatcggtgcet cttcttttcg attctggaga gaccgetgag 180
gctaccagat tgaagagaac cgctagaaga agatacacca gaagaaagaa cagaatctgce 240
taccttcagg aaatcttctc taacgagatg gctaaggttg atgattcttt cttccacaga 300
cttgaggagt ctttccttgt tgaggaggat aagaagcacg agagacaccc aatcttcgga 360
aacatcgttg atgaggttgc ttaccacgag aagtacccaa ccatctacca ccttagaaag 420
aagttggttg attctaccga taaggctgat cttagactta tctaccttge tcttgctcac 480
atgatcaagt tcagaggaca cttccttatc gagggagacc ttaacccaga taactctgat 540
gttgataagt tgttcatcca gecttgttcag acctacaacc agcttttcga ggagaaccca 600
atcaacgctt ctggagttga tgctaaggcet atcctttctg ctagactttc taagtctcgt 660
agacttgaga accttatcgc tcagcttcca ggagagaaga agaacggact tttcggaaac 720
cttatcgcte tttctettgg acttacccca aacttcaagt ctaacttcga tcttgectgag 780
gatgctaagt tgcagctttc taaggatacc tacgatgatg atcttgataa ccttcttget 840
cagatcggag atcagtacgc tgatcttttc cttgctgecta agaacctttc tgatgctatc 900
cttctttctg acatccttag agttaacacc gagatcacca aggctccact ttctgettcet 960
atgatcaaga gatacgatga gcaccaccag gatcttaccc ttttgaagge tcttgttaga 1020
cagcagcttc cagagaagta caaggaaatc ttcttcgatc agtctaagaa cggatacgct 1080
ggatacatcg atggaggage ttctcaggag gagttctaca agttcatcaa gccaatcctt 1140
gagaagatgg atggaaccga ggagcttctt gttaagttga acagagagga tcttcttaga 1200
aagcagagaa ccttcgataa cggatctatc ccacaccaga tccaccttgg agagcttcac 1260
gctatcctte gtagacagga ggatttctac ccattcttga aggataacag agagaagatc 1320
gagaagatcc ttaccttcag aatcccatac tacgttggac cacttgctag aggaaactct 1380
cgtttegett ggatgaccag aaagtctgag gagaccatca ccccttggaa cttcgaggag 1440
gtaagtttct gcttctacct ttgatatata tataataatt atcattaatt agtagtaata 1500
taatatttca aatatttttt tcaaaataaa agaatgtagt atatagcaat tgcttttctg 1560
tagtttataa gtgtgtatat tttaatttat aacttttcta atatatgacc aaaatttgtt 1620

_22_



gatgtgcagg
ttcgataaga

ttcaccgttt

gettteettt
aaggttaccg
gttgaaatct
ttgaagatca
gacatcgttc
acctacgctc

ggatggggta

accatccttg
cacgatgatt
gattctcttce
cttcagaccg
aacatcgtta
cgtgagagaa

gagcacccag

aacggaagag
gttgatcaca
acccgttctg
aagatgaaga
gataacctta
aagagacagc

cgtatgaaca

ttgaagtcta
atcaacaact
atcaagaagt
gttagaaaga
ttctactcta

agaaagagac

ttgttgataa
accttccaaa

acaacgagct

ctggagagca
ttaagcagtt
ctggagttga
tcaaggataa
ttacccttac
accttttcga

gactttctcg

atttcttgaa
ctcttacctt
acgagcacat
ttaaggttgt
tcgagatggc
tgaagagaat

ttgagaacac

atatgtacgt
tcgttccaca
ataagaacag
actactggag
ccaaggctga
ttgttgagac

ccaagtacga

agttggtttc
accaccacgce
acccaaagtt
tgatcgctaa
acatcatgaa

cacttatcga

gggagcttct
cgagaaggtt

taccaaggtt

gaagaaggct
gaaggaggat
ggatagattc
ggatttcctt
ccttttcgag
tgataaggtt

taagttgatc

gtctgatgga
caaggaggac
cgctaacctt
tgatgagctt
tagagagaac
Cgaggaggga

ccagcttcag

tgatcaggag
gtctttettg
aggaaagtct
acagcttctt
gagaggagga
cagacagatc

tgagaacgat

tgatttcaga
tcacgatgct
ggagtctgag
gtctgagcag
cttcttcaag

gaccaacgga

gctcagtcett
cttccaaagc

aagtacgtta

atcgttgatc
tacttcaaga
aacgcttctc
gataacgagg
gatagagaga
atgaagcagt

aacggaatca

ttcgctaaca
atccagaagg
gctggatctce
gttaaggtta
cagaccaccc
atcaaggagc

aacgagaagt

cttgacatca
aaggatgatt
gataacgttc
aacgctaagt
ctttctgagce
accaagcacg

aagttgatca

aaggatttcc
taccttaacg
ttcgtttacg
gagatcggaa
accgagatca

gagaccggag

tcatcgagag
actctcttct

ccgagggaat

ttcttttcaa
agatcgagtg
ttggaaccta
agaacgagga
tgatcgagga
tgaagagaag

gagataagca

gaaacttcat
ctcaggtttc
cagctatcaa
tgggtagaca
agaagggaca
ttggatctca

tgtaccttta

acagactttc
ctatcgataa
catctgagga
tgatcaccca
ttgataaggc
ttgctcagat

gagaggttaa

agttctacaa
ctgttgttgg
gagattacaa
aggctaccgce
cccttgctaa

agatcgtttg

_23_

aatgaccaac
ttacgagtac

gagaaagcca

gaccaacaga
cttcgattct
ccacgatctt
catccttgag
gagactcaag
aagatacacc

gtctggaaag

gcagcttatce
tggacaggga
gaagggaatc
caagccagag
gaagaactct
aatcttgaag

ctaccttcag

tgattacgat
caaggttctt
ggttgttaag
gagaaagttc
tggattcatc
ccttgattct

ggttatcacc

ggttagagag
aaccgctctt
ggtttacgat
taagtacttc
cggagagatc

ggataaggga

1680
1740

1800

1860
1920
1980
2040
2100
2160

2220

2280
2340
2400
2460
2520
2580

2640

2700
2760
2820
2880
2940
3000

3060

3120
3180
3240
3300
3360

3420
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agagatttcg

accgaggttc
aagttgatcg
accgttgcett
aagtctgtta
ccaatcgatt
ttgccaaagt

ggagagcttc

cttgcttctce
ttcgttgage
aagagagtta
agagataagc
cttggtgcte
tctaccaagg

accagaatcg

<210> 2

ctaccgttag

agaccggagg
ctagaaagaa
actctgttct
aggagcttct
tccttgagge

actctctttt

agaagggaaa

actacgagaa
agcacaagca
tccttgcetga
caatcagaga
cagctgettt
aggttcttga

atctttctca

<211> 4116

<212> DNA

aaaggttctt

attctctaag
ggattgggac
tgttgttgct
tggaatcacc
taagggatac
cgagcttgag

cgagcttgct

gttgaaggga
ctaccttgat
tgctaacctt
gcaggctgag
caagtacttc
tgctaccctt

gcttggagga

<213> Artificial Sequence

<220><223>
<400> 2
atggataaga
atcaccgatg
cactctatca
gctaccagac
tacctccaag

ctcgaagagt

aacatcgttg
aagctcgttg
atgatcaagt

gtggataagt

acoCas9

agtactctat
agtacaaggt
agaaaaacct
tcaagagaac
agatcttctc

cattcctcgt

atgaggtggc
attctactga
tcagaggaca

tgttcatcca

cggactcgat
gccatctaag
tatcggtgct
cgctagaaga
taacgagatg

ggaagaagat

ataccacgag
taaggctgat
cttcctcatce

gctcgtgcag

tctatgccac

gagtctatcc
ccaaagaagt
aaggttgaga
atcatggagc
aaggaggtta
aacggaagaa

cttccatcta

tctccagagg
gagatcatcg
gataaggttc
aacatcatcc
gataccacca
atccaccagt

gat

atcggaacta
aagttcaagg
ctcctetteg
aggtacacca
gctaaagtgg

aagaagcacg

aagtacccta
ctcaggctca
gagggtgatc

acctacaacc

aggttaacat

ttccaaagag
acggaggatt
agggaaagtc
gttcttettt
agaaggatct
agagaatgct

agtacgttaa

ataacgagca
agcaaatctc
tttctgctta
accttttcac
tcgatagaaa

ctatcaccgg

actctgtggg
ttctcggaaa
attctggtga
gaagaaagaa
atgattcatt

agaggcacce

ctatctacca
tctacctcge
tcaaccctga

agcttttcga

_24_

cgttaagaaa

aaactctgat
cgattctcca
taagaagttg
cgagaagaac
tatcatcaag
tgcttetget

cttectttac

gaagcagctt
tgagttctct
caacaagcac
ccttaccaac
aagatacacc

actttacgag

atgggetgtg
caccgatagg
aactgctgag
caggatctgc
cttccacagg

tatcttcgga

cctcagaaag
tctcgetcac
taactctgat

agagaaccct

3480

3540
3600
3660
3720
3780
3840

3900

3960
4020
4080
4140
4200
4260

4293

60
120
180
240
300

360

420
480
540

600
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atcaacgctt

aggcttgaga

ttgatcgctc

gatgcaaagc
cagatcggag
ctcctcagtg
atgatcaaga
cagcagctcc
ggttacatcg

gagaagatgg

aagcagagga
gctatcctta
gagaagattc
agattcgctt
gtggtggata
aaccttccaa

tacaacgagt

tcaggtgagc
gtgaagcagc
tctggtgttg
attaaggata
cttaccctca
catctcttcg

aggctctcaa

gatttcctca
tctetcacct
catgagcata
gtgaaggttg
atcgaaatgg

atgaagagga

caggtgtgga
acctcattgc

tctctetegg

tccagctctc
atcagtacgc
atatcctcag
gatacgatga
cagagaagta
atggtggtge

atggaaccga

ccttcgataa
gaaggcaaga
tcaccttcag
ggatgaccag
agggtgctag
acgagaaggt

tgaccaaggt

aaaagaaggc
tcaaagagga
aggataggtt
aggatttctt
ccctetttga
atgataaggt

gaaagctcat

agtctgatgg
ttaaagagga
tcgctaacct
tggatgagtt
ctagagagaa

tcgaggaagg

tgctaaggct
tcagctccct

actcacccct

aaaggatacc
tgatttgttc
agtgaacacc
gcaccaccag
caaagagatt
atctcaagaa

ggaactcctce

cggatctatc
ggatttctac
aatcccttac
aaagtctgag
tgctcagtct
gctcectaag

taagtacgtg

tatcgttgat
ttacttcaag
caacgcatct
ggataacgag
agatagagag
gatgaagcag

taacggaatc

attcgctaac
tatccagaag
cgctggatct
ggtgaaggtg
ccagaccact

tatcaaagag

atcctctctg

ggtgagaaga

aacttcaagt

tacgatgatg
ctcgetgcta
gagatcacca
gatctcacac
ttcttcgatc
gagttctaca

gtgaagctca

cctcatcaga
ccattcctca
tacgtgggac
gaaaccatca
ttcatcgaga
cactctttgc

accgagggaa

ctcttgttca
aaaatcgagt
ctcggaacct
gaaaacgagg
atgattgaag
ttgaagagaa

agggataagc

agaaacttca
gctcaggttt
cctgcaatca
atgggaaggc
cagaagggac

cttggatctc

ctaggctctc
agaacggact

ctaacttcga

atctcgataa
agaacctctc
aggctccact
ttctcaaggc
agtctaagaa
agttcatcaa

atagagagga

tccacctcgg
aggataacag
ctctcgctag
ccecttggaa
ggatgaccaa
tctacgagta

tgaggaagcc

agaccaacag
gcttegattce
accacgatct
atatcttgga
aaaggctcaa
gaagatacac

agtctggaaa

tgcagctcat
Ccaggacaggg
agaagggaat
ataagcctga
agaagaactc

agatcctcaa

_25_

taagtcaaga
tttcggaaac

tctcgetgag

ccteeteget
tgatgctatc
ctcagcttct
tcttgttaga
cggatacgct
gcctatcectce

tcttctcaga

agagttgcac
ggaaaagatt
aggaaactca
cttcgaagag
cttcgataag
cttcaccgtg

tgettttttg

aaaggtgacc
agttgagatt
cctcaagatc
ggatatcgtt
gacctacgct
tggttgggga

gacaatcctt

ccacgatgat
tgatagtctc
cctccagact
gaacatcgtg
tagggaaagg

agagcaccct

660
720

780

840
900
960
1020
1080
1140

1200

1260
1320
1380
1440
1500
1560

1620

1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340

2400
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gttgagaaca

gatatgtatg
atcgtgccac
gataagaaca
aactattgga
actaaggctg
cttgtggaaa

accaagtacg

aagctcgtgt
taccaccacg
tatcctaagc
atgatcgcta
aacatcatga
ccactcatcg

gctaccgtta

cagaccggtg
gctaggaaga
tactctgttc
aaggaacttc
ttcctcgagg
tactcactct

caaaagggaa

cactacgaga
cagcacaagc
atcctcgctg
cctatcaggg
cctgetgett
gaagtgctcg

gatctctcac

ctcagctcca

tggatcaaga
agtcattctt
ggggtaagag
ggcagctcct
agagggegagy
ccaggcagat

atgagaacga

ctgatttcag
ctcacgatgc
tcgagtcaga
agtctgagca
atttcttcaa
agacaaacgg

gaaaggtgct

gattctctaa
aggattggga
tcgttgtggce
tcggaatcac
ctaagggata
tcgaactcga

acgagcttgc

agttgaaggg
actacttgga
atgcaaacct
aacaggcaga
tcaagtactt
atgctaccct

agctcggtgg

gaatgagaag

gttggatatc
gaaggatgat
tgataacgtg
caacgctaag
actctctgaa
cactaagcac

taagttgatc

aaaggatttc
ttaccttaac
gttcgtgtac
agagatcgga
gaccgagatt
tgaaacaggt

ctctatgcca

agagtctatc
ccctaagaaa
taaggttgag
tatcatggaa
caaagaggtt
gaacggtaga

tctcccatct

atctccagaa
tgagatcatc
cgataaggtg
gaacatcatc
cgatacaacc
catccatcag

tgattcaagg

ctctacctct

aacaggctct
tctatcgata
ccaagtgaag
ctcatcactc
ttggataagg
gttgcacaga

agggaagtga

caattctaca
getgttgttg
ggtgattaca
aaggctaccg
accctcgcta
gagatcgtgt

caggtgaaca

ctccctaaga
tacggtggtt
aagggaaaga
aggtcatctt
aagaaggatc
aagaggatgc

aagtacgtta

gataacgagc
gagcagatct
ttgtctgett
catctcttca
atcgatagga
tctatcactg

gctgat

actacctcca

ctgattacga
acaaggtgct
aggttgtgaa
agagaaagtt
caggattcat
tcctegattce

aggttatcac

aggtgaggga
gaaccgctct
aggtgtacga
ctaagtattt
acggtgagat
gggataaggg

tcgttaagaa

ggaactctga
tcgattctcc
gtaagaagct
tcgagaagaa
tcatcatcaa
tcgettetge

actttcttta

agaagcaact
ctgagttctc
acaacaagca
cccttaccaa
agagatacac

gactctacga

_26_

gaacggaagg

tgttgatcat
caccaggtct
gaaaatgaag
cgataacttg
caagaggcag
taggatgaac

cctcaagtca

aatcaacaac
catcaagaag
tgtgaggaag
cttctactct
cagaaagagg
aagggatttc

aaccgaggtg

taagctcatt
taccgtggct
caagtctgtt
cccaatcgat
gctcccaaag
tggtgagett

cctegettcet

tttcgttgag
taaaagggtg
cagagataag
ccteggtgct
ctctaccaaa

gactaggatc

2460

2520
2580
2640
2700
2760
2820

2880

2940
3000
3060
3120
3180
3240

3300

3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080

4116
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<210> 3
<211> 4104
<212> DNA

<213> Artificial Sequence

<220><223>
<400> 3
atggacaaga
atcaccgacg
cactccatca
gcgaccegcece
tacctccagg

ctcgaggagt

aacatcgtcg
aagcttgttg
atgatcaagt
gtggacaagc
atcaacgctt
cgtctcgaga

ctcatcgctc

gacgctaagc
cagattggag
ctcctttegg
atgatcaagc
cagcagctcc
ggttacattg

gagaagatgg

aagcagagga
gccatcecttce
gagaagatcc
cgtttegett
gttgttgaca

aacctcccca

pcohCas9

agtactccat
agtacaaggt
agaagaacct
tcaagcgcac
agatcttctc

ccttectegt

acgaggtcgce
actctactga
tcegtggtcea
tcttcatcca
ccggtgtega
acctcatcgce

tctcectcegg

ttcagctctc
atcagtacgc
atatccttag
gctacgacga
ccgagaagta
acggtggagce

atggtactga

ctttcgataa
gtaggcagga
ttactttccg
ggatgactag
agggtgcttc

acgagaaggt

cggcectcegac
cccgtccaag
catcggcgcec
cgceegeege
caacgagatg

ggaggaggac

ctaccacgag
taaggctgat
cttccttate
gctcgtecag
cgctaaggceg
ccagctccct

tctgacccct

caaggatacc
tgatctcttc
ggttaacact
gcaccaccag
caaggagatc
tagccaggag

ggagcttctce

cggctctatce
ggacttctac
tattccttac
gaagtccgag
cgcccagtcec

cctceccaag

atcggcacca
aagttcaagg
ctcctetteg
cgctacaccc
gcgaaggtcg

aagaagcacg

aagtacccca
cttcgtctca
gagggtgacc
acctacaacc
atcctttcceg
ggtgagaaga

aacttcaagt

tacgacgatg
cttgctgcta
gagatcacta
gacctcaccc
ttcttcgacc
gagttctaca

gttaagctta

cctcaccaga
cctttectea
tacgttggtc
gagactatca
ttcatcgagc

cactccctcece

acagcgtcgg
tcctgggcaa
actccggcega
gccgcaagaa
acgactcctt

agcgcecacce

ctatctacca
tctaccttgce
ttaaccctga
agctcttcga
ctaggctctc
agaacggtct

ccaacttcga

atctcgacaa
agaacctctc
aggctcctct
tcctcaaggce
agtccaagaa
agttcatcaa

accgtgagga

tccaccttgg
aggacaaccg
ctcttgctceg
ccecttggaa
gcatgaccaa

tctacgagta

_27_

ctgggeggtg
caccgaccgce
gacggceggag
ccgcatctge
cttccaccgce

catcttcggce

ccttcgtaag
tctcgetcac
taactccgac
ggagaaccct
caagtccagg
tttcggtaac

cctcgetgag

ccteeteget
cgatgctatc
ttctgcttce
tcttgttegt
cggctacgcec
gccaatcectt

cctecttagg

tgagcttcac
tgagaagatc
tggtaactcc
cttcgaggag
cttcgacaag

cttcacggtc

60
120
180
240
300

360

420
480
540
600
660
720

780

840
900
960
1020
1080
1140

1200

1260
1320
1380
1440
1500

1560

ZIHSdl 10-2023-0022743



tacaacgagc

tccggegage
gtcaagcagc
agcggegttg
atcaaggaca
ctcactctta
catctcttcg

aggctctccc

gacttcctca
tctcttacct
cacgagcaca
gttaaggttg
atcgagatgg
atgaagagga

gtcgagaaca

gatatgtacg
attgttcctc
gacaagaaca
aactactgga
acgaaggctg
cttgttgaga

accaagtacg

aagctcgtct
taccaccacg
taccctaagc
atgatcgcca
aacatcatga
cctcttatcg

gctactgttce

tcaccaaggt

agaagaaggc
tcaaggagga
aggaccgttt
aggacttcct
ctctecttcga
atgacaaggt

gcaagctcat

agtctgatgg
tcaaggagga
ttgctaacct
tcgatgagct
ctcgtgagaa
ttgaggaggg

cccagctcca

ttgaccagga
agtctttcct
ggggtaagtce
ggcagcttct
agaggggtgg
cgaggcagat

acgagaacga

ccgacttcceg
ctcacgatgc
ttgagtccga
agtccgagca
acttcttcaa
agacgaacgg

gcaaggtcct

caagtacgtc

tatcgttgac
ctacttcaag
caacgcttct
cgacaacgag
ggatagggag
tatgaagcag

caacggtatc

tttcgctaac
tattcagaag
tgctggttcec
tgtcaaggtt
ccagactacc
tatcaaggag

gaacgagaag

gctcgacatce
taaggatgac
ggacaacgtc
caacgctaag
ccttteccgag
taccaagcac

caagctcatc

caaggacttc
ttaccttaac
gttcgtctac
ggagatcggc
gaccgagatc
tgagactggt

ttctatgect

accgagggta

ctcctcettcea
aagatcgagt
ctcggtacct
gagaacgagg
atgatcgagg
ctcaagcgtc

agggataagc

aggaacttca
gctcaggtgt
cctgctatca
atgggtcgtc
cagaagggtc
cttggttctc

ctctacctct

aacaggcttt
tccatcgaca
cctteccgagg
ctcattaccc
cttgacaagg
gttgctcaga

cgcgaggtca

cagttctaca
gectgtegttg
ggtgactaca
aaggccaccg
accctcgceca
gagatcgttt

caggttaaca

tgcgcaagcec

agaccaaccg
gcttcgactce
accacgatct
acatcctcga
agaggctcaa
gcegttacac

agagcggeaa

tgcagctcat
ccggtcaggg
agaagggcat
acaagcctga
agaagaactc
agatccttaa

actacctcca

ctgactacga
acaaggtcct
aggttgtcaa
agaggaagtt
ctggtttcat
tcctegattce

aggtgatcac

aggtccgcga
gtaccgcetct
aggtctacga
ccaagtactt
acggcgagat
gggacaaggg

tcgtcaagaa

_28_

tgccttecte

caaggtcacc
cgtcgagatc
cctcaagatc
ggacatcgtc
gacttacgct
cggttggggt

gactatcctc

ccacgatgac
cgactctctc
ccttcagact
gaacatcgtc
gaggegagege
ggagcaccct

gaacggtagg

cgtcgaccac
cacgaggtcc
gaagatgaag
cgacaacctc
caagaggcag
taggatgaac

cctcaagtcc

gatcaacaac
tatcaagaag
cgttcgtaag
cttctactce
ccgcaagegce
tcgcgacttce

gaccgaggtc

1620

1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340
2400

2460

2520
2580
2640
2700
2760
2820

2880

2940
3000
3060
3120
3180
3240

3300
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cagaccggtg
gctaggaaga
tactccgtcc
aaggagctcc
ttcctecgagg

tactctcttt

cagaagggta

cactacgaga
cagcacaagc
atcctcgctg
cccatcecgeg
cctgetgett
gaggttctcg

gacctttcce

<210> 4

<211> 20

gcttctecaa
aggattggga
tcgtggtcgce
tcggcatcac
ccaagggcta
tcgagctcga

acgagcttgc

agctcaaggg
actacctcga
acgctaacct
agcaggccga
tcaagtactt
acgctactct

agcttggtgg

<212> DNA

ggagtctatc
ccctaagaag
caaggtggag
catcatggag
caaggaggtc
gaacggtcgt

tcttecttee

ttccectgag
cgagatcatc
cgacaaggtc
gaacatcatc
cgacaccacc
catccaccag

tgat

<213> Artificial Sequence

cttccaaaga
tacggtggtt
aagggtaagt
cgctectcect
aagaaggacc
aagaggatgc

aagtacgtga

gataacgagc
gagcagatct
ctcteegect
cacctcttca
atcgacagga

tccatcaccg

gaaactcgga
tcgactcccec
cgaagaagct
tcgagaagaa
tcatcatcaa
tggcttcecge

acttcctcta

agaagcagct
ccgagttctc
acaacaagca
cgctcacgaa
agcgttacac

gtctttacga

nucleotide sequence encoding gRNA1

<220><223>

<400> 4

actagaagag agacctaaga
<210> 5

<211> 20

<212> DNA

<213> Artificial Sequence

nucleotide sequence encoding gRNA2

<220><223>

<400> 5
gcececttgg tactttactt
<210> 6

<211> 21

<212> DNA

<213> Artificial Sequence

<220><223

_29_

caagctcatc
tactgtcgcc
caagtccgtc
cccgatcgac
gctccccaag
tggtgagctc

cctegectcec

cttcgtggag
caagcgcgtc
ccgcgacaag
ccteggegec
gtccaccaag

gactcgtatc

3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080

4104

20

20
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> nucleotide sequence encoding gRNA1
<400> 6

gactagaaga gagacctaag a

<210> 7
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> nucleotide sequence encoding gRNA2
<400> 7

ggcceccttg gtactttact t

<210> 8
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> SV40 NLS
<400> 8

ccaaagaaga agagaaaggt t

<210> 9
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> SV40 NLS
<400> 9

cctaagaaga agaggaaggt t

<210> 10
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> SV40 NLS
<400> 10

cctaagaaga agcggaaggt t

<210> 11
<211> 47
<212> DNA

_30_

21

21

21

21

21

SIEdl
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<213> Artificial Sequence
<220><223> nucleoplasmin NLS
<400> 11

aagagaccag ctgctaccaa gaaggctgga caggctaaga agaagaa

<210> 12
211> 48
<212> DNA

<213> Artificial Sequence
<220><223> nucleoplasmin NLS
<400> 12

aagcgtcctg ctgccaccaa aaaggccgga caggctaaga aaaagaag

_31_

47

48
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