A= 100

T

2IMES] 10-2023-0022745 ‘-luﬁ

O (19) it =53] % (KR) (11) F/AEM3E  10-2023-0022745

(12) FME3IFH(A) (43) ZALA 20234022169
(561) FAES &7 (Int. Cl.) (71) &4
CI2N 15/10 (2017.01) AO0IH 1/06 (2006.01) A gt iy
AOIH 5/10 (2018.01) CO7K 14/415 (2006.01) ARG WZFA AFYR 501 (FHEE)
CI2N 15/113 (2010.01) CI2N 15/82 (2006.01) (72) -}
CI2N 9/22 (2006.01) A9H
(52) CPCS8]E+ AGE 3] SR 142, 105% 20015 (3]
CI2N 15/102 (2013.01) = HrolnE)
AOIH 1/06 (2021.01) A& 2
(21) 93 10-2021-0104891 ST _ .
. AAGE ZAFA] SR 142, 1055 200135.(3)
(22) 2297 20214089094 = ngHO}fE]) i ot
AR AR 2021908909 (5o #Z)
(74) AN
e

A AT 50 F 12 &
(54) Ige]

(57) 8 o

HEowkg e Foa dex §2US BHAI|E @PH FARGIyma08g116300) 2 o]o] A=A (homolog)
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g Al Al

79
A4 1
Cas A= -ZF @ o}A (endonuclease); H  Fo  GmP34(Glyma08gl16300) A=A o] A& A (homolog)
Glyma08g116400 +AAE EAd ZAs+= gRNAL 2 gRNA2; S Z 3}, CRISPR/Cas 7)Wre] I FAAWA A

2~ El
=5,

1o to

A1Eel Slol A,

7] gRNAL 2 gRNA2+= o] & daglsies dat A do] 247 Addls 19 A7IAd ¢ Adis 29 7|4 dd
AL EAQ o7 stE, CRISPR/Cas 7]¥he] & FAAwA Al 28

7% 3

A28l lojA,

7] Cas dZ=7rEdobA (endonuclease)= ZE=-FHZA3}E Cas9 A4S Xohste Aoz, AEdWs 5 WA A4
NS 7 F o= v ANAEE 2FeE S 5 OR sk, (RISPR/Cas 71Wke] 3 FHARA A28

T4
A1l lolA,

A7 F FAARA A|~Ee gu A A (Ribonucleoprotein, RNP)o]al,  AF7] gRNA1 % gRNA2+ o] & <
a3l A AMEo]l Az AEdHs 19 driAddE 2 AMdHs 29 ‘:7]/‘1%“& AE EHoR F:=,
CRISPR/Cas 7IWke] F fFHxtarg Aj2-gl.

A3 5

FAE-HA S Cas9 M2k, LD Fo) GuP34(Glyma08g116300) A= R o] 9] A=A (homolog) Glyma08g116400 -
AAE Al EASHE gRNAL 2 gRNA2E 717} Fmstshe dAik; o] &% 7hestAl 44, & A uAS 9
EI-=N

3TE 6
A5l glo1A,

A7 WEE A% JbedA dAd® sy ool ZRRE, AR AdEntr 2 3 9% AlZ(Nuclear
=] o o
S

localization sequence, NLS)7} ¥ %3EHE= AL EHoOR &, F

AT 7
A58kel lo] A,

471 A=-HA sk Cas9 A2 MEAHT 5 A MIWE 7 F o= dhte] AVIES 23E)

fir
L
o
K
>
>
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7] gRNA1 2 gRNA2E &3 3ste A 242t A dHE 19
T MEHE 39 dVIAd H MEWE 49 f7IM <
B“H

| .

3TE 8

A|182] CRISPR/Cas 7|¥ke] F A wAY A|=®] = As5de] HHE X3ste, F FHA LA S 245,

AT% 9
A8l A,

gRNAT % gRNA2E ts3lsls dalo]l Zbzh O E 19 A7IAE 2 AE9HE 29 A7|AER o]Fozl
RAolar, F9 GuP34 A (Glyma08g116300) 2 ©]19] “d-& A (homolog) Glyma08g116400 +AAE &Alo] 1A

[e] =)
e A BHow s, B FAAuAE 24F,

AT 10

P
PH

A18re] CRISPR/Cas 7]¥te] Z FAAwA A|AH w A53ke] WEHE o] fdle] TS FAAINSE OHA
stsla, F9 GuP34 AR Glyma08¢116300) R ©]12] &2 (homolog) Glyma08¢116400 RS Aol WA A
e AL EAoR =, F fAARA W,

A3 11

A% F FAA4mg pEos FAATE, FolA FelX LA P34 KA (Glma0sgl16300) L o))

=
[e} =
A=A (homolog) Glyma08g116400 +-7AA7F A F HAASA .

A108e] Yoz FAMgE F FAAGgA ] FAEAN, A FLUA P34 TR Glyma08g116300) 2
o]9] A=A (homolog) Glyma08gll6400 A7} nAH F =3},

gige] 41y

7] & & of

Woabme Foja Fo duix] fFigdor 4y P34 v Aol AA" F AAAA NS 93 P34
FAA B ool AEA (homolog) FAAE Al WAAIZE FHAA A|2=Hol| gk Aoltt, FA|Xo= T
oA P34(Glyma08g116300) +AA = o]¢] A%A)(homolog) Glyma08gll16400 FFAAE FAlo] WAAF= 7
LA Al® ) olE XFEE T FHA WAL 2AE, olF ol&dte F XA wA W, OHA fidd
P34 @ do] AAE F FAHASA F o]o] Fxapo] stk Flolrt.
L/ B
T o A gl Aol Aol Fheb, oA, <tEAoRd, HAI™, FEQI, ALY T ot
A7 7154 EEE 3t Qo] AFo2A &2 JITgH VA E VA S8 ofdE, AR H UM
59 A A TR E 2 ARl
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AR, 3 FAl FeAE Fushs o

A 2 Aot A, 531 104 eI

CRISPR/Cas Al2=HEl o] &g FHAA A (gene editing) 7]Eo] L3 TE AL o, FH
CRISPR/Cas A ~ElS o] &3t A0 A (gene editing) G771 A B E thekstA H&x 1 ot

CRISPR/Cas Al&=¥l2 Cas Adx=7Ed|olAl(endonuclease) ©MAT F2A FAA AES Q148F= C(RISPR
RNACcrRNA) €} crRNAS®} ZAgsta A A7) Cas AdZwEg]olAlo]l ZE3}+= transactivating CRISPR RNA(tracrRN
A7) E3HAE A3 Holth. o7|A], crRNA9} tracrRNAE HAHZ AZ3 &Y 7le 7lo]= RNA(single guide
RNA, sgRNA) Sel7} 2 o]&%a, o] wd 7}ek 7lo]= RNA(sgRNA)E Cas M=y o}Al (endonuclease) =
Zefop & A fFHAY] olF /e DNA G7IA 4R kgt ®F FHA Folol $AE Cas AEFEEOHA
(endonuclease) = ZA §H1x ALz o]stxn Y ZTREATF oA AA FE|Z(protospacer adjacent
motif, PADE <A2lgh &, A ik Aol UlF == &5 97X Y (base pair, bp)ollx DNA o]&7te Aok
(double strand breaks, DSB)"] dojuA "h(Jinek et al., 2012).

F A A7 (CRISPR/Cas) A]2=Elo AEH AdotEl 34 e 977 HAEy] e DNA EF7)ZH(error-prone
DSB repair)e] LojyE ot Hi (Homology directed repair, HDR) XE¥ B|AS4dZ (non-
homologous end joining, NHEJ) ﬂo«l A BF7124E B8 H7F dojdth. wdEEeAZ (NHET) 9 DNA
B3714S Fals ddE DNA 29 /\}01 of 29l 9719 A (insertion) TE A (deletion)e] ¢1€l
(insertion and deletion, indel) EAWo|7} dojuA #Hot. I AT FHAe 3IY FREAA Eols WO
(frameshift mutation) T+ F7]%4 YHo|(premature mutation)”’} EAs] A F-4Ax7F A A (Knock-out ) F
t}. whHo| A=A Z3H(HDR) S DNA E-7]12Fe ddrdE DNAS E45H7] §38Fe] 392} DNA(Donor DNA)E ZQ =2
sh=dl, o] Folxl DNAS] AES FPoR 3t UHe H2 fFHxe] Ado] HustA wAPOo2ZHN, FHA
Hyo] SA=TY.

A (gene editing) S A FHFEE AFaA V3= 7IE2A, JAE 288t 55, A&
v AZY] FAARE WHIAA 1 SERE FUIHoR A & k. dA B2 AFAEe] A
ATE FHE dow AN YHES Fxn, fFHxnA 9F i, FHAnA JAE EHE 7H T
719k 715 B ATE F8 Folvh. CRISPR 719k fdxtwy A2 wid w2 A g2dsta low, &5 10
W Yol dAAjel oF 208 o]Ate] Rz F7t d ZAog JAE i r(Inkwood Research, 2019).

1™,

e FFAAF7E9 (CRISPR/Cas) Al2®E o] &b A 7wol 484 e AF A7 271 @70
FTe HE F=dl vste ARGAE Axshe Vbl Ax

= HeiHom mel ¥l Wiel, @Akl
ofele Fol A% FAIA 7% Jnel F KFLRA ] A APAAW ABH O o] FoiA: =
Aot

BESH] fleiA dEat gHkol

e A7 (CRISPR/Cas) A28 =9)ste] &efA] fddde] 4w 3 FAd8A 9 0|9 Fa5 MY
7] 9% BAYE =Y R AFOlE BIeha, 1 A vvis Agelt. o), %A el GwAY @
o] ta® F FFAARA 2L o) FAE Aatsly] A3 Ao mHH FHA7FS) (CRISPR/Cas) Al Z~8lo]
Aale] 87 gafolrk
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(B E3E8 0002) Inkwood Research, GLOBAL CRISPR MARKET FORECAST 2019-2027(2019)

(R &3] &3 0003) Jacobs, TB. et al., Targeted genome modifications in soybean with CRISPR/Cas9, BMC
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g J§
ddstef= A
= EHS Aok g2 =

= > 8 Al FHrles TAHE FE] A Aoz, 4EA f=HU(allergen)
ol P34 wi o] AAH FHANAY F FAASA NES Y&l FolA P34(Glyma08g116300) A H o]2] A+
=3 (homolog) Glyma08g116400 &< =2 ZA)o] wAA 7] CRISPR/Cas 7)4ke] 3 &A=t A
A 2gls AFdhe RS HHo2 s,

wa, B oUwe AV B RAARE AW EE T GAARY 2R JAARH) T TN FA
(allergen)?l P34(Glyma08¢116300) A} 2 o]2] A%A (homolog) Glyma08¢116400 A7 wAHE F

=
FAHARA 2 o9 FAE AlFate S AR .

K

T3 HHo| A=A o, 2
gad Aolth, mdk E waAd
A

9 A4E A A3 ¢

A2 A g
A7 AAE A3t 98, vl Y-S AF e
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al

oo Foa 4z f2d(allergen)?] P34 ©iFo] Al AE FAANAY F FAASA LS A,
P34(Glyma08g116300) 74 2 o]e] A=A (homolog) Glyma08g116400 HAAS HAlo] A4 A 7)== CRISPR/Cas
7Igke] F FRAAwY Al ~wS AT

pud

o]7]4 A7) CRISPR/Cas 7]¥re] 2 SAALA A|AES (as AEFZ# oA (endonuclease); =
P34(Glyma08g116300) A=k 2 o]¢] A=A (homolog) Glyma08gl16400 FAAS HAlo] EA = gRNAL 2

RN E THE 5 9
e
&N
)

de @

TAAZ, 7] CRISPR/Cas 71RE] F A A|2~Blof| A A7) gRNA1 2 gRNA2E o] & o3}

A Ade] 217 AGE 19 @719 B AQuE 29) A71HE AL 5 9

E=-2 2 3te Cas9 Ak(pcoCas9),

&l
A
B odgo] &2 AR, A7) Cas dE7E @ oA (endonuclease) = 21 &E =
I FAE-HZA35E Cas9 32k (peohCas9) S

o 71t FE-H A3 Cas9 HAH(acoCas9) T GC o] =& A&

¥3stE AY F da, FAFeR AEHE 5 X AEHE 7 F AL sty d714Es xFske AY
ATH

Howbho] wrE HAdE, A7 F A A)2Ee g R aakd A (Ribonucleoprotein, RNP)olaL, 37]
gRNA1 ¥ gRNA2E o] & & slsts 3k A do] 42 Adds 19 f47IM4E 2 AdEE 29 97144 OJ A
T A

ek, B oume FE=-FA3lE Cas9 A L Fo| P34(Glyma0S8g116300) +AAF 2 o]e] AEA| (homolog)
Glyma08g116400 7 of A3t gRNAL 2 gRNA2E a5 3lals ko] &% 7lsslA 49, & &
AAWYE 93 AHE AT},

2 oagol o fAdZ, A7) WEE s 7lesA dAE shy ojAte] T2HE, AE MAdutA sl o]y
o] 39X AlZ (Nuclear localization sequence, NLS)7F ¥ ¥3t¥:= AU 4 v},
TACR, 47 NEdA 7] gRNAL 2 gRNA2E 5 sste alit Mg 742 A4

=
AWz 29 A7IME] A F Aok ®=3, FZE-HA S Casy WAk AE FE-FH A8 Cas9
E NE FE-Z

= R
Ak (pcoCas9), of71&t ZE=-H A3 Cas9 3Ak(acoCas9) HEX= GC FEFo] H8 A E F=-FHZA3H Cas9 3
2H(peohCas9)& el Y 4 i, FAHCE AIHE 5 YA AE/E 7 7 o= she VA gES 2

2 oo o FAAR, 7] F FAAnAE 2 EAA 7] gRNAL H gRNA2E: OLiﬁ}O}L B e°1 747—}
AMEHST 19 A7IAE 2 AEd
olog ARt

]
) Glyma08g116400 -7

gk, B we A7) CRISPR/Cas 71Hke] F FAtwA A|2gl EE A7) NEE o83ty T8 FHE s+
HAE 23S, Fo P3(Glyma08g116300) +AF H o] A& A (homolog) Glyma08g116400 FRAAE Al

=t
AN Ae BAer s, F FdAnd e Aed.

w oo o PAGZ, 47 F FA4ag PUS 37 RISPR/Cas 71WH] 3 FAANAY A2Y E 7]
MEE 3 AZAzd 2dael ¥4 A94E wgss i 9 4] w4 f347 adE g ARArany
T ABAE AR BAE LI 29 5 A

woEwe E=E, A7 T oA wlerR FEASHE,  FelA LA fRds EdATl

P34(Glyma08g116300) A A B oo A=A (homolog) Glyma0S8gll6400 +RAA7Y WAE F HAHASAES AlF
=
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T, 2 dge ] F fdxng Yo m FEASE F FAASAY FARN, FA dHA FEde

WA 7= P34(Glyma08g116300) +AA 2 o] AHE A (homolog) Glyma0Sgll6400 FAAZF WAHE F FA=

A &3k}

gl g4

2 o] wE (RISPR/Cas 71WHe] F FAANA AlA~E e 9E, ol Eishs T FaxAngE 2L

Foll EAsHs P34 @uldy) oje} AEAol S AEA Gd(88.6% AEA)e HAE FA JAse A
2 T FAARnA Al2"S ol &ste ARE T FAHEA L o] FAE FI

5 7Fdoh. mmgh, 2 odge) u)
-

1 ¥4 4 =

S ogen, 3 TAGA BelA FRY 2R B2 AAToLH 48 U ARgonne 2o o84 2 /1
= IS

=

& A7 711 = s Aot

ACHRE) A
of A% U= gRNAL % gRNA29] %A FHA Ul 4 F915 vehdl= =doltt. (M)E HF e x4
A (target sequence) % olo] Z}z} AZFelE gRNA1T 2 gRNA2¢] A A YXE ek, B)E
GmP34(Glyma08g116300) A= 2 o]o] A& (homolog) Glyma0S8gl16400 +AA+2e] %2 A A (target sequenc
e)ol FollA A=(Exon) 1 W] F2 A (F) % d<(Exon) 1 & AEE Yo 14 MA(§-); & oo ztz}
AZFstE gRNA1 2 gRNA2; 7} 7FAE A7) E9S Lrebdtt.

f
ol
=2
=
gl
g
3
A
D
=
]
R
oS
&
~
I
S
=)
et
)
2
SE,
S
lo
0%
offt
2
=
(e}
=]
<5
(@}
©
D
s
Q
R
®
~
2
S
N
=
)
N
Ll

o ol

i)

5= 23 pMDC123_35S,,, #E 2] oAl 4 Az} A =S et

T3 el mhE e gRNAL B gRNA2SF FE-H A8k Cas) FHARE TS AL HE 9 R

T =
Blo] Mdulz] @ oRNA HEIIME] s PR SZsto] FAAINS gels 472 B
o] e F FAAIAZ ByFa Yr}.
T 5= B oudgd wE F PdAABA A uP34(Glyma08g116300) FHA R o]e]  AEA|(homolog)
Glyma08g116400 +AA7F AAEHAE=AE 3 AxZ Jebdith, (A)E InDel PCRS o] &3&to] A7) F ddA
Ao A GuP34(Glyma08¢116300) S AAZE  AAFJE=A &S Aoz, (B)e ‘s (homolog)
Glyma08g116400 S+AA 7} AAEY=A gels Azfo|r}.
T 6o B oago] w2 F FAASANA GuP3(Glyma08g116300) A 2 A FA Ad H9 AAS
Yelgs Aapolty. (A P34(Glyma08gl16300) SAxke]l 4 ME H9 414 bp A% (deletion)<S
eEhfaL, (B)E P34 wrelge] 52 Ad B9 1387] ofmwal A4 mE= 7] 4 WolE JEhth.
L 78 B oago) g F g

AASA oA GuP34 AEA Glyma08gl16400 A 2D whalz o] F2 AYg H9

A2S YeldE Aot (AE GuP3H 5A Glyma08g116400 &-AA}e] #2 Ad H9 414 bp %+ 302 bp
A% (deletion)S YERNaL, (B)E P34 54 @wde] 34 Hd ¥ 437) ojnjxeit A4 27 $4 WHolE

erde

Wy A7 Hek A g

H o dg e (CRISPR/Cas9(Clustered Regularly-Interspaced Short Palindromic Repeats/CRISPR associated

_8_
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T

protein 9) A|AHEIE o] &3lo] | FollA LR FEYS SAANIE mP34(¢lyma08g116300) A L o] A
A (homolog) Glyma08gl16400 F+AAE sAlol <12l (Indel) EUHolE doy|a, 1 A3} F2o P34 E o]}
Aol we AEA dwARs.6% AEA)e wde]l FAe ZAAd® F dAAEA Z ole FAE

Azsgt. 471 B FAABA % olo] A

Ll

<
targeted deep sequencingS EdA GmP34 A
#

(Glyma08g116300) 2 ©]2] “& A (homolog) Glyma08g116400 A7} B ZAAE = FAxtu o] o)
ggomd, X Wy Syt

L

o 24

3

o3, ¥ WP golo MW, AW oA 2 AN FalA FAsA ABI ) 54 oA 2 44
o= wel A% FRAE TP ow WE FHAZ EFeha QAL Srks gol Foldlop F. ¥
AAel o8] AAHE BE] UG orlolA AgEE 54 AN ASEA g, L ourgel £3 /% B
ofol glo} Fael 7%t sl FAT S ks A4S TS AL AWtk atebd 2 gaAel] A
g o] g ofrlel Y 5 AR ABHA For], oo tfd MY I e FHNEE ZTHI
Wel £ AoE olshslojof T}

ool A AREH = &ofoll tiE Hol= olsket .

[8o]g A9]
CRISPR/Cas Al

Eoubgo A ALgE= 8o “CRISPR/Cas A|2=Bl” & (Cas =& dolAl (Cas endonuclease) = A7) SAAHE3)
q ot A3t ¢ e HEEAE 9

X

axdl Weshs hols EAh 2ehd HAlRA, w4 f3dA B 24 Sk = 59
R o71M Thelm EAk= Jhol= RNAGgRNA)Z WS EAE ikl 4 glov, ofd AlFE A=
=t

71 C

RISPR/Cas Al2=ElS Cas = #|okA(Cas endonuclease) B A7) 7Fo]= RNA(gRNA)©o| whz} theksr =
F7F 78k, Cas M= elobAl(Cas endonuclease) = 7] 55 e 7lol= EAE o] 43l ®3 &4t
= X4 fAA | EolHor Agtsle] DNA olF 7Fe Ak 5o F-dA A (gene editing)S S8},

oo

CRISPR/Cas Al =BlS o] &3l FAA A (gene editing) 71&2 ClZtolu T8 % thdkdt /MAY At
Holg =Y ¢ i, olF 3 FAAY Ve Welv A, AR FEE HAE A Ax 4
FAA A AW A5 g os AMEEHI 9tk A7) CRISPR/Cas Al~®1S 54 MES zAgstr] 98 2
Y gde] AES o8 A @i, Tlol= A W 34 F9 AF AE 2ol ML WAS F
A orekdt gl Eele] CRISPR/Cas Al=~ElS A|2E 4= ).

Cas N=yrEd|okA] (Cas endonuclease)

B oA AFEEE 8o] “Cas d=FFdHolA(Cas endonuclease)"s FTA8FE= aAFQl DNA HEE RNA, EE
B34 A We Z2EAdola 9% RE|Z(protospacer adjacent motif, PAES 9143 & T a2 4o
of U E& &R A71A<E(base pair, bp)olA DNA ©|57tY Aw(double strand breaks, DSB)o] LojubAl
AR 4 J= AR aLE gudig. B @AMl Cas =7 okAl (endonuclease)t= CRISPR/Cas Al
2~8E FAAsE a7 (effector) @WAS A gty oJ7]4 @ 7](effector) T AL CRISPR @A, 7}o]

o
=

= RNA(gRNA)ell Ajte 4= Sl dabEs] o, e 34 34 e 34 fdate] 4%

Aboll A7t 7hee HAEHE dHd F vk, FAASE Cas9 = Cpfl, e HEFH IiHEs)

T, olER AlFHEA Ferh. Hg

9= &3
o)
P

Cas9 vz

—

2 o] mE  “Cas9 whA"e

=5
)
e
24
b
rlr
=
)
o
)
R
=
Lo
=5
)

B9 HY 2He ZREAFIA <l



[0071]

[0072]

[0073]

[0074]

[0076]

[0077]

[0079]

[0080]

[0081]

SME3 10-2023-0022745
A EE|Z(protospacer adjacent motif, PADE <U2gh ¥, 14 ik AEo U e 5 #7144 (base
pair, bp)ellAl DNA ©]57Fe Hxt(double strand breaks, DSB)&Fe] 3% fdxAlollA] e (insertion and/or
deletion, Indel) Weol(mutation)= o7& 4= Q= BE Cas9s FollA A8d 1F ol dd F Ak, FAHL
2, 47 Cas9 ©WdL ~EIFEIFTA(Streptococcus) &, FBZMHE](Campylobacter) <, Ulo]Alg]o}
(Neisseria) <, T=H$@E(Pasteurella) &, ZHA| M2 (Francisella) & a2 Casd @¥d U & 9l
, B FAFeR, 2EfjEIAAL RRIDH X~ (Streptococcus thermophiles), SEREFAHZ2 o}9-d 92
(Streptocuccus aureus) Hi AEFEIAH A 9 2 AU (Streptococcus pyogenes) el Cas9 ©iz; g
Z9E A4 (Campylobacter jejuni) e Cas9 w9z, YlolAlglol g 7|t el ~(Neisseria
meningitidis) 209 Cas9 ©¥d; Fxe9-Ae} EEA|T (Pasteurella multocida) F@#e] Cas9 ©ulA;
45‘0\]*“3} w=B] A tH(Francisella novicida) 219 Cas9 ©¥d 5U 4= o}, olo A= AL ofyr},
, CRISPR/Cas 7|5 ofellA &9 77t A4 + e 9uE 25 2383, A7) Cas9 ©hild &
%ﬂx} X+ NCBI(National Center for Biotechnology Information)2] GenBank®} 72 FX*|2] dHlo]E H
ojze A A& F Ut

A

4
[

al

o r1r E‘r( l

7Fe] = RNA(guide RNA)

Wo| u}2 go] "7lo]= RNA(guide RNA)"¥E Cas M=y # olAl(Cas endonuclease) ot EFAS AT
24 W AdEH 2458 ¢ o, x4 A Adel digt 533Ae AE-5olA A3E drld F
2 dak AEHe] RS ZE Thol= < X338k RNAE omjgtth. 2 ®AA oA 7hol= 2 B
7}ol= RNAE 553 715ehAl AMgE T

X
s X

g AAel] 7he]= RNA(guide RNA)&= 34 Fd2F A ES 2128k= (RISPR RNACcrRNA) 9} crRNASE 2§38l A
7] Cas dZyrEe|olAl(Cas endonuclease)el Z3 3} transactivating CRISPR RNA(tracrRNA)E 3-3hstc),
7Fol= RNA(guide RNA)E crRNAS} tracrRNAVF HAZE AZ2¥ & 719 FJejd 4= a1, crRNA®} tracrRNA7}
FRA Agste] o|F7te FHE AT & Uk, 2 HAA o] Zhe]= RNAE Skt o]/te] &shA Wy o
Eo], 2709 EFEUE|=9] 8E Ade] o 5‘5% 3} ool EFEH S E| =9 Flt o]4e] ]
SA P EFEU el =29 diAldd 9§ WY S k= RNA-7INE £4Y 4 ST},

Cas M= 7= o}Al(Cas endonuclease)o] WE 7Fo]= RNA(guide RNA)Q] 5ol A HHE A ~AZE
(Scafold)elloll 93] HF-H=2, Cas dEwEd oA (Cas endonuclease)ell 2 <] 7}o]= RNA(guide RNA)E A
Akl & v A7) A W AEE Caso frafiel wep AAE & k. 2 @Ho] wE 7lo]= RNA(guide
RNA)E= Cas AEFZ#olAl(Cas endonuclease)o] ol oz Hujel A4S YEWERE 317 s8] Ao
A¥ = 7Fo]= RNA(guide RNA) B 71 Aoyt Ao WS 7HX+= AY & Aok, 3, (RISPR/Cas 71& &

ofoll A FFe] VAL 14 S 4 Q= ouE BF 2

o

2 E = (Scafold) &S

wowge] mE o “2AEE(Scafold) 997 & Jlolt RNAguide RNA) F RS wMAs} 354§
ot vae BEel A4S, AdAN BAHE Folt R4 ¥ 5 ~51014 (Spacer) & A 1o
A R AR 5 S,

gtk A7 ~ME=(Scafold) FIE tracrRNA 2 crRNAY] 4R2 ¥ sy, wr=A] 3
AN

ol e,

2=H o] X A4 (spacer sequence)

Eodlgol] whE go] "2Auo]A A A (spacer sequence)"= ¥ @] u}E CRISPR/Cas Al®lolA F4 A4E H
By 2435 EE ZERI Y QEe|=E n|sitt, A Ad|olA A <d(spacer sequence)S E o] wE fA
24719 Al 2®lofl 4 7Fo] = RNA(guide RNA)Q| crRNAQ] 3'-gheh FZo] oF 207]9] dA4H U QE=E X H

Fof, Bouboll A "gRNA"EtaE FEECH

ol

B odgel hE RN F, Y] 2ol NG Y] fAATY A2ES Agse] fA4 wgHaA s
A AN wme EH fAde] B4 AGe] gstel AARG. Z, 37 AdolNe B4 A £5 AL
we e e A S ek B AN Aol e 4] {47k Ao E3E crRNA U
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[0083]

[0084]

[0086]

[0087]

[0089]

[0090]

[0092]

[0093]

[0095]

[0096]

[0098]

[0099]

ZIHSd 10-2023-0022745
of &uflol ME& evstar, 7Fo]= RNA(guide RNA)OIAM 34 Mdx}p Al B-9=24 14 5 243

shke Tag FEoRA, g WAIEA %= g, 7hol= RNA(guide RNA)SF 5= 7Hid o= "gRNA"ghal £3

"rk. EZE, CRISPR/Cas 71w wokolld &4 7lsA7h A4S 5 3l orE 25 23,

CRISPR RNA(crRNA)

E do] wE go] "CRISPR RNA(crRNA)"S E whwo] wE CRISPR/Cas AlZ4~®l Ule] 7Fo]= RNA(guide RNA)E
23 e ot B WA A7) crRNAE ¥4 §HA MES Q45 2d o] A (Spacer) A
= AoR | HA FHAA mE FFH Hibo] Aggst= 7Fo]= RNA(guide RNA) 9] F-Eo|t},

B oo whE "tracrRNA"E crRNA®F $HA| CRISPR/Cas AlZ2=¥le] 7}eo]= RNA(guide RNA)E FA3l:= F23F
3

Aozolth, B @AM 47 tracrRNASl Hol® A= crRNAS Hol® AR} ArHow Agsle] o
e HAE S a, Cas AmwEFckAll AFE S At sl RN Riolth o FAHOR, 3]

tracrRNAS] U¥ A G2 A7) crRNAC] 3Z3FE CRISPR RNA HHE A o] AR = gnol Aud g 7z,

A= 7ol = RNA(sgRNA)

H odbgo] wE " 7lo]= RNA(sgRNA)"+= 7}o]= RNA(guide RNA) EAlo] HE=Z A7] tracrRNA 2 A7)
crRNAZ AR Q4% 3k 7}eke] RNA Exjolth. B Ml deA AlFHE= 7Ho]= RNA(guide RNA)E AF 7lol=

3, o] A A7) AF 7tol= RNAE A7) tracrRNA 2 AdolA ADE &= crRNAE EF

RNAY == 3l X

shel= §F &A12] RNAO|t},

¥4 xR (Target gene)

B odgoa ALgEE 8o "%4 F-dA(target gene)"E= E wo] w}E CRISPR/Cas Al~Elo] 93 42 A

Aol gide] He AE U 32 =5 LS ousitt. 14 I e 324 s £849 4 Jdow, A

2 593 S AAT 5 Aok, AVl B8 FAAE g8 ZAEA &L 3, i AES 7R 253 /3

2 BE @A 52 98 Y9 FHA e A, e d9¥eR dE I e fHEAd ¢ 3, 3d
9/EE RNA BFE v F vk, A7) 124 3 e 24 #4E2 CRISPR/Cas

xj|
4 A :
A7bet 7hol= RNA(sgRNA)©ll E3Hel 2wo]A] Ads} A
- <)
=

qow, ®
e e DS omath, 7] 2oold Ade EH §94 Ex B4 989 MY L CRISPR/Cas A=)
o #3H7](effector) BHEo] 143 Pl AGL Teiste]l AFRY. Y] BA ¥4 wE B4 ADe F4
A7k AlzE9 Jtols RNASH JnA o AW 54 hawe AT & gom, 47 54 g PEs
Egse B4 oF b AAE AP £E gov, ot Buel we 443 AAHT. £F, 37 Fot
el BA) EA) A4 4 e ovE BE wgee, Rule we 42 49 4+ sl

A& A (homolog)

W ool g gl %A (homolog)” = ojm e Fdol Aske] dhg ok wEd AL Wi
guH P9, 249 9Q B G049 GNALAAY 2ES 0T = ek, A5 A



[0100]

[0102]

[0103]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]
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5 21 M 8 (transformation)

B oA AR EHE 8o “YAAS(transformation)” & AEY FH47 EA WHE, = FH432S Wi
= dds JD]KLEP Az7E f)Fe] A2 DNA & RNA 59 4o EdHo=x dd Fuz5E fd4de
2 HYHE 3 owmsiy , FAWMZ FHAF e FHdolgtux drh. FAAA Ev YEALEYT, 99
A2 DNA B RNA & AlEZe] dAaA =2 Aeadroz Fdgo=n Mxe AR Adddd & IAY, &
A A glo] AIE 8ARA dAFoR fAE & JAY, e ZEAVERAN FHHoRE HAd 4 .
W E] (Vector)

2 dge] w2 "HE"E g EAHA & 3, 31 EAS AX R 9§ e BE 248 559
dA=Y. dE B9, WEHE o] HE 731 £, dF £9°] CRISPR/Cas A|2=¥l9] o]HE dMds <53}
st A 2/%E= Jlol= RNAE dostele d4kS X EeE DNA A 4 o), oo AgtE= A2 ofY
ok d7] gole "HE" o] JleiokdA e TieAvE AT 4 e 9uE BT x2FsiH, e w2}
A4 siAE 4 9o,

TSk, B dyeA "dE"E AdE fAXE AR ddHES AU ddd 24Ed 24 84
& ¥Xggsh= "IEEE" A 4 AL, 43}’\“]‘: H—ﬂ , Ixv= 9, 9t enx] #HE, 9 dlojz{i wE

ofrt
o !
bl
i
et
4
%0
®
-4
2l
)
(o
}m
S3
Kl
K
>4
E

= pGA3383, pCAMBIA3301, pCAMBIA3300, pGA3426, pGA3780,
pGWB12, pGWB14, HE=ZEulole]X oft|xmulo]g]A i W Uolnlolg] 28} e TE unlolg)x HjFE Enlo|g
29 e ZE mpolgla i AL mlolg Ayl A= S 9lom |, pPZP, pGA, pCAMBIA, pMDC123, pECO100,
pEC0200 % pECO300 Az} 78 niolde] HE S AFgsE 4= Q).

EE, A7) WE 9 EAo] (RISPR/Cas Al&2E 72+ FALAE AE oA RS 3
S (CRISPR/Cas A1=®le] ZF FAlQ4E g3 3lsts Ak D F sy oA
sy, FAH o=, AL7] e o] qEe W33t} k= CRISPR/Cas Al 2®loll 3k 7o)

u o

Lo
x
18
rl

SuEe Estshs 9 AUe T olul, 47] WEle] AL obgPe bt RVA R obYF Cas
SuEe dEskshs A MY B ohle, =E AMSHE Cas BUAS FEISHE 9N NLS TIT 5 9
o.

7] MEe 13 Zoans, A3 PR &S B vtolgs WEHA ik o7]A, A47] Hlelg s H)
HE dEZutol#d 2 ME (retrovirus vector), #EHFoO]#E 2 WE (lentivirus vector), o}dlimulo]z]~ HH
(adenovirus vector), ©}dHll=-<d3 wlo]#f~ WE (adeno-associated virus(AAV) vector), WA|Yojpulo]z| s W)
El(vaccinia virus vector), Fzulo]g]2 WE (poxvirus vector) H ©W=¥Z wlo]g] ¥WE (herpes simplex
virus vector)@ TAE TolA AElE= Hojm shite] wloj# A WEHA 4 QT).

Eg 7] MEE 3d WY $ogda, A9, £ 99 WY gus Al 5 alv. 27) Casd fAAE
d9 F AEE, ddxd Ady vjeHoR ddEe] gtk o 5o, WEe Z2REH, 2FdolE, MAR
B 2A3E, Zgotdidst Alad, A e iy 2d o4 Yo% o A3 mE BuE 93 21544
T gy HEe Zgsty HHo wel tokstA Azd ¢ ook, 23, dEE AUy nAS g 5 glo
w, WEE A7t BASAY 55 DNAY BEE 5 Ao

Houbdo] W E 9] 74 Bokola & 4 FAA AxE 7)ES o)f3dle] AxT ¢ o, R9-Eo
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[0113]

[0114]

[0115]

[0116]

[0118]

[0119]

[0121]

[0122]

[0124]

[0125]
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ZRYE
ol AR E 8ol "TREE"E WEe] B s AX A 2@ A% 4 74 2aE o
Salsle MG Ao ddse] AE el RNA HAF AA7F Edskd = ES dhe e ondtth
7] ZERE D dgatE RNA HAL oA, e wd @4l w2 AT S 9dlom, (RISPR/Cas Al
2Ee] 4 828 AXE WelA Ads] AN 5 gl Aoled AIFHA @

el WEZE A Aae] A&H e, 2 Wyl ZREHE, AEAe] f4 B9E 96 ol 8Hs 2=
REE T F Qdvk. o Eo], SP6 TERE], T7 TEREH, T3 TRRE, P ZRERE, S559 fuFE

ZRRE(Ubi), AelEehy] BAo]A wpol 2= (CaMV) 355 TE2RE, =27 YEtobAl(nos) TREE, JI1YE
FApol = BME& 358 ZREH, F7hAQl vhdeE vlole] s L2 RE, FHly d2g Bg vpolgs =
2R, PBRQ -1 5-H|A-E AV E Ft2 B etola] 28 AHFEE(ssRUBISCO) 9] FfrEA ZRRE, v
AP BEZE ER| QAN AHo|E o]lAMElolA(TPl) TE2RE, offfu|EA| 29 ojuly XAX e HAEWH e o)A
(APRT) Z2RH 3l SEIAQ] Aetopd] ZR2RE S 298 = glvh. & 4y Za2REe= Ao A ed
TR REol, oS AR 355 TRRER] AL 5Pow & 5 gl

w3, A7) WEE ] dxYold # 7lol= RNAS fE3lshe Jaks ¢33 TRREHE o I ¢ Q.
FARoZ AV TRREE AU T2RE, Hl T2 RE E£E= 7SK T2 REY $ ).

EERIE
Wyl gof A nbtE sethel Yo Auw oot 54 2 9 A9 oujsh, 344
e ALE MFLAR ATERE FAT S S DE F olo] ARG A7) A9y ol @ w
of me wEd =W & vk FAGOE Py HEY AL FelEAE(glyphosate), FF-EA U] =S}

T E(glufosinate ammonium) & F23:=E A (phosphinothricin) @ 7 A=A A4 Trjx}, Fhrputol
Al(kanamycin), G418, E#|2vlo]Al(Bleomycin), 3&Fo]ZZnlo]Al(hygromycin), 223 Y Z(chloramphenico
DY e FAA WA 477 9o}, oo dAHE AL oflrt. ZE XA E(glyphosate), ZFFXEAY]
olE} R F (glufosinate ammonium) W+ E2I:=E Al (phosphinothricin)¥ 2 A zxA A 44 FH1A, <4
gl (ampicillin), Zhwlo]4l (kanamycin), G418, E@Qwlo]4l (Bleomycin), 3Fe]ZzZwu}o]Al (hygromycin),
Z =Y F (chloramphenicol) % 22 A W4 AL & o, old A&E= 3L ofyt}.

25 71sslAl 912 9 (operably linked)

el ARRE= "Ae ThesAl ddg ol Sole FdA BE Vsl oA, 54 Al vE T
43 ddEol, A7 54 Tl =" WAURE Ve 5 =S ddE = AL guEn. A& 591,
ZeRY Mol 4ust A AeHor dAHNYL & o, A7 ZREEIL A7) hEdt Ade AE
oMol MAb g/HE= Edel dFe VA ¢ eSS dZ" AL vt =3, 7] Sl o] ek
] TlEATE 1A & e ouE BF Edet, e whel e sjAd & vk

& % A& (Nuclear Localization Signal. NLS)

<
®owbgel] w2 "3 9)x) AE(NS) "2 Fe, 8 $%(nuclear transport) ZHEOZ AL 3 ojRo] BHL ¥
YRR F58 o, £F gidl gl 2o dFe] "g1t ds e dA Holo FHE EE L AES
olmdit}, B wtgo] wE (RISPR/Cas AlABS 28 A ¥olAe H&s %811 Cas sl= @ obAlo] NLS7F 44

9th. o714 NLS&= SV40 wlole]x ¥ T—%LOJO NLS, wEde 2" (nucleoplasmin) &= F-E 2] NLS,

S olth. E3F HRNPAL M9 NLS AMQ; JxEE-2 J}i‘r‘avq BB =m|le] NLS M, wlo]Q w}
(myoma) T ©¥ae] NLS A& % <IzF p532] NLS M, w}$-22 c-abl IVe] NLS A &; AZF<lx} nlo]e]2 NS1
°] NLS AM4d, 7+9) whele]z~ el 919 NLS A4, ﬂ}%* Mx1 ©haizo] NLS A, QIF ZF(ADP-2H2~) 5
garo NS AE EE AHZoE T2F F£&A(23) FFIAEE A= NLS AEZRE Faig NLS A
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[0126]

[0128]

[0129]

[0131]

[0133]

[0135]
[0136]

[0137]

[0138]

[0140]

[0141]

[0142]

[0144]
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dd = o, ol AREA =

u}

o d=, 2 uy

o
upelelx oy T-3

(nucleoplasmin) &.&

2 wgo] E3HE AR EHE NS 4GS s 8 YA 10 & o= s} o]Ake] Sv40
1ol NLS AlE H/Es AERE 11 WA 12 5 o= sty oo wEaeEetav
o] NLS AEd 4 °1Tﬂr

1<)
s
\:l

T

ok

1

oo mE of ojgte &= Fx &, =, w7, WE, HAE, Ag, A7), T £ ol o
3 30, 25, 20, 15, 10, 9, 8, 7, 6, 5, 4, 3, 2 B+ 1% AER WH3l= &, =5, %, &, ¥z, FHAE, X
T, A7, T e dolE on| gt

B gl AMgHE BEE Vlsgols, By AYHA e o, & EHe dd ZoklA F4de FdAt
Ao olsste wiel e ouE ARGHETE. HEF I wAAddE v Byt AR ZAE L, o
S FAAY S5 ABE B owye) Wi Tgdy

o
ol
-
e
i)
oL
o
oy
>
ol
e
oL
s
i)

(s ¢ B3]
1. 33 429 142 S 93 158 gRNA Mg

ool A ARg e BE gRNASS FrdAwA Web Tools o]&ate] 1 gRNAS Awetar, o5 Fof ddHdsh

WA, FARNAES A 24 FAAE dAQdrt. 1§, F FAAEEES A8 gRNAE HARlEY] $ske
CRISPR-P2.0 (http://crispr.hzau.edu.cn/ _CRISPR2/), RGEN(http://www.rgenome.net/), Phytozome
(https://phvtozome.jgi. doe.gov/pz/portal.html) &< web site®} Phytozome wWol 1= JBrowse toolS ©]
£3lo] B RAFAAES WA= L IZ-Bl EF(off-target effect) 7} A1 FHALAY o] & AoR
dZF=+= gRNAES Awbsit),

CRISPR-P= HASl= A7IAM IR 7le]= RNA(guide RNA)E AT 4 & web siteZA] FRI} Hi= gRNAE]
afo ugt AF FHoJqar, off-targete] FTFHE  genome’FolA el off-target2] ¢ X (exon, intron,
intergenic, promoter)X® 2Ql& 4= gJt}. dFX| 9k CRISPR-P2.0 ol A+& off targetS AgHA oz BRAFE oA
o] A},

RGENS HX =2 3= FdxFe] 9719 F CRISPR/Cas9r| =Elo] <Ql12)3t= PANME S AAS 3 PANC ZH-EH <
A3 wi x| (perfect match) ®+ H+ 1bp Pl2w] X (mismatch) B+ 2bp P]22m]X] (mismatch)E & 20bpe] gRNAS
AASETF. Z18]aL RGENOIA = out-of-frame score’} A|FE o] & ©]% Wo|(frame shift mutation)7} Yo
g 75 E dSFERE score’t & AE AAIIH o|Fo] @Y wWolrb dojd Jhsido] Erh. TRk,
RGENS W& 49| off-targetg AF3 FAW Z} off-targeto] genome’d2] YA|WF A|lFas] F7|ufidol off-
target®] Al ARE AA gQlets HA o] vrEA] Fasit.

wEha] B oA FolA B FAA Bol¥oz Hilsle na&9 gRNAE UAIE7] #5ked, CRISPR-
P2.0 ¢ RGEN tools &7 AbgSte] A7) ZF toole] WS Bdto =z T SAARAS 93 1F &9 gRNA
£ gARlE & Aok, &= shte] 24 FAA UelA 2 e 24 FHE Soldox A5 2 /9] gRNA
Z2 Aggto gz &5 AES 2Ag of NGSRlo] InDel PCRYEFC.Z F4xF HHEE ghels AEdt=d +835

A s,

Lk, FS genome©] duplication FHo] 90% o] AEAlo] U+ homologEo] EAIT}L. AEAo] &



[0145]

[0147]

[0149]

[0150]

[0151]
[0152]

[0153]

[0154]

[0156]
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homologE < 3|3t 54T §
g 24 A A g S
s4do] %2 homolog %A}
‘go] At}

Fradzke] gRNAE HlAR1E A5 shelell WA gRNAZF 8" 7Aool v, ®
23] 750 *“‘QHE}.-_ 7154 F5/d (functional redundancy)® 2 <13l
Z4 e 7E A = 7] well fskE o] A & 7hs

b ol Fo] SAE agste] AWA, HRE s Ak homologE EAI°N editingdhi= gRNAS WHA]

o15lR L, FHA F M9 RNAE FA =] F N9 EH F9(target site)olA nA (editing)o] FAo
dol & F A=F YAdl sddvk. 2 el B4E SolAo R 4 RNAE F5 AdE IAT w NGS §le]
InDel PCR¥rO.2 42 AFE 2iels Aest=d fF8&3tch

TAR R, SAshs Awe] FAA JEE 'phytozome' oA HAsEaL, HA f3dxke] genomic DNA 971
S 530, B2 e gwd AHsA (protein homologs) S AMste] 5Y A& U fAMol =& #FA4x)
=9 97IME A= @A H53rh. o= FF homology ARl WA 4= 9= off-target A4 R 53}
7] Sigtolvt. ol =3 Aket homologzte] “deAdel mel = FAdAk Zhell FARETE 52 7] A Fite
Aeste] gRNAS YARRlsAY, Sehs FAxke] A7IdS A9ste] gRVAE HARISHEA homolog7h of f-
target 2 o= A= FAGhE A & shiE A9d 4 i

202 gRNASl AHAE 118 3te] 1000 bp o= genomic DNA 9714 ES FH5 3 & 'CRISPR-P' o <
o] dld A71A4E W2l gRNAE ZAgkc). 'CRISPR-P' oA AA H gRNA &5 % On-target score’} &<
A1, Thymine (T) @717k 478 o] WHEEx] ¢Fi, a|F gRNAS] off-target ©] Ask= X7} B fd7te] o
&E(exon)oll NFe= F97F M He AL —?E—TLOE Adrditl, FSRT gRNAES Ads & 23 %Zj_z}oﬂ
g & 2 /) gRNA AdE, dAASA 85 T targeted deep sequencing® ® indelS #<1E uwl sequencing
o] 7122l AZ Hu 300bpZtA W 7HEdtEE JHEst T target Alel9] AElE w7 flElA oF 250 bp Wi
o Yxsl= S Aedtl, AV 2HS WESEE gRNA A7) DS 'RGEN' 9] Cas—OFFinder & o]&38] 3 o
T gRNAZ <&l WA st = Q)& off-targetS A3},

Q8] ®mEo] =2 gRNAE AWslr] &olsl}, off-target AH+= HU 207 =
AHor WolFe g RGEN'IIAM I o wA H1Fste] F FAANAE 93 mE &0 gRNAS A3,
'RGEN' ol 4] XA genome A2l Y3t off-target AHE o] &3l 'JBrowse' oA AuFEF gRNAS| of f-target
HEo] oJtdxZ HAMI}, 'JBrowse's nl chromosome®] A genome HHE HOFHEF off-
2l
H

rE. IR

1°r

'CRISPR-P' = On-score FHZ

917} exon 9 the RRAAE Werd 4 Qon, olF B3 g AEY ol

A&l b
tl. A7) FAE wHE3Ele] On-target score’} L, Off-targeto] 7P A& gRNAZS FHF At

2. Ady 1FE gRNAS T &3} CRISPR/Cas9 #E S A=

2o we} 14 FAAE TSR Sk RNAES HTET Awsle] CRISPR/Cas9 HHE AZE 4 g, & &
HoE= F FAAAFYE Yste] pMDC123_pcoCas9_glg2(plant codon-optimized Cas9), pMDC123_acoCas9_glg?
(Arabidopsis codon-optimized Cas9), pMDC123_pcohCas9_glg2(plant codon— optimized Cas9 with high GC
content)$} 7FolAE AATF W4H O REE S pEC0201 vectorE o] &3lSith. 7] WEELS ddHeE
HEAE AW Astel A VAR Bar HAA4E M, AZTS skl atiRIF attR2 NS AHAE
gateway-§& 9 Eo|T},

pEC0201 ®EJ+= pGRNA W Ej¢} A& ufojye] WEE ZFE Alo]E ZH(Golden gate assembly)dlo] WA
Eo]a1(Oh Y. et al., Plant Methods, Vol. 16, No.37(2020)), Arabidopsis codon optimized SpCas9 % 35S
promoter< ¥3tslal 9lt}. pMDC123_Cas9_glg2+= bar A A7} enhanced 35S CaMV 2 EE o] 2s|A A|oj¥H+=
vk | pEC02012 Agrobacter iumdl A 2|3 nos 2% E| (nopalin synthase promoter)ol] o]a|lA A|o] ).

pMDC123 WEl= HAete frdzte] BdS Aojshs TRREZE QU7WEoll, pMDC32¥E 275 2X 35S CallV =
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[0160]

[0161]

[0163]

[0164]

[0165]
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EREE Adste] pMDC123 MEl Q] HindIII/Ascl siteol 9AZAs}e] pMDC123_35S,,, WEIZS AZ&FATh. A=
pMDC123_35S,,, HE= #H<E Multisite Gateway recombination®] ©]-&3}th. &= 2+ pMDC123_35S,, WE L] A
2 BAEE e

A7) M gRNA1 2 gRNA29F A7) FE=-F A 3E Cas9 -4 AF(codon-optimized SpCas9)E 7HA+= WEES A
2H517] $8te] F Wo] Golden Gate assembly®} 3+ ®9] Multisite Gateway recombination®] 42 F &3}
T WA, gRNAZE AtU6 ZEEEC 2FE & RS AAdshs FAolth. A6 ZEZEEE 714 golden gate
entry vector] pYPQ131AS} pYPQ132A vector& A $ta A ESP3I(BsmBI)2.2 Awst - oligo annealing ¥3&
AR gRNA1Z} gRNA2E  ZFZF pYPQ131A9F pYPQ132A ®E]o] Golden Gate assembly WHOo = AZAJT}.
tggoz, 7h7to) AtU6 ZEEEY] AZF gRNAL(pYPQL31A_gRNAL) ¥} gRNA2(pYPQ132A_gRNA2)E #1&-& 4 Bsals
o] &3lo] pYPQ142 W E (Golden Gate recipient and Gateway entry vector)ol Golden Gate assembly o=
AAS AT, 2 5, 772 Cas9 FAAFF nos TerminatorE 7FAE Gateway entry vector(pYPQ150(plant
codon optimized), pYPQ154(Arabidopsis codon optimized), pYPQ167(plant codon optimized: high GC content
at 5' region))¢} T WA A e gRNA1Z gRNA2E E5 7}A|&= pYPQ 142 vector E A& welg
WE Q] pMDCI23_35S 02 ©]1-83}] multisite gateway assembly WS o]g3dto] HF Az}, E Ao A}
£ pYPQI31A, pYPQI32A, pYPQL42, pYPQI50, pYPQI54, pYPQL67 plasmid DNAL: Addgene© ZHE] F4lale] Al&

@ % 9,

2 oagol A HF AEE RNAES F7IMEel et Alx(sense) ¥ SHEJ A~ (antisense) ZEfo|HE A 2H5}e]
annealing A7 % 22288 WE o] 46 TEZRE (Arabidopsis U6 promter) F ol HE7bsstA F24
Stt}. Golden gateway WH S ©]-835lo] ZF gRNAES] @& JHMEE shue] #WE E=24938t. Streptococcus

7219} gRNA L& IIHE | 358 L ZRE| 9 ccdB recombination systems 7FA|= T-
oz AivAE 7MA= A B8P A A8 multiplex CRISPR/Cas9 WEHE A|2Hst 4

pyogenes &9 SpCas9
DNA WE1E Alx3ete] HEF
ATt

o] wl, multiplex CRISPR/Cas9 ®E oA Splasd HFAA= IZE-FHH3ste kL 4= gla, AduAFAAR}E=
Bar 32t & 3lom, 7] WE = NS AEE ¢ 7l ol xse 4 vk, s AFHA 7 27148
gRNAE ¥ &3} multiplex WME|E #A|Z3}e] Indel PCRE o] 83 F 4 Au A (Gene Editing, GE) HAAEA A
& §olstAl shitt.

Z FAAG ] ALgs Ay AEHAHSE binary vectorS Agrobacterium tumefaciens strain EHA1059]
electroporation2 0.2 FAAZsITE. FPAF o] &ld el F2ZUY(single colony) T A7 H7t4

LB ¥4 wix| (LB, Ripampicin 25mg/L, kanamycin 50mg/L T spetinomycin 50mg/L)olA] ©]5 =<t 28°Coll A
WFe 5 glycerol (M5 30%)< A7bskel —70°Col was) Tk, FAAH o5 do| -70°Ce] wE3 FUH
cell stock®] YW= A7} A7he LB A wixloll HFate] 30417 E<t 28°CAlA sl

2+ 2} Agrobacterium cell 400ulZE 3-AA7F H7bE AB 1A 814 (100m¢ & glucose 0.5g, agar 1.5g/90ml
water, 5mé 20x AB buffer(K2HPO4 60g/L, NaH2PO4 20g/L), 5m¢ 20x Stock of AB salts(NH4Cl 20g/L,
MgS04.7H20 6g/L, KCl 3g/L, CaCl 0.2g/L, FeSO4.7H20 50mg/L), Ripampicin 25mg/L, kanamycin 50mg/L)°] %=
akste] wjksiodth. dAAE G ABILA wjR|o] Z=wste] # 2 Agrobacterium cellS LOMEIA] (A A CCM Hl
A, 10 B5 medium 3.2g, Sucrose 30g, Sodium thiosulfate 158mg, DIT 154mg, L-cystein 580mg, MES
4.26g, pH5.4 with IM KON)E o]&3le] ABHIX2] HHOZRE] o] With, o]5 A¥-i= 0Dl 0.6(AF%)o]

HEE SAstal dFE Dol 2(a8%)7F HE5F 8]Agh F Acetosyringon (FH3F 200u)S  #H71she

Agrobacterium infection @7}A] 28°Coll A wj%atgict.
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[0169]

[0170]

[0172]

[0173]

[0174]

[0176]

[0177]
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T, W 2HelA 4] dMEE HEAEs ¥ Wdiiﬂ% AL o] 7lERoklA ZlEAelAl eAE Ed87E
o oa L F . AR, onardtHES ol8d Ay oo, mAAEHY

el P43 H(In planta
transformation), A& &% (Vacuum infiltration method), 3le}d A% (floral meristem dipping method),
W ol 2ube|glo} EAPH (Agrobacterium spraying method)S o] €3 4 glom, v FAHCREE ofaEvHH Y
5 o] &3 YA Y = olmEubH o} FAH (Agrobacterium spraying method)S ©]83 4= )T},

(microprojectile bombardment), YHEZF#o]X (electroporation), PEG-"H7} &35 (PEG-mediated fusion),
ul A=Y H (microinjection), #|¥%E vi7/l¥ (liposome-mediated method), ¢<1-Z
1

ggog, I FAE 2 FEE 308 Tk A 44242 FIE M= FAE LEY. FHE T
FAS 70% ethanolol 30% B<oF Adtn WiEFZ 33 Al el o]% 1% sodium hypochlorite & <ol
303 &< shakingatdA gk § 5 tAo®m 53] AHIT. oZe] EVIE AAT F TAE o] of
2 7}=% ol uX](Germination medium(GM), 1 ¢ 3 B5 medium 3.2g, Sucrose 20g, MES 0.5g, agar(sigma)

8¢, pH5.7 with IM KOH)ol 3+& 3 26°C wj<k7]ol A 20417+ EoF etz oz urola| 71},

L 4
N

201 7F B¢k GMHl Ao A Wrolst Z FXE scalpel(#11 blade)S o] f3to] 2 Zol= wlg} Awto = =M,
HAAE 938l embryonic axisE 7FAE cothyledong A E8}al, embryonic axis tip¥ axial budE A7
ok, g 2H|e] £ 5= (0D600=2)9 Agrobacterium NS ZrEo] E3F axial budE AAT F9= 6-83]

A5 . AAE F half seed:= AFE9 Agrobacterium £ (0Dgo=0.6)° H¥ sonication 20%,
vaccum 3% A3 F 308 =< HE AU, AgrobacteriumE NS AAZ AAAS dAi X7 2R

COMH Aol X AFaFe] (7 explant) 49 SoF % wjok(23°C, 16h light, Sh dark) 3},

447t F5 WSt AAAE= Agrobacteriums A|ASH7] H5t] SFAAZF HUME HHF S5 (250mg/L cefotaxim,
100mg/L Timetin, 50mg/L vancomycin)® 5% 33] AZslz L3 A7 F7te AA] <=(shoot) = Hj
A (SIMIPO ®i#], 1¢ 2 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 & dAARZRE o9 E7E A
Ag H FAAT AFEA LS SIMIPO wiA|o] dHulE F-ES 455 AL H|AESA AY AAdsdn. 257
half seedE FH|dl= 7ol A axial bud7} AHE A A=A o} A3 2 shoot $Hd3] AATFL YA
2F2 = (shoot) & FAA Aol Lo|st=H F(shoot)d % Fivk AA3I] dAYA|7F 7l SIMP10 8 =]

Aleh wf FskAet.

27 5 PPToll oJaiA ZAWE shoote 7F9IE ol&sto] A|AstaL shulls o] AAHE & A= dojegls vi
o]A SEMP5 HJA](shoot elogtion medium_PPT5, 14 % MS B5 medium 4.4g, Sucrose 30g, Sodium thiosulfate
158mg, DTT 154mg, MES 0.6g, Asparagin 50mg, Pyroglutamic acid 100mg, agar(sigma) 8g, pH5.7 with 1M
KOH, Zeatin-ribose 1mglL, GA3 1mg, IAA 0.1mg, Cefotaxim 125mg, Timetin 50mg, Vancomycin 50mg)oll X]4}+3}
ATt

27wttt sk SEMPS X2 Al wigste] E717F demol’d A1FEIGE A9 F FEAIA Y V] RES H
wale] A7 H7TE A FE B (Root) % HHA (RIMPO, 1¢ %3 MS B5 medium 4.4g, Sucrose 30g, Sodium
thiosulfate 158mg, DTT 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 TS F3A

o E719 dadeA vt B gAASA = A2 o r A ZEaE S 255 &I & &
SHEO 2 &7 A AufsAT).

ARLsteE F A=AE =3 F, potell o]Aste] AFAZ AL, AEshE A=A S T-DNA =9 &elstr] 9
ko] JNAEZ genomic DNAE FZ3}3l genomic P(RS E3dlo] =3k AdnlA 542 2 gRNA & FHAIE Q]
LS gIgk. g Bar-stripe o83kl AlEshE AEAol A AddtvbA FHAF(Bar) o] S Rl
TS, T-DNA =qio] Ele T, A EAZHE %3 genomic DNAE T o2 314 InDel P(RS &3+ deletion
o] WA E=ANE AT, o]F 7 FANE AL deletion A9 B, genome-editing AES
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[0180]

[0182]

[0183]
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[0186]

[0188]

[0189]

[0190]

[0192]

[0194]
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targeted deep sequencings E3to] <13},

[2A]4]

AAY 1. LEES] gRNA A

FolA P3d= &dEA FEdolr] wiEel, FAANAS S dHA fEde] A" F AL AxE
AeA GmP34 A4S CRISPR/Cas9 Al =8& o]83sto] wAgAA 4 FA= A48l

F A dle]E o]~ (genome database)E Mg A7 P34 @A S Jastele FAXR el =2 F
N FHR uP34(Glyma08g116300) A= 2 o]9] 245 A (homolog) Glyma08g116400 ++-AA}F(o}w] Al 2o
A 88.6%9 MELEAES 77 EAHE ERlsta, o] F FHAE Al AAAI7I7IR ST,

ololl | GmP34(Glyma08g116300) +AAF L ole] A& (homolog) Glyma0Sgll6400 +AAS EAld How &
T e RNAZS Austzzl ATk, oJ7]A "gRNA"E Zlo]= RNA(guide RNA)Q} T2 Jjdoe=w | Jlol=
RNA(guide RNA)OlIA 34 b = Al o] 14 Adel Ajtasls °F 20 /M9 wEal e =(20nt)ol 3
sk 3o A (spacer) A DS o] g},

, & AR g CRISPR/Cas9 Al=®lE 918k G 8°] gRNAL B gRNA2S] x3hs AMWHshy] ffaiA, 3zt
Yot 14 FAA] gt 9714 <E HEE Phytozome databaseoll &xH3F3Itt. ‘CRISPR-P’ & ‘CRISPR
RGEN Tools” 59 #Axn4 Web ToolS ©o]&3te] HIFHFAANE wAHZ= Oﬁ—EP“ &3 (of f-target
effect)7b A, FANA G&ol & AR ASHE @P34(Glyma08gli6300) FrAA B ole] &
(homolog) Glyma08g116400 A We] X% AJ¥(target sequence)e AA3te], o XA M d(target
sequence)ell AR sl LEES] gRNAT B gRNA29| =3& AWt ol& f8], FAHE HEog ARES
Willimas 82 #F°] A7IMGE MtFos ®4 FAx W 14 AEs FAs3iT.

o FE
o L

o] ], CRISPR-Pell ®]&l RGENo] HT} B& off-target 44 candidateSS AAE F7] wjd, F 7H# =
RS BT ALEsle] e X-El(off-target) 7FsAdol S GnP34(Glyma08g116300) A R o] AsA|
(homolog) Glyma08g116400 A W9 & ALEE& A3 3H.

ek 9 X-E}Al(off-target) FAA FH (candidate)E°] HFT AEFHH Jbrowse sited o]&3fo] @

hva
(off-target) 32k WellAe] gRNA 23 A & HF &Asto] 4wy F&o] i1 Z-EP(off-
target) 7Fe/dol A2 F4 FHA o] 4 A A(target sequence)s AT

I Ad, P34 @A S rsdtels fAAE ABAol 2o T AN AR uP34(Glyma08g116300) FHA L
o]¢] & (homolog) Glyma08g116400 +HAE FAlol AT + AUv 2 /N9 gRNA 23S FHF ALsiglrt.
A7 A= A" 2 e gRNAZE A st E4 A d(target sequence) E o]9] A A YXE L 1o e
k., w3k, A7) E2A A d(target sequence)ol FolA dE(Exon) 1 W 9% T2 AME(Target 1); 2
R 2 (Glyma08g1163008) %) W= QAER A (Glyma08g1164009) 7)) HA M (Target 2);° z+zk A%
Sl gRNAE ZH7F gRNA1 B gRNA22}3 W w3lal, gRNAL 2 gRNA2E 77} e g)shs 4k AdES = 1d =A8)
At.

w5, ol 3 10 gRNAL B gRNA2E 7H2t ¢estal

rlr
e
24
>
e
o
T
o
=
32
v
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[0199]

[0200]

[0201]

[0202]

[0203]

[0205]

[0206]

[0208]

[0210]
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F 1
Name AqE(5'—>3") AEHS
gRNA1 5' —ACTAGAAGAGAGACCTAAGA-3' 1
gRNA2 5'-GCCCCCTTGGTACTTTACTT-3! 2
wak, A7) EZ Ad(Target 209 ALoll, GuP34(Glyma08g116300) A= = o]o] A=A (homolog)

Glyma08g116400 +AA7F M2 1 /Mol A7 (base)olA] Z}ol7} YRR T, o]o] Agsl= gRNA2E mP34 FA A}
(Glyma08g116300)9] %4 A Qe wiAH+= AR Aesta, 7] F FHA ] 27 A3 = s AA35
SiTh.

AAd 2. ZE=-FZH3E CRISPR/Cas9 #E Az

Sog, E ougo I {AANAHY ®H vﬁx}ﬂ GnP34(G1yma08g116300) A 9 o]2] “d5 )| (homolog)
Glyma08g116400 A o e, 2 4 F4x & A-d 2 /He] ¥4 ML (target sequence)ol Zz Agt
%

SF= gRNAL 2 gRNA2S ¢tostshs #i4hS ahube] #WE o] =919k multiplex WEHE Axs7]12 33T

oA shute] A FHA UelA HS ML fXEa = 2 9] EH A D(target sequence) F-91E Ao
Fgomm, w4 Fidae] &3 Id(indel) WolE op7ldtal, FAHMAAE g Fol Indel PCRE o] 83t
o fFAge]l dojd FHAAFAE By g8X 02 AHE F e FHE THAE Ax"E Az AT

A7) AR 270 BA Hd Eo)|zow A¥slE gRNAL ¥ gRNA2E X ¥ela, FoA] ZE-HZA5ME Cas9

FAAES F3EE multiplex WE S ARG, o)W, gRNAY W3S Ez o= Atlf TRRHE AFES 24
gRNAE tmslels ik ‘(0 & AlZbels Zlo] @fo] F7] uliTol, gRNAL ¥ gRNA2E ZH7) & 8lshi= aiat
ol NI 1(5'-ACTAGAAGAGAGACCTAAGA-3') @ g™ 3 2(5'-GCCCCCTTGGTACTTTACTT-3') Z}zte] 5'-2eh kol
A71 ‘¢ E #7Fsked, A7) multiplex WE AZA] o]E ALt S, AtU6 ZEEEE 7HX = dEHd 2%

=& gRNAL ¥ gRNA2E sl A4k 27 A9 S 3(5'-GACTAGAAGAGAGACCTAAGA-3') B AMEH T 4(5'
GGCCCCCTTGGTACTTTACTT-3") & 233y,

T BAAG] A& 7] WE = pMDC123 #E] (vector) EE pEC0201 WEjoltt. 7] WEEL A wpAR
Bar A2 7HAH, AZFE 915t attR17}; attR2 DS 74 gateway§ ¥ E T},

AF7] pECO201 =1E] | o wal AAFFE A 2 MY A A E(target sequence)ol] ZAEEE gRNA1L 2

2= g

gRNA2E +&8sle dabs F249ste] multiplex WMEHE A Z3H3Ith. pEC0201 WE &= 27] ©]d] gRNAE B4
of =135F7] 9138k golden gateway entry vector®, A wlAR Bar FHXE 7FX|H, 35S TR HES ZAF
of o7t FZE-2A3}E SpCas9(Arabidopsis codon optimized SpCas9)o] W= = JEE AZE o)A
AT, 7 Wl Fgol oA pEC0201 HHZ F 7He] gRNAE Z¥atqltt. 3 WA oligo annealing #4827
Zl gRNA13} gRNA2E Bsa 122 Awksk pEC0400_1,2 2 pECO404_2,e9} Z+Zt ligationdle] pGRNA1¥} pGRNAZe
plasmidE 5389k, ¥ WHA Zzbe] gRNAZF =¥ pGRNA1 2 pGRNA2e¢} pEC0201 W E{ZS golden gateway
assemblyZS E3}o] pEC0201_gl_g2 vectorE HZ A z}tslitt.

B AdE gRNAL B gRNA2E 247 gtmsbals dbs} sE-H A ske Cas) FHAE
el WEe] HAEE & 3o e

i
i
ol
2
rr
2
>,

A 3. F FRAAEA FAAwAY AF
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[0211]

[0213]

[0214]

[0216]

[0217]

[0219]
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7] AAlel 204 AZe,  AEE gRNAL B gRNA2E ZH2t dsstels Ak 31— Eﬂﬂ@}ﬂ Cas9 FHAAE E
sl F AR uAgE 2 ?ﬂ' CRISPR/Cas9 #EE o}z zule]a]-8 EHAL05°] FA A3 3 & Williams 82 %#F
AA e} st FHASAHT. ARsE F AEAE €342 F, potol 01*‘5%3% A AZT.
AEA S T-DNA =9 &3] 9lste] NAER genomic DNAE F= } genomic PCRS Ed}o] £
AubulA] f§d2F 2 gRNA #E FHAES] &8s gRlElth. Wgk Bar-strips o]-&3ke] AlRstE 2 EA
Ao AdmtA {HAA(Bar gene)o] HHE AT

—(01' m&

11

[¢]

a A3, T 404 JEE wpet o), GuP34(Glyma08gl16300) fAA = 019 AHEA| (homolog)
Glyma08g116400 S+ARE FAlo] XA o2 31 gRNAL 2 gRNA2 &3l 16719 T, AlES R THE 40).

ey FAA}A T, AF A=A T-DNA =& &elst7] Yste] MAHEE genomic DNAS F33}3 genomic
4

PCRS F35le] =3k Mutul7 FH2F(Bar gene) % gRNA & JHAES =& et (&=

w3, Bar A FARe] thdk PCROIA positive ¥HeS HQl A EAE o] &3 InDel PC(RS E3lo], F gRNAL
9 gRNA2 374 Alele] §7]AHo] 73“(deletlon)5] FAASAE EAakdrt. x4 FHA e 24 Ad F
9l A4 (deletion) GnP34(Glyma08g116300) -7k R o]o] 5 A (homolog) Glyma08¢g116400 F-7dA ol A E5F
A ATHE 5).

A7 FRE F YAATAE P34 Glyma08g116300) AR 2 o]9] FE A (homolog) Glyma08g116400 74}
oA Ztzt 4 FAA e B4 ME H$ 414 bp ZA (deletion) TE 302 bp A4l (deletion)o] dojywkr}.
oo wE ¥ FFASAE P34 ©hE 2 GnP34 A5 A wEe] 27 £ WolA|, 1387 ofv|wit A
A WolA X 43719 olu|=Ato] AAE WHolA 7} wE = AS Targeted deep sequenceings EallA Felst
Ak, o] A= & 6 W E 7o YEhiL.

ol B WA ARG T FAAMAE kP e AAITS e P34 ©HE 9 P34 s A @
S 3

g7 AdE EEiA, % wrgell w2 CRISPR/Cas 7IwWke] 3 frdzh mAAAES o]gste] & U
GuP34(Glyma08g116300) A= & o] A% (homolog) Glyma08g116400 F+AAE FAlo EHOo7 &= FH
Aol A oR JolwkeS N 4 gIdrh, wak B wrge Fol mP3((Glyma08gl16300) +HA 2 o
o] & A (homolog) Glyma08g116400 A7} E/\] of Ad% ¥ FHASFAE Az oo TAE TR
o wa B oayo] wE Fo| GnP34(Glyma08g116300) w7 Ak ‘3—1 0191 A5 A (homolog) Glyma08g116400 3=k
7h iRE F FAASA B o] FAe oy MdielA o o] FHARA g VHAE AEAE A

2 rlo
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=9
EH]
A
GmP34 (Glyma08g116300)
ATG gRNA 1 gRNA 2
L ]
GmP34 - 414 bp
Homolog (Glyma08g116400)
AT gRNA 1 gRE 2
L - - - - J
GmP34 homolog - 414 bp
B
Target 1 Target 2
PAM gRNA1 PAM gRNA2
57 -CCCTCTTAGGTCTCTCTTCTAGT-3" P34 5" —CCCAAGTARAAGTACCRAAGGGGGC—-3" P34
57" -CCCTCTTAGGTCTCTCTTCTAGT-3' P34h 5' —CCCAAGTARAGTACCAAGGGGAC-3" E34h
3’ -GEGAGAATCCAGAGAGARGATCA-5S" 3’ —GGETTCATTTCATGGTTCCCCCG-5'
EH2

H.-:rs’;x e Ang cocdB
ot = R {77
atiR2

attR1

EH3
CaMV-Ter gRNAZ aRNA1 Nos-Ter NLS
|— BAR CalV 355 —.pus—.pm— peoCASS l 2¢ 355 —I
LB 2% FLAG RE
Nog-Ter gRMAZ  gRMA1 NLS
BAR Nas promoler w5 AU — sl 355 BcolCASS
CaMV-Ter g

ERNA ERMA
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GmP34 CT GE (T, lines)

&
1 23 456 78 9 1011 121314 15 16 4&“5“?

T —— e e e e S e e e Bar PCR

S S ——— gRNA PCR

GmP34 [Glyma08g116300) GmP34 homolog (Glyma08g116400)
WT #2 #3 #4 WT #2 #3 #4
% P e e — —
1st PCR — 1st PCR —
— —
g S — ;
INAPCR -~ - ——— — MAPCR oo — S ——
— e
TN e— —
3rd PCR g_—"—"—' 3rd PCR g —
—y ——
=96
Target1 Target2
A ::-\I'J‘- ANAL ! IFQF'»‘ ERNAZ Delation
16300WT  TrCCTTCrTTTe BB TTAGSTCIC ICT ToT ASTICCASCRTAT — Ll coreTon: A TRARSTACC ARG GRCGCT CTCCTRTCT AR Bases {op)
GmP34-TONe.3  TDECTTCTITICTCCCICT: TAAMCTACCAMCOCCCT CTCCTATETGAA 414
17bpgel
GmP34TONod  TIG i 477

WT-08g116300 vl
68-T0:Ho, 1,4
GE-TOND.3

o 4= premature stop (#4)
<— 138 aadeletion (#3)

WT=D8g116300
GE-TO:No.1,4
GE-TD:No. 3

[ | i
DODY P YRARE RCKNKT (1
LEVIEELTTLLFX

WT-0Bg116300 &
GE-TO:No.1,4
GE-TD:No.3

W-08g116300 IVLLY.
GE-TO:Mo.1,4
GE-TO:No.3 SN . EE i SR 241
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DI EF
SIHEdl
EH7
A Targst1 Target2
I
PAM £RNAL FaM FHAz Deletion
T T 371y T e Bases
16000WT  TTCCTICTTRTCTTCT TARCTCTCT CTTCTAGTTCCARCATAT ——F CCTCTCATCHB ARG TARACT ACCAACCOEGCTETCETRTET GAT e
GmP34TONG.2  TTECTICTIATCTCOCTCT TRACTACCAMCGECACTETCETATET AT a1
GmP2ATONG3  TTECTTCTIATCTOCCTCT TASETCTCTCTTCTAGTTCCAGEATAT CAAC eem m
B 10 20 0 o 50
| : : - .
WT-08g116400 5 TIORIVSSLEQLWRSEH RVYHENHEEEARRLE 00
GE-TO:R0.2 WILRIVE . PLIELTILTOLKIMVE. . 10 4= Premature stop (#2)
GE-T0:No.3 sasnerarimreny = 43 aa deletion (#3)
HT-08g116400
GE-TO:NO.2
GE-T0:No. 3
210 220 &0 BL) 1 20 240 301
otowss Tipendiewil fuiseihames Tirarbyen Tispelissalvnvedieeibimveton il
WT-08g116400 VTIDNFOOLIISENST TYDOUNCSS PYUTHHFVLIVO YO SLDCVD YWTVIRIS FORDW MDY TWIQRN 300
GE-TO:NO.2 KL, REWIT.LIX 212
GE-TO:No.3 P 57
o 30 m Mo
; s e B S
WT-08g116400 [ANFIOVCAINFPASWPIRERSETLVSARVEADORVDYSPLY 342
GE-TO:NO.2
GE-TO:No.3 9 saey PR L T T T e . 298

EEE

<110>

<120> Gene editing system for simultaneous ge
homolog genes and uses thereof

<130> PN21233

<160> 12

<170> KoPatentIn 3.0

<210> 1

<211> 20

<212> DNA

<213> Artificial Sequence

<220><223> nucleotide sequence encoding gRNA1

<400> 1

actagaagag agacctaaga

<210> 2

<211> 20

<212>  DNA

<213> Artificial Sequence

<220><223> nucleotide sequence encoding gRNA2
<400> 2

gceceettgg tactttactt

<210> 3

INDUSTRY-ACADEMIC COOPERATION FOUNDATION GYEONGSANG NATIONAL UNIVERSITY

ne editing of P34 and its

20

20
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<211> 21
<212> DNA
<213> Artificial Sequence

<220><223> nucleotide sequence encoding gRNA1

<400> 3

gactagaaga gagacctaag a 21
<210> 4

<211> 21

<212> DNA

<213> Artificial Sequence

<220><223> nucleotide sequence encoding gRNA2

<400> 4

ggceccettg gtactttact t 21
<210> 5

<211> 4293

<212> DNA

<213> Artificial Sequence

<220><223> pcoCas9

<400> 5

atggataaga agtactctat cggacttgac atcggaacca actctgttgg atgggetgtt 60
atcaccgatg agtacaaggt tccatctaag aagttcaagg ttcttggaaa caccgataga 120
cactctatca agaagaacct tatcggtgcet cttcttttcg attctggaga gaccgectgag 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 tgctaaggct atcctttctg ctagactttc taagtctcgt 660
agacttgaga accttatcgc tcagcttcca ggagagaaga agaacggact tttcggaaac 720
cttatcgctc tttctettgg acttacccca aacttcaagt ctaacttcga tcttgectgag 780
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gatgctaagt
cagatcggag
cttctttctg
atgatcaaga

cagcagcttc

ggatacatcg
gagaagatgg
aagcagagaa
gctatcecttce
gagaagatcc
cgtttecgett

gtaagtttct

taatatttca
tagtttataa
gatgtgcagg
ttcgataaga
ttcaccgttt
gettteettt

aaggttaccg

gttgaaatct
ttgaagatca
gacatcgttc
acctacgctc
ggatggggta
accatccttg

cacgatgatt

gattctcttce
cttcagaccg
aacatcgtta
cgtgagagaa

gagcacccag

tgcagctttc
atcagtacgc
acatccttag
gatacgatga

cagagaagta

atggaggagc
atggaaccga
ccttcgataa
gtagacagga
ttaccttcag
ggatgaccag

gcttctacct

aatatttttt
gtgtgtatat
ttgttgataa
accttccaaa
acaacgagct
ctggagagca

ttaagcagtt

ctggagttga
tcaaggataa
ttacccttac
accttttcga
gactttctcg
atttcttgaa

ctcttacctt

acgagcacat
ttaaggttgt
tcgagatggce
tgaagagaat

ttgagaacac

taaggatacc
tgatcttttc
agttaacacc
gcaccaccag

caaggaaatc

ttctcaggag
ggagcttctt
cggatctatc
ggatttctac
aatcccatac
aaagtctgag

ttgatatata

tcaaaataaa
tttaatttat
gggagcttct
cgagaaggtt
taccaaggtt
gaagaaggct

gaaggaggat

ggatagattc
ggatttcctt
ccttttcgag
tgataaggtt
taagttgatc
gtctgatgga

Caaggaggac

cgctaacctt
tgatgagctt
tagagagaac
Cgaggagegga

ccagcttcag

tacgatgatg
cttgctgcta
gagatcacca
gatcttaccc

ttcttecgatc

gagttctaca
gttaagttga
ccacaccaga
ccattcttga
tacgttggac
gagaccatca

tataataatt

agaatgtagt
aacttttcta
gctcagtcett
cttccaaagc
aagtacgtta
atcgttgatc

tacttcaaga

aacgcttctc
gataacgagg
gatagagaga
atgaagcagt
aacggaatca
ttcgctaaca

atccagaagg

gctggatctce
gttaaggtta
cagaccaccc
atcaaggagc

aacgagaagt

atcttgataa
agaacctttc
aggctccact
ttttgaaggc

agtctaagaa

agttcatcaa
acagagagga
tccaccttgg
aggataacag
cacttgctag
ccecttggaa

atcattaatt

atatagcaat
atatatgacc
tcatcgagag
actctcttct
ccgagggaat
ttcttttcaa

agatcgagtg

ttggaaccta
agaacgagga
tgatcgagga
tgaagagaag
gagataagca
gaaacttcat

ctcaggtttc

cagctatcaa
tgggtagaca
agaagggaca
ttggatctca

tgtaccttta
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ccttettget
tgatgctatc
ttctgettcet
tcttgttaga

cggatacgct

gccaatcectt
tcttcttaga
agagcttcac
agagaagatc
aggaaactct
cttcgaggag

agtagtaata

tgcttttctg
aaaatttgtt
aatgaccaac
ttacgagtac
gagaaagcca
gaccaacaga

cttcgattct

ccacgatctt
catccttgag
gagactcaag
aagatacacc
gtctggaaag
gcagcttatc

tggacaggga

gaagggaatc
caagccagag
gaagaactct
aatcttgaag

ctaccttcag

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
2460
2520
2580

2640
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aacggaagag

gttgatcaca

acccgttctg
aagatgaaga
gataacctta
aagagacagc
cgtatgaaca
ttgaagtcta

atcaacaact

atcaagaagt
gttagaaaga
ttctactcta
agaaagagac
agagatttcg
accgaggttc

aagttgatcg

accgttgcett
aagtctgtta
ccaatcgatt
ttgccaaagt
ggagagcttc
cttgcttctce

ttcgttgage

aagagagtta
agagataagc
cttggtgcte
tctaccaagg
accagaatcg

<210> 6

atatgtacgt

tcgttccaca

ataagaacag
actactggag
ccaaggctga
ttgttgagac
ccaagtacga
agttggtttc

accaccacgce

acccaaagtt
tgatcgctaa
acatcatgaa
cacttatcga
ctaccgttag
agaccggagg

ctagaaagaa

actctgttct
aggagcttct
tccttgaggce
actctetttt
agaagggaaa
actacgagaa

agcacaagca

tccttgetga
caatcagaga
cagctgcttt
aggttcttga

atctttctca

<211> 4116

<212> DNA

tgatcaggag

gtctttettg

aggaaagtct
acagcttctt
gagaggagga
cagacagatc
tgagaacgat
tgatttcaga

tcacgatgct

ggagtctgag
gtctgagcag
cttcttcaag
gaccaacgga
aaaggttctt
attctctaag

ggattgggac

tgttgttgct
tggaatcacc
taagggatac
cgagcttgag
cgagcttgct
gttgaaggga

ctaccttgat

tgctaacctt
gcaggctgag
caagtacttc
tgctaccctt

gcttggagga

cttgacatca

aaggatgatt

gataacgttc
aacgctaagt
ctttctgagce
accaagcacg
aagttgatca
aaggatttcc

taccttaacg

ttcgtttacg
gagatcggaa
accgagatca
gagaccggag
tctatgccac
gagtctatcc

ccaaagaagt

aaggttgaga
atcatggagc
aaggaggtta
aacggaagaa
cttccatcta
tctccagagg

gagatcatcg

gataaggttc
aacatcatcc
gataccacca
atccaccagt

gat

acagactttc

ctatcgataa

catctgagga
tgatcaccca
ttgataaggc
ttgctcagat
gagaggttaa
agttctacaa

ctgttgttgg

gagattacaa
aggctaccgce
cccttgcetaa
agatcgtttg
aggttaacat
ttccaaagag

acggaggatt

agggaaagtc
gttcttettt
agaaggatct
agagaatgct
agtacgttaa
ataacgagca

agcaaatctc

tttctgctta
accttttcac
tcgatagaaa

ctatcaccgg

_26_

tgattacgat

caaggttctt

ggttgttaag
gagaaagttc
tggattcatc
ccttgattct
ggttatcacc
ggttagagag

aaccgctctt

ggtttacgat
taagtacttc
cggagagatc
ggataaggga
cgttaagaaa
aaactctgat

cgattctcca

taagaagttg
cgagaagaac
tatcatcaag
tgcttetget
cttcctttac
gaagcagctt

tgagttctct

caacaagcac
ccttaccaac
aagatacacc

actttacgag

2700

2760

2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420
3480
3540

3600

3660
3720
3780
3840
3900
3960

4020

4080
4140
4200
4260

4293
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<213> Artificial Sequence

<220><223> acoCas9

<400> 6

atggataaga agtactctat cggactcgat atcggaacta actctgtggg atgggetgtg 60
atcaccgatg agtacaaggt gccatctaag aagttcaagg ttctcggaaa caccgatagg 120
cactctatca agaaaaacct tatcggtgct ctcctcttcg attctggtga aactgctgag 180
gctaccagac tcaagagaac cgctagaaga aggtacacca gaagaaagaa caggatctge 240
tacctccaag agatcttctc taacgagatg gctaaagtgg atgattcatt cttccacagg 300
ctcgaagagt cattcctcgt ggaagaagat aagaagcacg agaggcaccc tatcttcgga 360
aacatcgttg atgaggtggc ataccacgag aagtacccta ctatctacca cctcagaaag 420
aagctcgttg attctactga taaggctgat ctcaggctca tctacctcge tctegetcac 480
atgatcaagt tcagaggaca cttcctcatc gagggtgatc tcaaccctga taactctgat 540
gtggataagt tgttcatcca gctcecgtgcag acctacaacc agcettttcga agagaaccct 600
atcaacgctt caggtgtgga tgctaaggcet atcctctcectg ctaggctctce taagtcaaga 660
aggcttgaga acctcattge tcagctccect ggtgagaaga agaacggact tttcggaaac 720
ttgatcgctc tctctectegg actcaccect aacttcaagt ctaacttcga tctcgetgag 780
gatgcaaagc tccagctctc aaaggatacc tacgatgatg atctcgataa cctccteget 840
cagatcggag atcagtacgc tgatttgttc ctcgectgeta agaacctcte tgatgctatc 900
ctcctcagtg atatcctcag agtgaacacc gagatcacca aggctccact ctcagettct 960
atgatcaaga gatacgatga gcaccaccag gatctcacac ttctcaagge tcttgttaga 1020
cagcagctcce cagagaagta caaagagatt ttcttcgatc agtctaagaa cggatacgct 1080
ggttacatcg atggtggtge atctcaagaa gagttctaca agttcatcaa gectatccte 1140
gagaagatgg atggaaccga ggaactcctc gtgaagectca atagagagga tcttctcaga 1200
aagcagagga ccttcgataa cggatctatc cctcatcaga tccacctcgg agagttgeac 1260
gctatcctta gaaggcaaga ggatttctac ccattcctca aggataacag ggaaaagatt 1320
gagaagattc tcaccttcag aatcccttac tacgtgggac ctctcgetag aggaaactca 1380
agattcgctt ggatgaccag aaagtctgag gaaaccatca ccccttggaa cttcgaagag 1440
gtggtggata agggtgctag tgctcagtct ttcatcgaga ggatgaccaa cttcgataag 1500
aaccttccaa acgagaaggt gctccctaag cactctttge tctacgagta cttcaccgtg 1560
tacaacgagt tgaccaaggt taagtacgtg accgagggaa tgaggaagec tgettttttg 1620
tcaggtgagc aaaagaaggc tatcgttgat ctcttgttca agaccaacag aaaggtgacc 1680
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gtgaagcagc

tctggtgttg
attaaggata
cttaccctca
catctcttcg
aggctctcaa
gatttcctca

tctctcacct

catgagcata
gtgaaggttg
atcgaaatgg
atgaagagga
gttgagaaca
gatatgtatg

atcgtgccac

gataagaaca
aactattgga
actaaggctg
cttgtggaaa
accaagtacg
aagctcgtgt

taccaccacg

tatcctaagc
atgatcgcta
aacatcatga
ccactcatcg
gctaccgtta
cagaccggtg

gctaggaaga

tcaaagagga

aggataggtt
aggatttctt
ccctetttga
atgataaggt
gaaagctcat
agtctgatgg

ttaaagagga

tcgctaacct
tggatgagtt
ctagagagaa
tcgaggaagg
ctcagctcca
tggatcaaga

agtcattctt

ggggtaagag
ggcagctcct
agagggegagy
ccaggcagat
atgagaacga
ctgatttcag

ctcacgatgc

tcgagtcaga
agtctgagca
atttcttcaa
agacaaacgg
gaaaggtgct
gattctctaa

aggattggga

ttacttcaag

caacgcatct
ggataacgag
agatagagag
gatgaagcag
taacggaatc
attcgctaac

tatccagaag

cgctggatct
ggtgaaggtg
ccagaccact
tatcaaagag
gaatgagaag
gttggatatc

gaaggatgat

tgataacgtg
caacgctaag
actctctgaa
cactaagcac
taagttgatc
aaaggatttc

ttaccttaac

gttcgtgtac
agagatcgga
gaccgagatt
tgaaacaggt
ctctatgcca
agagtctatc

ccctaagaaa

aaaatcgagt

ctcggaacct
gaaaacgagg
atgattgaag
ttgaagagaa
agggataagc
agaaacttca

gctcaggttt

cctgcaatca
atgggaaggc
cagaagggac
cttggatctc
ctctacctct
aacaggctct

tctatcgata

ccaagtgaag
ctcatcactc
ttggataagg
gttgcacaga
agggaagtga
caattctaca

getgttgttg

ggtgattaca
aaggctaccg
accctcgcta
gagatcgtgt
caggtgaaca
ctccctaaga

tacggtggtt

gcttegattce

accacgatct
atatcttgga
aaaggctcaa
gaagatacac
agtctggaaa
tgcagctcat

caggacaggsg

agaagggaat
ataagcctga
agaagaactc
agatcctcaa
actacctcca
ctgattacga

acaaggtgct

aggttgtgaa
agagaaagtt
caggattcat
tcctegattc
aggttatcac
aggtgaggga

gaaccgctct

aggtgtacga
ctaagtattt
acggtgagat
gggataaggg
tcgttaagaa
ggaactctga

tcgattctcce
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agttgagatt

cctcaagatc
ggatatcgtt
gacctacgct
tggttgggga
gacaatcctt
ccacgatgat

tgatagtctc

cctccagact
gaacatcgtg
tagggaaagg
agagcaccct
gaacggaagg
tgttgatcat

caccaggtct

gaaaatgaag
cgataacttg
caagaggcag
taggatgaac
cctcaagtca
aatcaacaac

catcaagaag

tgtgaggaag
cttctactct
cagaaagagg
aagggatttc
aaccgaggtg
taagctcatt

taccgtggct

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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tactctgttc tcgttgtgge taaggttgag aagggaaaga gtaagaagct caagtctgtt 3480
aaggaacttc tcggaatcac tatcatggaa aggtcatctt tcgagaagaa cccaatcgat 3540
ttcctcgagg ctaagggata caaagaggtt aagaaggatc tcatcatcaa gctcccaaag 3600
tactcactct tcgaactcga gaacggtaga aagaggatgc tcgettctge tggtgagett 3660
caaaagggaa acgagcttgce tctcccatct aagtacgtta actttcttta cctegettcet 3720
cactacgaga agttgaaggg atctccagaa gataacgagc agaagcaact tttcgttgag 3780
cagcacaagc actacttgga tgagatcatc gagcagatct ctgagttctc taaaagggtg 3840
atcctcgcetg atgcaaacct cgataaggtg ttgtctgett acaacaagca cagagataag 3900
cctatcaggg aacaggcaga gaacatcatc catctcttca cccttaccaa ccteggtgcet 3960
cctgetgcett tcaagtactt cgatacaacc atcgatagga agagatacac ctctaccaaa 4020
gaagtgctcg atgctaccct catccatcag tctatcactg gactctacga gactaggatc 4080
gatctctcac agctcggtgg tgattcaagg getgat 4116
<210> 7

<211> 4104

<212> DNA

<213> Artificial Sequence

<220><223> pcohCas9

<400> 7

atggacaaga agtactccat cggcctcgac atcggcacca acagegtcgg ctgggeggtg 60
atcaccgacg agtacaaggt cccgtccaag aagttcaagg tcctgggcaa caccgaccgce 120
cactccatca agaagaacct catcggcgec ctectctteg actcecggega gacggeggag 180
gcgaccegece tcaagegeac cgecegeege cgcetacacce geegcaagaa ccgeatctge 240
tacctccagg agatcttctc caacgagatg gcgaaggtcg acgactcctt cttccaccge 300
ctcgaggagt ccttcctcgt ggaggaggac aagaagcacg agcgccaccce catcttcegge 360
aacatcgtcg acgaggtcgce ctaccacgag aagtacccca ctatctacca ccttcgtaag 420
aagcttgttg actctactga taaggctgat cttcgtctca tctaccttge tctegetcac 480
atgatcaagt tccgtggtca cttccttatc gagggtgacc ttaaccctga taactccgac 540
gtggacaagc tcttcatcca getcecgtccag acctacaacc agctcttcga ggagaaccct 600
atcaacgctt ccggtgtcga cgctaaggeg atcctttceccg ctaggetctc caagtccagg 660
cgtctcgaga acctcatcge ccagctcecect ggtgagaaga agaacggtct tttcggtaac 720
ctcatcgctc tctcectegg tcectgaccect aacttcaagt ccaacttcga cctcgetgag 780
gacgctaagc ttcagctctc caaggatacc tacgacgatg atctcgacaa cctccteget 840
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cagattggag

ctcctttegg
atgatcaagc
cagcagctcc
ggttacattg
gagaagatgg
aagcagagga

gccatcecttce

gagaagatcc
cgtttecgett
gttgttgaca
aacctcccca
tacaacgagc
tccggegage

gtcaagcagc

agcggegttg
atcaaggaca
ctcactctta
catctcttcg
aggctctccc
gacttcctca

tctcttacct

cacgagcaca
gttaaggttg
atcgagatgg
atgaagagga
gtcgagaaca
gatatgtacg

attgttcctc

atcagtacgc

atatccttag
gctacgacga
ccgagaagta
acggtggage
atggtactga
ctttcgataa

gtaggcagga

ttactttccg
ggatgactag
agggtgctte
acgagaaggt
tcaccaaggt
agaagaaggce

tcaaggagga

aggaccgttt
aggacttcct
ctctecttcga
atgacaaggt
gcaagctcat
agtctgatgg

tcaaggagga

ttgctaacct
tcgatgagct
ctcgtgagaa
ttgaggaggg
cccagctcca
ttgaccagga

agtctttcct

tgatctcttc

ggttaacact
gcaccaccag
caaggagatc
tagccaggag
ggagcttctce
cggctctatce

ggacttctac

tattccttac
gaagtccgag
cgcccagtcec
cctceccaag
caagtacgtc
tatcgttgac

ctacttcaag

caacgcttct
cgacaacgag
ggatagggag
tatgaagcag
caacggtatc
tttcgctaac

tattcagaag

tgetggttcce
tgtcaaggtt
ccagactacc
tatcaaggag
gaacgagaag
gctcgacatce

taaggatgac

cttgctgcta

gagatcacta
gacctcaccce
ttcttcgacc
gagttctaca
gttaagctta
cctcaccaga

cctttectcea

tacgttggtc
gagactatca
ttcatcgagc
cactccctcee
accgagggta
ctcctcettcea

aagatcgagt

ctcggtacct
gagaacgagg
atgatcgagg
ctcaagcgtc
agggataagc
aggaacttca

gctcaggtgt

cctgctatca
atgggtcgtce
cagaagggtc
cttggttctc
ctctacctct
aacaggcttt

tccatcgaca

agaacctctc

aggctcctct
tcctcaaggce
agtccaagaa
agttcatcaa
accgtgagga
tccaccttgg

aggacaaccg

ctcttgctceg
ccecttggaa
gcatgaccaa
tctacgagta
tgcgcaagcec
agaccaaccg

gcttcgactce

accacgatct
acatcctcga
agaggctcaa
gccegttacac
agagcggcaa
tgcagctcat

ccggtcaggg

agaagggcat
acaagcctga
agaagaactc
agatccttaa
actacctcca
ctgactacga

acaaggtcct
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cgatgctatc

ttctgcttec
tcttgttcegt
cggctacgcec
gccaatcectt
cctecttagg
tgagcttcac

tgagaagatc

tggtaactcc
cttcgaggag
cttcgacaag
cttcacggtc
tgccttecte
caaggtcacc

cgtcgagatc

cctcaagatc
ggacatcgtc
gacttacgct
cggttggggt
gactatcctc
ccacgatgac

cgactctctc

ccttcagact
gaacatcgtc
gaggegagege
ggagcaccct
gaacggtagg
cgtcgaccac

cacgaggtcc

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
2460
2520

2580
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gacaagaaca ggggtaagtc ggacaacgtc ccttccgagg aggttgtcaa gaagatgaag 2640
aactactgga ggcagcttct caacgctaag ctcattaccc agaggaagtt cgacaacctc 2700
acgaaggctg agaggggtgg cctttceccgag cttgacaagg ctggtttcat caagaggcag 2760
cttgttgaga cgaggcagat taccaagcac gttgctcaga tcctcgattc taggatgaac 2820
accaagtacg acgagaacga caagctcatc cgcgaggtca aggtgatcac cctcaagtcc 2880
aagctcgtct ccgacttccg caaggacttc cagttctaca aggtccgega gatcaacaac 2940
taccaccacg ctcacgatgce ttaccttaac getgtcgttg gtaccgetct tatcaagaag 3000
taccctaage ttgagtccga gttcgtctac ggtgactaca aggtctacga cgttcgtaag 3060
atgatcgcca agtccgagca ggagatcggce aaggccaccg ccaagtactt cttctactcec 3120
aacatcatga acttcttcaa gaccgagatc accctcgcecca acggcecgagat ccgcaagcgce 3180
cctcttatcg agacgaacgg tgagactggt gagatcgttt gggacaaggg tcgegacttc 3240
gctactgttc gcaaggtccet ttctatgect caggttaaca tcgtcaagaa gaccgaggtc 3300
cagaccggtg gcettctceccaa ggagtctatc cttccaaaga gaaactcgga caagctcatc 3360
gctaggaaga aggattggga ccctaagaag tacggtggtt tcgactcccc tactgtcgece 3420
tactccgtcce tcgtggtcge caaggtggag aagggtaagt cgaagaagcet caagtccgtce 3480
aaggagctcc tcggcatcac catcatggag cgectcecctect tcgagaagaa cccgatcgac 3540
ttcctcgagg ccaagggcecta caaggaggtc aagaaggacc tcatcatcaa gctccccaag 3600
tactctcttt tcgagctcga gaacggtcgt aagaggatgce tggettccge tggtgagcetce 3660
cagaagggta acgagcttge tcttccttec aagtacgtga acttcctcta cctegectec 3720
cactacgaga agctcaaggg ttcccctgag gataacgagce agaagcagcet cttcgtggag 3780
cagcacaagc actacctcga cgagatcatc gagcagatct ccgagttctc caagcegegtce 3840
atcctcgcetg acgctaacct cgacaaggtc ctctceccgect acaacaagca ccgcgacaag 3900
cccatccgeg agcaggecga gaacatcatc cacctcttca cgetcacgaa ccteggegec 3960
cctgetgett tcaagtactt cgacaccacc atcgacagga agegttacac gtccaccaag 4020
gaggttctcg acgctactct catccaccag tccatcaccg gtctttacga gactcgtatce 4080
gacctttcce agecttggtgg tgat 4104
<210> 8

<211> 21

<212> DNA

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

<400> 8
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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

<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
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SIS

21

21

21

47

48
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