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Abstract editing efficiency was calculated by counting base deletion
and insertion events from total target sequence read.

BACKGROUND: Before generating transgenic plantusing ~ CONCLUSION: The CRISPR-Cas9 editing efficiency

the CRISPR-Cas9 system, the efficiency test of sgRNAs is varied with tomato cotyledon age. The highest efficiency

recommended to reduce the time and effort for plant was observed at the 19-day-old cotyledons. Both the median
transformation and regeneration process. The efficiency of and mean were the highest at this stage and the sample
the sgRNA can be measured through the transient expression variability was also minimized. We found that the transgene
of sgRNA and Cas9 gene in tomato cotyledon; however, we of CRISPR-Cas9 system was strongly correlated with plant
found that the calculated efficiency showed a large variation. leaf development and suggested the optimum cotyledon leaf
It is necessary to increase the precision of the experiment to age for Agrobacterium-mediated transfection in tomato.
obtain reliable sgRNA efficiency data from transient

expression. Key words: CRISPR-Cas9, Genome Editing Efficiency,

METHODS AND RESULTS: The cotyledon of 1h 15t Tomato Transformation, Transient Expression
19" and 23"-day-old tomato (Solanum lycopersicum cv.

Micro-Tom) were used for expressing CRISPR-Cas9 M B2

transiently. The agrobacterium harboring sgRNA for

targeting ALS2 gene of tomato was injected through the CRISPR (clustered regularly interspaced short
stomata of leaf adaxial side and the genomic DNA was palindromic repeats)/Cas9(CRISPR-associated nuclease
extracted in 5 days after injection. The target gene edition was 9> =dwo] i W LA nHY W, Vs 48

identified by amplifying DNA fragment of target region and ol 24 7Fs3% genome editing 7]EZA] Tkt ol
analyzing with Illumina sequencing method. The target gene A &8skl QIeH1,2]. Zine Finger Nucleases (ZFNs)
Transcription activator-like effector nucleases (TALENS)
I 221, 24t 34 w7 ]Evhs 22 CRISPR-Cas9
 Ha fAAkel| Afshs guide RNA (K= single guide
RNA, sgRNA)$t DNA endonucleasel Cas9 tHilzlo]
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Aty JejE 3=, ddE A Y2 non-homologous =Y g 3& Cas ks 5 o] Al Al

end joining (NHE]) =+ homology-directed repair =3 QltH12].

(HDR)Oﬂ oJaljA EETH3]. NHEJ= 28X 5719 olF 3, sgRNA Haeks xdste] wd 5823 #ol7] 9
7hehe o] EoiE o 971 M Aslelv Ads dorle gk tekst sl AleEaL Qltk F 5ol TRVEE 4
Ahd, HDR 2331 o) 7h F-9lof] 3] DNAE 97 &= &3l sgRNAS] ks #ol= WHER S5l 14
el dekel FHE B Wlo|t3]. CRISPR-Cas92] 85 Fol= EAY mosaicisme =°¢]7] Y&l 7 £
flok 2L Vs olgsto] Ak wAs Fal Ao WAt Sol4 ZRRE<Q] dInCJ Ak ZRREE Ade) 1ad
e molrY, detsetel el AZAS Ze Aes Lo o] Ak BAE FRIsH17], °H7 e} g7k EE

A& 7hsst we AW = slem4] 53], o Ak
7k obd Wi RAE ERIolR Ak el gt Ak
9 S HE T vk FHE 7L Jlof Sl &
42 7Fs7del =5l

fﬂzﬂ CRISPR-Cas9 A|2RlE d-8sto] G4 4k A2
& wheIRlE B2 AgEe] AlE AL Aoﬂi RSk
ﬁ%% AR AR Slek AN 2aE fushs 44
A1 polyphenol oxidase(PPO)E 3% % CRISPR-Cas9
018l PPO 4127} A7) w3lo] wkEolA JE sl
tHel. w8 S50 A T 7S DSB Akl Alole] waxy
A2 CRISPR-Cas9S o83l 2178 AE2AE 2ol 4
A8 S48 o sl $ 5 9 QDL 19
o ErhE, W, ¥, 9o § rlk AEEC] HSI% AT
=R ‘é}ﬁlﬂﬂ At} ErkEelA 3709] sgRNAR 7+
CRISPR-Cas9 A|2~8s &-8-61] LeMADSRIN -34S it
Hsjo] oAEA o] o e AL APuATHS]. B
ek £48 A 07)= wheat dwarf virus(WDV)ol| that
Wids 7H dulelels U Ak SR CRISPR 44k
s E3 vl HF Al vlol DNAZF B3EA] o
= ol WS JIEFITHI]. Chlorsulfuron} bispyribac
sodlume EE Fovt Azl Fo %A ALST #4
XPPJ D71 LS wgsto] Aol AzAel el sl A

& IRJAFH10]. B 20]e] F31AE wdste] Zucchini
yellow mosaic virus$} ipomovirus, Papaya ringspot mosaic
virus®l thek s 2= 2015 AARITH11]

CRISPR-Cas9E ©]83 faAwgde HHO0R target
guide RNAS] 47|M Qe 93l AH¥rR, wyo] o]fx
GG Has ] SleliMs Folidol ﬂi% sgRNAE
AABR= Aol FasttH12]. sgRNAS] -9 Ade] o7}
20702 7] witell RhE7] ks Aol SNt Al el
A Lol EAE gEo] Atk FA Dol & 73 st
o 9] 9ol TR AR el AR i) dofuka
uehA ks Ak gde A 5 Jlok A Lel o
3 sgRNA®] w7 H&E 48] =ellM =2sof At
sgRNA°| thgt off-target &S V|g] 52 F U= AL
glo] AlEal 9AvH13,14,15]. FHH oA 7bA] sgRNA®] wh
o frad wAEEo] WaSH: olft AEs] QA oA
AtH16]. THE sgRNA Wl GC H]goﬂ uhe} sgRNA AR
o fgo] Mekd 5 glov] Aznky xo] ule} sgRNA
o] ggo] Wkt B} Qlth15]. 1y &84S #o]
7] $19) sgRNAZ AAlk7Ic ks wl, g Solde

)

mlru

7Vee Medicago truncatula)®) 73-5- W71t UBQI10 ==
HHE o] g3l oi71gdiel witizharelA 242} 95%, 70%7H]
A a5L Ak o:ﬂ7]. 011:].[18 L I Tr?ﬂx]— 4
a3 =017 Y8} W3 (Vitis vinifera L)/ VvU6 =25
B9} UBQ ERKEIE o83 sgRNAS Cas99] &S
771715 FeH19].

AnkA o7 25 YA W2 ARk o] F9ju =
IO 7 CRISPR-Cas9 A4S Agslo] glof ngNAQ]
w55 g g Adehs 21 A A 249 &
A& A =Y 7 Stk 2HEe] Wl3t Agrobacterium s ]
8%t transient expression " FAHE o]Ho|| sgRNA
o] a84S I 5 Sl I BRkek A A
9 Az gy, ol wele] el Al wet
A agol] vl tEA e EAHES Bith
o] =EolME ALS2 +4AHE EPIO®E SH= sgRNAS &
2 W Aol mek éﬂfﬂ"’ﬂ HlwgtozH Tzl &
sgRNA? kst fd4nd a8 £ As HS A4

ml

Mz ¥ U

EOLE XHHY =2

EnlE(Solanum ]ycoperszcum cv. Micro-Tom)&
opA717] flall Lol 8 E(F-, tel=)ol EvtE FA5
wE}, BEnfE 3} ‘ﬂaLOP—a‘ Q8 4C oA 5L AL A
2] akar 25°CollA 12 hr/12 hr 37], 95 pmol m % s~ !
o FrollA mjeklt)

=

Vector construction

sgRNA+= CRISPR-P v2.0 (http://crispr.hzau.edu.cn)
£ o]&3to] 20-mer?] R AR DNA &35 tjARIT}
(Table 1). 100 pmole ARA L= F BF 25 ulolld 9
5C 10% A2] § 10%0] 2°C4 37C7H] 225 w4 double
strand ngNAi ‘ﬂi%‘l"/}. Annealing® sgRNAE At
4 EspAo® AHE pYPQI141A WE| (Addgene plasmid
ID 69290)°l cloning®th. sgRNAZF =¥ pYPQI41A
HE]= Cas9o] 23HE pYPQI154 #H, 1231 pMDC32 4|
E]9} 8 LR clonase(cat#11791019, Thermo Scientific
Inc. v]=)E o]&al Axg vk Axgo] =ele W=
Agrobacterium tumefaciens gv3101°] electroporation
WHoR e Jivk
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Table 1. The primer sequence used for amplifying sgRNA target region of ALS2 gene

Primers Sequence
ALSO-P forward CTATTACAGGTCAAGTGCCA
reverse TGGCACTTGACCTGTAATAG
1 primer forward CCCATAACGACGTTTCTGAACCTG
reverse CCCTCCAATATGGAATTCAAACCC
2 primer forward ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGTGTTTGCATTGCTACCTCTGGT
reverse GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGCTTCACGAACAACCCTAGGAATA
o forward kaist index forward primer
3" primer

reverse kaist index reverse primer

EOIE m©elS 0|&S!t transient assay

CRISPR-Cas9 '#d ¥EE 33t Agrobacteriums ¥
=2 AAS FAPIE o4l EvkE Wole] F{lFch 74
§ Agrobacterium+>- 28°Col|4] rifampicin, kanamycin,
gentamicin F8A7} 323 LB broth 5 mLell aHF &<t 1
2} wlje¥st F, rifampicin, kanamycin, gentamicin®] 33
¥ LB broth 5 mLl Agonm #£©] 0.97} 2 wh7k4] 22} ujoF
ot Tk molog FAke] flaf wieke Agrobacterium
1 mLE 6,000rpm °lA 13 < 4] st Jd=
Agrobacterium< $+%-8-9 (1/2 MS medium, 1% sucrose,
1 uM TAA, 10 uM zeatin, 200 uM acetosyringone)ll 7|
e 5 28°C, 1A17F 303 B3t =3hleF gtk 1 mL FAL
7)(cat#26G, KOVAX, tjgtyl=h)E o]gsto] EntE ol
Aol gdo] A wl7hA] oF 30 uL ~ 50 uLE FUUCh
Agrobacterium% T3 BEvtEE o] 5U7F 7} wjjoks)

AR & Ele] AREFTh

Genomic DNA £& ¥ T Y

Agrobacterium %] F 547t vjokd #els FH3te] o
Ad2E o]gdl| FA3) TissueLyser II(QIAGEN)E ©]
&3l Hels ds] v 1 [20]00 7leE FEEE ol

$3 EvHE genomic DNAE FZ3I9ItE 34ist EvlE
A|5E Edwards buffer (0.5% SDS, 200mM Tris-HCl
(pH 7.5), 250mM NaCl, 25mM EDTA (pH 8.0))°ll #&
3}3l SDSE 1%7F H =% H7kst 3 65C oA 5124t vh3-3
T} ©]% 1 M potassium acetate 27104 Tl v} A 29}
HEL HAAYL} o]% 13,000 rpmoﬂ/\i ARF] T A=l
< FkaL 300 mM NaOAc, 50% Isopropyl Alcohol 3271
o|4] genomic DNA AW Genomic DNAE 70%
of —%oﬂ AFeE & 32 STl genomic DNAE 9
PCR HES-of A}&-3ic)

= o
[l
1
E

PCR AtZ2 E7IME 24

EntE Hololli &3 genomic DNA A5+ %4 F4
A1) sgRNA -5 X8k 0.5~1 kbp 9121E 12 PCRE
ANt $EHE PCR AHES 1/1002 3)45ko] sgRNA

Ei‘

SH= 150~200 bp $1*5 24k PCR 3t #F index
sequence 43} 918k 32} PCR index primers AR5t
ﬂ/\]ﬁ"ﬁ‘r 7} PCR >Zefo]mli= Table 10l A8 PCR
HEE- AHE> next generation sequencing W O % 1714
& wAstarle] esolilE, #=) 971ME gE= CRISPR
RGEN Tools (http:/ /www.rgenome.net)®] Cas-Analyzer
2 e Sl B A4 R E S ARG, Ak 2
A Ae] A= AlLJskaL Q717 AAEAY ARlE A
e w7 EE ARt AR

RNA &1} sgRNA 2siQfF =40l

RNA 552 Q1agen (Hilden, Germany)AF] RNeasy plant
mini kitelA #lesk= Bel whet 2133k 59 RNAE
scaffold reverse primer 5-ACCGACTCGGIGCCACTTTT-3
9} actin reverse primer 5-ACCACTGAGCACAATGITACCG3
& |44l reverse transcription W& (SuperScript™ III,
ThermoFisher, 7]5) 2% 1% strand & #J3tL ALS sgRNA
forward primer 5-GATTGCTATTACAGGTCAAGIGCCA-3
7} actin forward pnmer 5-TTGCCTATGIGGCTICTTGACTA-3
£ X33 PCR HHe-= A3tk %5 ALS2-P sgRNAS}
Cas9 fr3lAh= W72 Fall BAd= Hlasklal Image]
T ae olgs TAREE Asilth
SHXz2| U

sgRNA && 542 EvlE JFHR 48]0 HA 6WHE
O% FALSt] F 243 o)) Algelr FAHY. A=
ATE I gAow el
um ¥ oy
sgRNA C|X}2l 2 #lg xHx&t

EntE wolS o] &3t transient assayE 3317 913l
dAo® B85 sgRNAE TRl 2 At EnjEo
A sgRNAS9} Cas9 Has 9l WE AxF> Lowder
et al[21]2] W el wet ATt 3 H HE = Cas9
HAARE 355 ZEREE, sgRNAS} scaffold s Arabidopsis
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Fig. 1. Construction map for targeted mutagenesis of ALS2 gene.

U6 Z2ZWEZ HA} F730KFig. 1). B4 %123 ALS2
FHAZ CRISPR-P v2.05 53 A7} wols g3t
sgRNA &8 S74lA w2 a80] AFH ALS2-P sgRNA
(CTATTACAGGTCAAGTGCCA)S A3t}

EOIE mQlo| % it

CRISPR-Cas9 A|A~HS] EnlE wWolojA] transient 3l
= TYs] sl WA G W ErpE welo] o] ks
4 ithFig. 2). BES 11, 15, 19, 183 239 Ayt
ErpgEo] mole 247} 0.9, 1.9, 2.5, 1)1 2.69] et o]
LERAITHFig. 2A). B9l o] 54 435 EdlE EvlE
g F 199 o]Felli= 2o Zo] o] A=
Ho} dlg § 1990 EntE Holo] kst sho
AoR AP} o]F wele w3} AR Xglsh=
eIty True leafQl 1%t/27 Q)& ks & H 149
1 mm 27| ©]&t9] primordia & AEZ o]
AL 239 el Wolw) nisest 27|74 A

o
o

ool oo

>

A

ox M O s g

dt N bt o [l [oH
o, 2
mlo = l'E

)

o >

(3

ENlE Mg F7]0 [}Z sgRNA &8 Hst &3

W T 1195 49 F o7 AASE Ay 199 @ o
AelA sgRNA 174 f&o] g3t vl x A &7
O U 7FRA) Bela] dAsta w2 Ay Helt
(Fig. 3). 199 WoloA wH &2 11 el vls) Ftsk
715 oF 5ul] =9ktk 239 ollAli= 11 el H]s) oF 2w
= Ueh 199 Sl vleiM e w2 gks vERich 159
9 1149 A vss Fgks Ve 71dE S Sle
TR &2 Hogke A5k flste] b QoA
U7ks vlweksith Feakd rERAR 199, 239, 159,
119 2% A vepd A8 & 4 ik 199 "elolA]
age] Hogke 5.8% % YeRt URb o EntE wdlo|
A Zdishs A8 E8]l 1%E 3A Holde #he RStk
ol Mgl AREEl ALS2 #-%AJel| th3t CRISPR/Ca9 &
A 2] o] FHolup] tARIE sgRNA H3 52 a8
< YER7] wizoz AJ7bEn) 53] 2399 A Hugtol
1993 FA ztel7h WA FARE ARES] W9l (interquartile
range, IQR)7} 19%¢l| v]3l] 21 Zo® yeht} g8 =4
gF Wol7h atke Zs IRtk 199 9ollA sgRNA w7
a8 Hugk> 1199 159 7 v A oF 3.2, 3.14)
=7 Uebsth o)9} 22 A3 AnE ng Rl 19Y o]H ¥}
o]5-o] wele Fig. 264 BT /o] dmsa Jd &
tjAkEFo] 2alst A7) 2 355 T2 REQ &4 F7te} o]

A 3 -
Leaf length
2.5
— 21
1
L
£1.5
2
L
- 1 A
0.5 4
0
11D 15D 19D 23D

Fig. 2. Leaf length changes during the tomato cotyledon
growth. A. Cotyledon length was measured at four
different day points. B. Pictures representing growth
status at indicated day points. The white bar indicates 2
cm of length.
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Fig. 3. Change of sgRNA efficiency during the cotyledon
growth. The lower, middle and upper lines of the box
graph indicate 25%, 50%, and 75% of sample groups,
respectively. The average is indicated as x mark in the
box. The highest and lowest value showed as upper and
lower whiskers.
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k2 CRISPR-Cas9 E3H) F7kel| 93 w7y &&o]
Ao R ot spAIRE 214 o]F-2] Hol

L3l HoTe
of & Wol7} gy,

rlo

5_7}-‘8]—
s Bl
= AIZIE o] we] HolefA = sgRNAS] &8

CRISPR RGEN Tools& &3 #41¥€ target guide
RNA?| 4 events HERtHTable 2). 5 77187 ngNA

Wy &&o] 7P A vehd delM 2AE events

Table 2. In/Del pattern analyzed from NGS

3L

ar

Alstelt. 28 719 ErkEC)X PAM sequence? 5% 3

%
~ 794 A E TR 7] AHAe Akjle] o]HR Aow
Ho} CRISPR-Cas9°l &3t wAdo] o]FF & Ele 4= 9l
o) gk g fo] =2 199 "o it 4 Qe BE
F79] deletion eventE &Q1E 4= 911, 19U wolojA
CRISPR-Cas9 A|AHS =& wAFTEHS TS Elgh

% 9k

11D #read 15D #read
CTATTACAGGTCAAGTGCCA 64102 CTATTACAGGTCAAGTGCCA 55733
CTATTACAGGTCAA-——CCA 700 CTATTACAGGTCAAGTGACCA 93
CTATTACAGGTCAAGT-CCA 427 CTATTACAGGTCAAGTGTCCA 58
De| CTATTACAGGTC-AGTGCCA 4 CTATTACAGGTCAAGTGGCCA 38
CTATTACAGGTCAA-——CCA 3 CTATTACAGGTCAAGTGCCCA 25
CTATT-CAGGTCAAGTGCCA 2 Ins CTATTACAGGTCAAGTGTATTCCA 4
others 6 CTATTACAGGTCAAGTGGTATTCCA 3
CTATTACAGGTCAAGTGAACCA 2
CTATTACAGGTCAAGTGTACCA 2
CTATTACAGGTCAAGTGTGCCA 2
CTATTACAGGTCAAGT-CCA 193
CTATTACAGGTCAA-——CCA 144
CTATTACAGGTCA-——-CCA 124
CTATTACAGGTC———~ CCA 69
CTATTACAGGTCAA--GCCA 32
CTATTACAGGT-——---- CCA 31
Del CTATTACAGGTCA--TGCCA 29
CTATTACAGGT—————~ CA 14
CTATTACAGGTCAAGTG-CA 13
CTATTACAGGTCAAGTG——- 11
CTATTACAGGTCA-—-TCCA 10
CTAT—————— CCA 9
others 128
19D #read 23D #read
CTATTACAGGTCAAGTGCCA 66660 CTATTACAGGTCAAGTGCCA 51952
CTATTACAGGTCAAGTGACCA 283 CTATTACAGGTCAAGTGTCCA 171
CTATTACAGGTCAAGTGTCCA 203 Ins CTATTACAGGTCAAGTGACCA 163
Ins CTATTACAGGTCAAGTGGCCA 110 CTATTACAGGTCAAGTGGCCA 149
CTATTACAGGTCAAGTGCCCA 57 CTATTACAGGTCAAGTGCCCA 57
CTATTACAGGTCAAGTGAATGTACCA 14 CTATTACAGGTCAA-——CCA 453
others 19 CTATTACAGGTCA-——-CCA 370
CTATTACAGGTCAAGT-CCA 779 CTATTACAGGTCAAGT-CCA 362
CTATTACAGGTCA———-CCA 587 CTATTACAGGTC-——-~ CCA 174
CTATTACAGGTCAA-——CCA 436 CTATTACAGGTCAA--GCCA 110
CTATTACAGGTC———-~ CCA 268 Del CTATTACAGGT————~ CCA 88
CTATTACAGGT————~ CCA 146 CTATTACAGGT—————~ CA 4
CTATTACAGGTCAA--GCCA 133 CTATTACAGGTCA--TGCCA 39
De| CTATTACAGGT-———---~ CA 62 CTATTACAG——---—— GCCA 27
CTATTACA-——————~ GCCA 52 CTATTACAGGTCAAGTG-CA 26
CTATTACAGGTCA—-TGCCA 47 others 239
CTATTACAGGTCAAGTG-CA 46
CTATTACAGGTCA———~ CA 35
CTATTACAG—————~ GCCA 30
CTATTACAGGTC—-TGCCA 27
others 288
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E0lE Mo MSXJ|0| M2 CRISPR-Cas9 INEE
tH35tof| CHet nE

CRISPR-Cas9 wdado] 2 WolE Hehlls 2
Agrobacterium & ZE| transgene®] H34ek H312F Ay}
74 9l transgene®] EVFE A=) A9l wdaby, e
I wele] AelA Adelel wheh Ay &fo] wig- thE
A Uebd 5= 9l teFg olfE Azl & S Qlnk Bk
A E transgene©] AEE ] Q)AL o]F Cas9 47
S} sgRNA7} HAE]7 |7k 9] G873 Cas97} sgRNAS] 4
A S SATORMN 53 & 5 QU o E flal &
A ALS2 A2 & S AR AR 3 AR
] RNAE 5319 Cas9, sgRNA H&YS Z74310 M=
] w3kt Fig. 4). 23 27t 199 HelelA sgRNAE B
ollA vlseet ks YeRlOY Cas99l 7-¢ 19934 23
UollA] Jthz| o & Folxl ks e 4 Qllth ol g
A= Wolg o83 transient &4 CRISPR-Cas99
aE4o] welo] el mE Cas9 AAHAS] LAY, oA
TallA 355 LR REHO B4 Sk A FdE 2E 9
Eis=g

EvhE Holo] S 7|3t uhE EvkE JAdghe] Aol
£ 1] flgk A3E0] A APHSIT Rai groupelile
EnpiEo] ARS-¥l Agrobacterium -9} AFHglo] B 2
gl QlETh= ofdd Qleld o A FAHS] dojup= A
7= HQItH22]. E3 Mazumdar groupoX® A % 3
~99e] EntE Heolow AT Ayt JAg g0 A
F g7 AfolE walon, 395 Y At Tkt 6 WSl
oAl FHrijA]ell o]= a1 o]F HA} FAFTH23]. Van group
elME 74 olah, 157, 1L 277k A 389 welow

G855 AT A3 vort o 5 AAE I
b= BlEoly o et Ag fidhs e &, e
& Fat A 7 FeJs Sk AdE BSiTH24]. o]
13t A2 Aol g5 o B of QloA 2isle}
st o 2 dofup of= FHME Al A A AT 7
g aRgE Aol AAEE IS T folshAl FhrH2s].
FE o Q12 o W tiAke} o] dold ThsAle] Sl

—_—

it
[

ol
¢

o

A B & 2 msgRNA/Act
11 15 19 23 (days) '% 15 mCasS/Act
SGRNA e e e wes g
Cas9 we w g W § !
ACt v = o= - % 0.5
[0

0
11 15 19 23
(days)

Fig. 4. sgRNA and Cas9 transcript expression during the
tomato cotyledon growth. A. The expression level of
sgRNA and Cas9 after Agrobacterium-mediated transient
expression was visualized with reverse transcription and
PCR amplification. B. The expression level of sgRNA and
Cas9 is quantified from image. Actin gene expression
level was used as a reference for comparison.

o, olo) wE} FAASA Q3 AF TR Fo| o7
A Y B2 528 FASH24]. wEb gubgo R FAx
32> Agrobacteriumel] €$t T-DNA ¥} Aeis YA
o]% Alst FA7HA] g FAAS W] gl 4
HER ofgd WS ARgsto] A=l gite) Alistel
& =ol Zlo] AA A &&& TuAZE F Us AL
2 A7) sAT 2 Ao s gaste)l Ahtst o]
= T-DNAS] dgaiyvts Sk Bilos A4y
s8] Adet WalolA o = &S Yehlls, o o9
HolollX A go] SoiE= e Aol A3E
Al oli= HHlE o83t transient W T HE Ao

A ZaE 4 Qe Ayo|n 53] CRISPR-Cas9 AlARNS
o) 3!

ol
(o m:10 o

S
=
5

AUEE 7140 R 9 7 ol Wlolr: s A& 9
Ak flallA 7P Wol 851 gl Agrobacterium
w7 @EAek 9 RSt WS Agrobacterium ©]8-%F
T-DNA He3Hg o] 2w 5ot 2istel Awst 7
e 5 2ol A4 At ok ek FAMSAE 47

9I8 5 41 710) Ash AEAS fAIE olgE A%

ol
o}7]el|A] CRISPR-Cas9 Al2~8le o] 88 782w Cas9
Al2El ARl ohet HEE Cas9 Aol Atz 2
sfo] J3E fHAE wshs 3Hdol S os desta &
E Ak WY 88 sgRNAY ago] drxloct. upe}
Al Cas9< o] &3t A& Fatn oA sgRNAS] &5 @

=

N
~

(
==

2] Adske A2 dAAS 7)gks dHATI AL S d3E
T S W0l ®nk & Aol yehd Erke Hels 2%

= 199 ol$9] Hels &EowH
sgRNAZ} ¥ 402 wgdS 913 #Hole] g&5 Uehl=
el Ak sgRNAE AT 5 a2 Bt oA
RE 199 o] 59 Qe 1143} 159 Q3 nlwsie Stk
50% wWolFo] £7]A 0w AHEA| o= Z, A HEFol
048] 1% ol o]2= 2 2% Ko}l Agrobacterium< ©]
88 transient W A3 HLw /WS 1 AEA TN
o] ojxds] doal Heltk
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