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Abstract The CRISPR/Cas9 is a core technology that can
result in a paradigm for breeding new varieties. This study
describes in detail the sgRNA design, vector construction,
and the development of a transgenic plant and its molecular
analysis, and demonstrates how gene editing technology
through the CRISPR/Cas9 system can be applied easily and
accurately. CRISPR/Cas9 facilitates targeted gene editing
through RNA-guided DNA cleavage, followed by cellular
DNA repair mechanisms that introduce sequence changes at
the site of cleavage. It also allows the generation of heritable-
targeted gene mutations and corrections. Here, we present
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detailed procedures involved in the CRISPR/Cas9 system to
acquire faster, easier and more cost-efficient gene edited
transgenic rice. The protocol described here establishes the
strategies and steps for the selection of targets, design of
sgRNA, vector construction, and analysis of the transgenic
lines. The same principles can be used to customize the
versatile CRISPR/Cas9 system, for application to other plant
species.
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5 B YA Xanthomonaso| A Zr7ASE DNA Q14] systemS
o]-8-5}H A| 5] ZEN O] DNA Q14] G & o] 7] Q13 nuclease
(transcription activator-like effector nuclease, TALEN)7} 7} &t &
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7159 o] &9l whet AlE oA B, FE ol A= Al Heta] 4
2 7], v A 2ol A = ES M| = L iPS A £ o A] Al mH Y 0]
&2 0 &2 W’ 31 ] Q) th(Lietal. 2012; Shan et al. 2015; Sander
etal 2011;Flemretal 2015). A|A| A o2 FE QT Q= A&
& 7les 2 AEo] obd AHEo = 48 7H53 TALEN
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RGEN (RNA-guided engineered nuclease)2| A%

SAAAYS 913 BIER 54 §479] seRNA (single guide
RNA)+= CRISPR RGEN tools (http://www.rgenome.net/)2 ©]
/-3}of T &} 213}tk (Park et al. 2015). RGEN t] Aol &2
YL 1A A H A= Aol A St 44 &
71 Xl & % CRISPR/Cas9 (Clustered Regularly-Interspaced Short
Palindromic Repeats/CRISPR associated protein 9) A] A€ o] 9]
A1 5}= F-91 21 PAM (Proto-Spacer Adjacent Motif) 5’-NGG-3’
AEES AT 3 PAMCZ R E Al245ko] oo = 20bp 9]
SgRNAS A 2522 ekeof Qick =2 19 AL g
AFO]E F 4+ T Cas-Designer 2 50 714 3}+=PAM type=
s 4= 9l o, B o FLof A= SpCas9 from Streptococcus
pyogenes: 5'-NGG-3' & A1 A3} At} I o} target genome
& Ao}, §A 1A DS FOA AEHRE 0% HE
H= A ES 3| 1,000 bp o] U] 2 target sequence©f @2
5 submitE 2 2] g}, 74 of] o5 ¢ o 2 sgRNAE 5ol A
= mis-match 1, 20| A} off-targeto] | 7 & list 1-0-02. 2 L}-&

A1, 30%~70% Aol 9] GC g o = 14 ] 11, out-of-frame
score7t 2 A =02 A Bk A o] vhEA st of score
L indelo] o] -2 ] frame-shifih 21 o] L 7h54 & of =
stol 7128 AoR £& 52 970 ol Aol 75
40] Th3 % 4 9ok o] %] AT sgRNAS- 3h
Cas-OFFinder2 50714 €2 3 mis-match 2 S 3 ~ 474
2 3}o] off-target&2 Zrotuof list 1-0-0-02 =2hdch
Off-targeto] o A5}HA] ¢h= ol 7F 4 7hs Aol &2
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oA A o FHAG 4~ 57 A A sk ARE-RIT

C|XfoI=l RGENS| &

A7 sgRNAS-& PAMA G2 A| 9] 32071 8] A7 5 ol &
5}o] target-up: 5’-ggcaGNNNNNNNNNNNNNNNNNNNN-3’
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A3} pPZP-3’Pinll-Bar-Cas9-Os 2] darl A|StA 4 AFO| E=
sgRNA-Cas9 ¥ €] of] 1 &5}4 cloning©] 7}53FcH(Kim et al.
2016). sgRNAS A4 5HH, 24249] 20-mer S| 3l S At
=HlgkaL
T4 ligase buffer 5 ul€} target-up oligo 5 ul, target-down oligo 5 ul,
DW35ulE 2o] & BEEFS 50 ulZ 3} 37°C 30, 94°C 55
A e) Sl 282 ket 1°CH LB thao] 3087F 59 T,
2= 7}30°C7}F B oh2-of 10°Cof 4] 105 %] 2] 3} double
strand sgRNA T H-& W5 Ti-plasmid B E] L2 A] insert 2
AHg 3,

&, target-up ¥} target-down-2 100 pmoles = F¢

Ti-plasmid #E{LY Cas9 |TAL #5

A& F 2ol A& pPZP-3’Pinll-Bar ¥ B & ©] -85}
Hindlll/Smal 2.2 A3}s}a1, o|3Lo]| Hindlll, BamHI, SnaBl,
Sacl, Xbal, Nrul, Astll, Pstl, Smal 52| multiple cloning site S 3+
/dslto] cloning 3ttt WA, A& FAMSE ERHA=
pPZP-3’Pinll-Bar Wl E] S =W E] & A}-83}0] Cas9o] CaMV
358 32 2 m ¥ o] o] A o] H 1, sgRNA L= OsU3 3L &2 1 g o]
oste] HEE R 2 Ahste] ARtk AT 2
A g AEA O] A 918 A= CaMV 358 Z = WL o
O] 5 A| o] =)= Bar - A A& o]-&-5F itk A WA Z+=pPZP-
3’Pinll-Bar ¥ € 9] Hindlll/BamHIA} 2] o] p35Se} A3
o F WA RE F2E 3 A U E S BanHlSac © 2 7
2 3 Cas9i} AT A WAL OsUITZ T E o
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sgRNAE A A3}7] 93t darl site W Xhol site S @ o] 5
Aot

o] ¢} 7ol wl¥| o] 7] & = (pPZP-Cas9) o] &/d = 4arl A
A AE AHE-SFo] RGENS 2 0]+ ¥4 o] E 8 5}t pPZP-
Cas9 W E] Z2}2Au]= DNAE 2 ug £4|3} L, Aarl (Thermo
Scientific Inc. USA) A| 3+ 4~ 2 ul (4 unit), 10 x 4ar] buffer 5 ul,
Oligonucleotide 1 ul?} DWE A 7}310] & EFS 50uld 2
% F37°Co0 A 3AIE A el gk 1 % A elol A A A
£ 2 150 =2 target-up T} target-down 2] RGEN-S- Aarl
27} X3y e e of AAgeh WE = 24 10ng S = FH]
5}, RGEN 2 ul, T4 ligase 0.5 ul, T4 ligase buffer 1 ulZ %] 7}-5F
FIDWE & EE 10 ulof] 5511 16°Cof 4] 3A|7F A 2] 5}
AL, B 9 o B4 IHE 9Jko] 65°Col| A 1027 4]
2] 3t & DH5a competent cellof] & A A3} 51 %t} & A A3
HIH 0 heat shock ] © = positive colony S 2-37}] 4145} LB
spectinomycin 50 mg/L5 3 F3F A A ul) 2] of v ¥}, sgRNA
TS A7) SIof i 1 ulE o] §5Fof PCREA] £,
Xhol & 2 4:3}slo] Heko] B5 A7 5o osf &2kl
T} PCR ZF}o| = Fw: 5-CAGCTTGGCTCTAGTCGACC-3’,
Rv: 5’-CGGTGCCACTTTTTCAAGTT-3’E ©]-83}¢] 95°C9|
A 5E-71 pre-denaturation A] 71 -, 94°C o]| A] 40 2 7} denaturation,
55°Cof| A 4027} annealing, 72°C o) 4| 157} extension 274 S
35 cycles 2 21395}19 0 i, u}x|uf o g 72°Cof| A 557} extension
2 A A 5ho] B 5Holch AT W E = oF 509 bpol A 17
o] M= 2HQlo] 7h53}H, 434 bpo} 86 bp o] 271 WH =7} K of
ZIthH RGEN & 4F¢f o] o] £ 2] 2] ¢k A o = wehst§l
. 2% SHelEL PR A2 712 20] ol d) 25 o
Q1+ 3, Agrobacterium tumefaciens EHA1050]) & 274813141}
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Aok ] 242 9J3ko] B 1] £142 2 mgll 24D7
El N6 A =] of] X F3}o] 30°C A | A 244 7F
MOpA] 7, v B-Bo] B Eol @ 27] A AHg $A12 15
mL 9] Agrobacterium AE- Y o] G A= EHof F7} oF 20
27 ST TS BT Beivo)n o] FA2 Loy
o} o] & 9] Agrobacterium< A A3} At Agrobacterium< 7
23t 225 1 mM dithiothreitol (DTT), 3 mg/L silver nitrate
(AgNO3), 0.5% gelrite7} E3HE 2N6-AS Bl 7] ©]o] T &l o]
& E1L 2)4Fske] 25°C Aol A 3U 7 35 vl oFak gl
T, 5 o) AR e o]y s Lol S
A AT v 2] of] 2]4s}e] 25°C oF 2ol A 4L 7E 55 vl
S} th(Lee et al. 2011; Jung et al. 2014). 71 & A H 3L v x| =
22 vhc} Aculekstol BAARAE AT $4
7t = H FAASA = Barg A AR 5o 10074 9
A A Fo A Z 45719 FAA A EAE Eol =2 8

CFARSAY A DojRl 13 A EAE
pPZP-Cas9-RGEN HE] 9] =415
o A3 YO ZEE genomic DNAE B
=5 AE Bar Y nos terminator 50| 53-8 primer
el o §5}o] PCR 4 S5}sich. ol ) A5t 222
o|H= forward: 5-CGTCAACCACTACATCGAGA-3', reverse:
5 TTGCGCGCTATATTTTGTTTT-3' & A 2H5}o] 95°Col|A] 5
B.7} pre-denaturation A] 71 3, 94°C ]| 4] 3027} denaturation, 58 'C
o] A 3027} annealing, 72°Col| A 157} extension Z}7 2 30
cycles= =315} 1 O i, u}x|ak o & 72°Cof| A 557} extension
AAIshel EAIsISie

fi 10
f
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X,
ot
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NGS == et HOlx| =0l

Qx| A|ZH5t pPZP-Cas9-RGEN W/E] 5 S0 4 £ A
2 57H9] RGEN 5 7H &80 2 RGENo| 4+¢] & )
B2 Aluksto] weh ok 2 o] 3 B Wol A2 Shu o} At
RGEN® 2 37]¢] .15 Zujalo] 7Helatx] 1 v 7217
2470 & gt Bof] obA] Gk F 2 A kitE AHE-
glo] DNAE &3 o ghffstal 3stitz o) 2| s)o]
next generation sequencing (NGS) 418 =38 5} 3 th(Park et
al. 2017).

Tag-Man PCR =415 &¢t single copy M

A2k 2k At ofl A single copy 2 =<1 A E A&4
2 4u+5}7] 919 TagMan PCRO| ]3] G472 %25}
&t} TagMan probe real-time PCRS £]3}¢] 2 x Brilliant |
QPCR Master Mix (Roche, Switzerland) 10 ul, dH,O 5.5 ul, 10
pmol sense primer 0.5 ul, 10pmol antisense primer 0.5 ul, 10 pmol
probe 0.5 ul, 323 DNA template 3 ul 2 total 20 ulZ PCR tube
o] Yo 3 33tHS thermal cycler (7500 Real Time PCR
system, Applied Biosystems)of| A 523} o S =t
oR WRE R4 FAABA ) LT FHOIA 258
DNAE o] §519 L, 4 o 22 0.2 olv] A58 § A4
A T homo A §2} T, hetero A 2] DNAE ©]-8-3} %4 t}. TagMan
probe PCR HF-g 2 A-& 95°Co]| A 10E7} predenaturation A]
71 &, 95°Cof| A 20% denuaturation, 56°C o] 4] 15 annealing=
403] HH& A A3} 31, annealing BH-3- 3 9]] Quencher 2 5 E]
B2 5 fluorescein FAMo] A3} 2 wjulc} fluorescenceS
2] 3} 11 22 X & cycle 93(ct)+= amplification plots = 3
& 5} FAth. TagMan probe real-time PCR AR B4 ¥ S=
AHE-2 nos terminator2] £-0] & Q1 labeling 3t probe primerS
o]-§-sfto] A = 3t
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i o] A}¢] o] B PCR AMHE-S Xhol site 27 of] 2] 3 21519
sgRNA CIXI2l 3 CRISPR-Cas9 HH +15 TH(Fig. 1B). T-23F W E] 0] 90% 0] AF-LS sgRNA7} 2+ AL¢l &)

CRISPR/Cas9L I A B4 3= F7]|A4<EL 2l /:} S}+= single
chain guide RNA (sgRNA)2} A
T/d = o] it sgRNA&= 4]
guide sequence £ 3}FStC} 1 Al 3]
A 3}7] 98} CRISPR RGEN tools 3 & 7121 ] 3] OH
AT SN sgRNAS S E115to] 4
g ol o] ol 2 e AL AT F,Aarl ATEAE o] &
3Fo] OsU3 L 2 W E| ¥ of 22519 th(Fig. 1A). sgRNAZ} %
A 779 54 9130 <l 415hel ATHoHE sgRNA ']
O] PAME Q1A]5}o] DNAE #Ha}= 4= 9l 8 49] Cas9-2
358 TR RE Y o4 2HEEE HES L2519 tHFig.
1A). ol % W65 DHSao] 5 4 A2 ¥, vjokel
o] colony PCREA 5L T Primer2+= 0sU3 22 L E 4

sgRNA  Genome .

INNNNNNNNNNNNNNNNNNNNNGGHN
NNNNNNNNNNNNNNNNNNNNCC

o] single =2 YEFGF O L}, 2F 10%+ 434 bp2) 86 bp 2] T+
¥l == 1 ¢ chFig. 1B). PCREA/Xhol 27+ sgRNAT} & =
A & AThAL 8F= PCR 42 A7 E& £ AFSE] &2l s}
A THFig. 1B). & A F of 4] 5-%3F CRISPR-Cas9 system-2 7]
o) ulE) w o} 7-25}7] go]813 A ol v ol A 3ta}
A S 4 slek AZHE,

T=5t CRISPR/Cas9 HIE{o| 52M It

=7 9 A2} 2R sgRNAZ 444 T 2}015}0] 742} Ti-plasmid
e} of -2 513 0] & Agrobacterium ' & 0] §:310] B %4}
5 callusof] 7FA Al & A $E A] 7 ch(Fig. 2A). sgRNA O]
oJgt 47 ©3 ol 2F 27| A 29 5 1578
bulk callus A TFS U= 0] total DNAS =&3F 3 NGS 84

design i
v GGCAGNNNNNNNNNNNNNNNNNNNN
RGEN CNNNNNNNNNNNNNNNNNNNNCAAA
sgRNA ik
bl \J Xhol v
assembly = GATCCGTGGCAGCTCGCAGGTGTCTCGAGAGTCACCTGCAGAGGTTTTAGA

CTAGGCACCGTACGAGCGTCCACAGAGCTCTCAGTGGACGTCTCCAAAAT CT

| STesR T Bl

b

Aarl

ScI X Nu At, Sm, P RI

sgRNA cloning |:|7 p35s ; Cas9

and vector RB
construction l

| |
| 3'PinII |0sU3p p3ss - Bar - Nos
sgRNA LB

Transformation into DHSa = colony PCR / Xhol cutting and Sequencing |

sgRNA1
SgRNAZ
SgRNA3
sgRNR4
3gRNAS

Fkkhkkhhhkhhhhhhhh ki

< Sequencing >

< Colony PCR / Xhol cutting >

GTGCAGATGAT CCGT GGCAGGAGCT TAGCACCTGGITGGAGTTTTAGAGCTAGRART
GTGCAGATGAT CCGT GGCAGCTGAGAGGRCRATGAGCTGGCGTITTAGAGCTAGRART
GTGCAGATGAT CCGT GGCAGCTCCAGGGCGTCGCCGAGGTGTTITAGAGCTAGRAAT
GIGCAGATGAT CCGTGGCAGGGGIATGGTI GTGCARTIGGGTITTAGRAGCTAGRART
GTGCAGATGAT CCGTGGCAGCRCTT TTGGT GGTGTACAGTGTTTTAGAGCTAGRART
0sU3p GTGCRGATGATCCGTGGCAGGGCTTIGATGAGCTTAGCACCGTTTTAGAGCTAGRRAT

I R R L Rl

Fig. 1 Flowchart for the construction of sgRNA/Cas9 expression vectors. (A) Each essential step is depicted in the figure, including
sgRNA design, assembly of sgRNA-Cas9 into an expression vector, cloning of a sgRNA module, quick evaluation of the sgRNA
activity by NGS, and construction of a sgRNA/Cas9 expression vector. (B) PCR amplification of transferred genes (sgRNA) in Ti-plasmid
vector (pPZP-3’Pinll-Bar). Amplified products were subjected to 1.5% agarose gel electrophoresis. Lane M, DNA ladder; Lane 1,
positive control; Lane 2, negative control; Lane 3~15, each sgRNA module and sequences analysis of sgRNA region in constructed

Ti-plasmid vector
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Callus induction

Agrobacterium selection medium
e &3

EHA105 strain

l

‘ Activity RGEN selection | <

Yes Detection of targeted gene

No editing by NGS
RGEN
selection

CTTCCTTCCTAGCACTATATAAACCCCCTCCAACCAGGTGCTAAGCTCATCAAGCCTTCAAGCAAAGTARA

CGGAAGAGACGCTGGAACGCCGCCTGAGAGGACATGAGCTGGCCGGCGTCGACGACGACCTGCTCCTTCAG

CTTCCTTCCTAGCACTATATAAACCCCCT CCAAACCAGGTGCTAAGCTCATCAAGCCT TCAAGCAAAGTAAA ] Yes
CTTCCTTCCTAGCACTATATAAACCCCCTCCTAACCAGGTGCTAAGCTCATCAAGCCT TCAAGCAAAGTAAA
CTTCCTTCCTAGCACTATATAAACCCCC- CCAACCAGGTGCTAAGCTCATCAAGCCTTCAAGCAAAGTAAA
---------------------------- CCTTCAAGCAAAGTAAA

CGGAAGAGACGCTGGAACGCCGCCTGAGAGGACATGAGCT TGGCCGGCGTCGACGACGACCTGCTCCTTCAG

CGCCCGGAGGAGGAGCGCGCCGACCTCGGCGACGCCCTGGAGCTCGCCCGGGCCGCGT CCGACGACGACGC
CGCCCGGAGGAGGAGCGCGCCGACCTCGGCGACGCCCTGGAGCTCGCCCGGGCCGCGT CCGACGACGACGC
CGCCCGGAGGAGGAGCGCGCCGACCTCGGCGACGCCCTGGAGCTCGCCCGGGCCGCGT CCGACGACGACGC
CGCCCGGAGGAGGAGCGCGCCGACCTCGGCGACGCCCTGGAGCTCGCCCGEGCCGCGTCCGACGACGACGE 4 No
CGCCCGGAGGAGGAGCGCGCCGACCTCGGCGACGCCCTGGAGCTCGCCCGGGCCGCGT CCGACGACGACGC

COGAAGAGACGCTGGA - = = == == == == = == === === omm oo ACGACGACCTGCTCCTTCAG  ~ Yes
CGGAAGAGACGC TGGAACGCCGC - - == === == == === TCGACGACGACCTGCTCCTTCAG
CGGAAGAGACGC TGGAACGCCGCCTGAGAGGACATGA- == == === == == == == === == == = GCTCCTTCAG

C sgRNA1 sgRNA2 sgRNA3

Target

Control MC1  MC2 MC3 | Comtrol MC1 — MC2 Mc3 Control MC1  MC2 MC3
E‘;‘lﬂt 62300 | 58508 | 55730 | 59241 | 64785 | 57487 | 54883 | 65375 | 61645 | 63472 | 60633 | 63485
Mutated 32 173 165 405 3 %2 91 109 7 7 11 °
count
WMutated 0.0 0.30 030 | o068 | o0.00 0.16 0.17 0.17 0.01 0.01 0.02 0.01
ratio(%s)

Fig. 2 Workflow for screening stably inherited gene-modified mutants in rice callus. (A) The customized CRISPR/Cas9 expression
vector is used for rice transformation using the Agrobacterium-mediated method. (B) Sequencing assay. Sequencing data of PCR
products from infected bulk callus showing the target region. WT, wild type; MC, mutated callus. (C) Mutated rate analysis by NGS

technology with infected bulk callus

S A3
=T

J5} A ThH NGS 2] & 7] vl & 54,883-65,375bpE & o, H
ol &5 RARRE A3 sgRNA Fi7of whe} vl&0] E}E?ﬂ L
E}ETH(Fig. 2. B and C). sgRNAT H sgRNA29] 39 & 7] H
7, 24 So] wo] Aof5toL}, ssRNA3S] 29 WMol 7} 7
& LhehLb @Sk nheb A callus B A 4] 0] 8 1 0]
e e o o4 BAABAHL A5 A Fgren, W

o] 7} 5.2l sgRNAE A A o & A48kt 9 sgRNA
o whet § 74 H A 2ol 7t 1ol o] th) 4= o} 2
A A A R, Tk sgRNAZE H el 5= I o A o]
g0l A, Cas9 AAE 0|4 7ML ol FAIAF
X S84 Mol 7k ol ubA] ghis A0 2 AZeh 1 ek

Mgt sgRNAS) EAREH] 54

NGS £4 0.2 Wo| F&o| rhi Tekel sgRNA 41¢)

B2 Aasho] ¥ AW ABS S5t thFig. 3A). £ A

o A o B AAE A S 4 F 4800l AR ABE
Q0

Q8519 chFig. 3B).
8= 24 30704 2 ) 65714

£ QAgith. wheba] Ao ALES A AT Y-S Toki
etal. (2006)°] ST M & Aeahel AL A0 W)
7ol ok AekalA A8k & 4= 9l Ao TerEt,

AMSA Q| T-DNA =9 =21 U single copy M
sgRNA #l B 2 £33 | 23} A &2 =3 5, pot] o] 4]
Sho] A A tHFig. 4A). A A o] 55 A7) 913) TOA]
o o] A3} A& 7l A & Total DNAE 52 5}] genomic
PCR &4 4343} ¢ th(Fig. 4B). 7L A3} A-Z3}5}o =5}
T, Bl A A2 AEAY 9% FAMEA e &
A5t ol 5 FEALAF o]-&3te] single copy o=
7] 9]3 TagMan PCR £4 & A A5} 4 th(Fig. 4C). = 37}
O FAA &= 9] F A 5 5 sgRNAT o] A= 87| 4], sgRNA2
A= 971 A, sgRNA3 | A = 67§ 4] &] single copy& 415}
o] TI FAE AHEHAA T o] 4o A= R e Aot A
=4 94 T-DNA = ¢] ¢ & genomic PCR & TagMan PCR 4}
WO A 4 i w27 single copy 7} A FE A
SHA| *d‘?ﬂ_“’l 7hsstehaL A ZhE ot
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3 days co-culture > 7 days

10 days 14 days

21 days >  31days > 40days —> d48days

Fig. 3 Dongjinbyeo (Oryza sativa L.) plants transformed with pPZP-3’Pinll-Bar vector containing CRISPR/Cas9::sgRNA gene. (A)
Modification of Toki’s method. (B) a~c, callus formation; d~e, multi-shoot differentiation; f, regenerated plants in rooting medium;
g~h, acclimation in soil

sgRNA1
transgenic

sgRNA2
transgenic

sgRNAS
transgenic

c 2 CRISPR Cas9, T, single copy
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Fig. 4 Methods for detecting sgRNA/Cas9-mediated DNA modifications. (A) Phenotype of transgenic plants with the newly introduced
sgRNA1, sgRNA2 and sgRNAS5. (B) PCR analysis of bar and nos terminator region. (C) Selection of transgenic single copy plants
using TagMan PCR analysis. Lane 1, T, Homo; Lane 2, T» Hetero; Lane 3, Negative control and sgRNA/1, 2 and 5 transgenic lines.
Each level is generated from the DNA template of independent T1 transgenic lines. (Target gene probe, 3'NOS; Reference probe, Tubulinl)
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Fig. 5 Selection strategy for null segregant plants in T1 generation.
(A) T1 transgenic lines. (B) Bar-strip test with wild type and T1
generation. Analysis of the sample extract for the presence of
transgenic rice. The test strips 5 minutes after inserting the
strip. At the least, the control line should always develop
approximately 1 cm above the bottom sample pad. A red line
appearing below the control line is the test line, and indicates
a positive result for PAT protein. If the test strip displays 2 red
lines, the test is considered complete, and the sample is positive
for the transgenic trait. (C) X *test for resistant and susceptible
strains, estimated with the bar-strip test
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WT CTTCCTTCCTAGCACTATATAAACCCCCTCCAACCAGGTGCTAAGCTCATCAAGCCTTCAAGCAAAGTAAA
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TG2 CTTCCTTCCTAGCACTATATAAACCCCCTCCTAACCAGGTGCTAAGCTCATCAAGCCTTCAAGCAAAGTAAA
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Fig. 6 Genome editing in rice transgenic plants. (A) Phenotype of the gene edited plants. (B) Targeted next-generation sequencing
(NGS) analysis of selected TG1, TG2, TGS and TGS8 for sgRNA1, TG11, TG13, TG16 and TG21, for assessing sSgRNA2. The indel
sequences of target locus are ranked with the read numbers with insertion and deletion



96

J Plant Biotechnol (2017) 44:89-96

4

CRISPR/Cas9 7|2 A 53hS &3 AEE A4E54
of Qlof s thd] W& 7HAth & o

%ol A= CRISPR/Cas9 & ©]-&-5Fof -F-2 A H =
Lo d Y EY g FoeA AY & 4 U= F
sgRNA T 2}Ql, W B -5, A A A &4 D 4]

A 3] 7] &3I4 th sgRNAE hitp://www.rgenome.net/ AFO] E
o A NGG & 9-& 4] 0 & 3}o] target-up: 5’-ggcaGNNNNN
NNNNNNNNNNNNNNN-3’ 3} target-down: 5’-aaacNNNNNN
NNNNNNNNNNNNNNC-3* €] 28] 312 t] 2ol 5} e}, 4] 2
A M ¥ E = pPZP-Cas9-RGENS 7| 2O 2 351¢ o
1, sgRNA O] 3L & W E] &= OsU3 & 0| -&-35}0] pPZP::35S::Cas9::
Pinll-OsU3::sgRNA::Bar-Gen =& 2 &34t & 243
Ao §42 6719 4 A Agrobacierium & A5,
o Y23 AEAE et 48U AE 29 H ot FEAAS
A -5+ genomic PCR 24 © & single copy A1 2H-2 TagMan
PCR = FA 5 AU FAAHY A=A = Tl Aol
A T-DNA AL 5] 7] 91-& 2184 2 Bar-stripol] |5} A5t
Gtk A1 4249 sgRNA o] 47102 ZAbo] o]
o §07 B2 ABAE SASHh u2hA 2 2ol A
CRISPR/Cas9 system o] &]3t A UG AR HF] 7] &S o] &35}
of Hop w1 43 AA A = A HAH MAE
SR 4 Qllth 2 Aol A 2 H system> A& A
= AE540 o] & 7hsste] 54 77 e 2 AL
Z AR E)

JU

EAANEL wE2ATH ATFAFAAFIAIE: B o]
Hgxte] 24 EoolA SA4 W o] &, Al E A M
PJ01119202)2] A ¥ ofl 23} o] Fo]Z A Y.

References

Chen W, Qian Y, Wu X, Sun Y, Wu X, Cheng X (2014) Inhibiting
replication of begomoviruses using artificial zinc finger
nucleases that target viral-conserved nucleotide motif. Virus
Genes 48:494-501

Durai S, Mani M, Kandavelou K, Wu J, Porteus MH, Chan-
drasegaran S (2005) Zinc finger nucleases: custom-designed
molecular scissors for genome engineering of plant and
mammalian cells. Nucleic Acids Res 18:5978-5990

Endo M, Mikami, M, Toki S (2016) Biallelic gene targeting in rice.
Plant Physiol 170:667-677

Flemr M, Biihler M (2015) Single-Step Generation of Conditional
Knockout Mouse Embryonic Stem Cells. Cell Reports 12:

709-716

Jiang W, Zhou H, Bi H, Fromm M, Yang B, Weeks DP (2013)
Demonstration of CRISPR/Cas9/sgRNA-mediated targeted
gene modification in Arabidopsis, tobacco, sorghum and rice.
Nucleic Acids Res 41:e188

Jung YJ, Nou IS, Kang KK (2014) Overexpression of Oshsp16.9
gene encoding small heat shock protein enhances tolerance to
abiotic stresses in rice. Plant Breed Biotech 2(4):370-379

Kim H, Kim S-T, RyuJ, Choi MK, Kweon J, Kang B-C, Ahn H-M,
Bae S, Kim J, Kim J-S, Kim S-G (2016) A simple, flexible and
high-throughput cloning system for plant genome editing via
CRISPR-Cas system. J Integr Plant Biol 58(8):705-712

Lee HJ, Abdula SE, Jee MG, Jang DW, Cho YG (2011) High
efficiency and Rapid Agrobacterium-mediated genetic
transformation method using germinating rice seeds. J Plant
Biotechnol 38:251-257

Li T, Liu B, Spalding MH, Weeks DP, Yang B (2012) High-
efficiency TALEN-based gene editing produces disease-resistant
rice. Nat Biotechnol 30:390-392

Park J, Bae S, Kim J-S (2015) Cas-Designer: a web-based tool for
choice of CRISPR-Cas9 target sites. Bioinformatics 31(24):
4014-4016

Park J, Lim K, Kim J-S, Bae S (2017) Cas-Analyzer: an online tool
for assessing genome editing results using NGS data. Bio-
informatics 33(2):286-288

Sander JD, Cade L, Khayter C, Reyon D, Peterson RT, Joung JK,
Yeh JRJ (2011) Targeted gene disruption in somatic zebrafish
cells using engineered TALENS. Nat Biotechnol 29:697-698

Shan Q, Zhang Y, Chen K, Zhang K, Gao C (2015) Creation of
fragrant rice by targeted knockout of the OsBADH2 gene
using TALEN technology. Plant Biotechnol J 13:791-800

Shukla VK, Doyon, Y, Miller JC, DeKelver RC, Moehle EA,
Worden SE, Mitchell JC, Arnold NL, Gopalan S et al. (2009)
Precise genome modification in the crop species Zea mays
using zinc-finger nucleases. Nature 459:437-441

Subburaj S, TuL, Jin Y-T, Bae S, Seo PJ, Jung YJ, Lee G-J (2016)
Targeted Genome Editing, an Alternative Tool for Trait Im-
provement in Horticultural Crops. Hortic Environ Biotechnol
57(6):531-543

Toki S, Hara N, Ono K, Onodera H, Tagiri A, Oka S, Tanaka H
(2006) Early infection of scutellum tissue with Agrobacterium
allows high-speed transformation of rice. Plant J 47:969-976

Townsend JA, Wright DA, Winfrey RJ, Fu F, Maeder ML, Joung
JK, Voytas DF (2009) High-frequency modification of plant
genes using engineered zinc-finger nucleases. Nature 459:
442-445

Wang F, WangC, Liu P, Lei C, Hao W, Gao Y, Liu YG, Zhao K
(2016) Enhanced rice blast resistance by CRISPR/Cas9-targeted
mutagenesis of the ERF transcription factor gene OsERF922.
PLoS ONE 11:e0154027

Zhou X, Jacobs TB, Xue LJ, Harding SC, Tsai CJ (2015)
Exploiting SNPs for biallelic CRISPR mutations in the
outcrossing woody perennial Populus reveals 4-coumarate: CoA
ligase specificity and redundancy. New Phytol 208:298-301



