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Abstract

Plant biotechnologists have long dreamed of technologies to manipulate genes in plants
at will. This dream has come true partly through the clustered regularly interspaced short
palindromic repeats (CRISPR)/Cas9 technology, which now has been used to edit genes in
several important crops. However, there are many restrictions in editing a gene precisely using
the CRISPR/Cas9 technology because CRISPR/Cas9 may cause deletions or additions in some
regions of the target gene. Several other technologies have been developed for gene targeting
and precision editing. Among these, base editors might be the most practically and efficiently
used compared to others. Base editors are tools which are able to cause a transition from
cytosine into thymine, or from adenine into guanine very precisely on specific sequences.
Cytosine base editors basically consist of nCas9, cytosine deaminase, and uracil DNA
glycosylase inhibitor (UGI). Adenine base editors consist of nCas9 and adenine deaminase.
These were first developed for human cells and have since also been applied successfully to
crops. Base editors have been successfully applied for productivity improvement, fortification
and herbicide resistance of crops. Thus, base editor technologies start to open a new era for
precision gene editing or breeding in crops and might result in revolutionary changes in crop
breeding and biotechnology.

Keywords: adenine base editor, base editor, crops, CRISPR/Cas9, cytosine base
editor

Introduction

thttoll A 2| 2= B 1% clustered short repeat -2 O]/ Zol|A] 35402 EASTH=
Zlo] & AFE Folo] THE U2, o] MA-E clustered regularly interspaced short palindromic
repeats (CRISPR) 2 "5} TH(shino et al., 1987; Jansen et al,, 2002). ©]% Cas9°] CRISPR} 37|
2H55tod Ale-2] &5 H Y (adaptive immunity) 7|78 7S = A2 S & THBarrangou et
al, 2007). CRISPR/Cas9 A| A8 &850 A7} esh= 7|48 DNAE o|57He At
(double strand break, DSB) & 4= QITH= 218 S &0 24 53121 1Y 7]%0] 7H8= QA Th(inek et
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al, 2012). Cong et al. 2013y 0|5 E}tiicto] n| Y& LExt ofe} 2355 Al Zof| A = CRISPR/Casool| 23t o] F7 1= 4
o] 7155 B]Ad-5 A (nonhomologous end-joining, NHEJ)Ol| 2]t A 3Hg Fof| BhAsh= @ 52 Qls B4 &
ZAzte] Yok Yol AA D AR 55 RE8 4 AL, A5 AHEE (homology directed repair, HDR)OY| 213t -3-%42} x| 8¢
o] 7FsdhS ST o] & o] A 1F o] ThSH 2HEollA] CRISPR/Cas9-S -85 -7 2 wAo] 7ks3he

Stod 2F2 ool A 2441 -{HAF i Al ch7E D) A| =l A T(Belhaj etal, 2015; Xie etal, 2015; Jiang etal., 2017; Miao et
al, 2018).

CRISPR/Cas9°]| 25+ 3712} w2 AlsUie] 7% DNA F71A4E S Q1451 o| 57 TS f-=5to] A2 U 1
LA 47]712] 7o) ofs EAI] 714D 2] AU (insertion), Z A (deletion), XK translocation)E- =5}
|ARL] 71552 AFAISHA = Zlo] =23 Eo|thFig. 1). B4 7 IMEES ZE GVIMYR uAlER=
olu]e] {272 ]2 DNA (donor)e} 0] 57 He Ak 91 %] o] A5 Al 2ol 2J5h 4241 7] o] afjA] - gsict.
Azl gt o G282 vl Wrom iR o] 324zt $ix]ofl A}lolut A o] AYE ks /d o] ot B

g Z85 1 QA= Yt 54 A7IME S w7 gt T s st $isto] AEARE-2 CRISPR/Cas9
7Hsdel B4 Q714 Lol Adtehes A3 thdst 37141 7142 g8toto] At Qo2 E4 H71E Hst
A 4 Qe A71m 7S 7Hdsto] Tedt Rzt Elo] f=rt obd A wsh 7t 7] wAgo] 7 HA| =

H
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Fig. 1. Diagrams of gene editing mechanisms using CRISPR/Cas9. CRISPR/Cas9 cleave target sequence
complementary to guide RNA. Cleaved DNA flagments are repaired through NHEJ or HDR mechanisms in
living cells. The mis-repair during NHEJ process can cause deletion or addition mutations in target sequence.
CRISPR, clustered regularly interspaced short palindromic repeats; NHEJ, nonhomologous end-joining; HDR,
homology directed repair; PAM, protospacer adjacent motif; sgRNA, single guide RNA.
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Cas9 SHAIE S A M oo 7wt

=20 =2
ARFA Q1 FAA} WA of| 4] ARESI= Caso2 DNA ©|%- 72 E2HA NHEJ 2-2 HDR2 #-=51] -4k 755
‘A ok 5 8E& 7HA AL QU U, A7 g S flsiAte gulde RNA©J| oJ5f|A] £ 7] L2 Q145H= Cas9
9] /82 fAIHHA] Casgol] 23t o] F71He At 532 /FASHE S SR 0| & A|&fstofof gttt l%% HH Cas9
o] it 2ol E/dollx 523t &S +3F5h= RuvC13 HNH EEH]OIOH D10AS} H840A =R 0] & A2tsH S ThFig.
A0S FA0] 2L Rl Caso2 °“*P$<>H EHd& 832 dead Cas9 (dCas9)°] =L, 7 4 =QHolE
37|k 20 Q) 0 TH DNAL] A2 TFE & 71ehS 2k 2 = & 71R] 259 nick Cas9 (nCas9)°] B THJinek et al., 2012). &&
Sk AHAE 2 ARG F4 o] w2} o] 5 FR 0] Cas9°ﬂ et 79 effectorS ARtoto] M2 72 ZAMEEEA
T2 7HdSIIcHFig. 2B).

oI

D10A H840A

vt [ o B[ v

B Cas9 Cas9 D10A nickase Cas9 H840A nickase  dCas9 effector fusion
[llﬁu—ruﬂ_‘—)
4

Fig. 2. Schematic representations of different kinds of Cas9 nuclease mutants. (A) Diagram of dCas9 or nCas9
developed by mutagenesis of Cas9 nuclease domains. 10" amino acid, D is changed to A in RuvC-| domain
and 840" amino acid, H is changed to A in HNH domain. (B) Diagram of functional mechanisms of dCas9
and nCas9 mutants. Cas9 D10A make a nick to the strand to have complementary sequence to gRNA. Cas9
H840A make a nick to the strand to have sequence same to gRNA.

Cytosine base editor (CBE)2| 7H %! M E8 CBE2| 7H

2| z0] H7|wA7|& 7S cytosine S thymine O = X|ZFA] 7<= cytosine base editor2] 7HEHZFE] A|2Fe} ThKomor
etal, 2016). Cytosine base editor” | cytosine2] OFF17] 5 A5+ uracil2 TH=H L& 2] Mla W 4~ 7]2of| 2)5H uracil
2 adenine © 2 HEHE ThFig, 3). FAH7FA] L% cytosine deaminaser= L HFA] O 2 RNACIA] A5-& FA| 9k Y B = single
strand DNA (ssDNA)OIA &= 258k 4= Q1= 710 2 A& QIThHars et al, 2002). Cas9°] DNAO] Z35HA oS LAl S
Zo]A] RloopZS FAJ5HAL, guide RNA7Z} Z3H6HA] 22 71eto] ssDNAZ} e ZE] B2 cytosine deaminase”} 253} 4= Q)
Al Htk Komor et al. (2016)2 @17} activation-induced cytidine deaminase (AID), 217+ APOBEC3G, ] APOBECI :LE]IL A
7ol CDA1 47FA] E-57-9] cytosine deaminaseS- ©]-8-610 ssDNA ©f] thgh goln] S5 SHsiQlct 7P =2 S S =
Q1 | APOBEC1= dCas92] o] 1. rho]] AtA|A Eorl &g o] Ql=A] ZRlstint. tEgh dCas9J+AP0BEc1% A4
A7) & Tt B71E A EH A XTEN Z7(16 oFa| At 2b7])7} 2ol 2/d Bl gholil f 7] 9ol A 2] 2e] &5
ERACHKomor et al,, 2016). ©]215+ 24-2 A2 APOBEC1-XTEN-dCas9.2-2 A3 H %] %9 base editor” | 7HEHE| 1.0

D1 ol = BElolelri 985} T} (Komor et al,, 2016). BE12] 9471174 §-8-2 QI7F M| E o A= 08 - 7.7%2 1 2
&S B o AldHollM= &80] 5- 36 HI7FA] S7F5I3ATh Al Wolli= uracil DNA glycosylase (UDG)? F Al ZE U]
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9] uracil DNA 7|2 #|715}1L 0] & 42A151= base-excision repair (BER) A| A&l o] ZAjj5lo] &-g0] e 7] 0 & AJzte]o],
dhe]|2] u}2] pBS10Y|A] -F-2figt 8371 ofn| Ak & 1A% yracil DNA glycosylase inhibitor (UGI)S- BE12] 7F2- 241 ghck
of| Aglsto] BE2E 7151t BE2= Q17F M| 3291 HEK293 TAIZ 01| A] cytosine base editing &-8-0] 20%01| 0] 24| &
AHKomor etal, 2016). =3 ¢ 7|of| thigh ofrl 2-g-0] o] F0]2| 2] g2 HHtxH DNA 7Ftel| nicko] A7|™H o] & 441
= mismatch repair (MMR) A|AE0] 2H5510] A EZAQ1 7|2 4dste] 7|uy 82 HS =Y s US H0R
o513l 1L, gorlst 719) Hitl 71| nick S FHE= nCas9 (D10A)S AFE-519] APOBEC1-XTEN-nCas9 (D10A) 2.2
T3% BE3E 7Hsholth (Fig 3). 1 23t 2|0 379714 7112 §-8-0] Z715H thKomor etal, 2016).
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Fig. 3. Diagrams of chemical responses and process of cytosine base editing in cell. (A) The diagram of
chemical represents responses caused by deamination of cytidine. The deamination of cytidine results in
uridine. (B) The diagram of consecutive responses started by cytosine deamination and resulted in transition
from cytosine to thymidine in living cell.

Nishida etal. (2016) cytidine deaminase=A] 17H2] AIDS] /-5-3-47}21 2 /7o) 322] PmCDA1Z} UGHE BE32F 2
2] nCas9 (D10A)2] 7F2E-A] 2tho]] AHA|7] nCas9 (D10A)}PMCDA1-UGIE 715} thFig. 4). BE3l HIGto] &4 7]a
73 Y17} protospacer adjacent motif (PAM)CI|A] o171 20 bp ol 7l ) x]o]r, WAH Q| = 6 bp= L Z7 151 ATHFig. 4).
382 M| Z2] chinese hamster ovary (CHO) Al ZEON|A] 5.1 - 11%2] eytosine 7] 1174 &-8-2 LFERN I THNishida et al,, 2016).

BE3= 237} Eo] HojQl= 832 CpG F7 14 Folld F71 1 E-&0] F-2 ZAES 7L 9o, ol & =
£317] QJ5to] s} 219 9] cytosine 71104 F-&0] =2 cytidine deaminaseS- EA3H A3} Q17F APOBEC3AE HE
7 A |2k CpG F71XF9 eytosines AT 4= A= 530l Us= SYSHATHWang et al., 2018). VZHA]
-8 CBEZ} 7l 0] 3 Z-Eof| A= Zong et al. (2017)°] cytosine base editor, BE3 -25H41Q1 APOBECI-XTEN-Cas9 (D10A)-
UGS 212822 F=5 RIS 7] 4L, £ Ubiquitin-1 (Ubi-1) T2 2B 2 A S A)7]= 22§ cytosine base editorS
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7sto] ¥, 1] 3§40l M CBEZF A58k 212 2 S5t Lu®t Li 52 5 Y3 cytosine base editorS- ©]-&-
slo] B 2 EnfEolA 7)1 27gS SAH4 0 2 H 15 THL et al,, 2017; Lu and Zhu 2017). Shimatani et al. (2017)2 B2

=of] 2|43} nCas9-PmCDAS ¥ ZH2] 20l FAIRI5I0] 183%2] -2 7|0 B8 At =3t EnpEo||A]
°§ lﬂ 42 ERI517| 9J5to] o 7)1 the] F-=of| 2] 2{3He nCaso¥} PmCDAIS -2HHAIE 5107 Della®t ETR 13714}
et 7] w72 Bl dnh F G2l cytosine deaminaseQ! APOBEC] 7]HH2] BE3= 5 bp2] -2 w7 ¥ 9]9} GC 7141
°é°ﬂ a8

o] Yo}, Q17F APOBEC3A (A3A-PBE)E A5t A7t B, Zitol| A BE3ECHEX =2 § 85

, 17bp2] o -2 17 ¥ 919k CpG RHEEAIE SollA] f7]a% G&80] Wolz| 2] et th(Zong et al,, 2018). ©]
*JPJ AL ATE E510] ZHE0)| A cytosine base editor”} A 22 © & 22l 4= 9)-90] ZE|Qich

BE3 1 _ Target-AID / M
| nCas9(D10A) N nCas9(D10A)
| rAPOBEC1 \ | \

T T T passssssanin T

||||||||||

T H ) PmCDAT ;
QJ " &(U L

Fig. 4. Schematic comparison between two different cytosine base editors. There are two major cytosine
base editors called BE3 and target- activation-induced cytidine deaminase (AID) using different cytosine
deaminases developed independently by two research groups. Left panel is BE3 which consists of rAPOBEC1
fused to N-terminal of nCas9 (D10A) and UGI fused to C-terminal of nCas9 (D10A). Right panel is target-AID
which consists of PmCDAL and UGl fused to C-terminal of nCas9 (D10A).
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Fig. 5. Diagrams of chemical response and functional processes mechanisms of adenosine base editing in
cell. (A) The diagram represents chemical response caused by deamination of adenosine. The deamination
of adenosine results in inosine. (B) The diagram of consecutive responses started by adenosine deamination
and resulted in transition from adenosine to guanidine in living cell.
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Adenine base editor (ABE)2| 7t 3! A2 2 A E°I )

Adenine®] 0?1715 A 715} inosine©] RHEO1 A 1L o] A|a 141 DNA 417 2of| ofsfiA] 2|54 2 2= guanine
O = %|2HelThFig. 5). EA|oIA DNAS] adenines EoIRIS}H A7 += UH?J}ZI deA JA BB 2, Gaudelli
etal (20172 RNA adenosine deaminase?] TH=#2] TadA, 217F ADAR2, *M ADA 18] 31 Q17+ ADAT2E- nCas9°ll 25}
of gol 2Hd3 7519 0L}, DNAQ adenine ©oHY] 2Hd2 UFERNA] = Qo). mhakA], tRNA adenosine deaminase
Q1 2] TadAS DNA adenine deaminase= ?1-5- X13HA| 7, DNA adenine deaminase 282 2= TadA EIRO|E 3

1, EAR0lE A|&EA 0 2 4510 TadA THIE F 14 7112] o] ieito] BASHE TadA* A0l E XS4 0= A
S CHGaudelli et al., 2017). TadA* SR 0]= Tl Af= Bl ¢ 32 DNA adenosine deaminase 882 H O X5
F AlazollA= 1L &go) me- Utk o] & F5517] $1510] TadA T2 53 o] A (homodimer) 4] 2H5-5}7] twh
2of| TadA*T} oYY TadAS Z35}0] o)A S FAE 4 YT nCasool] Z3HA|7] TadA-TadA*-nCas9S 7HEk510]
ABE7.100]2}a 85 th(Fig, 6). ABE7.10-2 5-EA|2E0l| A 53% o] 7 &34 - 7bp2] WAHE 7HA ™, off target

H]-8-20.1% 1|7ke] o2 82191 A| A8 0 2 ZHE] Q) thGaudelli etal., 2017).

Y| 7ie] AFLE0] ABES 4120 A-87H53HA] HESISITE Kang et al. 2018y A& F-=0f] 2|45t TadA*S
nCas90l] ZZHAIA o7 4thel 4-419] 97w oll Ad-2-5HATh (Kang et al,, 2018). Li etal. 2017y B2} Woj| ] Thefat =
2] adenine 7|27 2REAIE ARESto] 24 2715 ZRISIITE TadA-TadA*2 nCas92] oha|=7]of| Aetstar 3 7)
©J nuclear localization signal (NLS)”} nCas9°] 7}2%‘3‘%@01] A= oAU wf 71 §80] &3O, esgRNA (escorted
single CRISPR-Cas9 guide RNA)= sgRNAR T} 352 &-8-2 H {0} (Lietal, 2017; Li et al, 2018). Yan et al. (2018) H 3L
=o]] 2|3} TadA7.102 AZF5HL Bioj|A] ABE7P ‘daA 02 AEeS TSI Hua et al. (2018)2 TadA7.10=
SpCas92} SaCasell Z2H6FL VirD2 NLSE AH&-5to] BloflA] 34 0 &2 B3 fzte] 7| w7 d& =a4si3ict

Fig. 6. Schematic representation of an adenosine base editor, ABE7.10. ABE7.10 consists of TadA and TadA®
fused to N-terminal of nCas9 (D10A).
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|O| SkXt

PAM E7|X g 9 7|07 Helo =H

A7 a7 AARS AR 0 & vl 52 P71 w7 W94 -5 bp)E 2l 12, CRISPR AR & 47} 2HE5}
7] Sl = F3E A71A1Goll PAMZ}E @5}t whebA] 7 PAM A E B 52 7|7 ’I9IE Qlsto] 71w 7}
5 B9 - A o] A| Hrt. o] & FE5}7] Qe o] st E thfSt A ER R E AR T2 PAM A ES 2=
Cas AN G491 Cpfl, SaCas9 5= £-2] 5+ ThRan et al., 2015; Zetsche et al., 2015). 5= T2 WE] O 2 Cas SRS &
2ol EAHOE - oto] TheFet PAM Al E S QIAISHE = REEL= "R o] 7HE=] QiTt Kleinstiver et al. (2015a; 2015b)y
SaCas9 2} SpCas9°l] T2t EAH |5 F-E5t0] A &2 THE PAMS Q1A 4= Q== AR}l 12iu, of%d5] PAM
A71M Dol thet o] B2 2ol Qo] ThlE] FEkS 0]-8610 NGE PAMOE QIAISH= Cas9 EAHOE A2t
S}ATHHu etal,, 2018; Nishimasu et al,, 2018).

Hu et al. (2018)<> phage-assisted continuous evolution (PACE)Z- ©]-8-5}0] PAM 7| A& o] 24 Caso B ol 4| S 25}
o] xCas9 2 = Y5132 72| PAM A B NGG7H S NG, GAA, GAT A E-& PAMC & QIAISHT} EESE xCas9
2 PAM 97141 € 9] ol = B8} Cas9 2Lt DNA S0)/d-2 S7 st ictal B ust3ich

Nishimasu et al. (2018)2 THH 213 0f] 7]HIeH THl A 2510 2 pAM 7|4 Bo] Z74H Cas9-NGE 7HEt51I T Caso-
NGENGA,NGT,NGG, 18] 31 o}t W B[ &2 NGCE AJ3H} AA71A] 7] Aol ARGl thfst Caso} o &
o] Q1A]5}=PAM A1 E-E-2 Table 13} 2T}

Table 1. Cas9 derivatives and their protospacer adjacent motif (PAM) sequences used in base editors.

Name of Cas PAM sequence Origin References

Sp VQR Cas9 NGAN Streptococcus pyogenes  Kleinstiver et al. (2015b)
Cas9 mutant

Sp VRER Cas9 NGCG Streptococcus pyogenes  Kleinstiver et al. (2015b)
Cas9 mutant

Sa Cas9 NNGRRT Staphylococcus aureus Ran et al. (2015)

Sa KKH NNNRRT Staphylococcus aureus Kleinstiver et al. (2015a)

Cpfl TIN Francisella novicida U112  Zetsche et al. (2015)

xCas9 NG Streptococcus pyogenes  Hu et al. (2018)
Cas9 mutant

CasONG NG Streptococcus pyogenes  Nishimasu et al. (2018)
Cas9 mutant

N=A,T,G,C.

AwH2 © 2 ABE?FCBES] 7117 H 91714 - 5bpQltl] & ol we} o] & 2 52 551 7] 913 iego] o] Fof F{rh
CBE9] ¥7]|17g 19| il & 2I5to] GON4 HEo]| =5 109 HHE-610] nCas9 (D10A)R]] ARHA7] 3L, GCNA} 228
Sh=AIQ] ScFVE APOBEC1-UGIR} Z85to] APOBEC12] G4~ 2Hd MRS -4 - 16 bpZEA] 7FAIZATE. O] base editor
for programming larger C to U scope (BE-PLUS) 2t1L Y 5IITh Rt = 7] w7 o] A d= =0]7| 215t APOBECI
o] EHHo| & Fdoto] A7|ug HRIE 1-2bpE 57 ZoHe B A%l ChKimetal, 2017).

SEA|EZ A PAM A 714 o]l Ad-53t o] & TRt A7 T150] xCas9r} Cas9-NGE ©]-8-3F ABES}F CBE 25|
£ 2M20]| 2-8517] A1 ZFsITh Cas9-NGv10]] CBE H+= ABES 2]-85}0] e} o 7] 4 tiol| A PAM Q74 Ho] 24
7] 0 7g-& =5 THEndo et al., 2019; Negishi et al., 2019). Ren et al. (20192 Cas9-NG= H{o|A] NGG, NAC, NTG, NTT
2} NCGS PAMOZ Q1AIE 4= Q1. Bink oL@} NAC, NTG, NTT, NCG= PAMC 2 91418+ 4= Qlthar olsi i),
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S PAM M B2 Zh= xCas9} Cas9-NGE ©1-&-510] A7 | a g Al 28 AlAstal G282 vl wsiRith SEAl 2o
Aot 2 AlEol|A xCasdS NGGoIlA FolA] 02 B/d& Holal, NGH (H=A, C, T)elA= vl ¢- 2 &8-2 HE3it:
HFAO] Cas9-NG= & &AM 2F nERE7EA] &2 Al Z0i|A = NGG PAMO]| thih Q14] §-&0] - 23l NG PAMOl|A=

71 22 &I oL, 7|0 AlAELS AT xCas9S F7| 04SSR B3l B 5otk Hhdof| ¢17]

= | A3 CasINGE= NGHON A PAMS Q141510 7| - 438k EHQ151 3 Th(Hua etal, 2019a).
SEAIAEO|A 7k Chefsh F72] PAMS Q1AISh= SpCas) T} SaCas92] Ho]l|ofl ABER CBES Ag}5to] thef

SRS 7S HojlA] B /g 52 0 2 7| o] o] RoX-& FHsto] 7| w AlARIe] AH-8/8S Est

%ICHHua etal,, 2019b; Qin etal,, 2019).

Base editorS 0|8¢t &= €7l Aty L MY

AZol|A] 2 x2] A7]a7g Atell= CBES -85t HollA] 0sCDC48, OsNRTI.1B 12|11 OsSPLI4 Al 7] 3742k
= Ao 231, ol A= LOX2E 2440l A= ZmCENH3S A3t Z10]AthZong et al, 2017). CBES ARE-5}
o] SLR12] TVHYNP E=H|Qlo]] HE2 Q173 cytosine2- threonine S &2 W51 T1 A ZA|of|A 7|7} Aol = EAFP S
59 om, 24 SHEAQ1 NRTLLIB 2] 327 WA threonineS- methionine & W75 Lt T o st 1= ¢f
It} (Lu and Zhu, 2017). Li et al. (20172 CBEZ PHYTOENE DESATURASE (OsPDS)%} %2 4d -3 AR1 STARCH
BRANCHING ENZYME IIb (OsSBEIIby g 971117 SIAttal Halsl O L, B ES H oHA] = oottt

Shimatani et al 2017y BlollA] ACETOLACTATE SYNTHASE (ALS) 9-1419] 96 $14 alanine- valine Q. & W 45}o]
imzamox A Z2Aol| A AQ1 =S 7HSIRATE TS FTPIeRt ALSE A0 7] w7dsto] oF 85%2] 7z A7} &= 3tof|
A B A7 w0l 435t Eelotint 3k EnLE S| Della®t ETR RS w7 oh=tl /d 35k itkal st
ATt 17bp 2] W2 7|07 QS 2= Q17F APOBEC3A S 0]-&5}0] o] TwALS, TaMTL, 12 OsCDC48, OsNRT1.1B,
A1) StGBSSE a1+ 0 2 7] WSt webA, APOBEC3AE ZHEof| A= W 7| w7 H S 2= a4
A AARIC 2 AREE 4= Q185 S5 THZong etal. 2018).

ABEE AREsto] 2|22 off 7|1 thiel -§2)e] FT 33122t PDS R el A7 w7 & 4=385to] 7HEkA]| Axt 2H] e 4]
E412 85 4 9)Ith(Kang et al, 2018). A& AYHAI o] 235 @491 Acetyl-coenzyme A carboxylase (OsACC)2] H1o]
= phenylpyrazoline, cyclohexanedione, phenylpyraxoline 2} G 2] Alz=Aoll theh A&/dS F-oIST. Liet al. 2018y
OsACC 7Ak2] C2186R Hol & BHE7] 9I5to] 17| a7gS 4=385}0] haloxyfop-R-methylol] thak #|&d HE | &kst
<t /d35kitt. o] it 1FellA ABES ARESHo] A7 ul7gel] A3 STl B ArsHIT, Yan et al. (2018) H
©] OsSERK2, OsWRK Y45, OsMPK6-3A+E, Hua etal. (2018)<> H]2] OsSLR1, OsSPL14, OsSPL17, OsSPL16, OsSPL18 -
AZLE A7] wrgsh=t] AdaotAet vt w7y AlEA|e] mFol ot Hal= iich 5k S PAM Q1A =
E AR R ol ARteto] frdAk ol Ad-Z 3t Ab|7F B L= QITh Cas9-NGol| 23 CBES ARESto] ALS <t
DROOPING LEAF (DL)-3-71A12] T %] of] AJ-851Th (Yan et al. 2018). Ren etal (2019)= TS PAM Q14] Cas9 A3} ABE
9} CBEZ AR&-5}0] 0sGSK4, OsMPK 11, OsMPK7, OsMPK 10, OsMPKS8, OsSERK 1, OsSERK2, OsETR2, OsBZR1-2 &2 -
HARF Z-2 o] FHARE BAlol A7 510 7| a7 =to] ARE- JI17H =] /32 S5 THRen et al. 2019).

Huaetal. (20182 OsmiRNA156°] 23} 5h= 0sSPL13 ~ 187FA] 670 -F-3AHS- 47| 17 ST
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Conclusion

201649 cytosine base editor?} 5-E0114] 2|22 7] ofel2 3lutol 38 ZZoil A gle} o] thrst 2 g Al S o]
B} IRl 0|2k Q171w 714 0) F24, A 9 Abg o) Wol 4 LR Qi Zlo|ch & ToA 7] &3kt
o o] Q17| TAL HREH5 3 4.0 2 7|4 o] o] 2ol 9o SRl TA 212 ] SDN-1o] sidst
L 71RA FE TAS HuE 7RsAo] Eol AE A §BHE e 71 A7k S AR Casool I3}
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