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Abstract The adverse effects of soil degradation, climate change, biotic stress and abiotic stress pose new
challenges to the security and stability of food production in China. In order to realize the goal of rice breeding, it
is urgent to integrate molecular breeding techniques in rice breeding. CRISPR/Cas9 gene-editing system has the
advantages of short time cycle, simple and fast operation and high editing efficiency. It has become an important
tool in plant science and rice molecular breeding, and has been widely used in the creation and genetic
improvement of rice germplasm resources. Based on the work principle of CRISPR/Cas9 gene-editing system, this
study summarized the research progress of CRISPR/Cas9 system in rice plant architecture improvement,
production improvement, quality improvement, disease resistance and stress resistance improvement, rice male
sterile line creation and asexual reproduction, and prospected the application prospect of gene editing system in
rice breeding in Northeast China.
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X AR AN AR AR P A8 1R i 52 74 (Delorge et al., 2014),
JE DRI ILE A A SRAR B AR P2 A2 8 R A RO 12
ISR, LA CRISPR/Cas9 A3 (1R 3 K] g i 45
ARG B P K RE, 7E77 B (Li et al., 2016b; Ma et al.,
2019; Zhou et al., 2019), )5 (Sun et al., 2017; AL &= fE
&5, 2017; B°F-4%, 2020), $iL 14 (Lou et al., 2017; 1M
4, 2019; Kuang et al., 2020) %577 [ T — &5
HER, RHZEAREKBEMUARAEERT
REFHANME, oI & M n) 28 e AdEAk . BT
W, EEFE R ET N RSR AT T RS T, BA
WA KRG T B M e B .

1 CRISPR/Cas9 &% &It

1.1 CRISPR/Cas9 %%t T1ERIE

CRISPR/Cas9 J& 4H J A1 ity 40 1 75 4 H1 v fh ik #2
HH ) — Tl 2 S 2 B LA Jinek et al., 2012).
Y A0 TR 32 3R B AR SR SR DNA AR G, 40T IR HT S
X a5 s B3 AR 2[RI 75 R R 458 CRISPR 4%
SN K4 RNA 714 (Pre CRISPR RNA, pre-crRNA),
K B pre-crRNA #% # Wr Bl 24 F 19 Bl 24 crRNA
(CRISPR-derived RNA), #% >k crRNA 5 tracrRNA
(trans-activating RNA)AE i 45 & - fil &5 tracrRNA/
crRNA & & %)(Bhaya et al., 2011). E&YAEGF
IR Cas9 & [, i & K5 HEET ) DNA XU (Brendel
etal., 2014). i A\ TBATIXPIAT RNA, AT LA S 7
it tracrRNA/crRNA & & W [FFE B A 5] SAEH 1
sgRNA (short guide RNA), H 7] PL5| 5 Cas9 & (A %}
DNA (1] B ARAr s kE# D) #E (Jinek et al., 2012), DNA
XEE & A Wi %4 (double strand breaks, DSBs). DSBs LA
3 [R] Y5 A i 1% #2 (non-homologous end joining, NHEJ)
oY, [7] Y& = 2H (homology directed repair, HDR) #1712
2. NHEJ MB8T5 U 5 RAZER, IR A B o7
Az BB SR R BN AT 7 A R R R AR R A
DNA fFERIIE LT, R AL B 4v il HDR J7 sk
IS, BINKE HE B IS4 N B e

1.2 CRISPR/Cas9 RZ R AMLTE

CRISPR/Cas9 +3 A AF Sy 7 2% (1) 5 D5 21 4 48 7
%, TEVEW s AL B Fho5 A & JC AT BRI A7 .
CRISPR/Cas9 +3 A F i ish g 5 P Y5 J2£ [R] 56 il 35 4% 35
RIE R, At 2ot U RNA MR B 5 7E N R85
T JEARH IR R 5 0k th A AN B DR B A 1) G
PARE, B T ARG i FE IR 78 3 B A A FEL 18 5%
DM e A i i, AR R I 2 B s 2%

Si#i 5% . CRISPR/Cas9 £ A AJ LA S B 2 (K] 40 1) 2
MR, A oM LR 2 AR R, R A
DNA 1B E KRG AER T SEHUERE & O 5 1R i 9248,
[lIRER & Far=ne

{H /&, CRISPR/Cas9 ${ A 7E N H i #2 75 28 £
TEARZ ). LU, JI 4 5| e S AT 20 AR 1) 7 A
KA, WNIT 51 LT 78 45 5 A e . PR, aneTad
1t HDR 18 5 i 1% 4 i 2= D8] 4 8 25056 A0 S BK Fr B
3583 N FH i 25 48t 2 1 1 1) — NPk

2 CRISPR/Cas9 ¥ R7E/KFE B Fh B9 Rz A3

2013 4 % f5 CRISPR/Cas9 3 [l 4 48+ A 76 1
VB Fh b T B SCE ) & 2R (Jiang et al., 2013; Ne-
krasov et al., 2013; Shan et al., 2013), 7ii/r % CRISPR/
Cas9 K g H R TERE ) b E G DA - T AER,
CRISPR/Cas9 J:H g H AR B RIPUE KR, T 2
FHFVEY ) 51 5 Y8 B1 1 (Li et al., 2016¢; Zhou et al.,
2016; Kuang et al., 2020). i 1% 2 B (E &S, 2016;
Farhat et al., 2019; Zhou et al., 2019). & [X| %5 £ AR
TERFGH N, CLE BN BT 7K e 225 (R T e A 43
THUHEMEZET A,

2.1 CRISPR/Cas9 7E7KfE#kEY e R 75 H B9 Mz A

IKFEE B AP 30 5 7= B R0 R AR 95 6 &
BRI R o KRR 2 (1 44 e PR - 0 A R v s 28
Sy BEEL . S BEF AL . 5SS IR 55 (2018)FI A CRI-
SPR/Cas9 RSt [ i 1 BT 5K SD1, sd 1 RAAE
PR KL RFE T 25%. Li 25(2016)F] f] CRISPR/Cas9
FR AL 11 Jypp R 1) 4w B 7 AR B 5L [H] DEPL
FIFRARR I IL K IPA 1, dep 1 FRAZARFERR AR FR IR
PRS2 B R s ipal SRR SR IR 4y BEH 5 sk /b
SO, 2IHF IR 1).

RNA <rRNA
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2.2 CRISPR/Cas9 #E/KTE=ERm A EHIA A

b E K FE e B R E BRSO
AR L R ORGP | =R, 2 AR
FIIEEMOIRAL 25 . Zhou Z5(2019) i Fs: 3 AN /K FE
Fhrpoki K 683, 6S2 FIEERRL BN Gnla, KN
IR R BN R . Xu 5 (2016) 5 /KA
TR 5 L KR K oW 2 GW S ATk E £ 5 [
TGW6 J& » 132 guw2gwStgw6 1 gw2gws #iH FRAZIEK,
R IR R A R B AR EE T S22 3 . OsSNB 5
YR E W, LHRIEH 5 K E (Lee et al.,
2007). Ma % (2019)i# it CRISPR/Cas9 7 A fifi [
OsSNB K], FRAS K (0L K RL 58 TRz 25 4 36 T,
YL OsSNB MY AT LAAIEIE A TR B, TE3 K FE
Wi Ty AR EEAEH.

R S K RE P R B R R, KAl
Fe g WE FRAE KB AE KB B, Li &5
O17)%F FBICVTAE] P Hd2Hd4HdS RN 34T
RAR , 8 45 5 T AL R A A o

2.3 CRISPR/Cas9 7E/Kk FE MR i R 75 EHI B B

LB JE Ry (amylose, AM)FISZ 8 i€ #7 (amylpectin,
AP)ZFEKTER I PRI, 38 2 e bl ok e T
FEK & BRI 5 B . MA 25(2015)i8 1t ml
IKAE S BLHE ] W, LD RAEAR AM Fr & H 14.6%
B2 2.6%, 3R1GREMERE K. €8 7 32 1§ (starch
branching enzyme, SBE) % [K % 1] 3 5 Ve o 1 & B
£ SBE 7 IVEDNFh , B85 e K (AM) R 70 14 58 4}
(resistant starch, RS) & &+ = (R SEESE, 2015). HiE
TLER(2018) KT VRS 73 S I SBE3 R EAT i, KA
P E R S B 0.48%18 & 10% LA E, MK
R EbuE e R KRB & . Sun Z(2017)F F CRI-
SPR/Cas9 AR FBRUER 7 X Mg HE K SBE 11 b, SBE 1l
b, KA RS & & HIKT 1%4& 7+ 2 9.8%.

IKFEER KB REEN RSz —, —H
ZEEMEMEM.2— LB — 1% IRQ-AP) & &
farR EE IR YR Z — ) Badh2 R AL Jmis X F1
VAP X R AR RAR I, 225l 2-AP AR 538
BET A B 2-AP, 7K FE MM 7 AL 75 R (B2 8 2%, 2017).
¥4 (2020) F| I CRISPR/Cas9 7 A ) 8 XUAE 55 4
% Badh2 FER, AR R ERY) R 2-AP & & 2
T, TR AT 2-AP & B IEAK .

2.4 CRISPR/Cas9 7ZE7K FEHUIEIRFA A ERI A B
TR T P E L K RS A R e, B A AR

PR KRR EMEMAME TN E S — &
TFZE 2580 1) R 2 F 131 P RS W R B 0s-
ERF922, £ 17 B4y BEHA, SRAF A B FE IR I3 P 14 #10
o JE R N (RS, 2017) 1 FH BAh 32 4 4R R
B 1) G BRI IR L R pi—tar BN 18%. 13
544 (2019)F) F§ CRISPR/Cas9 $i R52HL Pi21.OsER-
F922.Pita —FERTAL,  FEALARNT 4> i i AL HE /)N
T 1 i 255 18 5

CRISPR/Cas9 %K 4 7 G (E 52 FH /K FE 5 R A4
Vil Iam sz 730 5 AR R 2 R . AR KRR 5
[l , Lou 45 (2017) %2 [n] 4w % 0sSAPK2 R [H, 45 Tl
8 0sSA PK2 FE75 4% ABA AU, % T 5 i 5
BURK, ESE 0sSAPK2 EA & m K AEm 5% r Ihig
FE KRG ¥4 5 T » Shen £5(2017) ) il CRISPR/Cas9F;
REE ) %8 OsAnn3 FEF, AH G EF A 2, SR15 6 #k
GRAR AR F I AT 5 Uk

CRISPR/Cas9 & K] 4 45 F AR TE 25 R /KRG %o B 2
FRIPTIE T AR 22 R - Li (2016) LA H A
MR EPSPS DR, L Ih3R AR B A B SR
BEDTMEAE R « ALS & —F LB FLIR & e, 2 5 A Rl
M) SR IR - 8] 8o ] P (Kuang et al., 2020) 7]
F BB g BB, ST 0sALSI A1 0sA CC %A
PRI SR A, R 6] ) B A B 5 ST 1 7K o
FAAE 46,

2.5 CRISPR/Cas9 /K FEB MM R 5 EHI M A

IKFEW RAE R ACHIZAE R (PGMS) ik
BIZAE R(TGMS) (RIAFEEE, 2018). 7K K25 F
CRISPR/Cas9 H{ARBE AR SRS B 131 fe e L ik
CSA s csa RV HB T RS ESHEEAT,
K H HR S AF T B H I v & AT 81 1) HH e Bk e
PEASE AR . 35 LB AR (2018) %8 [ Bl K R RS
HHF TMSS, tms5 FAGRIE mili 640 T 56 A A
B AREEAT FHEMETTE , HAESE ims5 BRI
B YRR N 28°C, HIRAR AR ) 45 S R A bk
HEHFTT B

CRISPR/Cas9 FEARLE SLHUK A IS0, [E5E
e A 35 7 T A H B RAR #54E FH (3R 1) Sundare-
san [ BA (Khanday et al., 2019) 48 7] & % BBM 1 BB-
M2-BBM3 FE[H, [F]0] 75 5P 40 i 37 32 1% BBM1 A&
(R, 175 5 KR e A AIOME A= B, R A 22 9 24 B AR 83
o334, DT SERLK FEFP T o PE B . 581 A A
FUESE, 2 E g4I 7 25 K REC8\PAIRI
0SDI, AT LAP=A: Z AR LT R 5 A T, e 2 5
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4% 1 CRISPR/Cas9 HAAE K AH H F i v
Table 1 Applications of CRISPR/Cas9 in rice breeding

B A IR 7 3\ RARRA Gt 4R (%) 23R

Target gene Editing mode  Mutant phenotype Editing efficiency (%) Reference

SD1 s Pha PG 27.8~30 (HEH4E, 2018)
Knockout Shorter plant height

SD1 s P PG 85.7 (E#5E, 2019)
Knockout Shorter plant height

DEPI BT Tl B N7 R 67.5 (Li et al., 2016b)
Knockout Dense erect panicles increase

IPA1 TR 43 BEAN, ROk 038 n /s b 27.5 (Li et al., 2016b)
Knockout Tillers and grain number per panicle change

GS3 BT ARSI 57.5 (Li et al., 2016b)
Knockout Long grain

GS3 B RN, TERT 32 iy - (F2M=%, 2018)
Knockout Long grain, Early heading date

Gnla B ERERIGE N 42.5 (Li et al., 2016b)
Knockout Grain number of main panicle increase

GW2, GS3, Gnla  Wil% T T B AT, R 1S 33.3~80 (Zhou et al., 2019)
Knockout Shorter plant height, Long panicle

TGW6 BT TR E I 0 90 (FEniEEE, 2016)
Knockout Thousand grain weight enhancement

GW2, GW5, TGW6 il 1 I - (Xu et al., 2016)
Knockout Grain weight enhancement

OsSNB TR GRS TG R - (Ma et al., 2019)
Knockout Grain Length, Grain weight enhancement

Hdl BT il IS 12.5 (E2,2015)
Knockout Heading time delay

Hd2 TR HAE IR B AT - (ISCH4E, 2017)
Knockout Heading time in advance

Hd2/Hd4/HdS S FhAE P AT 77.8 (Li et al., 2017)
Knockout Heading time in advance

Ef7 BT IR - (Cui et al., 2019)
Knockout Heading time delay

gSHI TR TR PG 54.55~63.64 (RE UK, 2018)
Knockout Reducing the seed shattering

Wx BT HEEEH & 2 FK 87.5~100 (EFRIRAE, 2018)
Knockout Low amylose

Wx B FLRETER & = T 0~30.77 (17855, 2018)
Knockout Low amylose

Wx BT HEEH & 2 FK 57.1 (M F2%, 2020)
Knockout Low amylose

SBE3 BB Pk vER & B 1N 40 (FI#ELT etal., 2018)
Knockout High resistant starch

SBE1, SBEI b BT HEEEH &' m 26.7~40 (Sun et al., 2017)
Knockout High amylose

Badh? B IRV 2-AP & &N - (HR = figSE, 2017,
Knockout 2-AP increase JA SCR4E, 2017)
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4k
Continuing table 1
B A giRTTA RAMER G B R (%) EEBUN
Target gene Editing mode Mutant phenotype Editing efficiency (%) Reference
Badh?2 TR FHRAT 2-AP & 21N 46.2 (% F45%, 2020)
Knockout 2-AP increase
Pi21 BT Pi21 A RAT R AT 24 1k 66.7 (EF7HLEE, 2016)
Knockout Pi21 protein frameshift or terminate early
Pi21 TR T P o 86.7 (M4, 2017)
Knockout Rice blast resistance improvement
OsERF922 TR UGS 9 RE 71 1 5 42 (Wang et al., 2016)
Knockout Rice blast resistance improvement
pi~ta FATAL G DURSRIN AE )4 55 18.2 (fEXKSE, 2017)
Base Editing Rice blast resistance improvement
Pita, Pi21, ERF922 o BRI 3 6 71 3G 5t 65~85 (M54, 2019)
Knockout Rice blast resistance improvement
Pong2—1/Pongl 1-1 BT B A L 1 i - (IR #4E, 2018)
Knockout Bacterial blight resistant
OsRAV2 BT Xof & e B U - (Duan et al., 2016)
Knockout Salt susceptible
0sSAPK2 BT X B i S Uk - (Lou et al., 2017)
Knockout Drought susceptible
NRL2 BT Xof - 5 1 B Uk 824 (BRJH4E, 2018)
Knockout Drought susceptible
OsAnn3 5ds PG R a3 31.6 (Shen et al., 2017)
Knockout Low temperature resistant
EPSPS E B Eqn =Rl 2 (Li et al., 2016a)
Replacement Herbicide resistant
ALSI A PURREA 1.94~3.41 (Shimatani et al., 2017)
Base Editing Herbicide resistant
ALSI, OsACC A PURRE 24~28 (Kuang et al., 2020)
Base Editing Herbicide resistant
OsNramp5 By FFRAR & PR 39~90 (EALHEEE, 2019)
Knockout Low Cd
csa BT NG 16.7~50 (Li et al., 2016¢)
Knockout Photo-sensitive genic male sterile
TMSS TR BRI RE 46.2~88.2 (Zhou et al., 2016)
Knockout Thermo-sensitive genic male sterile
TMSS TR RBOZEYEAE 63.89 (B HI4E, 2018)
Knockout Thermo-sensitive genic male sterile
TMS5 S BEZEEAT 81.8 (FL#E5E, 2019)
Knockout Thermo-sensitive genic male sterile
BBM1, BBM2, BBM3 51S To T - (Khanday et al., 2019)
Knockout Asexual propagation
RECS, PAIR1, OSDI, MTL Wil To M T - (Wang et al., 2019)
Knockout Asexual propagation

RE I MTL = K] LU 5 2E
PRART o I FH IR 208 B 7 SE BE SRS MM 4 5E F1 AR

AT IKTE I AL IRSTIKAE
P
HI

P S5A7 B SLBL,

XA B
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3 CRISPR/Cas9 7E/K BB # M ARi=

CRISPR/Cas9 % GiF i 2% (1) Jik K 4 4t 4 4%
R, TEAEVIIBAL B PRI PRIR o R 7 THA 2 T8 T HUR
(RIRIAT o 57 5 A T R 7 T, 55 8 BEREOR IR K A
FEEE, SRR R 9 TR R MK AR A, e B e &
TG CIPE AR AL O T B SR AR AR AL AR 1)
B P EARIR ST . B FE R s H 2255 — &
oy TR IR 5 K R, R KRG = & i i
()5 FHLRIBE TE AW RN, BRI 22 1 55 77 L
JoRFH 2 F 356 [R5 5 457 F1 58 % , CRISPR/Cas9 i AR Ky
S AR REEH KSR E R E bRt T TRt .
RICKAK Kb Bk mBILR, £l b2
o (H2 T2 EA % AEYE 2 R R, K4k
K= 5 A2 B ™ 6 b . AT & 4% CRISPR/Cas9
REZARIKBERPEARNS, EfmARIbK
FEF=ERIHER N, [FII REE A B I ok i A 2
S, & H AW FE AN TR O R E S (A, it
CRISPR/Cas9 R4 RAL 7 /KRR AL, SR1G A F
R E BARAR R, 288 b7 KR = &3 s
Rt 2 —. CRISPR/Cas9 A2 v il i 77 i K
FEH PR 6 2508 12

ST 7K e A 40 Joln 3 R S A 42 36 AN ) 5 o B
P& K BT AR BE 1 52 71 AT 2B 7 i
K HE P T BORTS A R LR () i R A3 43 4 9 i
[, 55 58 E K. i CRISPR/Cas9 REGiH: & itk
KA i P, RS0 AR B 455 i — v 28 T ER 1 O K
Fa 7 S CR I 7 S E PSR R | o A R T L E | SRE S /7
T8, SoF 7K B A A K S A AT 2 2 AR R, T B A £
HRACAKFEI = B G5 I CRISPR/Cas9 i AN
TR} Rk V4 56 R P R Bk BE 1R 51 N AR b KRG, 3R 15
PUHEAR R« 72 AR5 K R BT A5, v AR G S
b DX IR e g AR IR A, SRR E AR/,
IKFEFE BT, b5 22 1 I AL T I S . TE AR
AN T T, T o A2 R 2R AL X () 32 20
F, SR RS O B0% HLER 5 4%, 975 B A2 B/ b (1) 22
S 2R, BTLE & PO B A, PuiE R e B s R
FHE, FIH CRISPR/Cas9 7 AR HUARE T I /K Fe
s PO T A X A ] AT B 2 . CRISPR/Cas9
RGEE B RPUHE KRS A A R F B

HR, QAT i 58 240 S fE br ik DR J A S H
WHATHE 51 Cas9 i 5 203 OGBS Ay B
e, FRETETIZ BRI R b S I PR e 48 A7) 2
Reff R i j . (H2, FEEAARRE K, ME

CRISPR/Cas9 RZEHIHE— DA R, EAEYIEL
EESEENS PN L 1Py & o el ER UK (S

1E& ok

JER 3 A7 5 A £ 3k A0 4R S SCHR BB ) 3
NS MO 2 IR S B s SR 2
ZRIRHETEZE AT R R EE S BN &
PR A B 0 A e & R SCAS

Brit

AW HIL T DL P A THRI 7 H (XLYC-
1808003) ¥ Bl .
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