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WE TEEHRERANBALEFEFMERE ABEHZHRARETHSRREFRNEETTZ — HEX,
BT 40 W IR AR Sk R S8 R T Ak B CRISPR/CasfE Jy — #F #1789 2L S 3 R, £ KAG & A U R 5 B R By N A
# 71. CRISPR/Cas 2k Bl 4 48 S0 R AL ATtk MEVE 45 1, T DAZE AR B IB) 1 2k ok BT A0 70, B 0 T BT L W4y K
W A FRE S E A, TRAT — RFIFEETAEARGLE, HR LA F 4R LR, KAXE eEd THF
RCRISPR/Cas 2k F 4 B B AR A ARG = B S & . Y04 4y A E Ak 4y Joh e o i 52 07 0 o 8 T R9F 28 3t R,
HREANBT CNEAG LW N AT RB, GF AL, ZHRBERA. FARZEMN. T@b LUK
B E MR, %6 6 Z H W T CRISPR/Cas X K474 TR IT &L KA M A Ik, &2, EEBHFLA BRI
REA AR T REART A E MBS, ERRAKBENEA AOEANR, AREBRERRZS

Al BARSHR R TS AIM N EE TR

Kukinl - KA, £ E M, EH %%, CRISPR/Cas

IKFEVE N Y R EREAEY 2 —, A
R I ALAY20%. F20114ELDKE, FRERA - &
HELEVOAE AR LA b, R Al T EE 5
k. KRR ARG = B ANTE AR R, RERKES
FRZ T TIRACE R 22RO 350 H A ARG 1S B 3K
FERRER, MU T A% AR, M H R A E SR
T96%, i3 [ KRG & A A RHIF K 40 T PrR4E
HAv.

Wit T [ R RSk S B F 8328 2 5 FU RN 55 8l 1 B R
R, AL HURAL . BRI REfL R Kk R, A
RS e RN BRI R 7 IR 265 A Ml A= =t ke T H Kk
6%, JCIHARIAEAE BRI H. AR, FEY ™
H 22 BE PR R A DR 2 e R s il 1) B2 2 8cm ik, VB
R FE R A T — Lo 5= ARG R MR I A,

(HARL 2B W 222k — S ST B UR A G RY SE . A
TG 58 T Tl RIS 7L B Bh 2 J7 1k a] IR THEY) 7=
ERUR RS u b N = D BN QN cli R a3 ST
FERERIEOAR . JERI AR . SEAARHABAR R TC R &
A FHH AR SE T AR BRI 2GR WA Y B Fh At T
BB,

AT, L Fh AU ) ) % 114 R[] S o 52 47
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CRISPR)/Casfi H(CRISPR-associated system)(CRISPR/
Cas) MUK A I N G B S A W A= Wy~ R &5 b
Mok T a4 k. CRISPR/Cas R 4i k) & BT 40
VR, SR TR SRR R dE s, Hrh
CRISPRIFHI AT LURF SR SMNEAL IR, CasH FIIUGE
FHRRIR I AR S A R N DT S REXS S MR RR VT
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TEKREE M, CRISPR/Cas$i A B FHHES) T 387 b
PRI, TP T SRl B A ERR, AR K R s G 1R
FAMLERER AL T 2R,

CRISPR/CasH A4 H B R A7 U4 S 1) 356 1R 24
BT A RG-S, IR T— R, B
UNZRIBGBUE: & NN S OE [ c SN P S 72 PN I N
B KRR AR, TR CRISPR/
Cas9, FIEFMIC &I R T RZCRISPR/Casfith: T.H,
PINE XA R R 5. 30 5 B CRISPR/CasH AR Af
DA R R RR « BdSE g . SRR Al A B e
M BENLZRAS . R LIRS . SR FIRN A% 4
%, CRISPR/CasFR Gl AT+ N 3 T e /3 W A fE
ANEVEY B BRAR BT R R AL T 2 ALy, 51
R =W AOl G A, M CRISPR/Casti R 51£45%
BREAR S FrhRicii ks SUARARAR . Tk
BIHH ARG AR KA KR BRI L JE.

AR R EE VT AR KRG T CRISPR/Cas i AR FE K
Re M SR R A=A . E KL, 2R
FHETE. HMAL B TR G5 SUARAE R
TR A, I XTCRISPR/Cas T A FF & BRAR 64T (722
EFE.

1 OKEEHE R S RE S B S5 M 5 DR el

CRISPR/Cast AR A LLidE it Z 0 T B LN,
A M E B VEY B

AR, MMITFIHICRISPR/Cas9%: A 4 i 45 A £ FF
K E S AR BT R & R KRS R i,
Hui%s AP0 7 FSE 0 I 2 2 (OsBADH2) 4 45
3L, B AR R 5 1 — R 2SS KR AL
TianZ A\ %548 T Os WxHIOsBADH23EIA, 15725 L [R)J
HEYEA T 228 MR AN 5 Cas9E 11 B9 [RIVR K 5 R 28 A8 bk
XSGR AR AR B B VE Ry o ORI, A (EZEAL
O3 N 2- LI - IR 5 B ) o A v, MR E
XA AR EE A8 /N 5 A R A= 38 7K .

TERCE KRR & -5 24T i (eating and cooking
quality, ECQ)J7Ti, Zhu% A" BICRISPR/Cas$i AR IT
BT —FhE s 25 N EBR R4 TGS 11(TransGene
Stacking 10), JKEAET R A A A8 HEIE R A
IKFE, ST AEE REMALFR A, Qg E o E
TAETFE R NSRS Aok, RIFERHTGS 1T &
g5, Zhuf NIRRT, IR R A A IR R
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Frofsd, RS T E AR R AT D AEE SR RUK R R
TR kA (aSTARice). SongZ: Al i CRISPR/Cas9
AR, TEKREMZARSKI8H 5| AFloury Endosperm 2
(Flo2) 3 E N B DI RE SR 22748, A3 T XK IMECQ;
Yang % A" % T B CRISPR/Cas94 51945 26 [ 3L
(OsGlu)RERH AR, FEAK T K RIFRLE 1 5 & 5 (Grain
protein content, GPC), AP K /KAEECQIR ML T i m;
Huang: A" g% 1 /K R R L ey 14 AF 56 35 1
SSI-2FNSSII-3, K INSSI-2AE V=K FEMFL - B BEDE M)
H A& A o R SR, HA S SSI-375 1%
R E B = I, SSI-274RE 2 HE A 1)

FEKRERERIEAR . A BEROR P R 05 T, Lu%s
N TR Y OsAAP3 LR, K IR A4Y BER i 344
i, W4 R T4k, Fangs AR FH 5L i
B OsAAP4IE B T)FHIFEMl . MRS I 225, LIHAE
RIRE T A Fas R, REPSAE B 2 A BE BRI S = Y
AR Taoe AR5 5 7 i P Suken 118 Y
OsSPMSISEH, A% T /Y= E M 2828, 1ESE
OsSPMSI-Z /KRS 77 i) — D EEHARSL A, Ligg A1)
PR RE 1 3BAY s b JE 5 IR R B, Osrr30%E
PR AR R e e T 30 L 25 R SR L 7 R
HIE B AR BOPEAR, F W] Osrr307E KRG & Mhep B
M.

TEVUHRBUR . A PEREE M5, Liss O
W T XK RS AT A G R P A Xa 1 33E R ) 3
IR 81, RS T HAT PUm PR P R IE R KA.
Zhou% AUV R IR B SEURHEYE R B (TGMS) i &
Longke638S(LK638S) i A T34 ELFIHY) i b i
SR K Bsr-d1. Pi2IFMERF922, #4457 BA HigkfgaE
WP AR, Al & BLPi2 188 ERF922 A5 AR 1A
HRSR TR0 B E A R, Zhaoe AU
R KR ) 41 25 1 25 W Ak B IMI 710, & BRI 12 &
A TMI 7 10 R 2~ 52 T g ) 5 AT 1) £ o 4 PR 7,
RIS T T DR A KRR S8, Zhang s A5 i de sk
OsWRKY633EN, 1575 HTH FEVERG IR 1K Ry Zus A2
TERIRE 2088 T —FRER A AL K Os PUS - 1A
i F-sop10, F£F|FHCRISPR/Cas9H AR X HE AT & 5
A5, K Isopl 0TI REHI () ZE AR H: 1)1 M 4 (Reac-
tive oxygen species, ROS)KFHAK, FEARXHMIGIRMMEA
WAz 71 5w, Hy= ANz, R e KRS T i
HET T R B U

Ak, GuoZ® A X /KA OsTIRIFIOsAFB2-53
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AT RE A, R OsTIR1/AFBF G R AE K Rg e
WL ArBE. MRS AR RS DIRER T4,
M OsAFB4ERGE SRS BRFLFH R B s FU A PivE, X
— IR BB PR SRR TR HE T LSS, Nguyen
z | P2 Ik I 9 CRISPR/Cas94 AR AE admy 30851
TR 3k ) i 2h 7 0 WA N T 3 B R s RSN
TR R A, HARARCRIE12.5%, % AR
AL F KRR R A R A = 2 R .

H HiB 4 g A K RS R AR LR, T AR L
PRR F B PR R = i RN A BER. RRAL. Bt
ST . A A FHCRISPRE A 0] LN K A G Fb
FEp IR AT R . RS E, A3 A ok
FEMK AR AE, 1T sk 2K R 9 V6 Hh 25 Y
BIREMRIEA, DT ERE R R R st 1 ol 1 0
2, Wi E LR AR T — B R K R Fl s

2 KEEAIIE

KA ISR N AR SO & R I sk b gk, IR
JERINE % SCH R R LA, Sl IR/ EY, AT
VISRAF 547 77 s RN AR b ok 35 20 I P A DG A #EAR
PRIR. SR, RKIBILRANTHOGE S A PEAR,
XTE—E R E 8T AR E . Bk
A 0 RN B SR A B S R Bt . AR s e bR
JE IR, A o R A R, AR AE R TAE
By D AT R (W 2D R e e | A S 7/ e 7 STER S £ g VT
OTHECPE. 2RISR R RS, AR ME LA
H. L, X ek R, B TAEmEIGE
2 NG OE 0 TR PN B e s NPT Y d S [ =S
ST ZR R T VAR BT A R DI

20174F, ZsogonE N R I T —Fh M Sk B 4k BF
AR SR AT R PR g B R X 2
PRIt 396 2 PRI ) 2% 3 S A a0 5 B A7 7 St A DG IR Y
T g, MIMTSEEL T B AR A K DIk, BEAk,
20214F, Yo NPORAE T —Ffar LI Sk 914k S 05 g
fEARIKRE(Oryza alta)WiaA%. AT HE 0 08 37 A4 /K RS
B & B — A~ IR U5 R Oryza  alta(CCDD))EF
AR OB R S A A A SRPU TR
FERAL R, A 24 h 25 ROK ARG 15 (PPR 1), Ff
HS T ARG I FACRISE N 4 dmE R 5, (]
A 52 1 e o ) e R 2 2 % 5 3 ad X EE A AR
FER Tt DIRRERIE M 2 3 4 5 R Aok
SRR FE RO MK DI, B, Yol AP T AR N E

AR A YR I RE T — S5 A GRS bl R TR
Y1 355 D] 2 20 B R R Ak A R B 1 4 7 TR
SHESIP

2% I, CRISPR/CasHi Ay F AT YL ETAE Yy FiF
FHEFLE W ihisifl A EE TR B AL TR HLIE.
3 ZYEIREpNIEETH

AU 35N 2 A G VE DDA [R] R 2 (RIA7 A 1 B TR A K
HFE BB, 3 —RO A AR — L SR AN RE A,
HARI = S5h0m. s 5ERnE. W E5H
PRESHIEDT, g B AR E AT R, A bR Rk
R AT AFIREER, EN15 BArERIE
E, M FEUR S HERAAAE TR — MRS, 1
Wist A% o0 R T ZEF Tk Pl BT R B AU,
I & B, FE7KFEH, CRISPR/CasHi ARA- S
AP X S g o] AFEAS TP B R D RE ) 0 T 1
PRREE R A R IR AT B R IR T, DT TR XA AT RN,
TEKFE S 2 R L AR B Rl B2 7t

SongZE N\ P73 b M 55 7K R g — 4l 5 22 3k R
Ideal Plant Architecture 1(IPADWIMTREEX, b
fif DR T R I AR P R B 43 BERSCZ TR AU [ R, DA
TS5 T AR A . SN, OsSWEETI4fE N
KFEH 5 — 2R, AR BTN RE 1 5k
i~ PEEECRIA T RN Z BRIFEEAUE AR, )RR
RBARAKAEPUREE )38, HBSSHFF2
AN, HAEKIER, Xu2 NP1 4 8 OsSWEETIIH
OsSWEETI4J5 8l 075 S 18006 54U F- (transcription
activator-like effectors, TALEs)45& o, feh T/ EE
B PR/ NS HUR R Z R R IR, IR T
TR AN 2 fish 2 R ) B SRR R 7 A T i B e A D
. SLG7IZVHFFFRLET 40 BE RGN 1 BE A OCSFE A, JF
ELAS A W77 A SRR B 57 TR M4/, Tan%E AP
AR BT AIAC TG KRR B, i B
SLG 755 LR F R ACE RGN, 1 B AT AR AN 7= i
e HBEEOCT, RGNS BT, M2
FE R R EETIA, Weili \OBFSE T st b s i
TRSF R B HIE N HETLO, & BAREBRHEL OV 535 5
U E 53 B A A G i e £ R SE 4 B4 (cross-
over, CO)AY/™=A:, B AIFL T %L H b, HIFAS5E
AVHBRMERERC A RE ST, MATTHEN, AT LAGE i
B ZRAMAHEL ORI 3P MES A, DI A
[ A R B SE R D RE A 28 AR, 3 I R AL R b
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% 1 FIHCRISPR/Casi R 45 KT K FEEF

Table 1 Several rice genes edited using CRISPR/Cas technology

HH LEN ARG i = E= PG
OsAAP3 IYBEER. AR E Cas9 FHBR [12]
OsSPMS1 b AR Ty Cas9 B3 [14]
OsNRT Rtz Cas9 B ) [23]
OsEPFL Ao 8K Cas12b L T E [24]

SSII-2. SSII-3 B S Cas9 R [11]
OsAAP4 STEERL. KPR Cas9 A [13]
OsTIRI. OsAFB2 PR, B RUES Cas9 TEMRAE [21]
OsAFB3. OsAFBS MR PR ARJES Cas9 FE R GAR [21]
OsAFB4 Bl p Cas9 E R [21]
0sACCI R IE s Cas9 5|4k [25]
OsMPK 6% SRR G Cas9 e i [26]
OsHPPD BRFEHTTE Cas9 L EE DA [27]

0sGS FFRIR /N Casl2a FHBR [28]
OsGW FPRLFIN Casl2a PR [28]
OsBADH? BRIFES Cas9 AL MR [5]
0sSD8 =il Cas9 L mpl [29]

OsGlu HREAS T Cas9 S [10]
Bsr-dl BUREIE Cas9 A [17]

Pi2l BURBERG . PUAMTRR Cas9 N [17]
ERF922 BURIEIR  PLH MHATR Cas9 A [17]
OsXal3 B A AR Cas9 THER [16]
JMJI710 Tirf S Cas9 FER [18]
Osrr30 RS APk EEE Cas9 FHER [15]
OsWRKY63 [GES ¢ Cas9 PR [19]

sopl0 [DE6R Cas9 FE RRAR [20]
OsRBLI B Cas9 L mpil [30]
PigmR Bz e] Cas9 N [31]

uORF OsDLT MR S EERL Cas9 5| Gt [32]

OsS5H Btk Cas9 LA R [33]

OsWx. OsBADH?2 HEEVER A i Cas9 TE MR [6]

Flo2 BHSEE M Cas9 HBR [9]

OsEPSPS BB nCas9 FRGR S [34]
BT BTG bR 7 5 R IR 15 5 T SR 4 G L (R OsSD 1 58725

A, ZhouZs N*HLFCRISPR/Casti AR, 7E/KAG
"o OsGBSS IR OsGS3 3L FIVE MHERR, XFOsDI18(HR%
RAWE R B GAox iR R B J3 5 T 24 T4
i, RIS B R RIS RIS, (HXAS
Y tsgm AN, WSS R, T 0sDISKH 3T
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PREA MR- AT AR R, Pk, il g i
OsDISIR BT, WA I 7 A E Rk
g PER B KA, HAUBIURAE ) L OsSD I RZE 1K
FRF. XSRS B A 2 R A R A S AR A
TR
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%) |79 ¥ g L R D i W e

ZAOCF A R Y & Feb i — T R M, 1%
KM TV 1. SR, B TR BHE 8, 5
RICEE DR IR AR OL R, PRIt B AE 0 5 2EHE 2% K
LTI A 17 o7 S BV S s U i =7 Nl BP0 A R
PEART RAEAASH (1077 2 AR & R0 5 i 7 TS
THRM#EE, JHIECRISPR/Casti A 1E 8 71~ K Fi i
PEART IBLI AN K HEMEAN T i 3207 T8 S R Y
3, P2 SHEHEATHOCH RN C 2l e, JF
PEE TR RV EHEEA T 5 FHLE R,

MYB(v-myb avian myeloblastosis viral oncogene
homolog)VE MY i KW s R ¥ 5K 1k, 2 5 4l
At AR IR S A R B AR, IR AR
AR B B R S A R Ak, A
FCRISPR/Cas T B ALK& P IFFE MYBEE K G TR B 5T
H35%. Han% A58 i3 CRISPR/Casti R #il%:MYB
et 1-0sMS188, KILZA R i R R HEMEA
BIRAL, HEAM AT MR, YERZEEE, &
2 U2 BUE, IESOsMS8SIEFE L o % AAEHS
REFE AP ) SRR T, Xiang % AT B0t % T
IREMY B F A Baymax 1 (BMIFEH FUIEM AT RAZ
&, T EA e . B AN S FHCRISPR/Cas94s A B E
5AE, K BmIZE 7R R R A MR O e
PRI A3 R b ok L HEAR R FAR AN S AT
WS RIS, RAFBUNEAN A @2 Bz w] UL
AEK3, R Bm DA 7K RS R 2F 58 ) HA SRR E
AAVETER TN E.

TP ABUR L R M AN 2 (thermo-sensitive  genic
male sterility, TGMS)J& W R 2458 /KFF & PP Y B 2241 A%
Ay, EWTIZ R Barman®E A HICRISPR/Cas9
XoF 95 i A% A K R AR B RE ) B IR BOME R B
TMS5(thermo-sensitive genic male sterility gene 5)#fT
i, NG RARRYKTS, HAESE T X — P HA
Pes = W IR TGMS it &, AT T2 i HH TRIFE P 5
LA H R, FangZ5 N OF FH— B AR RGXU4T,
WAETMSS it TR, BEl— 1
TGMS/il Z2GXU47-5, FRUGESEH| FICRISPR/Cas9H A
HE A B S AR AT AT LR ALAY; Chen NUTRGBIFSS
[FIFESR AR T TMS5, 2ok BE DR G 345 IS 9878 i 3%
H2sFIH3s, TEHIXLERABR RS MK R LG,
I e B F RS SR A S B AR P A BRSO 2

SERHE W OLF. T A I 25 B AT AR
R, BB R AR, PR SRR g R T & Y
fEARKFE TOGMS & — A SG& AR, nTnk 2 A5 AR 5F58
HFIH.

T R EYEAS T & (humidity-sensitive  genic
male sterility, HGMS)X FE TR EE +0 fUsk, R
AR EE AT, AR m R T . T
OsCER 13 HA 2 5 /KA vh K 8 B k& (very-long-
chain, VLO)fA414 AUIEE, NiZi N ibROsCERI
HH, FIFRI B HGMSFHE R H i R (OsCERICas),
UESEOsCER IR 2552 M VLC KA, i g AniAk
I AE R TEAIGRE BE IR EE T X 3k (R 80 B2 R AER, i DA
K, T e R PR U 4R v T AR I L X R A
HGMS AL, e R a fh BA B ERN
B, PakZ A\l 5 TR 55 4 ¥ A1OPR 3K
FERIJEEE N OsOPR7, ¥aE h—KIEEART R, NTEN
LAKFER AT R-WKE R R G T 351 8
#: SongZ AP FHCRISPR/Cas9H; A, 1EHIFFI311HY
WAL 50 BRI T L B 1 CYP 703 A 380k [ I
PEARF R, IR AR B e AR R
9311-3B, AN FIEEAT R(GMS) MRt E T
il R T — AR FEIE R A5

) Y R fa Y U 1 VA1 B 4 e e ]
PMBRIKE M &R, LU AN A 520 A 2R i5 4L, X
— IR R WA . R, AT R
WEHEAR T RAE AR HA, FFERIXFRNE RXTIR
BUR, DMESSIRE 2040 SHEMERE R, P
WEHE AT R SCHRIER D, (B e X E T e A
PR A AR T AR AR Y. Lige AP ek
T S 0 T —Fh & 00 IR B U AN B o5 1
(thermo-sensitive female sterility 1)248{AK, HAE SR T
SEEAE, MR NS E. AT, Fros 1550
LR F A FRIOE KA b, 2] RS R AR
HEAREAME, Fo] A X — Rl — RS RS
Fro AT R B A MY EARN T R Ab, 7 H )
orh, s IRARRNE IR 72 1) 2 S R A 45 S0 3R T i,
X — R IR K ARG A2 2 Fh 26 4 1R iE
B, FIRWFFE 2B, CRISPR/Cast A A7k Ao M2 AE Fh
FROA =R AL T oA i T H, X e R R AT [ AN [
YR Im DAREAR, B AR b (R AN [RIVE 4 1 R L 2 5 Fib
T
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5 ABKEER TRV G AEH

ARG H IR TR F AR TR SR R A R
FRIAEARMNIS, SR T a5 B YRl
IrE, XPMRREIRZA S, TRl G A b (apomixis) N
X — AR E T RAFR R TSR, TOR G A B Rt
NGt HEPEATMIRE G, Ot SRR A s A
AT 240 KA TR A & B B TC R R sk T 7
AR, XA O TC RN F O T F MR 24 &
P, MTRERS [ 2 28R 3. JCRbS AR AR B A ks
XA FURR A 7= = AR B A PR A S I, PR AT DARE
RRAR, S BRI, Jf Bk 256 AR sE (an
ANAHZ B ) R TG 0 (s B % B ) A DG 1) I R
D] b T il A= B B AR Y A PT BRI AR AR AR
BT Y AR, WA R T S B CR A LR A
EL AR 2 AU A RV I T A, L g T HAY
S TCR G AR AR WO AT ER D SE B T 2258 R
TR 2R RS 2

7E/KFEH, Khanday%5 AP F20194F i CRISPR
H AR 4w BABY BOOMI1(BBMI). BBM2HIBBM3, #45%
TR EARZA MR IR, IES oM 2t
RATEZ A R PR L. [F4E, WangE A4
FMATL/ZmPLA1/NLDEER (B Wi e B P 2B, Wl i
SEAR AR A, LA S MiMe RS R (mitosis
instead of meiosis), [F]A} 22832 A0 L R
PAIRI. RECSFOSDI, MM FBO8E s> 54540 f 22
Ay BT RAME AR B, 33 CRISPRAE AR AE L4 ARG h S2 ik
435 PR (RIS RS 1 R, e 2R TE A A B 1Y) T P
Fh T~ Vernet AUl o 35 K 2 B R 7E B0 4R L ik
BBMIFEPH R FMiMe AR, 155 T ARIFE 241
MR, SER T N T & el & A Bl 2E K AEF 2 Fhp
PIRTATIE. A T 2P ARIE A BOCHE B IR AL R
TR F ISR, Liuge A7 v e ik
BITAC, R SR, IRIERYL. Fsdl. |
AU ZH RN S5 7 S PR R S M S, AR B L TG
EYEL e 2 INCIBT PO 2 AW bl U O il DR R e | A2 A E 2
BATRAETE. 2S5 B FuF SRkl FJca & &
SHAT KRB R ORI TE. LU EARSE A 3R] )
Totk R Ja AR 45 SR A AR 7 B B AR, A X
AL, ST WeidE AU & T — Rl S 1E # 22 i LR
M EE AN T ARG A& A B R, &2,
BBM 43 R TE 51 20 A Hh 114 2305 1T LA fh 2% 5 i 1) T
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AEFE AR IR S AR = A, BIJCRLG A A AR 1) B b
WA Z 2N W 2, FLEs ORI 5 1IE #4258 45
SCRAHY, B el DR s e g T —18. B,
BBMAMHG I TC Rl & AR B LA AR SE 4 ff b, ARAAESR
ITCRl A FER B M T, BT LA R 22 1 B 4H
MueSevE R sh 7, JCHOEKRERER A 8l 7ok 3K 5l BBM4
ek, I A S IOME A 5 FN A TG AL A2 B 1Y) R
J1. 1e4h, BBMIFIBBM4FE SR rh i e [] SRkt v %
JEH TR R e BRI, DUESE N T & oA
A AR b B .

6 IRFEDRUARHA TR EIAR

MAAEARB R AR, PRI] Dbt 7= A= 4l & il
Yy, WS E FOE AR, H AT A T kS
VERIRI B OS4SR, I FHCRISPR/Cas e K 4H 4t %
ARIEA R o HEA T BRI S A AL I RS2 FH T
BTt R,

Wi o 2 ) R OK B AR R ) RO I MATL I e
B, SEIEIAZs w3 e L g RIS T /KR Os-
MATLIRVIESE R A2 AR 0R, Iy i 5 Hh K R 1 s
&, HikS% 82%~6%"". Liu% A58 CRISPR/
CasOF ARTEKFE AN T — R I OsMATLE: H 05
GARR, S FR APPSR ARARALE [ SSHEAR A 6% 11 B
FERA A, IESE T MATLEISIREARSEIE, JEEIE T K
FERARIAE SR, OB KREE I E R, W, Liu
5 N KRG % 5E T F K ZmPLAIF ZmDMPHY [R5
LK OsPLA1(OsMATL)M1OsDMP3/6, % ¥LOsPLAI R
R 2 T 802 S0 S RO 51 R AR R 0 &, i
osdmp3. osdmp6FIRUGEAS R I AR Bl figh Jz B4 {4
HIrP=E, Hosplal 245G AN BESE B BAHAIS SR X
Segh BARH, AR A BRI S A AR AS R AR
BLB, 0 o] £ /55 7 ReS BRLA% A 7 A0 23 DU 2 AR SR A 9 1)
.

W T MATLLLAN, KalinowskaZs A 7£20194F38 1o
FECENH3 8 [ A NA i X Bl 4 A2 R R, TR T3
MEMEERIBES R, e T1%NAEERER. KaurdE
O T A KR v e SE IR AT Os CENH3HEE I Y JLAS
RARE, R AR SE R PR A AE R 24 Os CENH3 %5
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Research progress of CRISPR/Cas gene editing technology in
rice breeding
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China is the world’s largest producer and consumer of rice, and expanding grain output through rice breeding is one of
China’s primary measures for meeting sustainable food demands. The country’s sustainable development strategy heavily
relies on advancements in rice breeding, which is a critical factor in meeting the growing food demand and addressing
environmental challenges. Currently, domestic food security is threatened by global climate change, population expansion,
environmental pollution, and a lack of resources. Simultaneously, the promotion of global sustainable development poses
new challenges to China’s modern agriculture. There is a pressing need to solve the food crisis, break through the monopoly
of seed sources, and achieve the “two-carbon” (carbon peaking and carbon neutrality) goal. This requires mastering core
bio-breeding technologies to promote the development of green and low-carbon modern agriculture. For example, breeding
high-yield, pest-resistant, and drought-resistant crops can reduce the use of pesticides and carbon emissions. Breeding
food-saving, high-yield, and disease-resistant farm animals can efficiently use grass fodder and reduce drug and carbon
emissions. Some innovative solutions such as CRISPR/Cas gene editing have emerged as vital to revolutionizing rice
breeding programs in recent years. CRISPR/Cas, a widely adopted gene-editing technology based on the modified acquired
immune system of bacteria, has great potential for applications in rice breeding. It enables the rapid and precise generation
of new germplasm, providing an opportunity for the development of new and sustainable agricultural systems, while
facilitating a series of novel breeding technologies and laying the foundation for agricultural innovation. Using CRISPR/
Cas technology, researchers can edit genes related to rice yield, appearance, quality, and resistance to biotic and abiotic
stresses, thereby enhancing the agricultural value of rice and making it more marketable. By editing relevant genes,
researchers can increase rice resistance to pests and diseases, as well as tolerance to drought, salinity, and other abiotic
stresses. In addition to its application in germplasm development, the CRISPR/Cas technology has facilitated the
development of novel breeding techniques. For example, de novo domestication is enabled by transforming wild rice into
cultivated rice by editing specific genes. Moreover, CRISPR/Cas technology can break the linkage drag, allowing the
simultaneous expression of multiple beneficial genes by editing genes that affect genetic linkage. It can also be used for
hybrid seed production, apomixis, and doubled haploid technology. Finally, we discuss the development of CRISPR/Cas
tools, their derivatives, and their applications are briefly elucidated. The discovery and advancement of gene-editing
technologies will undoubtedly have a significant impact on plant genetic engineering and breeding, offering broader
prospects for future rice breeding. In conclusion, progress in research on CRISPR/Cas gene-editing technology in rice
breeding provides new opportunities and challenges. Through the application of this technology, we can improve the traits
of rice more precisely, increasing its yield, quality, and resistance, which will provide important support for the sustainable
development of China’s rice industry and contribute to solving the problem of global food security. The discovery and
development of gene editing technology will accelerate the development of plant genetic engineering technology and the
process of bio-breeding and has broad application prospects in future rice breeding, which will make an important
contribution to solidifying the foundation of China’s food security and solving the global food security crisis.
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