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Abstract: To date, crop breeding has gone through four main stages: domestication breeding, conventional breeding,

molecular breeding, and breeding by molecular design. In recent years, with the cloning of important functional genes in

rice and the development of gene editing technologies, breeding by molecular design has shown its advantages. This

manuscript reviews the progress of breeding technologies and breeding by molecular design in rice, summarizes its

theoretical basis and achievements, discusses some issues and makes prospects, aiming to provide an outlook for rice

breeding and molecular design breeding in other crops in the future.
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AR, IR RS T W Fh N KB R )RR 4
R, BETHRORERMTEERE, 245, 2F%
FH MR T KRG FE R 2527, B RE e A
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5, AR Gns. 1, KRR Gwr, Bkt
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AR AE) A S 504 LT o {8 ) AR T BA R X 3
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FERRARTE 2, S =Rl 5 11 00 5 R (801,

I ZE R A A5 — N I SRR P 2R (1)K S, B
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b b, MRT 6 MERM T AMEKER, HHIE
AT Fh i AR R T AR, EYESIL
K 106 FfaFA 1 S T84, 18 H HDUE AN 55
Fher X, AERE N RS IRERE N & RE
Rl wxme ki AL R GWS FPURGIRR 2L K] Pita F1 Pia
) BRSBTS AP AR 193, R AL
R H 2 KRG 2 B HUE, AT K R K T AR TRk
F=o B A AHN U AR ORI KRR AR 1A AL
J7 1 o W FE AR K 22 B 3R AR T A LA R 7 & 5 R900
RFRIEAR,  DAPUE R BRI R mfb-MH86 Al
RO001 (35 AR HUHEFE R Pi9 A H Rk P itk 3
Bl Xa23) WHEARSEA, EEHH YA19-1. YA48-1.
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YA50-1. YA103-3. YA108-8 Fll YA109-8 Z5&x &1
ROE R B ARHS  T ZRAE RA R 2 R A
X, ek v A ) A6 AR A g i o A ) P Al
Ko UISREEMPTIEIER Pil F1 Pi2. EAMAS BT
PEFEDR Xa23 FEBEVER) & EEE R wx i A4k
Z1103 APARTEAR, Ik R Bk 826 NZAASEAR,
KA FHRITEFRMAEIEE, ARCRAIX 4
B, 315 T IR . S R E R HOK
TR S R Bk 881851, 2= 5 v Bt - I A & iy Rk
804 LAF K 88 Az imAl, HARIE GS3 bk,
TR Pis B, HER KR REAE 2 Tt
B 8%, WA R —RUR RS X R,
T 2017 i E K R E . R 902 PLEE 131
RNEBL A, B PURSEIRARER Pizt. Pi35. Pil. Pi2l
PL R B RARER Badh2 S NE B, TEAREASE 131 1
FE, L. 2B RYRIRIFIN, AR
PEIESER . KURIE B KR E R MELT . &R S T AR 1800,
W HE ipal-2D KABIRAPUIERIR PiZ, Pi5 558
BT ErE AR R R R 1 5. 2 5. 3 %
RN IRATFEFGFH A 80,

223 A A B AR

HERGAEF AR THEEEAR, A5
JRFEEN, mrE S RNA SEH IR R )
PR B SNk M i e S b
R BAERE, Bl o s TR 8 M EE
FRZ—.

T R R R REOK B R 5 ) R
7, P EFRFEER S YR 5L O R R
A1 BN FH 225 D] 2 45 A i B R A i P 5 7K 134 R
BAE T S E BRI Waxy, (EA AR R 2
PEIRFEAE AR T REK BB TE M &, GUH] TR
BR8], A AR b K 2E R A BA RN 0 K22
5 R BB gt Waxy ER R8T, RIGREK
HEEEM S E NEREEANFERIRR, ST S
JR BREHE TR A2189 900 HLJE, AR At e T A AT FH S
B Y % (IR PA T S 2% ABE AR i g i 22 4
A% CBEVY Waxy FEFBHTIEE S, L3RG 15
ANRAZRRIRT 18 /S Wi FERBT AL, AT K ELBE
TERET BN 0.3%~29.43% [P 5T A5 (37 AR R 55K 134
FEEEER S 8N 19.87%)101, 2- 2k k- 1-H g ik
(2-AP) 2 PR T8 FE KA WA 1) 21 B 22 5 02, A [E]K
FEWF FC T RS FA AR B CRISPR/Cas9 3 [K 4
B, ARG SR AR 1 5 ARIRE SRR B4
BT, SH H IR OsBADH2 WA 3,
AT AE AN 52 M R A 35k P R e AR 40 155 00 T 48 A oK
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Tk, HAFEWRKESE Y OsBADH? wilE kL 54
B R 1A 2258, 1921 R 1= R =5H B-HEL
By, FAFRANR AN AR T R o R R
FH931, Zheng 251940 OsGRF4 FH (AL S 1) 8542
HEEF(MITE)MER, FIEm OsGRF4 12 /K,
G 57 B A Z AR T 430 bp 1 MITE
N EE B R OsSNACT () EER R X T4
OsSNAC1 [JZRIEKF, FEmKFam £ . il
K 2F B MG FE A BA S 1 5 4 4 SO (R A AN
(PLSM) Jii%, XF/KFE ZBE4iEE A FRALEE 1 JKN
(OsACCHHHT hREFR AL, MIh% e ZMAA
T AR N BRI (APPs) SR P IE R AL s, $
BT PURR T 1A 25 R B JR0S),

IKFEYMEAEAR CLFEF PRI 00, VERLPELT J3
BEARELS), PO Bl RARD0, FEJZIONSE, By
AEFEEE R R B R N AT I A P (1 8 A R 30
BeaE . SPEURAE SRR ER = ) I R A T L. 2R
FEER IR o) T AL BT AL RE AR PPR1(FE 1L
MFIE 80%. FRAERCRIE 40%)i3ET L R H 23,
FIRET 12 kG tafRse IR, AT SERERE 5
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Bh4. Rc. OsLGI. GWS3), $#&EHlvEkitE. K. K
o, BRAY. RIRVZE IR . A 5 DR g v s 1 AT
KIE R (gSHI T An-1), EW AT I8 g 9 A AH OG5
DR SR S A R DI . B G, SOEFE R g
7R U R R IR R (R At S A
SDI1. R GS3. HAEPRTIEL 1PAL. A E W
B[R Ghd7), 453 UL 8 ) w2 PR
VR IEI, AT DA R B AR RS R AR E R 02, 1031
23 BMIAEFA%

bR IR E MBS, RE RS E R TR
SEAMIT KB . L IWVE K2 o5 24 B AT
RIKFEE Fh S/ 248 RiceNavi B8 7 225 MR
TEP7KFE QTL/ZER, ME T & 348 AN AL A AN
562 NEEALIERI T B . [ Bz & S Tl
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HEZAEE OO ST B NIRRT AE AR X
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575

HFRHE— PR . LEPRIZEER> T EMEAS
PR 7] 5K WA BN S #r TR 2= 5RTT H A& 1, F
Fl RiceNavi *f % 9311A #4750 & MR Z T8
(quantitative trait nucleotides, QTN)f##T/E, KH
YRO822 FNHERSEA, 45608 QTN 2 Fhnid. 1k
B P N A R Sk Pt 2 SRR m) 4 3k
Mp5RMGE, Q% HHEAERPE 1A, £
ANE RPN T R RIE R PR Pi2 FIK i 5
K GS5. LLYPRE 1A FIZE 9311A NEEAR, 205 51k
B RTINS B RS, &5 BRI A0 F
WA GRMEL E(PRE 1A/ 1) S ER 1 (&
93NIA/FLIL 2 ML, fEREmPE. M. =&
857 THI 35 I AL 00
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b & /K TG S 25 55 (R 20 1) 56 38 Az 24 TR 40 0 1)
i, KIBIhRe RS RIS ERE, KRED T
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B HEHEEREEMNE SR EKFERE TR
T 5 81 A BAIO7NE FH 3 (R 4R B R FE B AR 9108 I
AT 27 PKE 4227, WikE 22, WikE 88 AN H R
R GS3 FENA Gnla FEN, 3RS 10 s
BRFTRALEA B RE gs3 8L gs3gnla {EFTH
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WTHE 22-gs3 MIWTKE 22-gs3gnla AAXTEF ARG,
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PR SRR RGN, A ERAIFEL S
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Rio SR EE BRSNS AR, BA 3 ML
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IRE 2 MR PINE QTL MK R, AMEEE
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Table 1. Important historical events in rice molecular design breeding

= i ] SR
Event Time Reference
SR E RIS Proposition of the concept of molecular design breeding 2003 [18]
MOCI #H 5[ Cloning of MOCI gene 2003 [120]
KIESHREFHAAAM (HAR) Release of the reference genome of rice (Nipponbare) 2005 [22]
AR I A W TE/K R 75 S Application of genome-wide association study in rice research 2010 [39]
o ERERE B SR SRR I (A 28 o TR E R AET A R 2013 [86]
Initiation of the Strategic Pioneering Science and Technology Project (Category A) entitled “Molecular Module-Based
Designer Breeding Systems” by Chinese Academy of Sciences
IR = R T HER T ) 23T ATLEE B b A T R 3R [ 5K [ SRl 2 2 — S 2017 [121]
The First Prize of the National Natural Science Award for “The Molecular Mechanism of the Formation of High-yield and
High-quality Traits in Rice and the Design of Rice Varieties”
3010 {3 WM AETEAE T Resequencing of 3010 samples of Asian rice population 2018 [27]
4.0 #2H Proposition of the concept of Breeding 4.0 2018 [11]
CRISPR/Cas Z 43k DURL3Z The Nobel Prize in Chemistry for CRISPR/Cas system 2020 [87]
JKFE B TP S0 R ZE RiceNavi 7P & Development of the rice breeding navigation system RiceNavi 2021 [104]
KIEFERSHEILR A A (HAR) Release of complete reference genome of rice (Nipponbare) 2023 [23]

JURTHR G, SR B T B RS R A 220
JU, e R AT ek B DRI — R 22 R (B RIE 5N
A IR B R I  RAFIZR AL, B = H 8] & A
DA A 735 DR B — B R R R A 0101,

43 K 41 1% $ (genomic selection, GS)i2&F|H
SRR AR, 46k B 2R R
B AL R TIIASE A, X & o i AR AL AT 000 o
0, S54E50H MAS RGO IBHE S A L
GS FIH AR AFMOR AL R 2 HER ], 35t
& TR CE IR B S s R AR, AT
Mo RAMAR T IeEE, AT DR 4 R 7 0 J 120
Herp ol R 255K Ja A B BGEE M 210 3 E2H 348 &
SEA TR 21,945 4y 28 3T JE AR P BE HLIZ IR 278 3 44
R TR ST, JEFIH GBLUP AR AL X B )
VERVIGRFEAS , S BT REAS IR P B AR O IR AT T3
W, I 100 AT = 5 e v PO TE 4 28 Fh () 7= i
PP B 16%013), HATEs Efh e
ZAEH GS &R, SRMTE KRG T % B A
97 FR 58041 Qe A1 B R 43 B4 AR AN S0 S v
FRAK GS B T/KFEE F it SCps: el

2025 AErpde— SRR AR N TR R
(artificial intelligence, A5 EBEHLSS, R
TNHL PR, HLEs NSRRI 5. ANATRIA,
H KR T3k B MR R A, 2K
R FEA R PR DL 7T T EBFA AL S
KB T ST VR R A AR AR S LS NS
QAR — 5 T e ik 22 R 4 i e AR B i AL 2
NP EIRE S AN BB B R, B — s IR

FE2E SR L RERI ) R A M B A LA N “ 75
L7 AR I SEIL LA AR S R, RAEY)
B+ N LR RER G (1 ML 3E 7, K BepLEs AN H
TAO A PR AT, RO N FZ R Y
HERRTTE

BEE EE I AR K I, AEVRR 5E B R
(biotechnology-+information technology, BT-+IT)A K
RE, BREAZRM TR EMIMSER 5.0, X
—MEEEWEE L KRR R, AR
AR SR SN 70 T8, AEEYIRES EahiE
REIREE, 7E &b BSEI Ae s A 1 oK
NERERE, WisHAYTB. BTHT RERME,
LI EYD RIS RREAE T, I 330 & B
SCHLE R bR, PRERE E BT dh AR08,

ERLE TN IRV S AV SO I A R V&S
M ARG, Rk, B A AH SRR,
RO B R 2 E AR
A NRTE RO 7 2 BOK AR fn oA, Dy O pErh
A4 BOR B 22 4 i B R DTk
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