—t

NS 2022,40011) www.kjdb.org 15

(Emml RSB R HT

XEAS , BRELEL, Be S iR

AR AR B, Kb 410128

BE AR E S SO LR, YT I 2275 T IR, AR
U R EOR AR AR 2R 3477 1 ] 2 IR0 T il 69 A D R, B T AR il 14 4 J SR
LU HTAFAERY R, SR B2 T vp AR AL 4 & S 07 ]

KR Pl AT AR A R Rl R

ool AL 45 75 Rl D LR R BT A Mol E 20 T 3R EHBL(E 1) o Bl i)
ML AE T A BEA AL BRIk S AL — R BR T A SRS el Gz TR
AUbRAEPE e S TR 2 SO R EAZ D SRR T OB ORI R s e 2 18 5 F Y
Pl VEWIZ A E RPN, Gt i Al A ISR |

1986 || 2001& || 2005%
MAS || EEEER || EEEE

19804

s DNATRHE
I+ R+ D FEAR &
19706 19836 20004 20035
19534 LIRS || HEREY || ERENE || e
RIDN AL 7/
18698
bt = AR A SEARIR | B RREE
19084 19285 19694
RAEELE BRRR SRV)EE
16944 18664F 19005
ENEREE || BEERRE | EtEEEhsn

ARmI00E | [ 17195
ot DALZ 19284 19715 19844
N (INSEEEart |4mﬁfﬁmm¢m T e
. 1903% 19685 19745
&E SRFIRG MEZER Z2IPGRI

Al 1859
B BRIGEEIE

2 7T H1 9000 £ 17276
N hESEN FiliE

K1 BRI

AR H 1 :2022-05-20; & 71 H 1 :2022-06-07

ST H  FE M AR R B RFA T H (CARS-12) 5 91 25 B R BHE I H (2021NK1004)

VEFF TR X AR, B2 BEFE 7 8] A ER) 43 F B A, B F{5 48 : zsliu48@hunau.net

SRS X AN, BRELRL, BE22UR . VR Rl & RS S T)). BHE SR, 2022, 40(11): 15-23; doi:10.3981/j.issn.1000-7857.2022.11.002



—t

16 www.kjdb.org

RS S482022,40(11)

AV HUBEAE fty 2L 77 AN B 2E 7 K 56 Fr) R ]
Wi — M BT R 8 T T R K,
BN AW Mg N TR REE 2R
TIEMIEA A REST 4 Fioll B2 AL

E R/ R i AT N PR S R SRR 3
AR ER A 4 A4S 5 THT A8 IR R AR, e i
DU RIS A EOR QIR RSt ATz 1 H]
TEPRFRED i 22 4 BRSE A AS PRBE MG A R A L
O SR TR, R AEARR AR BRI . A5
PSR UR T AR AR A 2R 3 A T5 T A A
A RSBt AT 70

1 EMPERIERNRE R L

ot 5 9% D52 B R ) A . R B AT
GBI Tl 114 2 Bk ) ) b SRRV T A
FLFRUEE RAT S PR R IR
1.1 MREERNERE

PRAE A BRE ST T 2 1750 S 9 IR 2
WAL FERAT T 249 740 T3 43 b 50 B2 U, FE v 95 | [ 52
Toft 5 P25 PR A 1 A o 5 3k 60 403, [ B A ol
RV LA T 2Bk 2 5 [ K B 5 HLA AR AT
TR ) AR R UR, A0 B oK REE 5 BT
TRAFA 12.8 JT O KRG FP BR[04 IR
FER R GER 52 0 &y  AOR TR E . DA AR
TR T A AR AR AR, AR TR i
R BT AN AR PR S & L S5 R K 3R A5 A b
BHOZEWEE R AR BN o
1.2 FMRBEHEE
121 EFEBHET

F M 2000 4F i Hz 18 52 A P 40 /e O L2002 4F
T8 B 7RG 1) 4 3 DR AR 485 SR LUK, BRAE
EL A 2 800 Fi A 47 52 A 4 3 PR 4L P, K 22 01
P« R4 GRAZ D) B 2%, KRS R
AT ICEEH A A FE AL i R L E A R A
WAL W Rl LT 4 3 R A 72 ZE A1 B+ Fh
YEY) IR T M T, D WECE 3 bR}, 22 WIECT 6y
Th 2 LT AR UK RS NZE ) | 5 28 LR R AT
B T A Ao o AR I e (R )Y, B TR 4 e s 4l

he Yz F DR 2 A S R R RIS A Jo E Y, T 4
H AN BT AL B DNA 8 SO 72, 76 DNA B 7K1
I 7 S T S ), A R T R A Rk A B
(InFIBREE L R i HoA RS2 B
A 285 ) FRTRES 5 £ A3 A A2 O o A A | 56 PR ekt
E A B BRI BT OS RITER T BT R AR
PETILRET, KR IS A R B R E
25 gt 37 L DA AR SR A B I P T A T 4%
i) .

122 REBHET

X WS 1 o o B U, — M s IStk L7 i
PR TS A SR T AT 5 58, P A 3
FAVBIRR 2 C A Ae A B 22, P T 7E M)
AR, FE R S IE AR B — IR BRI
i BRI SE E 5 A h 2 AE 2 S SRR | R
RIS E . 242 5 S T DIE WA 4
EMR A AP R B RE M. IR B PRIR,
W IR A A R R A AR MR
HRVRZ R A R R B . DA i s A K
16 FH 2 42 (WAL sl R A AR &R
ZH A ) T T LA T IR 2 R R i Y
1.3 RBREREZHE

AT S %5 B — 0N 7 2 1 Sl
e B PR A AR R R RSB i 114 PRk 7 A7 e
G772 ANGT W T 28R IR 1) MutMap 773
TR AL IR B BSA-seq 7 TR 1
K=mer I35, R E T 12 3 A5 | i
S 1) 38 A% 2 7 v R A7 T e 3 PR O R — A 4EAR .
R TR i S 5 110 25 TR 4 72 S B 5 3 AR 40 i
A PR e SRS S o,

FEPR 7 v R N D) REAIF 5 2 M RUF 5 10 3
JKAE B 4 5 58 [ Y IPAL . Gnla . GWS . Pi2 . Pi9 .
Bph3 55 4021 A HE K™, 24 i 7K A B R 109% , L
P APt A7 — KAt A H 2 R A 5% B 3 TR
FEBE a0 FOR AT IARIE S o AR T R S
PRIPA20T /N2 45 1) 205 B 9 e 1 TR R 235 4 1 i PR 27290
TH SR T B 1 7 i TR TTS BE ™LA B T
TEH ToRl G AR B SR Y AR A
HEEMHARM L L5 5L P28 00 X 5 T e



—t

NiES#2022,40011) www.kjdb.org 17
ARG B 25 0 o P,

eSS L A5G EI Y 2 SR AL s T R
LR VR TR el S N U R VAR - S ok 1 H & B X VA
FEDH QK R R ELEE VE R 5 B 1 W
TTR R A B Y TTS JE ™, R IAE A
SRBFAAR A AE K I A AR 57, 45 S A8 S AR,
FEEREESR
1.4 FFAERZMET AFIEDIIL

bR 1 IR B KPR AR N AR R R AT R
R T E H BRI A B A opp L R B A A )
()T R FH B T & B EY B sz 20 A,
—PREFRE AT RN (B . AT AR R A SR
(NSRS PSS =R T F N S = AL (HESFH VN
7 o BT R R BT O R AR I B B R
PR E R AR (FE R, B2 N HTE/ N
A2 ABACFIIH G SR 2 A5 R EY) LIS b 3 Al
S, W TR AR AR A, IR A AR A
Yz B0, @ 1 T YAk % B A= 4l ) % 45 D
M IRORARE) A 22 (25 20R) ) 45 07 A AH P 1E 38 3
458 7 L YIRS B VR B A= T it L AR 7K A
A5 3 o) R PR o e PR AR

2 (EHEMERANES

FER Ok e P tlp S S B B AR 1)
TR, K HAA RIS A Ak PR ok . BISEE X 2
AT IR R AR, RS T R E
21 TRUFHANHES

FesZF S A FIJE N B RA I, i
AR IR BB AL A TR A, R T
2 PSRRI S B A R TR ST TR 1]
BRI TR T A R B RO . R R
AN RE [ 52 2 b 35 DR TR R M 34, T L A 1 ok
AR R T R, BB T MEEY KA
IR ch N R 7 o R R N AR
S 1950 4F LSk 230 Z2 Rl R 3300 24
ARG Fh Chitp://mvd.iaea.org) , T REAL G
AR5 EE AL L P RE T OB A AR A ik
P 1 N DNA ZKF X355 48 5 AR AT 45 2 | i

FE Y 3 DI AR 1983 4 B 10Ty, M 1996 4F-545
A B e DL 3l ot L A 7 BN AR, 44 1 [
G X TT R T A 4 5L LIS, 32 R4 52 30
THIENE R SR 525 45, R AT
o LR F TR PR B B DA A S P IR A
AR SO R 1 B 7 R 4H A K B SR Y
5 3L A (https://www. isaaa. org/gmapprovaldatabase/
default.asp) o EAFk , 76 [A] A% JE N | 22 A [R] Bsp
Al S AR R T AR A D THRAS TR, e 2]
[ BN Ak 12 A 95 20 22 Fh AR 90 Rk 3 1 35 A
FRACARAG L (AT BE DA AEL R, WS (AR ik PR mT A
AP EE L R RN L U IR R AR
AE 1 A EER BRI 1 B DB AR 1) R FVE FEL, T AN
BB L PR B ANARORE 14 5 A 7 1 A A ST T B S
X — BRI, A T 40 K T O BESE I Bbm
FI Wus2 (B 25 FRIBHE m T FOKRSFRAEW 8157
PRI Bl B PR ) IR 23 3R R 18 42 A HTAS T] 2
TR Bl BRI DG A B, BE A SR K A I 23
P Ty o Al AS ) DR A A o 2
A [I5E AT S R D] SR A B Rt v, DT 3
0 R KA I A 9

NFEIRTEAL A A st L B K437
HADX KA e T g 25, A 2005 4EEEA
2H g B LR B LR, BT K BE AR R il
(ZFN) 5 S N 13808 W% e Bl (TALEN) Al
il AL A M) R T 0] SC A2 5 Cas 2 1 (CRISPR/
Cas)3 FEEIH (A1) i EA , JEHIZ CRISPR/Cas £
AR LUHARAE TR A8 | il R S5O0 AR, Je ok e B A
P10 4FFE], EL A7 40 Z2 R AR T 2R 1M 45 4 44
AR B TR 2R BTV YA R A A
BRRGEEEL I H K g 0w & -2
TERECHE AR D M | R R KL L R
K TER LT DR E BUE RN S T AR
7o A G PR ) DX IO R PR P D) B G e
PR Bl DORIEA T 2 WL 38 A% A8 T 5 72 RE D g e 3k
KV, DT S5 BT R DAL RS R 455, 5 ] i
BALRRERG Y 2 5 22 B DA (1) IR 2 25 e DR i B R
R R, G B A0 RE B BT TR T T R M 2



—t

18 www.kjdb.org

RS S482022,40(11)

BROR AT A0 ) DA G 5 AR TE AR R (4
FETT 70, A — 4 1 2 4 L PR 2 5 )
Ty LA R [ G 4 Ay 5 AR ML B PR R
N Y e

VERIVF 2 MR 2 BN R AL P8 1 AL
HOREFEREW I F B R A 352 B =
22 TRETEBRABHS

BB, — A TR i (] J, 2
SRMER S T Ty AR D, B (RS R A% 1 i
A B R HER U R ST IR ) 2 S R E
Wik A\ JCH i | A B kAR

1980 4R 257 19 DNA Bl Bh i £ (MAS) Jr
SRR R BT AT 258 PCRYHE )T /is
Fr R R 8 BUBRICTT &, JEH SNPARICEGE 1Y
7, AR PR 2 TR % o B L iR
J2e O A5 35 1 MR S 2 AR IR R AT L i
1 MAS , %42 i [7] — AR 15 Jk P L 2 285 47 B X ]
AT, 22 MR/ PR3 3t — YRbR D 4 #r nl gk
Fra e, i H 5w iR T IR 40 R N A5 5 TH Y
SEMA A H 5 AR ZEAE A A B R H 43 )
U, Xt B e R I 3 g A AR AT
TIRENL A, TF R LR C S0E T REAR 1T, MAS 1
L G R INIIL NN Y =

2001 A4 T AR R R G . A
21 3 R 2 R IS A 1 5 AT AR 5000 A 2 A 430
ST TR RY, I 00 T A A A7 e A B A3, AR
P LA B 4 R T F A, e AR AR, 2
PRI 21 8 1528 T 30 K B A Bl , O B A N7 Tl A
U BRI € O R T TRl K RN NP
R R SE R LS R AR TE
YEY) b B DR 20 e B I R M DT AN, S R A T
A BRI AR S R Z L R
DA KI5 7 R RF A8 A2 AH DG BEAIR™ . Ak
ASE S LR A N T RERANL A5 T v W AR i
KPR BTk B B0 /I, R A 1 8 P 0 A
J7 kS P R P e AR AR
23 BItEM . BEFMMEHEM

5 [# Bh2F B B 1 Buckler B 75 2018 4E 42 H
4.0 BEA T o R B e 1 KOS & S AR A

WEMC A SGH, Tie e, BAEVEY) & Fi
Pl Ik 25 A AT A A SR AR B, B s 2R
P it A, AR R S — B AR E
P (DUS) (2 BFH N (VCU) S 2R, R s
L AR e B R IETE A5 1F . B TR A
RZ AT, HAERE AR BT A B bR A X T4
PR ZH DA AR IR B e 22 DR 1 T RE e A, IRLAE
AT DAKE T D] S A i PR 2 DX et A LA R
RI(FE )T E M. &3 F Fl (breeding by
design) T° 2003 4E e So i th , ZJ5 AR VR F A
(smart BY knowledge—driven breeding) . KW B
(precision breeding) o ‘B AITAYAZ Lo 7E T X5 HE A HL
i A Bl 5 TR A DX H T B8 A TR 20N 3o A
B AU B B DY A DR BRI T,
TR BRI T 2452 it (DIRE ) ARic Al Bh i HE 5R 6 i
FE AL FE R, T LA FAR DAY (%) 397 A
S PR 3R DR 2 () B R TR 5 PR G 2 ) i LA
BT BRI St Z e T AN HEXEF M2 4%
AREELIATIT, T EEA RN F R B AR A i
WRYRLEBT A
2.4 WEEFEFEEFHERSREEHM
BRI R ARCR S AL I ) S . A
TN R R AR T RCR, BACK H  h
IS AT A= IACAETTEE™ . 1960 4FE25 55
FRWAFIEME AL L5357 IME T HFRTEASG KR /)
A MEEAE FEARAEYTEN Y 250 ZFHEY) 153
I 75 7 A LB A, IR T i PR B 5 ST
/N TR HAEZY N RIS T AU
FEAR B ARAE AL BRI E , AR R ZE R Y
A AEZS M TR SR LN BESAR B AR B i
SR Ty 1 3 AR KR T
FRAMT LIRS RE Z AR, T H AT AR A R B
PR 755 RS SRR A 2 th — B B g
Tit 5 PR o] AR AL — i Re SR IR 28 4 SO I, 3 4
BAZEEDR W R IR N, 7RIS RS 2 R EY) I
W F PR A5 5 2R 30 3 Wt 8 K 1) i 2 o
FEE K BB TS R BRI, 2008 4R i K
JEHR ARIRAL L, 2L T/ NAE SR —AERERAE 4~7
AR KRR G R 1 AT 8], FR 22 g PRl B R0, 3



—t

R S8 2022,40(11)

www .kjdb.org 19

TS DGR AR B, AU K H R RE—4F 94
ZAQ, mild A H IR KRS R G RE—AF B2,
BAECA 20 2R L T PG B R

3 ML RENARSREE

3.1 FhlALRLEH

WAE 1727 4F 2 E A R E 1Y Vilmorin B AP AN
P73 F] 5 1806 4F , Je =5 T Sutton Fi1-23 H] 5 1860
AL EEEN TIFZ M w1862 4138 1 G Hh vk
LA AR KA TF R A 05T, 1890 4F 57 Al
R, 20w, e E T A7l AT 1),
B APl AR R 28 5% v i A (B2 W R F 5 20
22 80 4E AR, 0 [E BUM A B A LA 4T T R A 1k
U, R 2808 5T B AU AR ASE R
BRSO T GRS B A S LA AR R Y
FANEY) FE I VEY) i R ST WL AR B FP . 20
T2 R DUk B Rk 2y "l el St AL B T
T PR AL E L TE T A R R R
Fe AR A FEE R T AEAE L5 P T 0 S5 ™,
BETEMRIT EAREEEBER SRR A
R AL BT S5 G R, e B L SR —RIB 4T, K
LA R F A T B R0 T4, B
P UG AR KA S X ZUT R 2 3855 K DUS Al
VCU k% o
3.2 mMEEEHIF

Al AP B B0 A N R, 7 B TR R
P8 ZNEW IR . X P6 S B PR A J
MR AR PR BAR RIS S R e AR . AR R
Fod RS B, AC A, S - S H AR
PR HOR TR E S AT AR AL BRifEA, A
P TR A X R R R KA R SR
AR AR TE R AR I A TR AR L F S AR, 38 At 53
FhRie TE A S R~ TS ) R I
3.3 FhlERFIE

kAR TIPS A8 &8
AT A AR , WA AT HESh Rl 6187 Fn &
Ji& . FAE 1930 4F 3¢ [ ghid ot (R & )R R
FANEN, 1961 4EA T 55 1K BRAE 8T i A O

AL (UPOV) ), 85 1978 4F (1991 4F 2 k& ik,
X S IR AR R TR AR R (R BT A
EREE TX—AL, 1 H AR E R AT R AR I
AN —2, 2 T I B A 0 AR s 2
(UPOV)) 1978 A A, ¥4 HAE 2022 4E 3 A 1 H St
(BT KRR T2 ) R R4 PR B, 7R T AL AL
PRI B R AR P ERAY , HE Ny T ST IR A S
il E A, FE DN LR R LR g R R AR I
Z[E 0l 8 i s L T O (A AR D E SRR X
PP RESEA T L FIGR I o S UK T AU ) e 2 R A
Yo e A S VR R A A BRI 5T I R
77 B B, 2022 SRR 18 ol PR oK KR P
SERRE) R SE DR S Rh e T i AR A TEATIE . S
PR Gt 4 V0 7 S5 6] kg AN 22 350 1 1 ol DR R )
SEPR AR PN G B A S

4 Z5ip

Hh I SO ) Aol by s R ARBE SO TR
[ED 0 P N’ s BTiom i SN N S {27/ RS A S (7 R
—F o EHABA TR AL R R IR
SCE Rl RT DL IR T 2% SR AR e 2 J5 #5719
Mo wl s B ERL 2P LR K R, BHTRE
S5 AR 2 FIAKSL , IEAE i O SR A 1) Ll
e T gk B K R B B, i e TN 4
AR MO, o T AT RO BB AL, Rk
Hh [ bl A JR N 122 B S S LA 45 T
4.1 Fhilfk R EIH

QBT B AT NA, WA ZEREA SR Mk A A
AL NSRRI LB U N B NI S-S /N
SEAFEARBURE BN BoR B A ST S
ABURL BHIE L PR R, Sa 4 155 o 5 Z Aot
Aol B TR BT, FEAR 2 SR TS R SE L
e FERRITTE HOR BRI RIS, B AR FIHLE]
T Aol AR AR SE ARl BT A £
HEAUHEE S L EE D R 7 b S -
PR, BRI il Aol 2 5 1 Rk AR & R
S5 T BUAEAR A, I M A R R B A A, A
WFFEA AR BE B FnR Ll Hh AE G LR AT 9% T I A



—t

20 www.kjdb.org NEeS# 2022,40011)
G P = 7 (R A B A T R Y A [3] Tian Z X, Wang J W, Li J Y, et al. Designing future
e crops: Challenges and strategies for sustainable agriculture

4.2 FMERFREGE.SI#HAERE

FhBRBAAIEA Lt . PEAEE
A S 9 U I R R U A R R A R AR A
YyRh ST IR AR i 52 T 0y, 4 AR 3 YRR T 0 U A
TEAEA L TF R B WA — R AR 1Y 22 B b o 9 U
HE T oA HAT M3tk | b B AR P 3R
H7 R ERAE Y G IR AR D> —38 43 W A7 1 [ AP R
FTBER b7 LA 5 kA B R A VR ARV SR
M AR S RS B R DA Rk T
A& AR BN RIS A i 5 XA A 7 8 5 el -+
Gy EE . [RIB, T 2 T 5 DR Y5 RN
R FIFE 3248
4.3 SBUBEMEARRIGEIF

Y E RS R RS A R . Bl
BT R & M —3 1. T ETEEY R A
()Y FE PR g FOBURA R B A B HUS TR 2
K ABTERE A B8 B 2T R0 LA SR B A |
N TR REHAR S AR, AW H AR N
ARV G Tt B R Bl PR N TR RRROR
M TAEM B AR o LA & St | H KI5
H RINT 2B s G, R R E
PR AR, 7853 R AE AT SLBR T Fh i 4
FH 36 5 Rl R AL A B 2 PR
4.4 FhRFAFELE

LR GEUR T IR, AT e LR R
it L PR B IR 3 HOCAEAS [RIALAS) A [R] sl
LR A EYI R 58— T3 s = A 8l —
B E SR P AR o =R B R o
B BB AL = S A BN R RS R S R i
THE R — 58 AR LIl

2 % 3Lk (References)

[1] Goodman R M, Hauptli H, Crossway A, et al. Gene trans-
fer in crop improvement|J]. Science, 1987, 236(4797): 48—
54.

[2] Hickey L T, Hafeez A N, Robinson H, et al. Breeding
crops to feed 10 billion[]]. Nature Biotechnology, 2019, 37
(7): 744-754.

[J]. The Plant Journal, 105(5): 1165-1178.

[4] Cushman J C, Denby K, Mittler R. Plant responses and
adaptations to a changing climate[J]. The Plant Journal:
For Cell and Molecular Biology, 2022, 109(2): 319-322.

[5] Zsogon A, Peres L E P, Xiao Y, et al. Enhancing crop di-
versity for food security in the face of climate uncertainty
[J]. The Plant Journal: For Cell and Molecular Biology,
2022, 109(2): 402-414.

[6] Kloppenburg J R Jr. First the seed: the political economy
of plant biotechnology, 1492-2000[M]. 2nd ed. Madison:
University of Wisconsin Press, 2004.

[7] Purugganan M D, Jackson S A. Advancing crop genomics
from lab to field[J]. Nature Genetics, 2021, 53(5): 595-
601.

[8] Daszkowska—Golec A. The landscape of plant genomics af-
ter 20 years|J]. Trends in Genetics, 2022, 38(4): 310-
311.

[9] Song J M, Xie W Z, Wang S, et al. Two gap—free refer-
ence genomes and a global view of the centromere archi-
tecture in rice[J]. Molecular Plant, 2021, 14(10): 1757-
1767.

[10] Zhang F, Xue H Z, Dong X R, et al. Long-read sequenc-
ing of 111 rice genomes reveals significantly larger pan—
genomes|J|. Genome Research, 2022, 32(5): 853-863.

[11] Sansaloni C, Franco J, Santos B, et al. Diversity analysis
of 80000 wheat accessions reveals consequences and op-
portunities of selection footprints[J]. Nature Communica-
tions, 2020, 11: 4572.

[12] Huang X H, Huang S W, Li J, et al. The integrated ge-
nomics of crop domestication and breeding[J]. Cell,
2022, doi:10.1016/j.cell.2022.04.036.

[13] Wing R A, Purugganan M D, Zhang Q. The rice genome
revolution: From an ancient grain to Green Super Rice
[J]. Nature Reviews Genetics, 2018, 19(8): 505-517.

[14] Yang Z Q, Liang C Y, Wei L L, et al. BnVIR: Bridging
the genotype—phenotype gap to accelerate mining of can-
didate variations underlying agronomic traits in Brassica
napus|J]. Molecular Plant, 2022, 15(5): 779-782.

[15] Ehens, BRENGH, 588, 55 . VEYIRR B TR AR
SE TR BUIR S (). AP 38 A% BE IR A, 2022,
23(1): 12-20.

[16] Reynolds M, Chapman S, Crespo—Herrera L, et al.
Breeder friendly phenotyping[J]. Plant Science, 2020,
295:110396.

[17] Scossa F, Alseekh S, Fernie A R. Integrating multi—
omics data for crop improvement [J]. Journal of Plant
Physiology, 2021, 257: 153352.

[18] Hirayama T, Mochida K. Plant hormonomics: A key tool



—t

R S8 2022,40(11)

www.kjdb.org 21

for deep physiological phenotyping to improve crop pro-
ductivity[J]. Plant and Cell Physiology, 2022, doi:
10.1093/pcep/peac067.

[19] Nguyen K L, Grondin A, Courtois B, et al. Next—genera-
tion sequencing accelerates crop gene discovery|]].
Trends in Plant Science, 2019, 24(3): 263-274.

[20] Li Z Q, Xu Y H. Bulk segregation analysis in the NGS
era: A review of its teenage years|J]. The Plant Journal:
For Cell and Molecular Biology, 2022, 109(6): 1355-
1374.

[21] Gupta P K. Quantitative genetics: Pan—genomes, SVs,
and k-mers for GWAS|J]. Trends in Genetics, 2021, 37
(10): 868-871.

[22] Thudi M, Palakurthi R, Schnable J C, et al. Genomic re-
sources in plant breeding for sustainable agriculture[]].
Journal of Plant Physiology, 2021, 257: 153351.

[23] Huang F F, Jiang Y R, Chen T T, et al. New data and
new features of the FunRiceGenes (functionally charac-
terized rice genes) database: 2021 wupdate[]]. Rice,
2022, 15(1): 23.

[24] Jacquier N M A, Widiez T. Absent daddy, but important
father|J]. Nature Plants, 2021, 7(12): 1544-1545.

[25] Tian J G, Wang C L, Xia J L, et al. Teosinte ligule al-
lele narrows plant architecture and enhances high—densi-
ty maize yields|J]. Science, 2019, 365(6454): 658-664.

[26] Chen W K, Chen L, Zhang X, et al. Convergent selec-
tion of a WD40 protein that enhances grain yield in
maize and rice[]]. Science, 2022, 375(6587): eabg7985.

[27] Wang H W, Sun S L, Ge W Y, et al. Horizontal gene
transfer of Fhb7 from fungus underlies Fusarium head
blight resistance in wheat[J]. Science, 2020, 368(6493):
eaba5435.

[28] Zhang X Y, Jia H Y, Li T, et al. TaCol-B5 modifies
spike architecture and enhances grain yield in wheat[J].
Science, 2022, 376(6589): 180-183.

[29] Kang L, Qian L. W, Zheng M, et al. Genomic insights in-
to the origin, domestication and diversification of Brassi-
ca juncea|]|. Nature Genetics, 2021, 53(9): 1392-1402.

[30] Fudge J B. Flowering time: soybean adapts to the tropics
[J]. Current Biology, 2022, 32(8): R360-R362.

[31] Underwood C J, Vijverberg K, Rigola D, et al. A PAR-
THENOGENESIS allele from apomictic dandelion can
induce egg cell division without fertilization in lettuce
[J]. Nature Genetics, 2022, 54(1): 84-93.

[32] liu Q, Wu K, Harberd N P, et al. Green Revolution DEL-
LAs: From translational reinitiation to future sustainable
agriculture[J]. Molecular Plant, 2021, 14(4): 547-549.

[33] Liu Q, Wu K, Wu Y Z, et al. Beyond the Green Revolu-
tion: Improving crop productivity and sustainability by

modulating plant growth—metabolic coordination[]J]. Mo-

lecular Plant, 2022, 15(4): 573-576.

[34] Wan X Y, Wu S W, Li X. Breeding with dominant genic
male—sterility genes to boost crop grain yield in the
post=heterosis utilization era|J]. Molecular Plant, 2021,
14(4): 531-534.

[35] Huang L C, Sreenivasulu N, Liu Q Q. Waxy editing: Old
meets new|[J|. Trends in Plant Science, 2020, 25(10):
963-966.

[36] FKERI, Blibit, B, 55 . JT AT BUE I 42 2 ) TT8
10 55 0 A8 S S BN A 0 AT )] VER AR, 2022, 48
(6): 1325-1332.

[37] Hunter D, Borelli T, Beltrame D M O, et al. The poten-
tial of neglected and underutilized species for improving
diets and nutrition|J]. Planta, 2019, 250(3): 709-729.

[38] Bohra A, Kilian B, Sivasankar S, et al. Reap the crop
wild relatives for breeding future crops|J]. Trends in Bio-
technology, 2022, 40(4): 412-431.

[39] Dehaan L R, Van Tassel D L, Anderson J A, et al. A
pipeline strategy for grain crop domestication[J]. Crop
Science, 2016, 56(3): 917-930.

[40] Dempewolf H, Baute G, Anderson J, et al. Past and fu-
ture use of wild relatives in crop breeding[J]. Crop Sci-
ence, 2017, 57(3): 1070-1082.

[41] Xie X R, Liu Y G. De novo domestication towards new
crops|J]. National Science Review, 2021, 8(4): nwab033.

[42] Gutaker R M, Chater C C C, Brinton J, et al. Scaling up
neodomestication for climate-ready crops[J]. Current
Opinion in Plant Biology, 2022, 66: 102169.

[43] Xie Y, Zhang T H, Huang X Z, et al. A two—in—one
breeding strategy boosts rapid utilization of wild species
and elite cultivars[J]. Plant Biotechnology Journal, 2022,
20(5): 800-802.

[44] Kingsbury N. Hybrid: The history and science of plant
breeding|M]|. Chicago: University of Chicago Press, 2009.

[45] Lawrence E J, Griffin C H, Henderson I R. Modification
of meiotic recombination by natural variation in plants
[J]. Journal of Experimental Botany, 2017, 68(20): 5471-
5483.

[46] Fayos 1, Frouin J, Meynard D, et al. Manipulation of mei-
otic recombination to hasten crop improvement|J]. Biolo-
gy, 2022, 11(3): 369.

[47] Dirks R, Van Dun K, De Snoo C B, et al. Reverse breed-
ing: a novel breeding approach based on engineered mei-
osis[J]. Plant Biotechnology Journal, 2009, 7(9): 837-
845.

[48] Underwood C J, Mercier R. Engineering apomixis: Clon-
al seeds approaching the fields[J]. Annual Review of
Plant Biology, 2022, 73: 201-225.

[49] Curry H A. Evolution made to order: Plant breeding and

technological innovation in twentieth—century America



—t

22 www.kjdb.org

RS S482022,40(11)

[M]. Chicago: University of Chicago Press, 2016.

[50] Ahloowalia B S, Maluszynski M. Induced mutations: A
new paradigm in plant breeding[J]. Euphytica, 2001, 118
(2): 167-173.

[51] Oladosu Y, Rafii M Y, AbdullaH N, et al. Principle and
application of plant mutagenesis in crop improvement: A
review|]J]. Biotechnology & Biotechnological Equipment,
2016, 30(1): 1-16.

[52] X Hlge, a3, M, &5 . HE T AUR S AL BORTE
AR R D] TPERE, 2020, 27(1): 20-26.

[53] Oono Y, Ichida H, Morita R, et al. Genome sequencing
of ion—beam-induced mutants facilitates detection of
candidate genes responsible for phenotypes of mutants
in rice[J]. Mutation Research/Fundamental and Molecu-
lar Mechanisms of Mutagenesis, 2020, 821: 111691.

[54] Zheng Y C, Li S, Huang J Z, et al. Mutagenic effect of
three ion beams on rice and identification of heritable
mutations by whole genome sequencing|J]. Plants (Basel,
Switzerland), 2020, 9(5): 551.

[55] Dan C. Lord of the Harvest{M]. New York: Basic Books,
2008.

[56] Kumar K, Gambhir G, Dass A, et al. Genetically modi-
fied crops: current status and future prospects|J]. Planta,
2020, 251(4): 91.

[57] Anjanappa R B, Gruissem W. Current progress and chal-
lenges in crop genetic transformation|J]. Journal of Plant
Physiology, 2021, 261: 153411.

[58] Zhu Q L, Wang B, Tan J T, et al. Plant synthetic meta-
bolic engineering for enhancing crop nutritional quality
[J]. Plant Communications, 2020, 1(1): 100017.

[59] Verma D, Samson N P, Koya V, et al. A protocol for ex-
pression of foreign genes in chloroplasts[J]. Nature Proto-
cols, 2008, 3(4): 739-758.

[60] Daniell H, Jin S X, Zhu X G, et al. Green giant-a tiny
chloroplast genome with mighty power to produce high—
value proteins: history and phylogeny[J]. Plant Biotech-
nology Journal, 2021, 19(3): 430-447.

[61] Bock R. Transplastomic approaches for metabolic engi-
neering|J]. Current Opinion in Plant Biology, 2022, 66:
102185.

[62] Ji X, Yang B, Wang D W. Achieving plant genome edit-
ing while bypassing tissue culture[J]. Trends in Plant
Science, 2020, 25(5): 427-429.

[63] Simmons C R, Lafitte H R, Reimann K S, et al. Success-
es and insights of an industry biotech program to en-
hance maize agronomic traits[J]. Plant Science, 2021,
307: 110899.

[64] Wang K J, Zhou H B, Qian Q. The rice codebook: from
reading to editing[J]. Molecular Plant, 2022, 15(4): 569-
572.

[65] Gao C X. Genome engineering for crop improvement and
future agriculture|J]. Cell, 2021, 184(6): 1621-1635.

[66] Van Vu T, Das S, Hensel G, et al. Genome editing and
beyond: what does it Mean for the future of plant breed-
ing? |J]. Planta, 2022, 255(6): 130.

[67] Pixley K V, Falck—Zepeda J B, Paarlberg R L, et al. Ge-
nome—edited crops for improved food security of small-
holder farmers[J]. Nature Genetics, 2022, 54(4): 364-
367.

[68] Crisp P A, Bhatnagar—Mathur P, Hundleby P, et al. Be-
yond the gene: epigenetic and cis—regulatory targets of-
fer new breeding potential for the future[J]. Current
Opinion in Biotechnology, 2022, 73: 88-94.

[69] Kim S G. CRISPR innovations in plant breeding|J].
Plant Cell Reports, 2021, 40(6): 913-914.

[70] Puchta H, Jiang J] M, Wang K, et al. Updates on gene
editing and its applications|J]. Plant Physiology, 2022,
188(4): 1725-1730.

[71] Kang B C, Bae S J, Lee S, et al. Chloroplast and mito-
chondrial DNA editing in plants|[J]. Nature Plants, 2021,
7(7): 899-905.

[72] Lee H, Hong C, Hwang J, et al. Go green with plant or-
ganelle genome editing[J]. Molecular Plant, 2021, 14(9):
1415-1417.

[73] Forner J, Kleinschmidt D, Meyer E H, et al. Targeted in-
troduction of heritable point mutations into the plant mi-
tochondrial genome[J]. Nature Plants, 2022, 8(3): 245-
256.

[74] Omukai S, Arimura S I, Toriyama K, et al. Disruption of
mitochondrial open reading frame 352 partially restores
pollen development in cytoplasmic male sterile rice[J].
Plant Physiology, 2021, 187(1): 236-246.

[75] Cobb J N, Biswas P S, Platten J D. Back to the future:
revisiting MAS as a tool for modern plant breeding|J].
Theoretical and Applied Genetics, 2019, 132(3): 647-
667.

[76] Hasan N, Choudhary S, Naaz N, et al. Recent advance-
ments in molecular marker—assisted selection and appli-
cations in plant breeding programmes|J]. Journal of Ge-
netic Engineering and Biotechnology, 2021, 19(1): 128.

[77] Salgotra R K, Stewart C N Jr. Functional markers for
precision plant breeding[J]. International Journal of Mo-
lecular Sciences, 2020, 21(13): 4792.

[78] Lorenz A J, Chao S, Asoro F G, et al. Genomic selection
in plant breedingM|//Advances in Agronomy. Amster-
dam: Elsevier, 2011: 77-123.

[79] Crossa J, Pérez—Rodriguez P, Cuevas J, et al. Genomic
selection in plant breeding: Methods, models, and per-
spectives|]J]. Trends in Plant Science, 2017, 22(11): 961-
975.



—t

R S8 2022,40(11)

www .kjdb.org 23

[80] Xu Y B, Liu X G, Fu J J, et al. Enhancing genetic gain
through genomic selection: From livestock to plants[J].
Plant Communications, 2020, 1(1): 100005.

[81] Budhlakoti N, Kushwaha A K, Rai A, et al. Genomic se-
lection: A tool for accelerating the efficiency of molecu-
lar breeding for development of climate—resilient crops
[J]. Frontiers in Genetics, 2022, 13: 832153.

[82] Washburn J D, Cimen E, Ramstein G, et al. Predicting
phenotypes from genetic, environment, management, and
historical data using CNNs|J]. Theoretical and Applied
Genetics, 2021, 134(12): 3997-4011.

[83] Liu Y H, Zhang M P, Scheuring C F, et al. Accurate pre-
diction of complex traits for individuals and offspring
from parents using a simple, rapid, and efficient method
for gene-based breeding in cotton and maize[J]|. Plant
Science, 2022, 316: 111153.

[84] Yan J, Xu Y T, Cheng Q, et al. LightGBM: Accelerated
genomically designed crop breeding through ensemble
learning[J]. Genome Biology, 2021, 22(1): 271.

[85] Bevan M W, Uauy C, Wulff B B H, et al. Genomic inno-
vation for crop improvement|[J]. Nature, 2017, 543
(7645): 346-354.

[86] Chen Q Y, Tian F. Towards knowledge—driven breeding
[J]. Nature Plants, 2021, 7(3): 242-243.

[87] Wei X, Qiu J, Yong K C, et al. A quantitative genomics
map of rice provides genetic insights and guides breed-
ing[J]. Nature Genetics, 2021, 53(2): 243-253.

(88] Pt AR, SR A . AR R B R B HE R 1R
Ze7E, 2019(2): 1-7.

[89] Hale B, Ferrie A M R, Chellamma S, et al. Androgene-
sis—based doubled haploidy: Past, present, and future
perspectives|J]. Frontiers in Plant Science, 2022, 12:
751230.

[90] Kalinowska K, Chamas S, Unkel K, et al. State—of—the—
art and novel developments of in vivo haploid technolo-
gies[J]. Theoretical and Applied Genetics, 2019, 132(3):
593-605.

[91] Jacquier N M A, Gilles L M, Pyott D E, et al. Puzzling
out plant reproduction by haploid induction for innova-
tions in plant breeding[J]. Nature Plants, 2020, 6(6):
610-619.

[92] Gao X P, Guo H H, Wu J F, et al. Haploid bio-induc-
tion in plant through mock sexual reproduction[]].
iScience, 2020, 23(7): 101279.

[93] Weber D F. Today’s use of haploids in corn plant breed-
ing[M]//Advances in Agronomy. Amsterdam: Elsevier,
2014: 123-144.

[94] Ruban A, Houben A. Highly reactive chemicals meet
haploidization[J]. Molecular Plant, 2022, 15(6): 937-
939.

[95] Watson A, Ghosh S, Williams M ], et al. Speed breeding
is a powerful tool to accelerate crop research and breed-
ing[J]. Nature Plants, 2018, 4(1): 23-29.

[96] Wanga M A, Shimelis H, Mashilo J, et al. Opportunities
and challenges of speed breeding: A review|]J]. Plant
Breeding, 2021, 140(2): 185-194.

[97] Pandey S, Singh A, Parida S K, et al. Combining speed
breeding with traditional and genomics—assisted breed-
ing for crop improvement[J]. Plant Breeding, 2022, 141
(3): 301-313.

[98] Murphy D. Plant breeding and biotechnology: Societal
context and the future of agriculture[M]. Cambridge:
Cambridge University Press, 2007.

(99] FBIRIE, BXEHAH, ZR ek, 55 . EkfEY Pl A R b
Foox e [ Mol & i i w2 ). b R TR AR
2021, 23(4): 45-55.

[100] XS, R %) B B AR A R0l & R 9 LU ()],

rrE R, 2022(6): 1-5.

[101] fife i, AR5, REHER . v [ il 2 Ji R 5 %0 o
W) Al BB, 2022, 41(1): 9-12.

[102] Morales N, Ogbonna A C, Ellerbrock B J, et al. Breed-
base: A digital ecosystem for modern plant breeding[J].

G3 (Bethesda), 2022, doi: 10.1093/g3journal/jkac078.

Current status and future perspective of crop seed industry

LIU Zhongsong, CHEN Liechen, DUAN Meijuan

College of Agronomy, Hunan Agricultural University, Changsha 410128, China

Abstract As a national strategic and basic core industry, seed industry is facing severe challenges from many aspects. In this

paper we first briefly review the development course and comprehensively analyze the current situation of seed industry from
three aspects: germplasm resources, breeding technology, and seed industry system. Then we discuss the existing problems, and
finally we propose the future direction of crop seed industry in China. These may provide a scientific basis for the formulation of
seed industry development policy.
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