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1SC2053 . Genesis %L AMER'), X LEH AL F
FEE R 36 ERNE E A A m T ZE W, BT, AR
=] E AR A A A S8 B 1 — o AR 258 /NAZ
Vi H, f4nSaaten-Union’s ml4fE) A Hyfi. HyriseflHy-
pod 5. SR, “PbAE ARG Z M, AdGteE
P PR . IR YL DL S Y — PR A T TPk
A, kB ) A AR BB B AU . BRI, AR
TR IR I 3 G, R BB E RS, A i sk
TrBAE Y AT T g, (B min g ZE AR,
WORT R BHARAE . PRSI DG pe 78 LA S il b e A
e AR X SRR PR R R BN ISR AE [ B B
AT F 201 22904FAA LK, Rl AR X —40
BB T OCHEE SR, AT OGIRBURETEA T (photo-
thermosensitive genic male sterility, PTGMS)#1 8, ElIZIN
ZZ MEPER B RENE 26 BRI B A R, X — & B
TRISUNE IR SRR IR L BE 7. B
TOCRBUEEAT SR, hEZLHE T BA 8 TR
PRI Z RS NE AR R, FFEA T T 458
AN BRI . 548 TIX—FARKR, HERC 2
BRE AW LN AR AL R, E bR i
A AR R [ P 243/ N ISR, F g e . 3X
Fh — R 4B/ AR R e TR = R A R
AR BRI, /N s F R i, HRBRFER T
JRAR, S AER/ANAZ B AR T A DT ]

1 /DGR BOEEAS T MR S IR i H

20120904 ARAT,  H [ A8 /N2 S T SOk 1 AN
YSRGS T E . Al B A ARNRL B A A1 BA 43
SIAERAR . FE RS I T ES RS HICA9S R 5 H
TRAER /N RS 8 B S A & B T O HR SOT &
INAERNTBS R AN, 40 T &3 X 4438 /N OB 58 45
5. HE MR, Mk TS EBAAT
R 52RO MERT, BS20P. #2114,
BXRELOL g nt™ | andRA I R PR & A
Ak EINLT-1-3A. YS. BNS. 337S%5 Al AU ot
AT AR, WKET T/NER A H i
B, HohBS366., BS1453%5 5 i i G iR 4 52
ARNE - B, BRI T HIR R S e .
H1ii, BSHIC49S R4 CAE T E Ry 2/ NEFE X
530 yz i ). [, BS20. BS366HIBS1453%5 i
BUBRAE RIKEI, AP EWRIESNENAE RE
SRGEFP AR A R TS i O
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2 PRI B BV S A

AN OGRS AN B R R B BAE A H BRI
RIRFREE T HEMEAR T IS, e B ORI i 251
TRWEEM. NEHIT R E KB EREZ L
B BOBIR SR BRI RFEROEIREAE R
FEARIR S T SURHA A PO Ty TR AF (e 25 5%, BSADY
HORE 2R B M3 00 6 8 AU ol 25 B Y i 2 o
i, HIGEFOLRSECN H K12.5~13.5 h & H ¥R
10.0~14.0°C™. BNSEVRMARF Z & M B sy h
W 5 3 A 30 2 DU ARSI D), H 3438k 8~120C )
CA9SHLRA T 7 B MR U 22 R, G 5
FeHERIH M 12 h, B3R A 12~14°CM) LT-1-3 AR
EE R iE SN A F R GBI B GERY IS ip A& 8 ]
gE, H I R18°CY. YSEUEMURN T ZAE 2RI AL
SR BB 240 2 A, H iR 18~20°C !,
ES- 100 & T 5 30 0 M e 88 40 A 01 22 0 oAk st 48,
A HK M50, HIHERI~11°C0) 337S#EfE
T Be e I O GIR Bl AL RV E AN B e, (B Y
Rt Pl E BN XSRS /N TR AR
BN AL T RIS YR, TR AR, M H A
T R S ) R I AN B SR A s R B L b, K H
R AT R B SN T R F R EEE. RS
ML SEIL T 38 /N N T - 0] i e 4 ) AR A
W XM R A 2SR A P RN R G T
R A EE N HME. Flan, EEAH RBS366.
BS1453%: ek st (At 4i39°, K H mik) vl LUK & & 1,
BT R H IR EG; e R R (b 432,
S FARIR) AT LIS S AT, A 28 A8 Rl

3 /DO BRI A S B
BLAR

IR B A T FRIE— I TOGIR e R A 53
PRI PR R BE BV AL BT R, HE A2
FAL R A, 852N ORI TR s2m, PRt
AR EL FH/NERBEAT R RE
AL EAFIARR T 2GR B AN B K Y £
R LB, /N2 TN B 3R CA9SHY B 52 X P 2
DR, e K 3338 PG 2 B e TR E A
FEPIT S ptms 1 Fptms2, Fedpims 207 T3AGL Ak 122
AT ZRSCT- 1B HEER W 2@ T2B 55Dt
PR RN T RBNY-SIHE I 32 )0 F2B Y (a4
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R e R s ) Y, o, SRR B R337SH AN
B PEAT SR, 5 7 FSBAN2BYL (a fA>,
PE—2E 0 & B, 337SAB RIS~ AT RN
wptms 31 T 1BSYL (AR 1) Xgwm4 1 3K Xgwm 1822 8],
LR R MR 2B BS RIDGIR BN T R B EN /T
R, BEBONE ZBS210/7 ERGEH A T2A . 2BHIBA
ek, S50 F Xgwm1053~Xwmel 77 . Xwme592~
Xwmc474M Xwme264~Cfa22621X 127, /N IRBATE
ZBS200 EALQTLEN T2A . 2BRI7DYL A fA |, 43
T Xgwm830~Xgwml053 ., Xgwml48~Xgwm37)
(Xgwm44~CfdD) X [0]*Y). fEIRMAE ZBS20-TH, AH
FERA T2BLYL K, MAEGIREORE &BS3661, 3
BRI 2 7 F2DS . 4BSFITALYL AR, it i oA
A ZBS462xCP279RUPAEAR R TFL BEIR, %
FEQTL OMS-5B, v T4 5 LR/ 75 & R ki
HeH TraesCSSB03G0887500/492.15 MbIX I, Hyfx ] fig
FR) e i PR 101,

FESEAT GRS N T SR o 1 TR, A9
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PR e g 1 G S B R AR A & B R B 7
BS366/NE &, F—20 % 2 Fh A A S L
(NPT 45 & A g 36 ) I AE i AS RN A (B2 4 tae-
miR156. miR167. tae-miR164. tae-miR171. tasiRNA-
ARFltae-miR 17>, 33X 6K 13l i I F A 24146
R MR P ST SR E TS, RS S5 E M
et 4T TR miR160FImiR393 7] 38 10 4 5
P ENE K A T B L N ARFI7RITIR T,
AT 00 1 o R SR 32 i 5 BT i, T B0
AU B ALY EE 2 B S PO BeAh, A AR
FHICIE K] TaAnn 106 AR 1 S0 53 ) B A 1 28w 1z A
T TaARFOW) 51 263k, PIRBE A THRAER BENR 512 1)
DURR AR 25 VR 0% 25 7, R i R it AN B 3R
RIBT38 - TuLACS2 . TaLACS3M TaLACSSHIFEiEZ K
TRALEAGIIE], T RE S A2 S A R E AN B
PIFHEBY. TaLACS5 5 TaGAMYB-BRI A X L) K i3
B XA MYBZE S /< H Pl B2 38 5 MY B X 2%
TN BRI o AR 0L BFse e, i 4 RE N
AT, RIS ESCRM R 2R
S, 8RR AR B AR IR RO R R L v
PELE .

FER B AN T /N ZBNSHY, IR WE 7E
WU I E) 5 AR 2 B ERE AR | A A i R MU AR

AR I BRI AR R, M/
(LM)BTBOR AR A B i i B B, PRl A
LR FIKAL S PR S AL, JCHE R R &
RS FSIR. R T BNSIEZY A IEH S, ARl
o RSB S  EEIS f,  BURE R s
S AERMCE . REMES NS 5 3h 5 R R A2
TR DG, T A0 RE SR BRI Tal VR LRI RERE S 12 2R
FITaSUTI AP B S B, R, U E2aR#R
IRHER 5 OGIR B A B 2Z 181 5C R AT i — 2 500
Bk

AR, T /N IR N 7 2 R AT 5 A
TEBGRH. LRI RARELE B BT A1 B E I TEBS
FIRE, B TERER /N RO B B W TMS 1Y
MR, HA 37 XA EE P B InDel 4514715
e AEARE T, ARG R A i Rk B
T RE. DHRERIE R, e B AR WTMS T 58 KA
BARNEME, T I HRE N 215 5 200 2 40 52 i
HEARRFAIET LR, SBORIEAT . XA S
7R T BSR YLK BRI A & 5 B AR AE, 18 W)
AU TIRIRES T fi/DRNAN S HE S LS 52
(B R k). LRIV, EAFTR
BS366H, YE HSCULPIFER, %Ik it —Fpm] B
A E M R PR S T ORI IR, 25
Yk 15 48 M S BE BLRL AR B HLBCR L (IR BB T,
SCULPIWZRIX & T I, FEOLREEURIB250%
ek g s b, MABIREMBKEI. i
CRISPR/Cas9(clustered regularly interspaced short palin-
dromic repeats)# [ 48 5 2 XHR,  FDRGETR A
SCULP XAl N, AT S BN 2R AR 1 FE )
H TR SR F A

PRI A YanZhan 41108, iR i a2 40
Wl TaMut 1T M TaSF3MI3%35, TH0 T W80 Rd
DNABE B PR BN DL S BTHARA S5 S R AT, =
BUER R E MR R e S MRS
HSRIZEAL, BB L AT 1Ak, 1o
Ji R e AN B /N (K-TCMS) BB, WF5E F %@
R2R3-MYB# 53K F TaMYB305, ZHEHNELLh £
ik, DIREBCSEE R, TaMYB30SUTER S FHBUEL A
TEAFER T, H 5 IRFR G U #% 5L PR i 23k 57
WM, PRIz ERE T REIA G S 5
FERT, MMRHT/INE PO 1 3 7L S 4t T
AL AR .
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AN, TEBSRINAEH B et B b, Jliki sy
TG A (reactive oxygen species, ROS)F&ZS A% 2 i ¢
INAIRAZ DR IRTT . B s 243 B i it — 2 YRR
U7 FRE A0 il A SR L [ TaFARY, %K R AE 2 i 3
ik, JREM TN, DIRENTSERM, TaFARIZRIE T
SR HROSHEMER, HEMTT | K AL BE T 2548 Wy
ZLL) A R RSB, B IEEART. 4T
XPHEARAU | PR XU AT A9 A S B i — 2
TESE TaFARYR] 5 RS AR 1 TaFAR 10JE U8 — 34K,
HFEAEFRFROSAB AR, RSEF LIRS0 R, Ta-
FARY/ 100 DIResi e B 7= A i 2R 80 55 B BE PR TR — 3,
7R T ROSHCH 5 I8 BTG i Rl R ALKy & 1 00 DG i
BL.

4 NEORIRBAT R ESHREANET SRR

et sk, JREENE FFXE
TR AR A A /N R AT S 0, 3K B2 38
INE T SB35 e T PR K SR B B P sl
EVERMPMELCE, IR T —itEA RRESE
WERWOCIRBA T ZBS366. BS1453, MTS-1.
K78S. BS237. BSI131, BS248, BS252, BS259,
C620S. C670S. MTS2., MY2011S43 . K43S. K64S.
K66S. BNS2-27, BNS368., CM44S-1, YK456S. 1&
S-345I1 X MORE Z oM TR E A/ NE Bl AR e T
WS EA,  EEA SR T MR B A1 ] i BS Y
CRZZ 7). T A RFE B 2= /8 Al BBl
B BICA9S IR IR RPN . 2R 29 1 546],

T 2 I a8 DA Ry /N2 TR RO AN B R AR TR
Iz, 5 TEIAE RNIKE. SR, ZLd3024E05C
BIRR, KIOCIREHEMEAT IR E MR R 2438/
FN AN EERFINEZ —. SRR T HIRKE
FELAZ 120 FASE R AR R, 5 2 5L
RERMRAIRE R, AFREBNAT R ERE N
PREFE, | SRR SR A D, S TR R 4%
. BFSEEE H,  RA IR IE | e RAR R AN
PR, AIHIFER&SKE T, SBCE . RIiFHES
PR RACEMARPDGIRBURE R, BT REAE
JINAZ IO R R ) G ),

AR, AU T AP} 2 e 24 28 /INAE it 53 i A
E NP TEIE, DisRE T SR boch 2
BRER, ZEZMAEMER, TFRILAS/ING FAR A
Hil. HAE N TEXBSR Y HEFECPI68. CP730,
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CP731. 05YAE68-2. 07YAEO1-5%KE &, WKIE J1ik
296%L) I

5 /DA SRR IS S e SRR AR

TG A A e 25, A R AT AE Y22
PECFEA B . MO Sk E A I 0 45
DRI R E AL . SR CEARAE A Y2 E R
IR B AR A R A AR SRR R . WFAR sk
2 R R BN U] 0 A LB A A, H ARk R
KRB AR OMIR(EZ MRS . L2
A i L ACHA I S SR ), AR 2R W F5 40 2t = A0
FA RN E AL AR %, DIAE A RO 2 46 K

NF RALL T R85 2 S0 B 1 G AT 2
VIR BUZ AT ZBS366 MR MR EKMH, LT
St P B R A5 5L SRS s [R] R7, %%
SEH TN, H2ERRIAEN(DEGs) F 2 w4 T4
VIR (G 57 5 e A e A i, E—4
¥E 254K E(auxin, 1AA), SRR (jasmonic
acid, JA)*®4) JH3E XK N (brassinosteroid, BR). Miii%
fi%i(abscisic acid, ABA)FI7#%: % (gibberellin, GA3)55
RIE TG AR AR RN, US55
BB T REREE Y. FERF HIFT, BS366/) I
IRVRER SRR S i I kA W AR, SRR R AR AR
T I A DG A A P R e AR 2 2 B 4l
I, AFFRE R T — PR R P R R AL 2 T
00 R, ik DGR NEAT
R B R B AL T AR PR,

A, eSS IR X WA HES ] i (high tem-
perature, HT)WMB 2™ B HDEIRBAN T R (WBS253)
BEARRFFRER, W& BEARHI R ™ i, ka5t ie
7N, HTBa6 3 3o e 2 e S M A < RERH R A —JE B 3 1
w12, FREIFERLTESE. # A M (heat shock proteins,
HSPs)FE o T P13 o F U i AR e Rp I N,
B AR A ARG 5 43— AR A 40 2 A T T,
PRGBS E AR T 40 AR5,

B 75 R AR AT A e, ACREAR B il A
Be LB PR FAE A DR Mt R 2 AN B R 5558
CESCRPERINER. WIRIESE, CHARTEEA . s &
A3 L A RO T R 2 28 /N B I A AR 3 OCER
ZE BIIRE F S5 WA F 2 0] 4 B B RE A i e
0.5 mPAN, 53845 925 AT LS8 42 12 42.80%~90%°4),
BEAb, RO RR SO B FR AL 22 R P 1 i, 51
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it SN EFTR, tAEA SO TR DO, et
KRS/ N BRI P ARSI T EZ 48 T, H By
TFOACHIFN AN, ATIHE = 22 58 /N2 il Pl ™= e MR 25

FEARAE R AL P R v, A R R ) B
FEARANFE WA T R MR TR
KAKFE, /NZZ R I 5 () i b i, ELREE S T/
FASFP AR, PR T 32 . L AR}
“EBEARAE /N FE RIS T 28t 224 ) TRk ol o 6 512
B, JFR U195 RHERE SRR R, v B e
il = RN RAI A = N AR, S R A48 /INA e
IR AR AE T BRS SHER FDL fln, B
X R FHIZE ARG, Hlfh = i55273.4 kg/hm?, 4L458
AT LRI R 77 28.2%.

MRYEAS R B AR, A & A BB E T & T
PRATHEFIHL . 4l BO AL M AL AN A A 2 BRAL & B i 45,
XL 25 4 7 R 68 s b B AT LA L 7K S AR Ak 7 e T
ET—ABEH. SR AR AR W 58 0% LKL
TRz N, Bh A 3R EE A A X TR R ) . PG
A X (D ] 4 ) B g st 30 7 (2 i e L) 55 e
SE T R BRI IR 2238 7 INAE RS i P A A4 22 R v Ak
FIFPIEHS) ERR AR R ST ST, AU ER
B T 2RAS/NE BRI R PR R ARCR, oS e
I FHER A T IR SR .

6 R EMPEE SR

JE s T ARAMBLF BE A4 3 /N5 T/ N2 BT b A )
SSRIGLUEZS 13k 31,77 6%, R A EWF A )90K SNP
R, AT 8.477 AN SNPA S FE SRS A FE 6013 40>
ANE RZANSOMZOMKIE R, 4T T RS E] 3L 2R
PESHT, 2 T BRISENE. Hras R R, 1580 FpmvE
TSIE R R IEHE, AN E RAIKE R HIRE T8 L%
ZRERELL1-8). LEA[RIH X HEAT Y 7= B e R 350
K, NERMOMSHELL K R 192 3F4FEIA A
HAM R A= e F e, Ha R gt — 560 T 1
ANRIHIX (e e setbiat, BIRE ReBESIkiE 22, 3. 4
FEZsc LA, R TIE I (N T ROBFSIKE R2).
HEBEGNE ROFFS5IRE R3)MEFLRL(ANT %6
FESIKE R SR EARA AT K FR); BN, 532 25
(AN mt 228 . 57 188) A58 il 1k 4 5 2 38 TR W 7. /342
PRIL AP S, KB W35 2R3, 197 15%~30%.

25 X 5t 242 8 Te HWUE A AL T Jo 114 7 Sk 2 e A
T, A2 AR N B E E TOCA 1R AR

[P 3 J, AR A N B K SR, A
SENF(WNNAC . ERF. TIF-IIA)EZ=38Fhd g 2% i,
PERZAMEE T BRI T L A RCR T 57 sk 453
SRR DT, 254 B RN, ORI B 7 R
AR HAEE B F B MERR.

A =R S Dok, T ER RSN
BAIUG T BEERE, d e SRR . SRS R X
WG . Gl A AR, R B A S
GRS BEZRAI LT, 424t 1% 22 S I R B AR
W T, T H A i e 2 MR ALA . HeH 332458
AN AP (ERY), Hrh bR AP B e A /N W5
PR E 2440, MG A 179, 186, HiA 188, &t
F189, HAZ211, HAE218FIM6-3%5 5 F. HAIM6-3
FE 25 0 se A o e, O IR N E S A
HE LS /N A M IM-1683 . H-1., 18A14%
HR AT /NG b P B I S 22 AR B AL X 4 3k 06 1
25%~50%"%, FEELH E R p A= N . BT, R4
ENVEE N ZA A A IEAE S NI A, F0d G
B 5E B X AR P O FEHT, WIBH2913, BHS5357.,
BHS5318%%. X TAEANUER T EEIA/NEF R
SR HE, o2 HESh A8 N kAR
BESE T IR S A

MR TN, F/NER IS4 . T afa
FE MR R T AT S 3R, R X 44
AN EL bR EA B Je T RE AR
BRI RINH T =1 DORIE L &, #4186,
IR Z S NE, R E R iR, U
“TPUH-HIE, BTEE12. RUA7188. HLAZ 18946t ER ik
RUZRAS/NA iRt T E S, RO TRE AL R
Bl N2 B .

WA 1255 RN A8 /N A S FIE XSl g rh R 2
R ER T IE M EE RR  RE, TIZiE T
P [ b VR 15 22 IXORI G PN i 6 958 22 X A A A
18I (EZAMED R SR H 5% (2023
AE) ) ML RSN, TEhA IR B9, A2 1891 R
I B HLmT AR A se /N SR, e 4 E B AN XA T
KA AHET N, 78 R 3 AR it X A 7 7 e e s F
690.8 kg; 547 127E T AR IX A 52 B by FH e B 28
R, RE R T700 kg, <=L
K, TRAA/NE R AT R 2 E3002 T
B, I AR 3G PRt T S . R R,
AT RBNEFEFE L ARG ER AT 7 1 B,

3119



M4 F LB O200557TH F70% £19H

F1 HEZRER/NERM

Table 1 The certified varieties of two-line hybrid wheat in China

ik Al HE R R QREAXAS s T
3T C49S-87x98YRS DS009-2002 BEB R BB & VEYRF S
23325 C498x7%17 ] 7 #2003002 V)1 43 BE T AR B2 5 B
(20‘;)13%’05) B K788x01Y1-1069 W /NAZ2200401°5 ZRE AR E B AT T
BHR6T K78S%01Y1-608 TH AT /NA 2005035 BB RN BB & VR FE I
Bl 6 BS210xF832 AU 22005003 e mT AL 2EBEG A N T T
LA 168 MTS-1xMR-168 [ 7 42007003 R BH T RV BL 2= 5T BE
(2‘(‘;5;2331”0) YA 168 MTS-1xMR168 JII#%2007012 IR BB
WETS BS366xCP43 LT 2009003 b AR MR BE 228 N T
MARFES12 4377s13xMR168 JIHT 522014012 ap AT AL R =T B
otis) A8 BS366-1xCPS11 5422014003 Jb s AR B 2 S NAE BRI T
BA9S BS1086xCP730 HUH A£2015002 At MBS BE 2438 N WFSE T
#7638 MTS-1x09638 I 42016011 258 FH A AR BRI S b
HF21 BS1745-1xCP731 420170007 b T AMEL =B LA NS T
HE179 BS1745-1x04Y4£27-1 [ '#7 4 20180072 bt AR =BG AE N ST T
=17 T#E11 BS1086x05Y4£68-2 AT 4220180001 AEH AT ARAMB 2 e 2 58/ N2 ST i
(2016~2020) mE12 BS1453xCP279 HUH 420190001 et MR 2EBEA AL N T T
JM6-3 BS210xF832 1395 MR HTE2019 B | SN Y Ve K SN R T e
HUF183 BS237x05Y4£68-1 [ 77 20200034 TR MR BE 2438 /N RS T
BiE22 BS237xCP8457 B 420200005 At TR MR B 2438 N WFIE
HH186 BS608xCP968 87 4220210068 b T AMEL =B LA NS T
H 188 BS212-2xCP730 7 420220067 bt AR 2= B3 N ST T
H 189 BS237xCP8457 87 4220220059 b T AR 2= B3 N ST T
wE12 BS1453%xCP279 7 420220068 e mT MR 2EBEA AL N T T
wE17 BS267x07Y4£91-5 HUH 420220002 e mT AR =BG A N ST T
nF17 BS267x07Y4£91-5 [ 7 20230196 b TR MR BE 2438 /N RS T
“fopuy A8 BS237x07Y4£91-13 I 20220003 L A RMBL A BE A S/ N BT B
F7(2021~2025) w18 BS237x07Y4£91-13 =] 77 20244003 e AR MR BE 238 N RS B
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Research progress of two-line hybrid wheat

Changping Zhao'", Dezhou Wang', Fengting Zhang, Hui Sun, Jinzhou Fu, Zhaofeng Fang,
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+ Equally contributed to this work
* Corresponding authors, E-mail: cp_zhao@vip.sohu.com; tangyimiao@baafs.net.cn

As the most cultivated cereal crop globally, wheat has lagged behind maize and rice in commercial heterosis utilization due
to technical challenges. This review highlights the evolution of hybrid wheat breeding systems, emphasizing China’s
breakthroughs in establishing a two-line platform using photo-thermo-sensitive genic male sterility (PTGMS). Historically,
international efforts centered on cytoplasmic male sterility (CMS) and chemical hybridizing agents (CHA), but faced issues
like incomplete fertility restoration, environmental sensitivity, and high costs.

In the 1990s, Chinese researchers pioneered PTGMS lines (e.g., BS, C49S, BNS), enabling environment-dependent
fertility regulation. For instance, PTGMS lines BS366 and BS1453 exhibit sterility under short-day, low-temperature
conditions (e.g., Dengzhou, 32°N) for hybrid seed production, while restoring fertility under long-day, high-temperature
environments (e.g., Beijing, 39°N) for self-propagation. Genetic studies mapped fertility-related loci to chromosomes 2A,
2B, 3A, and 5B, involving pathways in light signaling, cytoskeletal dynamics, and lipid biosynthesis. Functional
characterization of genes like WTMSI1, SCULPI1, and TaFAR9 revealed roles in thermo-sensitive sterility, ROS
homeostasis, and cell wall formation, enabling CRISPR/Cas9-based precision breeding.

Since 2000, China has commercialized 33 PTGMS-based hybrids (e.g., Jingmai 188, Jingmai 189), achieving 15%—30%
yield gains and enhanced stress tolerance. Salt-tolerant hybrids like Jingmai 12 series yield 10,500 kg/ha in saline-alkali
soils. Heterosis stems from optimized photosynthetic efficiency and transcriptional regulation, supported by systematic
heterotic group development. Advances in seed production technologies, including the “hormone—sugar metabolism co-
regulation model” and “1:19 paternal mixture” strategy, boosted hybrid seed yields to 5,273 kg/ha (+28.2%). Mechanized
tools (row sowers, assisted pollinators) further improved efficiency.

China’s PTGMS platform integrates germplasm innovation, molecular breeding, and hybrid seed production, with global
impact: JM6—3 is registered in Uzbekistan, and trials in Pakistan show 25%—50% yield increases. The remaining
challenges include optimizing heterotic combinations and seed production stability. Future directions involve multi-omics
integration, pan-genome construction, and Al-driven breeding to enhance climate resilience. China’s leadership in hybrid
wheat innovation not only advances global heterosis research but also offers sustainable solutions for food security amid
climate change.

two-line hybrid wheat, photo-thermosensitive genic male sterility, heterosis, industrial application, technological
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