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EICIRI R H 3K AR, BRI R B ik
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57 WEMAT A S, FAE L2 BN AL
T TR G 2RI HRER, HFREERERIRG
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RTASS /Sy
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FhA =R R O 246 28 Fh R G iR, X3k H X P
IBEFEIT13%, HA P i B 15% DAL 4R R 5 i
134N G, AR RS o i 2R A3 8,
T I A7 0 38 [ 2 b R 9 A6 & RS AW
KAZFI L EFHEAR LR T, A SO 4 25
WK G PP AFH A e, IR R AP L3
) FH 2 7 v A e ) SR TR A 7 A R R .

1 REAFMES IR S F &R
REGIEE A 35k T2 75 RE 4R 2 A
A AR I PG 2P S 143 2 RE A A A b
THHI A, — Bk, AR LA AR BR IS
LATIEN, RESE T TR RERRERA —EILH
SREEIZSTPA G, REAFIE T e, T ERASTEA
(e B A e, R s M S LR SE A, Al
REBCH s LA se . BB 508 TR A A
FARFRE A S, B TR R A IS g 2L
. FRSYIE TR I A PR R A B, 3852 5K
T ARSI M R N SR, b R B L5 2%
BTAR, PiU—BION SRR B A .

AIZRRP LB B 1 — A EE, TR 2R 23S
R, FTATFZ B &, S TR — B & 71
AEFIRIC G 7 M, i HLAR Hh BC A ) 5 2R AR A 1438
R OC, IO (1) REZEARR AR LSS
XMEE— B I Z MBARFRBC S A, SORSE4
K —JBABOL T LS 7 AL B R A RS Y
R RCE BA B 19— B & 12 M, IR R
AIRFIRIC S 1, BORA Z — HA R RN — BB S 1
(2) KREXCEMEA —E KB R AT m 5w
A MRTEE, BRI B B R NGRS 1 24438 4
BIA—EHA R IOH, A A G N — L
LESESEAER i R R IPNITE/S L i U (2 ey
RO p ERTA 2y VAN 9 T VA D 9L R I
oy 45520720 R T e R PO R A P2 g
i - KT R B A SE [ A9 8K EL
TlRUB) A 52 4 )7 i R B A% F J S A T T
RGO, IR ELIRFP Y 7 h 64> AL s AR ],
H PR KT o8, #E— 2B R IR 2l
OB Eva) A S S DR IR U VAR P/ S T 5 € VAN s AT
AESINPERON | LA SO AN s 4

F1 ENEHRBRMAETHRERMKERM
Table 1 Representative hybrid soybean varieties bred by various research institutions in China
% : o G g KB BeE. EAREGR. &%
EAS s ir:/ R Y /_‘/ R =) N N
ASRER ARR AR R W KR RHERGTCR) (%) %) ik
R EH1S JLCMS9A JLRI e ey 1 2002 HHEX 21.9 21.09 39.19 [12]
EYNA R W931A WRO16 LR RL B 2004  HIEKX 15.4 18.96 43.56 [13]
A3CH25  JLCMS47A  JLR2 HRE LR AR 2006  HIEX 22.7 20.54 40.75 [14]
BARAET1S  BCMS5A BIKeS LR P R 2010  HEEX 20.6 19.43 44.65 [15]
HHE609  JLCMSI03A  JLR102 AR B E R 2015 HFHEX 17.0 22.54 37.52 [16]
#HHE610  JLCMSI28A  JLRIS AR B =R 2016  HHEX 18.7 21.15 37.32 [17]
HE612 JLCMS57A  JLR9 A R B =R 2017 HHEX 16.0 20.92 42.07 [18]
IR AR =B A 5 '
=2
HFH639  JLCMSI91A  JLR403 e b el B 2019  HEKX 13.1 23.78 37.04 [11]
RIRTTAO R =B AT
H1E e I N X . . :
HH15 JLCMS178A  JLR124 preTaievwil/al e 2019 FREIX 153 22.15 40.46 [11]
#HH641  JLCMSI9IA JLR158 TR R BB 2020  HHEX 17.4 22.43 38.58 [11]
FH643  JLCMS212A  JLR346 FOME PO BB 2020  HHEKX 153 21.69 38.14 [11]
= 2L N
= =] M‘kﬂkj{% =] M‘ﬁl A
HfKH1  JLCMS254A  JLR192 R T 2020  HHEX 17.8 21.93 38.17 [11]
BIRTT AR =B AT -
5 e i IX . . .
FH64S  JLOMS234A JLRO Tl ponn N ke 2021 B 15.4 20.12 4477 [19]
S ey (X ,
= [=] [=]
A H2 JLCMS212A  JLR414 B FI 2R 2021 FHEIX 17.8 2291 38.86 [11]
PGl KA.
ETi532  SXCMSI3A  TH46 (WPEA R Bl 2EBE) 2022 KX 9.8 19.37 41.12 [11]
BRI KA
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A MRV AE, BT BIAR XS AR UG, T —
R TR B A TR S R O, HaZOT
RN AR TR G . B S SEE R
AR B A7 s A JE A b, Tovk I AR R 45
DL 2T, FIaRGE L ik PR R G4
PR LS a8 A A0 IR K & 2 i ) SR A B AL T
WM.

Kt E T PR iC A A B ST A TR, Ak PRl
B PR 15 (quantitative trait loci, QTL)E( &A%
PV B el 7 7o 1 B B NI D S TN E - P K VA=W d
SEE AR S FH TG HE R R 24 Fh R iRk, KRS
N GUEE X R S 2 AR SR A G 2 R L K/ QTL 2
D7 ZeE AL R AR SRR B 2R T E R TR T
5T, Z2PhQTL/EEPR i 1 7 5 4l R A i E AN
A, B NIAFARNZRZALRh, 8 AN A HE A, A
N HBE N G R T RERTRL Ak, BFFE A
KEZHRARBAECRCBTH AR AR, SefFieih 155
ot TR ) 1K TR 2 A VA= iy B N 5 N (A
A5 & & P (partial least squares regression plus
genetic algorithm, PLSRGA)LA K i J& B4 RO 2P Rt
A4 KL 21 QTL M A5 B AR A = Rk 7 v (hybrid
population QTL mapping, HPQM)Z 2 M AAQT LA
JypLl223.2627)
1.1 KRN REA sbrid e 712

EESNER ST 7yl SNl e 313 - e S
I IE T, R8N [ ) K 2 bk F Hpric
A3 ATEE RT3 384 5 7 i 3 A OC A AR Te R PR AV A
Horp BN A A R i AR S 11.95%~30.20%.
[ P9 I8 A BB R AR AR A, . SO k4l G
(S %3 @)1 e e VAR SV 7 @TA S Sy VAR S DN
L2 S AR A S E A, BT R AR
WARYGE I, SR, BARIC/T BTG F) 52 2 HAL 2P
AT, DT T S50k 235 S 1 BH M R A 1

1.2 PLSRGARIHLATERYHPQM

B, %KM R Wang5 N PSIEEST T 240
SRR Y24 R QTL-allele b AV 5 1. 1%k LIRS 4%
ZEHINCII(North Carolina design )i f&i% i1 Z4FhE,
FER R B A AR TR, R 5040 G i RAD-seq, &
TR A7 A EDNA I ) 3R A5 19 B & S AR
4 FE R 4] SNP(single nucleotide polymorphism)i%:
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B IX BISNPLDBOARIL, K HIPLSRGAZM 7 1%
SAN DN N /S e T B E S e i TR A X DA e
I3HT, AR B SRR rh, BT SRR R AR
PETT B R L2 R O3B 2 1 i PR 1 MR
I P R AEON AN B IR TEXT R F 813
AR RN Fe e AR 1 IR0 45 R A PLSRGA 43 By
h, HR%E 284 FALQTL(138 M5 A8 ), EATx
RIS S B DTk AN 61.8%.  [FIR, %7 kRS E i A
A AT BN P RLN R M AAO0 PSR R, AT AR
B A BB, b 2 e st A #4 i
55 MHA R R AL S .

VLA, B =i s P HOR I R, - FARic
JEBOR R, MITEAPFREASD, T oRANZEE, &
AL FIRFTEZ A SR R AR, EIRRE
MR QTLAGIN 23 s A Y Iy i i Hoh ] 1/ i
SR, MELAERICHD S AT 4 i PR 28 e % B A Al
B SRR TR R R, HELAT I SEPR IR R. A
I, ERK TR O RS T S A R
SNPJFFHRic, 45a AR X BN i M s, 1
fEL Ry =AY R AR <)) 1L TR N 7 S R (=S A
AR, FEAL Y fRdR /D — 01 J A (partial  least
squares regression, PLSR)FIjZt {45 7% (genetic algo-
rithms, GA)FATEIRUEIF SRR, et TiEHT
R ZRFPREAA A B R 20KV B i =R IR B EARRON,
QTLAIN J7 % -HPQM, [RI & BL5 BpbRic 4 i ik |
PLSRGA 5 24 Hb, HPQM Oy 1 AE RE R U B A8 1 10
T, RUGARKRL T TSI E], MRy R AR A 4 L A
HQTLM KR T k. B, BEHRPIRA
HPQM Jj 4 L T84 K W 2R A (1 XA = A8 i 144 b
FEA, PAFI2D R BBRIEEQTL, Hrh3MQTLAA
WEHAERY, 1DQTLAA FRCMEE HAERY. K
R IERUIT IR I QTL L B A2 A B 24 AR 3 i Pk
JEHTAE SRR, KRG BARIEE T R P 2
1 (over-dominance, OD). #45385¢ 4 i V£ (partical
dominance or complete dominance, PD)LA K 4l-&
v (homozygous additive, HA) s 3L[R 41 Ak, HrpLL
TE ) 9 AL s D L TR T 15N SR AR G Y
NCIHHRHARIHPQM 5 1, 4R43 104/ NMX 7 5 QTL,
HAA 2D QTLAAH B HARRUN.  KG/NX ==Y 2%
FOEREAL L MR T R W], RGN i A
PEFAIE B ph 1 1] 8 1 (+OD) 5 IE [l I AL s
(tHAMEFPE. AT, AiE A  Aeahiam S HREE
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HARSFRON IR e K2R, ok, D58 GIT
KT KRG 7R 4 5L PR AL QTLAGI Ay v &40 R ML AR
4 (https://gitee.com/njau-sri/HPQM), A4 HA #5F
. FERE . JFURG T SREME SRR B I
T A IR 2 g 2 B AT AR R R R A s A% i T vk
AT EERT 5 R DA S Be S 5k o 2, 5T AN Bt
RGZHMICFH BB T R WAEARWTRA, IS5
7l i 21| RPN/ U VWi 0 D s VI G TIPS
HAEMHR R RIRHERIS S, Mgt H 51
R,

e R OL A FHBR T 45 298 O0 4l & 2 LT 41,
REAEJ AL A EEEY, 5 — KH 2
FFiFB. 4T, ETCMSRSEM = RIEHIGMS
RGN TIREZAKRE . BoK . IS FEREY I
AR b R Tz AT, fER S R
M= RIE AT 2 OCAF, I3 A de
AAHDCHOR AT TR . AR RGN T & A ZE5E H A2
SRR HIA R, RN E RS IR R AWK E R AE L
BlCn2: Dl baAAE ), SEa R LR, NE RIARR
FER BB TR R B A T &R, AT RMK
52 FARBAER 5 B4 R 5 Ry 2858 b 7. (H2“ =&
SRR OC AR AR 29 TR BT 55 IR IR, Bl K
TGN B ms 309 A, “PHRE W IETEN FH 2 2%
PR ER TR, Hou® NPBFTE &3, Kms3%75
PRAESL H BRI T R T A S sg il A, 7EKH
MRS B AR B AT H AS S5, A T Ege =
FEP SR R BT RALIR, RIESZA
BRI SE T RHETHREE, MR TE 1A
B L LA, LAHCON R, AR RO R EBE T & T —
B3 B R SOCEORE R T H A BRI S A i R
7, ST P RETEA S R G F A iy i
(https://digitalpaper.stdaily.com/http www.kjrb.com/kjrb/
htm1/2024-11/06/node_7.htm), FE—EREE LHi%E Tk
SLZERI A I A2

2 RO HIEEEA T S =Rk R

BT B EAFHEEA T I = R T RS
JE AR BRI B EBGRAE, A H AR
ST AR A T A = R LA 5 1HE.
2.1 REHEEA TR IAIA T £ GI1H

KB HAF A B G Ry Davis i,

FLAEBE S 1% R o K 2438 Rl A = ad BEUEA T T 4
WER W E I — G, B)E, KEF
EREMEA B R AR E T T, AT 4
KGR AF O, BaT, B AHRE s
“CTRVEEMRGAT AR KR EEAFERN
YB3 7zpRIBS3T NgR55 IS N2 15667 A
N236617BI%E 35 FURp ISR R T 405 43Sk R T
SRIER .

(1) & RIGHERNAY). H B LB A BN E
B 8 1] 1 3 i A AR B K 0 9 R R B —4F
A A K G IE A REARRIACA, T e 438 i i
RINGAG I ZFIF R & AT, #E—PFH
1E ARG R IR K i RIGE P S A A F 4
T, B0 5 LR A2 K (509003 5) AR B R L (171 4%
KE) MY Sl ELLPIACE WA T ROAF
YA, RIHRE TIRE &, Ll =2 WE™, gt—E£0f
FEMRNIAE R ETE TARAFM, M85, Hhg
Ak Bh B A FHRNEUR & 4015 & 8 LS B R A
BX AT R300L4H1,

(2) HE19(ZDH). rhER I BE LR EY 5T
FiPeng%5 NIRRT WL A K G5 R ZD83 19 K1
RGBT K G I RIE SR, & BIEAC = B AN
B, MAIEHH, HERZDS3 1951 A F i i, 4
B A Bl e sk &% AP HhsoB A AR, 4351l
IPHIER GRS, R RIUATE R, JHat
B AZRBEIN R EREMNAT ZRWIZTA,
W936A . WI33A, UFEIHIH8IBE A AN F 4. F.FH
il Bl B g5 APUR BLLAIS908 189 12 A HEAR A
W22 A R AURIR R B = AR, 1
T B I, HERNZEEEAE Bz B R, I
DL R L . CMS1A~EL.CMS10A%: — 1t A EH
F 10 ks ol Bl Bl i AR APOIIRNTICMS A
BRINEFFRYBAA, 5ZD8319MTAS, & hifR
FE 1 LAZD83 1940 i i it A% 75 5 i Ak 85 K = A% B
VEMEE AR T RZAFFEI =RV E. XWAFRLE
JERIE T HIm89B, 1628908, 89121(ZD8319, Efi1HY
BEAON IR F 21985 LA HAEREAS A R B 4,
KR ZZEAN T 4RI AR N ZD AL, A% 437 & B Z DAY
AERZBE TR AT,

(3) N8855. HFA M Kt &8 5E AP
K A4 38 2 A 1) i 16 H & B S AR B R N 8855
N28YIIF ANE, M &, bl if i 2L 54 s AL 5
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UEMZ A F3E, #UORIE T L AR K ENSSS5 & A
ANE YR T I AR AT ZRNICMSIA,
ISl = RO, BT K IINSSSSHIA T RIE T
i FARARTFE Hah, INICMSTA N ELRY, T F
NICMS2AM%3% - NJCMS5 AP VA3 B A [l 24 25 X AL
THAE R.

(4) N21566. FZH KGR H0Zhao % NI
ZNICMSIAFEFFRN21249 ACAS, i) 1z 38 &
PRI TG L A ARG K UN21566 A AN H 41 il
[T, S LRI H AN E RNICMS3A, JFSiilc =R
BLE. IZAE RIWEHIGE & A A A E /N T4,
FLHNSSSSHCMSAH ZNICMSIA . NICMS2AMY I
BR8] EREN21566 CMS A £ 5N8855
RICMSANTE R TEA AR AE J7 18 vl A Br AR TR. 8tf%
O3 R BIN21566 AT 28 TR IR T,

(5) N23661. FEF Kk R AONie: NPk A
T 61 25 XA B A AR R 3B Rl BE AL IE 1 4 58 4H
G, BB K G4 A[(N23661xN23658)
FxN23658] B AN B ek, RS F R sgikgs
MZEIIAE, SRR T AR I AR K EN23661
TAATHMMEIFE AT ZANICMS4A, HO S
CTRVAECE. HEDRIE . kiR S FhRC RIS A F
S HT R BE, N23661H AT it 5RNAL, ZDAY |
N8855HUFIN2 1249 RN 4l jd ¥ 7 fE 22 5%, H
N23661BINE R AT A W A E

bk, REAE R FE LIRS T A R B
PARBRIFR. BT LR AEATAEE, R A RE
KA K G XXT, N2877. N1642, WSmsHIE Ak
IN23 168 HEH R E AR, A/ Tt — s
STl AT NSRS il e S| N 4o N = 1 o
PEFARE RSy S — e b, (BRIFTEARE
MM RAEERE | mFORAE RELZ 4N,
T2 T 2838 R AP AR, I, ARG 224 5
RPN R TFRA T RAWAF MR, [FRE
ANE RN E R BT R AR,

22 REUBOEEEATRERNEE . HrS
HH
AT RIREER, L2 HRAIKE R
ARESLB = R I E ARSI AT, KECMSIKE
RIVSE FERMAZE, BIXAE R 5IE RN AL
JIARABHE, MV B PR T4, AHEPE PRI, T
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NI R, HAFSAERE RS e bR A
FEAT. R3], ER K R D BaiflGail ™ 2 K X
LELG AR I K >5% . AEZG U PRI H . RS
PREESEIE &« = R FHE A K E IR E R, T
Ay BlA B P SE NSKE« = 2 J4BhF FERIK R R
K FN60% LA FVE IR E Z2 5652 (bR, (EAE PR
BB, o= FROAFE B 52 i . DGR
T FAEPREE N 2 B B33 I F K A
JEEEANRE G, XA RESEH TR R TSI E
FER AR B BE e 59 T 22k AR 35 DR G [ A L A i
WA FTER. NI, PRI BN = 2RI F B K S R
(IR IR i = R4S Pk 5 A0 % R F B R bR 2 —,
VeI R 55 DRI E 2. AL, HME bR
Be ok I 5 45 AL IEWK A 2 B 2 i R R RN I CMS
(1) 5 B R 2 FMEBE K B R B R S A R S8 3R A5 F
FERR A AER TCFT bR 73 ) 72 S 0~10%F110~50%. BRIt
| = N R N ¥ R A M i 1D VA =% 5
FEER . FDOEHR T RS, RIS E ik
BIIRE R M5 7, M — e = R Z2Fh
F iR =5k,

REE“=ZZE"C) ZMHTRALREHRE T,
BRI FH AR 2 R R R IRR /D, R T 580 KK E 2
FRE AT, Z8 KRGS AR T HE R &R 5
Pl S BRI R 24N, ITF R TR R E Fd)
Wil TAE. B XA R RRE RE AN . HarRk 2
PR RE, F5E A BRSSO . SRR <58 -
KEEAE G X, BT —HEE Rk &R At
EPSNCTL L N A NI 08 3 2 ¥ N < SR S
AR, IEEIRE Z . KR R . SR-IUIRE R AR, 18
WAL T2 A, M T R SRR A L
JERE, MR IR T — SRk 2R, UINNJR2101%.

23 KL OIERPEA ARSI 5 T-HLE]

RIS B S A S R AR, AR
B TFLRARSL R 2 P 1), B R ok )P A
B A BL2E BE I FE A B K& Blatp 6l atp 955 L7 1A 3
P7E K CMSA T 2 A7 2 (A1 77 7E RN A i 4 16400,
HEMX MR 5 K SR AR T A . BiE
YRR K E, KECMSAE & 5445 R LR A%
ZHELSE RN g 2%, A R 25 5 R,
B R K G R AR G K Borf178Forf261° 0K
TINSSSSTICMSTAEM AR F LA, Tk —2 T i
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KECMSHEEATE £ FHlH, ERKEGH R
O FHMRE L BREBE RS RV B2 EBERF 7T B
FIFZ X KGCMSAE R S5AFERITE T 2 5H
A, BN, EA . JEGSRNA(MIRNAFlcircRNA)
A AETSE, RKIKR ECMS 5 MR
WAR, WEMOKAAYSReaUtN . 2y 5EM &
B . % (reactive oxygen species, ROS)Uif .
A5 55 S 5P LIET (programmed cell death,
PCD)ZE0+0881 [ 52 K 5 e WO g A B i ik —
HIIREF s KB, ANE R LR IAMAESGSRNA
miR2119b3t F ik &5 F B m Ir th B AT &
R TR, KECMSAE R 5 HAF R AR FAEE A
TR BT R, R E I s B A s Mg
ESE, SEMEEMEACMER REAEY P K
RS SIS R A E— A AT K G CMSHEVEAS
B EAERD FHIBBEE TR FER.

W RN R = RIS ACAS,  FLRT &k A2 3k
PR R A2 RE 6 = 2 Pl P RE TS 1E 4% S 25 D
PEFEF. DRI, AR 35 IR ) 2 50 AN EF 92 2 K 2 CMS
W R E MZAF AR AR, (HREH—EA
TEWR S FE DR R RN S REAS BB S5 R R, g atk, KSR
NGRS AS [ 40 J5 S T80 g W A2 5 DR T 1 o
EWTE. KREZECEMPIFEE R B/RRNS . ZDR A
N88S5SHI YK &2 I [N EFA; T KRG H 165 Jefafk
BT AN, AR RO R E B S B AESR9S Y
R % E FIRNEICMS AT & By H Ak & 5L PR A7 45
RPN, EFKGM R PO N RAESRS, 5. 7, 17
SYL A Y E FINSSSSHICMS A H & Ay HAb K & 3
PRI 024 B[R] —CMS AN T 2 T REA AN R 1K 52 ik
HAFAE. ERKEH R O RE RS LR A BT
NGt —l i TR s & B, (L TAR 165 Yk
) GmPPR5761GmPPR565%) 5] JN8855 %I FIRN Y
CMSAE R BRI KRS0 e — B F I GmPPR565
B THIRE &R, HR TREH T4 FhrickiBhit &
& GmPPR5655 MK 5 2 I dCAPSHIInDel 5+ 5
e SE TR R R X FRRICE R ECMSIRE
FRANHI AL Fhric i BB & R LRI, teah, R
B R GWE R LRI 022 55 e Ny R, 1
W FRFAENELT, 5SAF FZME, 24MFh 25
WAL G MBE AL . AEH & B . ROSIRIST
PCDRISHR AR IE I A Fh KOS B A R . LU
EEEREH, RECMSHIMEM AT A& MK S 1 5%

KAG D ABERACH . AT . ROSICEFIPCDAR
HhEE BEME, AFRNSSEACHEELA N B
HEPEARNE A, TPk 3 N RE A0 1 4 i AS 7 2L DR R
BEAAHE R M B IR LI R .

EEXFER A KGR FPF B EVE B PERR 2 T 5
3 o TR M T H B /L RS S ), R K
R DR R B R R = R A FIE
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Figure 1 (Color online) Summary of research progress on the utilization of soybean heterosis
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The utilization of heterosis is one of the important ways to improve crop yield, which has been widely applied in crops such
as rice, rapeseed, corn, and other crops, and has achieved remarkable economic and social benefits. As early as the last
century, both domestic and international researchers-initiated explorations into soybean heterosis, and research results have
shown that soybeans have significant heterosis. Across different decades, scientists employing diverse hybrid
combinations consistently observed substantial over-parent heterosis in soybean hybrids, particularly in yield traits. The
over-parent heterosis rate has been documented to exceed 15.6%, with some high heterosis combinations demonstrating
over 50% over-parent heterosis and over 30% superiority compared to control varieties, indicating that soybeans have
obvious heterosis in yield traits. Male sterile lines serve as pivotal materials for hybrid seed production in crops. Among the
methodologies employed, the cytoplasmic-nuclear male sterility-based “three-line method” and the genic male sterility-
based “two-line method” are the two most widely adopted strategies for hybrid breeding in crops. Currently, soybean
hybrid breeding predominantly relies on the “three-line method”. At present, the reported soybean sterile cytoplasm types
that achieve the “three-line system” in China mainly include RN type, ZD type, N8855 type, N21566 type, and N23661
type. These sterile cytoplasms originate from five distinct cultivated soybean varieties. Importantly, China has established a
comprehensive hybrid seed production technology system that integrates soybeans, insects, and the environment, enabling
male sterile lines with high outcrossing rates to achieve over 90% outcrossing efficiency. So far, 46 hybrid soybean
varieties have been examined and approved using the “three-line system” with an average yield increase of nearly 13%
compared with the control. Among them, 13 hybrid soybean varieties increased by more than 15%. Since the “Twelfth
Five-Year Plan” period, 39 hybrid soybean varieties have been approved, reflecting both the expanding scale of hybrid
soybean breeding and continuous advancements in heterosis utilization technologies in China. With the application of gene
editing and transgenic breeding technology, fertility regulation genes such as fertility restorer genes, genic male sterility
genes, and high-temperature tolerance genes have gradually been discovered and applied to the utilization of soybean
heterosis. It can be seen that the utilization of heterosis can serve as a breakthrough technology for the improvement of
soybean yield in China, which has significant strategic significance for enhancing soybean production capacity and
ensuring food security. This review article focuses on the research progress of genetic composition and utilization ways of
soybean heterosis, the cytoplasmic-nuclear male sterility and “three line” breeding of soybean, the genic male sterility and
utilization of soybean, the examination and approval of soybean hybrid variety and the production technology of hybrid
seeds. After decades of systematic research and development, significant progress has been made in the utilization of
soybean heterosis, but there is still a certain gap in commercial application. Some key issues still need to be further
overcome, mainly including efficient sterile cytoplasm needs to be explored, high outcrossing rate male sterile lines and
strong restorer lines need to be selected, hybrid seed production efficiency needs to be further improved, strong advantage
combinations need to be further screened, the utilization ways of heterosis need to be expanded, and fertility genes with
significant breeding value need to be discovered. With the continuous exploration and utilization of excellent soybean
germplasm resources and fertility genes with significant breeding value, the continuous improvement of commercial
production technology systems for soybean hybrid seeds, and the continuous development of biotechnology, the utilization
of soybean heterosis will show broad application prospects and significant economic and social benefits.

soybean (Glycine max (L.) Merr.), hybrid variety (hybrid), heterosis, cytoplasmic-nuclear male sterile line, male
fertility restorer line, insect pollination
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