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Research Progress of Molecular Markers Related to Soybean Disease Resistance,
Yield and Quality Traits in 2022
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Laboratory of Soybean Biology, Genetics and Breeding, Ministry of Agriculture and Rural Affairs, Harbin 150030, China)

Abstract: The application of molecular markers is crucial for the analysis of molecular genetic basis of crop traits. Currently,
Single Nucleotide Polymorphism( SNP) is an important molecular marker in the study of crop trait related sites, which is
applied in soybean breeding through linkage analysis and association analysis. Compared with traditional cross-breeding
breeding methods, Marker-Assisted Selection( MAS) is based on cross-breeding and is closely linked with target trait genes.
The screening strategy of efficient and rapid detection of target genes by detecting molecular markers has become a popular
breeding method. With the rise of soybean group science, the joint analysis between genomic research and other omics has
further extended the application range of molecular markers, and become a key part of modern soybean breeding, so that the
selected genetic loci can be effectively used. In addition, with the continuous update of biotechnology, microRNA (non-coding
single stranded RNA, miRNA) and long non-coding RNA (IncRNA) , which were neglected in the past, have re-entered the
field of vision of breeders. The genomic regions of target traits associated with molecular markers can be better identified. In
order to sort out the application scope of molecular markers in soybean breeding in detail, this review summarizes the research
progress of molecular markers related to disease resistance, yield and quality of soybean in 2022, hoping to provide reference
information for soybean researchers in soybean molecular marker assisted breeding.
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SR bR I B R 0 R A RS8O i LT A
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Rsv3 &N TR S B0 45 R N, AT H3E Rse3 JEIA
ALY ST AR e XT 1Y a2 R HO R R SMV TR Bk
M BL PE, 2 KM T B & B 3 ( RAFFINOSE
SYNTHASE 3,RS3) /& K & F T K A & W) R ALY
KHETTIR A, 2 RS2 5748 453 K& A AR I, IR AIR
FW (Raffinose Family of Oligosaccharides, RFO) &
RUA FrekcE R B bR 1Ol B £ 09 7 o K2
MR A B R B EEER . BT K
GEEMRAAHE QTL( Quantitative Trait Locus ) fif
FAGFhmic, Rl 4 R S0 Fhnic i Bh & #h oy
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FEI PR P, 2022 4F K 553 FRid J5 TH A5
FEAE TR R G P 7 5 R BRI S
ETECE NE L RU B TN o Y PSS T
( Genome-Wide Association Study, GWAS) F17 it 43
153 H17% ( Bulked Segregant Analysis, BSA) , %554
i SNP bRic, 2R75 5 H AR 200 RAH S i Bl PR
QTL XIS QTN £ 5, Bl J5 >R FH o 4 1 S5 o It
F¢ 5 M PCR ( Kompetitive Allele-Specific PCR,
KASP) HARX i 1L J5 10 B AL S AT 4G 40 o7, 48
B S PIR AR G B e B R, IR R AR A48
AR T RE B FAERR WO E 1R
B P AE R TR AT A
1.1 ERXEHFERTFR
1.1.1 KERFERBRK LETHEPHET GWAS
R E T 70 2405 KGR 5Ptk (Partial
Resistance, PR) #H5CHY QTL, 1H2, Hirp Z 8064 it
PEIKSEFZ MR /N | FE B0 A B X B 6 78 AR i ol
Sy BRI R 1 ARG QTL 7 s 7R SE B 7 Fh Rl
I, De 2517 % 357 > K G R P e 5 %
RSB UER 70 24 QTL 1 S5 - T8 A 40, 2K
JH GWAS HARFEAT I 70 Y| 485 Y B A X E R

MR G it QTL, Hrp i1 15 S 446,
R E 1 ARG EDUE QTL (S E5#E T — 500 kb
Yot K X 38 (Chrl5:36,395,777-36,895,690) , 41
5 31 4~ SNP A8 5457 f1, 40 A F 5 A3 ( Glyma.
156217100 , Glyma. 156217200 . Glyma. 156217300 .
Glyma. 156217350 F Glyma. 15G217400) |- F 71t
BN, Glyma. 156217100 Ja 8l ¥ L (¥ it — SNP 7% 5
i R GRS R HmHERSE T 60%,
Karhoffd 25'%' % F§ RNA-seq £ A&, 70 #1 T ( 0X20-8
H1 PI 427106 ,0X20-8 F1 PI 427105B) J5 4R Al k) 3 i
AP ZH T 45 3 ] R ( Near-Isogenic Line, NIL) | 5 i
T 18 SYLO KLY QDRL-18 v S5 TG 1 1 853 kb
(981 ~ 2 833 kb) 45y £ 732 kb X I (1713 ~
2 445 kb) , BAV 5T LA BE R 3k 45% MY R AR 7
( Phenotypic Variation, PV) , fi£#E5rFFric i B & Fh
B[R] 3455 X5 Phytophthora sojae FIPTYE . £ 407 15,
e 82 NEEHH 1 ANF PR ILR Glyma.
186026900 Wi RE , 12 3 PR 7 485 717 HU Mk 5 07 £ [ Y
FEAh NILs H R 2351 S J8 A o7 L A A 4D NILs
H E R K R R TR e A 5 R R R B, H R R
1k, 30 4~ Pt K & % B M 5 ( Resistance to
Phytophthora Sojae, Rps) 3&R % , W HAL &)
ZoAi T RG 10 Sy tafk b Hd 3 S @R 5
H 14 4~ Rps FEH O 18 51 13 S Yk, X
B8 Rps 5 PR 2 75 7778 SE DR A2 =R R R () 2 51 5
BREEST, & W TG 8L L RE 05 12 =5 S A Pk Y
AR

1.1.2 XE%Hm KRESHHRZERIAKPG B
HEWI T E 2 —, 5K EHERHAHCH 7 4 Rpp
PrbE LR A7 E R ) [ EC R AR R A )12 3
g AR S SRR 5 K G859 (Soybean Rust, SBR) $t
PR 5 118 JHE Ath 55 DRLRI 2 A5 88 i T MERE A ik, 7E
2018—2015 4 3¢ [ 4 g ¥ /9 H 8] & 244 T, Walker
ANk 1 F AR B RE JE P AR ) 191 Rk
FEY 51 Fp A0Sk B OH A K B 65 F 5] R 4 Xt
Phakopsora pachyrhizi W ¥t ¥ i 17 1 i &, {4 H
SoySNP50K Infinium BeadChipMcCaghey #£17 GWAS
o3HT, S 5 SBR BUMEAHSCH) 7 ARG ik Y
8 AMNIERIA X I, HorP A 6 AN A Wik i 35 PR 2 X
B, 5T 285 SBR Hi MM E B Rpp 7 A,
Chanchu 25" F| FHY# 6 5 5l SUKHOTHAI 2 4%48
Frr= AL 108 AL H A8 RBFIAR BT THL SBR 24T,
1 B —A9 3T SBR i 45 QSBRIS. 1 #5E NTE 18 5
Puafk FRFRIC T001855631M Fil SC21_3420 Z|A],
T 212 kb X3k, 0% RPP4 3L i R 424E T
21.31% ~ 35.09% ¥t t, QTL X 3k fr & & 19
GLYMA. 186226250 . GLYMA. 18G226300 1 GLYMA.
186226500 ( GM18. 51,753,139-51,832,726) 5
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RPP4-B %: X B 76 X 4 ( GM18. 51, 678, 981-51,
792,957 bp) HEE WA K SBR Filk B e L
fif b T SBR HLME BTt VR I SE A A R M {2 a#F T
SrFhRicH B E RN
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1.2.1 REakEd RN AIERERG &
TE R B e TR 22, F AT AT A 3t % S5 Al Fn 43+
BILTRDRT R S 7 i PR A o E A R AR . JE i
GWAS 43 #r #1 & A 43 B9 9 /¥ ( Genotype-By-
Sequencing, GBS) J7iEPEAl 1 200 /> [ P 5 Al
32 000 /> i SNPs, 4856 H 4 A5 Bk MR AR
KB SNPs, 23 BT 17 F1 18 S Yk, Xz otk
UREL A v 3 XY B IR R B e ik - 0. 8517,
Ayalew ZEU FIFHWAE 541 S K GRS 36 257 4
SNPs #:47 GWAS 438, & B 19 4551 7= A 56
[) SNPs, 734 T 9 55 15 5 16 5 F1 17 ‘S e faffk, H
H 9 SYLEALK | 1Y ss715604501 (4203661 ) F1 17 5 Y
ik 1Y ss715628133 (7042685) 4 [ | T 7 10 kb
IR P2 B 2 7 A 13 AR A R 2
Xof A 1 3o PR 2 A5 X6 K I 7 A R ), LA AT A
PSR 5 KGR A DR AR (Ao F
P TAEE ML T2 . Yoosefzadeh-Najafabadi £ [15]
254 250 ARG AT 40 712 4 SNPs, A HIHRAHL
27 2] SVR (Support Vector Regression ) B34 3]
8 AN S ARG EAIEAY SNPs, 404 T 7 .15 .18 .19
120 Syetalh 5T 121 MEEILH , Hrb S15_
34958361 FRic ML 1Y Glyma. 156214600 F Glyma.
15G214700 R Sy R 527 1 AH O 0 4 15 35 [T 4 U
J 0t HL 3 DR Ty BE A 48 7 6 I A F AR IR S Bh B
il B R ks B MR A AR

1.2.2 KREHA RO FEH KRG EE 55
AR LA K b v AR, 5 R TG A 7R R R
CLARK 2"V F F 9IAL A &5 Ff WILLIAMS 82 FnEf
H R (GLYCINE SOJA) fivFh P1 479752 ¥4 T 4]
H 3SR AR, FROULIN 5 2R 8] 0 B A i A2 4k, i T
WETE K S Ay B A B QTL, VB £ W 58 20 b A
( Wide Branching Angle, WBA) i RIL f &5 HA
#5438 f ( Narrow Branching Angle, NBA) HY 1 K K
Al LD00-3309 #174422, A F, 5 ACH FL AT A1
F R AR BB T8t A fn QTL PR, B
KPR o> AR R B QTL A ST 19 S e fh
A, FZE [ BA I (WBA ) [ NIL, Bhat
SELTUME 3 A Ml A 211 5y K T R 3 R A Ok B
SOYSPP50K15 1 291 962 /> SNPs AHZE &, % E 3
A (GMO2: AX-93958260 . GM17. AX-94154834 I
GM19: AX-93897200) 5 K 7 #k iy AH OC P 8 o 1y
SNPs, 3-LA 130 kb 1E N st 45748 S Xl St ik
124 NTERRFE , AHRCET AT QPH2 43 55,

(15993654-41032570 KB) "™ GMO02 . AX-93958260
BFFIIE 130 kb XIS T 9 BRIX (0] B 40708, iE— 20 kG
W T 5 KERREAM AL, Priyanatha 25 i
200 A~ PR R AU A 32 K (& i SNPs 4T GWAS 43
Br e T 1 A5 RS EAS SNP(GMOS .
S054,732,203) , % oIk R - 4. 19, HIX 5k 4y Je B
Er e PR v, (H it — R T KGR AR
BAEIERE, Rani 251 FIH 96 AR YK 5
TN 100 /> 4= 356 PR 24 35k PR BRic i 47 35 R - B 45 AH B
YEH (GET) 20 #r, 45 #8578 9 A~ Frid (SATT194
SATT300 .SATT316 .SATT102 ,.GMES6336 . SATT154 .
GMES0902 ) S bk A & A0 e, iR T 12% ~
31% FRIAR 5 Hirf SATT300 #5ic -5 B bk /A%
BOR R [ AR A OC , BRI, SATT300 A5ic B X
3 TR A I PR SR SRR DX
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1.3.1 X&%% KOEAFRZMEMHEYEA,
B NRIH N2 EER, KGR EA KD
MR B A E B E AR, Cunicelli 557 1 46 4 2
5601T 1 U99-310255 7238 5 AR 4l il NIL A,
R 6 FhEREE ih A K AY 138 4~ NILs B9 5G4 7
QTL A AT, &5 R /R A 12 4> QTLs 5K i
JEERA S, 5 R G AR S B QTL A # A4~ 4
ST 15 F 17 4 fafk, CQPROT-003 &ZHi A
FEH 2 7 B 005 R B MR AE 26 W) QTL £
SR R T AT & R FHAZ A, Marsh 2812 F1)
12 R B A v i 985 N4 b O R 1
SRR SR TR S & A 544 997 /> SNPs F{) SNP 4R
FEEAT IR R B o0 b , 5 R %t 11 173 kb (1)
A 32 B AR I B T R 12 IX 3 ) A A i
7T HAE ERE A PR E T 34 MR EEE
SNPs 4 M A 1 B 304 bp RSG5 FAE A Hor
FEAE AR B 1) = A% AT R Hp B E 2 I SE [ GLYMA.
206085100 515 £ [ 3= T U1 AH 5, 4 I oy (A SR A
5. Singer %2 FIFH 311 AN K G AP R 35 570 4
SNPs #17 GWAS 5%, %55t 23 N5 KRG HRA MR
T O SNPs, Hitp 547 F 3 5 Je A k1
SS715586112 . SS715586120 . SS715586126 . SS715586203
1 SS715586204 8 5 L (L fA 1) SS715599541 Fil 16 544
AR SS715599547 il SS715625009 SNPs 17 f 5
A, BT THRESEAR S E KRG EME T
TTH,

1.3.2 KRty KROAER G N E 2 A
BHE Y, Hop= w2y o i Bl BHE Y B e E
60% " KRENGHIRR FE PR, B —2K AR
FIE TR MR 3 AR IV FRAR . 28 28 M FIg
JUTR « e T 0 B i R, A AR s 7 TR A A g
U PR F14) 5 et T 2 R 91 e R X 3 £ R A LR
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BN, Xue 262 R ZRARC 42 (RAHRIR & =45 ) Al
B LU (PRAR R & IR 2238 S5 At F,, L 41
ZE LA E 9 980 A SLAF Fric it i 25 s i 4% [ i
221 S AR R A B AR DGR P AN QTL, H¢ 5 FiE % i
B3 NARAEGY FIEREE 10. 1% RS F
41200 2 GWAS 71 3VmeMLM 45578 % 286 4>
KPR A7l & R R ER S
106 0131~ SNPs MR B FE A7 T 73 Hr , 7 A3 3]
7 ARG FE R ( GmSAPAD-A .GmSAPAD-B |
Gmbzipl23 ., Gm31-t39, GmFATBIA. Gmdgat2d #0
Gmdgatl B) ,Jrf 5 />3 PR 78 Ho Al 4 Fb o g UE 55 2
S A, e E TR R NS . BRIz
A1 ,54 4~ QEI i 5 BT Y GmFATB2B R i 5 ¢
T A0 T R R S MR iR AL SRl RS
Sy FARIC 5 BY E Ay B AL S AR . Kumar
2 (27 53 o T SRR RN IT QTL 7 e vt o DA AR S5 52 1y
191 0001~ QTL XIFEAT /34T, i T 14 A~ KT
ByHAE T QTL 1 94 A~ K il 47 4 56 HE X, 72 T
QTL LAK 0.1 Mb fil] 3 [X 3 ( METAQTL-OC _7. 1,
METAQTL-OC_13.2 METAQTL-0C_20. 3 ) i fifi 2% %)
1 Glyma. 07G034800 . Glyma. 13G035200 . Glyma.
20G111000 7 1E ZFp BA% A Hapl 21915 3 F
HAth HAE AL

2 EREXHRHE

ES ISP R S T a4y NS W VA 22 I EN AN &
[F], qn o S e F0 it MR . PO PR T A SR
JIT 26 5, K N2 2 AR JBS s A Ry 8 DL 5, I HH 4
Fiexd o st A% FE b AT AT S B A o
MR, BRI Z AN ,2022 4 [ K SR T52 14 r
di L ER AR vy, DR, ) PR L R 5 s e 1) A
F% VAR L AR B3 9 R 59 S (91 A 7 B 3R
2.1 EAXKERRERAR
2.1.1 KERERER L G2 FHBERITATE
BBl P 242 173 85 A R G AR TG K G B EE R A
WE L S MAF=5% HBe R <50% M1
999 800 i~ SNPs 47 GWAS 3 #r, 4% S H 46 ) 5]
9 N5 R TRERE YU H S AHOCHY i3 SNPs, 43l 7
T1.10.12 15,17 .19 120 Sk, ik
8 A5 K T REREHUMEAA SC A A R 25 (37 Ik (R A S 5k
LK B A5 B B UE , o RKF3 ( Glyma. 196051583 F
Glyma. 196051582 ) 1 RBK2 ( Glyma. 19G051581 ) #
FOFTENL, AR LR 0 F 8 3 SNP Mtz 5 kb 2
P, GWAS &5 5 04 o i 1 4 43t T 4K 4l . (NBS-
LRR ) £ ka3l B 458 7 Ay 470 92 T AR JB5 0 250 o 1A R AV et
(QTL) #H 3¢, I h R &5 A7 FE A 9 OC 8t IX 45,
Glyma. 166135500 #4ifih NBS-LRR %I H , £ GMA-
MRI510 JEF I FELT JA il SA iS5 240

Zuo

R RLREBAR B A0 B RE 2 it R 3 oA A R
FEK | KSR i Y B0 I R4, DLAE B — B Pk
D] %) 5 s s LA A R SR R 6 S e, 5 T
W2 AP eI R T A TR — R AR , DR UEPTI 58 Y
ZREACA BEd KRR 45 g

2.1.2 K&fetym  KREAEM G (Soybean Mosaic
Disease, SMD) J&H ZMIRREG L), K2 &M
R 228500 B H 9 2 B (R G AR B TG TAE R
MEE T R T AU SMD TSR A RIS 0 | 1%
BEHAT ISR SR B, Wang 25 FIHR
F TP X 5 SRR e sz 7 AN [) 118) R 7 3 PR A T
B 150 KR F,. bR RALEY RIL BEARFEST QTL 207,
gER IR 1 A XK /N R 157 kb B9 QTL 47 s 9
MFH 13 S E R b X RS & A LRR 45
My 88 14 Glyma. 13G190000 . Glyma. 13G190300 Fi
Glyma. 13G190400 W) 4t ¥ 5\ FEHUE 25 A Tl oy o o
RZEfFEREZET, M Jiang FE PR ERFE 1 5
(PUPE) x NN1138-2 4819 427 /> RILs #4 & i PR
B R T B 2 5 3 683 i BN A He A [
FITEIE BRI, UH R QTL %5, 15 W82, al. v1 3t
LHA L, BT %52 ) 462 kb Ry, XIS A 429 4
SNPs, 142 > InDels, 755 T 34 MEMFLH |, H,
10 /> 35 R 2 A7 0 8 1 0 HL AT P EE DR S 1Y)
SNPs/InDels 2814, L Ry, X380 K B8 A Mok
WEM LN QTL 7, A A FREG MM R E M,
Zhang (33 A3 B ST ( BSA) -seq FIURS 4 22
PEIARSE GBI B0 E T 1 B BB G AE Mk 2
BYFEDRE RSMV-11, 735 T 11 S Y1k %) 207 kb
K3, A& T 25 MNMEBERE, XARK 50 F/NG =
PR S R RSMV -11 X AT He w458
1 ASEAHER SR TR 2 A M (SNP) 346 Ak
€75 (InDels) Y 5L A, Ho i MATE %1z 85
HYRE GmMATE6S ( Glyma. 11G028900) SHH¥MIVTR
PEARIC, RPL K G AL 0 i o R R R A T R A
UINIERS

2.2 ERAXEFEMHRTAR

2.2.1 KE2aEE RO K/NERERIEY
FPERAEE AR S MR Z — Shao 4P M IR E
WP AR (~20 x ) X B SR B UE AT 3L R 43 A, A
6 FIIAEE T X) 6 FAH SRR SEA TR B 00T, B e 45
RRIAIA 154 4~ SNPs 5 A AEE i Fp K %
FAJFIE 323,483 ,565,394 F12 038 I~ SNPs 5
TR P EAA PR 2R ST T R
FURK 58 MR AR SE . ek, [RIsh ok SNP 2543 3
DR RIS S B0 T 6 580 10 S YL fk A ¢
SNP Pl Ay 218 A~JE I AY DNA €48 Fl RNA £k,
RIELEIEN Glyma. 106035200 (5 51k — B3 H
TG G B Snl) | Glyma. 106035400 (%% 5% K ) F
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Glyma. 106058200 ( <P 2 W2 ik 2 W ) 5 Fh—F K/ INAN
TEARAR S, HEM e AT 2 K & = il fE o A L
WS, [AAE, Duan %57 i3 GWAS HAR XS 1 853
AR IAFI SNPs HEAT 538, 76 5 5 Je ik L4
R ZAERRERY 180 kb [H]BF B (43.58 ~43.76 Mb) , i
BT 23 A HEE, Hh 6mST05 ( SoyZHI3 _
05G229200) FH XI5 6 4~ SNPs F12 /> Indels,
AR F LB N AEAE 7 A (R BR % SNPs, JE 5L T 5 Fh
Hap (Hapl ,HaplIl) , GmSTO5"" Jg HAR # o fg5 70 | 1
OFE H1 KO #k 2 ¥ 58 3% jin 3 s /b K G k7 b7 ) 3 82
i Zuo 25506 94k Aok )43 M . GWAS HF 52 41 4%
A, 7E 286 MR R 2 T SR K/ NH
MRAY 343 A 1% W4k JE A ( Candidate Domestication
Gene, CDGs) I 85 4~ % ot K & [ ( Candidate
Improved Gene, CIGs) ,

2.2.2 KEHE HeeFEFMER, 5REM
PRIUFN P VI A O . Wang 2557135 FH 240 5 6B
AT X HAT 63 306 1~ SNPs FRic Y 455 4 Fh
TR SBEAT A3 BT, K I3 62 AN 50k w5 AH O Y QTNs
A7, Hod 26 A4~ QTNs AT FE 22 4155700 i 4G 0 1),
fifi o 14 1 3K B Glyma. 026133000 F1 Glyma.
056240600 AU —25 5836 T K G0k mr Mtk i i 45
Mg m  HA BT RESFhRicf B g, Su
ZEUN AT BSA B A KR b i RG4S 20 S BALRR
AT GWAS 2087, 45 R n 1 NI AE SNP 7778 F
9 S YL ORI (39.78 ~44.85 Mb) {L N,
WET 9 MR, Hd GLYMA. 096189300 .
GLYMA. 09G193000 FI GLYMA. 09G199500 5 4 dF
[F] X 2745 SNPs, GMIAA27 ( GLYMA. 09G193000)
RIEE A+ B IR AR (C-T) 38X GmiAA27
MEENI LR GMIAA27 TR N SR A R BR , 5878 f
F14) 1o FH A 2 3 A O P R A 5 0 R Y SR W 2 —
Song 2 I XF L 661 AP AL R M, AT 4L A
I P4, it S B 661 AYFE 2 P8, 78 %
158 78 1A h % 3L 4% % BEL-1 4E 1 /9 GLYMA.
136312900 3£ R CDS J# 3 4748 3 B A L %= A8
(SERI07GLY ALAII1TR Fl TRII2ALA) | #Ei H 35
TR AR R R AV

2.3 ERAXESBRERHR

2.3.1 K2%%a Qin HMIT 284 KGN
F1180 NHEZH [ 22 2 (RIL) ) GWAS BIF5¢ Fl 7% 4/
K7k TR A RS T T 4 L R A4
‘@*ﬁﬂ(l\/ﬁxed Linear Model, MLM ) B AR A
( Generalized Linear Model, GLM ) F1 DI i3 X 8] 1
B et I 2 22 A~ 5 8 S B AHOCHY SNPs Al
5 NQTL 5,6 S Yk 1 25. 77% BTk R AR
S QTL F R 41 [X 38k ( Chr6 _18844283-19315351 )
ZRE S I H A T A S E A SRR

AR 35 TR, 359 7 40U JF TP i ., Feng %61 3L
T2 BRI By B £ o 5 4 3k R 41 56 B 5% ( RTM-
GWAS) %t H A7 15 501 /> SNPs JE A HbRiC 1)
K1) DR £ 5l 3 s S s | N L i il £ 2
(NorthEast Chinese Soybean Germplasm Populations,
NECSGP) [ 2 [ i 7 2 ( Seed Protein Content,
SPC) AT PEAL , &5 30 T 273 A FE R Y
73 A~ SPC K R AL 2 (QTL) , i BT 71.70%
RIAR S Hod 28 A4S QTLs A3 QTL, [FI AR FE T
QTL-Z07 FE R 4546 A% MGs B8 MGs 11k 81k
FZ T MGs [OEE FE R 90% 8% F % MGs, H:
EATRERIE TS 2 A, X} H88 x P73
T A8 JE AR BE R AT 2 B4 M, E A7 B 3 4 QTLs
(gPRO-20-1 qPRO-6-1 .qPRO-6-2) , He R /NFIL B A5
431k 2. 46 Mb (28349696 ~ 30805913 ) .0. 07 Mb
(14779248 ~ 14846706 ) 1 32. 38 Mb (15214173 ~
47597755) , BTERE /N 19.31% 2.65% F19.55%
IFEEE R TL 200 K& 16 gPRO-20-1 78 57 IX [ 45 4
%95.8 kb, ik # 5 ARG WA XN Glyma.
206081800 VE R K 52 86 1 B AH G 5E X, hy i 26 1 o
P o 0k B SR AL S A Rl R G URRIAG I AR
2.3.2 KEZHM Zuo LU HIH GWAS A0t %
B HTRN BSA ik T 113 A~ YIE AT 103 4k
BIX f, 1V & size _ loci _ 9 ( Gm: 47318349-
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128 ( Gml4: 3341523-3541523 ) il size _ loci _ 155
(Gml5:1016635 4585355 ) XM % EF] 5 5K
TR SC B FE R 7E UTR 5L A % 0 36 B 1)
XA FEAE RS T H SNP R 3 B 75 03 %2 11 5%
Wil R AT R, Goettel %50 8 3 GWAS % A& xt
CR20 I 4 Mb X Jd] ( CR20:29,050,000-33, 120,
000) PN i BE JE P o 17 OC B 3 i, B B 7E
GmPOWRI ( Glyma. 20G085100) 1 (31.5 ~32 Mb) it
FEINAEAE 321 bp B, ENR 5 R S Rl £ 75 5 1Y)
EE . Li &Y GWAS M MRS T, TES R
BE TR 8 5 Y e A2 i R 3 3 403 LA B b Mtk
M) SNP 137 15 ( Seed thickness 1, ST1) , &5 T 249120 kb
(GmO08 ;8350932 ~ 8477410) 5 [l , 76 A [ i Flt 15 55+
H 1A TGTG ¥4 MR, 38 GLYMA. 08G109100
LR R R R T RE ek . AR I 2 IR AT IR S
BT STI A7 s AR K S 0y 1 5t A% R 4 it , 3R B
HXF oy Fhricii Bh & A 2 A vk,
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THRASIHT , b 1 B A vER A 5% B PR, MM
BEE A= DB R BN 5T, 43 i A B & A o filt
REFFTAEFEIESE, WG KHF AT F
A M ERE R .

&% 3k

(1] EZ, ek, 0%, 5. DNA S Fhrid RHAER e a i
PPN ] U B, 2005(1) : 76-80. (WANG J,
XIE H, GUO E H, et al. DNA molecular markers and their
application in genetic breeding of millet [ J]. Journal of Beijing
University of Agriculture, 2005(1) ;76-80. )

[2] LANDER E S. The new genomics; Global views of biology[ J].
Science, 1996, 274 (5287) : 536-539.

[3] HASAN N, CHOUDHARY S, NAAZ N, et al. Recent advancements
in molecular marker-assisted selection and applications in plant
breeding programmes [ J ]. Journal of Genetic Engineering and
Biotechnology, 2021, 19(1) :128.

[4] WANG L, YANG Y, YANG Z, et al. GmFtsH25 overexpression
increases soybean seed yield by enhancing photosynthesis and
photosynthates[ J ]. Journal of Integrative Plant Biology, 65(4) :
1026-1040.

[5] SONG B, AN L, HAN Y, et al. Transcriptome profile of near-

isogenic soybean lines for B-conglycinin a-subunit deficiency

(6]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

during seed maturation [ J]. PLoS One, 2016, 11 (8):
e0159723.

HAGELY K B, JO H, KIM J H, et al. Molecular-assisted
breeding for improved carbohydrate profiles in soybean seed[ J].
Theoretical and Applied Genetics, 2020, 133(4) . 1189-1200.
DE R M, SANTHANAM P, CINGET B, et al. Mapping of partial
resistance to Phytophthora sojae in soybean Pls using whole-genome
sequencing reveals a major QTL[J]. Plant Genome, 2022, 15
(1): €20184.

KARHOFF S, VARGAS G C, LEE S, et al. Identification of
candidate genes for a major quantitative disease resistance locus
from soybean PI 4271058 for resistance to Phytophthora sojae[ J].
Frontiers in Plant Science, 2022, 13 893652.

CHANDRA S, CHOUDHARY M, BAGARIA P K, et al. Progress
and prospectus in genetics and genomics of Phytophthora root and
stem rot resistance in soybean ( Glycine max L. )[J]. Frontiers in
Genetics, 2022, 13 939182.

CHILDS S P, KING Z R, WALKER D R, et al. Discovery of a
seventh Rpp soybean rust resistance locus in soybean accession PI
605823 J]. Theoretical and Applied Genetics, 2018, 131 (1)
2741.

WALKER D R, MCDONALD S C, HARRIS D K, et al. Genomic
regions associated with resistance to soybean rust ( Phakopsora
pachyrhizi) under field conditions in soybean germplasm accessions
from Japan, Indonesia and Vietnam[J]. Theoretical and Applied
Genetics, 2022, 135(9) : 3073-3086.

CHANCHU T, YIMRAM T, CHANKAEW S, et al. Mapping
QTLs controlling soybean rust disease resistance in Chiang Mai 5, an
induced mutant cultivar[ J]. Genes (Basel), 2022, 14(1); 19.
PRIYANATHA C, TORKAMANEH D, RAJCAN 1. Genome-wide
association study of soybean germplasm derived from Canadian x
Chinese crosses to mine for novel alleles to improve seed yield and
seed quality traits[ J]. Frontiers in Plant Science, 2022, 13:866300.
AYALEW H, SCHAPAUGH W, VUONG T, et al. Genome-wide
association analysis identified consistent QTL for seed yield in a
soybean diversity panel tested across multiple environments[J].
Plant Genome, 2022, 15(4) : €20268.
YOOSEFZADEH-NAJAFABADI M, ESKANDARI M, TORABI
S, et al. Machine-learning-based genome-wide association studies
for uncovering QTL underlying soybean yield and its components
[J]. International Journal of Molecular Sciences, 2022, 23(10) ;
5538.

CLARK C B, WANG W, WANG Y, et al. Identification and
molecular mapping of a major quantitative trait locus underlying
branch angle in soybean[ J]. Theoretical and Applied Genetics,
2022, 135(3) . 777-784.

BHAT J A, KARIKARI B, ADEBOYE K A, et al. Identification
of superior haplotypes in a diverse natural population for breeding
desirable plant height in soybean [ J]. Theoretical and Applied
Genetics, 2022(7) ; 2407-2422.

SUN D, LI W, ZHANG Z, et al. Quantitative trait loci analysis
for the developmental behavior of soybean ( Glycine max L.
Merr. ) [J]. Theoretical and Applied Genetics, 2006, 112(4) .
665-673.

RANI R, RAZA G, ASHFAQ H, et al. Analysis of genotype X
environment interactions for agronomic traits of soybean ( Glycine

max [ L. ] Merr. ) using association mapping[ J]. Frontiers in



4 34

BHICE A : 2022 AF R GG TE 7 B A SR DGR 7 AR IC I it

487

[20]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Genetics, 2023, 13 1090994.

CUNICELLI M, OLUKOLU B A, SAMS C, et al. Mapping and
identification of QTL in 5601T x U99-310255 RIL population using
SNP genotyping: Soybean seed quality traits [ J].
Biology Reports, 2022, 49(7) : 6623-6632.

DIERS B W, KEIM P, FEHR W R, et al. RFLP analysis of
soybean seed protein and oil content[]].
Genetics, 1992, 83.608-612.

MARSH J I, HU H, PETEREIT J, et al. Haplotype mapping

Molecular

Theoretical and Applied

uncovers unexplored variation in wild and domesticated soybean at
the major protein locus cqProt-003 [ J]. Theoretical and Applied
Genetics, 2022, 135(4) ; 1443-1455.

SINGER W M, SHEA Z, YU D, et al. Genome-wide association
study and genomic selection for proteinogenic methionine in
soybean seeds [ J ]. Frontiers in Plant Science, 2022,
13 859109.

KIM J M, LYU J I, KIM D G, et al. Genome wide association
study to detect genetic regions related to isoflavone content in a
mutant soybean population derived from radiation breeding [ J].
Frontiers in Plant Science, 2022, 13, 968466.

XUE Y, GAO H, LIU X, et al. QTL mapping of palmitic acid
content using specific-locus amplified fragment sequencing ( SLAF-
Seq) genotyping in soybeans ( Glycine max L. )[]J]. International
Journal of Molecular Sciences, 2022, 23(19) . 11273.

ZUO J F, CHEN Y, GE C, et al. Identification of QTN-by-
environment interactions and their candidate genes for soybean
seed oil-related traits using 3VmrMLM [ J]. Frontiers in Plant
Science, 2022, 13 1096457.

KUMAR V, GOYAL V, MANDLIK R, et al. Pinpointing genomic
regions and candidate genes associated with seed oil and protein
content in soybean through an integrative transcriptomic and QTL
Meta-analysis[ J]. Cells, 2022, 12(1): 97.

LI W, LIU M, LAL'Y C, et al. Genome-wide association study of
partial resistance to P. sojae in wild soybeans from Heilongjiang
province[ J]. Current Issues in Molecular Biology, 2022, 44(7) .
3194-3207.

ZHOU L, DENG S H, XUAN H D, et al. A novel TIR-NBS-LRR
gene regulates immune response to Phytophthora root rot in soybean
[J]. Science, 2022, 10(6) : 1644-1653.

BELZILE F, JEAN M, TORKAMANEH D, et al. The SoyaGen
Project: Putting genomics to work for soybean breeders [ J].
Frontiers in Plant Science, 2022, 13 . 887553.
WANG D, CHEN S, HUANG Z, et al. Identification and
mapping of genetic locus conferring resistance to multiple plant
viruses in soybean[ J]. Theoretical and Applied Genetics, 2022,
135(9) : 3293-3305.

JIANG H, JIA H, HAO X, et al. Mapping Locus RSC11K and

predicting candidate gene resistant to Soybean Mosaic Virus strain

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

SC11 through linkage analysis combined with genome resequencing
of the parents in soybean [ J]. Genomics, 2022, 114 (4).
110387.

ZHANG Y, SONG J, WANG L, et al. Identifying quantitative
trait loci and candidate genes conferring resistance to Soybean
Mosaic Virus SC7 by quantitative trait loci-sequencing in soybean
[J]. Frontiers in Plant Science, 2022, 13.:843633.

SHAO Z, SHAO J, HUO X, et al. Identification of closely
associated SNPs and candidate genes with seed size and shape via
deep re-sequencing GWAS in soybean [ J ]. Theoretical and
Applied Genetics, 2022, 135(7) : 2341-2351.

DUAN Z, ZHANG M, ZHANG Z, et al. Natural allelic variation
of GmSTO5 controlling seed size and quality in soybean[ J]. Plant
Biotechnology Journal, 2022, 20(9) . 1807-1818.

ZUO J F, IKRAM M, LIU J Y, et al. Domestication and
improvement genes reveal the differences of seed size- and oil-
related traits in soybean domestication and improvement [ J |.
Computational and Structural Biotechnology Journal, 2022, 20.
2951-2964.

WANG J, HU B, JING Y, et al. Detecting QTL and candidate
genes for plant height in soybean via linkage analysis and GWAS
[J]. Frontiers in Plant Science, 2022, 12 803820.

SU B, WU H, GUO Y, et al. GmIAA27 encodes an AUX/TAA
protein involved in dwarfing and multi-branching in soybean[ J].
International ~ Journal of Molecular Sciences, 2022, 23
(15) . 8643.

SONG J, WANG X, HUANG L, et al. Genetic dissection of the
soybean dwarf mutant dm with integrated genomic, transcriptomic
and methylomic analyses[ J]. Frontiers in Plant Science, 2022,
13 1017672.

QIN J, WANG F, ZHAO Q, et al. Identification of candidate
genes and genomic selection for seed protein in soybean breeding
pipeline[ J]. Frontiers in Plant Science, 2022, 13.882732.
FENG W, FU L, FU M, et al. Transgressive potential prediction
and optimal cross design of seed protein content in the northeast
China soybean population based on full exploration of the QTL-
allele system[ J]. Frontiers in Plant Science, 2022, 13 896549.
i, KREHEAREGEY QTL/FEEM[D]. M/RIE. KRk
el K2, 2022. (YANG S. QTL/gene mapping of soybean
protein content[ D]. Harbin: Northeast Agricultural University,
2022.)
GOETTEL W, ZHANG H, LI Y, et al. POWRI is a
domestication gene pleiotropically regulating seed quality and yield
in soybean[ J]. Nature Communications, 2022, 13(1); 3051.
LI J, ZHANG Y, MA R, et al. Identification of STI1 reveals a
selection involving hitchhiking of seed morphology and oil content

during soybean domestication [ J]. Plant Biotechnology Journal,

2022, 20(6) : 1110-1121.



