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Abstract: In order to fully understand the genetic evolution characteristics of wild soybean and promote resource conservation
and efficient utilization, 29 pairs of SSR primers were used to analyze the genetic diversity and genetic structure of 126 wild
soybean resources belonged to 6 different geographical ecotypes. The results showed that, 635 alleles were detected, the
average number of alleles was 21. 897 and the average primer polymorphism information content was 0. 883. Shannon index
and expected heterozygosity were 2. 586 and 0. 890, respectively. STRUCTURE analysis showed six populations were divided
into two groups, wild soybean resources from northeast region and different lineages from northwest, Huanghuai, Yangtze and
southern groups. F-statistics and AMOVA analysis of variance indicated that 88% of the total variation occurred among
individuals and 8% among populations. Mantel test showed that genetic distance was significantly correlated with geographical
genetic distance (r = 0.468, P <0.01), but not with growth period (P >0.05). In conclusion, the differentiation of
different geographical ecotypes of wild soybean is the result of natural selection and “ proximity effect”, and the level of
outcrossing rate and distance isolation are also important factors in the formation of genetic structure of wild soybean.
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Table 1 The basic information of samples from geographic ecological groups
Ire i) TR SR FEAAEL
Group Latitude Temperature zone Light type Sample number
ARALAL R X rhly K H IR
45 ~50°N 21
NENSE Middle temperate zone Over-long day
RILF XA iR K H IR
40 ~45°N 21
NEE Middle temperate zone Long day
PYILEAIX H rhly KH
35 ~40°N 20
NWE Middle temperate zone Long day
AL A X 4 PR rhH
35 ~40°N 24
NCM Middle south temperate zone Middle day
PR A X A b By e H
30 ~35°N 19
NCML Northern subtropic zone Mid-short day
T AR A X A rh bR JiH
25 ~30°N 21
SCLSL Mid-northern subtropic zone Short day
&
it 126
Total

1.2 SSR #ri2S#r

VEPEBARIBURT fif 1 7, >R Y CTAB J7 k42 I
DNA"S! BRI 45 2 1 11 60 Xt T SSR %
UM S TE FE SR SSR 519, 12 B8 hitp . //soybase.
agron. iastate. edu/resources/ssr. php 2 fit i) /7% 51|
TTEM(EREY) . FEPLESE 6 ) DNA KA
60 {7ySSR 51 WIHEAT 0] 0 , 55 1 7E 29 XJ SSR 51 #)

FHEREG ) (£ 2) . PCR RV AR FR 20.0 wL, {1
% 2 x Easy Taq PCR SuperMix 10.0 wL., | FiiFE519)
(10 wmol+ L™") £ 2.0 pL. 4k DNA (25 ng- pl)
2.0 pLATKEHBAIK 4.0 pL, RWVAR : FAEdE 95 °C
5 min; 95 CAM: 45 5,50 ~57 CiB k 45 5,68 C ik
fi1 45 5,30 MEFR ;72 CHEAH 8 min, PCR 473474
K HT 6% 1A 2R DR s Tk B8 e P Dk R e ARG N
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Table 2 Tested SSR primers

ElL7 B IS5’ -37) HE TS
Primer Linkage group Primer sequences(5’ -3 Repeated sequences
GCGCCCACACAACCTTTAATCTT,
Satt300 Al (ATT)19
GCGGCGACTGTTAACGTGTC
AGTGGCTGATAAAAAAAATACTCA
Satt390 A2 (ATT) 17
ATAATCGCGGCACAATAATTC
GCGACCATCATCTAATCACAATCTACTA
Sati429 A2 (ATT)25
TCCCCATCATTTATCGAAAATAATAATT
CACTGCTTTTTCCCCTCTCT
Satt197 BI (ATT)20
AAGATACCCCCAACATTATTTGTAA
GCGGAAAAAAAACAATAAACAACA
Sattd53 B1 (ATT)13
TAGTGGGGAAGGGAAGTTACC
CGCTTGCCCAAAAATTAATAGTA
Satt168 B2 (ATT) 16
CCATTCTCCAACCTCAATCTTATAT
TCGCGTTTGTCAGC
Satt180 c1 (ATT)16
TTGATTGAAACCCAACTA
AAGCTCCACATGCAGTTCAAAAC
Satt281 c2 (ATT) 19
TGCATGGCACGAGAAAGAAGTA
GCGGCGTTAATTTATGCCGGAAA
Satt286 2 (ATT)17
GCGTTTGGTCTAGAATAGTTCTCA
GCGCTGGCCTTTAGAAC
Satt307 C2 (ATT)12
GCGTTGTAGGAAATTTGAGTAGTAAG
GCGAAACAACTCACTTAAGCAATACAT
Satt226 D2 (ATT)18
GCGTCCTCCTACCTTTCTTATC
GCGGATGATTTTTATAGAATAGATAAT
Satt386 D2 (ATT) 15
CTTCGTTGATACCTCAGTAGAGTACAAA
CCGGTCTGACCTATTCTCAT
Satt267 Dla +Q (ATT)16
CACGGCGTATTTTTATTTTG
TATCCTAGAGAAGAACTAAAAAA
Satt005 DIb + W (ATT)19
GTCGATTAGGCTTGAAATA
TACCCTTAATCACCGGACAA
Satt216 DIb + W (ATT)19
AGGGAACTAACACATTTAATCATCA
TCAGGGGTGGACCTATATAAAATA
Satt268 E (ATT)17
CAGTGGTGGCAGATGTAGAA
AAGGGATCCCTCAACTGACTG
Satt146 F (ATT)17

GTGGTGGTGGTGAAAACTATTAGAA
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Elk7 SERTIH SIMFsI(s’ -37) HE TS
Primer Linkage group Primer sequences(5’ -3 Repeated sequences
GCGGCCTCCAAACTCCAAGTAT
Satt586 F (ATT) 19
GCGCCCAAATGATTAATCACTCA
GCGCCTTCAAATTGGCGTCTT
Satt309 G (ATT)13
GCGCCTTAAATAAAACCCGAAACT
GCGAATGTATTTTTGTTTCTCCATCAA
Satt352 G (ATT) 18
TGATAAGCCAAAAAATGGAAGCATAG
GCGCAAAAGGACGCCCACCAATAG
Satt279 H (ATT)28
GCGGTGATCGGATGTTATAGTTTCAG
GCGCCAAAAAATGAATCACAAT
Satt239 I (ATT)22
GCGAACACAATCAACATCCTTGAAC
GCGTGGCACCCTTGATAAATAA
Satt431 J (ATT)21
GCGCACGAAAGTTTTTCTGTAACA
TCCGCGAGATAAATTCGTAAAAT
Satt373 L (ATT)21
GGCCAGATACCCAAGTTGTACTTGT
GCGGTCACGAATACAAGATAAATAATGC
Satt462 L (ATT)20
GCGTGCATGTCAGAAAAAATCTCTATAA
GCGTTAAGGTTGGCAGGGTGGAAGTG
Satt308 M (ATT)21
GCGCAGCTTTATACAAAAATCAACAA
GCGCATTGCACATTAGGTTTTCTGTT
Satt243 0 (ATT) 17
GCGGTAAGATCACGCCATTATTTAAGA
CCCCTATTTCAAGAGAATAAGGAA
Satt345 0 (ATT)27
CCATGCTCTACATCTTCATCATC
ATCACGGACCAGTTCATTTGA
Satt487 0 (ATT)22

TGAACCGCGTATTCTTTTAATCT

1.3 HES

SSR B HE 4% B 5 | 938 i Brad B 8 i A [A)
A0 — 1 B B AR AN [) 3 T R R SR 1) 25 57
1 Excel 2010 FAHMN FE 8BRS 2. R GenAIEx
vo. 5 AT Z A S BB A T
ZHT(AMOVA) il Mental #6536, Z28ME(E B& &
¥ ] Powermarker3. 25 iz®®., &K 1=1-F/1 +F
(F R[5 %0) . UPUGMA R4k B W 1Y 2 il 5k
PRI T GenAlEx v6. 5 B TTHA Y Nei i35 —
FOPEHE R R NTSYSpe2 1 F: 58 by B 2 . #F
W35 4% 45 ¥4 500 >& F§ STRUCTURE 2. 3. 4 {4 5¢
T, iR K 1 ~ 11, ¥ MCMC ( Markov Chain
Monte Carlo) F¥4f B B A VEFGE AR VE 0% 0
(9 MCMC #4845 53% 29 10 000 Y AT 100 000 K,

Ay EHAEWTS: B Evanno 251" Jrik
2 HER545%H

2.1 SSR fRiCHIEfE SHREMEIEM

FIFH 29 XF SSR 5145 126 43 A [ 1 B A= 25 X
BEFAE R AP BEST PCR 14, 51 2 B E RS
140,770 ~0. 930,744 0. 883, LIt & T 0. 5, i
AR P FH IR 29 5% 51 9y 35 B AT AR 3 1 2 28
PEo 29 XF SSR 5[4k 2] 635 ASEEA FEH T
Aoy FE BUBCH 21,897 A, Hip, Sat281 FlI Sat286
P4 A5 R PR BIOIR /R7 , h 29 A, Sat309 114 45 47 3 PR 4L
Mk, M 12 4~ (3£ 3) . Shannon F5EUFIMI R4 5
ST AR YIS L 22 B Y TR BRI
P2 0 3= 5 RN AE 43 L 1 B ¥ 534 T e 2 O A
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Table 3 The genetic diversity of 126 wild soybean resources based on 29 SSR primers detection

SSR i S FE R4 Shannon #§%( MG E ZEMEE S
SSR Locus Number of allele Shannon index Expected heterozygousity Polymorphism information
(Na) (1) (He) content( PIC)

Satt005 22 2.773 0.922 0.917
Satt146 18 2.361 0. 871 0. 864
Satt168 21 2.483 0. 868 0. 859
Satt180 19 2.611 0.907 0. 900
Satt197 28 2.674 0.893 0. 884
Satt216 25 2.579 0. 859 0. 856
Satt226 21 2.442 0. 874 0. 864
Satt239 23 2. 809 0.924 0.919
Satt243 25 2.799 0.922 0.918
Satt267 19 2.497 0. 895 0. 887
Satt268 18 2.211 0. 845 0. 834
Satt279 24 2.770 0.922 0.917
Satt281 29 2.982 0.933 0.930
Satt286 29 2.663 0.873 0. 865
Satt300 16 2.016 0.789 0.770
Satt307 25 2.871 0.931 0.930
Satt308 24 2.522 0. 846 0. 839
Satt309 12 1.874 0. 804 0.777
Satt345 24 2.741 0. 906 0.901
Satt352 23 2.778 0.923 0.919
Satt373 21 2.652 0.913 0.907
Satt386 18 2.570 0.907 0.904
Satt390 22 2.743 0.924 0.919
Satt429 21 2. 684 0.910 0.908
Satt431 22 2. 449 0. 865 0. 854
Satt453 20 2.481 0.877 0. 874
Satt462 21 2.715 0.921 0.915
Satt487 17 2.426 0. 886 0. 876
Satt586 28 2.825 0.907 0.903
o

Average 21.897 £0.742 2.586 £0. 046 0. 890 +0. 007 0. 883 +0. 041

2.2 AEMBAESHFEXSHENBEESHEMSE 508 10.414,2.082 F10. 839, ZHAKF1E 6 1 RF
S Wrbim o 6 MHERRY I Z4 5 A Shannon 5 %L

2.2.1 @A SHME WS4 PR RILEAGY dsm BN IMR YO AR AL R AIX > AL R U >
VRO AE (7 2 N K, Shannon F8 B B 5 B2 7> ZRALACTRBL R 2 > v 3 v e 28309 > g 70 6 22 0
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FI/NF 1,000,534 %7 0. 954 75 b b 5040 1 K
o, HUG RO 2R JL L B R R G Jb BRI
AL YR | v v i SO0 A A i S e

A, b Ta) A 2 A0 3 ) A A A R R B AR T
FERI T 6 AR A 25 X BRI AR A — 52 57 S A A
Az, I HLR S AT AL 1) B 12 i i A a9

PSRRI

2.2.2 BEEimiees [EESREU(F) S i

RS AR DL B T 1. 000, R BA (A7 52
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Table 4 The genetic diversity information of 6 populations based on different geographical ecotypes

o A B Shannon $§ %% WG R It 7 F 5K
G - Number of allele Shannon index Expected heterozygousity fixation index
roup
(Na) (D (He) (F)
Rt AL B AR b
9.103 +0.413 1.910 +0. 057 0. 805 +0.013 0. 985 +0. 005
NENSE
ALY
NEE 10. 414 +0. 440 2.082 +0. 056 0.839 +0.012 0.963 +0. 008
[EplAtr]
9.138 +0.438 1. 965 +0. 057 0.822 +0.013 0. 960 +0. 009
NWE
At rh gl
7.414 +0. 373 1. 650 0. 066 0.744 +0.019 0. 944 +0. 009
NCM
HRA A
8.379 +0. 398 1. 837 0. 054 0.794 +0.012 0.941 +0.013
NCML
8.138 +0. 475 1.782 0. 074 0.775 +0. 020 0.934 +0. 015
SCLSL
I
8.764 £0. 185 1. 871 +0. 027 0.797 +0. 007 0.954 +0. 004
Average

B A TEAL Z2AEAE , AR P A 5 v rh i DT R
(LNIUB LS UERES 24 A

2.2.3 Nei EFEBSH  WEKS Fon,6 N
FF AR (0] b, PHL2 A R 33t A% 35l 78K 5 AR Al -
BB 5 B AR b 4 2 A1 0 At B 4k [R] 34 8 7

%5 BEFAEMIBESKSAMN 6 BHEK Nei 5 BEH4EM

Table 5 The Nei genetic distance matrix of 6 populations based on different geographical ecotypes

S ARG R AR R (LBl 8 fedb by Hh R F R I A
Group NENSE NEE NWE NCM NCML SCLSL
ARALAL B A 0
NENSE
ARALH A
0.614 0
NEE
[LEla:8
1.358 0.941 0
NWE
fedtrh g
1.49 0.884 0.45 0
NCM
Hh R 2
1.42 0.929 0.538 0.293 0
NCML
1.599 1.133 0.726 0.574 0. 506 0

SCLSL
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Fig. 1 UPGMA dendrogram of 6 populations based on different geographical ecotypes
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Fig.2 AK with the change of K values
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Fig. 3 The population genetic structure of 126 wild soybean based on SSR markers
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Table 6 AMOVA analysis of 6 populations based

TEORIA] By AL A S 0 . S5 SR F2 0, A KR R 1K on different geographical ecotypes
88% K AHAEAAIN] 8% K AAEREIARIA] 4% KA TEA e i B FAR I
ﬁglj;J ( i":{ 6) . Fst *gﬁ%f%iﬁ$ ﬁg I‘ETJ %'f'{ﬁ%%ﬁ%# Source df Variance Percentage/ %
RYFE bR, R T F O RER A Fst B A T BEHT X - .
0.026 ~0. 144 Z‘,I‘ETJ Slz‘ig Fst ’@ﬂﬂ 0. 081 #Ei—"ﬁﬂ Among populations -
R AR o HE AR AL A R .
B S0 (0,046 ) | 75 b 5 38 490 A4 b o 3 ) Among individuals 0 o2 %
(0.049) | PH{L LA A P I 20U (0. 041) DL .
S R AR A (0. 026 ) 1 TR A2 ] Wi 126 66,500 4
Fst (EX/N 5% FREIR] Y 23] 200 5 HABAS [m] 7320 -
FCRFREIEN Fst {HEAT 0. 05 ~0. 15, FEARPRER] & A= T“:l 251 3257.111 100
TIEIEIME, T B Wright ™ BN, SR PEPR I 1% J2:
ENGIE: ke RS i & TR W NS R i o DR ST S I A S
x7 ETFTAERMEBESKTEN 6 NMEHFRESIUREER
Table 7 The Fst index of 6 populations based on different geographical ecotypes
I ARAtALE A A AR A Py U] ey e e A T G A
Population NENSE NEE NWE NCM NCML SCLSL
R R 0
NENSE
ARAL 2
0. 046 0
NEE
(i [ RTR 28 1]
0.102 0. 065 0
NWE
At rh gy
0. 144 0. 094 0. 049 0
NCM
rh R e A
0.115 0.073 0.041 0. 026 0
NCML
0. 134 0.097 0.071 0.079 0. 052 0
SCLSL

2.4 EEEBSEEHMMERENEXES
W 1512 R 2 B 5 R T AR R A R Y R R
WA R by P PR B R P 24T T Mantel A3, 25 R WK,
G B 5 A B ARG r B0 0. 014, I 20K
S PAE A 0. 170, 378 K F 0. 05, 58 B A [) s 2 A 25
DX A K ] st A B B 5 2 AN AR OG s 1t AR R
295 M NS AL FE B ARG R Y r (B2 0. 468, i Pk
FKF- P AE R 0. 010, DJ358 B AN [] i 2 A= 285 X A= R
T[] P ot A% B A P B A5G (P <0.05)

3 3 i

WEZ MR Y 2RO, AU S
FpAR S0 = 5 B[R] s B 5 3 2 I8t 4% 45 A8 15 L
AHHGE R 29 X SSR FRic X K A [] b P A A5 X
AL 45 B VL T R AT 10 AN X AR SR B A=

RGBT /R, 255 ZE R (Na) g 2190

A PR 2R B A (PIC) O 0. 883, 45 R 3R
A ) el A S TR B A R ELAT s B s A A

ﬁST%%%Mﬁ&I%*éE%iﬁL$RH
ZEURE B, WS TR 4 SR AT 70 X SSR
ST 96 17 B A I Aok O BT 9 st A% Z2 AR 43
}i(Na 18.30; PIC 0.88) ; &5 T i p& 2612 5% F 204
it 51 0t 4o R AS [ s B A 25 TR0 1) 174 53 B A K 33t
& Z2FEPE 43 1T (Na 8.90; PIC 0.63) , 5 it
FEAR I A 4% 0 b 52 LA M SSR Anic 51 M 8E
Ko HAZOFBURRAR BRI L4, E
T AR /0 B30 B4 38 A% W U6 SR d5e K B i (L A7 3
ANGRIRRER I AE Z R0, [ B SUA 3 T AT A
E‘Jﬂﬂfﬂﬁ}%ﬁ[zmﬂ
TE-R 03 7 A 3578 Ak 1 5 AR o, B AR K TR R



342 K 5=

B 3

TEEMRIEAR S 78 AR Bl A HAR e 1 o
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STRUCTURE Fil il (1% 2% 56 253 20 Sy 2 AN f - 24
B2 1 R b AL A 7 28 D AR b R 2 DX T A
BRI DB s 28 — i i 2 AR b LA X e L
FLEADX Al rp 2 X S g 28 DX e S G A X
RVRBIRIFA IR . ZHFSE 45 X ) T He 25120 4 87
AR R A3 SR v P b AR G S s DX A B Y
WO A, DA R E AR M KR TILTE
We UG | F A Rk E R R R 2R, 5 Li 45
Wb A KGR 43 0 AR b BRI R O 3 28
PR3 X T REIRAEAS R R (7 LR
FEGEIRIA = FUARTER) B AR L 51 F
B2 SHERE T RENEA X,

AT R B AR S A A AR BE BRI A5 R, A
T8 A K N R B AR TR AR 4 e L AR Y
i 28 e R A A R A 2 R X R R A LA,
A 3P — IR LR A OGIR R K AR S R R4
7 AN (1~ VIL ) ™ gl 43 g AR # i
WEFIRE TS 3 Rl AR S IX s = R TORIR N E A
A I LR A HUER A R 20 B S SRR X Y
AHIFGERE 15 A% I R 5 3k A R A A B S
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