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Abstract ; [ Objective ] To explore the information of development and differentiation of special micro-envi-
ronment of wild soybean for sampling wild soybean. [ Method] A total of 41 simple sequence repeat
(SSR) markers scattered on the whole genome were used to analyze the genetic diversity and genetic

structure, and to evaluate the relationship between genetic diversity and spatial distribution of the 16 wild
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soybean populations with a sample of 612 individuals around Daguanling in Xintian County, Hunan Prov-
ince. [ Result and conclusion] A total of 414 alleles were detected with 41 SSR marks among 612 acces-
sions, and the average number of allelic variations per locus was 10. 1, ranging from 4 to 19. The average
Shannon’ s information index () per locus was 1. 751 with a range of 0. 283 —2.542. It was discovered
that the region from Xiangxiling to Sangzi had a higher genetic diversity and more allelic variations than
other regions, and also had a higher gene flow than the other populations by comparing genetic diversity
index of different populations. The wild soybean accessions could be divided into 19 sub-groups by the a-
nalysis of population structure with software Structure 2. 3 based on mixed model. The populations near
the region from Xiangxiling to Sangzi were divided into different sub-groups and the populations far from
Daguanling were clustered into different groups separately. There was a positive correlation between ge-
netic distance and geographic distance under the condition that the sample’ s distance was less than 1 400
m. The region from Xiangxiling to Sangzi was a diversity center of wild soybean in Daguanling region.
Populations near the region apparently had the character of spatial distribution. Genetic diversity was pos-
itively correlated with geographic distance and altitude. The population of wild soybean in Daguanling dis-

perse from high altitude to low altitude. The spread model of this region is distance model and continent-

island model.

Key words:wild soybean; spatial distribution; genetic diversity; population structure
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Tab.1 The sampling sites and related informations of soybean populations
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Tab.2 The genetic diversity of 41 loci among 16 wild soybean populations

7 55, N, 1 H, 7 55, N, I H,

Sat_135 5 1.274 0.651 Satt382 9 1.581 0.675
Satt045 11 1.831 0.793 Satt279 11 1.517 0.650
Satt269 4 0. 846 0.527 Satt556 9 1.804 0.799
Satt570 11 1.880 0.820 Sat_099 9 1.860 0.785
Satt394 9 1.580 0.703 Satt301 11 1.815 0.793
Satt192 8 1.552 0.761 Satt339 10 1.918 0. 800
Satt239 8 1.408 0.631 Satt596 9 1.904 0.807
Satt349 8 1.688 0.771 Satt173 18 2.542 0.905
Satt150 10 1.784 0.765 Satt281 15 2.263 0.875
Satt249 6 1.414 0.694 Satt236 12 2.221 0.874
Satt497 4 0.283 0.096 Satt197 12 2.011 0.833
Satt538 14 2.310 0.871 Sct_186 5 1.575 0.776
Sattl52 9 1.531 0.709 Satt558 1.721 0.792
Satt073 4 1.197 0.680 Sat_112 17 2.175 0.843
Satt461 8 1.552 0.725 Sct_189 12 2.011 0. 831
Sat_085 14 2.118 0.818 Satt539 15 2.236 0.861
Satt277 10 1.056 0.455 Satt308 11 1.962 0.815
Satt241 9 1.783 0.787 Satt341 12 2.459 0.909
Sat_272 10 1.997 0. 831 Satt203 8 1.899 0. 845
Sat_177 19 1.912 0.746 Satt656 6 1.159 0.621
Satt129 15 2.153 0.867 || Ml 10.1 1.751 0.751

1) N, : %45 % j7 4 ;1 Shannon #5446 H, . 8938 e 5.
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90% B‘J}%ﬁﬁ 7 ﬁ,ﬁ}%u% KLD .LX . LXHS .SY .SZ .

SZLB XXL, Mo XXL g, Z 80 5 A 0 8N
100% . 16 /> Bf A= K 5 fg #E He A5 LTl J 0. 062 ~
0. 610, 1% BL45 KA AL FEFE A 0. 118 ~ 1.228. W23 ]
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Tab.3 The genetic diversity of 16 wild soybean populations

E#E N P/% N, I H, v,
CH 30 20.29 1.235 0.195 0.095 3
GK 32 88.33 2.441 0.752 0.475 9
KLD 54  90.84 4.035 1.017 0.514 22
LX 44 90.58 2.661 0.613 0.302 7
LXHS 30 91.22 2.567 0.776 0.464 6
MJ 30 22.42 1.337 0.202 0.095 3
QL 48 65.92 2.247 0.606 0.330 1
SWW 42 86.13 2.412 0.724 0.407 3
SXD 30 24.88 1.316 0.213 0.106 5
SY 38 98.19 3.305 0.928 0.524 15
sz 62 9562 4.689 1.052 0.545 16
SZLB 48  98.28 3.594 1.019 0.535 3
XTI 32 17.55 1.235 0.118 0.062 8
XT6 30 2232 1.359 0.188 0.110 4
XTP 30 44.89 1.489 0.354 0.212 4
XXL 32 100.00 5.168 1.228 0.610 17
Sy 66.09 2.568 0.624 0.337 7.9

1) N:AMKEGP % 84588 0 8GN,,  FAFEEARE; 1
Shannon 35 H, : BB o VA 1%
2.3 HAEXREE#ESEESUSERR
H SR FE HE Rl 3 AR BE AT 24k 5 BRI L R i R
TR FEFREIA] 23 A 22 BR0BR O, 366 PR3t ), Je i 2
SR, B FH et 0 DX R B A 0K G [ AR J A ) 1 40
b R BN L R AL A2 A6 9 [ 43 ) 4 0. 114 ~ 0. 848 Al
0.052 ~1.978. JEBEIA] JE R > 1 (A 12 %F, <0.1
A 10 XF. [l PaUs  SEAE  RAE RS F i e R A Ak
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FBN HE R (3 4) - IR0 XI5 P B
A R — A KA, T BE T A9 3l Uk
b PEATE DR R A SN 145 128 ROt Ll b R 7 s
SNl M BN L E P e 1 B Py @ B S
PAL T HR ], LR A B TR B AR S R 4
H L E AR R B 8 B R TEEI 1) B SR i A 8] B 5
RTEEI LAY B AR J A ) A 2R O, JE DAL/
BTG 1 km AR REAHAG A SE R R 5N, BER
BT 1 km AEFUHABERERR AN (R 4) . 8050
rite— AW ) PY U AT 1) SN HOE B, dhy e K e
% Je R P RE GG T 1) PR FE ke (18] 1)
R4 30 MRAFR/NERFE R EE RIS U R

Tab.4 The gene flow and differentiation coefficient of the

most and the least 30 pair populations

T/ MERY 30 X R ORI 30 X i
EREL MEREC EWR || EEL MR AHER
Jari 2 (F.) (No) || JEhe2 (F.) (N,)

CH/XT1 0.848 0.052 || GK/SWW 0.277 0.677
MJ/XT1 0.841 0.055 || SWW/SZ 0.271 0.679
MJ/SXD 0.801 0.065 || XTP/XXL 0.267 0.691
XT1/XT6 0.802 0.068 || SWW/SY 0.272 0.706
CH/MJ 0.791 0.073 || LXHS/QL 0.268 0.717
CH/XT6 0.784 0.075 || KLD/LXHS  0.269 0.713
MJ/XT6 0.792 0.073 || KLD/SY 0.242 0.813
SXD/XT1 0.780 0.076 || LX/XXL 0.230 0.840
CH/SXD 0.781 0.083 ||SY/SZ 0.231 0.854
SXD/XT6 0.768 0.081 || GK/KLD 0.236 0.858
XT1/XTP 0.728 0.104 || LXHS/SWW  0.237 0.852
CH/XTP 0.721 0.107 || QL/XXL 0.232 0.867
MJ/XTP 0.695 0.117 || GK/SY 0.229 0.878
SXD/XTP 0.659 0.136 || GK/LXHS 0.228 0.892
QL/XT1 0.651 0.140 || LXHS/SZ 0.222 0.924
XT6/XTP 0.645 0.144 || SWW/SZLB  0.222 0.929
LX/XTI1 0.629 0.159 || KLD/SZ 0.211 0.949
MJ/QL 0.607 0.176 || GK/SZ 0.210 0.993
LX/XT6 0.579 0.188 || SY/SZLB 0.203 1.016
SWW/XT1 0.575 0.194 || LXHS/SZLB  0.204 1.032
QL/XT6 0.562 0.203 || KLD/SZLB 0.202 1.041
CH/QL 0.548 0.218 || GK/SZLB 0.201 1.055
CH/LX 0.533 0.232 || KLD/XXL 0.185 1.134
LX/MJ 0.535 0.236 || SWW/XXL 0.188 1.158
LXHS/XTI1 0.521 0.236 || SY/XXL 0.170 1.302
GK/XT1 0.508 0.248 || LXHS/XXL  0.153 1.420
LX/SXD 0.510 0.249 || GK/XXL 0.154 1.442
CH/SWW 0.512 0.250 || SZLB/XXL 0.127 1.748
CH/LXHS 0.506 0.252 || SZ/XXL 0.127 1.846
M)/SWW 0.502 0.262 || SZ/SZLB 0.114 1.978
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Fig.1 Principal component analysis of wild soybean populations
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Fig.2 The genetic structure of wild soybean population of Daguanling

2.5 mEEMEHIEEBNXR

1ot 12 B 5 I R b PR 2 6 4 1) Meental 4655 15
7N, P ZIAIAH OG R $GA 0.543 (P <0.01) , K B35
I R 3L P 6 A R R A A OGO R, BRIV Bi 2 b 34
PRSI, J Ae Ta] A8t 4% B Bt A 3 Rk 3 (8]
3). A [a HARSC 0T (1 4) B, Bl Hb BB 2 1Y
JEIN S R U] 35 4% TR S 0 e FL I S A R O M B R
TR EAE X IE] 95% DL, 56 AR bR Y A 7
1400 m DA s [a] 5 A G R (r) N IEME, 7E 1 700 m
PISR r R E. X — 25 LB AE 1 400 m DAY, BF 4=
KOG 3eA% B 0 b P B 3 2 1E A 56, B b 2 B
FGIT , 35 (5 FE B BRI 5 T AE 1 700 m USR8t A% 1 5

A0 PP YA A

25r

g
=

Nel’ s 3544 i g5

o
W

(=]

5 10 15 20 25
HuPH B B/km
B3 16 B A K0T R PR 2 8 AL B B A DG 25 SR
Fig.3 The correlation between geographic distance and genetic

distance of 16 wild soybean populations

http://xuebao.scau.edu.cn



48 CE SO AN N

5535 &

1000 1400 1800 2200 2600 3000
Hb P S /km

SLER AR =S ] H AR R (1) , EEERARTR 95 % B IX i) A B BR AN
TR
B4 ST 41 05| W B R s 6] H AR i

Fig.4 Spatial autocorrelation analysis of wild soybean based on

41 loci

MR S AR SRR Z TR SE R B, B
AR TE i, TR A AN S50 A8 S A TR RS R
FRCA IZ T T i a4 e i XT1 ¥ IR (218
m) , HA R RA 81 Z e, S A0 S 8 A5 B4R 4K
FIHA R 2 & 43 ) ok 1.235.0. 118 F1 0. 062 5 11 J& #
XXL i HAcfe i (628 m) , SRR AR AR A5 SR ECR
IR G IR ORAE, 73 0 5. 168 (1. 228 A1 0. 610
(F1.33). X A AESE iy T4k B 2 K Jm &2
NGB B> R T E B 2.

3 tig

HETHXABREEAEREBFE—1FHE
XEEEHEASHERD
[ A A2 8 AR TR SR TR L 5
B e 5 DA WL RUBE R e ] B A O 7 1 33 4% 22 1
177V R9E, R Iy B R E 2 Mt SRR
WL RS, TR R R E R Y
A EINRIAZADEER G ZREET L, 23 50
FHET AR v AP R TR % N R T
DX I P B A D 2 PR R A 445 Ay e -, 59 Y DX Bl Ay B
KGR ] A7 76 & A R0 45
JRUBE 253 [ 1 B 6T B A K 7 S A 1) st A% 22 AE PR o ]
FRALL R TR R 0 SO B vh AL A 3 AR 5 L, R
SR AR 1 SRR 2 (B R AR A
Tl i B A B FH B Rt 0 J& [T 43 A B A
K, ZRE e T B e e 1Y AR T, I X
AT A AE— B AR K I AL 2R S A
WFFEAE L UCRFE B Bl 22 b [ 58 KTt 06 25 4 ] A R
FE TR JFRAE JE B iy 2L Al S T GK L SY (KLD |
XXL SWW &5 JUA™ Ji B, [ B 7 28 55 K 5 0 1, 5 4%
Jny XTP SXD MJ . CH 85 JLANJERE, J& BE 4k B 15 2
16 4~ 41 XF SSR 51443 i i 25 R WY, 45 T K e 1
/Y XXL,SZ SZLB \KLD ,SY B A 5 s 1) 3t
TR 2R, e 2 K 08 i CH MJ, SXD  XTP
XT1 XT6 B A= K6 Ja Ff 138 45 2 R PR K. ox
http://xuebao.scau.edu.cn

200 600

3.1

JE PR AT SE 3R ] XXL A A4 A 1] 1 5
DRI H%5 A, Fh LA 5% S50 T ) 7 0 28 SR A — Y 4%
0L NSRS O o8 L8 N[ |- 1.5 e N
) — A ZREHE L.

TE/IN IR FE P ot 8 F 3T 7 9 L 2 K A
31K P2 K TR RE ) R e R X A K
FERERS) 11 % IR R E T [ AR R A X B ARk
BT I A K R sk RS
B K2 B2 K AT 6 WA 4 R R B 1 5
JE B 3G 75 B R 52 4 SR AL A A, T 52 BE S
RISt ZoRE P 5 M B4 A 777 M S 0
FH-EL SRR 1 A Tk o 2 R 4 A 2 B R, L i)
U 28 Z A — 5 A A 1 97 2 K S AT AR
1 3 PR 22 3 B 2 T A AR 5 — R A
OB JSLI . PRI 399 FR L BB 2 ke (s R B
LA 1] P04 g v 0 2.

3.2 WEFAASHREABRREEEASEE

SRMMIE S T RAEESR

I B Ak R T R A, T
VAR 5 1 16 PG W — 5% B — A o 1 2 PR VR, ok
45 B 5 b B B 7 — 2 L P L TE AR . 23 il
FCLE LB R 76 1 400 m DLPY , 844 BE 5 b B0 BE
B ELIEARDC, T 1 700 m DAA st 14 S 12 A b PR IR 5 942
BIXKF 3% 5 Wang 27 0 BF A K 075 A 2
R PR FROAR LN 1.5 km 5L

AT Ay R 5 P L S 0 () B A K o S
[ P04 28 3 — 5 S v 1 O R 4 A4 4 , R 259
PRI LA LA 1) 17 PH U4 5 S — iR AT
LSS NG i g N Y27 VB T ol s S N R ¢ 2
SOREVEARAT 12 ) 1 PG ) FBL A P 2 K 543 53) Uik
b B K I — A 2R, SRR P A
SR 14 ) AL R R T R 1) P08 [ AR
TR A £ K 7 o B 140 5 i 36 R 7 T 3 2
FRE JE B DR A8 /N 5 ) 1A i 3 s A R T
FIFA8 T g W /K 50K ST A TR AL 455 6) e SR
(KLD) 5 8 5 (M) 43 37 T ¥ 34 Jc v 1 1ol 775 06
(XXL) B ), 3ty B0 385 453 , HL KD P 4R R 1 35
SYAA MU 1SR FERE (AN TR ) S 7 [ — 201 3
FF-EL A SRV % ] BT A ke 2 1) 43 A1 38—
HEON B A RSB BRI TR
3.3 WEFEAENREEEREEE LS EE

B

AR B 1] 5 R 5, T DO B A g A 4%
H 3 Jy it R 1 A A A B S T g
AR SR 1 R LY 16 AN
P KT TR 2 T R e B S S, R
THE ¥ P 3 12 245 A 8 22 5 8 B B B B, T LAy



4

AT AL , 55 < 0 T 07 T ATl B A DR 7 S AR AL 54 15 23 (] A1 R R 49

JEORSH FH R GE e — i e — N 53 0 A KA, 16 A4
HPHE R R REE AL IR RS 2000 1. 0 AT 3 [X B A=
KEEHERA—IE, WAL T KT — i[5k nl B2
—ANRIHEA. B TR A RS B AEBR R, SRR 28
W N2 — P55, B AR K G5 95% HULA7E 3.5
m DA AT B ] PR S O T RE VA LU M
B A S AR R A 22, T L #h 2 DA T Je A ) 2
BUELALA, AR B PR 22 5N, P BUR R (E
BB L DACR IR lid g AR D ER P EP S

PRI S B, v R el U X1 B A R R
T AR — B/ 0N, BT LA SORT DU R e — 7 B A R 5L
JEREAE RO il AT A R e e 1) A R
ST IRE TR — i R R B TR I Y AL
HEA AR Al D il S A5, B L DR ) 7 1Y
Fo 25N 5 B PR AL AL, 1 T B 7 BN, By A
PR TRt 2 B IR R A 1) 2 R e L 8 R 0
J R SR b X J A 22 8] Lol 3 A A7 7

S % 30k

(1] ZoRse. RENAFHT] Lol Hil, 1982(2) : 84-85.

(2] XTFH, 557, AREr, 4. MRORTLAR B AR PR K
B S HAL F SR E A [T ], A8 A W8 2 4l
2008,9(3) : 378-380.

[3] B, M8, F5,%. HAEKRES - IREFREAR
BRI 1 e RE S S RE XM [0 ] AEWI2 4k, 2008,
34(9) :1581-1587.

(4] EBRE, AME, M, % A KT GsGSTI9 BN Y 5
Wi R FCAR R PR A ) T R P 3 A [0 ] AR 4,
2012,38(6) : 971-979.

(5] EBE, E30R, FHFH, % BFEREE DR
R 5L ) A 5 gt A R AR B HL o I et S [0 ). a7
Al Bl 2010(6) ; 41-44

(6] 2EEFARTEGEH. P EE A KT RESRRE
[J]. HELIEE, 1983,16(6) :69-75.

(7] YRR, mib, w8, 5. HEEERE SEERE
SEA7 G RFLP I RAPD $Ric st & ZHEIE 5 1k 5
SALT]. REARL AR, 1999,32(6) :16-22.

(8] %, VPRI, A, 5% PERIE K MEFE RS
ARV ZS SRR ) B AL AL R R BT [T ). 1)
2F4R, 2000,26(5) :513-520.

(9] BHEN, BBz, Fal, 3 RIS R B EE R
AR SE R AL AR AT [T ] e ARl R, 201435
(1):37-42.

[10] HE Shuilian, WANG Yunsheng, VOLIS S, et al. Genetic
diversity and population structure; Implications for conser-
vation of wild soybean ( Glycine soja Sieb. et Zucc.)
based on nuclear and chloroplast microsatellite variation
[J]. Int J Mol Sci, 2012,13(10) ; 12608-12628.

[11] WEN Zixiang, DING Yanlai, ZHAO Tuanjie, et al. Ge-

netic diversity and peculiarity of annual wild soybean (G.

soja Sieb. et Zucc. ) from various eco-regions in China
[J]. Theor Appl Genet, 2009,119(2) : 371-381.

[12] GUO Juan, LIU Yifei, WANG Yunsheng, et al. Popula-
tion structure of the wild soybean ( Glycine soja) in China:
Implications from microsatellite analyses [ J]. Ann Bot,
2012,110(4) :777-785.

[13] LIX H, WANG K J,JIA J Z. Genetic diversity and differ-
entiation of Chinese wild soybean germplasm ( G. soja
Sieb. & Zucc. ) in geographical scale revealed by SSR
markers[ J]. Plant Breeding, 2009,128(6) : 658-664.

[14] T, 85, KKa, 5. SR XE AR/
M THESFIIIELT ] 2B AR R, 1999,
38(5) : 584-586.

[15] FEwodhn, 2R, WoKkE, S5 Wb B A R G My
TROERPEAR G R [T ], AW A A5 274l 2001, 25
(3):351-358.

[16] FEFF, FFMRE, #biER, 55, WAL AR AR D AR R
FLSSR ZHAEPEMT[T]. KEARRE, 2010(4) :555-558.

[17] BRer, sk R, Foadh, 5. HRM X B AR R EHRIX
B RERRZ R A [T ] A IR R4,
2010,11(5) ; 573-577.

(18] EIE, Bifk, Fe], 55, [ kil mg WL i
PP R MR ZAEME T (1], TLPE AR 2= 4k,
2009, 21(12); 1-4.

[19] BEY, BfF X, DA, % (LT E R fE Z H
PEOPHT [T ] R e AL BE IR 2 4, 2011,12(6) - 928-
933.

[20] ®G4Ese, ST, BRIN, 5% T PRI I AR R B Y
wAE R T[], KGR, 2011(3) : 379-383.

[21] WANG K J, LI X H. Genetic diversity and geographical
peculiarity of Tibetan wild soybean ( Glycine soja) [ J].
Genet Res Crop Evolution, 2012,59(4) . 479-490.

[(22] =k, ZEmte, Erikh. JUnti X EF A4 R SR SSR
PG ZREEIEM [ T]. MY S 74, 2008,32
(4):938-950.

(23] ®ghi, #efr, Bhfhig, 4. JET 00 TARCH S A KA
RE L Z AR PEAN S 5 IR SR [ ] Bl2# il 4z, 2006
(9) :1042-1043.

[24] SCoREE, XFHH, Wi, . LT s RALRY X
B4 K 5. (Glycin Soja Sieb. et Zucc. ) #if& ZFE% 70
[J]. @HoARIEIN, 2006, 16(1) : 67-72.

[25] PGERR, XIBe4e, BXHLER, 2F. AR et AL oRy X
B R e ZREE T[], RERE, 2012(3)
358-363.

[26] RYEfs, kS, BhW], 55, BT IRt AR A4S o]

A BB AR R R R AR [V ], 2 H2 e AR

Bl R, 2006,45(3) : 321-327.

JIN Yan, ZHANG Wenju, FU Daxu, et al. Sampling

strategy within a wild soybean population based on its ge-

netic variation detected by ISSR markers[ J]. Acta Botani-

ca Sinica, 2003,45(8) :995-1002.

(T#%5 m)
http://xuebao.scau.edu.cn



4

ZEF5 V-, A < TR B AR B 1 07 2 BT B RR A P 5 55

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

HRAEIM]. st Blas i, 2002 70-280.
WAL LLERRAL KR RA )] L ,2000(3)
111-113.

PR, BH T, £ 7550, 5. B IEARRE LR
LMY R R R KB LT]. Bhead Ak, 2008
(23): 2903-2910.

B XN DL, =4 A 50 75 R 65 75 BIL A
WRFEBERE[T]. A drRlas, 2011(4) ; 414-419.

ILLMER P, ERLEBACH C. Influence of Al on growth,
cell size and content of intracellular water of Arthrobacter
sp. PI/1-95[J]. Antonie Van Leeuwenhoek, 2003, 84
(3): 239-246.

YAGANZA E S, RIOUX D, SIMARD M, et al. Ulira-
structural alterations of Erwinia carotovora subsp. atrosep-
tica caused by treatment with aluminum chloride and sodi-
um metabisulfite[ J]. Appl Environ Microbiol, 2004, 70
(11) . 6800-6808.

VIERSTRA R, HAUG A. The effect of A1’* on the physi-
cal properties of membrane lipids in Thermoplasma aci-
dophilum[ J]. Biochem Biophys Res Commun, 1978, 84
(1) 138-143.

VAN DERZEL J M. Ceramic-fused-to-metal restorations
with a new CAD/CAM system [ J]. Quintessence Int,
1993, 24(11) . 769-778.

BRI, XM, 0P, S FR A0 IR A0 i 30 A B
MWEFELI]. K ELRFEEAR, 2005, 19(3) :105-106.
ZHENG K, PAN J W, Ye L, et al. Programmed cell
death-involved aluminum toxicity in yeast alleviated by an-

tiapoptotic members with decreased calcium signals [ J].

(L35 49 W)

(28]

[29]

[30]

(31]

(32]

[33]

DONG Y S, ZHUANG B C, ZHAO L M, et al. The ge-
netic diversity of annual wild soybeans grown in Chinal J].
Theor Appl Genet, 2001, 103, 98-103.

FEWE, EER, 5,5, EA RS A L
RIS RAPD 23 A7 [J]. Rl idf, 1994,39(23) .
2178-2180.

JAWREE, TEME, FER, 5. FIJ RAPD 5 SSR #{AR
PEATEF A R GRRRE A e AL F ST [0 . A SR
4%, 2002,10(4) ; 10-13.

AT, AR, A A7 5L ISR A K B AR S A it
feZREME S M [T ], VLRI 27 4k, 2009,29 (11):
2221-2227.

CREGAN P B, JARVIK T, BUSH A L, et al. An inte-
grated genetic linkage map of the soybean genome|[ ] ].
Crop Sci, 1999,39(5) : 1464-1490.

PEAKALL R,SMOUSE P E. GenAlEx 6.5 Genetic anal-
ysis in Excel: Population genetic software for teaching and

research-an update [ J]. Bioinformatics, 2012, 28(19):

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[34]

[37]

[38]

Plant Physiol ,2007, 143(1) . 38-49.

KEYSER H H, MUNNS D N. Effects of calcium, manga-
nese and alumininm on growth of rhizobia in acid media
[J]. Soil Sci Soc Am J, 1979, 43 500-503.

WOOD M, COOPER J E. Acidity, aluminum and multi-
plication of rhizobium trifolii; Effects of initial inoculum
density and growth phase[J]. Soil Biol Biochem, 1988,
20. 83-87.

JOHNSON A C, WOOD M. DNA, a possible site of ac-
tion of aluminum in Rhizobiums spp. [ J].
Microbiol, 1990, 56(12) : 3629-3633.
SRR U AL, A . SRHE IR B R ot
[J]. RS EEE, 2006(1) :12-17.

ILLMER P I, SCHINNER F S. Influence of aluminum on
motility and swarming of Pseudomonas sp. and Arthrobacter
sp. [ J]. FEMS Microbiol Lett, 1997, 155(1) . 121-124.

WOOD M. A mechanism of aluminium toxicity to soil bac-

Appl Environ

teria and possible ecological implications[ J]. Plant and

Soil, 1995, 171(1) : 63-69.

SEEOF KA BT 4F. — BRI IR A= Bk ( Pueraria

lobata') LR TR 1) i 126 55 T MR AL BRI D AT LT ). Uk

Yy2E4R, 2006, 46(4) . 653-656.

WRIRES. BREEAS R — AR T 3 A (] S8 1 JR S A T 5

[D]. J7IH AR Al R 2, 2008.

IRITAR SR/ BRI, 2. 50 -5 26 AR MR TR 14 52 T M

TERRYE SO L BRI RCR T ], MY E SR S50 R

R, 2005,11(6) :816-821.

Wi ARIER i/ A5 EAE YR R X R e R it

PEAYGHELT . P S AR, 2007 (4) .76-79.
[=EHE Aia]

2537-2539.

WANG K J,LI X H. Genetic characterization and gene
flow in different geographical-distance neighbouring natural
populations of wild soybean ( Glycine soja Sieb. & Zucc. )
and implications for protection from GM soybeans[ J]. Eu-
phytica, 2012, 186(3) . 817-830.

PRITCHARD J K, STEPHENS M, DONNELLY P. Infer-
ence of population structure using multilocus genotype data
[J]. Genetics, 2000, 155(2) :945-959.

FALUSH D, STEPHENS M, PRITCHARD ] K. Inference
of population structure using multilocus genotype data:
Dominant markers and null alleles[ J]. Mol Ecol Notes,
2007, 7(4) : 574-578.

AT, bR, BELHR, 4. EMEL A5 i3 DA
[J]. %, 2004,31(3) : 377-382.

YOSHIMURA Y, MIZUGUTI A,MATSUO K. Analysis of
the seed dispersal patterns of wild soybean as a reference for
vegetation management around genetically modified soybean
fields[ J]. Weed Biol Manag, 2011,11(4): 210-216.

([REHRE Ada]
http://xuebao.scau.edu.cn



