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Genetic Diversity of Wild Soybean ( Glycine soja ) Resistant Germplasms to
Soybean Cyst Nematode Revealed by SSR Markers
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( Agro-Biotechnology Research Institute, Jilin Academy of Agricultural Sciences,Changchun 130033, China)

Abstract: Soybean cyst nematode ( SCN) ( Heterodera glycines Ichinohe ) is one of the most worldwide devastating pests in soy-
bean production. Wild soybean( G. soja)is an invaluable gene pool for the genetic improvement of soybean,which probably has
genetic variations not present in domesticated soybean( G. max) collection, mining of novel resistant accessions and genes from
wild soybean germplasm has become a major objective in soybean research. In the present work ,49 SSR markers were selected
based on their distribution on the 20 genetic linkage groups of soybean for genetic diversity investigation of 25 G. soja SCN race
3-resistant accessions and for their genetic relationship analysis with 8 G. max resistant resources, which were frequently used
in breeding program and genetic mapping. High genetic diversity of 25 G. soja resistant accessions were present with 516 alleles
in total and 232 rare alleles at 49 SSR loci. The average effective number of alleles and expected heterozygosity were 6. 93 and
0. 833 5, respectively. Significant population structure existed among the 33 resistant accessions 6 clusters( C1-C6 ) were distin-
guished using a model based Bayesian clustering method in STRUCTURE, all of 8 G. max resistant resources were clustered in-

to C2. The neighbor-joining tree made in POWERMARKER supported the clustering result. The molecular genetic diversity

provided vital information for rational utilization of G. soja resistant accessions.
Key words: Wild soybean;Genetic diversity ; Soybean cyst nematode ; SSR marker

KM FEZL K (soybean cyst nematode , SCN)
RRGAE™ ENFERFEZ—, ERE PEH
A RAEE G R A PR RN A K AR R T
WA G A SR TR R R R B R R R
o i PO 2R A R R BT A B B IR O v . KL
oK, D EHTE R BTE 7 A b ) 3 SO i st
fLRER e A | DRI & 4 8 56 PR D I A 3 B 4t
T E R g e S TG 57 X N ) 02 C NI /)@=
A BT i PO A AL e R, T HL R
ARG RGO T2 W 545 722 5, o 2 B i
ot LT ) B IR

W #s HH#3:2013-1-17

VER ST 1) 35 A% 22 REPEIF 98 X0 F 45 B
TR, S E B CR A RN E, Kk, ¢
THEYIR R (038 1E Z R R A R 2 iuE ",
TERSE K S A K G T, 5% T AR A= AR 2
TR R E DT St 21 AT w3 K T
B (P E 2 B PR RS ) MR E
Pl it 1% 22 REPE B 9T 30007 L SSR AR B
WA RS EE S 2,
B H TR m A Z R Y . AR SCRH SSR
S FRRIC PR T P 48 £ i B A R S R ) s A%
ZREVE, o T HS 8 Oy AN E ks K G

EETH : EHRK A AP 54 (31200240,31000141 ) 5 75 bk H ARFE 34 (201215198 ) ;5 74 AR H AR BHIT 2L 4 (20090170) 5 28 35 PEAT .

(gl BHIFE 35 (201003021 )

F—EEEN EBF(1978-) 2, Wt GO 5, EENE B A KRGS LN & i 5 A o RAFSE o E-mail ; cpyuan2004@ 126. com,
WIAER 01 (1963-) , 5 W58 51, {44 S0, 222 AT A KGR IEAFSE . E-mail : ysdong@ cjaas. com,



148 K =

B 2 4

URIBI A IBAE SC 28, 5 A 0 A DR o 7 7
)G HEA RS %

1 #R5FE

1.1 ##

P 33 b o IR AL AT 25 R DU A R AR
REFPFUR 8 4332 I T Fh A2 AR5 B
SRR GG (K 1) o 25 kR, 18 4
FIFRE AL X (BRI VL 5 AR T NS ) 4 ok
FARIL DX (AL AL P 45 ) , 3 32 B i I IX (4]
ML) 58 iy b KRG HT I 51 A 5 b i %

(dbmt) . ERFhERANG 3 ~5 Bk, B35 d @4t
F, T - 80°C AT, LA R BUE R 41 DNA,

1.2 ik

1.2.1 #pegEdebs HRERHKRE TR
FFH 5 F R AL (MR SA 2 000 ~2 300 A4~ -mL™)
(T IEIEAT, LA Lee68 SR8 Xt B8 (5] B [H 52 Fh i
) o HERE 233 d, AR R LA R, Of
PRGN IR S

~ Lee68 7@/%}3@%%&

F 1 RXakE
Table 1 Plant materials used in the paper

— - LS 0% o3 ¢ I 0E S 1444 — - UingGi 91106 52 Y S I UE 52354
Accjjons jigin Number Index of Accessij:ls jigin Number of Index of

of cysts parasitism cysts parasitism
ZYD00212  HJpVT. Heilongjiang 14.0 12.6 ZYDO03174 1L P4 Shanxi 19.6 20.2
ZYD00471  HJpiT. Heilongjiang 21.8 19.5 7YD03245 114 Shandong 22.5 20.2
ZYD00200 2 JpiT Heilongjiang 26.3 23.6 5030097 Ji 5030097 HEHAK Jilin 16.7 16.1
7ZYD00276  HJpiT. Heilongjiang 9.9 10.7 ZYDO01015 FHAK Jilin 6.3 5.7
7YDO01004 T Jilin 13.1 14.1 ZYDO01977 iI 7 Liaoning 18.0 17.4
7YDO01085 AR Jilin 10.4 10.1 7YD03022 17 Shanxi 18.6 19.2
ZYDO01132 F A Jilin 10.1 10.4 7YDO02745 1[4t Hebei 19.3 19.9
ZYDO01916 iI 7 Liaoning 9.1 10.6 ZYDO03685 71§ Henan 1.3 1.4
7YDO01956 i Liaoning 17.3 17.8 PI90763* 2 [E America 1.4 2.0
ZYD02174 145 Liaoning 12.9 13.3 JR Hz % A5 * Huipizhiheidou LU Shanxi 3.6 3.9
7YD02411 iT 7 Liaoning 5.6 6.0 Forrest® ZE[E America 13.8 14.2
7YD03562 71| Henan 16.7 17.2 Peking” ZE[E America 1.8 2.3
ZYDO1169 FHAK Jilin 11.7 10.5 P1437654 F[E America 1.1 1.0
ZYDO1185 TR Jilin 24.8 25.6 PI88788* ZE[E America 3.7 4.8
ZYDO01618 iT 7 Liaoning 11.9 10.7 PI89772* Z£[# America 4.7 4.9
7YD02718 N5 T Mongolia 22.7 23.5 Franklin® FE[H America 1.8 1.9
7ZYD02996 LY Shanxi 14.1 14.6
CH I E N AR S
" Glycine max resistant resources frequently used in soybean breeding program and genetic mapping.
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Table 2 SSR markers and genetic diversity of wild soybean resistant germplasm at these SSR loci

i it ik gash edin o R,
SR o HRE Iy SR omwmn  TONR) RN R
Locus Linkage  Position in Core motif Number of Number of Most common Size Eifective Expected
goup  linkage allele rare allele allele range/bp - mumber ooty
group/eM (frequency) of alleles
Satt572 Al 14.65 (ATT) 14 12 6 182(0.280) 161 ~212 7.4 0.882
Satt300 Al 30.93 (ATT)19 11 6 243(0.250) 228 ~297 6.9 0.872
Sat_267 Al 78.45 (AT)32 18 11 256(0.140) 214 ~296 13.2 0.943
Satt589 A2 33.96 (ATT)19 9 5 154(0.280) 139 ~214 5.3 0. 826
Sat_250 A2 105.18 (AT)19 17 10 300,312(0.140) 272~342 12.4 0.938
Satt426 B1 28.33 (ATT) 16 14 9 193(0.240) 166 ~244 8.2 0. 896
Satt519 B1 57.91 (ATT) 14 13 5 241(0.229) 178 ~259 7.7 0.888
Satt453 B1 123.96 (ATT)13 9 3 229(0.261) 229 ~262 5.8 0.844
Sat_342 B2 20.31 (AT)11 14 8 180(0.240) 172 ~232 8.1 0.895
Satt168 B2 55.20 (ATT)16 6 1 193(0.420) 193 ~226 3.8 0.751
Satt726 B2 100. 55 (ATT)20 9 3 221(0.400) 200 ~257 4.6 0.799
Sct_186 Cl 9.02 (CT)15 9 4 259(0.440) 249 ~271 4.1 0.769
Satt396 Cl 24.11 (ATT)9 4 1 175(0.400) 169 ~ 184 3.0 0.682
Satt713 cl 88.95 (ATT)7(AAC)(ATT)2 10 4 257(0.260)  245~287 6.7 0.869
Satt681 C2 3.15 (ATT)20 14 7 223(0.160) 217 ~274 10.4 0.922
Satt322 c2 82.23 (ATT)10 4 0 203(0.740) 203 ~218 1.8 0.438
Satt202 C2 126.24 (ATT) 15 11 6 279(0.304) 273 ~321 6.4 0.862
Satt368 Dla 43.84 (ATT)26 15 10 204 (0.240) 201 ~300 9.1 0.909
Satt077 Dla 77.49 (ATT)12 9 3 105(0.230) 105 ~132 6.7 0.868
Satt408 Dla 106. 69 (ATT)19 11 5 140(0.260) 140 ~212 6.9 0.874
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group linkage Allele rare allele allele range/bp  number heterozygosity
group/cM (frequency) of alleles
Sat_227 D1b 11.14 (AT)18 12 7 224(0.280) 224 ~260 6.7 0.869
Satt634 D1b 46.62 (ATT) 13 5 0 119,122(0.320) 119~143 3.9 0.762
Sat_198 D1b 118.95 (AT)23 12 4 287(0.160) 281 ~307 9.9 0.918
Satt672 D2 114.97 (ATT)20 7 2 225(0.563) 210 ~258 2.8 0.661
Satt575 E 3.30 (ATT) 11 9 5 217(0.380) 202 ~226 4.7 0.804
Satt598 E 34.20 (ATT) 10 5 0 156(0.540) 156 ~ 168 2.8 0.657
Satt231 E 70.23 (ATT)32 13 7 214(0.260) 196 ~ 244 7.6 0.886
Sat_298 F 32.32 (AT)28 15 9 276(0.208) 254 ~320 10.7 0.926
Satt309 G 4.53 (ATT) 13 9 3 130(0.260) 121 ~ 148 5.8 0.843
Satt353 H 8.48 (ATT) 16 11 4 157(0.280) 139 ~181 6.9 0.873
Satt541 H 53.35 (ATT)22 9 3 158(0.229) 134~173 6.1 0.855
Satt496 I 36.40 (ATT) 13 12 3 342(0.160) 330 ~378 9.8 0.917
Satt162 I 86.74 (ATT) 16 8 3 284(0.354) 275 ~302 4.3 0.783
Sat_350 J 55.73 (AT)31 15 8 226(0.160) 224 ~270 11.7 0.934
Satt431 J 78.57 (ATT)21 13 6 219(0.160) 186 ~243 9.9 0.918
Sat_087 K 4.85 (AT)19(GT)7 17 12 197,201,209(0.131) 189 ~255 12.3 0.939
Satt178 K 40. 86 (ATT)9 7 2 165(0.520) 150 ~ 180 3.1 0.696
Satt499 K 71.01 (ATT)25 8 3 255(0.261) 231 ~306 5.7 0.843
Satt196 K 104.79 (ATT) 12 11 2 177(0.160) 177 ~234 9.2 0.909
Sat_301 L 11.12 (AT)21 14 8 155(0.160) 131~197 10.6 0.924
Satt523 L 27.92 (ATT) 15 14 8 173(0.229) 170 ~275 9.0 0.908
Satt373 L 107.24 (ATT)21 11 5 256(0.200) 214 ~271 8.1 0.895
Satt346 M 112.79 (ATT) 17 8 1 192(0.320) 183 ~216 5.5 0.836
Satt530 N 32.85 (ATT) 12 12 4 204(0.167) 204 ~264 9.9 0.918
Satt549 N 70. 60 (ATT)29 8 3 218(0.360) 203 ~242 4.7 0.803
Satt257 N 92.56 (ATT) 10 5 2 229(0.680) 229 ~268 2.0 0.516
Satt445 0 20.43 (ATT)23 13 7 205(0.208) 157 ~274 9.3 0.911
Satt345 0 59.43 (ATT)27 4 2 193(0.479) 193 ~244 2.3 0.570
Satt581 0 106. 03 (ATT) 11 8 2 157(0.260) 136 ~ 181 5.7 0.842
S35 Mean — — — 10.5 4.7 — — 6.93 0.8335
41t Sum — — — 516 232 — — — —
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Fig.1 The average LnP(D) and AK for each K value
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Fig.2 Population structure of 25 G. soja and 8 G. max resistant resources
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0.391 3), i 5 C1 HiEsks e, FFEF (35 0.510 5,

Cl c2 Cc3 C4 C5 C6
Cl — 0.5105 0.3633 0.4355 0.4578 0.7416
c2 0.5105 — 0.1295 0.1373 0.2665 0.3913
C3 0.3633 0.1295 — 0.0833 0.1533 0.3444
C4 0.4355 0.1373 0.0833 — 0.1827 0.3053
C5 0.4578 0.2665 0.1533 0.1827 — 0.4717
C6 0.7416 0.3913 0.3444 0.3053 0.4717 —
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Fig.3 Genetic tree of 25 G. soja and 8 G. max resistant resources

3 \_‘j_ \/b\

FRIRAHIE ST 16 1 DT M 28 2 Y B 2R R T i
Sk (EHC 5 A% 22 R PEACOOR B vy, 0 B 2R 5 R 0K
0.833 5, F-¥y54> SSR = E 10. 5 NEEA AL ST
SRR e 2 R HEEIF N
AIREA (1) BT 5% SSR (i ANl AN[A] SSR iz
s, HAE AR S BORTR], A BRI 2280, AT San322
Bk AR 3] 4 A~ 2E 772 57, MIAE Sat_267 {37
RGN ks 16 AR S (2) KRR B Y
MBI A AR K/ SEANTR] o AN [R] Y B A R A
A, L i e 45 S, B 3 42 ot 3k el B 2
REWAZOR R BT A B, ok A AR L IX Y
il (38 13) Z2AF P oo, R VLR 5 (17 433) Al
AL IX AR (29 13) 2, SRR (12 40)) Fefik o

S A R ST o o ) I A 3 23 S SR ) e A
ZREPE S IR B AU PO Al PR AL T 2%
QRIS 8 1% 22 R PR i, T L 22 0 BBURM 55 S
2, U] DI v A O 5, 9 n s SO C4 i CS
i 4 (TR RN, C4 ZEREELEE 7 B DU Rl ST,
FR A Z AR = (0. 788 ), WUl LM FR i B 3 5
1M C5 A4 4 Gy fii Mo, gt & ZAEEUR0. 179,

-l

ML Ay RIAT

Toft JS B U5 ] 388 1 5% 28 0 A Xk ol o 8 DA 5
A EAEEZME. AU 1T HEH 25 hrit
T B A R A S S 8 3 AR R T IR Y it
TR AP RI 8 3  FAR B R S AT IR AR v
RIAE—, R 8 Ak bl K ELPT IR L 58 R 8L
AT, AR MR G B AR K E] AR SSR AF 8 57
PATE o s I N TS S R 1PN e
4_£&[31] N

S 3k

[1] Sudaric A. Soybean-molecular aspects of breeding[ M ]. Croatia ; In-
Tech,2011:373-396.

[2] Wrather A, Mitchum M. Soybean cyst nematode: diagnosis and
management. http://extension. missouri. edu/publications/Dis-
playPub. aspx? P =(G4450,2010.

(3] ZRF, Dk, el b R SHT () J 28 4 o b A K H
ZIEA [ T]. KEFL#£,2009,28(6) :1049-1053. ( Yuan C P,
Shen B, Dong Y S. Released soybean varieties resistant to cyst
nematode in China and their resistance genetic derivation[ J . Soy-
bean Science,2009,28(6) ;:1049-1053. )

[4] Concibido V C,Diers B W, Arelli P R. A decade of QTL mapping
for cyst nematode resistance in soybean[ J]. Crop Science,2004,
44.1121-1131.

[5] Chung G,Singh R J. Broadening the genetic base of soybean: A



2 1

FARPAE OFIHT SSRARICTFAN UM BE L T P AR R b i )t A A4

153

[6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

multidisciplinary approach[ ] ]. Critical Reviews in Plant Sciences,
2008,27(5) :295-341.

Hyten D L,Song Q J,Zhu Y L, et al. Impacts of genetic bottlenecks
on soybean genome diversity [ J|. Proceedings of the National A-
cademy of Sciences USA,2006,103:16666-16671.

Yuan C P,Zhou G A,Li Y H,et al. Cloning and sequence diversity
analysis of GmHs1"*" in Chinese domesticated and wild soybeans
[J]. Molecular Breeding,2008,22 :593-602.

Diers B W, Arelli P R, Carlson S R, et al. Registration of LDX01-1-
65 soybean germplasm with soybean cyst nematode resistance de-
rived from Glycine soja[J]. Crop Science,2005,45:1671-1672.
Kuroda Y, Tomooka N,Kaga A, et al. Genetic diversity of wild soy-
bean ( Glycine soja Sieb. et Zucc. ) and Japanese cultivated soybeans
[ G. max(L. ) Merr. ] based on microsatellite( SSR ) analysis and the
selection of a core collection [ J]. Genetic Resources Crop Evolu-
tion 2009, DOI 10. 1007/510722-009-9425-3.

PRI, IR, v Sl A AR A S AR ST S L] 7Y
4%,2013,39(4) .580-588. ( Yang Q W, Huang J. Research pro-
gress on genetic diversity of Oryza rufipogon in China[ J]. Acta
Agronomica Sinica,2013,39(4) .580-588. )

B2 AT 2R, XIER. N8 SRR TR R [ T]. 4F
JbAe24 47,2008 ,23 (S2) . 142-145. (Fu X Y,Fu Y J,Liu J R.
Advanced research on genetic diversity of wheat[ J]. Acta Agricul-
turae Boreali-Sinica,2008 ,23(S2) :142-145.)

Li Y,Guan R,Liu Z,et al. Genetic structure and diversity of culti-
vated soybean ( Glycine max L. Merr. ) landraces in China[J].
Theoretical and Applied Genetics,2008,117:857-871.

Wang M,Li R Z,Yang W M, et al. Assessing the genetic diversity
of cultivars and wild soybeans using SSR markers [ J]. African
Journal of Biotechnology,2010,9 :4857-4866.

TR RS, 25 B o B A R S AT 2 R RTAE TS
Rt T[], A 2 RE1E,2008,16 (2) :133-142. (Ding Y
L,Zhao T J,Gai J Y. Genetic diversity and ecological differentia-
tion of Chinese annual wild soybean ( Glycine soja) [ J]. Biodiversi-
ty Science,2008,16(2) :133-142. )

IMNGEER, XIBEAC X IEAR , 45 5 AR TR I DR DX M A R Ja
B Z R BETET]. AR R ,2010,35(2) 14 (Sun
X H,Liu X D,Zhao H K, et al. Diversity of a population of wild
soybean ( G. soja ) growing in Longjing Conserved Region of Jilin
province[ J]. Journal of Jilin Agricultural Sciences,2010,35(2):
14.)

Li Y H,Smulders M J M, Chang R Z, et al. Genetic diversity and
association mapping in a collection of selected Chinese soybean ac-
cessions based on SSR marker analysis[ J|. Conservation Genetics,
2008,117:857-871.

Nichols D M,Wang L. Z,Pei Y L,et al. Variability among Chinese
Glycine soja and Chinese and North American soybean genotypes
[J]. Crop Science,2007 ,47:1289-1298.

Sun B R,Fu C Y, Yang C Y, et al. Genetic diversity of wild soy-
beans from some regions of southern China based on SSR and
SRAP markers[ J]. American Journal of Plant Sciences,2013,4 .
257-268.

B A7 S, B M, S5 TIVE B 28 R W38t A 2 RE M 4 B
[J]. AW A5 B IR 2441 ,2011,12(6) :928-933,940. ( Chen C
M, Yang C Y,Ma Q B, et al. Genetic diversity analysis of wild soy-
bean resources in Jiangxi[ J]. Journal of Plant Genetic Resources,

2011,12(6) :928-933,940. )

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

FIRAR BB S, FAEXL, 4. K H0 54 R 68 I3t 1% Z PR
SSR Z+H7[J]. KRG E2:,2010,29(3) :370-373. ( Wang Z D,
Chen C L,Yu B S, et al. SSR analysis of genetic diversity of soy-
bean germplasm in drought resistance[ J]. Soybean Science,2010,
29(3):370-373.)

Bilyue K D, Beuselinck P R. Genetic divergence between North A-
merican ancestral soybean lines and introductions with resistance to
soybean cyst nematode revealed by chloroplast haplotype[ J]. Jour-
nal of Heredity,2005,96(5) :593-599.

Chen Y, Wang D, Arelli P, et al. Molecular marker diversity of
SCN-resistant sources in soybean[ J]. Genome ,2006,49 :938-949.
Evanno G,Regnaut S, Goudet J. Detecting the number of clusters of
individuals using the software STRUCTURE: a simulation study
[J]. Molecular Ecology,2005,14 :2611-2620.

W AEDE, VL BRIN, S TP HTAE RS SSR AR IC S A 1
IR T]. oAl Rl 44,2012 ,40(3) :22-25. (Zeng W Y, Liang
J,Chen Y, et al. Genetic diversity analysis of wild soybeans in
Guangxi using SSR markers[ J]. Journal of Guangxi Agricultural
Sciences,2012,40(3) :22-25.)

TR TR AR I T AR R A SRR Y SSR
BHE R T [T]. RER2,2010,29(1) :28-32. (Li J D,
Yan X F,Dong S Y, et al. Analysis of genetic diversity of Glycine
soja germplasm resources in Liaoning province [ J]. Soybean Sci-
ence,2010,29(1) :28-32.)

Tt IR B R, A WAL AR M X B A2 R E SSR £
REVEAME[ D], KRG RF4,2010,29(4) :555-558. ( Wang D, Qiao
Y K,Han F X, et al. Genetic diversity of Glycine soja in eastern
coastal area of Hebei province [ J]. Soybean Science, 2010, 29
(4):555-558.)

FAWIIE, SO B, S5 LU PG48 B AR R BT IR A 2 R AT
[J]. " EAL R4 ,2008 ,41 (7) :2182-2190. ( Wang G, Hu Z,
Zhang B Q, et al. Genetic diversity analysis of Shanxi’s wild soy-
bean ( Glycine soja) [ J]. Scientia Agricultura Sinica,2008 ,41(7) :
2182-2190. )

XS, 24, T 5 dh. [ 50 I8 8 A R D AR 1Y
AR SR PEEY SSR ARC ML ] AL PTIR <241, 2009, 10
(2):211-217. (Liu Y N,Li X H, Wang K J. Analysis of the genet-
ic variability for the mini core collection of Chinese wild soybean
( Glycine soja) collection in the National Gene Bank based on SSR
markers[ J]. Journal of Plant Genetic Resources,2009,10(2):
211-217.)

FERERY 2R v . AU Rl X AR K A EE SSR FRic Y
B ZREVETE [T]. R4 A= 255441, 2008 ,32 (4) : 938-950.
(Yan M F,Li X H, Wang K J. Evaluation of genetic diversity by
SSR markers for natural populations of wild soybean ( Glycine soja )
growing in the region of Beijing, China[ J]. Journal of Plant Ecolo-
gy ( Chinese Version) ,2008,32(4) :938-950. )

R R R AR K BRI A 2R AT D] B L
MBI K 22,2006 :23-35. (Wang G. The genetic diversity of
annual wild soybeans in Henan province[ D ]. Yangling ; Northwest
A&F University,2006:23-35. )

SR, EER,ZFE =, 4. T ER R 4 BB A R E R R
OSSR AT T]. KR ,2001,20(3) :172-176. (Zhao H K,
Wang Y M,Li Q Y,et al. SSR analysis of wild soybean ( G. soja)
and cultivated soybean from different latitude in China[ J]. Soy-
bean Science,2001,20(3) :172-176. )



