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from 2003 to 2022, 299 soybean varieties/lines from 2003 to 2022 were selected as test materials and
analyzed for genetic diversity and population structure using SNP markers covering the soybean genome.
The results showed that: 1) A total of 3 240 SNP markers detected a total of 16 genotypes including A/A, A/
G and A/T in the participating materials. The molecular marker polymorphic information content (PIC) was
ranged from 0. 009 9 to 0. 556 1 with an average value of 0. 318 4. The results obtained by using software of
Powermarker vision 3. 25 showed that the allele frequency of the sample population was 0.688 3 and the
average PIC value was 0.3185. 2) The genetic similarity coefficient among the participating materials was
ranged from 44.86% to 95. 46% with an average value of 63. 40%; Among them, the materials with genetic
similarity coefficients ranging from 60% to 70% contained the most materials. The number of samples was
170, which accounted for 56. 86% of the participating materials. 3) According to the genetic distances, the
tested materials were classified into 4 populations, population I, II, Il and IV contained 8, 3, 115, 173
varieties/lines, respectively. The varieties/lines originating from the same breeding unit were generally
classified into 1 population.
STRUCTURE, and the results was K=4, which indicated that the 299 varieties/lines of the participating
3, and 4"
genetic population contained 24, 18, 105, 152 varieties/lines, respectively. The 1% genetic population

4) The genetic structure prediction was further carried out by using

materials could be classified into 4 groups of independent genetic population. The 1%, 2",

contains the most ancestral genetic material, while the 2", 3“ and 4" genetic population gradually
increased the proportion of the introduced genetic material and the 4" genetic population introduced genetic
material accounted for 46.8%. In conclusion, the total genetic background of the tested soybean variety
populations was relatively narrow. However, the genetic diversity of the 4" genetic population (152 copies/

lines) was significantly higher than the overall level due to the use of introduced genetic material.

Keywords soybean; variety; SNP molecular markers; genetic diversity; cluster analysis
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Table 1 Information about the soybean varieties/line

¥ 5 fh R CRD P Y G =2 Y G =2 RO
No. Variety/line No. Variety/line No. Variety/line No. Variety/line
1 FE 1S 76 W 341 151 W H 2074 226 K4k 307
2 N A 77 A 46 152 HH 374 227 A 25
3 e 71 78 T4k 48 153 T4 239 228 i 4 60
4 WA 381 79 A 47 154 T 325 229 KT 36
5 HH 362 80 HRE T 15 155 EH o 26 230 T & 581
6 E 10 81 HHEE 1S 156 ¥ H 3102 231 H 5071
7 K 4 33 82 BT 1% 157 K 4 105 232 #5103
8 K4 34 83 T 4k 42 158 A A1 201 233 #5105
9 WHFE 84 LA 40 5 159 T 2891 234 T H 5891
10 o 85 T H 205 160 W H 377 235 T H 5903
11 JL CE2 86 #HH 108 161 AR 145 236 AR 143
12 T4 89 87 #HH 109 162 AR 238 237 T4 235
13 T 4e 54 88 Kk 32 163 T 228 238 T 4 247
14 KA 39 89 MH 25 164 MEE W24 239 AR 248
15 HH 481 90 HET 11 165 K1 103 240 K 4 401
16 W 552 91 HET 12 166 R 240 241 K 4 403
17 Tk 84 92 HE 702 167 #H#H 3056 242 JL 64
18 AR 82 93 I ¥ 5L 168 K& 107 243 53 606
19 HE 111 94 H 506 169 F 3519 244 5038 607
20 HR6S 95 #HH 507 170 A 29 245 BRE3Y
21 HEEAS 96 R 37 171 #HH 7518 246 HE 122
22 HAE L 1S 97 R 39 172 R W23 247 HH 124
23 LA 98 Kk 315 173 & H 2105 248 R 257
24 HEZ1S 99 A 40 5 174 £ A1 5 102 249 T4k 276
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75 Y IED) = wh A CFRD P 5 ah A CFRD P 5 i A CFRD
No. Variety/line No Variety/line No. Variety/line No. Variety/line
25 #HH 363 100 K4 29 175 JLA 404 250 AR T 307
26 #HH 308 101 R 20 176 i AR 204 251 o AR i 35
27 & B 306 102 & F 303 177 KA 124 252 R 40
28 JL4 43B 103 Ak 38 178 A 125 253 HHRT 1S
29 12 104 WHE 1= 179 KT 34 254 HHET 1S
30 W H 584 105 K% 530 180 JLA 405 255 HEBE 1S
31 K 4k 45 106 W4k 33 181 R E 41 256 W14
32 T H 593 107 K e 28 182 5 15 257 16
33 TH 242 108 R 34 183 716 258 hRRT 1S
34 W H 296 109 WA 36 184 i 4k 205 259 W Bl #8530
35 i B 324 110 HHE 55 185 KA 122 260 MY 3
36 4 161 111 4% 35 186 A 123 261 LM 45
37 T 414 112 HRE5E 187 &H1% 262 LHEE 25
38 T H 384 113 HH 107 188 HE 721 263 LEFEE 3%
39 T4 210 114 #H A E 10 189 HH 767 264 KA 226
40 T H 588 115 HEE 3T 190 FHHE 2101 265 HME 15
41 T H 548 116 T H 504 191 H 2515 266 R 2 WL 2 5209
42 TH 419 117 # H 505 192 AR 162 267 KHH 25
43 T H 269 118 T 4k 32 193 T4 163 268 g2l 1%
44 #HH 318 119 #HH 403 194 AR 256 269 ORI 48
45 #HH 338 120 HH 404 195 A 711 270 i 607
46 W H 349 121 HH 405 196 3t W 209 271 T H 266
47 & H 371 122 T H 406 197 TR E 29 272 W H 2525
48 #HH 596 123 #HH 302 198 JEE 28 273 #HH 3057
49 #HH 589 124 #HH 202 199 28 R 13202 274 HEH 3412
50 JEH 713 125 #HH 203 200 HF 340 275 #HH 3523
51 AT 6 126 HR ALY 201 HF 375 276 HH 3527
52 HH 2072 127 W2 202 ##H 3103 277 #HH 3604
53 i A 61 128 415 203 #3105 278 A 3606
54 4 58 129 S e 12 204 T 3411 279 #7525
55 JLAR 48 130 HH 86 205 T 4k 133 280 T H 7530
56 K4 50 131 HHE 35 206 A 134 281 Tk 61
57 K4k 42 132 22 2004 207 W 4k 150 282 W 4k 258
58 W 3511 133 HHE 1S 208 4k 231 283 gk 275
59 # 354 134 i it 1% 209 Hik 241 284 AR 308
60 W H 209 135 K 201 210 K4 203 285 Kk 112
61 HH 310 136 HH 2517 211 E 21 286 K4 209
62 FAT5 137 T H 2516 212 EH T 27 287 KA 211
63 W4 105 138 K4 106 213 HEE 1S 288 KAIE 103
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Jr = fh R (RO h7 fh R (RO 5 R CRD P R CRD
No. Variety/line No Variety/line No Variety/line No. Variety/line
64 H B 594 139 A 116 214 T35 H 345 289 AT 105
65 7 554 140 T 3104 215 A 12 290 ARAIE 202
66 H 513 141 T 4 120 216 474 291 KA 110
67 A 74 142 T4 132 217 T 4073 292 JEH © 30
68 T H 232 143 T H 2103 218 T 4102 293 Ak 121
69 610 144 A 101 219 T H 4103 294 Jugk 406
70 MEH G 3 145 HE 272 220 T E 4520 295 L%
71 611 146 W H 2521 221 TR 139 296 oK E 47
72 e 51 147 B 7519 222 Ik 232 297 1 R 206
73 HHE 15 148 HH 3517 223 T 4¢ 233 298 R 137
74 321 149 HH 229 224 K4 301 299 7Rk 138
75 HH T 6 150 T 4 169 225 K 4 306
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Table 2 Polymorphic information of SNP markers on each chromosome
PEEFS SNP AR PICFIH | F@HFS  SNPAE PIC - #{8
PIC i [ PIC i1 [
Chromosome Number PIC Chromosome Number ) PIC
. PIC range . PIC range

serial number of SNP average serial number of SNP average
Gm 01 179 0.1196~0.3750  0.314 9 Gm 12 123 0.016 4~0.3750  0.279 3
Gm 02 189 0.050 7~0.3750 0.301 2 Gm 13 176 0.114 5~0.3750 0.324 7
Gm 03 177 0.1319~0.3750 0.3254 Gm 14 155 0.009 9—0.3750  0.321 9
Gm 04 1700013 203750 0.309 5 Gm 15 169 0.0386~0.3750  0.3305
Gm 05 143 0.104 1~0.3750  0.294 0

Gm 16 130 0.150 8~0.3750  0.327 1
Gm 06 160 0.1094~0.5561  0.3331
Gm 17 140 0.079 7~0.3750  0.340 6

Gm 07 172 0.088 0~0.504 7 0.3211
Gm 08 156 0.101 5~0.3750  0.3222 Gm 18 183 0-1196~0.3750 0289 2
Gm 09 191 0.062 6~0.375 0 0.319 3 Gm 19 152 0.068 4~0.3750 0.3311
Gm 10 164 0.026 0~0.3748  0.329 8 Gm 20 120 0.150 8~0.3750  0.334 4
Gm 11 105 0.059 6~0.3750  0.316 3 Scaffold 86 0.150 8~0.3750  0.329 2

BT 3 240 4 SNP i 4 A B ¥E o, A
Powermarker vision 3. 25 # 4 , 15 3] 44 A B AR L
BRI 9 716 4, S SE A 6 4824, - 28 B AN 4
A 2A NI . SEAL L ATR N 0. 688 3, 3N £
FEPEFE H M 0. 404 5, PIC F- ¥ 4 0.318 5. kEA
FEAR PIC P B BAR 8 ZREMEAR S 5
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0. 597, B4k TRARK P, RS Fh (RO 8L £
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®3 SHUMBREEHURYSE

Table 3  Classification of participant materials according to genetic similarity coefficients

it A2 b 2R R o it Al AL R B/ %
o Range of genetic similarity . Mean genetic similarity
Classification o Sample size o
coefficients coefficient
1 =40%~50% 2 44.86
2 =50%~60% 86 56.90
3 =60%~70% 170 64.48
4 =70%~80% 36 73.01
5 =80%~90% 3 82.64
6 =90% 2 95.46
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Number corresponds to varieties (lines) shown in Table 1.
1 ETSNPHRIZHI 299 @l (R ) REE
Fig. 1 Cluster diagram of 299 cultivars based on SNP markers
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Red, green, blue and yellow indicate genetic cluster A, B, C, D, respectively.
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Fig. 3 Population genetic structure of 299 soybean resources in Jilin Province based on SNP markers
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Table 4 List of samples included in the 4 Populations
ey B i
Population Sample number
1 213.27.214.132.155.36.60.75.204 .202 ,164 .63 .198.292,123 .46 .43.110.180.242.1.80.173.273
2 125.238.121.94.73.291.76 .78 ,102,258 ,210 .81 .177 . 185,298 .87 154 .57
4.84.129.264.165.284.25.83.172.124,191.197.2.265.289,217.23.163.216.282,152,54 285,144,
158.280.136.287.151.190.272.276 .146 . 147 \171.279 .174 . 249 .79 .126 . 251 . 134 . 176 . 259 .68 , 268 . 255 .
3 266.269.256.90.22.9.248.86.270.128.,19.18.257.113,250,254.103.247.85.114,246,13.153.194

212,149,274 .32.162.283.3.72.290,267,199,175,55,131.,160,145,51,183.50,99.112,182,148 .34,
159,156 ,235.42.,10.91.33.196 .189.195

44 11,16 .45.96.,98.109,111.,116 ,118,130.,138 ,139.,143.161,179 ,186 ,192,200.,203 ,218.219 .227 ,245 |
252,271,278 .281.286,288.293.295.296.,297 .299.7.17.29.39.67.101,105.106.107,119.122 133,135

157,166,168, 178,181,208, 209 220,223,224 226,229 . 237,244 . 260,261 ,275.294.20.52.58 .74 .77,
4 82.88.95.100,104,26.47.97.120,140,28 .37 .61.64.56.24.69.35.92.6.8.14.,21.53.59.65.66.70,
89.93.115.117.127.137.169.187 188,211 .225.228 .230.231.232.240.241.243.253 .262.263.5.12.15.
30.31.38.40.,41.48.49.62.71.,108,141,142,150,167,170,184,193,201,205,206,207 215,221,222

233.234.236.,239.277

3 4 i
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Br A-+B 5 o0 (138 15 41 6t %o L s
At
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4351k 0. 498 1110 680 6, & B 1T D 1Y 3% 1£ 4 5t
RV EE . RS F AR IC I 5 % E KT R
13515 Z FEE IR 00 R 8RB R 3 5 F R Ak
R R T B 5k g 451 R] H SSR 4 T AR id
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