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chinense DC. based on SSR molecular marker
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Abstract: In order to explore the genetic diversity and structure of Bupleurum chinense, we used 18 pairs of
SSR molecular markers to analyze the genetic diversity of 619 individuals in 62 cultivated and wild populations of
Bupleurum chinense from Shanxi and the surrounding provinces. The results show that the 62 Bupleurum chinense
populations have high genetic diversity, with that of the wild Bupleurum chinense populations greater than that of
cultivated populations. AMOVA analysis indicated that genetic variation within populations was greater than
between populations. Principal coordinate analysis (PCoA) divided the Bupleurum chinense populations into 3
groups, the first group containing wild Bupleurum chinense populations from all parts of Shanxi, the second group
consisting of cultivated Bupleurum chinense populations from Shanxi, Hebei, Shaanxi and Liaoning, and the third
group consisting of cultivated Bupleurum chinense from Shanxi and Gansu. STRUCTURE software cluster genetic
structure analysis grouped the 62 Bupleurum chinense into two populations: the first group composition was the
same as the population classified as the third category in the PCoA analysis, while the second group includes the
populations from the first and second categories of the PCoA. PCoA, cluster genetic structure analysis, and NJ tree

cluster all gather wild Bupleurum chinense population into a single category, distinguishing it from the cultivated
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populations. This study provides a theoretical basis for the utilization of germplasm resources, genetic variation

and the development of quality germplasm resources for Bupleurum chinense.

Key words: Bupleurum chinense; SSR; genetic diversity; genetic structure
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Table 1 Material source information of Bupleurum chinense

Population No. Location of population Geographic coordinate Number of samples Type
SXDTO1 Hunyuan, Datong City, Shanxi Province / 10 Cultivated
SXDTO02 Lingqiu, Datong City, Shanxi Province / 10 Cultivated
SXDTO03 Hunyuan, Datong City, Shanxi Province / 10 Cultivated
SXDT04 Guangling, Datong City, Shanxi Province / 10 Cultivated
YSXDT Guangling, Datong City, Shanxi Province 39°76'62" 114°29'08" 10 Wild
SXXZ Ningwu, Xinzhou City, Shanxi Province / 10 Cultivated
SXJZ01 Heshui, Jinzhong City, Shanxi Province / 10 Cultivated
SXJZ702 Yushe, Jinzhong City, Shanxi Province / 10 Cultivated
SXJZ03 Pingyao, Jinzhong City, Shanxi Province / 10 Cultivated
SXJ1Z04 Taigu, Jinzhong City, Shanxi Province / 10 Cultivated
YSXJZ01 Lingshi, Jinzhong City, Shanxi Province 36°87'49" 111°94'66" 10 Wild
YSXJIZ02 Pingyao, Jinzhong City, Shanxi Province 37°02'73" 112°22'34" 10 Wild
SXLLO1 Shilou, Lvliang City, Shanxi Province / 9 Cultivated
SXLLO02 Lvliang City, Shanxi Province / 10 Cultivated
SXLLO03 Linxian, Lvliang City, Shanxi Province / 10 Cultivated
YSXLL Xiaoyi, Lvliang City, Shanxi Province 37°22'03" 111°46'36" 10 Wild
YSXLF Xiangning, Linfen City, Shanxi Province 35°97'39” 110°85'26" 10 Wild
SXCZ01 Shangdang, Changzhi City, Shanxi Province / 10 Cultivated
SXCZ02 Wuxiang, Changzhi City, Shanxi Province / 10 Cultivated
SXCZ03 Wuxiang, Changzhi City, Shanxi Province / 10 Cultivated
SXCZ04 Qinyuan, Changzhi City, Shanxi Province / 10 Cultivated
SXCZ05 Wuxiang, Changzhi City, Shanxi Province / 10 Cultivated
SXCZ06 Zhangzi, Changzhi City, Shanxi Province / 10 Cultivated
SXCZ07 Wuxiang, Changzhi City, Shanxi Province / 10 Cultivated
YSXCZ01 Qinyuan, Changzhi City, Shanxi Province 36°6779" 112°3237" 10 Wild
YSXCZ02 Qinxian, Changzhi City, Shanxi Province 36°70'21" 112°55'21" 10 Wild
YSXCZ03 Xiangyuan, Changzhi City, Shanxi Province 36°66'85" 112°95'39" 10 Wild
YSXIC Lingchuan, Jincheng City, Shanxi Province 35°59'82" 113°21'27" 10 Wwild
SXYCO1 Jishan, Yuncheng City, Shanxi Province / 10 Cultivated
SXYCO02 Wenxi, Yuncheng City, Shanxi Province / 10 Cultivated
SXYCO03 Wanrong, Yuncheng City, Shanxi Province / 10 Cultivated
SXYCo04 Yuncheng City, Shanxi Province / 10 Cultivated
SXYCO05 Xinjiang, Yuncheng City, Shanxi Province / 10 Cultivated
SXYCO06 Jiangxian, Yuncheng City, Shanxi Province / 10 Cultivated
SXYCO07 Jiangxian, Yuncheng City, Shanxi Province / 10 Cultivated
SXYCO08 Wanrong, Yuncheng City, Shanxi Province / 10 Cultivated
SXYCO09 Jishan, Yuncheng City, Shanxi Province / 10 Cultivated
SXYCI10 Xinjiang, Yuncheng City, Shanxi Province / 10 Cultivated
YSXYCO01 Jishan, Yuncheng City, Shanxi Province 35°61'04" 110°98'94" 10 Wild
YSXYCO02 Xinjiang, Yuncheng City, Shanxi Province 35°52'00" 111°22'76" 10 Wild
NMG Chifeng City, Inner Mongolia Province / 10 Cultivated
LNLY Lingyuan City, Liaoning Province / 10 Cultivated
HBBDO1 Anguo, Baoding City, Hebei Province / 10 Cultivated
HBBDO02 Anguo, Baoding City, Hebei Province / 10 Cultivated
HBCD Chengde City, Hebei Province / 10 Cultivated
HBCC Chicheng, Zhangjiakou City, Hebei Province / 10 Cultivated
HBHD Handan City, Hebei Province / 10 Cultivated
GSLXO01 Longxi, Dingxi City, Gansu Province / 10 Cultivated
GSLX02 Longxi, Dingxi City, Gansu Province / 10 Cultivated
GSLNO1 Longnan City, Gansu Province / 10 Cultivated
GSLNO02 Longnan City, Gansu Province / 10 Cultivated
GSDX Dingxi City, Gansu Province / 10 Cultivated
GSO01 Gansu Province / 10 Cultivated
GS02 Gansu Province / 10 Cultivated
GS03 Gansu Province / 10 Cultivated
GS04 Gansu Province / 10 Cultivated
SXBJ Taibai, Baoji City, Shaanxi Province / 10 Cultivated
GZ Guizhou Province / 10 Cultivated
WCDO1 Changzhi City, Shanxi Province / 10 Cultivated
WCDO02 Changzhi City, Shanxi Province / 10 Cultivated
WCDO03 Changzhi City, Shanxi Province / 10 Cultivated
WCDO04 Changzhi City, Shanxi Province / 10 Cultivated
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Table 2 SSR primer information. HEX: Hexachloro fluorescein; TAMRA: Carboxy tetramethylrhodamine; FAM: Carboxy fluorescein;

ROX: Carboxy-6-rhodamine

Primer Primer . o
Primer sequence (5'-3")

Fluorescent || Primer Primer

. Fluorescent
Primer sequence (5'-3')

No. name labelling No. name labelling
CH1 SSR1 F: ACGGTGGAACTATCCCATCA HEX CH10 SSR13 F: TTCTCCGTTCTGGGTTTATGA FAM
R: ATTTCTCATTGCCTTGGTGC R: GAGTTTCCGCTCAAAGATGC
CH2 SSR2 F: ATTAATTTGCTAAGGAGAGTTGAAA TAMRA ||CHIl SSR16 F: GGGAGAAAGGTGAGGAAGAAG HEX
R: CTTGACGGCATGATCAGCTA R: TAGGAAGGGATATGTGACTGTTG
CH3 SSR3 F: TGTTCATGCCACCATCTTTG FAM CH12 SSR18 F: GCGAAGACTGAGTGGCTTGATG FAM
R: CCAGAAAGTCAAAAGCCAACA R: AGAAACCATAACCATGCCTGCTA
CH4 SSR4 F: TTTCCATTGATCCCATTGTG TAMRA ||CHI13 SSR19 F: CAATGGCTGTTTCATCTGTTCTG HEX
R: ATCAAACAGCAATTGCCAAA R: GCAACTCCCAATCCCCAAATGA
CH5 SSR5 F: CTCAGCGAAATGCAGAGTCA ROX CHI14 SSR20 F: TGGTGGACGAAAGATGGGTG FAM
R: GCGAAAAGCTACTCATACCTTCA R: TGTGGTGAATGTCCAGAGCC
CH6 SSR6 F: GAAGAACAGCATCATTTGGGAGA TAMRA || CH15 SSR22 F: CCCCAGAACAAGGGAAAGCAGC ROX
R: GGGGTGTCTGAACATTAAAACAG R: CAGCACCAACAATGTCATATCTCC
CH7 SSR7 F: AGAAGAACAGGCACAAACTCAG TAMRA ||CH16 SSR25 F: TTCTACATTTTGGGCGTTTTAC ROX
R: TTTCCACTCCGATTGGTCGT R: ACCTGCTTGAGATGATTTTGA
CH8 SSR8 F: GTCTTCACGCTTGGTTCATC HEX CH17 SSR26 F: TTGGGCATGACAATCACAGAA TAMRA
R: TTCTATGACCAGCAATACAACA R: GAAAGTTATTAGGGTTTGAAGGGT
CH9 SSR9 F: CACTAATCCTCACTCTTCTGCTT HEX CHI18 SSR27 F: CATAAAACAAAAGGCAAATCG HEX

R: AAGACTGGCTTTGTCCAACA

R: GTCGGTAATGAATCCAAATGAG
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Figure 1
SSRS5; B: Primer SSR6-SSR9

The SSR-PCR amplification electrophoresis of Bupleurum chinense mixed samples by primer SSR1-SSR9. A: Primer SSR1—
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Figure 2 The SSR-PCR amplification electrophoresis of Bupleurum chinense mixed samples by primer SSR10-SSR35. A: Primer SSR10-

SSR24; B: Primer SSR25-SSR35
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Table 3 Genetic diversity of 18 SSR locus in Bupleurum chinense.
Na: Number of aelle; Ne: Number of effect aelle; /: Shannon's
information index; Ho: Observed heterozygosity; He: Expected
heterozygosity; uHe: Unbiased expected heterozygosity; H: Gene

diversity; PI/C: Polymorphic information content

Locus Na Ne 1 Ho He uHe H PIC
CH1 7.645 6.967 1.963 0.032 0.847 0.902 0.957 0.956
CH2 5774 4417 1.558 0.218 0.745 0.785 0.937 0.933
CH3 6.194 4.179 1.517 0.367 0.708 0.747 0.882 0.874
CH4 5.048 3.722 1389 0.228 0.701 0.739 0.845 0.828
CHS5 6.081 4.119 1.539 0.466 0.737 0.775 0.886 0.876
CH6 6.210 4.906 1.650 0.069 0.771 0.812 0916 0.910
CH7 4.016 2.555 1.036 0.339 0.549 0.579 0.781 0.758
CH8 7.742 6.856 1.967 0.018 0.846 0.892 0.965 0.964
CH9 8290 6.274 1932 0.313 0.825 0.869 0.942 0.939
CHI0 6.065 4.464 1.583 0.332 0.748 0.789 0.882 0.872
CHI11 4.742 2.892 1.135 0.588 0.567 0.597 0.747 0.720
CH12 6.032 4.179 1.527 0.611 0.732 0.770 0.832 0.816
CH13 4.355 2.574 1.002 0.239 0.497 0.525 0.700 0.687
CH14 2.581 1.351 0.408 0.207 0.206 0.217 0.230 0.228
CHI15 2.532 1.822 0.575 0.327 0.322 0.339 0.503 0.476
CHI16 5.774 3.778 1.432 0.727 0.701 0.738 0.830 0.812
CH17 6.306 4.513 1.577 0.752 0.749 0.789 0.833 0.814
CH18 4.758 2.986 1.211 0.422 0.622 0.655 0.804 0.781
Mean 5.564 4.031 1.389 0.347 0.660 0.695 0.804 0.791

519 CHI1 R AR E A 2 5 W s, 7R 514 CH8 1) &
HE NI AT R 30K, UG HAE 51 9 CH8 R I 28 A i
B, BRI RETE N 0.419, B
F R RIAE T AR BRI REL (Fir)
[ 78 FEl 4 0.095 (CH17)~0.981 (CHS), %& 1] % & B 1)
BB BHL A R EON 0.531, B [RIRE U IH 2 8 R BN A
BT JEREEEAE 10 R (Fst) 1936 N 0.099
(CH17)~0.358 (CH15), SEHA &2 Ja 3 1) J5 B 0] 0 b R 2
N 0.182, FRILEHABL /M0 81.8% K H JEHEN, 18.2%
K H JEREN . FEKT (Wm) 1178 BN 0.447 (CH15) ~
2.263 (CH17), S J& B S B HE RN 1.305 (Nm > 1),
A S R ] 1) 26 R 9 A T A8 K
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Figure 3 The SSR-PCR amplification electrophoresis of Bupleurum chinense mixed samples from four origins by 19 SSR primers
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Table 4 Genetic diversity analysis of Bupleurum chinense population. F: Fixation index

Population No. Na Ne 1 Ho He F Population No. Na Ne 1 Ho He F
SXDTO1 4500 3255 1.174 0219 0.587 0.589 SXYC04 5278 3787 1322 0.232  0.633 0.554
SXDT02 6.778 4925 1.642 0.543  0.743  0.229 SXYCO05 5.167  3.799 1283  0.230 0.615 0.656
SXDTO03 6.722 4951 1.682 0.546 0.772  0.283 SXYC06 5722 4211 1466 0489 0.701 0278
SXDT04 4778 3333 1.168 0278 0.571  0.457 SXYC07 6.111 4410 1.500 0556 0.707  0.162
YSXDT 6.056 4239 1498 0.522  0.699 0.228 SXYCO08 6.167 4507 1494 0.632 0.686 0.034
SXXZ 4389 3.001 1.130 0.164 0.569  0.627 SXYC09 6.389 4342 1.550 0461 0.715 0320
SXJZ01 5500 4.009 1.349 0425 0.646 0.276 SXYC10 6.667 4936 1.600 0459 0.726 0327
SXJZ02 4556 3493 1.172 0240 0.576 0.513 YSXYCO1 5889 4281 1470 0452 0.686 0.283
SXJZ03 6.556 4903 1.609 0463 0.737 0.334 YSXYC02 5556 3926 1416 0434 0.681 0322
SXJZ04 5500 3910 1376 0.319 0.653  0.464 NMG 5.167  3.601 1289 0.250 0.628  0.520
YSXJZ01 6.333 4379 1.546 0463 0.714 0314 LNLY 5.833 4259 1495 0.241 0.707 0.615
YSXJZ02 6.833 4959 1.685 0.496 0.769 0.334 HBBDO1 4778 3444 1.193 0.231 0.579 0.505
SXLLO1 4722 3414 1250 0217 0.629  0.659 HBBDO02 6.833 4735 1.643 0.502 0.750 0311
SXLLO02 4.667 3342 1.183 0.266 0.584 0.482 HBCD 6.167 4305 1.505 0.444 0.703  0.349
SXLLO03 4.778 3.606 1.160 0.197 0.552  0.585 HBCC 5389 3.636 1338 0363 0.647 0418
YSXLL 6.333 4531 1.547 0.617 0.723  0.127 HBHD 6.556 4718 1598 0435 0.731 0.380
YSXLF 5.444  4.116 1418 0.485 0.680 0.282 GSLX01 5278 3739  1.328 0.262 0.635 0.573
SXCZ01 6.167 4.691 1.534 0.251 0.705 0.603 GSLX02 4.667 3435 1226 0328 0.611  0.430
SXCZ02 5.000 3.825 1.285 0.256 0.621  0.530 GSLNOI 5111 3.710 1316 0217 0.645 0.577
SXCZ03 5111 3856 1277 0244 0.613 0.518 GSLNO02 5722 4149 1434 0428 0.674 0309
SXCZ04 4500 3501 1.190 0.222  0.591 0.529 GSDX 4556 3265 1.173 0261 0.587 0.444
SXCZ05 5.000 3.702 1.257 0.250 0.607  0.539 GS01 5389 3934 1355 0.267 0.649 0.545
SXCZ06 4889 3.620 1.221 0.198 0.589  0.625 GS02 5111 3775 1250 0244 0597  0.496
SXCZ07 5.444  4.050 1.327 0.204 0.619 0.611 GS03 5.667 3925 1450 0.165 0.694 0.759
YSXCZ01 6.444 4688 1.604 0.561 0.741 0216 GS04 4944 3.605 1.235 0.339  0.601 0.336
YSXCZ02 5389 4.021 1384 0478 0.677 0.259 SXBJ 6.000 4511 1.519 0362 0.713 0458
YSXCZ03 6.667 4.673 1.553 0.418 0.703  0.359 GZ 5.167 3.527 1.233  0.324 0.590 0.360
YSXIC 6.444 4817 1.648 0435 0.766  0.423 WCDO01 4556 3479 1216 0244 0.608  0.540
SXYCO01 5.056 3.693 1253 0.257 0.597 0.486 WCDO02 5833 3977 1424 0.257 0.673 0.579
SXYC02 5.833 4309 1454 0417 0.687 0.337 WCDO03 5278 3751  1.329 0.213  0.634  0.653
SXYC03 5556 3.751 1346 0.356 0.647 0.374 WCDO04 6.056 4.671 1550 0.218 0.722  0.708
Average 5.564 4.031 1389 0.347 0.660 0.433

Table 5 Genetic differentiation analysis of Bupleurum chinense population. Fis: Within-population inbreeding coefficient; Fit: Total popula-

tion inbreeding coefficient; Fst: Inter-group genetic differentiation coefficient; Nm: Gene flow

Locus Fis Fit Fst Nm Locus Fis Fit Fst Nm
CH1 0.962 0.967 0.125 1.757 CH10 0.556 0.622 0.147 1.445
CH2 0.707 0.767 0.203 0.979 CHI11 -0.038 0.212 0.241 0.789
CH3 0.482 0.581 0.191 1.062 CHI12 0.165 0.265 0.120 1.827
CH4 0.674 0.729 0.166 1.252 CHI13 0.519 0.653 0.279 0.646
CHS5 0.367 0.473 0.168 1.242 CHI14 -0.006 0.104 0.109 2.038
CH6 0.911 0.925 0.157 1.347 CH15 -0.016 0.348 0.358 0.447
CH7 0.383 0.562 0.290 0.612 CHI16 -0.037 0.125 0.156 1.355
CHS8 0.979 0.981 0.122 1.796 CH17 -0.004 0.095 0.099 2.263
CH9 0.621 0.668 0.124 1.773 CH18 0.322 0.476 0.227 0.852
Mean 0.419 0.531 0.182 1.305

Table 6 Analysis of molecular variance among/within popula-

tions of Bupleurum chinense. df: Degree of freedom; SS: Sum of

squares; MS: Mean square; Est.Var.: Estimate variance; % of total

variation: Percentage of total variants

v o
Among populations 61 1564369 25.645 0.969 13
Within populations 1 176 7394706 6.288 6.288 87
Total 1237 8959.074 - 7.257 100
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Figure 4 Principal coordinate analysis of 62 Bupleurum chinense

populations
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Figure 6 NJ clustering results of 62 Bupleurum chinense popula-

tions based on Nei's genetic distance

Deltak = mean(|L"(K)|) / sd(L(K))
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