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Abstract: The genus Tripterygium is an immune suppressor in the Chinese traditional medicines. Due to
the habitat destruction and anthropogenic over-exploitation, the wild genus Tripterygium plants have decreased
dramatically in recent years or even been endangered. It is critical to evaluate and protect genus Tripterygium
wild resource. In this research, simple sequence repeat (SSR) molecular markers were applied to the investiga-
tion of the genetic diversity and genetic structure of 28 populations for genus Tripterygium (396 samples from 9
provinces in China). We found a high level of genetic diversity (percentage of polymorphic loci PPL =77.29%,
Shannon’s information index 7/=0.639 4; Nei’s expected heterozygosity H=0.3599) and high genetic differentia-
tion among the populations (gene flow N,=0.2287). Based on Nei’s genetic distance, the phylogenic tree of
populations was constructed and 28 populations were divided into 6 clusters according to STRUCTURE clustering
analysis. T hypoglaucumwas was mainly divided into 3 clusters, including Sichuan, Yunnan and Guizhou-
Chongqing. T. regelii was separated to cluster 4, while 7. wilfordii was divided into two clusters: the transition
type LQ and NY were divided into cluster 5, and the others were in cluster 6. These results provide a theory
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basis for the conservation of wild resource, research of genetic polymorphism and molecular marker for assisted

breeding of genus Tripterygium.

Key words: genus Tripterygium; simple sequence repeat; genetic diversity; population genetic structure;

genetic resource conservation
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Table 1 Location and sampling size of genus Tripterygium populations
No. Population Species Location Sample Longitude E Latitude N Altitude
code size /m
1 PW Tripterygium hypoglaucum Puwei, Miyi Prefecture, Sichuan Province 20 E101°59'31"  N27°03'33" 2226
2 HS (Lévl.) Hutch Hengshan, Miyi Prefecture, Sichuan Province 20 E102°00'40"  N26°5926" 1824
3 DZ Dezhou, Dechang Prefecture, Sichuan Province 20 E102°0821"  N27°23'44" 1772
4 LL Linli, Mianning Prefecture, Sichuan Province 20 E102°11'57" N28°22'43" 1624
5 SL Shilong, Mianning Prefecture, Sichuan Province 7 E102°12'14"  N28°3121" 1840
6 NH Nanhua, Chuxiong Prefecture, Yunnan Province 10 E101°01723" N25°19'30" 2507
7 DL Dali, Yunnan Province 20 E100°07'31"  N25°41'59" 2450
8 NJ Najian, Yunnan Province 21 E100°32'51"  N24°48'37" 1696
9 BS Baoshan, Yunnan Province 21 E99°06'58" N25°07'30" 2280
10 LS Leishan, Guizhou Province 20 E108°13'43"  N26°25'07" 1160
11 JH Jianhe, Guizhou Province 21 E108°33'18"  N26°37'58" 811
12 YJ Yinjiang, Guizhou Province 5 E108°36'48"  N27°56"27" 873
13 WL Waulong, Chongging Municipality 20 E107°42'24"  N29°30'23" 1589
14 SZ Shizhu, Chongging Municipality 16 E108°23'01"  N30°13723" 1580
15 1 Jiangjin, Chongging Municipality 21 E106°26'06"  N28°36721" 1164
16 NY Nanyue, Hunan Province 20 E112°38'18"  N27°14'06" 738
17 XN Xinning, Hunan Province 6 E110°54'04"  N26°26'07" 764
18 WG Wugang, Hunan Province 5 E110°3721"  N26°39'02" 109%4
19 LC Lichuan, Hubei Province 6 E108°39'50"  N30°2525" 1415
20 TC Tripterygium wilfordii Tongcheng, Hubei Province 8 E113°45'37"  N28°0720" 152
21 LQ Hook.f. Longquan, Zhejiang Province 10 E118°58'14”  N28°05721" 1208
22 NC Nanchang, Jiangxi Province 15 E115°43'10"  N28°48729" 168
23 wY Wuyuan, Jiangxi Province 10 E117°32'45"  N29°05'40" 60
24 XS Xiushui, Jiangxi Province 9 E114°02'41"  N28°55'40" 152
25 TH Tripterygium regelii Sprague  Tonghua, Jilin Province 10 E126°0426"  N41°34'02" 650
26 Y et Takeda Jiangyuan, Jilin Province 19 E126°42'09"  N41°55'39" 1024
27 LJ Linjiang, Jilin Province 20 E126°5520"  N41°50'11" 739
28 CB Chibei, Jilin Province 20 E128°10'59"  N42°11'07" 1090
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Table 2 Sequences of SSR primers

Locus Primer sequences 5'-3' Repeat motif Size range/bp T./C GenBank accession No.

P2 F: TCATAACACAGTTTACTACACG (GA), 133 54 KT795482
R: ACACTTCTGATATTCTTCCTAC

P3 F: ACCGTTGTTTCTAAAACCCTGT (CT)y 84 56 KT795483
R: ATTCAAAATCAAAGCAACGAGA

P6 F: TTGATCCTTGCGAAGATGTCCT (CT), 109 58 KT795486
R: GAACGTGCACTTGTGTGGGTTT

P10 F: GAATTCATAGTTGTCCCAAG (AG)1...(AG)4 101 53 KT795490
R: ACAATCCCCTGCTACATCAG

P14 F: ATGGACATACGGTTGAAGGAGA (CTHn 165 58 KT795494
R: TGATGGAGCAGAAACATGAGAG

P18 F: TGAAAAAATTGTACAACGATGT (CT)s 108 50 KT795498
R: TAACCTAAACCCATTATCAAAA

P19 F: TCTGAAGAAAGCAGTGAGGGAC (GA)s 208 60 KT795499
R: AAGCGAGAGAACGACTTGGAAG

P27 F: TGGCATAGTGTTATATTTTGAG (TG)4...(GT),...(AT)s(AC);(AT)g 273 53 KT795507
R: TGAATGTGAATTTGAAGAGTAG

P28 F: TCTACAAAAAGAAGAAGAAAAC (AT)4(AC)(AT), 137 53 KT795508
R: AAAGACGGAAACATTGAAGTAT

P29 F: AAACAAGGTTCTGTTTCCTCAA (CA) 105 53 KT795509
R: AATTCCTCACTTGGAAATCAAT

P30 F: ATTCTAGTGTTGCTCTACTCGA (TA);(TG)s 156 53 KT795510
R: TCTTCTTTATCAATGTGTTCTG

P31 F: TCTCACTTTTCTTCTTTACCG (GA)1» 192 54 KT795511
R: TTTATCTATCTTCCTCTTCCC

P33 F: TTGCTTACTCATATTCACAAAG (CTio 209 53 KT795513
R: CAAAGAAAAAGATCATCCACTT

P35 F: CCTGAGAAGAATTGTAAGTGC (TC)15(TA)11(CA)s 285 56 KT795515
R: ATTGTTTATGAGGTATGGAGA

P36 F: TGGTGAGTGTGAAGAAGAAAGA (CCA), 217 54 KT795516
R: AAAGCATAGTAAGAAACAAGGG

P37 F: AAGTAGAATAGGTTATGGGTAG (TC)4 306 54 KT795517
R: GTGGTAGTAAGAGATTTGTGTC

P41 F: TAAGAAAAGAGATGCAAATGAC (GA); 274 51 KT795521
R:AATACCTAACAAAAAAAGAACG

P46 F: CTCAAACACTCAATACAAAAAT (CA)s 113 52 KT795526
R: ATGTGCTACCAGATCATCACTA

P48 F: TGTGATTTAGCTAGTGTTGAG (TA)4...(AT)4(AC)s 297 54 KT795528
R: ACATACATGAGTTTGTGGGAT
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Table 3 Analysis on genetic diversity of genus Tripterygium at different locus.
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A: The number of alleles; N.: Effective number of

allele; /: Shannon’s information index; H,: Observed eterozygosity, H.: Expected heterozygosity; H: Nei’s expected heterozygosity; PIC:

Polymorphism information content

Locus A Ne I H, H, H PIC
P2 7 2.6472 1.305 4 0.6917 0.623 0 0.6222 0.589 7
P3 6 2.1733 1.038 0 0.877 8 0.540 5 0.5399 0.500 4
P6 17 22772 13762 0.6950 0.561 6 0.560 9 0.544 0
P10 13 45109 1.725 3 0.6325 0.7793 0.778 3 0.746 0
P14 12 3.6853 1.6139 0.7970 0.729 6 0.728 6 0.695 1
P18 9 3.7633 1.503 3 0.5617 0.7352 0.7343 0.693 1
P19 12 3.9013 1.692 1 0.5167 0.744 6 0.743 7 0.713 4
P27 13 24214 12874 0.745'5 0.587 8 0.5870 0.544 0
P28 10 3.3229 1.367 8 0.806 7 0.700 1 0.699 1 0.646 3
P29 6 2.0612 0.895 1 09123 05155 0.5149 0.450 2
P30 9 41370 1.625 8 0.794 4 0.7593 0.758 3 0.7218
P31 18 8.4155 2.3000 0.486 1 0.8823 0.8812 0.869 5
P33 12 3.197 4 1.603 1 0.6336 0.688 1 0.687 2 0.664 1
P35 43 26.566 8 34315 0.1155 0.963 6 0.962 4 0.9610
P36 10 3.626 7 1.4343 0.736 0 0.7252 0.7243 0.678 6
P37 17 55129 2.0790 0.7577 0.8197 0.818 6 0.800 2
P4l 23 8.2217 24231 0.4010 0.8795 0.878 4 0.867 8
P46 9 4.1742 1.688 5 0.690 2 0.761 4 0.760 4 0.730 6
P48 14 6.592 1 2.1213 0.5519 0.849 4 0.848 3 0.8318

Mean 13.684 2 53268 17111 0.652 8 0.728 7 0.727 8 0.697 2
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Table 4 Analysis on genetic diversity of genus Tripterygium populations.

A: The number of alleles; N.: Effective number of allele;

I: Shannon’s information index; H,: Observed eterozygosity; H.: Expected heterozygosity; H: Nei’s expected heterozygosity; PPL:

Percentage of polymorphic loci

Population Species A N. I H, H, H PPL/%
code.
PW Tripterygium hypoglaucum 3.6316 24811 0.8123 0.668 4 0.4417 0.4307 78.95
HS (Lévl.) Hutch 4.2632 24253 0.880 2 0.666 8 0.4592 0.447 6 94.74
Dz 3.6316 1.930 6 0.742 1 0.6799 04015 03905 89.47
LL 2.2632 1.543 1 0.402 8 08175 0.2258 0.2202 63.16
SL 1.842 1 1.516 2 0.398 1 0.749 4 0.274 6 02513 63.16
NH 2.1579 1.769 5 0.5450 0.636 0 0.3603 03415 73.68
DL 2.947 4 1.958 1 0.6770 0.673 7 0.397 8 0.3877 84.21
NJ 2.6842 1.8723 0.614 8 0.643 5 0.3690 0.359 8 78.95
BS 22105 1.7953 0.556 7 0.673 8 03523 0.342 8 78.95
LS 3.736 8 2.1473 0.814 0 0.548 3 0.4590 0.447 5 100.00
JH 3.7895 2.280 4 0.806 7 0.6214 0.443 9 0.4332 100.00
YJ 1.473 7 1.3495 0.2336 0.778 9 0.160 2 0.144 2 31.58
WL 2.8947 1.573 1 0.5155 0.749 3 0.280 4 02733 89.47
Sz 2.947 4 1.77717 0.603 1 0.658 6 03416 0.330 1 89.47
1J 3.2105 1.996 4 0.690 0 0.636 0 0.3817 03730 78.95
NY 3.2632 24617 0.8556 0.5826 0.487 6 0.459 6 74.68
XN 2.842 1 22426 0.788 9 0.5930 0.498 0 0.456 0 89.47
WG 2.1053 1.760 8 0.5129 0.666 7 0.354 4 0.308 5 63.16
LC 1.894 7 1.552 4 0.4509 0.6123 0.3200 0.291 4 68.42
TC Tripterygium wilfordii 1.6316 1.3878 0.305 4 0.736 8 0.210 1 0.1920 52.63
LQ Hook.f. 1.789 5 1.613 7 0.447 2 0.466 2 03295 0.307 1 68.42
NC 4.1579 3.064 7 1.160 4 0.663 0 0.663 1 0.634 2 100.00
WY 2.000 0 1.5756 0.4376 0.5158 0.2975 0.2825 73.68
XS 2.000 0 1.618 4 0.429 3 0.694 4 0.276 9 02595 52.63
TH Tripterygium regelii 2.8947 2.092'1 0.647 6 0.690 5 0.3823 0.350 9 73.68
Y Sprague et Takeda 3.526 3 2.3785 0.797 2 0.6229 04334 04224 73.68
L 5.0526 3.0191 1.174 2 0.643 1 0.6173 0.598 1 100.00
CB 2.736 8 1.8324 0.604 3 0.636 5 0.350 9 03423 78.95
Mean 2.842 1 1.964 8 0.639 4 0.654 5 03775 0.3599 77.29
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Table 5 Analysis on inbreeding coefficient and gene flow.  Fis:
Mean inbreeding coefficient within individuals relative to sub-
population; Fj: Mean inbreeding coefficient within individuals
relative to the total population; Fy: Mean inbreeding coefficient
within subpopulation relative to the total population; N,: Gene
flow

Locus Fis Fi Fy Nn

P2 —0.192 8 0.469 7 0.5554 0.200 1

P3 —0.026 8 0.754 7 0.761 1 0.078 5

P6 —-0.077 1 0.498 4 0.5343 02179
P10 —0.069 6 0.543 0 0.5727 0.186 5
P14 0.108 4 0.745 5 0.714 5 0.099 9
P18 —0.016 6 0.458 0 0.466 8 0.2855
P19 —0.133 1 0.3654 0.4399 0.318 3
P27 0.138 5 0.650 2 0.5939 0.1709
P28 0.427 8 0.797 2 0.645 7 0.1372
P29 0.568 7 0.844 8 0.640 1 0.140 6
P30 0.094 9 0.733 1 0.705 1 0.104 6
P31 —0.043 9 0.4555 0.478 4 0.272 6
P33 0.046 1 0.504 4 0.480 4 0.270 4
P35 —-0.192 4 0.077 4 0.226 2 0.8552
P36 0.173 7 0.687 6 0.6219 0.1520
P37 0.3939 0.660 5 0.4399 03183
P41 0.034 0 0.3315 0.3079 0.5619
P46 0.096 4 0.566 2 0.5199 0.230 8
P48 —0.024 6 0.4819 0.494 3 0.2557
Mean 0.0382 0.540 5 0.5223 0.228 7

Table 6 Analysis on molecular variance (AMOVA) of genetic
diversity in genus Tripterygium. df: Degree of freedom; SS:

Sum of squares

Percentage of

Source of variation df SS F-statistic

variation/%
Among species 2 855.067 30.49 0.304 94
Among populations 55 555 47 24.29 0.349 47
within species
Within populations 774 2393.773 45.22 0.547 84
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Figure 1 Neighbour-joining tree of genetic relationships among
28 populations of genus Tripterygium
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Figure 3  Structure dendrogram in clustering analysis among 28 populations of genus Tripterygium
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