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Exploration of transcriptome SSR markers and its application in
genetic diversity assessment of Asarum sieboldii
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Abstract  To explore the genetic diversity of Asarum sieboldii this study developed SSR markers based on transcriptome sequencing
results and five populations of A. sieboldii from different regions were used as samples for genetic diversity assessment using software
such as GenALEx 6.5 NTSYS 2.1 and Structure 2. 3. 4. The results showed that 16 SSR markers with high polymorphism and good
repeatability were selected from the A. sieboldii transcriptome. Primers designed based on the flanking sequences of these markers
successfully amplified 56 polymorphic fragments from 150 individual samples of the five A. sieboldii populations. On average each
primer amplified 3. 5 polymorphic fragments ranging from 2 to 8. The mean values of expected heterozygosity ( H,) Shannon’s
diversity index (1) Nei’s gene diversity index ( H) and the polymorphic information content ( PIC) were 0. 172 0.281 0.429 and
0.382 respectively. The mean population differentiation coefficient ( Fg;) was 0.588 consistent with the analysis of molecular

variance ( AMOVA) results which indicated greater genetic variation among A. sieboldii populations ( 69%) than that within
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populations ( 31%) . The percentage of polymorphic loci ( PPL) ranged from highest to lowest as SNJ>LN>SY >SZ>TB. Principal
coordinate analysis ( PCoA) and UPGMA clustering analysis further revealed genetic clustering of A.sieboldii individuals based on their
geographical distribution consistent with the results of the structure clustering analysis. In summary the SSR markers developed from
the transcriptome effectively assessed the genetic differentiation and population structure of natural A.sieboldii populations revealing a
relatively low genetic diversity in A.sieboldii with genetic variation primarily observed at the population level and a correlation between

population differentiation and geographic distance.
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Table 1  Source information of 5 populations of Asarum sieboldii
(E) (N) /m
TB 107°32°17. 34" 34°2°11. 37" 1739.8
LN 109°50°11. 72" 34°16°18.22" 1857.6
S7Z. 110°68713. 45" 29°69°58. 42" 1381.4
SY 110°41-40" 32°23724" 1209.5
SNJ 110°40°16" 31°61°31" 1357.9
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Table 2 Number and distribution of SSRs based on transcriptome of Asarum sieboldii
1% 6 7 8 9 10 11 12 13 14 =15
(pl) 2132 43.36 0 0 0 0 0 1222 425 209 93 60 123
(p2) 1402 30. 48 520 361 270 168 66 17 0 0 0 0
(p3) 764 16. 61 506 181 70 7 0 0 0 0 0 0
(p4) 28 0.61 2 5 1 0 0 0 0 0 0 0
(pS) 6 0.13 5 0 0 0 0 0 0 0 0 1
(p6) 9 0.20 3 3 1 1 1
() 255 5.54 0 0 0 0 0 8 12 29 24 21 161
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Table 3  Information of 16 pairs of SSR primers
No. (539 Ibp
1 pl—<118214.1 (A) F: CTTCGCTCACTTGCCTCTCT 189 FAM
R: AGTGTTTTGTGTCGGGCAAT
2 p2-53-+€205790. 3 (AG) 4 F: ATGGGTGAGAGGAGCTGAGA 205
R: CACAGCATCTCCTTTCTTTTATCA
3 p2-60-€206421. 1 (CT) F: CTCCCTGGGACTTTTTCCTC 294
R: GAGAGAGAGAGGGGATTGGG
4 p2-62¢207576. 1 (TC) 4 F: CTCGTTGGTAGATGGAAGCC 164
R: CATAGAATTCGGTCGCACCT
5 p2-77-€209019. 3 (GA) , F: TCACGCCCGTATAGAAATCC 185
R: GCTTCAATTGTTTCTGCGTT
6 95/p2-€209917. 1 (AG) 4 F: CTTCATCTCCCCCTTCCTTC 275
R: GAGAGAGATTCAGATGCCGC
7 p3-12-¢177248. 2 (ACC) F: TGACTCGTCTAAGCCTCCGT 199
R: TCGCGTAACAGGTACCATCA
8 1393182832 (AAG) F: CCTTCAACCTCTCGCTCAAC 222
R: AGCGCCTCTTGCAATTTTTA
9 14/p3-182832. 2 (GGA) 4 F: TAGTGGGGAGGAGGAGGATT 274 HEX
R: AGCGACGACAAAGCTACCAT
10 p3-22-¢193300. 2 ('TCT) 5 F: CTCCACCACCTTCCTCAAAG 355
R: CCAATCGATCTTTCCCTGAA
11 p3-52-¢210556. 1 ('TCT) 4 F: TTTTCACCCCAAGATCCAAG 258
R: TCTTCTGTGTTGTTGCTGCC
12 53/p3-€210556. 2 (AAG) F: TTCACCAACCAAAATAGGGA 236
R: GCAGAAAGAAGCTTCATGGG
13 p4-14-206083 ( CTAT) F: AATACATGGCTTGACTCGGC 176
R: AGACGAGGCCATGGAAATTA
14 p4-18-¢209892 (TCCA) ¢ F: GCATGGCATAAATGGAGTGA 218
R: TTGCTAAGGCACATTCGTTG
15 p5<188418 ( GCGAG) F: TTCGTTCAAGCTAAGCGGAT 169
R: GGGATGAGAACGGTGAAGAA
16 p6-<181398 ( CTGAGC) 5 F: TAGTACCGGTTGATCCTGGC 172
R: GGTCTAGGTGATCCAACCGA
0.746 0. 382, ( PIC>0. 50) 1.792; (N,) 1.020( TB) ~1.535
5 31.25% PIC ( 0. 746) ( SNJ) 1.304;

; (0.25<PIC<0.5) 8 (AR) 1. 110( TB) ~ 1. 960( SNJ)
50. 00%; ( PIC<O0. 25) 3 1. 582; (P,) 0.070
18.75% 16 (TB) ~0.510( SNJ) 0.272; Shannon’s
SSR (1) 0.038~0.455 0.276.

(H,) 0.019( TB) ~0.123( LN)
° 0.071 (H,) 0.018 ( TB) ~ 0.273
3.3 ( SNJ) 0.167 H,
( 95 SSR H, (F) .
(N,)  1.250( TB) ~2.250( SNJ) ( PPL)

5523



2023 10 | 48 20

Vol. 48 No.20 | October 2023
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Table 4  Genetic diversity parameters of various SSR loci

N, N, H, H, F I H PIC
1 2.000 1. 200 1.193 0. 053 0. 098 0. 457 0.137 0.201 0. 181
2 2.000 1. 800 1. 115 0. 093 0. 098 0.020 0. 188 0.336 0.279
3 3.000 1. 600 1. 185 0.073 0.121 0.267 0.200 0.288 0.248
4 2.000 1. 800 1.271 0.153 0.172 0.018 0.278 0. 428 0.336
5 4.000 2.200 1.766 0.120 0.352 0.734 0.556 0.633 0. 560
6 5.000 2.000 1. 462 0.027 0.249 0.903 0. 406 0. 690 0.637
7 3.000 1. 400 1.303 0. 047 0. 168 0. 688 0.243 0.413 0.374
8 4.000 1. 600 1. 189 0.020 0.123 0. 837 0.208 0.374 0.334
9 2.000 1.200 1.014 0.013 0.013 -0.034 0.029 0.312 0.263
10 8. 000 2.800 1. 654 0. 047 0.312 0. 848 0.558 0.777 0. 746
11 2.000 1.200 1.014 0.013 0.013 -0.034 0.029 0. 328 0.274
12 7.000 2. 800 1.534 0.113 0.234 0.273 0.452 0.284 0.277
13 2.000 1. 400 1.273 0. 093 0.162 0. 407 0.237 0.201 0.181
14 2.000 1. 600 1.250 0.120 0.170 0. 403 0.270 0.351 0. 289
15 4. 000 1. 800 1.436 0. 080 0.251 0. 663 0.382 0.610 0.567
16 4. 000 2.000 1. 425 0. 060 0.211 0. 487 0.321 0. 640 0. 564
N,. VN, VH,. VH,. F. ; 1.Shannon’s » H.Nei’s
PIC. (5 ).
SNJ>LN>SY>SZ>TB SNJ
2%
N, N _Ax-P, LN N
HO ° o
5
Table 5  Genetic diversity assessment of Asarum sieboldit
PPL/% N, N, Ag Py 1 H, o, F
TB 18.75 1.250 1. 020 1.110 0.070 0.038 0.019 0.018 -0. 049
LN 68.75 2.000 1. 415 1.780 0. 350 0. 368 0.123 0.220 0.319
SZ. 50. 00 1. 625 1.317 1.530 0. 260 0.282 0. 069 0.183 0.576
SY 56. 25 1.750 1.301 1.530 0.170 0.262 0.027 0. 164 0.575
SNJ 68.75 2.250 1.535 1. 960 0.510 0. 455 0.115 0.273 0.522
TAR. TPy ; PPL. o
150 SSR ( AMOVA) (7
F- ( 6) . (69% P<0.01) 31%
(F,) -0.034~0.893 0.471 6
o Mantel test 999
11 (F.) 0 5
. (F,) 0.601~0.961 (1) Y=0.093 1X-
0. 805; (Fy) 0.176~0.961 0.011 8(R2=0. 376 9 P=0.01<0. 05)
0.588; 16 (N,) 0.010~ o
1. 170 0.272, ( PCoA) ( 2)
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Table 6 Gene flow and F-statistics of 16 SSR loci

F, F, Fyr N,

1 0. 457 0. 735 0.511 0.239

2 0. 048 0.722 0.708 0. 103

3 0. 394 0. 745 0.579 0.182

4 0.110 0. 642 0.597 0. 169

5 0. 659 0. 810 0. 444 0.313

6 0.893 0. 961 0. 639 0. 141

7 0.722 0. 887 0.593 0.171

8 0. 837 0. 946 0.672 0.122

9 -0.034 0. 957 0. 959 0.011
10 0. 850 0. 940 0. 598 0. 168

11 -0.034 0. 959 0. 961 0.010
12 0.515 0. 601 0.176 1. 170
13 0.422 0. 536 0. 196 1.025
14 0.292 0. 658 0.516 0.234

15 0. 681 0. 869 0. 589 0. 175
16 0.716 0. 906 0.670 0.123
F, VF. y Fr. VN,

5 o
7 AMOVA
Table 7 AMOVA of Asarum sieboldii populations
(df) (S9) (MS)  (FEst. Var) /%
4 1 235.493 308. 873 10. 145 69
145 654. 633 4.515 4.515 31
1 5

Fig.1 Correlation between genetic distance and geographical

distance of 5 Asarum sieboldii populations

2

Fig.2  Two-dimensional scatter point map of Asarum sieboldii

based on populations” genetic distance
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4 Structure (K=7)

Fig.4 Structure clustering analysis( K=7)
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8 5 Nei’s
Table 8 Nei’s genetic identity and genetic distance of Asarum

sieboldii populations

TB LN SZ SY SNJ
TB - 0. 490 0. 591 0.714 0. 667
LN 0.713 - 0. 409 0.597 0.577
Sz 0.525 0. 894 - 0. 663 0.593
SY 0.336 0.516 0.411 - 0.833
SNJ 0. 405 0. 549 0.523 0.183 -
. Nei’s ( ) ( ) o
5 Nei’s UPGMA

Fig.5 UPGMA dendrogram for populations of A.sieboldii based

on Nei’s genetic distance

4.1 SSR
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25
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SSR

6 Nei’s UPGMA

Fig.6 UPGMA dendrogram for individuals of Asarum sieboldii

based on Nei’s genetic distance
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