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Analysis of Genetic Diversity and Population Structure in Lentil (Lens cu-

linaris Medik.) Germplasm by SSR Markers
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Abstract: A total of 440 lentil accessions, randomly chosen from the National Gene Bank, were employed in the experiment.

Fourteen polymorphic SSR markers was screened from a total of 145 SSR primer pairs, detected a total of 87 allelic variations.

High level of diversity has been detected, with an average allele number of 6.2143 and an average Shannon-Weaver index (I) of

1.1869 by 14 SSR primer pairs. The results indicated significant differentiations among the 16 groups of lentil resources in genetic

diversity from diversed geographic origins. The genetic diversity within alien accessions was obviously higher than that within

Chinese resources. Population structure within the subcollection of 440 individuals was defined, and 8 clusters were identified

based on SSR markers by using Structure 2.2 software. The results of PCA, UPGMA cluster and population structure analyses

revealed that the genetic structure was multiplex; the genetic distance was broader among foreign populations than that among

Chinese populations. More survey and collecting trips, conservation and study should be made for the lentil genetic resources in

Shanxi, Ningxia, and Gansu provinces, where the highest genetic diversity level existed in China. Furthermore, international ex-

change and introduction of lentil genetic resources should be enhanced, for more systematic studies and exploitation.
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Table 1 The information of polymorphic SSR primers
Primer Primer sequence (F, 53 T Primer sequence (R, 573 T Annealing temperature ('C)
SSR19 GACTCATACTTTGTTCTTAGCAG GAACGGAGCGGTCACATTAG 65
SSR33 CAAGCATGACGCCTATGAAG CTTTCACTCACTCAACTCTC 60
SSR80 CCATGCATACGTGACTGC GTTGACTGTTGGTGTAAGTG 56
SSR96 GTTATCTTCCAGCGTC GATATACAATCAGAGATG 53
SSR99 GGGAATTTGTGGAGGGAAG CCTCAGAATGTCCCTGTC 58
SSR124 GTATGTGACTGTATGCTTC GCATTGCATTTCACAAACC 58
SSR130 CCACGTATGTGACTGTATG GAAAGAGAGGCTGAAACTTG 58
SSR156 GTACATTGAACAGCATCATC CAAATGGGCATGAAAGGAG 58
SSR204 CACGACTATCCCACTTG CTTACTTTCTTAGTGCTATTAC 58
SSR233 CTTGGAGCTGTTGGTC GCCGCCTACATTATGG 62
SSR302 CAAGCCACCCATACACC GGGCATTAAGTGTGCTGG 59
SSR317-1 GTGGGTGTAATTATTGCTAC GTATCAAACTTATGGTGAAATC 50
psac75 CGCTCACCAAATGTAGATGATAA TCATGCATCAATGAAAGTGATAAA 56
psabll1 TGGAGCAGTTATGAGGAAAATTTG TTGCATATGTGAGAATTTATAGCAATTAATG 62
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Fig. 1 Three-dimension principle correspondence analysis of the 440 lentil accessions based on 14 SSR primer pairs
Dim-1 (Min) = —18.85, (Max) = 21.93; Dim-2 (Min) = -18.85, (Max) = 28.08;
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Fig. 2 Three-dimension principle correspondence analysis of the 204 Chinese lentil accessions based on 14 SSR primer pairs

Dim-1 Min =-14.80, (Max =16.84; Dim-2 (Min =-23.16, (Max =15.25;
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Table 2 Analysis of genetic diversity for 440 lentil accessions using 14 SSR primer pairs

SSR Genetic diversity for locus Genetic diversity for populations
Locus Na Ng | H, H. Population Na Ng | H, H.
SSR99 3 1.1158 0.2187  0.0190 0.1040 Yunnan, China 1.4286 1.2723 0.2031  0.0556 0.1331
SSR124 3 1.3684 0.5015  0.0000 0.2700 Xinjiang, China  2.2857 1.2274 0.2742  0.0606 0.1460
SSR233 3 1.4674 0.5928  0.0350 0.3190 Hubei, China 1.7143 1.4386 0.3090 0.0389 0.1919
SSR130 4 16960 07773 0.0930 04110 | Chinjn“er Mongo- ) 9286 1.3388  0.3164  0.0260 0.1844
SSR96 4 2.1050 0.9354  0.0200 0.5260 Qinghai, China ~ 1.9286 1.4251 0.3169 0.0898 0.1741
psac75 4 2.2038 0.9504 0.0120 0.5470 Shaanxi, China ~ 1.7143 1.4972 0.3455  0.0646 0.2306
SSR302 5 2.0986 1.0196  0.0000 0.5240 Ningxia, China ~ 2.2143 1.3948 0.4092  0.0636 0.2395
SSR317-1 4 2.8869 1.1902  0.0500 0.6540 Gansu, China 2.4286 1.4879 0.4654  0.0540 0.2657
SSR80 7 2.9008 1.4218  0.0200 0.6560 Shanxi, China 3.5000 1.7755 0.4968 0.0748 0.2445
SSR19 7 4.2438 1.5834  0.3920 0.7650 Europe 2.2857 1.9833 0.6336  0.0286 0.4349
SSR204 10 3.9728 1.6584  0.1920 0.7490 Japan 2.3571 2.0445 0.7112  0.2500 0.5548
SSR156 10 3.4083 1.7293  0.1120 0.7070 Southern Asia 2.7857 2.1325 0.8101  0.0952 0.5276
psabl11 10 4.6793 1.8538 0.1030 0.7870 America 3.0000 2.5138 0.8666  0.1107 0.5409
SSR33 13 7.2388 2.1841  0.1320 0.8630 Western Asia 4.5714 3.5891 1.2621  0.1252  0.6679
ICARDA 5.7143 3.6896 1.3006 0.1054 0.6336
Unknown 5.6429 3.5396 1.3016  0.0978  0.6425
Mean 6.2143 2.9561 1.1869 0.0842 0.5630 Mean 2.8438 2.0219 0.6264  0.0838 0.3632
Na: observed alleles; Ng: effective alleles; | = Shannon's information index; H,: observed heterozygosity; H.: expected heterozygosity.
: 1.1158 (1.7755),
1.3684 1.4674 Shannon | (1.9833)
SSR33, SSR99, | < < < < <
0.2178~2.1841, 1.1869 Ho < < < ) 1.2274~1.7755,
0 (SSR124 SSR302)~0.392(SSR19), 0.5481, 1.4286,
0.0842 H. 0.863(SSR33), 0.5933
0.104(SSR99), 0.563 < < < < <
SSR <ICARDA, 1.9833~3.6896,
s | 1.7063, 2.7846,
SSR , 0.7627
| SSR 3 2
> >
, | )
R | 0.6264 |
2.5 , 0.2031; ,
2 , 16 1.3016 | < < < <
, , 1.2274; < < < < ,
ICARDA , 3.6896; R 0.0005 |
2.0219 , 9 0.203~0.4968, 0.2937, 0.3485,

| 0.2779
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Each germplasm is represented by a single colour line, there are 8 population groups, the more proportion of the colour, the more possibility
of the represented germplasm by the colour divided into the corresponding population; 1: Xinjiang; 2: Inner Mongolia; 3: Ningxia; 4: Qinghai;
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Table 3 Statistics of genetic structure for 440 lentil accessions
I Cluster I II Cluster II 11T Cluster I1I IV Cluster IV
Origin
Frequency Percentage (%) Frequency Percentage (%) Frequency Percentage (%) Frequency  Percentage (%)
1 — — — — — — — —
2 9 8.3 — — — — — —
3 2 1.9 — — — — — —
4 23 21.3 — — — — — —
5 55 50.9 — — — — 1 2.1
6 4.6 — — — — — —
7 2 1.9 — — — — — —
8 — — — — — — — —
9 1 0.9 — — — — — —
10 2 1.9 5 9.3 — — 3 6.3
11 — — 1 1.9 — — 1 2.1
12 1 0.9 2 3.7 1 2.1 — —
13 — — 2 3.7 3 6.3 — —
14 2 1.9 24 44.4 22 45.8 33 68.8
15 — — — — — — — —
16 6 5.6 20 37 22 45.8 10 20.8
V Cluster V VI Cluster VI VII Cluster VII VIII Cluster VIII
Origin
Frequency Percentage (%) Frequency  Percentage (%) Frequency  Percentage (%) Frequency Percentage (%)
1 1 3.6 53 76.8 — — — —
2 — — 1 1.4 — — 1 2.4
3 — — 11 15.9 — — — —
4 — — — — — — — —
5 — — — — — — 2 4.8
6 — — 2 2.9 — — — —
7 — — — — — — 16 38.1
8 — — — — — — 10 23.8
9 — — — — — — 9 21.4
10 4 14.3 1 1.4 — — — —
11 4 14.3 — — — — — —
12 — — 1 1.4 — — — —
13 — — — — — — — —
14 4 14.3 — — 11 25.6 2 4.8
15 3 10.7 — — — — — —
16 12 42.9 — — 32 74.4 2 4.8
0 4 g
3 )
i 5
8
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