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Abstract
Objective
Lentil (Lens culinaris) is the third most important grain legume in the world after
chickpea (Cicer arietinum L.) and pea (Pisum sativum L.). Therefore, the aim of this
research was (1) to determine the genetic diversity and structure of molecular variation of
genotypes and (2) to identify relationships among genotype for conservation,

management, and utilization of these genotypes in crop breeding programs.
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Materials and methods

Total genomic DNA was extracted from leaves of each genotype following a CTAB
protocol. After DNA extraction, DNA samples were amplified using polymerase chain
reaction (PCR). Evaluation of the genetic diversity of 90 lentil genotypes was performed
using 30 SSR markers.

Results

A total of 145 polymorphic alleles were produced with an average of 4.06 alleles per
locus. The highest number of alleles produced belonged to SSR 80 primer with eight
alleles and the lowest number of alleles belonged to SSR96 primer with three alleles.
Polymorphic information content (PIC) for the markers ranged between 0.35 to 0.83 with
an average of 0.63. Maximum and minimum PIC have belonged for SSR80 and SSR28,
respectively. Shannon index value was variable from 1.94 (for the SSR80) to 0.829 (for
the SSR48). The expected heterozygosity was observed in genotypes ranged from 0.845
(SSR80) to 0.422 (SSR48). The mean of this index obtained with 0.643. Clustering
analysis was performed using Neihbour-Joining algorithm and population structure
analysis was performed using Bayesian method. The best number of sub-populations was
identified as three. Genotypes were identified within the different sub-populations that
most of genotypes in sub-populations were not separated based on their geographic
origins.

Conclusions

Results of this study revealed that SSR marker has highly potential for evaluation. This
marker could separate all of genotypes very well.

Keywords: Cluster analysis, Population structure, Lentil, Polymorphism information content,
SSR marker.
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Table 1. Name of 14 wild genotypes used in present study

[

8 ylows o oD B yloud XY Wi
Number Accession number Donor origin
1 TN-40-1432 ITA ICARDA
2 TN-40-1435 YUG ICARDA
3 TN-40-1438 YUG ICARDA
4 TN-40-1439 YUG ICARDA
5 TN-40-1453 YUG ICARDA
6 TN-40-1464 UNK ICARDA
7 TN-40-1492 TUR ICARDA
8 TN-40-1576 SYR ICARDA
9 TN-40-1577 SYR ICARDA
10 TN-40-1625 TUR ICARDA
11 TN-40-1637 SYR ICARDA
12 TN-40-1653 SYR ICARDA
13 TN-40-1654 SYR ICARDA
14 TN-40-1661 TUR ICARDA

2 e VO chle a4 DNA (ladises lpecy (slojns (iSly plnil sl @ jlpouly (slopdy 85Ty
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Table 2. Name of 76 cultivars lentil genotypes used in present study

Number Accession Country  Province city
o,lews  NUMber Jyw-ts ol ey
diged b ylowd

1 TN-40-1187 IRN Esfahan Samirom

2 TN-40-1275 IRN Esfahan Esfahan

3 TN-40-2045 IRN Kohkiloyeh boyerahmad Boyrahmad

4 TN-40-2049 IRN Kohkiloyeh boyerahmad Boyrahmad

5 TN-40-2056 IRN Kohkiloyeh boyerahmad Boyrahmad

6 TN-40-2145 IRN Khorasan shomali Bojnourd/homeh

7 TN-40-2154 IRN Khorasan razavi Kashmar/rastagh

8 TN-40-2163 IRN Khorasan shomali Bojnourd/samalghan

9 TN-40-2172 IRN Khorasan razavi Kashmar/rastagh

10 TN-40-2176 IRN Khorasan razavi Torbate hidarieh/miankhaf

11 TN-40-2177 IRN Khorasan shomali Bojnourd/jargalan

12 TN-40-2179 IRN Khorasan razavi Kashmar/rastagh

13 TN-40-2183 IRN Khorasan shomali Esferayen/homeh

14 TN-40-2193 IRN Khorasan shomali Esferayen/homeh

15 TN-40-2194 IRN Khorasan shomali Esferayen/homeh

16 TN-40-2198 IRN Khorasan razavi Sabzehvar/ghasabehe
sharghi

17 TN-40-2200 IRN Khorasan razavi Nishabour/zebar khan

18 TN-40-2201 IRN Khorasan razavi Nishabour/zebar khan

19 TN-40-2202 IRN Khorasan razavi Nishabour/zebar khan

20 TN-40-2203 IRN Khorasan shomali Bojnourd/jargalan

21 TN-40-2206 IRN Khorasan shomali Bojnourd/garmkhan

22 TN-40-2213 IRN Khorasan razavi Kashmar/kenar shahr

23 TN-40-2214 IRN Khorasan razavi Kashmar/kenar shahr

24 TN-40-2216 IRN Khorasan razavi Kashmar

25 TN-40-2217 IRN Khorasan shomali Esferayen/homeh

26 TN-40-2218 IRN Khorasan shomali Esferayen/homeh

27 TN-40-2219 IRN Khorasan razavi Sabzehvar/mazinan

28 TN-40-2220 IRN Khorasan razavi Torbate hidarieh/miankhaf

29 TN-40-2221 IRN Khorasan razavi Sabzehvar

30 TN-40-2227 IRN Khorasan shomali Bojnourd/samalghan

31 TN-40-2229 IRN Khorasan shomali Bojnourd/samalghan

32 TN-40-2231 IRN Khorasan shomali Bojnourd/samalghan

33 TN-40-2236 IRN Khorasan shomali Shirvan/takmaran

34 TN-40-2240 IRN Khorasan shomali Shirvan

35 TN-40-2243 IRN Khorasan razavi Mashad/chenaran

36 TN-40-2250 IRN Khorasan shomali Shirvan

37 TN-40-2251 IRN Khorasan razavi Nishabour/marosk

38 TN-40-2253 IRN Khorasan shomali Bojnourd

39 TN-40-2254 IRN Khorasan shomali Bojnourd/samalghan

40 TN-40-2255 IRN Khorasan razavi Ghochan/dolatsarai

41 TN-40-2257 IRN Khorasan shomali Bojnourd/samalghan

42 TN-40-2259 IRN Khorasan shomali Esferayen/roain

43 TN-40-2261 IRN Khorasan shomali Esferayen/roain

44 TN-40-2263 IRN Khorasan shomali Esferayen/roain

A
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45 TN-40-2265 IRN Khorasan razavi Kashmar/barkoh

46 TN-40-2266 IRN Khorasan razavi Kashmar

47 TN-40-2270 IRN Khorasan shomali Esferayen/homeh

48 TN-40-2272 IRN Khorasan shomali Esferayen/homeh

49 TN-40-2273 IRN Khorasan shomali Esferayen/homeh

50 TN-40-2274 IRN Khorasan shomali Esferayen/homeh

51 TN-40-2276 IRN Khorasan jonubi Ghaniat/homehe ghaien

52 TN-40-2279 IRN Khorasan jonubi Ghaniat/homehe ghaien

53 TN-40-2280 IRN Khorasan razavi Sabzehvar/ghasabehe
sharghi

54 TN-40-2281 IRN Khorasan razavi Sabzehvar/ghasabehe
sharghi

55 TN-40-2283 IRN Khorasan razavi Kashmar/barkoh

56 TN-40-2284 IRN Khorasan razavi Kashmar/barkoh

57 TN-40-2287 IRN Khorasan razavi Nishabour/sar velayat

58 TN-40-2288 IRN Khorasan razavi Nishabour/sar velayat

59 TN-40-2289 IRN Khorasan razavi Sabzehvar

60 TN-40-2290 IRN Khorasan razavi Sabzehvar

61 TN-40-2291 IRN Khorasan razavi Sabzehvar

62 TN-40-2293 IRN Khorasan shomali Bojnourd

63 TN-40-2294 IRN Khorasan razavi Kashmar/rastagh

64 TN-40-2295 IRN Khorasan shomali Bojnourd/maneh

65 TN-40-2297 IRN Khorasan shomali Bojnourd/maneh

66 TN-40-2298 IRN Khorasan shomali Bojnourd/maneh

67 TN-40-2300 IRN Khorasan shomali Bojnourd/maneh

68 TN-40-2817 IRN Bakhtaran Bakhtaran

69 TN-40-2857 IRN Azarbaijan sharghi Maragheh

70 TN-40-2862 IRN Azarbaijan sharghi Maragheh

71 TN-40-2867 IRN Azarbaijan sharghi Maragheh

72 TN-40-2868 IRN Azarbaijan sharghi Maragheh

73 TN-40-2874 IRN Azarbaijan sharghi Maragheh

74 TN-40-2875 IRN Azarbaijan sharghi Maragheh

75 TN-40-2876 IRN Azarbaijan sharghi Maragheh

76 TN-40-2881 IRN Azarbaijan sharghi Maragheh

b 392y pac 5 (V) b 292y lel  olgalonsy (slaySolis ) Jols oa iS5 SV guamma 15 5lo] (gLbay 20

15 amle PIC = 1- ZPIj2 (calail, 5l oslil b (IS5 x> cleMbl glgime 505 5 1538 ,S5lel can ol (+)
@ by oyl camlxe gyl ol 55 Ko T Slgls Pij &S c)eb 4 «(Anderson et al. 1993)
Nei 35 e55 pasls « (1) o9l pasls « (Ne) sge W olas ¢ (N@Josdosnlio P olass (pszman (S5 €95 e59
J31 £33 (FIS) selihags sy (H) sl 550 (twsSijoyin (HO) oadosalio wsSyjose i « (N)
Ver l5éls 5 5l esliwl b 3,8l 4l oo wlolp 4lis sl (Yeh and Boyle,1997) .5 osliz. PopGen32
ol gladss sas dacis) on gl baily) (A pasie 5 (eyn Caz b e NTSYS-pC 2.02
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Table 3. SSR markers used in this study

Number Locus Primgl; se%uence Annealing c Source
5 s lowd —3' temprature ° Lo

’ oY 2l Jy Juail glod ¢

1 SSR19 F. GACTCATACTTTGTTCTTAGCAG 58 Yadav et al. (2016)
R:GAACGGAGCGGTCACATTAG

2 SSR 33 F: CAAGCATGACGCCTATGAAG 56 Yadav et al. (2016)
R:CTTTCACTCACTCAACTCTC

3 SSR 48 F: CATGGTGGAATAGTGATGGC 57 Yadav et al. (2016)
R: CTCCATACACCACTCATTCAC

4 SSR 99 F: GGGAATTTGTGGAGGGAAG 57 Yadav et al. (2016)
R: CCTCAGAATGTCCCTGTC

5 SSR 302 F: CAAGCCACCCATACACC 56 Idrissi et al. (2016)
R: GGGCATTAAGTGTGCTGG

6 SSR 113 F: CCGTAAGAATTAGGTGTC 51 Yadav et al. (2016)
R: GGAAAATAGGGTGGAAAG

7 SSR 119 F: GAACTCAGTTTCTCATTG 49 Idrissi et al. (2016)
R: GAACATATCCAATTATCATC

8 SSR 124 F: GTATGTGACTGTATGCTTC 52 Yadav et al. (2016)
R: GCATTGCATTTCACAAACC

9 SSR 156 F: GTACATTGAACAGCATCATC 53 Yadav et al. (2016)
R: CAAATGGGCATGAAAGGAG

10 SSR 199 F: GTGTGCATGGIGTGT 51 Yadav et al. (2016)
R: GGTTGGCCCTCTATC

11 SSR 336 F: GTGTAACCCAACTGTTCC 54 Yadav et al. (2016)
R: GGCCGAGGTTGTAACAC

12 SSR 66 F: GGTAGTGGTGAGGAATGAC 55 Yadav et al. (2016)
R: GCATCACTGCAACAGACC

13 SSR 72 F: CAAACAGTACAAGGAAAGGAG 55 Yadav et al. (2016)
R: CTGACTGAGCTGCTTGAAC

14 SSR 167 F: CACATATGAAGATTGGTCAC 54 Yadav et al. (2016)
R: CATTTATGTCTCACACACAC

15 SSR 191 F: GCAAATTTCTTGGTCTACAC 53 Yadav et al. (2016)
R: GGGCACAGATTCATAAGG

16 SSR 197 F: CACCAATCACCAACACAC 54 Yadav et al. (2016)
R: GAGCTGTGAAGTCTTATCTG

17 SSR 207 F: GAGAGATACGTCAGAGTAG 55 Yadav et al. (2016)
R: GATTGTGCTTCGGTGGTTC

18 SSR96 F:GTTATCTTCCAGCGTC 49 Yadav et al. (2016)
R: GATATACAATCAGAGATG

19 SSR 309- F: GTATGTCGTTAACTGTCGTG 50 Yadav et al. (2016)

2 R: GAGGAAGGAAGTATTCGTC

20 SSR 323 F: AGTGACAACAAAATGTGAGT 51 Yadav et al. (2016)
R: GTACCTAGTTTCATCATTG

21 SSR 213 F: CACTCGCACCTCTTATG 51 Yadav et al. (2016)
R: GAAATTGTCTCTTAGCAAG

22 SSR 183 F: GCTCGCATTGGTGAAAC 52 Yadav et al. (2016)
R: CATATATAGCAGACCGTG

23 SSR 28 F: GAGGGCATAAATTCAGATTC 53 Yadav et al. (2016)
R: GGACAACGCACATTTGATG

24 SSR 80 F: CCATGCATACGTGACTGC 56 Idrissi et al. (2016)
R: GTTGACTGTTGGTGTAAGTG

25 SSR 154 F: GGAATTTATCACACTATCTC 51 Idrissi et al. (2016)
R: GACTCCCAACTTGTATG

26 SSR 184 F: GTGTGTACCTAAAGCCTTG 55 Idrissi et al. (2016)
R: GTAAGTTGATCAAACGCCC

27 SSR 204 F: CACGACTATCCCACTTG 53 Idrissi et al. (2016)
R: CTTACTTTCTTAGTGCTATTAC

28 SSR 215 F: CATTAATATTTCTTTGGTGC 50 Idrissi et al. (2016)
R:CTTTTCTTG TGT TGG CG

29 SSR 230 F: CCAACAACAATTCACCATAC 53 Yadav et al. (2016)
R: AACATTGTACTGAGAGGTG

30 SSR 233 F: CTTGGAGCTGTTGGTC 52 Idrissi et al. (2016)
R: GCCGCCTACATTATGG
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Table 4. Genetic diversity statistic of microsatellite markers in evaluated lentil genotypes

lad R EU Plolass ge JIoland gl (ad s (AewsSjerd  FawsNijee  cupd b el
Numbe Marker Number)Numberof) Shanon) — osadoselie Wil 5,90 & pemdyge ol yivod

r NAME  (of allele effecticve  (index ~ Observed) Expected) (Nei) (PIC)  (FIS)
(allele hetrozygosit hetrozygosit
\% \%
1 SSR19 7 3.14 1.36 0.96 0.68 0.68 0.63 -0.34
2 SSR33 5 3.11 1.30 0.79 0.68 0.67 0.62 -0.22
3 SSR48 4 1.72 0.82 0.50 0.42 042 0.76 -0.20
4 SSR99 6 2.44 1.16 0.76 0.59 059 0.61 -0.26
5 SSR302 6 3.58 1.38 0.99 0.72 0.72 0.71 -0.41
6  SSR113 7 448 1.64 0.93 0.78 0.77 0.78 -0.28
7 SSR119 4 2.49 1.04 0.76 0.60 059 055 -0.20
8 SSR124 4 2.82 1.13 0.97 0.64 0.64 061 -0.64
9 SSR156 6 3.32 1.38 0.96 0.70 0.69 0.68 -0.40
10 SSR199 5 3.48 1.41 0.97 0.71 0.71 0.69 -0.36
11 SSR336 4 2.65 1.12 0.96 0.62 0.62 0.63 -0.64
12 SSR66 4 2.51 1.06 0.95 0.60 0.60 058 -0.57
13  SSR72 5 2.99 1.26 1 0.66 0.66 0.65 -0.58
14 SSR167 4 2.43 1.01 0.92 0.59 059 057 -051
15 SSR191 4 2.62 1.07 0.96 0.62 061 059 -052
16 SSR197 5 2.96 1.24 0.93 0.66 0.66 0.63 -0.36
17 SSR207 4 2.67 1.11 0.94 0.62 0.62 0.63 -0.69
18 SSR96 3 2.35 0.96 0.82 0.57 057 059 -0.56
19 SSR230 6 2.21 1.07 0.54 0.55 054 052 -0.08
9

20 SSR323 7 5.05 1.76 0.91 0.80 0.80 0.78 -0.13
21 SSR213 5 3.22 1.29 0.83 0.69 0.69 0.65 -0.29
22 SSR183 6 458 1.63 0.84 0.78 0.78 0.76 -0.07
23  SSR28 5 1.82 0.91 0.17 0.45 045 0.34 -0.61
24  SSR80 8 6.32 1.94 0.93 0.84 0.84 0.83 -0.11
25 SSR154 4 2.44 1.01 0.91 0.59 059 057 -057
26 SSR184 4 2.97 1.21 0.93 0.66 0.66 0.64 -0.43
27 SSR204 3 2.38 0.94 0.98 0.58 0.58 0.56 -0.66
28 SSR215 3 2.46 0.97 0.98 0.59 059 058 -0.64
29 SSR230 4 2.79 1.14 0.98 0.64 064 0.63 -0.54
30 SSR233 3 2.17 0.84 0.99 0.54 054 053 -0.78

oSk 4.83 3.009 1.21 0.35 0.64 0.63 0.63 -0.32

Na = Observed number of alleles
Ne = Effective number of alleles [Kimura and Crow (1964)]
I = Shannon’s Information index [Lewontin (1972)]
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Figure 2. Dendrogram of lentil genotypes using SSR markers based on Neighbor-Joining
method
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Figure 3. AK curve to determine the optimal amount
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