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" Random Amplified Polymorphic DNA
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* Simple Sequence Repeat

® Inter Simple Sequence Repeat
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Table 1- Name Studied Kabuli chickpea genotypes used in the present study.

No. Genotype Origin  No. Genotype Origin No. Genotyp Origin
1 FLIP03-50C ICARD 29 FLIPO7- ICARD 57 TRK61 Turke
2 FLIP03-70C ICARD 30  FLIP08-38C ICARD 58 TRK63 Turke
3 FLIP03-98C ICARD 31 Landracel Iran 59 TRK44 Turke
4 FLIPO3- ICARD 32 Landrace2 Iran 60 TRK144 Turke
5 FLIPO3- ICARD 33 Landrace3 Iran 61 TRK67 Turke
6 FLIP05-18C ICARD 34 Landrace4 Iran 62 TRK51 Turke
7 FLIP05-19C ICARD 35 Landrace5 Iran 63 TRK163 Turke
8 FLIPOS5- ICARD 36 Landrace6 Iran 64 TRK64 Turke
9 FLIPOS5- ICARD 37 TRK115 Turkey 65 TRK127 Turke
10 FLIPOS5- ICARD 38 TRK69 Turkey 66 TRK96 Turke
11 FLIPOS5- ICARD 39 TRK19 Turkey 67 TRK106 Turke
12 FLIP06-37C ICARD 40 TRK3 Turkey 68 TRKS56 Turke
13 FLIP06-52C ICARD 41 TRK95 Turkey 69 TRK80 Turke
14 FLIP06-88C ICARD 42 TRK101 Turkey 70 TRK169 Turke
15 FLIPOG6- ICARD 43 TRK126 Turkey 71 TRK41 Turke
16 FLIPO7-3C  ICARD 44 TRK18 Turkey 72 TRK48 Turke
17 FLIPO7-4C  ICARD 45 TRK66 Turkey 73 TRK72 Turke
18 FLIPO7-6C  ICARD 46 TRK93 Turkey 74 TRK39 Turke
19 FLIPO7-8C  ICARD 47 TRK117 Turkey 75 TRK121 Turke
20  FLIP07-26C ICARD 48 TRK129 Turkey 76 TRK65 Turke
21 FLIP07-33C ICARD 49 TRK21 Turkey 77 TRK128 Turke
22 FLIP07-45C ICARD 50 TRK70 Turkey 78 TRK38 Turke
23 FLIPO7-46C ICARD 51 TRK12 Turkey 79 TRK165 Turke
24 FLIP07-52C ICARD 52 TRK104 Turkey 80 TRK110 Turke
25  FLIP07-65C ICARD 53 TRK118 Turkey 81 TRK120 Turke
26  FLIP07-75C ICARD 54 TRK103 Turkey
27  FLIP07-81C ICARD 55 TRK54 Turkey
28 FLIPO7- ICARD 56 TRK161 Turkey

Saghai-) A% gl asl . CTAB 5y,
5 CwdS exs gl .(Maroof, et al., 1984

Y
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Table 1- Genetic diversity estimates in the studied Kabuli chickpea genotypes for each ISSR primer.

Primer $51  Tm°C N.T.B N.P.B Pol % na ne h I
(GACA), 30.7 15 13 86.67 1.87 1.40 0.24 0.37
(GA)sC 30.5 14 13 92.86 1.93 1.37 0.23 0.37
(GACT)4 28.8 13 13 100.00 2.00 1.56 0.34 0.52
(ACTG)4 30.1 7 7 100.00 2.00 1.69 0.39 0.58
(GTG)s 43.3 10 10 100.00 2.00 1.46 0.29 0.45
(CAC)s 433 7 7 100.00 2.00 1.33 0.21 0.34
(CAC)sAG 37.8 6 6 100.00 2.00 1.19 0.15 0.27
(TCC)s 47 6 6 100.00 2.00 1.34 0.21 0.34
(TGGA)4 46.2 6 4 66.67 1.67 1.21 0.13 0.21
Average .Sl 9.33 8.78 94.02 1.94 1.39 0.24 0.38

'Jﬂ sldas Ne ol odalioe Lsuﬁ shaas Na ¢ JSaaer as s Pol% ¢ JSaaer glasl s slias NLPB iy S slas N.T.B

Ol Sl e e Dt 5 S5 g0 e Dt gl

N.T.B, number of total band; N.P.B, number of polymorphic bands; Pol%, polymorphism percentage; Na, observed
number of alleles; Ne, effective number of alleles; h, Nei’s gene diversity; I, Shannon’s information index.
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Figure 1- bandying pattern of primer (GACA)4 from studied ISSR marker in this survey.
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Table 2- Genetic diversity estimates within the ICARDA population for each ISSR primer.

Primer ;L Tm°C NTB NPB Pol% na ne h I
(GACA), 30.7 15 13 86.67 1.87 1.45 0.27 0.41
(GA)sC 30.5 14 13 92.86 1.93 1.48 0.29 0.44
(GACT), 28.8 13 13 100.00 2.00 1.42 0.27 0.42
(ACTG)4 30.1 7 7 100.00 2.00 1.77 0.43 0.62
(GTG)s 433 10 10 100.00 2.00 1.42 0.27 0.44
(CAC) s 433 7 5 71.43 1.71 1.30 0.18 0.29
(CAC)sAG 37.8 6 5 83.33 1.83 1.33 0.23 0.37
(TCC)s 47 6 6 100.00 2.00 1.33 0.23 0.37
(TGGA)4 46.2 6 4 66.67 1.67 1.23 0.15 0.23
Average - Sl 933  8.44 88.99 1.89 1.42 0.26 0.40

sl P slaws Ne tons sdalin sl JT slaw Na ¢ Mok dws Pol% Kok sbayls slaws NLPB tayls s slaw N.T.B

D5l Sl pasla Dt 5 55 g a8 u e g
N.T.B, number of total band; N.P.B, number of polymorphic bands; Pol%, polymorphism percentage; Na,
observed number of alleles; Ne, effective number of alleles; h, Nei’s gene diversity; I, Shannon’s information
index.

axdlas 3 40 ‘5Lajfjl.bij|;_§i,a‘5!ﬁ4.§;3‘ o Il Comes= 3 S5 ¢85 ;Jﬂﬁ—\‘ Jyd>

Table 3- Genetic diversity estimates within the Turkish population for each ISSR primer.

Primer S50 Tm°C  NTB NPB Pol% na ne h I
(GACA), 30.7 15 11 73.33 1.67 1.34 0.20 0.31
(GA)sC 30.5 14 10 71.43 1.71 1.28 0.18 0.28
(GACT), 28.8 13 13 100.00 2.00 1.65 0.38 0.56
(ACTG), 30.1 7 7 100.00 2.00 127 0.21 0.36
(GTG)s 433 10 9 90.00 1.90 1.47 0.28 0.42
(CAC)ss 433 7 6 85.71 1.86 1.35 0.22 0.35
(CAC)sAG 37.8 6 4 66.67 1.67 1.11 0.09 0.18
(TCC)s 47 6 5 83.33 1.83 1.32 0.19 0.29
(TGGA)4 46.2 6 1 16.67 1.17 1.10 0.06 0.09

Average Sl 9.33 7.33 76.35 1.76 1.32 0.20 0.32

G T slass Ne todd saalin sl BT slaws Na ¢ JSEua doys Pol% ¢ JSonx slaylg slaws NP.B syl S sl N.T.B

D5l SMb! pasls D5 55 g a8 u e g
N.T.B, number of total band; N.P.B, number of polymorphic bands; Pol%, polymorphism percentage; Na,
observed number of alleles; Ne, effective number of alleles; h, Nei’s gene diversity; I, Shannon’s information
index.
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Table 4- Genetic diversity estimates within the Iranian landraces for each ISSR primer.

Primer £5&1 Tm°C NTB NPB Pol% na ne h I
(GACA)q 30.7 15 8 5333 153 130 019 028
(GA)sC 30.5 14 7 5000 150 135 020 030
(GACT)4 28.8 13 8 6154 162 132 020 031
(ACTG)4 30.1 7 7 10000 200 156 035 053
(GTG)s 433 10 8 80.00 1.80 139 026 040
(CAC)ss 433 7 4 5714 157 122 016 026
(CAC)sAG 37.8 6 1 1667 117 113 007  0.11
(TCC)s 47 6 3 5000 150 136 020 030
(TGGA)4 46.2 6 3 5000 150 126 017 026
Average .Sl 9.33 544 5763 158 132 020 030

Ne s sdalin s P7 sl Na ¢ JKox> dojys Pol% ¢ Kok byl slaxs NPB ta,ls JS slaxs N.T.B

O Dbl asls T 55 g5 e B gse b JT sl
N.T.B, number of total band; N.P.B, number of polymorphic bands; Pol%, polymorphism percentage; Na,
observed number of alleles; Ne, effective number of alleles; h, Nei’s gene diversity; I, Shannon’s information

index.
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Table 5- Analysis of molecular variance (AMOVA) for 81 Kabuli chickpea individuals
among and within populations.

Source of variation ol ;45 sl df @35l 453 S8 Sl g MS Ol Sl

Among Pops lalxex o 2 70.443 35.222%*
Within Pops  ausas 0553 78 790.767 10.138
Total IS 80 861.210

s oo 0L ) Ao s S Jlez| ch,.« 25 Sl e i
** indicating significant at 1% levels of probability.

Percentages of Molecular Variance

Among Pops
10%

(RS 555 b Cumem oy AMOVA Gl odel s 4 S50 50 ili sy Ao s Y Jss

Figure 2- Percentages of Molecular Variance of AMOVA in studied Kabuli chickpea
populations.
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Figure 3- Denderogram generated from cluster analysis of Kabuli chickpea genotype based
on the Euclidian distance matrix using ISSR data.
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Table 7- genotypes membership derived from STUCTURE software.

No. o,ld Q1 Q2 Q3 Q4 No.o,ld Q1 Q2 Q3 Q4

1 0.902 0.029 0.043 0.027 42 0.046 0.088 0.736 0.13
2 0.124 0.105 0.094 0.678 43 0.22 0.278 0.279 0.223
3 0.861 0.048 0.041 0.05 44 0.029 0.538 0.134 0.299
4 0.386 0.174 0.05 0.39 45 0.429 0.232 0.095 0.245
5 0.066 0.09 0.123 0.721 46 0.024 0.081 0.758 0.137
6 0.872 0.047 0.04 0.042 47 0.036 0.121 0.738 0.106
7 0.374 0.147 0.08 0.399 48 0.075 0.342 0.496 0.087
8 0.573 0.062 0.172 0.193 49 0.027 0.784 0.097 0.092
9 0.657 0.093 0.13 0.12 50 0.091 0.649 0.177 0.082
10 0.83 0.046 0.046 0.078 51 0.297 0.532 0.103 0.067
11 0.693 0.107 0.088 0.112 52 0.044 0.752 0.117 0.087
12 0.563 0.304 0.06 0.073 53 0.036 0.523 0.33 0.111
13 0.753 0.086 0.062 0.099 54 0.087 0.086 0.662 0.165
14 0.196 0.173 0.084 0.548 55 0.188 0.287 0.447 0.078
15 0.373 0.203 0.21 0.213 56 0.045 0.151 0.695 0.11
16 0.355 0.515 0.078 0.052 57 0.314 0.586 0.035 0.065
17 0.024 0.171 0.074 0.732 58 0.02 0.071 0.735 0.174
18 0.026 0.094 0.698 0.182 59 0.053 0.709 0.135 0.104
19 0.178 0.262 0.441 0.118 60 0.066 0.76 0.095 0.079
20 0.1 0.166 0.101 0.633 61 0.052 0.607 0.185 0.156
21 0.024 0.109 0.124 0.743 62 0.083 0.186 0.573 0.158
22 0.659 0.11 0.051 0.179 63 0.706 0.072 0.136 0.086
23 0.874 0.033 0.034 0.059 64 0.212 0.099 0.566 0.123
24 0.936 0.017 0.023 0.024 65 0.151 0.125 0.273 0.451
25 0.782 0.064 0.086 0.067 66 0.024 0.139 0.441 0.397
26 0.559 0.111 0.287 0.043 67 0.599 0.193 0.112 0.096
27 0.073 0.679 0.143 0.105 68 0.126 0.711 0.084 0.079
28 0.059 0.065 0.099 0.778 69 0.091 0.184 0.589 0.136
29 0.72 0.2 0.031 0.049 70 0.111 0.332 0.427 0.13
30 0.499 0.295 0.123 0.083 71 0.043 0.17 0.45 0.337
31 0.014 0.104 0.759 0.123 72 0.049 0.474 0.29 0.187
32 0.812 0.063 0.064 0.061 73 0.734 0.122 0.097 0.047
33 0.536 0.296 0.084 0.085 74 0.295 0.493 0.126 0.085
34 0.702 0.081 0.077 0.14 75 0.162 0.232 0.537 0.069
35 0.601 0.227 0.108 0.063 76 0.35 0.173 0.398 0.078
36 0.572 0.292 0.07 0.065 77 0.059 0.212 0.066 0.663
37 0.258 0.501 0.146 0.094 78 0.093 0.632 0.133 0.142
38 0.147 0.494 0.224 0.135 79 0.129 0.302 0.498 0.071
39 0.122 0.255 0.486 0.137 80 0.044 0.28 0.396 0.28
40 0.052 0.323 0.466 0.158 81 0.052 0.614 0.22 0.115
41 0.018 0.094 0.788 0.1
6‘3;qu}-\,&& M)JQ"' R 9‘3;):;'.3_9‘,&.9 MJ:QS <Y e‘gjfjbg".z}é&MJ:Qz <\ A};J:@_WM):QI
ol

Q1, membership percentage of group 1; Q2, membership percentage of group 2; Q3 membership percentage
of group 3; Q4 membership percentage of group 4.
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Abstract:

Chickpea is the most important pulse crop in Iran. Since Iran is a part of the diversification
center of chickpea, study of its genetic diversity is considerable. In order to assessment of genetic
diversity of Kabuli chickpea genotypes, 81 Kabuli chickpea genotypes originated from ICARDA,
Turkey and Iran were sown in the research field of Shahid Bahonar University of Kerman in
2014-2015 growing season. Nine ISSR primer was used to detect molecular polymorphisms
among the genotypes and 79 polymorphic bands yielded from mentioned premiers. Number of
effective allele varied from 1.19 (primer (CAC)sAG) to 1.69 (primer (ACTG)s4). Means of Nei’s
genetic diversity and Shannon’s index for all studied genotypes were 0.24 and 0.38 respectively.
Nei’s genetic diversity for ICARDA, Turkey and Iran originated populations were 0.27, 0.2 and
0.2, respectively. Shannon’s index was calculated for each population as well, which were 0.44,
0.32 and 0.3, respectively. Analysis of molecular variance determined significant difference
between the populations. However, only 10% of total variance accounted between populations.
The result of cluster analysis divided the genotypes to four separated groups that was different
from the primary regional grouping. Cluster analysis generally confirm that most of genetic
variation found within the studied population as well. The population analysis using
STRUCTURE software separated the population into four groups with 14, 5, 8 and 4 genotypes
respectively. The rest of genotypes (51) were identified as mixed genotypes. The results of this
study determined a wide genetic diversity between studied chickpea genotypes could be used for
future breeding programs.
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