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Table 1. Characteristics of the studied wheat genotypes in current study 

No. Genotype Species Origin No. Genotype Origin Species 

1 55003 T. boeoticum Lorestan 27 TN0179 Ilam T. boeoticum 

2 55004 T. boeoticum Lorestan 28 TN0182 Kohgiluyeh T. boeoticum 

3 55011 T. boeoticum Ilam 29 TN0183 Kohgiluyeh T. boeoticum 

4 55014 T. boeoticum Kermanshah 30 TN0185 Kohgiluyeh T. urartu 

5 55021 T. boeoticum Kurdistan 31 TN0209 West Azerbaijan T. boeoticum 

6 55025 T. boeoticum Kurdistan 32 TN0216 Kermanshah T. boeoticum 

7 55029 T. boeoticum West Azerbaijan 33 TN0217 Kermanshah T. boeoticum 

8 55039 T. boeoticum West Azerbaijan 34 TN0219 Kermanshah T. boeoticum 

9 55041 T. boeoticum West Azerbaijan 35 TN0224 Kermanshah T. boeoticum 

10 55049 T. urartu Kermanshah 36 TN0228 Kermanshah T. boeoticum 

11 55059 T. araraticum Unknown 37 TN0229 Kermanshah T. boeoticum 

12 55061 T. araraticum Unknown 38 TN0235 Kermanshah T. boeoticum 

13 TN0106 T. boeoticum East Azerbaijan 39 TN0244 Chaharmahal and Bakhtiari T. urartu 

14 TN0113 T. boeoticum Turkey 40 TN0246 Chaharmahal and Bakhtiari T. urartu 

15 TN0120 T. boeoticum Lebanon 41 TN0435 Kurdistan T. urartu 

16 TN0127 T. urartu Unknown 42 TN0438 Kurdistan T. urartu 

17 TN0129 T. urartu Lebanon 43 TN0489 Unknown T. urartu 

18 TN0136 T. urartu Lebanon 44 TN0495 Unknown T. urartu 

19 TN0161 T. boeoticum Lorestan 45 TN0498 Unknown T. urartu 

20 TN0165 T. urartu Lorestan 46 TN0507 Unknown T. urartu 

21 TN0166 T. boeoticum East Azerbaijan 47 TN0511 Unknown T. urartu 

22 TN0170 T. boeoticum East Azerbaijan 48 TN0516 Unknown T. urartu 

23 TN0172 T. boeoticum East Azerbaijan 49 TN0518 Unknown T. urartu 

24 TN0174 T. boeoticum Fars 50 Bolani Iran T. aestivum 

25 TN0175 T. boeoticum Ilam 51 431 Lorestan T. aestivum 

26 TN0178 T. boeoticum Kurdistan 52 428 Lorestan T. aestivum 
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 ^�472 -  *�[W.@ ����C!�.!SSR  �ISSR  S�kh
 ,�� �� '4: '��B���  
Table 2. Characteristics of the SSR and ISSR markers used in this research 

ISSR Primer sequence TM 

UBC810 GAGAGAGAGAGAGAGAT 50.36 

UBC811 GAGAGAGAGAGAGAGAC 52.77 

UBC818 CACACACACACACACAG 52.77 

UBC826 ACACACACACACACACC 52.77 

UBC873 GACAGACAGACAGACA 49.18 

UBC807 AGAGAGAGAGAGAGAGT 50.36 

UBC808 AGAGAGAGAGAGAGAGC 52.77 

UBC819 GTGTGTGTGTGTGTGTA 50.36 

UBC827 ACACACACACACACACG 52.77 

UBC881 GGGGTGGGGTGGGGTG 61.00 

ISSR8 GAGAGAGAGAGAGAGAGT 51.06 

ISSR1 GAGAGAGAGAGAGAGAT 50.00 

ISSR3 CTCTCTCTCTCTCTCTA 50.00 

17899A CACACACACACAAG 42.00 

HB12 CAGCAGCAGAG 38.00 

ISSR M2 ACCACCACCACCACCACCG 63.08 

SSR   

Xgwm 389-3B 
F: ATCATGTCGATCTCCTTGACG 57.87 

R: TGCCATGCACATTAGCAGAT 55.25 

Xgwm 44-7D 
F: GTTGAGCTTTTCAGTTCGGC 57.30 

R: ACTGGCATCCACTGAGCTG 58.83 

Xgwm 190-5D 
F: GTGCTTGCTGAGCTATGAGTC 59.82 

R: GTGCCACGTGGTACCTTTG 58.83 

Xgwm 109-5A 
F: AAAGCTGCTCATCGTGGTG 56.67 

R:GGTCCGCCTGACAGACC 60.01 
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Figure 1. DNA profile of ISSR marker UBC807 in some wheat genotypes on 1% agarose gel  
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Figure 2. DNA profile of SSR marker Xgwm44-7D in some wheat genotypes on 8% polyacrylamide gel 
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Table 3. Polymorphism and diversity parameters for SSR and ISSR markers in the studied wheat genotypes  

Shannon’s 

information index 

Nei’s gene 

diversity index 

No. of effective 

alleles 

Polymorphic 

information 

content 

No. of 

polymorphic 

bands 

ISSR and SSR 

marker 

0.53 0.36 1.62 0.35 9 UBC881 

0.42 0.27 1.40 0.34 10 HB12 

0.57 0.39 1.67 0.39 10 ISSR3 

0.62 0.43 1.79 0.41 16 ISSR1 

0.63 0.44 1.80 0.36 11 17899A 

0.50 0.33 1.50 0.31 11 ISSR M2 

0.58 0.39 1.68 0.37 12 ISSR8 

0.47 0.31 1.51 0.31 11 UBC811 

0.48 0.31 1.50 0.39 12 UBC807 

0.47 0.30 1.50 0.35 12 UBC827 

0.53 0.35 1.60 0.36 11.40 ISSR mean 

0.34 0.22 1.40 0.20 15.0 Xgwm44-7D 

0.46 0.29 1.47 0.36 16.0 Xgwm190-5D 

0.40 0.25 1.43 0.28 15.5 SSR mean 

  

&����a: ,��F
 �$p%@*��B
 � ��=�
$!" ,�� ��� ��

'��- �26 �4%���� )� �� &:$5 &�Q;
�� .4: '��B���  )�

��� ,�� ��� 13��-��4!� ]�� ���� '��B��� ��$@ ���

&��U�� ,��
����� ��%a@ �� &� '��� S��H
 K��+ I�G�

0�� 2�$� ����) `��%�$9 �C�Ua�� K��+ ,��
79/0 � (

'��-=�
$!" K��%@ �4%�� b�W�!� 1&FG�H@ ��$@ 34%- ��

: .4 3��-��4!� ��� ��)�  &�/�!52/0 4/�� '��- E%� 1

 ��;��:&� &9 4 K�
�
 I@�:10 16 124 19  �3  =�
$!"

$� � I :)3.(  ��^�� '��- '� 34%- �./� &!$- &� K�
�


I@�: 55003 155004 155011 155014 155021 1

55025 155029 155039 155041 155049  4!�$� &9

�� � ��Q! ����V �� ]��4! . 3�� '��-�����  &!$- 0:

 34%- �./� �� ����VI@�: ]� &� ]��Q! TN0166 1

TN0170 1TN0175 1TN0183 1TN0185  �TN0178 

$� &9 3$� '��- .������ 14  =�
$!"55059 155061 1

TN0106 1N0120 1TN0129 1TN0136 1TN0161 1

TN0165 1TN0172 1TN0174 1N0179 1TN0182 1

TN0229 1TN0246 1TN0217 1TN0435 1TN0498 1

N0495 1TN0224 1TN0235 1TN0209 1TN0511 1

TN0516  �TN0518  1�$�0�� ,�� �� �� ����V ,��


52 34%- )� =�
$!" �A��) � �./� ���4%�:�� '��- .

&� 34%- �./� =�
$!" &! I@�: 3��\J K�
�
I@�: 

TN0113 1TN0127 1TN0489 1TN0216 1TN0219 1

TN0438 1TN0228 1TN0244  �TN0507  � �$� ��

 �� ���\!��-];%� '1 1�!d$� �A��) 34%- =�
$!" &�431 

 �428  0��(� ,�� �� '��B��� ��$@4%���- ���V .

'��-&:$5 &�Q;
 )� IY�/ �4%� X��
 &�Q;
 q�$
 ��

 X��$
 .4: ����)�� �.�� �H5 ��� &� �!$!�9 O�W.


&� 3�� � ^�� O�W.
 K�
�
1/89  �3/10 4Y�� �  ��

 #$�;@4/99  4Y�� )�%
'��� #$ &�7$
 �� ���9 .4!�

,�����%� �@ 1O�W.
 X��
 �� &9 ��9 2��� ,�%J 2�$


 c�a��k
  �$7$@ #$%
 I9'��- � 3�V�� ,�� &�7$
 �� ���9 4!�

=�
$!" �'��- ����� &� ��'4: �4%� .4!�  

&� �Z9 �$g� � ��!" *�Aeg�& )� '4@6 ���

 �G$ G$@ ����C!�.! �� ��\@ 0k!&@�!�� �� �/eY� ���

�@ �B�� 4%%9 �&� ,�����%� �L$@ �$g�@ 2�$
 ����C!�.! )�

=�
$!" � ��!" #$%
 &FG�H@ �\7 �G$ G$@ 34%- ���

'��B��� ��9 )Mohsenzadeh et al., 2012(.  ��

&FG�H@��1 ����C!�.! �4%@�$� ISSR  �����%: ����

=�
$!"����G���� 3���� 34%- �/eY� ���  �-)�f6 &! ��

 &9 4: '4��.@ � ����)�� ���� '��B��� ��$@ ����-)�f6

=�
$!" 2��9 Q����@3���� 34%- ���  4!�$� 4�B@

)Pasqualone et al., 2000(. 26��  3eA��94!� &9 

 O�W.
 ���� ]� �-)�f6 �� ��/52  ,�d � ]V�

 ���9 3���� 34%- �/eY��$� �� �Gd� &9  Q���
 ���!�$


 `�% 
 b$5ISSR .����   

 

94  



                                                                                 2��� �� � �!�4/�kh
 /*ef *�k�]��)�� '���/  '���:^��/ ��\� 1400 

 
 I :3- 3��-��4!� &:$5 &�Q;
�� 52  &FG�H@ ��$@ 34%- =�
$!"�� &��U�� ,��
��� ��� R����� ��H
 K��+ � '��� S  

Figure 3. Dendrogram of cluster analysis of the 52 studied wheat genotypes using farthest-neighbor method and 

simple matching  
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Table 4. Eigen value, variance percentage and cumulative variance for principal coordinates 

Coordinate Eigen value Variance percentage Cumulative variance percentage 

1 1.96 10.94 10.94 

2 1.48 8.22 19.16 

3 1.21 6.75 25.91 

4 1.02 5.68 31.59 
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Figure 4. Distribution of the studied wheat genotypes based on first and second components from principal 

coordinate analysis 
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Abstract 
Due to the importance of genetic diversity especially the necessity to assess the diversity among 

wild relatives of bread wheat (Triticum aestivum L.), the present study was conducted to evaluate the 

genetic diversity of 52 wheat genotypes (49 wild relatives genotypes of bread wheat along with three 

Iranian wheat genotypes) using 10 ISSR and two SSR markers. The results showed that a total of 12 

studied markers produced 145 polymorphic bands with an average number of 11.4 and 15.5 

polymorphic bands and 1.60 and 1.43 effective alleles for ISSR and SSR markers, respectively. The 

ISSR marker 17899A with the highest effective number of alleles (1.8), Nei’s gene diversity index 

(0.44) and Shannon’d diversity index (0.63) was the most valuable marker in this study. Cluster 

analysis method based on simple matching coefficient matrix and farthest neighbor algorithm grouped 

the studied genotypes into five clusters including 10, 6, 24, 9 and 3 genotypes, respectively, and the 

discriminant function analysis also determined the accuracy of this grouping to be 100%. The results 

of principal coordinate analysis (PCoA) also showed that the four most important principal 

components accounted for a total of 31.59% of the total variance. Grouping the genotypes using the 

first and second components with explaining 10.94 and 8.22% of the total variance, respectively, 

divided the genotypes into five groups, so that three Iranian wheat genotypes were placed into one 

cluster. In total, the results showed that the markers used in this study with acceptable polymorphism 

could be introduced as useful and desirable markers for evaluating genetic diversity and differentiation 

of wheat genotypes and possibly other cereals.  

 
Keywords: Discriminant function analysis, Marker index, Polymorphism information content, 

Principal coordinates analysis 
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