
����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	�  ��� /�	!"�	# $%&' 

��� 

(�
# ��	)��*+���, �-�!./ 
	����� *0)* 12.�) ��* ��	3!�* 	� 
	�04.	�. ��*��	�5)� ESTs 

�	6� ���"�$7�	�8 9�0�� :$�;<� =.	�0� ;�>� :$=?�	) ;>* :$@*;� =�A	� ;�2� :$=��	B 7;6� ;�C� :D�

��*��	!E� 0�B* =��D

�;�FG 

# =H0� I�� �-�!./ (�
# I���# ��J
� 1���� �.*;K�� :
06K  L�. :�.	
�� :��� �.*0)* +���, M  :��*�� 12.�) =��� 7	� )1K<O
� �*

�	63P*(�.*;�� :)�*0�K  1K<O
��*(:	K� �)	K-)0�R 0K2.� +K���, LK) � 
�5K) DS�	K4)	, ��*��	K� 5K)� =K>*0� T�	K
� �* �;K  

Expressed Sequence Tags (ESTs) �	�U Medicago truncatula �1��	4)	, ��*��	� 5)� 7*=)	�	
  ���K./ 1.	E�	!B �* �;  M. sativa 

��	)��*;.; .�	K4)	, �	K6G 1K!�� �	KB 1K� 7	K�0U�	WR I�� �* :=�-  ;
G �*5�� � 0J. ���� 
	�;.	� 0�X-# Y)	!. 9	�* 0� EST-SSR 

)AW9, BEE, TC6, TC7 ( ���./ ��*��	� 5)� �	4)	, L) �)AFct32 (-�!./ (�
# I��E# 7*0�+���, �	�� ��K��0� ���K� 12.�) 7	�

 ;.;  ��*� Z�E�# [�	
� .(��2� ��S\�	4)	, I)* 7*0� ]AR +���, �� 	� ; =�	)�� 12.�) 7	� .]AR �*;�# 0K� �� +K���, 0K� 
	�

 �	4)	, =-�!./ (�
# ZH	  � ��� 0�^!� ���	) 	# M  �* �	4)	, +���, �	�� �� 	� �* 	�\D/_	#&`/_; ���R0� .aK�*�� ]��C# � 1)52#

 b	�c�* 9	�* 0� =-�!./EST-SSR +���, �* ]�	B ��� 1� *� =)	-)0�R 02.� +���, :���. 5)	�!� =.*0)* 12.�) 7	� .0KJ. 1K� I)*0�	
�

=� I)* I);A*� 1B ;�� +���, �* b�	3!� 12.�) ; 	� =.*0)* 7	�.+���, :�;  ��� �*0U��;.� 9	�* 0� � 1K� �.*0)* 12.�) 
	� ��0KU �

;.;  ��"<# ��P* .;
!�0U �*08 04)� ��0U �� 
06  d�. � 
�5) :��� 
0�"�0U �	8�* � ��0U d) �� �.	
�� � �.*;�� 
0���0� �	8�*.

��*��	� 5)� T�	
� +��8�� 7	�ESTI�� a�*�� ��0B I �� 7*0� *� 	�04.	�. (�. I)* �* ��	3!�* +���	8 ef	�!>* :��./ �;.�  ;B 1�>	. �� 

+���, =� M)*5�* 12.�) 7	� ;��.

�/*� 
	� 
;��� ::��*��	� 5)� :12.�)EST(Expressed Sequence Tags) :(�
#./=-�! 

1�;<� 

�����)Medicago sativa ( ��
���� �
 ���
� ���� �� �
��� ��

��� ��������  �!�"� ���� #�$% &'( �) *+
 ,
� ��-.% /
$� /


 ��� �012 �
 #�$% �� 3�45� ���� 6� /��789
 :�75� ��; .

/$8)�''� �''� �''���� �84''�=�> $''��� ?$''@ �
 ,�''��A=�6 /�''>

�> ���'�� #'�
 6� � �'B"� �CA$'8�� *'�DE% �'��8� 6� A *4�� 

�./$'8F� �����G'�
� A H';6
 �'+��;6�F I��+ /��G�
� ���$� �6����8+
 J�%$% �� G'�
� �K�6A�G') �HBG'�
� �K�6A�G') KC�' ��B%��� ��� 

���LM
 N8O�M 

P.$�G>AQ(�
K�6A�G) 0�R�R5% =)$�����LM
 ��8+
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             1 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


� ���� ����� ��	
� � 
���	�� ��
� /�	���� /��	� ��� /�	!"�	# $%&' 

��P 

/
$'� $'��� �'�
6� 0S�7'5� �'� 3A�'�% /
$� 
6 �T *��>


 *'+
 ��$') $%��'�� U�� /=�V"M�W�/�6A�G') 6� #�
$��'�� 

�6
� �+�+
 XR� =�� 6
H��(.

*'+
 /=)$� /��+T A ���=� 6A�� ������ �"M
 ���8+��

 �$2 :��; �)�� $� 6� 
6 �
$�
 ��$��)�.(���� =�� ���)�% /�'>

 &�Y �
 �L"8V�Medicago �H; ���+��; �
$�
 6� H�
)Z(�')

 *G') ����'D� /��789
 �� A ���� � �4B� [� � �� �H�� 6�@ ��

$��'+ H'���� A ���'D� �'Y�% �6�'� �'�
6� ��>��� �
��� �� ���T

 �'��� \R! ���� /�>6�G)M. sativa $'E)
 6� �'� �
$'�
 I@�'�� 

�!�"� :�75� �� �
��� �� 6�) A *G) � �+ H�] /
 ��;.

H���"(
$8%�%T ���� �� �����)ZPx =�n =P(�') *'+
 ����� T

 �AHW \R! �/6����+����� [� � ��P^�%_^��G���� HM6� 

�6
�)P`.(a'�Y $@�'� �'� ��G���� �
 [M�W ��>��� bS��O�

 �C �H; � �� 6� 6AT ���� /�> A �8';
� /$8�) 6-� H� �% �[4

�%�� �6
H� �D+��� H;6 =�� �H�T *+� �� /�> .�� $��� ?$@ �


 ��G�$�� ���� �
=�� $@��)\�
$'; A c'�%��C J4'W $'� �)

 *'+
 $'�.8� \�5� (6��4'� ��'�� �'���� ���'� ���G'!
 ��$'� A

�H�� �T ,�96
 #�� 6� /���� �B�8�C d��% �) *+
 �%����A$8>

�� ��;)Z^.(���'% �'� ['�
� ��'>��� 6� N'B�8�C d��% #��] 

��"9
 6� �) ����� �'� H';6 N��'�!
$.Y e"8V� K�> ='�� H'��)

 �6
� ��''YA)�f.(c''�%�)
 g1h''M
 /$��6�'') �''� #�
$��''��

)Ecotype ( ���% /
$� A 3T \�
$'; 6� �') �'���� �'"5� /�>

 �'� �8;�) e"8V� ��
�> *'+
 i"h7'� H��'; .#�'�] ��'YA

 B�8�C ?18�
 [� � �� �) ����� *�O�Y �
$!
 #�� 6� ��$84� �

�� j�L%
 �T ���� H���"(
$8% A ��G�$�� k�'�$� 0�'O �h� �H8!


 �H�l�( 
6 :�75� #�
 *�O�Y ��8�C �����'�� $% *'+
 �'� A

�'+1( ,6C d��% �6�� 6� ,�S 0��1@
 ��$) 
H�( JD+ #��>

 e"8V� a���� �
 �) ����� b�M�7V� �e"8V� ,�96
 /6AT a'�Y

 H�;�� �H;��6
� �+�+
 *��>
 )Pm.(A �'B�8�C 0
$��.% U6�

 �'�� 0��M�7'� ���'�� nVG'� A ����� �"5� ,�96
 d��%

 ����� ���H��) g1M
 �) �$) H>
�� ����
 �8M$! ����T ��
6�

 n��; �� �Y�% �� :�7'5� #�
 g1M
 �� ��� $o� �6�� /�>

 H'��
�$p� $8G'�� �>�'�T A *'9� �'� ��� .]�'+6$� #�'� ���'>

 ����8+6 �
 �B� �
��� �� �) �
$�
 6� b�M�7V� ����� �� A
 /�>

���% A *+
 �H; 6�o�� *+
 ��� ��6
� ����8� �"5� /�>.

*'V�6 0��M�7'� q�'+
 $'� �'���� ,�'96
 d��% �O �h�

 �'� ='�� A �6
� ���� ��S�@ ���� �� �+��; *!�� �8W A �+��;

 � 0��M�7� /$�-($�rs% [� � ��'h�5� \�
$'; �
 �B�C� �!6�

 �+6$� d�� #�
 bS��O� :�'+ 6� #�
$��'�� �*4'�� I'�9� �> /�'>

�''+1( ,6C �''B�8�C d�''�% #�''�O% /
$''� $''��
 �
 �''���� /�''>

tA6 *+
 �H; ���L8+
 �L"8V� � �B �� /�> .$���G'�RAPD 

)Random Amplified Polymorphic DNA ( �''''"�Y �


tA6 �) *+
 � �B"� ,�+$� /�> ['�"5% A �'�=�% 6�'o�� ��

*�O�Y #'�
 *'�O�Y k18�
 ��B�
 �
 �>��T /
$� ����� K�>

 �'��� �� :�75� &�'Y $'��� /�'>Medicago)Pf(#�'�V% �

*�O�Y #�� �B�8�C \�
A6 e"8V� /�>)�_(�G'R� ���% �8W A

����� �B�8�C)�m(*'+
 ���'� �'Y�% �6�'� u.�
 ���L8'+
 �'�


 $���G''�RAPD �''+6$� /
$''� c''�%�)
 *''�O�Y �''�8�C /�''> 

J'+��� �*'�Y #'�
 �� A ��
H� ��G� 
6 /���� 0��1@
 ����� 

*'''+
 �HG'''� �8���''';)PP.(tA6 $'''��� �6
�'''� 6�RFLP 

)Restriction Fragment Length Polymorphism ( #�'�O% /
$�

 �''���� *''�O�Y #�''� �''B�8�C 0
$''��.% A H''���"p�� /�''> 

*''+
 �H''; ���L8''+
 H''���"(
$8%)��AZ�.($���G''�AFLP 

)Amplified Fragment Length Polymorphism(/
$''� =''��

 ����� ,�96
 �����6
)f(�T �'B�8�C �G'R� #��O% A)`(�$�6�')

 *+
 �8;
� .�"� tA6 /H����'+ �'26 /
$'� �H'; $')v /�'>

 0A�L% ��BL% *�O�Y �B�8�C /�> �
$� [� � �� �� ������ /�>

 tA6 #�
 0���B�
 ���� �>$'> �'�
$Y
 ['W
$� ��H'�l�( �� A

/�>$���G''� �tA6SSRs)Simple Sequence Repeats ( �'')

 �6
�>�� =�6)Microsatellites ( �'� �H'���� =�� ['� � �'� H��';

 �'�BL% /
$'� 6�') * ��'+ A �6�'D�> *'�>�� �*9� �*�$+

*''�O�Y ���''�� J''"Y 
6 /$8G''�� �''Y�% ��''���� /�''> H''�
 

)���fAPm.(

�6
�>�� =�6 �'% 6�'�] ��'+ �A� /H'�%�w")�� /�>H'W
A �'>

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             2 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


+���, �F�!./ (�
# ��	)��* 	� �*0)* 12.�) ���� 
	�... 

��Z 

�� �H��; 6
$B% ���% H���� /
(AT)n�� A(CTT)nH�84> 6� �') 

�
A
$'! 6�'@ �'� ��'>��� H���� 0��6�)�� 0
��Y�� ,��C :�@

 �� *!�� /�>H'W
A �0A�'L8� �
H'O% #8';
� ['� � �'� A H��;

 H�>� ��G� 
6 /���� �"B;H�] xH�>� [�BG% .$'�.8� ['� � �'�

 �����Y HW �
 X�� ���� [ T �) �6
�>�� =�6 /�> 6� �
A
$'! /�>

 �� H� �% �����Y $> /
$'� �D'+��� 6
='�
 �>$���G'� #'�
 �H'��)

 H�84'> �
$!
 � �B"� n�VG%)�P.(�6
�>�'� ='�6 a'9
A 6� �'>

 �� �
$!
 #�� \�
A6 #��O% /
$� ���>$���G� 06�'M �� �) H�;��

 �6�D�>)Codominant ( ['��9 0�LM �'� #�H' 
A �
 
6 �'�BL% 

�� y6
 �"�'+A *'�Y #�'�> �� A H�$� �'�! /
$'� H'�T6�) /


 *�O�Y 6�8��+ A �"E� H� �% /�>6�8!6 �'� 3�45� H��'; .�


='�6 6A�'�� ?$'@ A� �W
�'� /H'�%�w")�� � 
�'% �') �����T

 ,��C 6� �6
�>��)Flanking region ( *z�LW 06�M �� bS��O�

 �H;)Conserved ( $> /
$� �� /��Y�� �� #�
$���� �H;�� �
�%

 /�''>$���2T �''W
$@ �''�)Primers (� 
�''% �
 �M�7''8�
 /�''>

 �$���� X�)
A �84�+ I�$@ �
 A �6
�>�� =�6 ?
$@
 �
$��"( /


)PCR(�6
�>�'� =�6 N"B; H�] �e'"8V� 0
��'Y�� 6� 
6 �'>

 &�'Y #�� 0A�L% ���T � �@ ��
H�
 �� �Y�% �� A ���� #��O% ��'>

�''��� �$'') nVG''� 
6 ,�''96
 �''8W A �''>)ZZ.(=''�6 ���)�''%

�6
�>�� ,H'�� H���� �>��� e"8V� 0S�75� 6� 
6 /���� /�>

)Zf({�$� �)_(���+ �)Zm(���$! �Y�� �)�_(�'�1� A)�`(

����� ���+��; ���� ��BL% /
$� �) H�
 c'�%��C A �> #'�
 /�'>

*+
 �H; ���L8+
 ��>���.

�6
�>�� =�6 �]$� I'�$@ �
 ��'>��� /
$'� �H; �!$O� /�>

 �����C ���V��8)(Genomic library) �' A H�84> q��;�� b
$E)
 

:�+ 6� �6
�>�� =�6 �$��
 /�> �'� ����C ���V��8) I�$@ �
 ���>

 tA6CDNA)Complimentary DNA ( ���+��; ��>��� /
$�

�H; XV� �
 �) H�
 A �H'�T *'+� �'� ���'�C �H'; ��'�� /�'> 

EST-SSR)Expressed sequence tags (�� �H���� H��'; .#'�


 �6
�>�''� =''�6 d�''� ���4''B� J�$''| #8'';
� [''� � �''� �''> 

)Probability of identity ( ��S�'� 6��4'� �'�BL% 06H'9 ��')

 b���R84� ��] A H�6
� 6� 
6 N"B; H�] �H��; �4���A6 I@���

 N� ��G� I�9� #��V% ���8� 6� �H�>� 'B"�� d��% �
 /$% 
6 /�$

 �� �>
$! ����$� 6� bS��8W
 �) H��) �+6$� A 0�%�D� g1M
 /�>

 *;
� H�>
�� /$8G�� t�6
 �B�8�C a����)�}.(N'W
$@ ��]

 ��'���Y K��'+
HY H������ �6
�>�� =�6 K�>$���2T #�'�O% A �'>

N 
�% J�%$% �H��) �@�W
 K�> =�6 K�> [�� �) *+
 K�>6
�>��

 A ���=>$( 6��4� �T ��X�
='!
 /
$'� #�
$��'�� u*'+
 $�� *9A

 �6
�>�''� =''�6 �
 ���L8''+
 ��H''; *''z�LW [''� � �''� ��''>

)Conservation (N 
�''% ��''���Y �H''��) �''@�W
 K�''> K�''>

 �'��� #�'� 6� �>$���G� #�
 �
 ���L8+
 :��8W
 ��6
�>��=�6 K�'>

 *+
 �8!$� 6
$9 �
$�G>AQ( �Y�% �6�� 6A� N8W �� A ���=� .

O �h��� ��G� 0�'@�W
 NW
�'� /H'�%�w")�� � 
�% �) *+
 ��


 �����Y xH��) �'��� 6� �6
�>�� =�6 K�> &�'Y �'8W A �'> /�'>

 ��
���� [�
� �'") ��
���'� ��'>��� H'���� �>�'�� K�>)P�(A

0�D)$�)PZ(�H; *z�LW �6
�>�� =�6 #�
 A H�
 �� �> �'� H��
�%

 &�''Y #�''� U$8G''� K�>$���G''� �
�''�� #''�
 e''"8V� /�''>

�����
� H��; ���L8+
 �>��� /�> .:�+ 6� #�'�O% ='�� $'��
 /�>

 �6
�>�'� =�6 �� ��1� ,�96
 #�� �"B; H�] �H'; �'W
$@ /�'>

 J�'+ /
$�)�`(�EST-SSR ,��6�'+ 6� $BG'�� )��(['��9 �

���$!��'V� �6
�>�'� =�6 /�>$���G� ���� ���L8+
)Vicia sp. (

�����Y $�EB% /
$� �6
�>�� =�6 /�> qH'� K
)Lens culinaris (

=�� %s*+
 �H; H��)ZP.(

:�E� �
 $�2 ���
 ���L8'+
 ��'B�
 H'��
� ��G� �) 6��=� /�>

 �6
�>�� =�6 /
$� � �B"� $���G� �
��� �� �>��� ���� �� /�>

 *'�O�Y ���� A �A6� �"B; H�] ih+ #��O% �'��� /�'> /�'>

 ''�6 �
 ���L8''+
 :�''�8W
 ��6
� ��''YA ��''�� �T �''� �''��=� =

�6
�>�� ��
6� ����� /�>M. sativa���� �
 �L�@ 6� �� /�>

 &�Y � �+H�] A � �+)Medicago ( H; X����T=�� .��G� {��8�

 �6
�>�� =�6 �) �
� �'���� ���'�C ���V��8) �
 �H; NW
$@ /�>

�''� /H�A�G''��� ��''B�8�C \''�
A6 ���''��6
 /
$''� H''�
�% /�''>

n�VG''% A �����4'')�% �''��� �p�%�''�C /�''> e''"8V� /�''>

Medicago H��; ���L8+
 )�f.($���G'� �6
�>�'�=�6 K�'> 6� K


 X�'( K
$'� NB�C� �!6�� 0�LM �� �4��R� 6� &��A$'8> N'���

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             3 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


� ���� ����� ��	
� � 
���	�� ��
� /�	���� /��	� ��� /�	!"�	# $%&' 

��� 

#�''� N''91%M. sativa subsp. sativaAM. sativa subsp. 

falcata H�H; �8!$� 6�F ��)Z_.(�>#�'�] �
 ���L8+
 �� #��]

 ���% �
 /�
HO% ����>$���2T I@�'�� �
 �'�
$�
 ����� ���� /�>

 d�'�% $'o� �
 �
H'�> A ��8'+$  ���+
$� ����$) ����LM
 ��=�

 H'�8!$� 6
$'9 �+6$� �6�� �B�8�C)�.(���'!$� ='�� b
$'��
)P(

��'�� �
 �) �
� ��G��f$���'2T *'LY EST-SSR �'� I'"O8� 

M. truncatula �Z^�H'; *'z�LW �'���� 6� $���2T *LY A

�� �
 �
�% ���% #�� �B�8�C d��% 0�O �h� /
$� ���T �'���� /�>

���� ���L8+
 � ��O�.

,�'96
 ��YA A �
$�
 6� ����� �+1( ,6C $���v �� �Y�% ��

 \'+�% ���T NB�8�C d��% ih+ #��O% A N+6$� �6�G) 6� �"5�

tA6 N� $o� �� K6A$| N �B"� K�> H'+6 .A *'9� ~�'5  �'�

 ���G� �Y�% [��9 �"B; H�] �6
�>��=�6 K�>$)�fAPm(='�� A

/�''>$���2T ��T6�'') 0�''Dr
 ~�''5  �''�EST-SSR�''� I''"O8� 

M. truncatula �'���� �'B�8�C d�'�% #��O% 6� )P(#'�
 �'@ �

ih'+ #�'�O% /
$'� �6
�>�� =�6 /�>$���G� �
 ���L8+
 X>AQ(

 *�O�Y 6� NB�8�C d��% �
$'�
 �'�
6� �'���� �
 e'"8V� /�>

 O|A �
 �>��T /
$� *+� �� /
$� �r6
�% $���v #�
 �B�8�C *�

 �'���$� 6� &��A$8> $E)
HW ��6AT ,�'96
 �'��% �W1'M
 /�'>

*!$� 6
$9 �Y�% �6�� �$%$�.

h�� � �*�� 	�

1.��. i*0E!�* � 
�*�0�DNA 

����� ����'�>6 ���
H'�> ���'� �'���� ���'% {�( �
 �>��� /�>

 'B�$�T ����� ���% �� A /�
H.� ���� �/�=� 6� �') $'��6 ���

 a'�Y H'���� �H'; *G) ���LM
 �A=! H��; �%�R�R5% ���84�


 H; /6AT .�HBG'�
� �'�6=� �
 ='�� ��
H'�> �'���� ���'% ��

 �
$�; ���G�
� /�6A�G)����L8'+
 �6�� X>AQ( #�
 6� ���Y�� 

*!$� 6
$9 .����� ���% $> �
Pm�'� ��'�� $> �
 A ���� ����� 

�
�Y �$� {�( /
6
� �9�+ �
H'V� 6� A H'; 3�'V8�
 ���'�8�


 H; [R8�� ���G����T �� ���]���) .��'� �0�7VG� *Dr �
 &(

 a��'� 0�
 �"�'+A �'� �'���
HY 6�@ �� �>��� ����� $> �
 ,$�

 �
$V8''+
 ��''�� �''% A �H''; H''����DNA6=''�$! 6� Com^�

��� H; /6
�.

�
$V8+
DNA ����� �
 '; /6AT a�Y /�> tA6 I'D@ �H

 �%6�(S�)�`(*!$� ,���
 .��$') 6��'( �
 &'( 6�'o�� #�
 ��

����� 6
H'R� �a��� 0�
 6��W 6� ��$� /�>`^^�
 $'8� A$B�� 

�
$V8'+
 $!�'�)100 mM Tris-HCl pH 8.0 �50mM EDTA 

pH 8.0 �500mM NaCl �1.25% (W/V) SDS ( �!�'|
 �T �'�

 0H'� �� ��$) k�"V� �
 HO� A �H;Z^�9� 3T ,�'�W 6� ��'R

,$� Co`^ $> 6� ���A6
A 06�M �� ��
� ��B% �� (��R�9� {�

��� H; /6
� .&p+P^^6S�'� {�( ��+�8( 0�8+
 �
 $8� A$B�� 

�'� ��$') &'B%6A ����r {�( �AHW �
 HO� A �!�|
 ����� $> ��

0H��_��� �� /A6 $� �R�9� H; /6
� .�'� �
$V8'+
 �
 &'( 

,6�!A$") k�"V��[B 
 [��TA=�
 )P�:�(a��� ���A6 A 3�V8�
 

DNA ��
� 3�'+6 ��$'+ ['��(A$(A=�
 �'� ����� $> 6� ��Y�� 

H; .���%DNA ['B 
 �'� �G84; �
 &( f^A �G'� H'M6� 

6� &p+f^^$!�'� $8� A$B�� TE H'��$� ['W .�!�'|
 �
 H'O�

$8� A$B�� �+ ��$) RNaseA (10 mg/ml)�
 �H; ���% *)$'; 

Sigma ����� �6� *��+ �� 0H� �� �> CoZf ��� H; /6
�H�

,6�!A$") �� �
$V8+
 6�� A� &p+ A�06�'M ['B 
 [��TA=�
 

*!$� .a��� :�"5� �����A6 �/^�+ ��H+ 0�8+
 �"M
 ��W 

6S�'''''''�)m/�pH ( �$'''''''+ ['''''''��%
 �'''''''�W A� A

6� C�L�$8��''+ �
 &''( A H''; �!�''|
��^^^�''R�9� 6� 6A� 

)Eppendorf centrifuge 5810R ( 0H'� ���_3�'+6 ��'R�9� 

DNA H�T *+� ��.[B 
 �� �G84; 6�� A� �
 HO�f^A H'M6� 

6� �1''� \�
$''; 6� �H''; �G''��^^ $''hR� 3T $''8� A$B�� 

H; [W $�hR% 6�� A� [�$8+
 .*o"2DNA �
 &'( �'���� $'> 

$8��8!A$8Bp'+
 �'� ��) A �L�) X��+)Beckman DU 530 (

 �AH'W 6� [�$8+
 $hR� 3T �� �XL�� /
6A�� �O;
 X��% *5%

P_H; ��o�% $8� A$B�� 6� ,$����� .

��*��	� 5)� 0�X-# 	�

��'���Y $'�EB% /
$'� ���L8+
 �6�� /�>$���2T *LY ='�6 /�'>

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             4 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


+���, �F�!./ (�
# ��	)��* 	� �*0)* 12.�) ���� 
	�... 

��_ 

�6
�>�� ���% K
 e"8V� aD�� A� �
 X>AQ( #�
 6� ����� /�>

 H'; ���% .'�$� $���'2T *'LY �'+ ��'���Y �'� k� ='�6 /�'>

 �6
�>�'�AFctt1 �AFct32 AAFca11 ���'�C �'��V��8) �
 �')

 H''���� �H''; �''��% �''����)�f(���''� T *)$''; \''+�% 

TIB MOLBIOL H'W 6� �H; I�96 �
 &( A �H; =8�+ P^

X��'��T 6� $'8� A$B�� $'> 6� :���B�( *'!6 6�') �'� /�'> .

�> #��]P�6A��� I@��� �
 �H; �W
$@ $���2T �6
�>�� =�6 

���V��8) �
 �H; ���+��; e'"8V� /�'>cDNA *'z�LW �') 

�6
�>�� =�6 �W
�� $�EB% /
$� ���T � 
�% ��H; �'� ����� K


 tA6PCR ��'� �H'; H��s% )P(*'!$� 6
$'9 ���L8'+
 �6�'�

)X�
� t��6
� $8)� N�
H>
 ��%�'+ �'��� ���G�
� ��'B�$�T .(

 '+6$� �6�� /�>$���2T *LY ,��% 0�7VG� :AH'Y 6� ��

*+
 �H; $)v.

M
B*� �	2.*PCR 

X�)
APCR ����� /
$� ��W 6� �>�_[��; /$8� A$B�� _/�

$!�� $8� A$B�� X�^ ��=���H'�$") /A�W �_�'� �6S�'� �'"�� 

HW
ATaq DNA polymerase)Roche Co., Germany(�ZZ/^

�$���'''2T $'''> �
 6S�'''�A$B��P/^6S�'''� �'''"�� dNTPs 

)Roche Co., Germany ( A_^,$����'� DNA $'> �
 ���'�C 

H; ���% ����� .��H'O� #'2A6 �$'h9 �'� ��$') �!�|
 �
 &(

 �'' �  ��''���� $''> �''� [�$8''+
 $"B��''+��$% ���8''+� 6� �''> 

)Eppendorf master gradient ( ,�'��
 �T 6� �') *'!$� 6
$'9

 X�)
APCR �'� A
 /��'+ *';$+
A �'�$] �'� 06�'M �� 

)Denaturing (6�Co}� 0H� �����'R�9� Z_[��'; �'�$] 

6� �'����r /��+ *;$+
A Co}� 0H'� �'� Z^:�7'%
 ��'���r 

�8;6 �� �>$���2TDNA)Annealing (6�Co_P 0H'� �� �_

0�Oh9 \4� A ����rDNA �H'; =8�'+ )Extention (6�CofP 

0H''� �'�}^6� ���'�� \4''� �'�$] �''� A �'���r CofP �''� 

0H��^��'� �H'; /='�6 ����$� ��R�9� .A :�'@ �'� �'Y�% �'� 

*D4''''�G+C �''''� 0�''''�1@
 q�''''+
 $''''� ��''''>$���2T 

/$%��p��'') 6
=''!
 ,$''� �
 �H''�T *''+�Oligo calculator 

)html.oligocalc/biotools/edu.nwu.basic.www://http(/���

 /�'>$���2T /
$� :�7%
BEE ATC6�Co_� �'8!$� $'o� 6� 

H;.

0S�75� �
 ����� $> �
PCR {�'( 6
H'R� ��H�T *+� ��

�4'� �'�W *D4'� �'� A �H'; 3�'V8�
 $8� A$B�� $!�'� �'� /A

 /6
-'''''�6��)}_H'''''M6� Formamide �^_/^H'''''M6� 

Bromophenol blue �^_/^H'''M6� Xylene cyanolA�^

�"�� 6S��EDTA ( H; k�"V� .k�"V� �
 $8� A$B�� {�( 6
HR�

 H��T [�$)
 �"( :C �>�] �� 6� ����� $>`*;$+
A HM6� 

/A�Wf�6A
 6S�� )���8+�Atto :H'� AE-6220 ( 6
-'�6�� K

*��r C�8 A �� *��+ A� 0H� �� A H;P^^H'��$� �6�!A$8B 
 .

0�'Oh9 ��$') ������ *�YDNA �'� /='��T �'�6 �
 :C 6� 

�$R� 0
$8�� tA6)m(H; ���L8+
.


�	K�R ]��C# � 1)52#)]KAR 
�*jKU �0K�. ��	K)��* � 	K�

��F ;
G(

�>H��� 6��W ,H� �� A 6��W J4W $� [M�W KH��� K�>�� 


 06�M ��&��'�6
A �'�=�% A H'; N'>� ��'�8�
 $L'M A �'� 

,$'� �'� � �B"� 6
='!
 POPGENE 3.2 *'!$� ,�'��
)�f.($'�

 $���R� q�+
Fst *�O�Y KA� �� A� �4��R� 6� ,$'� #'�
 �'� �>

 �'� J�$| �
 ���L8+
 �� A H; �8��+ ���G% ,H� &�$%�� �6
=!


 �''  A)P}(6
=''!
 ,$''� \''+�% ANT SYS-pc 2.02 �''�=�% �

���;tA6 q�'+
 $� [M�W ,
$�A6H�� A ,���
 /
UPGMA 

H; ��+$% .d�'�% n��'; �'� A �"�'; H�] 0��1@
 /
�85�

)PIC ( �
6�'��> A #�8+�� /����G�( :��$! �"�+A ��]PΣpi��[

H; �D+�5�)�^.(:�'�$! #�
 6�pi�'�
A
$! i/
$'� [' T #�'�


 $���G�i/
$� A *+
 n�� ��
� \4� [ T ��;.

Y)	!. 

�
P��
 �H''; �''��% $���G''� cDNA ��''�� e''"8V� /�''> 

M. truncatula*�O�Y ���� 0
$��.% #��O% /
$� �)����� /�>

 $���'2T *'LY *G'> �H; ���L8+
 :BE1 �BE2 �BEA �BEB �

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             5 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


� ���� ����� ��	
� � 
���	�� ��
� /�	���� /��	� ��� /�	!"�	# $%&' 

��` 

��
��

�.
�	


�
��


�
��

�
��


�
�

��
�

��
�

�
��

�
�

�
�

��
��

	�
�

� 
�

�
!

"
 �

�#
�#

�$
%&

�#
��

�
'

	�
()

Lo
cu

s
A

cc
es

si
on

no
.

Fo
rw

ar
d

pr
im

er
R

ev
er

se
pr

im
er

C
or

e
m

ot
if

��
��

��
�	

�

A
L2

A
L3

74
64

4
G

G
C

A
TA

A
C

G
TA

TC
C

G
A

C
A

C
C

TC
A

TC
A

A
TG

G
TC

C
A

C
A

G
C

A
T

(A
T)

22
��

�

�
��
�	
�
��
��
��
���

Si
no

rh
iz

ob
iu

m
m

el
ilo

ti
��
�

A
L5

A
L3

86
40

9
A

A
C

C
TG

G
A

G
G

A
A

TG
C

A
C

C
TA

A
TC

G
C

A
G

A
A

C
G

G
C

TT
TA

A
G

A
(A

T)
13

��

�

�
�

��
�

��
��
�	
�
��
��
��
���

G
lo

m
us

sp
.

��
�

A
W

1
A

W
12

73
39

A
G

A
A

G
C

A
TC

A
C

G
TC

TT
G

C
A

G
TT

G
G

C
A

TA
C

A
A

A
G

G
C

A
C

A
A

G
(T

A
) 1

4
 
!�

�
"
��
#�
��
	�
��
��
��
���

C
ol

le
to

tr
ic

um
tri

fo
li

��
$

A
W

7
A

W
69

66
63

TG
A

G
G

TT
TT

G
G

G
C

A
A

G
A

G
TT

TC
C

A
A

TC
A

TC
C

C
A

C
A

C
TT

TG
(T

TC
) 1

4
�#
�%

�
���
�
�!
�
&�
��
'
�(
)#

�*
�

A
W

8
A

W
69

73
93

TT
G

TT
C

G
A

TC
C

A
TC

A
TC

A
TC

A
C

C
A

A
G

G
TT

C
C

A
TC

TT
C

A
TC

G
(C

A
) 1

0
�#
�%

�
���
�
�!
�
&�
��
'
�(
)#

�+
,

A
W

9
A

W
77

61
53

TG
G

G
TG

G
A

G
G

A
A

A
TT

A
C

G
A

C
C

C
A

C
A

TA
TG

TT
G

C
TG

TT
TC

C
A

(C
A

A
) 1

1
 
!�

�
���
�

"
��
#�
��
	�
��
��
�

C
ol

le
to

tr
ic

um
tri

fo
li

��
,

B
E1

B
E3

19
57

7
G

G
C

C
A

G
C

TG
TG

TA
A

A
G

A
C

A
TT

T
C

C
C

C
A

A
C

A
A

C
C

A
C

A
C

A
A

A
A

(T
A

) 2
7

��

�

�
�-

.
�/
��
���
�

�$
,

B
E2

B
E3

22
14

9
TT

G
C

A
TT

G
C

TT
C

C
C

TT
A

TT
A

C
A

C
C

C
TT

C
TT

C
C

TT
TG

TG
TT

C
A

C
T

(T
C

) 1
6

 
!�

�
0
1�
��
�	
�
�

23
4�
���

Sp
od

op
te

ra
ex

iq
ua

�$
*

B
E5

B
E3

22
95

6
TC

TC
TA

A
A

A
C

TA
C

C
C

G
C

C
A

C
TT

C
C

TC
A

G
A

A
TC

A
A

C
A

A
C

G
C

TC
T

(C
T)

10
 
!�

�
0
1�
��
�	
�
�

23
4�
���

Sp
od

op
te

ra
ex

iq
ua

�5
*

B
E6

B
E3

23
17

3
TT

C
G

TT
TC

C
C

TC
TC

TC
A

C
TC

A
A

G
TT

TG
A

TA
TG

G
G

C
TT

G
A

G
C

A
(C

T)
15

 
!�

�
'
�6
7
18
�4
0
9
4�
���

��
+

B
E9

B
E3

23
95

5
C

A
C

A
C

TC
TC

TC
TT

C
TC

C
G

G
TT

C
TG

TC
G

TC
A

G
TG

G
TG

G
TT

G
TT

A
(C

T)
13

 
!�

�
'
�6
7
18
�4
0
9
4�
���

��
$

B
E1

1
B

E3
24

31
3

A
A

G
A

G
G

TT
A

A
G

TG
C

A
A

A
A

A
C

A
C

A
A

G
A

C
C

A
C

A
C

A
TC

TT
C

TT
C

C
A

TG
A

(T
TA

) 1
1

 
!�

�
'
�6
7
18
�4
0
9
4�
���

��
�

B
E1

5
B

E3
25

41
3

C
A

TC
G

C
TG

TC
G

TT
TT

G
TT

TT
T

A
C

TG
C

TT
C

TT
TG

A
TC

C
TG

C
A

A
(C

T)
10

�#
�%

�
���
�
�!
�
&�
��
'
�(
)#

�*
,

B
E1

6
B

E3
25

49
5

C
A

G
C

C
A

C
A

TT
TT

G
C

TG
TA

A
A

G
A

A
G

TA
A

C
C

TT
TG

A
C

C
C

C
A

G
C

A
T

(T
C

) 1
0

�#
�%

�
���
�
�!
�
&�
��
'
�(
)#

��
5

B
EA

B
E3

15
99

7
G

A
A

A
G

A
A

G
A

TG
G

C
G

G
TT

TC
A

A
C

G
A

G
G

TC
TT

G
C

A
TC

TC
A

G
G

(C
TT

) 1
1/

(G
A

A
) 5

 
!�

�
 
!�
:
�;
<
�

���
�
=
7
�>
?�
��
@&
��
A
B
�C

��
,

B
EB

B
E3

16
14

9
G

G
TG

G
TA

TT
TT

G
A

G
TG

A
TG

A
A

G
G

C
C

TA
A

TG
A

C
C

C
C

TC
C

TC
TC

C
(G

A
) 1

0
 
!�

�
 
!�
:
�;
<
�

���
�
=
7
�>
?�
��
@&
��
A
B
�C

��
5

B
EC

B
E3

16
63

0
C

A
C

A
G

A
G

G
C

A
A

C
TC

C
TC

A
C

A
G

G
G

TC
A

TC
TT

G
TT

TT
G

TC
TC

C
(C

T)
10

 
!�

�
 
!�
:
�;
<
�

���
�
=
7
�>
?�
��
@&
��
A
B
�C

�$
�

B
EE

B
E3

17
65

3
C

A
C

G
A

G
G

C
A

C
A

C
TT

C
C

A
TT

G
TT

G
TT

TG
TG

TC
C

C
C

A
G

G
A

G
(T

C
) 1

7
 
!�

�
 
!�
:
�;
<
�

��
=
7
�>
?�
��
@&
��
A
B
�C

��
��
*

B
EF

B
E3

18
53

5
TC

C
TT

C
G

TC
TT

TT
C

A
TT

TT
C

TC
A

TT
C

C
A

A
C

C
C

TC
TT

G
G

A
C

A
A

A
(G

G
A

) 5
 
!�

�
 
!�
:
�;
<
�

���
�
=
7
�>
?�
��
@&
��
A
B
�C

��
�

TC
1

TC
10

13
0

G
G

G
TC

A
A

A
G

A
A

A
A

A
G

C
C

A
A

C
G

CA
G

A
C

A
CA

A
CT

C
A

A
C

TT
G

A
TA

C
G

(T
TC

) 1
0

�#
�%

�
�-

.
�/
��
���
�

��
�

TC
2

TC
11

27
6

C
C

TT
C

G
TC

TT
TT

C
A

TT
TT

C
TC

A
TT

C
C

A
A

C
C

C
TC

TT
G

G
A

C
A

A
A

(C
T)

10
��

�

�
��
�	
�
��
��
��
���

Si
no

rh
iz

ob
iu

m
m

el
ilo

ti
��
�

TC
5

TC
12

00
8

A
TG

G
TG

G
TA

G
C

G
G

TA
G

C
A

G
T

C
A

C
C

C
TT

C
G

A
A

C
A

TC
C

A
TT

T
(A

TT
) 1

6
��

�

�
��
�	
�
��
��
��
���

Si
no

rh
iz

ob
iu

m
m

el
ilo

ti
��
*

TC
6

TC
12

87
8

C
A

C
TC

A
C

A
C

TC
A

A
C

A
C

A
C

A
A

C
A

A
C

G
C

C
TC

TC
TT

TC
C

G
A

TC
TT

(A
G

) 1
2

�#
�%

�
�-

.
�/
��
���
�

�*
*

TC
7

TC
12

98
5

C
C

A
A

C
A

TC
C

TT
TT

C
C

TT
TC

C
TT

C
TC

TC
C

A
TA

C
C

TC
G

C
TC

A
A

(G
A

A
) 1

3
 
!�

�
0
1�
��
�	
�
�

23
4�
���

Sp
od

op
te

ra
ex

iq
ua

�*
+

A
Fc

t3
2

D
iw

an
et

al
.,

19
97

TT
TT

TG
TC

C
C

A
C

C
TC

A
TT

A
G

TT
G

G
TT

A
G

A
TT

C
A

A
A

G
G

G
TT

A
C

(C
T)

14
D
��

E
�

�<
��F
G
��

�*
�-
��
,

A
fc

a1
1

D
iw

an
et

al
.,

19
97

C
TT

G
A

G
G

G
A

A
C

TA
TT

G
TT

G
A

G
T

A
A

C
G

TT
TC

C
C

A
A

A
A

C
A

TA
C

TT
(C

A
) 1

1
D
��

E
�

�<
��F
G
��

�$
�

�
��
5

A
fc

tt1
D

iw
an

et
al

.,
19

97
C

C
C

A
TC

A
TC

A
A

C
A

TT
TT

C
A

TT
G

TG
G

A
TT

G
G

A
A

C
G

A
G

T
(C

TT
) 9

(C
A

A
) 3

D
��

E
�

�<
��F
G
��

��
�

�
+,

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             6 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


+���, �F�!./ (�
# ��	)��* 	� �*0)* 12.�) ���� 
	�... 

��f 

BEC �AW7 �TC1 ATC5 $'o� �6�'� ��'���Y $'�EB% �'� 6��9 

bS��8W
 �) H���D� �� 
�% ���� 0A�L8� $@�� ��H��) �@�W
 K�>

 ��'���Y �'>)Flanking region ( :�7'%
 ��'���Y A� �'� �'� 6�

 *+
 ���� $���2T .�'� �>$���2T #�
 #�� 6�)}($���'2T)AL5 �

AW8 �BE5 �BE6 �BE9 �BE11 �BE15 �BEF ATC2 ( A� A

���'�C �'��V��8) �
 �H'; NW
$@$���'2TAFctt 1AAFcal 1 �

H��� H����� H� �% [B; �� /�> .K�'>$���2T �'" T d�'�%EST-

SSR  [��;BE16)[ T A�(�AW1)[' T �'+ (AAL2)6�'�]

[ T (#�'� �B�8�C [M
�! �����6
 /
$� �) �
H� ��G� �"�;H�]

 �+1( ,6C H;�� H����+ �> .K�>$���2T �[��R� 6�BEE X; �� 

�['' TTC7 �['' T �''� �''� AW9 �''� ��A ['' T TC6 �''� ��T�['' 

 �
� ��G''� 
6 ��S�''� 6��4''� �"B'';H�] .��''���Y $''�EB% /�''>

 K�>$���G'� �'� N'�
6� �'���� �6
�>��=�6M.truncatula �') �

[ T ��
H�
 ���'� ��'���Y $'> /
$� 6�o8�
 �6�� ���
� 6� b�D�$R% �>

 �6
�>�'�=�6 #�
 �
 ���L8+
 ��B�
 K�'>EST d�'�% #�'�O% /
$'� 

*�O�Y ���� �B�8�C Y �'���� /�'> �>
$'! 
6 �H'; /6AT a'�

*��+ .[' T �') �"'M�! A 6�o8�
 �6�� ��
H�
 A $��H'�> �
 �'>

 *'z�LW /S�'� ih'+ $���'�� �:C /A6 �>H'��� 3�'� *�L�)

 ��H;)Conservation (� 
�% ��'���Y �H'��) �'@�W
 K�> K�'>

 �6
�>��=�6M. truncatula H'�T6�) �') ��'� �'�
6� �'���� 6� 

#�
 ����EST-SSRs /
$� 
6 c�%��C 6� �"B;H�] H� �% /�'>

�� H��s% ����� H�).

$���G� 6��] ��� A
 {��8� #8!$� $o� 6� ��EST-SSR [��; 

BEE �AW9 �TC6 ATC7�6
�>�� =�6 $���G� �
$�> �����% K


 ����C ���V��8) �
 �H;AFct32 d�'�% ���'��6
 /
$'� [' T �� �� 

*�O�Y ���� �B�8�C �L8+
 �6�� ����� /�> 6� �) *!$� 6
$9 ��

 d�'''����`H'''; ���'''��6 [''' T .d�'''�% J�$'''| #�$8G'''�� 

)Diversity index (*�O�Y K
$� ��'���Y 6� �'���� /�'> /�'>

AW9)m`/^(�TC7)mf/^(��'''���Y 6� �T #�$'''8�)ABEE 

)`P/^(H''; �H>�G''� .�''� k�''�$� =''�� �''" T d�''�% #�$8G''��

�����Y /�>TC6 AAW9)��[ T (') N �'W 6� ���� ��'���Y �

BEE *;
� 
6 d��% #�$8�) [ T X; �� ):AHYP.(

[ T �
HO% �
 �����Y $> 6� �$! $> K
$� ��Y�� K�>��%`j$! 

�� � A �$)}f%�
$!
Z�%�$@�'� �'� �') H�8;
� 0A�L8� [ T 

��'� � �'�O� ����� ,�96
 �/Hw��"( ih+ A �8�+����A$8> .A�

[ T���A�^f*�O�Y �
$!
 #�� 6� ��'� U$8G'� �'���� /�>

['' T ��''O� �'' A �''> )��}��^} ��^mA}Z(�''� [''�
� 6�

 *�O�Y 6� �) H�H; �H>�G� *�O�Y *;
H� 6��W $��� /�>

):AHYP.(�6
�>�� =�6 X>AQ( #�
 6� �]$�
 �H�>� ��G� /�>

 �6��� ��4�!6�� �"( K�>)motif (A� A /H'�%�w")�� �+ e"8V�

 ;
� /H�%�w")��H�8 
$B% A�'��T �
 ,
H') $'> /�>6)='�6 :�'@

�6
�>�� (�'"( ��'��
 #�'� �7VG� �h�
6 � A ���� 0A�L8� =��

 �6��� /�>H�%�w")�� �
HO% �� �" T d��% A �4�!6��)�'� ���'%A�

���% �+ (H���� *+� �� �6
�>�� =�6 :�@ =�� A.

�'���� *'�O�Y ['�
� �
$!
 �����6
 6� d�'�% ����'� /�'>

 �Y�% [��9 �B�8�C H�T *+� �� �.�'B�8�C ?18�
 #�
 $E)
HW

 �
$�'; �
 �H'; /6AT a�Y ��
H�> ����� *�O�Y 6�)m�(%A

���B�$�T $��6 *�O�Y 6� =�� �T [9
HW)`Z(%H'; �H>�G'� .

���'�>6 *�O�Y 6� �B�8�C d��% �
=��f�%�'�� �f�%/�='� �

fZ%/$�; ��� �ff%���L'M
 �
 �H'; /6AT a�Y ��
H�> A

m^ %6AT$� ['�
� 6� ��'�� �'B�8�C d�'�% #'�
 ��'YA �) H; �

*�O�Y H���"(
$8% A #G�$�� *O�D@ [� � �� �+6$� �6�� /�>

*+
 6�7% [��9 ����� ����.

tA6 �
 �H'�T *'+� �'� ,
$�A6H'�� q�'+
 $�UPGMA 

)[B;P(
='�� b1��') �A$'� �'� 6� ���B�$�T $��6 *�O�Y �

*!$� 6
$9 .���'� ��88��+ $�
 #�
 [� � 6� �*'+
 $'��6 �'96 

���% N+6$� �6�� ,�96
 ��R� �) N%6�M H�84'> N��'� K�'> .�'�

 �A$'� �'� 6� ��
H�> A ����>6 ,�96
 �,
$�A6H�� #�
 �� �Y�%

 8!$� 6
$9H������ *�O�Y A�'�� *�O�Y �� N�� A K�=� K�>

 �$) 
H�( I"O% $��� �A$� �� �� K$�; .�"'M�! ���'� 0A�'L8�

 ����� �B�8�C =� /�> b�M�7V� A N�� �/� /$�; ��� )6� �')

 �'� 6����'+ ,�'96
 A=Y H��� ���T /6
-���� ���� �Rh�� 06�M

 ��; 3�45� /$�4�$� I@���(#�'�] /�5� �� u,�96
 ��R� �
 �

�� �R 
 �H'D� d��% �� ����� ,�96
 �B�8�C 0
$��.% bS��8W
 �) H�) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             7 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


� ���� ����� ��	
� � 
���	�� ��
� /�	���� /��	� ��� /�	!"�	# $%&' 

��m 

��;,D.�	� +3, 7	
�� 0� =�AR ��*;.* )bp(�	4)	, (�
# ZH	  � ]AR (*�.* � �*;�# :��*��	� 5)� 7	� ��	)��* �� ��	3!�* ���� 7*

+���, =-�!./ =)	-)0�R 02.� � =.*0)* 12.�) 7	� 

$���2T 

�" T ��
H�
)bp(

AFct32 BEE AW9 TC6 TC7 a�Y 

�P_ 

�PP 

��} 

��` 

��� 

�^} 

�^m 

�^f 

�^^ 

}f 

}_ 

}Z 

}^ 

mf 

m` 

m_ 

�Z 

�^ 

P

`Z 

`� 

�P 

�} 

`� 

�_^ 

^

^

^

^

^

^

^

^

^

^

�

�

^

^

Z� 

P^ 

`� 

�Zf 

^

^

^

^

^

�� 

`� 

^

P

�� 

^

^

�^` 

}f 

�ZP 

�`^ 

^

�^f 

P

�^ 

^

m

^

^

��m 

�Pf 

^

^

�PZ 

f

Pf 

�^` 

^

�� 

P

P

�

�} 

f

^

^

P� 

^

^

�P^ 

^

�P� 

^

��} 

ZZ 

^

_f 

�m 

_� 

m� 

P

�m� 

PPf 

�P 

�} 

��� 

Pf� 

Z�� 

�^Z 

��} 

�_� 

�

`} 

PP 

[ T d���� �>Z}f P_� f^_ _Zm _P� P��P 

*�O�Y $> 6� [ T �
HO% }`����}�`

d��% n��; )PΣpi��(ff/^`P/^m`/^m�/^mf/^X= fm`/^

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             8 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


+���, �F�!./ (�
# ��	)��* 	� �*0)* 12.�) ���� 
	�... 

��} 

]-  D.+���, =-�!./ 1O�*� 1� k��0� �*0U��;.� 12.�) * 	� =)	-)0�R 02.� 12.�) +���, 	� =.*0)* 7	� �* ��	3!� 

7	�04.	�. ��*��	� 5)� 7*

�6
� �D+��8� �h�
6 ���T ����!
$.Y.

*�O�Y �) /��YA �� 0A�L8� ��B� A� �
 ��
H�> �96 /�>

 ��� �H'; /6
�$'� �'���� �
$�'; A ���L'M
 ���"9
 H'� �'8W A

0A�L% *�O�Y #�
 �
$!
 #�� 6� �> /�AH5� /�> ['� � �'� �'>

 ; nVG� ����� �8�+����A$8> ���T ���� 6��4� *>�D; � A H

�H��) a��9 [� � #'�
 �'� �H'; ��
� *D4'� ,�'� �8'+6� /
$� /


 *'�O�Y #'�
 �') �$') nVG'� A �
� ��
6
 c�%��C sG'�� �'>

H�6
� �)$8G� /�
HY
.

lC� 

� 
�% ��H; *z�LW �����Y �H��F �@�W
 /�> /�'>EST-SSR 

��''��M.truncatula �''" T d�''�% �''� N''�
6� �''���� 6� A S�''�

��
H�
 �����Y #�
 ��4B� /�> �') ��'�� �>
$'! 
6 �T ��'B�
 ��>

 *�O�Y ���� d��% �'���� /�> ���'��6
 �H'; /6AT a'�Y /�'>

��; ./�'>$���2T \'+�% ���� �� 6� �����Y �� $�EB% ��B�


�6
�>�''� =''�6 06�''M �''� $''��� �''��� /
 6� A 0A�''L8� /�''>

 ����� H���� e"8V� 0S�75�)�f($BG'��)��({�$'�)�Z(

��1�)�`(*+
 �H; t6
=� $��� 0S�75� A.6� �'] $'�

 �� �"B;H�] H� �% �) *;
� �Y�% H��� �>$���2T #�
 �
 ���L8+


 ���� �B�8�C �"M�! X�
=!
 �'� X>�) �> H'���)Z`({��'8� �'�
 �

�
 ���L8+
EST-SSR ���� M.trucatula �
H'O% I'!�� H� �% 6� 

� ����� 6� [ T /���� �>$���G'� #'�
 �') ��'�� nVG� N�
6

�� �'+1( ,6C 0�7VG� #��O% 6� H��
�% �'8W A �'���� /�'>

 H��; ���L8+
 ���T �B�8�C �GR� ���% .�
='�� #�'RR5� �
 ��'O�

�6
�>�''�=�6 �"B'';H�] ��''���Y 6� 
6 �''> /H''�%�w")�� A� /�''>

 �����Y �
 $8G�� �� �/H�%�w")�� �+ /�> H'��
�)ZmAZ}(�' A

 Q( 6� #�� N%A�L% #��] $|�W X>AEST-SSRs HG'� nVG� 

�6
�>�� =�6 �> A���%A� �6��� �� /�>)TC7 ( ���'% �'+ �'> A

)AW9 ( H''��$) H''� �% ��S�''� �"B'';H�] .�''> =''�6 #�''�]

�6
�>�� �6��� #8;
� �� ���> ���%A� /�>)AL5 �BE5 �BE15 ( A

���% �+ ��)AW8 �BEA �BEF ( A H��$) $�EB% [�; �% H���

 H'����� H� �% /$8�) [ T ��)BE16 AAW1 .( $'��� ?$'@ �


 �6��� /�>6
$B% �
HO% #�� �7VG� �h�
6 �>)�6
�>�� =�6 :�@ (

[ T �
HO% =�� A*'�O�Y �'� A *�O�Y �� �
$!
 #�� 6� �> /�'>

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


� ���� ����� ��	
� � 
���	�� ��
� /�	���� /��	� ��� /�	!"�	# $%&' 

�_^ 

HG� 
H�( e"8V� .�H'�H( #8!$� $o� 6� �� �
$�G>AQ( �
 ��O�

Slipped- strand mispairing)P_(6�/6
�$''� �V4''� �''@ 

DNA �� �
��� [��@ �� �) H��) ��6
�>�'� ='�6 :�'@ ���'� $'%

 �'� X�
=!
 �"B;H�] �
=�� H'���)P���PA�Z.(�'� a'9
A 6�

 �6
�>�'� ='�6 6� ���+�%�� d�9A ���� :��8W
 [� � A H'�"� /�'>

 �6
�>�'� ='�6 �'� *D4'� �'��T 6A�'�� �W
�� ='�6 ���'%�) /�'>

�6
�>�� % �
HO% �� /�> c'�%��C =��'�% 6� ��'�� �6�'�� 6
$B A �'>

 H'�6
� /$8G'�� 06H9 �,�96
)�P(/
$'� �8�O'|A #�'�] �'8D 


EST-SSR X>AQ( #�
 6� ����� ,�96
 ��BL% 6� ���L8+
 �6�� 

HG� nVG�.

*''�O�Y �
$''!
 ���''��6
 6� ih''+ ��''O �h� �6�''� /�''>

 *'�O�Y �8�'+����A$8> �''� *D4'� �
$'�
 ���'� �'���� /�'>

 6 *�O�Y �� ��G� �) ��� $%S�� ���B�$�T $�� �'���� H>� /�'>

 �'���$� 6� �') #'�
 ['� � �'� ��
$�
 6
$'9 0�'%�D� g1'M
 /�'>

�8!$�� H�
 �� A H�6
� /$% d��8� �B�8�C ����� �/
$� ���T �
 �
�%

 c�%��C 3�V8�
 ���L8'+
 H'�HY ,�96
 H� �% 6�o�� �� d��8� /�>

�$) .*'�O�Y 6� $8�) �" T �"B;H�] ='�� A ���'B�$�T $'��6 

��
$�
 ,�96
 �
 �T nVG� �B�8�C �"M�!)[B;P($'� �']$�

 �� H�)s% ����� �96 #�
 ���� ��88��+ �'� :�W $> �� � A �H�)

 �� $o� 6� �'%
�6
A ���'B�$�T $'��6 6-� �� A
 ��"� �) H+6

 :�'@ 6� bS��8W
 A *+
 ��$) 
H�( �%
$��.% �
$�
 ��
6� \�
$;

 � �%T ���� c�%��C �� $8G�� �B�8�C ��8V��T [� � ��'���� /�>

�$) H>
�� 
H�( /$8G�� d��% ��
$�
.

���'�!
$.Y �HD� �� �Y�% �� ��
$�
 �+6$� �6�� ����� ,�96


 8;
� nVG� �B�8�C �"M�! ����H��'� $'o� �'� A='�6 H'+6

�6
�>�� �'B�8�C d�'�% H�;�� �84�
�% ���� �� ���L8+
 �6�� /�>

 � [��9�oW1 :H'8O� I@�'�� ,�'96
 #�� /
 A ��
H'�> H'���� $'%

 nVG'� /$�'; �'�� A /�=� ���� /$�4�$� ,�96
 �� ����>6

H����� .c'�%��C �����6
 �� �
�% �� �) �%6�M 6� A $8G'�� /�'>

d��8� X����T #�
 ���"9
 $o� �
 $% bS�'�8W
 ���'�� 6
$'B% 
6 �'>

 ,�96
 �B�8�C 0
$��.% #�� �D+��� �h�
6 �'��T ���'�!
$.Y �HD� ��

 ����� �� ,�96
 N��+��; 6� �) H; H>
�� 
H�( d�'�8� �B�8�C /�>

 �6
� *��>
 �B�8�C $%6A� �"M�! /
6
� A.�8!�� #��] b�OD@ ���>

 A ��
� X�
=''!
 
6 �
$''�
 6� �>�''�� d�''�% *�O''|A �
 �>�''�T

 ��� *�$�H� /
$� 
6 �%��1@
 $'�.8� a��'�� #�
 �
 i�5M /6
�

8�C �+1( ,6C �
$R�
 �
 /$���"Y /
$� �B� H'>
�� �>
$'! �>

*��+ .

['��9 ='�� ���'�>6 A ��
H'�> ,�96
 �B�8�C [M
�! �B��=�

 b
�H�� A ��� �Y�% %sc�%��C �) ���� H�� I@�'�� �'� I"O8� /�>

:H8O� ����� �/$�; ��� H���� /$�4�$� ,�96
 �� $% �B�8�C /�>

 �� ���T �
 �) H�6
� �L"8V� H'�HY H�$D�> ,�96
 ����
 /
$� �
�%

 �$) ���L8+
 S�� &��A$8> �� .�'8!�� �'� �Y�% �� J"h� #�
 /�'>

 �� H�)s% �) �"D9 �
='�� �
 a'�
�Y #�'� &��A$8> �
=�� �H����

 *+
 $8G�� a�
�Y [�
� &��A$8>)Z�(�
 #�H 
A 6HR] $> A

�6A� uH�;�� $%6A� ����!
$.Y �Rh�� A �B�8�C $o� W /�> [M�

 ��''� H''�>
�� /$8G''�� &��A$''8> /
6
� �''��T �''91% �
)P^(u

�6
� *''��>
 .��''�� �
 #�H'' 
A 3�''V8�
 �''� �''Y�% #�
$��''��

*�O�Y �'���$� 6� ���'�>6 �'� ��
H'�> ='�� A /$�; ��� /�>

 �'� /6AT��� $8G�� 
6 ���� ����� g1M
 H'�) .#'�
 $'� H'�)s%

 �X>AQ'( #'�
 6� �') �6
� *'��>
 *'�Y �T �
 J"h� #�'�O% 

/�>$���G'� q�'+
 $'� ����� ,�96
 �B�8�C �"M�!EST-SSRs 

H) I@��� �
 �) *+
 �8!$� 06�M�H��;�H; ���% ,��C H'�
 A

�� *� �O! H��
�% 
6 �p�%�'�! 0
$��.% ��
�
 6� A �B�C� ��� /�>

 H���+ =���8�)�}(��H'�T *'+� �'� 0��1@
 #�
 �) /6�@ ��

*>�D; 0A�L% A �> ,�'�C /�'> *'�O�Y �$'B"�� $'o� �
 
6 �'>

�C �'� ��
6
 ���T /�> H'>� .���'8� &��A$'8> �H'�H( 6� b
$>�'z

[ T #'�
 �'F H�6
� [��R8� $�rs% �> /A6 $� #�H 
A �
 d��8� /�>

 �� ���C� �!6�� 0�LM ��D�� ���� $�r�% A ���'+��; 
-  ���$�

��� *�O�Y /6
� �'> �
 ��'�� �'��8�C �"M�! �� ����� /�>)�'�

 �;�� ��=�% {��8� �� �Y�% /
(��'8� H'� �% /
$'� *+
 #���

 H';�� /6A$| $%$�)}�Z_A��.(6� �') �'�C 0
$'��.% #'�


 �� $>�o% #�H 
A 6� �� A �>H�$D�> �H'�T ��'YA �'� ���� �H���

 �� �>H�$D�> 6� &��A$8> ��; .��'���Y #�
 b�OD@ J'�)$% /�'>

 '> �B�C�' �!6�� 0�L'M �� b���R84� $�
 �H; H�';�D� \D%$'� �

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


+���, �F�!./ (�
# ��	)��* 	� �*0)* 12.�) ���� 
	�... 

�_� 

�� *� �O! /A6 H��
�% �6
-�� $�rs% �B�C� ��� /�> .�'� �'Y�% ��

�C ��''�� X''R� ���''� �''+�+
 �''� �'') &��A$''8> �A$''� 6� �''>

 �=���'( A 6�'�� 6� �H'�� H';6 ['E� �B�C� �!6�� *�M�7�

 �6
� k�D%6
 ����� 6� �$B"�� A d�L%6
 �N+6�A�)Z_(bS��8W
 �

8�C /�>$���G� �
 ���L8+
 �����Y �
 �� A �!��7% 6�@ �� �) �B�

 �6
�>�� =�6 �H; 3�V8�
 ����C /
 H�
 ��� ��$') 
H'�( 6� H'�
�%

 H';�� I!�� �8�+����A$8> A �B�8�C [M
�! #�� �D+��� �h�
6.

*�49 H) $�2 /�> �H��; �'� #�H' 
A 6� �"��R8� $r
 ���� ��> 

��� ��YA H;�� &��A$8> �H�H( /���� �)H�6AT�$���� ['��9 #�


 /�>$���G� �
 ���L8+
 �� 
$] �) *+
 ��!AFLP ASSR �h�
6 

HG'� 
H'�( &��A$'8> A �B�8�C [M
�! #�� �7VG�)Z_.(6�

�C [��R8� $r
 6� ��C ���� ,A=  �� �Y�% �� �[��R� 6� #�H 
A /�>

 &��A$8> /
$� ��8�)��(�
 ���L8+
EST-SSRs #'�
 ['� � ��

*�49 :�75� �)H') /�> '; �H�� #�'�V% 6� *'+
 ���'�C 

�+1( ,6C �B�8�C �"M�! �Rh�� �> �'� 0��1@
 A ��� H>
�� $%

 ,6C �B�C�' ��� 0��M�7� �� $8G�� j�Dh�
 [� � �� �H�T *+�

�+1( *+
 $%H�L� ����� �W1M
 /=�6 ����$� /
$� �>.

�
 X>AQ'( #�
 6� ���L8+
 �6�� /�>$���2TcDNA ,
H'�
 /�'>

$� ��G�6 e"8V� �9�'+ A �M. truncatula *'+
 �H'; �'��% 

*� �O! �]$�A �6
�>�'� ='�6 �W
�'� �'�C /�'> 1��') �'��T /


 *'� �O! 6� /�'5� �'� ��'] �' A �*4'�� �H'; �8���; /�'>

 �� �*+
 $r�� ���� �B�C� ��� d�'�% #'�
 �') ��'� 6
AH��
 �
�%

*� �O! c�%��C ��84�� /�> ��'+ =���8� 
6 ����� e"8V� /�>�.

H�]$> �6
�>�� =�6 /�>EST-SSR �A='�
 ��W�� �
 �) )Exon (

 �� *+� ���6
�>�'� ='�6 �'� *D4'� bS�'�O� �H�T ���'�C /�'>

 H�6
� /$8�) �"B;H�])�ZA�^(�$'�EB% *'�"��9 ��'] � A 

�����Y ���� 6� ���T /�> *'+
 �H'; 0�'Dr
 �'> �� ���=� /�>

)�^(�''� d
�''�
 /H''�� �''RD@ 6� �''��T �
 �''8W
6 �''� �
�''% ,6C 

�+1( ���� /�> ���� ���L8+
 &�Y �> /�> .=�� X>AQ( #�
 6�

 ��''���Y �''] $''�
 �''�W�� �
 �''L"8V� /�''>EST-SSR ��''�� 

M.truncatula *�O�Y �
$!
 6� $'�EB% �O �h� �6�� ����� /�>

 H;)�f�
 �����Y P��'+6$� �6�� �����Y (�
H'O% \'R! �' A

 ���T �
 /�AH5�)�����Y 6��] (� �"B;H�] �
� ��G'� 
6 ��S� .

�"� �����Y #�
 �) ���� �Y�% H��� ��
HO% *��AH5� #�
 �26 �>

���V��8) �
cDNA,
H�
 �9�+ A �$� H���� �G�A6 /�>):AH'Y

�(6� A H�H; 3�V8�
 ��6
� *R��h� �B�C� �!6�� 0�LM �� �)

 H���� H�T6�) 6��4� � ��O� ����� ,�96
 �B�8�C [M
�! �����6
 .

�� 
�% �6
�>��=�6 #�
 �
 �/�>EST �6
�>�'� ='�6 /�Y ��/�'>

 H'���� �'���� ,�'96
 ���'��6
 /
$� �H; ��M�% ����CAFct32 

)�fAPm(�'h�
6 �) ��� 6
AH��
 A �$) ���L8+
 ['M
�! #�'� /


 ���� 
H�( &��A$8> �H�H( A ,�96
 �B�8�C .�
 /�
H'O% 3�'V8�


 �HD� A �B�8�C [M
�! �� ����� ,�96
 /
$'� e'"8V� ���'�!
$.Y

 ['M
�! �� ��8� &��A$8> �h�
6 ��YA � ��8W
 �+6$� A �91%

 /�>$���G''� �
 �H''�T *''+� �''� �''B�8�CEST-SSR �''"�Y �
 �

�''���$� *''+
 �H''��T �%�''R�R5% /�''> .#�''�] #8!�''� 06�''M 6�

�h�
6 �� /
 /�>$���G'� �
�%EST-SSR #'�
 6� �H'; �'!$O� 

J+��� $���G� 06�M �� 
6 X>AQ( =�� A #�H 
A n�VG% 6� 

�$� 6�) �� ����� �W1M
 ����$� 6� J+��� /�>H�$D�>.


�*54�	m� 

���L'M
 �8O�'M ���G'�
� \'+�% j�'! �G'>AQ( g$'@ ���=>

�� /6
=�+�p+ �"�+A #�H� �F *+
 �H; *�
�$( ��;.

��	
� ���� ��	3!�* 

�., ��
$D�� �8W1!.d �.
., ��GDW .q �����LM
 .
./H�5� 3 A.�|�� �$9.�ZmP.*'�O�Y �'�8�C d�'�% �+6$� �'�
6� /�'>

�6
�>��=�6 /�>$���G� �
 ���L8+
 �� ��
$�
 �����."� X���> #���+ 0S�R� �������/C� ��B%��� �H�G� �+A�$! ���G�
�.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


� ���� ����� ��	
� � 
���	�� ��
� /�	���� /��	� ��� /�	!"�	# $%&' 

�_P 

P.A �,HR� ���!$� .�ZmP .*'�1% �'+ A$B�� �4�! 6�� �"( ����
 ����
�% A ��H; *z�LW 
H'O% 6� /�'> �'��� �
 /� �'O%$� /�'>

 ��
����Leguminosae�
$�
 .H;6
 �+��;6�) ���� ����( /�6A�GF /C� ���%����/�6A�G) �HBG�
� ����LM
 �8O�M ���G�
� .

Z.U �6
�V�2 .�Zf` .&�Y ��%��84�+ ��� A ��%��84�+Medicago L. �
$�
 .H;6
 �+��;6�) ���� ����( �'+��; ������HBG'�
� 

,�"�.��G�
����LM
 �.

�.����$) >.�Z`}.�����.�
$�% ���G�
��>��G�
� $G� =)$� �.

5. Ahn, S. N., Y. K. Kim, H. C. Hong, S. S. Han, S. J. Kwon, H. C. Choi, H. P. Moon and S. R. McCouch. 2000. 
Molecular mapping of a new gene for resistance to rice blast (Pyricularia grisea Sacc.). Euphytica 116: 17-22.  

6. Barcaccia, G., E. Albertini, S. Tavoletti, M. Falcinelli and F. Veronesi. 1999. AFLP fingerprinting in Medicago spp.: 
its development and application in linkage mapping. Plant Breed 118: 335-341. 

7. Barcaccia, G., N. Tosti, E. Falistocco and F. Veronesi. 1995. Cytological, morphological and molecular analysis of 
controlled progenies from meiotic mutants of alfalfa producing unreduced gametes. Theor. Appl. Genet. 91: 
1008-1015.  

8. Bassam, B. J., G. Caetano-Anolles and P. M. Greesshoff. 1991. Fast and sensitive silver staining of DNA in 
polyacrylamide gels. Anal. Biochem. 19: 680-683. 

9. Bingham, E. T., R. W. Groose, D. R. Woodfield and K. K. Kidwell. 1994. Complimentary gene interactions in 
alfalfa are greater in autotetraploids than diploids. Crop Sci. 34: 823-829.  

10. Botstein, D., R. L. White, M. Skolnick and R.W. Davis. 1980. Construction of genetic linkage map in man using 
restriction fragment length polymorphisms. Am. J. Hum. Genet. 32: 314-331. 

11. Brummer, E. C., G. Kochert and J. H. Bouton . 1991. RFLP variation in diploid and tetraploid alfalfa. Theor. Appl. 
Genet. 83: 89-96.   

12. Chambers, G. K. and E. S. McAvoy. 2000. Microsatellites: consensus and controversy. Compar. Biochem. & 
Physiol. 126: 455-476. 

13. Cho, Y. G., T. Ishii, S. Temnykh, X. Chen, L. Lipovich, S. R. McCouch, W. D. Parl, N. Ayer and S. Cartinhour. 
2000. Diversity of microsatellites derived from genomic libraries and GenBank sequences in rice (Oryza sativa 
L.). Theor. Appl. Genet. 100: 713-722. 

14. Cordeiro, G. M., R. Casu, C. L. McIntyre, J.M Manners and R. J. Henry. 2001. Microsatellite markers from 
sugarcane (Saccharum spp.) ESTs cross transferable to erianthus and sorghum. Plant Sci. 160: 1115-1123.    

15. Crochemore, M. L., C. Huyghe, M. C. Kerlan and B. Julier. 1996. Partitioning and distribution of RAPD variation in 
a set of populations of Medicago sativa complex. Agronomie 16: 421-432. 

16. Dellaporta, S. L., J. Wood and J. B. Hicks. 1983. A plant minipreparation: Version II. Plant. Mol. Biol. Report  
4: 19-21. 

17. Diwan, N., A. A. Bhagwat, G. B. Bauchan and P. B. Cregan. 1997. Simple sequence repeat DNA markers in alfalfa 
and perennial and annual Medicago species. Genome 40: 887-895.  

18. Echt, C. S., K. K. Kidwell, S. J. Knapp, T. C. Obsorn and T. J. McCoy. 1993. Linkage mapping in diploid alfalfa 
(Medicago sativa) Genome 37: 61-71. 

19. Eujayl, I., M. E. Sorrells, M. Baum, P. Wolters and W. Powell. 2002. Isolation of Est-derived microsatellite markers 
for genotyping the A and B genome of wheat. Theor. Appl. Genet. 104: 399-407.   

20. Falconer, D. S. 1980. Introduction to Quantitive Genetics. Ronald Press, N. Y. 
21. Grist, S. A., F. A. Firgaira and A. A. Morley. 1993. Dinucleotide repeat polymorphisms isolated by polymerase 

chain reaction. Biotechniques 15: 304-309.   
22. Jenczewski, E., J. M. Prosperi and J. Ronfort. 1999. Differentiation between natural and cultivated populations of 

Medicago sativa (Leguminosae) from Spain: analysis with random amplified polymorphic DNA (RAPD) 
markers and comparison with allozymes. Mol. Ecol. 8: 1317-1330. 

23. Kijass, J. M. H., J. C. S. Fowler and M. R. Thomas. 1995. An evaluation of sequence tagged microsatellite site 
markers for genetic analysis within citrus ans related species. Genome 38: 349- 355. 

24. Kresovich, S., A. K. Szewc-McFadden, S. M. Bliek and J. R. Mc Ferson. 1995. Abundance and characterization of 
simple-sequence repeats (SSRs) isolated from a size-fractioned genomic library of Brassica napus L. (rapeseed). 
Theor. Appl. Genet. 91: 206-211. 

25. Lordion, K., B. cournoyer, C. Goubely, A. Depeiges and G. Picard. 1998. Length polymorphism and allel structure 
of trinucleotide microsatellites in natural accessions of Arabidopsis thaliana. Theor. Appl. Genet. 97: 591-604. 

26. McKersie, B. D. 1997. Improving forage production system using biotechnology. In: Mc Kersie, B. D. and D. C. 
Brown (Eds.), Biotechnology and the improvement of forage legumes, CAB International, Oxon, UK. pp. 3-21. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html


+���, �F�!./ (�
# ��	)��* 	� �*0)* 12.�) ���� 
	�... 

�_Z 

27. McCoy, T. J. and C. S. Echt. 1993. Potential of trispecies bridge crosses and random amplified polymorphic DNA 
markers for introgression of Medicago daghestanica and M. pironae germplasm into alfalfa (M. sativa). Genome 
36: 594-601. 

28. Mengoni, A., A. Gori and M. Bazzicalupo. 2000. Use of RAPD and microsatellite (SSR) variation to assess genetic 
relationships among populations of tetraploid alfalfa, Meddicago sativa. Plant Breed. 119:311-317. 

29. Nei, M. and W. H. Li. 1979. Mathematical model for studying genetic variation in terms of restriction 
endonucleases.  Proc. Natl. Acad. Sci. USA 76:5269-5273.  

30. Obsorn, T.C., D. Brouwer and T. J. McCoy. 1997. Molecular marker analysis of alfalfa PP: 91-109. In: Mc Kersie, 
B. D. and D. C. Brown (Eds.), Biotechnology and the Improvement of Forage Legumes, CAB International, 
Oxon, UK. 

31. Ordas, A. 1991. Heterosis between American and Spanish populations of maize. Crop. Sci. 31: 931-933. 
32. Pardian, A., F. Rebecca and P. W. J.Taylor. 2000. Transferability of sequence tagged microsatellite site (STMS) 

primers across four major pulses. Plant Mol. Biol Rep. 18:395-395. 
33. Powell, W., M. Morgante, C. Andre, C. Hanafey, J. Vogel, S. Tingey and A. Rafalski. 1996. The comparison of 

RFLP, RAPD, AFLP and SSR (microsatellite) markers for germplasm analysis. Mol. Breed. 2: 225-238. 
34. Pupilli, F., S. Businelli, F. Paolocci, C. Scotti, F.Damiani and S. Arcioni. 1996. Extent of RFLP variability in 

tetraploid populations of alfalfa, Medicago sativa. Plant Breed. 115: 106-112. 
35. Riday, H., E. C. Brummer, T. A. Campbell, D. Luth and P. M. Cazcarro. 2003. Comparison of genetic and 

morphological distance with heterosis between Medicago sativa subsp. sativa and subsp. falcate. Euphytica  
131: 37-45. 

36. Roa, A. C., P. Chavarriaga-Aguirre, M. C. Duque, M. M. Maya, M. W. Bonierbale, C. Iglesias and J. Tohme. 2000. 
Cross species amplification of casava (Manihot esculenta) (Euphorbiaceae) microsatellites: Allelic 
polymorphism and degree of relationship. Am. J. Bot. 87: 1647-1655.   

37. Roder, M. S., J. Plaschke, S. U. Konig, A. Borner, M. E. Sorrells, S. D. Thanksley and M. W. Ganal. 1995. 
Abundance, variability and chromosome location of microsatellites in wheat. Mol. Gen. Genet. 246: 327-333. 

38. Rongwen, J., M. S. Akkaya, A. A. Bhagwat, U. Lavi and P. B. Cregan. 1995. The use of microsatellite DNA 
markers for soybean genotype identification. Theor. Appl. Genet. 90: 43-48. 

39. Saghai Maroof, M. A., R. M. Biyashev, G. P. Yang, Q. Zhang and R. W. Allard. 1994. Extraordinary polymorphic 
microsatellite DNA in barley: species diversity, chromosomal locations and population dynamics. Proc. Natl. 
Acad. Sci. USA. 74: 5463-5467. 

40. Scott, K. D., P. Eggler, G. Seaton, M. Rosetto, E. M. Ablett, L. S. Lee and R. J. Henry. 2000. Analysis of SSRs 
derived from grape ESTs. Theor. Appl. Genet. 100: 723-726. 

41. Segovia-Lerma, A., R.G. Cantrell, J.M. Conway and I.M. Ray. 2003. AFLP-based assessment of genetic diversity 
among nine alfalfa germplasms using bulk DNA templates. Genome 46: 51-58. 

42. Smulders, M. J. M., G. Bredemeijer, W. Rus-Kortekaas, P. Arens and B. Vosman. 1997. Use of short microsatellites 
from database sequences to generate polymorphisms among Lycopersicon esculentum cultivars and accessions of 
other Lycopersicon species. Theor. Appl. Genet. 97: 264-272. 

43. Thomas, M. R. and N. S. Scott. 1993. Microsatellite repeats in grapevine reveal DNA polymorphisms when 
analyzedas sequence-tagged sites (STSs). Theor. Appl. Genet. 86: 985-990. 

44. Sun, Q., L. Wu, Z. Ni, F. Meng, Z. Wang and Z. Lin. 2004. Differential gene expression patterns in leaves between 
hybrids and their parental inbreds are correlated with heterosis in a wheat diallel cross. Plant Sci. 166: 651-657. 

45. Vosman, B. and P. Arens. 1997. Molecular characterization of GATA/GACA microsatellite repeats in tomato. 
Genome 40: 25-33. 

46. Yamamoto, T., T. Kimur, Y. Sawamura, K. Kotobuki, Y. Ban, T. Hayashi and N. Matsuta. 2001. SSRs isolated 
from apple can identify polymorphism and genetic diversity in pear. Theor. Appl. Genet. 102: 865-870. 

47. Yeh, F.C., R.C. Young, B. Timothy, T. B. Boyle, Z.H. Ye and J.X. Mao. 1997. POPGENE, the user-friendly 
shareware for population genetic analysis. Mol. Biol. Biotech. Cent., University of Alberta, Canada.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
11

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.11.8
https://iutjournals.iut.ac.ir/jstnar/article-1-549-fa.html
http://www.tcpdf.org

