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Abstract 
The aim of this study was to investigate the genetic structure of Iranian native horse breeds to compare genetic diversity and understanding 
the relationships between the populations using 11 ISAG microsatellite markers. For this reason, 565 samples of the Iranian Equestrian 
database from different ages including the Iranian Arab Asil, Caspian, Darehshouri, Kurdish and Turkmen and 113 samples were used for 
each breed. The number of observed alleles for each locus was 7 to 19 alleles with an average of 10.81 alleles, and it was 19 for ASB17 and 
7 for HTG4 locus with the highest and lowest observed alleles ranking respectively. The average observed heterozygosity from the largest to 
the lowest rank was, Turkmen (0.68±0.11), Caspian (0.67±0.07), Kurdish (0.66±0.06) Darehshouri (0.65±0.07), and Arab Asil (0.62±0.08). 
Population structure analysis with UPGMA method showed that Caspian and Kurdish populations were grouped as a unit cluster while the 
other populations grouped as a separate cluster. These results confirmed this hypothesis that the Caspian and Kurdish populations are close to 
the Nisa horses. In general, the results of this study indicate that the Iranian native horses have got a high genetic diversity, despite of 
populations have genetic similarity and the other hand genetic clustering of the populations is consistent with their geographic distances. The 
result of this study shows that the ISAG microsatellite markers are polymorphic and have more efficiency for assignment genetic diversity 
and genetic structure analysis of Iranian native horse breeds. 

 
Keywords: Genetic diversity, genetic structure, Heterozygosity, Iranian native horse breeds, microsatellite markers. 
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[4] 144 -164  24 AHT4  
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[24] 87-105 30  VHL20  
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HTG10 12 74/4  02/0  04/0  02/0  75/0  78/0  76/0  78/1  

HMS3 8 53/4  01/0-  03/0  05/0  75/0  78/0  74/0  67/1  

ASB17 19 45/6  00/0  03/0  02/0  81/0  84/0  83/0  21/1  

Mean 81/10  88/4  01/0-  02/0  03/0  76/0  78/0  76/0  77/1  

St.Dev 48/3  88/0  01/0  02/0  01/0  04/0  03/0  04/0  02/0  

����5� ?�@ �)�,�  ��
(N) #HI� ?�@ �)�,� "(Ne)J� 34#K "  !%+.(Fis, Fit, Fst)����5� !�/0+B4&�#�� "  ��
(Ho) ��L�%)��+� !�/0+B4&�#�� "(He)"  �)+���

 !-2
�MN ;� G')(PIC)  �+%�
 O.�
 �(I). 
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�����  &�I
# %��,�9): ����� ���� 8  &��

 !� �#�$��� �� ���	: ��? ��(?14 %�(� �,  ��������+
�

 2	��#PIC 2� 8�#  �� 8�9): �# ���S652/0  PA@�G� 

]13[ 2Z�� o>�� �# .M1S  8�9): �# �
���	G M��> &��

�����#��� ��� �5  %�+�� ��G��PIC .#�� ����� �5c��  �#

291�b�  &�� 2?� ��  P�*��  �O��? #��� &��G �M1S  !� ��

�G  �512  � #�� ��e��2� ��B   �I����69/8  2� M1S  &�!�

�G ����(� ��I
�: �� ����� �# .  �I���� ��?r�M1S 

�pw������I
!���� � ����(�  ���;���#��� � ��GPIC � 

Fis 2�  �� ����� �5�586/5 �52/0 �82/0 �80/0  �36/0 

�# 2? �G ]��+,  �� 2�
�3������  !� �`�.4�	5 

 ������ ��#�� ��#����� �
c��]20[ .291�b� �#  �I
# &�

2? � &���  L�@ &��� 2
���8=�, P�*��  ��I
�:

ASB17 s��G &���  #��95 &��M1S �pw� �

����(� �����I
!����  � ��;���#��� � ��GPIC  &���#

��� �5�� 2? #�� �
#�3�  
 �`�. �����  ��I
�: &���

 ��?r�83��b� ��## ]12[ �# .�����  ��?r� � �#�$��� ��

 !�16 %�(� �,  #��95  �I���� ��������+
�M1S ����(�  ���G

M1S �pw�����(� �����I
!���� �  � ��;���#��� � ��G

PIC  &���#��� �5�� 2? #�� �
#�3�  
 �`�. ����� 

 ��I
�: &��� ��?r�83��b� ��# .# #��95  �I����M1S 

����(�  ���GM1S �pw� �����(� �����I
!����  � ��G

��;��� #���  �PIC 2� �5�5  �� �����6/5 �7/3� 69/0 �

71/0 �65/0  �G ]��+,�� %�(� 2? ����� 4�	5 ��# �

�� L�@ &��  �# %��
������ �`�.  ���  L�@ &��

2
���  !� ������ 4�	5�5��$��  ��#������	���.  

   2�����Structure ���� ������ ����� 8j: � ��

�#�# 2@�)*� �# �I�F��S �� &�� 2� ���� &��  ��?

.�G 2�=�,  
� 2� 2:�5 �� 2� 2?  � ��#��� #��95 [�># ��B

 �)� �
! ��B8�9): 2��)� &��� ��  &�������#���   �9�

 �# �r1 �8��� !� #��95 %#�+=� �� �
�)��2K=  �510K= 

�� �# ���9): ������ ����� 8j:  %��
� ���� &��

� �# .8=�, ���> �#�$��� #��2K=  � L�@ &��#���

��# &��#��� �=�B !� � �I
��
 �� &��G  �  �O��?

2G�� �# X� ��  )?�5  .�	�=�, ���> 2��(� ��� +
�)�� &��

 !� +�� #�? #���8�9): 6��� �. &������ l�g1  &��

 �# .8=�, ���> ��?r�3K= 2��(5  �  �O��? 8�9): �#

��� #�? � � �G �5/
#+�  )?�5 #��   8�9): �# 2�

��G�?f 8�� X? 2��(5 �� ��� ���> 2��,��: ����, �# �5 

.8=�,   

  
 9��:3��B4�: E/,	: F/�%1 ���#��)��> ��G. . �,��P���+� ����)*% F/2�� �� ��)+���74� ���  

Ave-Het  I  F  PIC Hₑ  Hₒ  Ne  N    8�9): 

75/0  
)08/0(  

67/1  
)24/0(  

44/0-  
)08/0(  

77/0  
)04/0(  

65/0  
)09/0(  

68/0  
)11/0(  

43/4  
)43/1(  

18/9  
)22/2(  

Mean  
(St. Dev)   )?�5  

80/0  
)03/0(  

82/1  
)16/0(  

29/0  
)05/0(  

77/0  
)04/0(  

69/0  
)06/0(  

67/0  
)07/0(  

14/5  
)86/0(  

18/9  
)22/2(  

Mean  
(St. Dev)   �O��?  

77/0  
)07/0(  

69/1  
)21/0(  

00/0  
)04/0(  

73/0  
)05/0(  

672/0  
)07/0(  

66/0  
)06/0(  

53/4  
)95/0(  

00/9  
)68/2(  

Mean  
(St. Dev)  #�?  

75/0  
)07/0(  

62/1  
)27/0(  

00/0  
)01/0(  

72/0  
)09/0(  

65/0  
)07/0(  

65/0  
)07/0(  

45/4  
)43/1(  

00/8  
)44/2(  

Mean  
(St. Dev)  &��G ��#  

71/0  
)06/0(  

51/1  
)16/0(  

00/0  
)07/0(  

68/0  
)06/0(  

62/0  
)06/0(  

62/0  
)06/0(  

69/3  
)88/0(  

72/7  
)27/1(  

Mean  
(St. Dev)  L�@) M�N�( 

?�@ �)�,� ����5� ���  ��
(N) #HI� ?�@ �)�,� "(Ne)����5� !�/0+B4&�#�� " ��
(Hₒ) ��L�%)��+� !�/0+B4&�#�� "(Hₑ) !-2
�MN ;� G') �)+��� "(PIC) "
 E4)� E/�Q� O.�
(F) �+%�
 O.�
 "(I)  !�/0+B4��#�� R/B%�/� �(Ave-Het).  
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 _
���2� 8�# 2
c /��$5 !� ���S  +�1��S � 8�9): &�	�

2$1w� %S !� �?�. �0N� &��  &��#��� 2? 8�� � L�@

��# �� �� &��G  8=�, �;� �# ������ ���, /
 �# %��5

�# ��  )?�5 � #�? � �O��? &��#��� � ���,  �+*� &��

�b�  �1�� !� MN�. _
��� .#�? ��{5 2G��  &�	�2K= 

�x�9	 X��35 ��		?  �# .#�� ���, �# 2� ��#��� &�	�5K= 

.�	�=�, ���> +
�)�� ���, /
 �# ��#��� !� /
 ��  

 �#����� 8�9): ������ MN��= ��`�.  &��

291�b�#���  
����� ]�� !� �#�$��� ��Nei ]17[  #��S��

) ���: �# � �G48�� ��G 2
��� ( .��� �5 8��dG  


���? 8�9):  �� ����) #�? �  �O�95/0X? � (   
�5

) L�@ �  )?�5 8�9):  �� ������ 8��dG75/0 #��S�� (

 �# ������ #��� nA��� �7��(� �: #�:� �c�)�.� .�G

&#��� �#�95 � L�F��� ���? �%��! ��B -  � Y�d	
��

X� 8��dG #�:�  �	Z  � P���� ��	5 ���
��1�=�� &��

6�g� �# #��� �#  
� &��,!�� N &��9  M
c# !� ��d91�

�� #�? �  �O��? 8�9): �#  �� #�
! ������ 8��dG  �G��

-��$5 � X� � ��
��1�=�� &��  �# �
��=��e: 20N�=  �	Z

 #�:� �@�� 8��  �)� +�� L�@ �  )?�5 8�9):

-��$5 8�9):  
� &������ &�� .�G�� ��  

 ����0�= 8��#&��� %�(� 8�9): %��� n�d5�� %#�#  &��

2� �#8 ���S ) M�G �#2.8�� ��G �#�# %�(� (  

  

  
 ?2
1�
+. �� S��%) �)7/� .  T-�U� �)�V� �� T-�U� ���!0�#�  &) ��
K  #4��V� ������@#� �� W+�#� ����)�+	%)Q  A0+�

Y#%  �)7Z)Structure  �� �( ��+	  A. F4 �� �#Z #�K 9+' �( ��
 ��)� ��5% "��
 J/V� !B%� �,P$ ��5% �@  #6 #� J[0 &) Y)�(

K !:��M�0) �
+. ���	
 .E0) ��5% "\M> �� F4 ��� E/,	: #6 R//,� ]/> &) ��� !� ��
 (.�M
��  
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 9��:4E/,	: �/-( R/� !2/�%1 ?�)+Z .  34�_)�% `�� ��M�� #� �)#4) !�+� 30) ���Nei  

 )?�5  #�? ��# &��G   �O��?  N�) L�@�M(  8�9):  

75/0  92/0  86/0  85/0  1  N�) L�@(M�  

90/0  95/0  83/0  1  15/0   �O��?  

80/0  88/0  1  17/0  14/0  ��# &��G  

88/0  1  12/0  04/0  08/0  #�?  

1  11/0  21/0  10/0  28/0   )?�5  

      34�_)�% `�� &) �����0) �� (#P$ #4& �)� )) !2/�%1 ?�)+Z � (#P$ �a�� �)� )) !2/�%1 E���
Nei.  

  

  
 ?2
2E.�� .Neighbour-joining  �� E0� E/,	: �)#� ���@ �)#4) !�+� 30) ���  

  

 �#]�� !� �#�$��� �� �����  
�  ����, 8$:

 �� ��!���^����.  �I���� /)? )UPGMA(  ����� �

X�  &���:)NJ(  �� ������ MN��=  &#��� 2? �G #��S��

8�9):  �O��? &�� 8�9): ����, /
 �# #�? �  &��

��# � L�@ : � �+*� ���, /
 �# &��G  )?�5 8�9)

.�	�=�, ���> &+
�)�� ���, �#   �(�� -��`�= 2� 2:�5 ��

 �� 4�`��  
� %���� �
�G �����  
� !� MN�. _
��� �

�� 2? #�? ��
a5  2� &#�
! 8��dG #�? �  �O��? &��

�� �� �: 2? ��
��� &�� .����# 8�� ��?r� &�� �,� 

%����  ��  8�9):�I�F��S %S �# 2? #�? �� &�� 2�����

-��N ��G M
�> �	h��� 2�=�, 8�9): �
��  �� �#  &��

�����#��� �� ����
� �� �@�� %��5 X��35  &�	�

�
��=��e: 291�b� /
 �# .#�? ����(�   �� 2? �#���,

 !� �#�$���12 %�(� �G P�*�� �������+
� �, 8�9): �

��  �  )?�5 ����, /
 �# L�@ � #�? #��� &��

 �� +��  �O��?2��,��: ���, /
 �# P��?  .�	�=�, &�:

 L�@ � #�? ��  )?�5 #��� ������ 20N�= ���X? �5  !�

 291�b� �# .#�� ��?r� &��#��� ��  �O��? #��� 20N�=

���S #��� ��?r� 8�9):�
! !� ��
 2? 2�5  �� &��

 ���� &��#��� 2� 8d�� &#�
! "A��� �� +�� 8��  )?�5

2��,��: ���, �# %��
� 8=�, ���> &� ]18[.  

�� ������ ������ �291�b�  
� �#  %��
� ���� &��
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 � �G M�0g5 � 2
+*5� 6���� !� �� &�
�{5 &��#���  �

  �� �# 2? #�# %�(� �����  
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��� .#�)� X���= ����
�

 #�:� ��  �O��? �� 8�9): ������#��� &��#��� P�)5

	5 &���# �&#��� }��3�� !� �G�� -��b� ������ 4�

 �� .8G�# 291�b�#��� &��#��� �I
# 2� 8d�� �d��	�

2� _
��� !� �#�$��� 8�#  8�9): 2? �G sF(� ���S

�� ��� #�? �  �O��? &��  � �I
��
 2� �� 8��dG  
�5
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