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����3 ��� 4��� �% 5���67��� 68 �&�#9/)�� MHC ���. �;�< �,-�./ �	  �*$�+$MHC �'  !��#�

8  )>� �' !�����/?�� �*$�+$138 �,.2 !�B$ ��C%6���� �	 )�D3 E/�� ��+% FD�G/ )�� �6��"$��/ �6���

 > 6������ �6H�3�$�#$)�� 5�I ��+% �� ���	��>� 	��/ ���2 ����' �*$��/ .���3��D-� )��J 5 

�����*��>��� 	��/ ��K�$�  > 6�$�� 4��� L���� �'!�����/?�� )��' ��04/5 �682/0 > 32/ 1  !�*��R >

MHC 21/4 �674/0  >23/1 �' ��	  ?�-�$7 ."/7AMOVA !�*��R �	 > !�����/?�� )��MHC �' � L���

2  >3 T>�U� �' �� �V��$8  ��� W$����> �� "X�	5�' )��Y�Z��� ���,#R .	�	)��R� �' ,;> 6�/�7 ��

��,#R �	 0	�,� 0"/ �� !	�U��� �' �,-�./ 	��/ )��SMM$ "���� �V��$8 )��*�� �>�' �"+ �' �R�� �' .

��,/ [��?��)	��� 0"/ �' ����B/ �	 !�*��R  �$ >	 �� �	 �����*��>��� ��	- >���' > ]�1�� �1�$ )

MHC ��,#R 5�' ?��#� 	�9�� �	�/ ���' [B$ 6����1�$ !�*��R 5�� �' �� �-	�,� ���?3	 .	�R^# )"�'

 �% ��� 67 5�1/ ����$!�*��R �D-�  ��� ��%�/ )�� �	��,#R	��/ )��  ����' 5�"�I �_	> ��(V� !�> 

��>��  `U<!"� ��� !�*��R ��a�' �D-� )��J .MHC-DAB �$�#$ 6��/ �	)��  b.� ���% �	 ���I

6>�	 )a�'  ��� > �����*��>����/ ���,#R�' "$����.B$ 6���&�' !>�3 5�� T�2��#�."�7  

��C	6� :�<�:4 !�B$ ��C% ��� �)� ��V��$8MHC!�����/?�� �.  

1- )��%	 )�9+$�	 TH�����$ �c�"/ ��'�� !�*+$�	 ������	 d�D& !"V+$�	 �TH�� !>�3 � 6����.  

2- )?'7 !"V+�>e� �#D& T��� �f& ���+% ��H�� d�D& T�B�Bg� ���h/ ���+% i��R )�>����T�B�Bg� 6�/� �

.6���� ������ �)��>�+% j�>�� > ���/7  

3-  !>�3 	����TH��6���� ���$ �c�"/ ��'�� !�*+$�	 ������	 d�D& !"V+$�	 �.  

4- � !>�3 	���k��$8 d�D& !"V+$�	 ������ �c�"/ ��'�� !�*+$�	 �6����6���� �.  

5- T�B�Bg� 6�/��� ���+$�	�  ���/7 j�>�� > �)��>�+%6���� �6����.  
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E�<2� 

!�3��% 6���� �	 )	",�/ )�� ��C% ���/

!�B$ �� )�Hypophthalmichthys molitrix 

 ���/ ��(V�"��% �1-�J �% 6���� �	 �-�#� )��

i��R > ��"#&) ��+% �'�J ^2�> (6������ 

!"�"$� ���f��/"��) > 6���V#�� 1384.( 

!�3��% �	 �V��$8 Eo��/ �' �R�� ��(V� )��

 T����p� [��� > �V��$8  ��� `U< 6�q#�

67 �	 b.� ��,#R �5�"-�/ [B$ )���' 
��,#R �D/�V� )��"��7�� �	 6�q#� ��

 "�$�/) �.�g/ ��p�/ r���� �'��' �	 i�G�$�

)��#�' 	��	 (��)Bell and Gonzalez, 

2009 �V��$8  ��� 5���� s�.� .( k� �	

��,#R �' [��?�� 0�#�<� �>�' E-�)�� 
 [��% > �$�G#�  �2> �!"�+% i�Dp/

�*����� ���	 "���� !��#� �' �� 	���� )�B' 

)Spielman et al., 2004 .(  

d���/ �� �V��>� 5��� ������� )��' ��

�V��$8  ���!�����/?�� �'����� � ����� 5�� .

t� )���*$�+$[��I �' ���' > )���V� )��

!���% ^2�>  !"��%"%��J u_��/ �	DNA�  ��

�' T�"2 �K$ �(�� ���*��R ����?3 i��g/

�/."$�� �I�3�  �D-� �$�>��� ^���� )�*-�

!"��+/ !�*��R �	 !"� �!�����/?�� )��

�/ "$��� > ������ ��qG���� !��'�	 ���&H_�

!��"$� �v�/ ��,#R > )���*-� T�R��/ 
 t����"�% )Chistiakov et al., 2005 �/� .(

�#$ �� 	���� )��3��� T�"2 !��'�	 "�$���

�' 	�R�/ ����w T�&H_� ����� T����p� )�

 �#�B��/"��% t���� ��5�� �� . >��  �.'��  �$

!�*��R 6��/ > �����  ��� ��(�� )��

��,#R 6��/ �	 )��3��� 	��/ !���#� ��

 �R��6��*+�>e� !	�' ��� )Reed and 

Frankham, 2003 6����/ �% ���9$7 �� .(

���>�� �	 !�3��%�� �#o�	 �	 x�,/ ��>��)�� 

�����D�� > i�G�$� �)����"$��	 ���2 )���� 

5���'��' !�*��R �,-�./ )>��$ �� �v��/ �$8 )��

�'���?3 T>�U� ����' > �+�/ �' �V��$8 )��

��,#R 6��/ �	 ������/ FD�G/ )�� "$���

�o��� �� )"�U/ T�&H_� 4��� �% "��	 5���

 �!>�3 5�� !"���#$68 �&�#9/ )��MHC1 

 ���)Piertney and Oliver, 2006(.  ��D'�2

 �� �,��> F�_ �' )��3���)��#�' E/��& �� >

 )a�' b.��'���?3  L1� �$8 !�*��R 5�� �	

 !"� �% �' ���/ 6���& !"��%"% !�*��R 5���

 6���$�R 6��/ �	 ���l�>�� �'	>� ��#� 

)Kelley et al., 2005 .( �' 0�	 �$�>��� "����

 y�1��� 	�R>5�' �D� !�*��R �	 t�����/

                                                           

1- Major Histocompatibility Complex 
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MHC  �'��' �	 �����< �� �/>�B/ >

)��#�' ���/ �D#R �� FD�G/ 6���$�R �	 ��

) WD_� 	��7Salmo salar (�o��� !"�  ���

)Grimholt et al., 2003(.  E/��& �*�	 ��

68 �	  ��� �' �v�/ )��MHC  )>��$

�'�-	�,� ���?31 ��� �$�3 �� )����' �	 �% ��

���?3 !"� ��� )Hedrick, 1999 �� > (

)	��� 0	�,� 6�q#� �D/��& �'����� u��_- 

�1�$ �' �.'�� �	 ]�1��> ��C���$8 )��

�1�$5�"-�/ 5�' �2H� )���*-� ��-"�/ )�� 

> z���$8 �.'�� �' ���3��v�� T�UX �' ��

) ��� ����' E'�2 �B' �*����� > �$��>���

 �6���V#�1394{Garrigan and Hedrick, 

2003 .(T�,-�./ 6�+$ !	�	"$�  �_ 	���� �%

��7  �$ ������' W< u��_ �� �UR i�G�$� "��

MHC  ������� �� 	�� E'�B/ |�_ �!	�% �'

 �� )	��) )"$>�+��� b.� 4�G+�

 k#% �$�G#� b.� [��% �' �()	����J

�/ "�%�����$ > ����' L1� !���}  ��� )���

 ����w > �$8�V�8�-�$�#�� �/ ~��$�� 	

)Piertney and Oliver, 2006 .(5���'��' 

�D� 	�R> �$8 !�*��R �	 a�' t�����/MHC 

 )>��$ ��v�� �g��'���?3 �/ "$��� �' 6���&

 ��_ �' �% ���>�� ����} )��' L���/ ��>�

                                                           

1- Balancing Selection 

�� x�,/ �	 d>�"/7 > i�G�$� ����� )��"��

�D����% �' �"$��	 ���2 )��� ��3	�� �� 

)Karaiskou et al., 2010 �,-�./ 5���'��' .(

 �(�� )���*$�+$  ��� )���*-� 6�/?#�

!�����/?�� 6�q#���  68 E(/ �����  ��� >

MHC ��,#R 6��/ �	�/ FD�G/ )�� "$���

 �� )"�U/ T�&H_�"�% t����.  

 ��,;> !��'�	 )	",�/ T�,-�./ 6��%��

��,#R 6��/ �	 �V��$8  ��� )�� ���/ �/�'

��C% !�B$)� �$��	>�) �$����� �	 ��+% (5�I 

 > !�����/?�� �>� �� !	�U��� �'mtDNA 

 ��� ����3 T��X)Liao et al., 2007; 

Wang et al., 2008; Li et al., 2011; Mei 

et al., 2015(.  5��q#�Wei  6���V#� >

)2012 (!�*��R �	 ��  ��� b.� MHC 

Class I α2  6����/ �	!�B$ ��C% )� �/�'

�$��	>� �� )����' �	 ."$	�% ����' 5�I )��

��,#R �V��$8 T�,-�./ 6�/��+% 6��?'7 )��

�� �>� !�����/?�� !	�U��� !"� ��� 6�+���	) 

 �6���V#� >1389 {Manuel et al., 2010 {

Shirangi et al., 2010{ Sourinejad et 

al.,  2015.(   

���/ !e�> !�*��R 	�R> �' !�B$ ��C% �	 )�

 ��+% 6����/��C% "�-�� �% ��/7 5���7 u1_

�o�� 85000 5� �	 0�� > 	>"< �#�$ �� 



]50[   :��	
�� 
���������� � 
����	
��                                                                         ������� � ����4)4 �(1395  

 

"�-�� 6����/��C% ��+% �� E�V+� �/"�	 

)Kalbassi et al., 2012; FAO, 2016�( 

 6��%���,-�./ �V��$8  ��� ��,;> !��'�	 )�

����*$ T��X 6�/��+% �	 �$�3 5��  .���

t� �q$7!�3��% �	 6��%� ��+% ��(V� )�� �'

!��' 	��/ 5�"-�/ !���} 6���& ���2 )��	�'

�/ �V��$8 !��' k� �� 	>"g/ ���,#R �	��3

��� �$�3 5���  ��g- �� �% 67 !e�> �'

 �������pR��,#R )�� �/ ��+% �	 67 �/�'

 	�R�/���$0�� �	 . �D<�/ 5�"�I ���� )��

�D3 T�	��>$ ��C% "�"R )��!�B ��+% �� )�

!�3��% �' 5�IT��X ��+% FD�G/ )��  ����3

  ��� [��?�� ��R �	 �1(/ �/"2 �I�3� �%

 	�R�/ ����} �V��$8����  L�% ��#D�/ �/�

E��$��� �� u�2	 ���37 �' !��#� 	�R�/ )��

�,#R �� ���% T�&H_� 5���	� "�"R )��

 [��� k� )��R� d>?- (�V��$8 �/������ E(/)

��,#R �' �.'�� �	 �� �V��$8!�B$ ��C% )�� )�

 c��g/ �H/�%�/"�%.  	�>7�' c��� 5�� �'

 ��C% ���/ �V��$8  ��� ��,;> �� �1�$

!�B$!�3��% 6��/ �	 )� �' ��+% FD�G/ )��

 (!�����/?��) �(�� �*$�+$ �$�#$ >	 �� !	�U���

) ����� >MHC���2 �,-�./ 5�� |"� ( 

 5�� .���3�>e�[  	��/ 5�->� ��� ����' 

�&�#9/ 68 )��MHC �.'�� �	  �'

�X�Z��� > ���>�� 6����/��C% !�B$ ��C% )�

 6���� �	���.  

  

F�� � )6
��1  

G�- H6*I��6 � E%
�% ����DNA  

 	�",�138  ��C% 5�"-�/ �/	 �-�' �$�#$

!�B$ )�)Hypophthalmichthys molitrix (

�� !�3��% ��+% FD�G/ y�B$ ��(V� )��E/�� 

6����) 6H�3 )��GU(   �'27  !�3��%) �$�#$

) 6������ �(���% ��D�� ��(V�KH �' (30 

)?'7 ��(V� !�3��%) �$�#$ �(����� �>�/� 6����3

) 6��"$��/MZ �' (28  ��(V� !�3��%) �$�#$

) 6���D3 �(�Z$GS �' (28  ��(V� !�3��%) �$�#$

�$�#$ > (6����) 5�I ��+% �� ���	��> )CH (

 	�",� �'25  ��,.2 �'WV�� T��X  �	 !"�

 EV-�96 "X�	� ^#R ."� )�>7 E<��/

 ~��G���DNA  	>"< �� !	�U��� �'30 

�D�/E�� �>� > �/	 �-�' d�3-  d��>�D%

)Hillis )1996( T����p� �#% �'( "� d�9$� .

�$�#$��  �	 )",' )��?�-�$7 )��R� 6�/� ��

 �?���°C20-   ."$"� )��"�*$  

  

��6
1����� ����%��1  

�+� !��#� �' !�����/?�� !�*��R )��

�����	 AM086451� AM086452� 
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AM086454 �AM086455 �AM086459 �

AM086461� AM086462 �AM086463 (

���,/ 	���/ 6��/ �� !�B$ ��C% )��' !"� )�

)Gheyas et al., 2006( i�G�$� ."$"� [�%�> 

!��9$��D� )� ���/)PCR(  �� !	�U��� �'20 

 d�3�$�$DNA  ����$ t9< �	 ��$�#$10 

 ���' E/�� ���->�V�/1X )Ampliqon �

 �(���#$�	5/1 �D�/ �a�/2MgCl �1  "<�>

 t�?$7Taq �4/0 �D�/ �a�/dNTP > 2/0 

�� �� �a�/>�V�/  ���3��J7 �UR �� k�

)Macrogen!�% �i7 > ( �.B/ E����� 

(�B��?�) �� 6"��� �' t9< 10  ���->�V�/

d�9$� ."� ���I)�� �����< �' !	�U��� �� 
 �DV����/�� !�*��	 k�)T100 �Bio-Rad� 

�V��/7(� E/�� ������>)��� ��->�  )�/	 �	

°C95  �' T"/3 ��B�2	 30  E/�� ���I

������> )�/	 �	 )���°C94  �' T"/50 

 )�/	 �	 ��g-� �D<�/ ���$�v°C64-60  ���')

 T"/ �' (�3��J7 �'50 ���$�v  �	 r�' �D<�/

 )�/	°C72  �' T"/50  ����$ r�' > ��$�v

 )�/	 �	°C72  �' T"/10  �� �	 �B�2	

 )��PCR �$�#$ ."� ��R� )�� �'��	  !"/7

 ��PCR �D� 08 �� !	�U��� �' "�/H��%�6 

> )����"R "X�	 T����$ �'  !�B$u1_  �>�

Benbouza 6���V#� > )2006 (�$� )?�/7

 	��"$���� �$�> �*$�+$ �' u�1.� 5#; > "$"�

�'��% ) 08 �� �	 ����50bp� SMOBIO �

6������/�$�' �	 (Gel Scanner 1.3  !��"$� �

E-� )�� �'��	 ��g/ �$�#$ �� )��' !"/7 �1

"� .  

  

 '%	 ��J��- ����%�MHC-DAB  

 [�%�>PCR )���3��J7 �� !	�U��� �' 

�X�Z��� �') !��#� �����	 Z47757.1 
k$�' �	 68 (�$��R �3��J7 E/�� ��� ex2F :

5′-TCTGACATAACTGTAATGCTGC-3′ 
> �3��J7 �+3�' ex2R: 

5′-CAGGAGAGATCAGAGTCTTG-3′ 

 �' 6>?3� �,.2 ��(V� ��K�/2  68MHC-

DAB  �'��% ����3 ) "�Yu et al., 2013 .(

 ����$ t9< �	 [�%�> �� )��'20  ���->�V�/

 ���' )>�<1X �2  t�?$7 "<�>Taq� 400 

 �a�/>�V�/dNTP �' !��#� �2/0  �� �a�/>�V�/

) �+3�' > ��� �3��J7 �UR ��Macrogen �

!�% �(100 d�3�$�$ DNA i7 > E����� �.B/

!	�U��� �����$ t9< �' 6"��� �� (�B��?�) 

���I ."� )�� E/�� ����' ���/	3  �B�2	

������> )�/	 �	 ��->� )���°C94  67 �� W�

35 ������> ���I �	 )���°C94  �'T"/ 

30  )�/	 �	 �3��J7 0�Z�� ���$�v°C59  �'

 T"/30  )�/	 �	 r�' > ��$�v°C72  �'T"/ 
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50  )�/	 �' �$���� r�' �����$ > ��$�v°C72  �'

T"/ 10 d�9$� �B�2	  �� 6���#_� )��' ."�

 0�Zg/ ��U�%PCR 08 �	 ����>��V-� �1 

 ."� d�9$� ���37 "X�	 �' ����' ��K�/

�D� ��,;>�$8 !�*��R 5�� t�����/�  �>� ��

����"�I ?�-�$7)�1 !	�U��� "� )Kumari et 

al., 2015 .(10  0�Zg/ �� ���->�V�/PCR  �'

15 ������> 0�Dg/ ���->�V�/ )>�< ���9 

 �"�/�/�� )���3��' ���' ���->�V�/5/1 

 0�Dg/ ���->�V�/NaOH )1/0  > (�a�/5/4 

 ���->�V�/TBE )Tris/Borate/EDTA (5/0 

y�DG/ �a�/  T"/ �' �!"�10 )�/	 �	 �B�2	 

°C95  ���2 
� )>� �' 67 �� W� �DX��H' >

!	�	 �D� 08 �� !	�U��� �' WC� ."� "�/H��%�

8  )>�< "X�	5  0>���D3 "X�	 �' T"/18 

 6���R) 	��"$���� r���� �g� �&��10  �->

�' ��$�� �� )��� )�/	 > 08 �� ��/°C4 (

 ����>��V-�"��$� �� W� .08 )?�/7 �' ��

 j���$ �' ����B/ > )"�'���$ )���*-� �' �R�� �'

��	  �$8 !�*��R �D12 T�,-�./ �	 !"/7

MHC-DAB )Yu et al., 2013E-� ()�� 

"$"� 5��,� FD�G/.   

  

                                                           

1- Single Strand Conformation 
Polymorphism 

�)6) ����%��1  

E-� 	�",�!"��+/ )��  �D-� )��J > !"�

)Ar!"��+/ �����*��>��� �( ) !"�Ho > (

	��/ ��K�$� )He �/�$�' �� !	�U��� �' (FSTAT 

2.9.3  �1��g/) "�Goudet, 2001( 6�/�7 .

��,#R ��1.$�)	��� 0	�,� �' ��-  > ]�1��>

 �/�$�' k#% �' !�*��R �� �	 |��g$� 4�G+�

POPGENE 1.32 )Yeh et al., 1999 (

d�9$� �$>�U$�' b�gZ� L��; 0�#&� �' !��#� 

 ."� �'!	�	 5�' ����B/ ��K�/��	 �' )�� 

!�*��R �� !"/7 > !�����/?�� )��MHC-DAB 

	��/ �����*��>��� �E-� 	�",� ��p�/ �� 

!"��+/ > ��K�$�  ?�-�$7 �� !	�U��� �' !"�

k� W$����>���_2 W� > 6�/�75V$�	 ) �	

��,/ b.� )��	95/0(  > 	�R> 0�#�<�

!�*��R 5�' �*����� > !�����/?�� )��MHC 

67 �w���/ ����B/ �' �/�$�' �	 ��FSTAT 

 �/�$�' �� !	�U��� �' ."� ����'LOSITAN 

)Beaumont and Nichols, 1996(  5#;

 5�' �.'�� ����B/Fst3  (?��#� 4���) >He4 

�����*��>���) (��K�$�	��/ > 4�G+� |��g$� 

!��?R 0"/ u1_ �q$7 ��T�R��/ )�  0"/)

                                                           

2- One-way ANOVA 
3- Fixation Index (for Subpopulations 
within Total Populations) 
4- Expected Heterozygosity  
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	��/ (!�����/?�� )��' 	��"$����  ���� ��K�$�

!�*��R ��,;>	��/ )��  ����/ �K$ �� �,-�./

�(�� ��R �� �-	�,�) ����� �� 6	�' (��	

 	�",� �' 6�����- 0"/ ."� ����'10000 

 �$�VD� [�R 0"/ x�� �' �1��/SMM  �'

!�*��R )>�	��/ )��  ."� ��R� �K$ �' ��K�/

��,#R 5�' ����B/!��/7 �� )��F  �' �>�

Weir  >Cockerham )1984 ( s�.� �	

5�' > 6>�	 FD�G/�' ���,#R  ?�-�$7 c���

) �-�V-�/ W$����>AMOVA �' ( k#%

d�$ ��?��GenAlEx  �1��g/ "� )Peakall 

and Smouse, 2012( �/�$�' �� !	�U��� �' .

Bottleneck 1.2.02 �����*��>��� ^���� �

	��/ ��K�$� �	 k� ��,#R �' c��� 	�",� 

!"��+/ E-� )	��� �-	�,/ >	 L-�2 �	 !"� - 

]�1��> > [�R- "/�+�� ����B/ "�. �� ^���� 

 �D-� �$�>��� ?�$6���& �'  �*$��' �% 4��� k�

 ���� "/�+�� 0"/ !	�U���"� )Luikart and 

Cornuet, 1998.(  

  

K���%  

+�,�- L�� '
��%	 M��N� ����%��1  

 ?�-�$7�+�  	�R> �*$��' !�����/?�� !�*��R

�D�!>�3 �#� 6��/ �	 t�����/ )�� ��C%

!�B$) )�Hypophthalmichthys molitrix (

	��/  	�' ����' 0>"R)1 )��J 5���+�' .(

) �D-�Ar�$�#$ 6��/ �	 ( 6������ )��

)85/5 6H�3 �	 67 ��"B/ 5���#% > (

)818/4!"��+/ ( "� �% 6�$�� 4��� .

6>�	  ��� �*$��' ��"B/ 5���+�' ��� ���,#R

6�+$ 6������ !>�3 �	 �� �' �.'�� �	 .	�	

 �$8 !�*��RMHC-DAB  ��"B/ 5���+�'

�$�#$ �	 �D-� )��J > 5�I �� ���	��> )��

�$�#$ �	 67 ��"B/ 5���#% 6��"$��/ )�� �'

��	  6�?�/ 5���#% > 5���+�' ."/7

	��/ �����*��>���  6�$�� 4��� > ��K�$�

 !�*��R �	MHC  �'�$�#$ �' L���� ���I )��

)5) 6��"$��/ > (9/3�	 .���	 uD,� ( �#� 

�	���/ "B/�� �����*��>��� !"��+/ !"� 

)Ho (��+�' �� �����*��>��� 	��/ ��K�$� 

)He (	�'.  

 )��R�PCR  k��H% !�*��R )>� �'

MHC-DAB II !�B$ ��C% ���/ �	 �)�

k�)"$�' �' 6�> bp350 	�9�� 	�% EV�) 

1-  ?�-�$7 .(F-�SSCP j�� �	  FD�G/ !>�3

�&�#9/ 6  	�	 6�+$ �� �C���$8 FD�G/ )�*-�

 �>� c��� �' �%Klein ) 6���V#� >1990 (

d�$EV�) "$"� )���31- .(i  

6>�	 )"$>�+��� L��; ��,#R)Fis (

��,#R �#� )��'��*$�+$ !>�3 >	 �� �	 > �� 
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 	�R> �� �%�< �% 	�	 6�+$ �� �U�/ ��	�B/

��,#R 6>�	 ?��#� 6�+$ ��->� j���$ .��� ��

�/!	�	 	���/ LDJ� �	 �% 	�	 ��	 �' )��

 !�*��R �' !�����/?�� )���*$�+$ �	 !"/7

MHC-DAB  ��K�/ �' 5���'��' ."$��	 ���1�

u�2	 ����' 6�/�7 ���ANOVA k� ���_

 	��/ �����*��>��� E/�& �� ����B/ )��'

 >	 5�' �	 �D-� )��J > !"� !"��+/ > ��K�$�

� ."� d�9$� �*$�+$ !>�3��,/ |H��� �/ )��	

67 5�') "+$ !"��+/ ��05/0P>.(  

  

 ��<-1��J��- �) ':�6 .
�� : � ��6
1����� ��1MHC-DAB �*2% �
34 ��*C K�& �)�6  

*J%�8%  O0��  
��*C�1  

�����
0  �P�C ����:C �6�<%��� L�� 

��6
1�����  He  694/0 651/0 692/0 642/0 665/0 

uHe 702/0 664/0 707/0 654/0 682/0 

Ho 890/0  958/0 897/0 841/0 893/0 

I  436/1 228/1 384/1 269/1 308/1 

Fis  27/0 -  52/0 -  30/0 -  31/0 -  35/0 -  

Ar  85/5 818/4 347/5 201/5 5  

MHC-DAB He  676/0 654/0 657/0 637/0 683/0 

uHe  684/0 668/0 671/0 649/0 699/0 

Ho 1  1  1  1  1  

I  263/1 178/1 210/1 149/1 365/1 

Fis  48/0 -  53/0 -  52/0 -  56/0 -  46/0 -  

Ar  501/4 999/3 4 982/3 5  

He	��/ �����*��>��� : ��K�$�{ uHe	��/ �����*��>��� : L����$ ��K�$�{ Ho {!"� !"��+/ �����*��>��� :I :

6�$�� 4���{ Fis: 6>�	 )"$>�+��� L��;��,#R{ Ar�D-� )��J :.  
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 $
�1: ��J��- �) �<���6
% �
J�6 � ��6
1����� ��1MHC �*2% �
34 '1�� �) .�6R�6(  �
S=�

��
��*�
�6 ��J��- �<� MHC-DAB '1�� �
34 �*2%<?�) T� ���C� �	 �) �6 .U(  '3��
%	 ��1
J�6

H6*I��6 �<�. H( E%
�% ����%� �6 �6SSCP ��J��- MHC-DAB (�����
0). )(  ��J��- ����%� E%
�%

) ��6
1�����Hmo26�*2% �
34 '1�� (':& �	 �) (�6�<%���) �6V%� � <��P�*46M6*��% �����.�*2% M :

.)�6<%���6 '%�� *J%�8%  

  

)	��� )�*-� 6�/�7-  �� !	�U��� �' ]�1��>

!�����/?�� 68 > ��MHC 6�+$  !�*��R �% 	�	

Hmo13 ��� �	 ��,#R �� d�"% ����g$� ��

���"$.  !�*��R >	 �	 E'�B/ �	Hmo25  >

Hmo39 !>�3 �#� �	��,/ |H��� �� ��	

	�R> ���	 0>"R)2 |��g$� 	�",� 5���+�' .(

�$�#$ 6��/ �	 0	�,� ��!"��+/ 6������ )�� 

 "� 5�� �	 �����*��>��� b.� j���$ �' �%

�G#� !>�3 �$����	 !�*��R �' �.'�� �	 .

MHC-DAB !>�3 �#� �	 ?�$ �� |��g$� ��

)	��� 0	�,�- !"��+/ ]�1��> "�.  
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��<- 2 :�)��1 �)�,� �6 W6*=%6 E� X
�*� M�YPZ6- +�,�- ���� �) \*(���)�
� R:�I� ��1  '��*�

�*2% �
34�6 ��J��- �) � ��6
1����� ��1MHC-DAB  

MHC Hmo40 Hmo39 Hmo37 Hmo34 Hmo26 Hmo25 Hmo13 Hmo11 
��J��-  

*�]�� 
��*C 

10 6 6 45 21 28 15 10 6 �)6�� E-�) �����
0 

 29/31 870/6 873/61 292/77 078/80 800/41 277/71 683/8 41 �

�6 ��4 

000/0 333/0 000/0 002/0 000/0 045/0 000/0 562/0 000/0 ����^6 

6 3 1 36 15 10 6 10 6 �)6�� E-�) �P�C 

916/21 24 24 005/72 225/24 955/18 24 109/11 314/20 �

�6 ��4 

001/0 000/0 000/0 000/0 061/0 041/0 001/0 349/0 002/0 ����^6 

6 3 6 45 21 15 10 6 6 �)6�� E-�) ����:C 

23 115/3 018/18 623/43 705/32 559/32 158/41 188/8 925/4 �

�6 ��4 

001/0 374/0 006/0 530/0 050/0 001/0 000/0 225/0 553/0 ����^6 

6 3 6 36 21 21 15 6 3 �)6�� E-�) �6�<%��� 

29 259/1 228/42 554/46 649/36 658/22 87 513/12 298/6 �

�6 ��4 

000/0 739/0 000/0 112/0 018/0 362/0 000/0 051/0 098/0 ����^6 

10 3 6 45 15 10 3 10 6 �)6�� E-�) L�� 

21 679/6 162/31 633/71 475/20 012/26 21 907/13 314/5 �

�6 ��4 

021/0 083/0 000/0 007/0 154/0 004/0 000/0 177/0 504/0 ����^6 

  

��	 �' j���$  0	�,� d"& 6�/�7 �� !"/7

 !�*��R 5�' �*�����MHC !�����/?�� > ��

)36 (�-�< �	 �/�$�' FSTAT �' ?R >	 

!�*��R �� �-�< E/�� !�����/?�� )��

Hmo13×Hmo37  >Hmo25×Hmo40  �	

����B/ 	���/ ���� ��,/ |H��� !"� )��	�' 

!�*��R 6�/�7 ."/��$ ��		��/ )��  �	 �,-�./

 5��[�>e� �(�� ��g- ��  )������v�� �� 6	�'

��3��� )��>��$ ��  �/�$�' �� !	�U��� �' !"��%

LOSITAN!�*��R ��D% � !	>"g/ �	 �� ��

EV�) 	�	 )�R �(��2!	�	 .( )�� �'��	 

����B/ �� !"/7d�9$� )�� ��� �	 !"�  �� k�

��,/ |H��� 	���/) "����"$ ��	05/0P>.(  
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$
� 2: ��J��- ����%��*% �6 �)�N��6 �� ��6
1����� ��1 �6��6LOSITAN*1 .  �V%�)�� '^6
% �6 �6<4

�)�<=� *J%��� _��*� E� ��*> � �*��4�0E� ��1'�)�,� '���C )Candidate balancing selection �(

'/�0 )Candidate neutral+(/� � ( )Candidate positive selection'�� X�2% � (*1 �<����% V%� 

��J��- �6 �6<4����%� ��6
1����� ��1 $��� �<� Hmo11 �Hmo13 �Hmo25� Hmo26� Hmo34� 

Hmo37� Hmo39� Hmo40 +�6��J��- L��*C�6*> . '/�0 *J%��� �*��4�0 �)�<=� �) �
4`� ��1

�� +�1�� �)
� �1+�6.  

  

'
��%	 ���J�� .
>� ����^6 �
���  

 6��/ �	 �V��$8 )��*��  �2> 0�#�<�j�� 

	��/ ��,#R ��C% �� �,-�./ !�B$ 0"/ �	 )�

IAM1 ��,/ [��?�� 	���/ �/�#� �	 ��	

6�+$ �� �����*��>���  0"/ �	 .	�	SMM2 

[�R 0	�,� 	�R> ��->� x�� -  !��'�	 "/�+��

��,#R �#�) "� ������� ��05/0P>{ 0>"R 

3 ��K�$� �% �D-� �$�>��� T����p� )�*-� j���$ .(

�/��,#R �	 	>� > �V��$8 )��*�� "2�� )��

                                                           

1- Infinite Alleles Model 
2- Stepwise Mutation Model 

k�	?$  �'E-� �� ��a�' t�� 0	�,� �' )��

����	 �� t% �$�>��� ��,#R �#� �	 �"��' )��

 d�� �� 0�/�$ �-�< ����' 	��/L  	�9�� ��

	�% .5�"'E-� tK&� [G' �% L���� )���	 )��

) t% �$�>���01/0  ��1/0 (��	�#$ 0>� �B1_ �

Y�Z��� 	�� �' �� t�� 5���+�' "$	�	 

EV�) 3 .( ^���� 0"/ 5�� �'6�+$ s�;> 	�	

��,#R �% )��*�� "2�� ����' 	��/ )��

 �V��$8"$	�'.  
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��<- 3 : K���%a�- �)�,� �
��� �6 $?�^-  <��8�& Eb�6� E� F�� E� '���
J���*�1 '%��� �
���

E��%*� �6 �)�N��6 �� �
�4�
:�� Bottleneck  

+�,�-   �<�IAM  �<�SMM ':�6 '%6�6*� �
J�6 

�����
0 003/0  42/0 )L0�/�$ (  

�P�C  001/0  09/0  )L0�/�$ (  

����:C  001/0  027/0  )L0�/�$ (  

�6�<%���  005/0  57/0  )L0�/�$ (  

L��  001/0  125/0  )L0�/�$ (  

  

  
$
� 3: +�,�- �6*� ':�6 M6*��]� �<�)�
� R:�I� ��1 '��*�  

  
  

���) '
��%	 ���0��'��,�- 

 ?�-�$7AMOVA 98  W$����> �� "X�	

!�*��R �	 �V��$8  ��� �' �� !�����/?�� )��

T>�U�6>�	 )��Y�Z��� )	�� ���� > 	�	2 

T>�U� �'  ��� W$����> E% �� "X�	 )��

��,/5�' ��	) ���� uD,� ���,#R05/0P< .(
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 68 )��' ��	�B/ 5��MHC  0	�,/ L���� �'

97  >3  "X�	 �'��/�	 �*$��' �% "/7 ��	 

^��> !�*��R �	 ���,#R ��U� ��MHC-

DAB  ���0>"R) 4.(  

 ��	�B/ �w���/ ����B/Fst ��,#R 5�' ��

 0>"R �	4  .��� !"� !	�>7Fst  !�*��R �	

MHC-DAB !�����/?�� > L���� �' ��

��/�	 5�' )�003/0  ��048/0  >011/0  ��

041/0 !	�	 �#� �% ���	��,/ |H��� �� ��	

) "$	�	 6�+$05/0P<0>"R {5 !�*��R �	 .(

MHC-DAB  ?��#� b.� 5���#% > 5���+�'

/ �	 L���� �' ���$�#$ 6��6��"$��/ )��- 

6��"$��/ > 6H�3- �/ 6���D3 !"��+/ 6���

!�����/?�� )��' .	�% ��'�+/ �9��$ ?�$ ��

 "� !"��+/ ?��#� b.� �(%�"< !��'�	

6��"$��/)- �-�< �	 .(6H�3�$�#$ �% )��

6������-  �� �V��$8 ?��#� 5���#% 6��"$��/

 �-�< !	 �D% 5�*$��/ ."$	�	 6�+$����B/ )�

Fst !>�3 �	 ��"B/ �% 	�	 6�+$ FD�G/ )��

Fst  !�*��R �	MHC-DAB )0244/0 �' (

 �' �1�$ ��a�' �g.� �	 �#% |H���

) !�����/?��0237/0.���	 ���2 (  

  

 ��<-4: +�,�- L�� '
��%	 .
�� ����%��*2% �
34 ��1 F�� E� �6AMOVA  

����^6  

'�,�)��6)(  
�6<2� ���,�  c%���6� <?�) E-�)�)6��  G(��.
��    

000/0 03/0  Fst 2 4 L��'��,�- ��6
1�����  

1  315/0 -  Fis 0  133  ���)'��,�-  

1 276/0 - Fit 98 138 ���)�)*� 

001/0 04/0  Fst 3 4 L��'��,�- DAB-MHC  
 1 497/0 - Fis 0 133  ���)'��,�- 

1 438/0 - Fit 97 138 ���)�)*� 

Fst {?��#� 4��� :Fis6>�	 )"$>�+��� L��; :��,#R{ FitE% )"$>�+��� L��; :.  
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 ��<-5:  O0�� E���2�Fst +�,�- ���� �) '��*� )�
� R:�I� ��1)��6
1����� +�� E��% �) �1

 � ��<- '�e�� +�6�MHC-DAB ��<- f� +�� L���& E��% �)(  

�����
0 �P�C ����:C �6�<%��� L�� 
 

 *028/0 *016/0 011/0* *020/0 �����
0 

*039/0  *026/0 *041/0 *026/0 �P�C 

*027/0 *040/0  *018/0 *022/0 ����:C 

*019/0 *048/0 003/0  *011/0 �6�<%��� 

*016/0 *034/0 007/0 *029/0  L�� 

* :��,/ |H��� )���	 	���/ �/H& �' ��	»*« !"� 4G+/"$�  

  

g=�  

 5�� �	[�>e�  !�*��RMHC-DAB 

 6>?3�2 �$�#$ �	!�B$ ��C% )��)� 

)Hypophthalmichthys molitrix( �'  !	�U���

���,/ )���3��J7 ��  �$8 �,.2 5�� )��' !"�

k� 0�Z< > "� ��(V� EX�< �X�Z��� "$�'

�D� [�%�> �� EV�) ���/1-  5�' �	 (F-� �#�

�$�#$ k��H% !�*��R k� 	�R> !"��%"���� ��

!�B$ ��C% ���/ �	 �$8 �,.2 5�� )��' )�

��� ?�-�$7 )��R� �� W� .SSCP  )>� �'

MHC-DAB )"�'���$ FD�G/ )�*-� [� �

T��X �D12 T�,-�./ �' �% "� 4G+/  ����3
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Abstract  
During the last decade studying of adaptive markers in contrast to neutral types, 

have been welcomed. The most famous member of these genes, MHC, along with 8 
microsatellites was analyzed in spatial groups (138 individuals) of silver carp from 
different provinces including Golestan, Mazandaran, Guilan, Khouzestan in 
addition to line samples imported from China. Mean allelic richness, expected 
heterozygosity and Shannon Index estimated for microsatellites as 5.04, 0.682 and 
1.32, and MHC as 4.21, 0.674 and 1.23, respectively. About 2% and 3% of 
differentiation among populations was observed for microsatellites and MHC 
respectively. No significant bottleneck signals were detected in all of studied 
populations. Given to significant excess heterozygosity revealed in both of MHC 
and microsatellites in contrast to hardy-Weinberg model and proportional higher 
degrees of differentiation between populations in MHC, a balancing selection 
function can be attributed to this locus. Finally, it can be concluded that studied 
populations in this research have been able to maintain their genetic diversity in 
these loci through several stages of propagation in the hatcheries. Higher allelic 
richness of MHC-DAB loci in Chinese samples beside high levels of heterozygosity 
and diversity within population can be considered as the strength of this group. 
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