
 ���� ����	
� ��
�
��  

 �����/�	
 ���
�/��� ��
1400 )55 -45( 
 

������ �	�
�  

�����  �������� �������   �!"�2   $ MHC-DMB2� %��� ��&�'�  �� (��
'�

������) ���$� 

�*��� )+,1�
'�� . /�0*2*/��2* �3�� �
��'�� .3. ��5���� �	� 6&���3. �&�78 ��92  

1- ���� ���	 !"���# $��� ��%� &'(� ) * �� �	+, �)-. $*��/0 1��2( ) * �� �	+, �345��� $ 6��
7	� *8�9: 1;�2  ) <7�)�5= �	+, ��>5��� 

2- ������
�$ * �� �	+, �)-. $*��/0 1��2( ) * �� �	+, �345��� $ 6��
7	� *8�9: 1;�2  ) <7�)�5= �	+, ��>5���  

3- ���
�$ * �� �	+, �)-. $�	+, �345��� *��/0 1��2( ) * �� $6��
7	� *8�9: 1;�2  ) <7�)�5= �	+, ��>5���  

  

 :BC���� D���E)13/12/98 -  :H-�/� D���E23/07/99(  

:����     

 6#DMB2 7� *4� 6# <����	� MHC  *J  �K�� �L� ���	
� *2
�� D
�� �� �= B
�   .3J2=     *��J
�2� BJNO PJ�LQE RJ��

 6)�.� ��S�� *+4�32T2  6#MHC-DMB2  ) �	U2  R�3; .BC-. ��V�� *2��# R�T�3+; �� ���	
� *2
�� D
�� �; 6! W�9E��

 7)� ��28 H�)-� ��)�$  ��3L 2/0 *+�    �	+Q  -��XY2� 3(�� �	9+. � -Z 6	� 32K
	.< (SRBC)   �+J[, �J;    �2�J
130 

*2��# R�T�3+; )65  ) -�65  7)� �� 38; 7)� BK� ) 3� P���E (��� 35 	� $H�)-� ��)�6BNO <-�. R��8E -��E *��!  <��J; 

��+, SRBC  3� ��V��. DNA ��	
� 7� * 	�#  ]�-^�
� 6	� <����8_Z ) 3   �7�3J�� �; <�333    7� 7�J; BJKO  ��J>��O RJ��   �J;

�-�V�7 �2=�) 7� ���K�
� *+� <� 7�-  )PCR(  `a	bQ  ) �3� -�c4EPCR  �+�
) �;����!  *�-;Hinf I     Y��J�� .3�3J� �J[�

d(�S �S �	O) 7� *=)� dX! e	� C )333  (<7�; BKO) dX! G )226  )107  (<7�; BKO6! *��)�-C �= �	; ��>��O R�� ��   �J�

 f�E-E �; B�8
O d= ��6/74  )4/25 .3� �9
�Q  3(��   6�5� Y�����32��    �� a�J; *��
	>�7	
� 6���  ) *+4�32T �	O)

; .B
� �8X�_  ��	  B�8
O�6�5� Y���� $�)', *28  -g� h�E	�# �= ��� -��E -; <���*��! <��; ) ����01/0 P<  hJ�E	�# .(CC 

) R�-�5�;13/2 *+�  �-.  -;*
� -��X h�E	�# ) (GG  -��E R�-�
=*��! <��; ) d=33/0 *+�  �-.  -;*
�  -J��X  .��� 6�J5� �� (

*  ��N25�� 	� ���g!  <3�E	i+=	� "E *+4�32T R�� *K2 � ��-; �� '(� <��&  .�	� ��C-. -U� �� <��%�  

:$����/ �;��/ :$���	
� *2
�� T�3+;�R 2��#*$ +4�32T*$  6#DMB2 $PCR-RFLP  

 
* :�	ij  k32j�	� M.nazari@asnrukh.ac.ir 

doi: 10.22124/AR.2021.15822.1499  



46                            *��2T RjS  :6���4
� )
�-;*  W�9E���� *+4�32T  6)�.�2  6# MHC-DMB2� D
�� �;�2
* �� ���	
�...  

 

���
�   

�L� ) *�C�; <��.7�
 *+(� l4+m
=MHC( �� �-�2= 

<���j; 7� <��
�;*
)-�) $*���-�=�;) �� ) *+>�� () �	9N; 

<���j; 7� `�K( <3�X	E ) *+c 3�X	E �3� n^5   B
�

)Hunt et al., 2010; Suzuki et al., 2010(. MHC  "�

��	�  4�#	X	2
�� �-4+
, �; ��C�� 6� 7�
 *�#*  )

4�#	X	2
��-�0* B
�. �-N  ��
E �E *C)-[0 6����  7� 6����

 �;) 6���3���j�
�<�2c�  <���� (���)�! 3Z�C 6���� 6# �� <

MHC  .32�j���  1Z�)6# <�� ��	� MHC �# 6�4 * 

��! �322=3=* 6# �� iE)-� )�R ��< Q_
* 
	K2X�B ��*� 

�2=�) �� �= B
� ��< ,�C�*  63;) �
�2�*� 

R�iE)-� ��< O���* .3���� BX��� 6# �� <MHC  ��
� )�

	4�+. *+(�R�iE)-� �� *X	+
 o_
 < p'=I  )II  3= ��

*  322=  ) <�	� <��3��m� 6��� d�	QE �	ij  �=

 B�
	K2X �; <�	�-�0T �j��	4X	  .32  <��MHC 

 p'=I$ �	+
 �; �� *X	+
 d��� <��3��m�<��T   �325=

 e	�CD8$  *X)MHC  p'=II$  �� *X	+
 ]��� <��3��m�

B�
	K2X �;  e	� *4
= <��CD4  d�	QE*  3�� )Miller 

and Taylor, 2016 .(  

 <a�; e	2EMHC B�8
O ��  �� *2
�� ��j�
 B�+;�Z $��

	E�� �; D
��6# ��  ����C� ��*  3�� )Sommer, 2005.( 

 �7)- �MHC  �; 6�	2, "� ->��5� �N  <�-; d�+QE <�� 

�=-
�  �� BNO $�	�: q�^��� B�8
O <�� �)�L  �; 

�;<��
�� �; *.%�) <�� *��)-� ��	  -g	  E�O	 ��-Z ��C-. 

) B
�Ewald et al., 2007(.  7� *4�6# �� �3� *��
�2� <

�� ��	� MHC R�T�3+;$ 6# DMB2  B
��O �=r 

 ���	���MHC  p'=II B
� .DMB2  6# R�;DMB1  )

DMA1 B
� ��C-. ��-Z )Chazara et al., 2011(. DMB2 

 ����! H7��-�* ��/.��; ) 6#< �m��3  ���� BX���

)Afrache et al., 2020 .(DMB2 �; �	�: �� ��-�j. �	:

*  6��; *�a�; o_
 �� �	�$  �= *X�S ��DMB1  �� �N2E

*  6��; *�a�; o_
 �� ��)� ) 39= �	�)Parker and 

Kaufman, 2017 .(  

���� 6�5� <���7 `�L�LQE B
� B
jZ �=  s+�^  <��

��	� MHC  *+4�32T <���� *�a�;B
� ) Chazara et 

al., 2011;Afrache et al., 2020( .� �� `�L�LQE R�X)

�; W�9E��  �� *+4�32TMHC  p'=I  �� 6�.3�-�

�O	O  *��	. <���3� ��V��  .B
���)%� �� $�	=/  

DNA   67) �;	 �-m
� 7� a�; *X	4X14 �O	O R�a <��

�-^�
� *��)-� 7� ��3= -� �; �= 3� ]����!  <��

�)3Q  �[� �322=3�  ) l4+m
= *�C�; <��.7�
 *+(�

�O	O$  h�E	+��� 6�.3�-� .3� 6	�
�3�-9��B  �5�
�

<	>X� RFLP  6�5� �� �;�5 *  3���� t��	E ��� 7! <�-; .

 <��	>X� �� *X32 RFLP  dj�F2 
� �;��5� 7� ���K� ->

 	�-Z d�+QE ) ���VE ��	  *X	4X� BC-. ) B��N� ��$ 

 �� *+4�32T 6#MHC *��	. �O	O  H���.�3 

)Warner et al., 1989( . lm
R�LLQ $  �� *+4�32T

MHC p'=<�� II ) IV  "�24E 7� ���K�
� �; ��RFLP 

.3���� ��-Z *
�-; ��	  u-  ��  R�� ��! 7� ��� 7����! 

 *�-;Sac I  ���K�
�� .3MHC  p'=II$ ��NT  6�5� 3��;

���$ �	( ��E �= *MHC  p'=IV $18 ��� 6�5� �� 3��; 

)Weigend and Lamont, 1999( .*L�LQE ��$  *+4�32T

 ��MHC K�
� �; *2��# R�T�3+;� "�24E 7� ��PCR-

RFLP  R�T�3+; R�a BK� 7� 7� ���K�
� �; ) *
�-; ��	 

 ��-ZBC-.  7� )����!  *�-;PvuII .3� ���K�
�  R��

R�LLQ $ 16 ^  <	>X�� *��
�2� s+3��	
� <	>X� .

 R�; �3� *��
�2���	. ��  < Y���� .�	; `)�K�  s+�^

 6# �= ��� 6�5�MHC  p'=II  *2��# R�T�3+; ��

3���� *�a�; *+4�32T )Ye et al., 1999( . R�LLQ 

 R�2v
�B
jZ * 	�# �����
  �L_2  s+�^  <��MHC 

 �	: �; ��180  R�T�3+; ) u-  �� 7�;	+�=���VE  �� �; )

 .3��	
� �j��L 6# �N  <��MHC  p'=II  d ��

DMA $DMB1 $DMB2 3��	; R�
���E ) . 7� *4�

B
jZ �L_2  R�� �N  <��$ DMB2  d �� �= �	;�� 

�O �= �	; 6)�.�r  ���	���MHC  p'=II �L9:3� <32; 

)Shiina et al., 2004(.  B��N� �� ��*L�LQE$  *+4�32T

��  7� *.��; �L_2 MHC  *
�-; ��	  u-  ) R�T�3+;

BC-. ��-Z ) �# e	2E* MHC  ) <�����
 -U� 7�

�NO  u-  ) R�T�3+; R�; <3�E	i+=	� <��3� *
�-; .

��� 6�5� Y����  6# �=DMB2  "E �NO <����

 ) B
� <3�E	i+=	�*  6�	E 6! �� 7� ���K�
� �;����! �� <

 *�-;Dra III  )Hinf I  2� .�-= *��
��	=/  P�LQE �� ) 

 7� ���K�
� ��>2� ������!  *�-;Hinf1$  e	� )� dX!C  )G 

 H���.3�3� )Hosomichi et al., 2005(.  6�5� R�LLQ 

6�.3�-� �� �= 3����$  6#DMB2  7� -�5�;-��
 6#  <��

 p'=II *  6��; �N  �L� ) �	� ) ���� <-EParker and 

Kaufman, 2017 .(  



��
�/��� ��
 * �� `�3�X	E `�L�LQE �����/�	
 �1400 )55-45                                                                                (47  

 

 �� *+4�32T ��	  �� <���7 `�8X�_ B
jZ �� s+�^  <

MHC 2
�� ) 3�X	E �; 6! W�9E�� )B
� ��C-. ��V�� * 

)Afrache et al., 2020  .(���� 6�5� s+�^  `�8X�_  B
� 

 �� *+4�32T �=B
jZ �� s+�^  <MHC  ) 3�X	E -;

B
� ��/.-g� *2
�� )Liu et al., 2009(.  R�� 7� *[8;

+4�32T* �� <���� ��g!  *2
�� ) 3�X	E -; B9c 32�j�  )

 *C-8  �3�3��= 6# 6�	2, �;�3� 3�� 3
Q )��;!<  )

X	
��)	
  $1383 ; Nikbakht and Esmailnejad, 2015; 

Liu et al., 2009($  R�� 7� *�-; )+4�32T* �� <���� ��g! 

 ���	
� *2
�� D
�� -; *K2 32�j�  *2
�� ���= f9
 )

* 3�	� )+Z)� ��4X�	  $6���4
� )1397( .�NO -.�  ����g! 

��>��O R�� 7� 32��; ����� *�9c  *  �� E 6�	2, �; 6�	

� ��-; �� *4���# ->��5� &'(� <��   ����C� BNO <��%�

<��
�; �; B )�L   .�	
� ���K�
� �� R�� d �S ��-C� q�^���

�NO  .3� 3��	� *4���# BC-5�� f9
 �� R�� -.�

�NO  ����g! 32��; ����� *K2 $ '(� ��>2� �� -; ��%� &

*4���# n��� <�29 $ 3��;  w�QX e	x	  R�� -.� .�	�

�NO<���� �� ��g!  32��; *2
�� ) <3�X	E `�K( -; *K2 

� ��-; <�-O� �; &'(� <��  <��%� f
�2  ) q�^��� dc �� 

*  �NO R�� d �S ��-C� y/S  7� l� B��� ��U��� 6�	E

dj� 32T$  y/S B�8
O 7� �NO R��	�.�  `�L�LQE

���� 6�5� B
�  6# �=DMB2  <���� R�T�3+; ��

*+4�32T B
�$ *X)  6	2=�E z	b� �� 6��  W�9E��

 6# �� *+4�32TMHC-DMB2  )��g!  *K2  �� B9c  6!

 -; *2
�� BK(B
� ��C->� `�	( *L�LQE R�T�3+; ��.  �;

 6# �42�� �; �O	EDMB2 6# 7� *4� -g	  ) �N  <��

��	� MHC  p'=II 6# ��L; 7� -�5�; ) ��	;  p'= <��

II *  6��; �	�: ��  �	� ) �K�� *2
�� �� *
N  �L�

*  32=$  R�� BNO ��� 7!*+4�32T R��8E  �� 6#

DMB2  )-g� *
�-; -; 6! � D
���2
* ���	
�  ��

T�3+;�R 2��# * �-O��3.  

=�� � ��
���  

 �	+Q  P���ESRBC R�T�3+; �;��:  R�� ��V�� BNO

��� 7!$ 130 R�T�3+; �O	O  *2��# )65  ) -�65  (���  �;

 `3 35 7)� 3� ���� H�)-� -�j; <)�3� .� 7)� �28 

H�)-� ��)�$  ��3L 2/0 *+�    �	+Q  -��XY2� 3(�� 

SRBC �+[, �;   �2�
 �
�R�T�3+; ��  BK� ) 3� P���E

 7)� �� 38; 7)�35 6	� $H�)-� ��)�  BNO <-�.

 ]�-^�
�DNA ) R��8E -��E *��! <��; ��+,SRBC   ��V��

3� ) $6���4
� ) <�3�S1398(.   

 ]�-^�
�DNA  �2=�) ��V�� )PCR: DNA ��	
�  <��

 B�= 7� ���K�
� �; 6	�DIAtom DNA PREP �	bQ  

 B=-�BIOKOM 	4j   ]�-^�
�� B�K�= .3DNA 

s�: H)� �; �3� ]�-^�
� * 	�# 7� ���K�
� �; ) *V2


 <)� 7�	C)-�4X� �; 6! B�K�= ) {���	��� -� 	�C)-�4m
� �#

 7��.!"�  3(��R��8E �.3  ]�-^�
� 7� l�DNA$  "�

 �8_Z333  *(�b��� <��-
��-� "
= �; <7�; BKO

 �)3O)1 () �+�
) �; "�24E PCR 3� -�c4E 

(Hosomichi et al., 2005).  

 �2=�)PCR  *��N� �VS ��25  d �� $-��X)-4� 5/12 

 $l4�  -�j  -��X)-4� 5/8  ) d�-�
� q! -��X)-4� 

 ��3L  �; BC� -
��-� "�X)-4� -�� )10 (�	 	4�� -
��-� $

B5.-; ��3L  �; "�  -��X)-4� )10  (�	 	4�� ))� 

 ��	
� 7� -��X)-4� DNA * 	�# )50  �� �-.	���

(-��X)-4�  -+4��
	 -E ��>�
� 7� ���K�
� �;  ��V��3�. 

��)� ) *E��-S � ��-;  |��-� �� �3� �2�N; *�� 7 <��

��	  ��>��O -�c4E <�-; *��>5�� 7! X�_  �)3O �� �82 

3� �}���B
� �d4�
 ��38E .  �2=�) ��V�� <��PCR $30 

.3� ��C-. -U� �� d4�
  

  

�)3O 1 - *X�	E ) `��(	b� -
��-� �8X�_  R�� �� �3� ���K�
�  
Table 1. The sequence and characteristics of the primer used in this study 

  

  

Product size 
)base pair(  

Annealing 
temperature (0C) 

Primer sequence  
3´             5´  Name 

333  62  
F:5´-GGAGTGCATCCCCATTGCT-3´ 
R:5´-GCTCACTCTTGCGCAGTGC-3´  

MHC-DMB2 



48                            *��2T RjS  :6���4
� )
�-;*  W�9E���� *+4�32T  6)�.�2  6# MHC-DMB2� D
�� �;�2
* �� ���	
�...  

 

 �)3O2 -  d
8X��	�
��-�V�7 �2=�) 7�-
�+� <�  
Table 2. Polymerase chain reaction protocol 

Description Time  Temperature (0C) Number of cycles  
Primary Denaturation 

 
Denaturation 
Annealing  
Extension  

 
Final extension 

5 min  
 

45 s 
60 s 
45 s  
 

10 min 

95  
 
95 
62 
70  
 
72  

1 
 
  
30 

  
 
1  

    
 =��'&!*8� : `�8_Z333  <7�; BKO 6)�.� ~�S��2  6#

 MHC-DMB2; � �+�
)����!  7�i+=	�)3��Hinf I  B,-
 �;

�) 1�-
 �[Thermofisher, ER0801 .3�3� �[� (

 �[� �2=�)
���!�VS �� * *+= 15  <)�S -��X)-4� 

5/8  $-_L  q! -��X)-4� "�  $*
[� -C�; -��X)-4� 5/0 

 -��X)-4� ����! Hinf I  )Y2�  �	bQ  -��X)-4�  PCR 

 ��� !�3.  dS�- *
���! �[� :�	; &-� R�3; �3�;� 

 6	�
�;	4��<� � �� 37  �O��p	�j+
  `3  �;30 

��-Z �; lm
 ) �L�Z� R; �� ��	
� 6���  <� � �� <�� 65 

 �O��p	�j+
  `3  �;20 �L�Z� .  

 �# 7� ���K�
� �; �3� ���� H-; `a	bQ  $�[� 7� 38;

 7��.!)� 3(��$  7�	C)-�4X��3�3 . ��3L Y2�  �)-4X�-�  7�

 �	bQ PCR  �;"�  �)-4 X�-� ��/.��; -C�;< �;  ;	�* 

"��T �� ) �3� W	+^  � �����^  7�	C)-�4X� .3�

 `a	bQ PCR  `3  �;45 Z���L  #��X) �;110  ��V�� BX)

�� .3� �N��B �-;<  ��� �# ��>�
� 7� $��3��; �3��5 

 R��8E ) *��>5�� 7! <����= ��
E� 7� l� .3� ���K�
�

��	
� ��
E h�E	�# ���� ��+= $��  ���+�
) �; � ��-;  dj=�

3� fE- $3� ���) lm
 �-� ���C� GENALEX 6.3 �3�  )

E	�# $*+X! *��)�-C lm
*m�  �-92�) <���� ���8E �	O) )

��	  
�-;* ��-Z .BC-.  

 <-�. �7�3��*��! -��E ��+, <��; SRBC: �7�3�� <�-;  <-�.

*��! -��E ��+, <��; SRBC  �-
 ���+(�S H)� 7� $

 6	�
�2�E	+.�
� ��L�j  �V2
��K�
� ��3 �3�;� .50 

 B+� "��T R�X)� d��� �; �-
 -��X)-4� 96  ���a� *��E

 <� � �� �	E�;	4�� d��� �� B+� ) �3� �C�x�56  �O��

p	�j+
  `3  <�-;30  ��� 7� l� .3� ���� ��-Z �L�Z�

B,�
$ 50 ) R�X�
 `�KjC -C�; -��X)-4� PBS "��T �; (

<� � �� �	E�;	4�� d��� �� ) 3� �C�x� �)� 37  �O��

p	�j+
  `3  �;30  ��� 7� l� .BC-. ��-Z �L�Z�

B,�
$ 50  -��X)-4� PBS "��T ��L; �;�C�x� �� �3�  )

BZ� lm
 <��496/1-2/1  ��NE -��X)-4� � .3  

BZ� R�� ��NE 7� l���$ 25  �	+Q  -��X)-4� SRBC  "�

3(��  `3  �; B+� .3� �C�x� "��T -� �;30  �L�Z�

3� �;	4�� ->�� 7� l� ) �!6$  �3� ��X "��T R�X)� ���
�

 B������� p�
� -; ��-��E .3log 2 R�-�5�; 6�	2, �; $

 6�5� �� d �= 6	�
�2�E	+.! �= *�Z�*  3��  3� 6��;

)Grasman, 2010( 

<�� ! d�+QE ) ���VE:  <��	>X� W�9E�� *
�-; BNO

 6# ��>��O *m�E	�#MHC-DMB2  ���	
� *2
�� BK( �;

g �3  7� *_� B;�)  ��)�GLM  ���C� �-�SAS  �^j�)

1/9 ( -�7 `�	( �; ���K�
� ��	  <�� ! �3  .3� ���K�
�

:�	;  
Y ij= μ+SXi+Gj+eij  

�= $Y ij  ��3L  <�-; �3��5  $���	 	� *2
�� μ R�>��� 

 $d=SXi  -g�i ) B�j2O R� i = 1  ) -� <�-;2 ���  <�-; $(

Gj  -g�j) h�E	�# R� j = 1  $2  )3  ( )eij  �3��
�Z�; <�_�

B
�. R�2v
� �L ��j  �>���R �; �� 7� ���K�
� 6	 7!

=	E* .3� ��V��  

@&�A* B�� �    

� �; �O	E �;��42 LQE ���`�L s+�^ $ +4�32T W�9E��* 

 6)�.�2  6#MHC X	E `�K( �;�3< S ���`���	  )

�N  6�	2, �; s+�^  6�.3�-� -E�R �-; D
��<  �; �+;�L 

;���
< ��< �	K,* 
�-;* ��3 � �� $B
��R LQE�P  �;


�-;* +4�32T W�9E��* � ���R E ) 6#�-� *��! <��;  d=

T�3+; ���2��# R* ����-���. B�K�= R��8E <�-; DNA 

 d(�S 7��.! �# 7�"�  ���K�
� 3(��� <��3��; �	O) .3

 R�-�N; 7� *=�S *.3�5= R�-�
= 6)3; ) ��
E �' �=

 .B
� B�K�=6�
�= ��	. � d4� ��1 *  �3��5  $�	� 

��	
� ]�-^�
� <��   �� ox�) 3��; "� �N2E 6	� 7� �3�



��
�/��� ��
 * �� `�3�X	E `�L�LQE �����/�	
 �1400 )55-45                                                                                (49  

 

*  6�5� .3�� -�c4E `a	bQ  7�	C)-�4X�   6# �3�MHC-

DMB2  7��.! �# <)�)�  �8_Z �= ��� 6�5� 3(��333 

BKO ��� 6)3; ) *;	� �; <7�; -�0 3��; ��	.  *(�b���

 -�c4E� d4�) 32� ��	� "� �	O) .( 6�5� 7��.! �# <)

*  3�� -
��-� �=  <���3� ���K�
�  y3� �8_Z "� <����

 <)�DNA .3��	;  

 H)� ��RFLP 32T ��>��O <)�S �8_Z �3�;� $  �; *+4�

�-�V�7 �2=�) *+� <� ) 7�-  z	b^  -
��-� 7� ���K�
� 

�3� *S�-: �	U2  R�
� �; �=)(  -�c4E�3�  7� l� )

 7�	C)-�4X� $*
���! �[�* �	�.  ��	  �8_Z -�c4E 7� 38;

-U�$ BNO *+4�32T R��8E  *
���! �[� H)� 7� 6# R��

 ����! �;Hinf I ���K�
�  .3���	
� <��	>X� -�)�bE 7� <�

 *
���! H-; 7� d(�SHinf I  ��d4� 3 .B
� �3� �}���  

����Y d(�S =�S*  �	O) 7�)�  dX! e	�C  )G � ���R 

�O���> ��)�-C �= �	;* 6! �� 8
O d= ���B E-E �;�f 6/74 

 )4/25 .3� �9
�Q  3(��  ��38E�
 =-E�f E	�#�m* CC $

CG  )GG �
�2�*� ��)�-C �= 3�3�* E	�#�m*  �9
�Q 

6! �3� 8
O �� ���B E-E �;�f -;�-; �; 32/62 $61/24  )

07/13 3��	; 3(��  d4�)3.(  dX!C  h�E	�# )CC  <����

*��)�-C R�-�5�; 	�# ) *+X! <�� R�� Y���� .3��	; *m�E

 �; P�LQE Y������ *2��# R�T�3+; <)� ->�� `�L�LQE -

) ���� *��	�Hosomichi et al., 2005 dX! *��)�-C 6���  .(

C  6)�.� ��>��O ��2  6#MHC-DMB2$ 62/0  *��)�-C )

 dX!G  �; -;�-;38/0  H���.�) B
� �3Hosomichi et al., 

2005($  P�LQE R�� Y���� �; �= *28�746/0  )254/0 ��-

.���� *��	�  

   

  
Fig. 1. DNA extracted from blood samples of 

Japanese quail 
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Fig. 2. Amplified product of 333 bp of MHC-DMB2 

in Japanese quail loaded on 2% agarose gel. M: 
Molecular marker 100 bp (From top to bottom, 
respectively, include bands of size 3000, 1500, 

1000, 900, 800, 700, 600, 500, 400, 300, 200 and 
100) 
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Fig. 3. PCR-RFLP patterns of the MHC-DMB2 gene 

in Japanese quail digested by Hinf I enzyme 
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Fig. 4. Nucleotide sequence of exon 2 of the MHC-DMB2 gene. Primer complementary regions are indicated in 

bold type while the Hinf I sites are highlighted 
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Table 3. Intra-population diversity for the MHC-DMB2 gene in Japanese quail 

Fixation 
Index 

)F (  

Shannon' s 
Information 
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Ho)(  

Expected 
heterozygosity 

(He) 

Effective 
number of 

alleles 
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number of 

alleles 
)Na( 

  
Location 

 

0.35 0.56 0.246 0.379 1.61 2  MHC-DMB2  
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Table 4. Means comparison of total antibody titer 

(mg/dL) for different genotypes 

Mean ± Standard deviation  Genotype 

0.09  ± 2.13a CC 

0.15  ± 0.84b CG 

0.21 ± 0.33c GG 
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Abstract 

The DMB2 gene is one of the MHC cluster genes that plays a role in the humoral immune response. This study 
was performed to identify the polymorphism of exon 2 of the MHC-DMB2 gene and its association with the 
humoral immune response in Japanese quail. For this purpose, on day 28, 0.2 mL of 5% saline suspension of 
sheep red blood cell (SRBC) was injected into 130 quail's breast muscle (65 males and 65 females). Seven days 
later, cervical vein blood sampling was performed on the 35th day. Afterward, the anti-SRBC titer antibody was 
determined using a micro hemagglutination technique. Also, genomic DNA was extracted from blood samples 
and a 333bp fragment of exon 2 was amplified using polymerase chain reaction and PCR products were digested 
by Hinf 1 restriction enzyme. The results showed that there were two types of C (333bp) and G (226, 107bp) 
alleles in this region with a frequency of 74.6% and 26.4% in the whole population, respectively. The results 
indicate high polymorphism and high homozygosity in the studied population. In addition, the results showed 
that genotype had a significant effect on antibody titers (P<0.01). The CC genotype showed the highest total 
antibody titer (2.13 mg/dL) and the GG genotype showed the lowest total antibody titer (0.33 mg/dL). It is 
suggested that the negative effects of this single nucleotide polymorphism be considered in breeding programs. 
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