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Abstract 
The aim of this research was to investigate the immune system responses against sheep red blood cells (SRBC) and Newcastle disease virus 
(NDV) in two sexes of both wild and Italian speckled quails. To compare phenotypic differences of two sexes for humoral immune responses 
a one-way analysis was applied, and a simple animal model using the MCMCglmm package of R software was used for genetic analysis, 
assuming variance components between the two sexes are different. Phenotypic comparison between males and females did not show a 
significant difference in any of the strains. In both strains, heritability of humoral immunity in males was higher than females. Results 
indicated that heritability of IgT in males (0.187), and IgY in females (0.177) were higher than other estimates in wild strain. The highest 
heritability was related to the NDV, which was estimated to be 0.214 and 0.268 in males and females, respectively. Therefore, genetic 
selection for IgN can be expected to improve the performance of the birds’ humoral immune system. Likewise, according to the higher 
estimates of immune responses in males, genetic selection of humoral immune responses for IgN, leads to higher genetic progression. 
 
Keywords: Antigen, Genetic parameters, Heritability, Immune response, Newcastle. 
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�� R(!8�� �90(d8 � � �	�0e ���(&$ (� A��I� ��0�� �

#�2C� 0��L�� .H�� .�(
��� +(�  +�(�L #3�� (�

MCMCglmm � �D <(l�]20[ 0��F8 #� ���e	� 

� +��� .

w"  (� #��&� G�$"$� =
 #"W(9 � #��&� �����W =
 +�$�

#��&� �$�+ 100 2�8$��k&� #� .�D ��
 ��$ ��$l�� G�

#��&�Z58 ]�� (� ��D #39�� �e� �0 +�$�$d� 

/� �
<�� #3�� =���9�+ BOA  ��3	*�D ]19[.  

  

 6��%1 . ?@5� ��� ��+� 5��8�)5+ �+�8�9 �  7�� �5�3 �� ����)3+���# ���  

����&� �	&
� '�(�  0��*� 0��F8   
$k�($�± �($F� ���y��  [* 

�8  �$� 

�8  

�56� #
��  
IgT*  1023  282/1 ± 170/4  5/0  5/11  
IgY  1023  722/0 ± 944/2  5/0  9  
IgM  1023  441/0 ± 176/1  5/0  9  
IgN  915  063/2 ± 653/7  1  12  

�
($2(3
� ���2(4 #
��  
IgT  935  218/1 ± 900/3  5/1  5/9  
IgY 935  526/0 ± 357/2  1  6  
IgM 935  397/0 ± 543/1  5/0  6  
IgN 829  427/2 ± 034/9  1  12  

IgT :Log 2 ���� +5/	  �� B$ 6+��	��� SRBC )Log2 �(IgY� :��� +58�
��?���	�; Y ���� SRBC� IgM� :��� +58�
��?���	�; M ���� SRBC�  �IgN :23�4 +5/	  

6+��	� ���� ;1$+� ��B3�$� )NDV.( 
  

  

  

  

  



��$+�� )�,�-  � .�/'�0  �-
��  1/%  �� 23�4 +5/	  6+��	� �� �35� ��� 7��  � �+�8�9  +58�)�� 5 :���
�; 
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��� 	 ��
��  

'�(� �7$8�	9 #�
(:��0(� � (��� 
$� ����&� �	&
� +(� (�

) ���/ �0 �
($2(3
� ���2(4 � �56� #
�� �0 �02 (

E$� �0 .H�� ��D �0�0 G(5�  '�(� A�(�8 #
�� �0 �� =


 .	/ �0 �0 ����&� �	&
� �	F�'�(� H!I .0�!� ��0 +(�

 
� �0 G(����� ����&� �	&
�45  #* �D <(l�� �����

[Z8 �(`L 
��0(� �0 +��J� �0 �8K(� '�(� �J2 .H�� (�

(��0�� (� 0�>"&% #� '�(� �0 � +�0(� �(IL �� �D(� ����8

�3�L 
$�_8 H\/ �0 �0(� .	/+0(� [Z8 �0 �($�0��� +(�

 �D(�]21[ �+�(l8 G�� 
$k	� 

K =
 � ���� a�� �0 .

 #$"% ����&� �	&
� [3�$� 0�>"&%SRBC  +���IgT  �

IgY '�(� �� �0(� � �� .	/ �0 �� �0 �	&
� +(�

 ����&�#
�� +�� �� �{(6 #F2(f� �0 � �56� +(�

 0�� �8K(� �
($2(3
� ���2(4]11[�2(6�0 �  0�>"&% #*IgM 

#
�� �0 �{(6 #F2(f� �0 �����0��� 
$1��"� +(�

#
�� �� �8K(�'�(� #F2(f� �0 .0�� a�� +(� �0 �	&
� +(�

 �
0(:� �a�� �0(� � �� .	/ �0IgT  �IgY  �0(� .	/ �0

(l8 

K =
�0 �8�(�8 �	1�� �0�� �� .	/ �� �8K(� +� 

 �5� ���(5� ���� #
�� �0(� � �� .	/ �0 0�>"&%

]12['�(� . #$"% ����&� �	&
� +(�SRBC  )6��� �0

[Z8 #$2�� � +�(l8 #
�� �0 �� �0 �0(� .	/ �0 +��J�

�$� ���� [Z8 ���0 ��(
(� 
$	� �� �8 �D ]���� +��J�

]12$� 0�>"&% #F2(f� .[ )6��� �0 =5l	� �	&
� [3�

G(5� �$� ����� o"3Z�'�(� ��	�0+�  �	&
� +(� �0 �8

�0(� 0�� �� .	/ #� H!�� (�]22[ ��	��? 
$1��"� �0 .

��!"� 0��F8 �0 �8�(�8.	/ �0 �$�� +(�  �0 �0(� � ��

 �5� ]���� o"3Z� 
$	�]23[.  

,(���� �����<(l�� +(� #� ���D �� �e� G�	*(8 ���

�'�(� �>$3�? +(��3���(� 0��L�� q�d4�0 �5��� +(�

 �0 ����&� �	&
�0 ]���� 
$1��"� �0 �0(� � �� .	/ �

 ��5��� �{(6 #F2(f� �J2 �H�� ]���� 
$3�Z� ����8

 #$"% ����&� �	&
� '�(� �>$3�? +(��3���(� 0��L�� .�D(�

SRBC  �NDV  �56� #
�� �0 �0(� � �� .	/ �0 �0

) ���/ �03.H�� ��D �0�0 G(5� (  

  

 6��%223�4 ;�F���# .���# � ��&� �� 6+��	�  /	5+ ��� 5��8�)5+ �+�8�9 �  7�� ;�:���
 �5�3 �� ���  

'�(�����&� �	&
� +(�  �0(�(�  (���  SEM  P value  

�56� #
�� 

IgT  065/5  142/4  909/0  155/0  

IgY  092/3  864/2  301/0  769/0  

IgM  973/1  278/1  681/0  141/0  

IgN  899/7  253/7  603/0  539/0  

��
# ���2(4 �
2(3$(�
  

IgT  108/4  897/3  608/0  365/0  

IgY  867/2  268/2  513/0  166/0  

IgM  241/1  629/1  710/0  198/0  

IgN 071/9  546/8  687/0  223/0  

IgT :Log 2 ���� +5/	  �� B$ 6+��	��� SRBC )Log2 �(IgY� :��� +58�
��?���	�; Y ���� SRBC� IgM� :��� +58�
��?���	�; M ���� SRBC�  �IgN :23�4 +5/	  

6+��	� ���� ;1$+� ��B3�$� )NDV.(  
  



	���� ���� ����� ��  ��!"#�� �	�# ��$� � ���� %&'  ����( ��#� )���%�* 
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 6��%3�5�3 �� ���# � &� H/% �� �� 6+��	�  /	5+ 23�4  -�)�, ���&)#+��4 ���(&
 .  7�� 

����&� �	&
�  �7$8�	9 .�(
���  �5
��9� .�(
���  HI���J�
�+±  ���y��0����(3��  ���
.�( y�$f�  

.	/  (���  �0(�(�  (���  �0(�(�  (���  �0(�(�  (���  �0(�(�  

IgT 230/2  435/2  417/0  372/0  008/0±  187/0  021/0 ± 153/0  813/1  063/2  

IgY  609/1  676/1  211/0  296/0  009/0 ± 131/0  017/0 ± 177/0  398/1  380/1  

IgM  951/0  062/1  117/0  121/0  003/0 ± 123/0  015/0 ± 114/0  834/0  941/0  

IgN 944/2  179/3  630/0  851/0  002/0 ± 214/0  030/0 ± 268/0  314/2  328/2  

IgT :Log 2 ���� +5/	  �� B$ 6+��	��� SRBC )Log2 �(IgY� :��� +58�
��?���	�; Y ���� SRBC� IgM� :��� +58�
��?���	�; M ���� SRBC�  �

IgN :23�4 +5/	  6+��	� ���� ;1$+� ��B3�$� )NDV.(  

  

�$� �8HI��� 0��L�� 

 �	&
� '�(� �0 +�
J�

 #$"% ����&�SRBC  0��� �0IgT  ���(5� �� G(����� �0

#* ��D �0(� �0 GL ���:� �� �8K(�) 0�� (�187/0  �0

 (� #�
(:�153/0 0��� �0 ��56� #
�� .	/ �0 �� �0 .(

IgM [* �8HI��� 0��L�� 

 +�
J�#� H�0  �	1�� ���L

 �0 .�D ���(5� .	/ �0 +(�0��L�� 
$� �&* �b34�

HI��� 0��L�� �56� #
��+�
J�  #$"%NDV �0(� �0 (�

�$� �8 ) 0�� (��� ��268/0  (� #�
(:� �0214/0(  G(5� #*

�� r�	8 ��0�$� �8 
$1��"� �0 H�W �0 

� +��� +

#�(��� �0 �J2 .H�� �0(��� +0��� vbW� +(� '�(� ����8

 �0(�3�� (� .��0 G(5� �� .	/ �0 Y(Z3�� #� H!�� +�3\�

 
$1��"� �0 ����&� �	&
� '�(� A(%b@� )�� #� ��

 .	/ �I� 
39���e��0 (� � �56� #
�� �	��?#� ��	%G  �I�

HI��� ���� �0 H�(I  +�
J�IgT �IgY  �IgM #� S$8�8 

21/0 �24/0  �20/0  �
0(:� �� �8K(� #* �D 0��L��

 0�� �{(6 #F2(f� �0 ��D0��L��]7[ X
(3� �0 A�(�8 .

 #� H�� 
>&� A(F2(f� �
(� (� �
(� (� �{(6 w$:y8

�0�0 �(34(� #"&/ �� o"3Z� )
K0  ��0(�3�� 0��� ��� �(�

 0��L�� ]��#�2C� � �0�0 0��F8 �.�(
��� +(�  A�(�3� ...

 �0 �\�(5� #F2(f� #>	
� #� #/�8 (� �

� 0�/� (� .�	D(�

HI��� ):3�� 0��L�� q�d4'�(� +�
J� �	&
� +(�

 �0���� 0�/� 
$1��"� �0(� � �� .	/ �0 �0 ����&�

#� ��e	� 

� �>$3�? H$�(� �� ��(�L  #F2(f� A(�W

#� +���{ �{(6 �� �e� .��� 

 ���/ �0)4(  �	&
� '�(� �>$3�? +(��3���(� 0��L��

 #$"% ����&�SRBC  �NDV  �0 �0(� � �� .	/ �0 �0

 ���2(4 #
�� �0 .H�� ��D �0��L �
($2(3
� ���2(4 #
��

HI��� �l� ��
($2(3
� +�
J�IgT  .	/ �0�0(� )147/0 (

HI��� �
0(:� ��(&8'�(� +�
J� �0 ����&� �	&
� +(�

 �0(� � �� .	/ �0�$� �8 HI��� ��'�(� +�
J� +(�

�� �J2 .�D 0��L�� �56� #
�� �0 �t(	3� R(!	3�� G��8

'�(� #* 0�&� �
($2(3
� ���2(4 #
�� �0 ����&� �	&
� +(�

�$� �8  Hy8 �56� #
�� ���$I_8  �5
��9� �>$3�? �I�

I��� .0��0 ���  [$:3��H +�
J�IgT  �� 
$1��"� �0

 �
($2(3
� ���2(4342/0  #* �D 0��L���$� �8 HI��� ��-

�0(� +��� H�W 

� +�
J�) #
�� 

� +(�147/0 � (

HI��� �56� #
�� +(��� +��� H�W 

� +�
J�

)187/0HI��� +(�0��L�� 
$� �0 .H�� ('�(� +�
J� +(�

 #$"% ����&� �	&
� [3�$�SRBC  ���2(4 #
�� �0

 �
($2(3
��$� �8'�(� 

 #� (�IgY ) 0��0 w"F8419/0  +���

 � (���268/0 �0(� +���HI��� .((� +�
J�IgY  +(��� �0

 �
($2(3
� ���2(4 #
���$�  �� ��D0��L�� ���:� ����� #�

) H�� �56� #
�� +(��� +���419/0  (� #�
(:� �0

131/0 .([� 
$	1 �� �0 0��L�� 

� ���2(4 #
�� +(�



��$+�� )�,�-  � .�/'�0  �-
��  1/%  �� 23�4 +5/	  6+��	� �� �35� ��� 7��  � �+�8�9  +58�)�� 5 :���
�; 
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 �
($2(3
��$� �8 HI��� 0��L�� ���0(� �0 +�
J� 

� +(�

�� �J2 .H�� #
�� �>$3�? Y(Z3�� #* HD�0 �(e3�� G��8

 +���IgY  H9�5$� �
($2(3
� ���2(4 �� 
$1��"� �0

�$� �8 0(l
� �k
0 #
�� � .	/ #� H!�� + 0��L�� .�	*

HI��� +�
J�220/0  +���IgM �� �0 �$�#
�� +(� 

 �
($2(3
� ���2(4�$� �8 �0(� � �56� #
�� +(��� �� +(�



� #� #/�8 (� .0�� �
($2(3
� ���2(4 #
��  #F2(f� �0 #*

 w
��8 #"6�� �0 �{(6SRBC  <(l�� #3�� =
 #"W(9 #�

'�(� �H�� ��D +(�IgY  �� �8K(�IgM �0���K�&F� .��� 

�3�L (� �2(1 ��L0(
 � <�0 #"6�� �0��"� �G? +(�

 #* �	&
� [3�$� ��@(4�����  �$2�8IgY �(F9 �	3���8 

��'�(� � ���D �
0(:� .H�� �(e3��0��� +�8K(� +(�

HI��� �8K(� +�
J�IgY  #� H!��IgM  #
�� �0 �� �0

 �(e3�� �� ��0 .	/ �0 �� � �
($2(3
� ���2(4 � �56�

 �	&
� [3�$� '�(� #F2(f� (� s
(3� 

� .0�!� a�� +�� ��

 HD�0 H:�(f�]12[ #� R���� X
(3� .IgN  #
�� �0

 �
($2(3
� ���2(4#� �:f	��$` )$20  ]���� ���/ �0 G0��

.H�� ��5�  

'�(� <(&8 
$� �0HI��� �����0��� +(� +�
J�IgY 

 0��L�� (� �
($2(3
� ���2(4 #
�� +(��� �0419/0 

�$� �8 #* 0�0 G(5� �� ���:� 

�$� �8  0��L�� ��

HI��� �0(� +��� +�
J� � �
($2(3
� ���2(4 #
�� +(�

�
0(:� .0�� �56� #
�� +(��� HI���J�
�+  +���IgN 

 �
($2(3
� ���2(4 #
�� �0(� � �� .	/ �0 �0��$�(  � K(�

�0 � ^ ��$�.H�� 0��L��  �7$8�	9 ���:� �	1��IgN  �0

'�(� <(&8 
$� +(�#F2(f�0��� �� 

�8K(�) 0034/9 �(

0��L�� HI��� �:f	��$` ���/ �0 H�W 

� +��� +�
J�

�� #* �5� ]���� �0 ��lD [* w&% �� �D(� ����8

 �()�� #�) �
($2(3
� ���2(4 
$1��"� �(>D� �(34(� �0

�0�0(�� [* (
  .�D(� H�W 

� +��� 0��*� 0��F8 G0��

#� ��@ �7$8�	9 �e� �� �	1�� �.	/ �0 #�
(:� �0 �"*

�0(� � (��� 0�>"&%�3�L #� '�(� �0 (�G? +(�#F2(f�0��� 

�	F� A�(�8'�(� �2� �HD��� +��0 (��� �0 �	&
� +(�

�$� �8 �0(� �� Hy8 (��$I_8 .0�� �5
��9� �>$3�? �I� 

�0(� �0 ����&� �	&
� '�(� ��{(6 #F2(f� �0 � (�

�	F� A�(�8 0�� (���HI��� �	1�� �HD��� +��0 +�
J�

 (��� �0�$� �8 �0(� �� .�D 0��L�� (��$� 
�8 


HI��� +�
J� #� R���� .	/ �0 �� � #
�� �0 �� �0 (�

 #$"% �	&
� '�(�NDV �� �J2 �0�� HD�0 �(e3�� G��8

 +��� �>$3�? Y(Z3��IgN  [3�$� 0�>"&% 0�!\� S/��

�	&
� 
$1��"� �0 ����&%  .0�D[� 
$	1 #� #/�8 (� �

�� 0��L��HI� Y(Z3�� A�D � +�
J��$� �8  �(��� �0

'�(� �>$3�? Y(Z3�� H9�5$� S/�� (��� �0 �	&
� +(�

 �>$3�?�$� �8�� +�D.0  

  

 6��%4 5��8�)5+ �+�8�9 �5�3 �� ���# � &� H/% �� �� 6+��	�  /	5+ 23�4  -�)�, ���&)#+��4 ���(&
 .  

�
	&� ����&�  
���
.�( 8�	9$7�  ���
.�( ��9�
5�  HI���J�
�+ ± 0����(3�� ���y��  ���
.�( y�$f�  

(���  �0(�(�  (���  �0(�(�  (���  �0(�(�  (���  �0(�(�  

IgT 383/4  591/2  499/1  381/0  039/0 ± 342/0  089/0 ± 147/0  884/2  210/2  

IgY  366/3  611/1  411/1  432/0  042/0 ± 419/0  098/0 ± 268/0  955/1  179/1  

IgM  748/3  267/1  825/0  208/0  041/0 ± 220/0  109/0 ± 164/0  923/2  059/1  

IgN  -  -  -  -  -  -  -  -  

IgT :Log 2 ���� +5/	  �� B$ 6+��	��� SRBC )Log2 �(IgY� :��� +58�
��?���	�; Y ���� SRBC� IgM� :��� +58�
��?���	�; M ���� SRBC�  �IgN 23�4 +5/	  

6+��	� ���� ;1$+� ��B3�$� )NDV.(  �
 J�
&# K5�)�IgN .L3+ ��7� M�+N? 6��% �� O��
  "P/# &�Q B�8� �
 B�8� �
  5��8�)5+ �+�8�9 �5�3 ��  
  

  

  

  

  

  

  



	���� ���� ����� ��  ��!"#�� �	�# ��$� � ���� %&'  ����( ��#� )���%�* 

  

 ����24 �  ���	
1 �  ���
1401 

20

  

��� 	 ��� !���  

 ��>5���� G(	*�(* ��H�
� +��� )��� �(k5��0 +��(	9

�
(��L <(l�� #� =&* ������ 

� +(���0��  � �>58� 

�� .00��  

  

"#
$� %�
&   

�$E #��� �� p��8 ^9(	� B�(F8
G(��	� .0���� 0�/�  
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