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  � 2L)��* D���0��+���)  �� ��M,� ��  29�=	 �N)� 2L)��* O"9G P))6G .��	� +��=: D)��	M,��� 5 :	 2L=R 9=  2��,� D�S 23'	 +��

T��UG ��   � D���0� ���+���)  ����  � ���2  .?=�	 ��=P V)0WG1 200  �"�� 
�"G :	 X"!M,� +�� 12�,> X�Y=���Z� 12�"�4 2�"� +��

 � J!	 2�	�?�:�� � +?�,�DNA ?9[ .?� \	,]��	 2L�� +"��N� I��  � 2�"�*23L�+�� 
�;=�S �� 23^�+��  2�*IgL  �IFNɣ  _)!�

 ()9LG :	 
��U��	 �� 29�=	 �N)� ��PCR-RFLP  � =R�� +��Sau96I  �Tsp509I  .?� 2��,�12�=R�� `� :	 ?6�  
�;=�S +	,�

 +,;����IgL )354  1(+:�� DUS O"�  �G"�* a)AA 1AB  �BB  _^� �� �A ) �	"� �� ��173  �161  �	"� �� � +:�� DUS10  (+:�� DUS

 _^� �B  �	"�  � ��)161 1103 170  �	"� �� �10  +,;���� 
�;=�S +	,� � (+:�� DUSIFNγ )129  O"�  � 1(+:�� DUSG"�*a) CC 1CG  �

GG �� �  _^�C  �	"� (= ��)129  _^� � (+:�� DUSG  �	"� �� ��)90  �39 
�"G _- .?� 2=���9� (+:�� DUS ���6G b!�� ,c� :	 ��

 
�;=�S �� +	,�+���� ���6G �� 2�*-  .?9��	?� �	,d e,79=	�
�;=�S �� X"��� T�4&8	 b!�� +,;���� +��IgL  �IFNɣ  f)G,G  �)

67/0  �69/0 f)G,G  �) D)7gG b!�� 1(24/0-  �18/0- 2�)�";=:�,�� b!�� �	?0� P=,��)� � (
?����  
?�  f)G,G  �)61/0  �

59/0 .?� ����,� (��   �  S"G�"S� 3L�?9[2 ��  1 6^�/� ��"� 2�* 
�;=�S ���2 �� X	"G  ���,� ��+ h�]��	 +	,� �=	RE	 D���0� �� ,�	,� 

�+���) �� X* P=	 :	.�,� 
,�� 	?=?��- +��  

#%��:����� ��� 3L�?9[X* 12+�� IgL � IFNɣ 12�"� M,� 1PCR-RFLP  
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����  

O&8	  2L)��* ���!�� :	
�"G��+ M,�2�"� +�� �2 ?�	"G  (�-

 25�R�� �� ���, �+R=  +	,�%,8 ��+   �� :	 � +�	$� %&'	

�� ,G .?��� 2L)��* ,=�!Z lU@ 1I�� ��+  
��U��	 � 2^"L^"�

 P=,��� :	 2L=  9)�: P=	 �� 2^"L^"� +��,;���� :	R5 9= ��   �

�N@ h�2 ?=� )342 20� 1X	��L�� � 
�	:1389.( h 
�&4 1 :	

D=R� +�� 2^"L^"� ()��* :	 
��U��	2�X	"G   �* P))6G a)G"�

m�! 2�* 
�;=�S +	,� �	,E	 )Mousavizadeh et al., 2009( � 

.=,NG 2L)��* DE,�)K �� )Javanmard et al., 2008(  
���	

�,- . 6^�/�   2L)��* O"9G+���	$� � :	 Dn�U@ +	,� 2�".��9� 

� #:o 2�"� ,=�!Z 2L)��* ) D�	 +��,pMohammadi et al., 

2009(. ���	� P=	 ��1 P))6G � 2=���9�  2L)��* T�)'"q!

2�"� +���	$� D)��	 +��=: ��	� )Shojaei et al., 2010; 

Zamani et al., 2013.(  

 2L)��* D���0� ��Y=	 ,�	,� ���+���)  �� ��M,� �� �SD  �"7��

?)^"G � 
��U��	  :	 -���2 ()G")�  �� D)��	2=	RN� ��	�.  P))6G

 X?� 29�=	 �N)� 2L)��* O"9G 2=���9� �= �5 :	 2L=R 9= +�� 

 2��,� D�S 23'	T��UG ��   � D���0� ���+���)  �� ��r�9� 

 ����  � 2�"U4�2 ?=� .)Crawford, 1990; Hawken et al., 

1998 .(�"3� +�� !� �� _)�N)� 29�=	 P)iG�,K=��2  #��  �

��P)-"�= �� �	 s�,G �2 ?99-  -  �   3)��  ��Y=	 �9-	� +�� 

P)�2^"3� �� )c9G F��K +�� 29�=	 ,tu� ?9�N� )Reen et al., 

2013(. ��P)-"�= +�� 2>,�  V)d� �"8  � :"9� [ ,c� :	 

���!��+ �  [ �,L3�4+  �E,;� �	,d 2��,� ��"�?�	. 

��P)-"�= ��  X�"� 	�	� ��_)N���K 2�)c4 �� �,�9- �+���) +�� 

�	�,)5	�   � P)9v�� � X	"94 (= +�,)� 2L�- �� ��6E X�,- 

�N)� 29�=	  �  �"8 12'�q�!	 PN-	� 	� ��  w	�	  (= O�E� ,tu� 

+��= 2�?99- )Akdis et al., 2011 .(=	X�,E,�9 ���5 )IFNγ( 

2L= :	 ��P)-"�= +�� 2��� D�	  - F��K 29�=	  )^�	  �29�=	 

2^"3� 	� �,�9-  �f7� �= � D="0G  X?� ��6E�"3� +�� _)!� 

29�=	 �N)� �� 2��"� )Zhou et al., 2001.( 

	=^"�"35"�"�)P ��  3�S :	 IgL iG�,K)P �� 23'	 � 2qq]G +

���2 �* � 
�"� 2�2 ?9�	"G  +��?)�xK �����2 �*2   
�,- �	,d,� ?�")K

�� � P�E� P)� :	 y4 _�	"4�)���+ 	: ?�"� )Roitt, 1993(.  

20)0WG ��1  23L�?9[ T	,t	�S=
�; �� 2�* +IFNγ � IgL  	�

 +��D���0�  �� &�"�^��  �200  �	$� �� :	  6/dM,�   2�"�

 +R^����"� ��,� 2�	,d ?��	� )Tohidi et al., 2012( . 
�;=�S

 2�*IgL  �"8 ��354  :�� DUS 	�:	 ?6� ,)gLG  :	 
��U��	 ��

 =R��2�,� Sau96I �	,d `� ��"�  V)0WG P=	 z=��� �� .?��	�

2�* 
�;=�S P=	 +	,�1  _^� ��A  �G G,G  � �� f)�	�	,E2  20/0  �

80/0  a)G"�*  � P)9v�� �AA 1AG  �GG G,G  � �� f)

�	�	,E2  05/0 130/0  �65/0  P)9v�� .?� 2=���9� P=	

P)00W�1 �* 
�;=�S 2IFNγ  �"8  �670 :�� DUS  	� :	 ?6�

 � ,)gLG   3)��   =R��2�,� Tsp509I  ?��	� I,� -  P=	 +	,�

 _^� �� 2�* 
�;=�SA  �G G,G  � �� f)�	�	,E 255/0  �45/0  �

 a)G"�*  � P)9v��AA 1AG  �GG G,G  � +	�	� f)�	�	,E2  

32/0 146/0  �22/0 �"� 
?� 
?���� � .    ��5	?S �"8

� 6^�/ 	 2�* 
�;=�S 23L�?9[ 2��,� X	"94 DWG +IgL  +��

  � F��K���2  �� +���M,� �� +�	$� �� #�Y�	 2�"=�E � X�"�;^ +

?� )Zhou et al., 2001; Malek and Lamont, 2003( P=	 �� .

V)0WG1  0/9� 	 �"8  � +354  =R�� �� � ,)gLG 	� :�� DUS

2�,� Sau96I =	 z=��� �� .?��	� I,� P0WGV)  �"S� 1���	"� 

161  �� � +:�� DUS�	"� 10 ��= �	$� �� �� +:�� DUS  
?�

 � � 
�"� {,���  ,)>  P=	 :	 6/d ��1  (= X�"�;^ �	$� ���	"� 

 �"8  � 2E�p	173  �� R)� 2�"=�E �	$� �� � :�� DUS�	"�  2E�p	

  � ,;=��"8 �� +103  �70  :�� DUS 
?� 
?�����"�.  

2���$K ��1  2;�N7��3L�?9[2  2�* 
�;=�S  � |"�,� +��

IFNγ  �"8  �129  25�"^�  � F��K +�� 	� :�� DUS

 �� 2=&�"�^��M,� �� +��YG ?=,7)� � (
�,5 ��) +?93� 2�"� +

  6^�/� (
�,5  �) 2��"5?��"�� )Kramer et al., 2003( �� .

2��,L)� 25�"^� :	 ?6�  6^�/� P=	 1 �"�� �� +DNA  
�;=�S 2�*

��"�  =R�� :	 
��U��	 �� � ,)gLG 	� ,c�Tsp509I  .?��	� I,�

 V78��,�2  �E,5 T�"' +��1 2=���9� a)G"�* O"�  � ?�  - 

 �� 	� 2G��U�� 2�	�	,EDE�� ��:	 }3�]� +  � #"L� 1?7-  3�S

 �� .?��	� X��� ��W8M,� �� a)G"�* ~0E +?93� 2�"� +GG 

 _- �	?6G :	 � ?� 2=���9�M,� ��  a)G"�* +	�	� M,� �� ~0E

AA �"�?�.  P)9v�� =R�� :	 
��U��	 ��2�,� Tsp509I 

3L�?9[2  +?)G"i3-"� (G +��S 2�* 
�;=�IFNγ  �"8  �670 

 �� +:�� DUSM,� �� 2�	�?�:�� 2�"� ?^"� + ��"�2��,�  �	,d

	�?� 
�  1X	��L�� � X�)���d)1391( .  1V)0WG P=	 �� :	

 �"�� �� +DNA ��	] 
?� \	,2�* 
�;=�S ��"�  �� � ,)gLG ,c�

��= =R�� :	 
��U��	  1
?� �"�� �� .?��	� I,� 	�  �E�= ,)gLG +

V)0WG P=	 z=��� ��1  _^� ��A  �G G,G  � �� f)�	�	,E2  53/0  �
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47/0  a)G"�*  � P)9v�� �AA 1AG  �GG G,G  � �� f)

�	�	,E2  31/0 144/0  �25/0 �"� 
?� 2=���9�.  

	M,� +�� +�?6�� 2^"L^"� T�6^�/�  [ ,5 #�Y�	 X	,=	 �� ��

D�	 
?� ) 1X	��L�� � k9S �)K1397Basiri et al., 2015; 

Moazeni et al., 2016a; Moazeni et al., 2016b; Zandi et 

al., 2014; Mohammadifar et al., 2011(1 �G ��	 X"9-

23L�?9[ +��X* +��	?=?��-+ IgL  �IFNγ ��- ��"� ,

 6^�/�  	J^ 1D�	  �E,5 �	,d ���$K P=	 ��3L�?9[2 �� 23^� +

 �� 2�* 
�;=�SIgL  �IFNγ  �� _)!� :	 2!,� �� 29�=	 �N)�

�	$�M,� +��  X	,=	 �� �"S"� 2�"���"� ��,� 2�	,d  �E,5 .D�	 

 � ��
�A�� ��  

h�]��	 .�S � +���  �"�� +�� X"! :�� P=	 V)0WG1  �"�� �� +

X"!  :	
�"G��+ M,�+��   2�"� 2�"�4 � 2�	�?�:�� 1+?�,�


�"G _���)M,� 2L)��* +�� 2�"� +��D�	  |�0� #��G ��  -

 }3�]� �"�-
?����  � 
?�
?9-	,K?�	 (�"S"�   N�"� ��

 � �"�- 2�	� #"34 T�0)0WG :	 P)9v��
�"G  2�"� M,�

 �� �"S"� 2�,> X�Y=���Z��"�	 � +:����- ���S #	�  .��9�

 2�,> X�Y=���Z� 26)78 �	?6G  � D)6�S ,�)50 (�?4  _L�)

1(  �  
:	?�	  2-1 23)�  ,�)^ J!	�? . �"�� ��X"! + ��  ^"^ +�� 

+��@ 
��� ?p ��06�	 X"! �� T���Y� F=  � _0�9� 
�;�=��:� 

� �� +��� 20-  S��+ �")N3�  ;� �	�+ ?�.  

\	,]��	 DNA  2�"�* :	  �"�� +�� X"!  �9-	� #�Y�	 �PCR :�K 

:	 F= 2=��5 �"�� ��X"! + X?)�� �  � +��� 1~)W� \	,]��	 

DNA 2�"�* �� 2L�� +"��N� I�� )Miller et al., 1988( 

.?� #�Y�	 D)�- DNA I��  � 
?� \	,]��	 2�"�* +��

})8 D)U)- � �	��"��� ,��"�E�,�Lx�	 :	 
��U��	 �� � 2Y9�

X��� :�"E�,�L^	 �� �� D�S .?� P))6G ?'�� �� :��5� �* +

 2�* T�6/d ,)gLG��"� ,c�  DUS (= :	 2�* 
�;=�S ,� +	,�

 ��?S) ?� 
��U��	 2'�q�!	 ,5:�>�12'�q�!	 .( X�"� 

��,5:�>�+ ��"� 1
��U��	 
��U��	 �� :	  �=�,�BLAST 

(Basice Local Alignment Search Tool) �� D=�� NCBI 

2��,� ?�.  

  

 

 

Fig. 1. Hens and roosters of studied indigenous breeds 

 _L�1 - ��,! � M,� 6^�/� ��"� 2�"� +���	$� +�� 

Marandi native breed Mazandarani native breed 

West Azarbaijan native breed General native breed 
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 ��?S1 - ,5:�>� ��qG	 +��� � 2^	"G To"qW� 
:	?�	 1��PCR 
�;=�S :	 (= ,� +	,�=R�� � 2�* +��2�,� +��  
 Table 1. Sequence and annealing temperature of primers, the size of PCR products for each loci and restriction enzymes  

Restriction enzyme  Primer  Annealing temperature Size of locus Locus  
Sau96 I  

)Kramer et al., 2003( 
F:5′-GGGAAATACTGGTGATAGGTG-3'  

R: 5′-TTTATACCCGCGTCCTTC-3'  
49 °C / 30 Second 354 bp  IgL 

  

Tsp509 I  
)Kramer et al., 2003( 

F: 5′-ATTCTGATGTCTGCCAC-3' 
R:5′-GGCTTAGGCATACTCTTA-3'  

40 °C / 30 Second 129 bp  IFNγ 
  

 �9-	� 2=���
,)Y�::	,�)3K +	  2=��� Y@ ��20  ,�)^�,L)�

 _���200 - 100  #,5"���DNA  12�"�*z9K ,�)^�,L)�  Taq 

DNA polymerase 2X Master mix red)Taq DNA 

polymerase 1,E�� 1dNTPs 1Red dye  �Mgcl2 ( D-,� D!��)

AMPLIQON( �  +��,5:�>� :	 (= ,�DE�  � D�5,�  D!��)

 D-,�BiONEER(  Dc3> ��2/0 �"�"L)K1  ,)gLG +	,� 6/d  

 2�*354  X* �"G"��,K :	 +:�� DUSIgL  #�Y�	?� �9-	� .


,)Y�:,�	� +��� �� :	,�)3K +	 ��  )^�	 +:��95  S�� 

�")N3� ?�  � Tz9K  �  0)d�35  ��,�	� _���  !,[ +:��

#��  +��� ��95  S�� �")N3� ?�  � T30  +��� 1 )��t

 ��,5:�>� ��qG	49  S�� �")N3� ?�  � T30  +��� 1 )��t

 ,)gLG72  S�� +�")N3�  T?�  �30  ,)gLG +��� �  )��t

 2=���72  S�� +�")N3�  �  T?�z9K  #�Y�	  0)d�?�.  

 ,)gLG 6/d 	 2�* 
�;=�S �"G"��,K :	 +IFNγ  �  �"8 129  DUS

:��  2=��� Y@ ��20  _��� ,�)^�,L)�200 -100  #,5"���

DNA  12�"�*��  ,�)^�,L)�Taq DNA polymerase 2X 

Master mix red)Taq DNA polymerase 1,E�� 1dNTPs 1Red 

dye  �Mgcl2 ()�D-,� D!� AMPLIQON (�  :	 (= ,�

 +��,5:�>�DE�  � D�5,�  D-,� D!��)BiONEER(  ��

 Dc3>3/0  �"�"L)K .?� #�Y�	2�* 
�;=�S P=	 +	,�1  �9-	�


,)Y�: ��,�	� +��� �� :	,�)3K +	  )^�	 +:��95  S�� 

�")N3� ?�  � Tz9K  �  0)d�40  ��,�	� _���  !,[ +:��

#��  +��� ��94  S�� +�")N3� ?�  � T30  +��� 1 )��t

 ��,5:�>� ��qG	40  S�� �")N3� ?�  � T30  +��� 1 )��t

 ,)gLG72  S�� �")N3�  T?�  �30  2=��� ,)gLG +��� �  )��t

72  S�� �")N3�  T?�  �DU�   0)d�.?� #�Y�	  T�6/d

 2^"L^"� X:� ,;���� �"`@ �� 2�* 
�;=�S ,� +	,�  �E�= ,)gLG

100  +:�� DUS��) D-,� D!Thermo Scientific(  �* +��

:��5� ��  T�6/d ,)gLG DW' � :�"E�,�L^	 ?'����"� ,c�  X�?�

 �"`@�	"� +��> ��	"!�� To"qW� � 2'�q�!	,) G=r ?� ?)

 _L�)2.(  

 �"�� a)G"�* P))6G��  �
�	� _)3WG �  =RYG ��:  V)0WG P=	 ��

 P))6G D�S3L�?9[2 
�;=�S 2�* +����"� ,c� :	  ()9LG

PCR-RFLP  To"qW� 2�=R�� `� +	,� �PCR =R�� :	 +��

 2'�q�!	 2�,�Sau96I  �Tsp509I  D-,� D!��)Thermo 

Scientific?� 
��U��	 (  ��?S)1�9-	� P=	 .( Y@ �� ��

 2=���5/15  �"qW� ,�)^�,L)� z9K _��� 1,�)^�,L)�PCR (= 1

 � ,E�� ,�)^�,L)�5/0  ��) =R�� ,�)^�,L)� Dc3>10  (= �� ?@	�

 � (,�)^�,L)��� ���=D  .?� #�Y�	 ,)/0G ��� �� h� ,�)^�,L)�  �

�9-	� +��� �� 2�* 
�;=�S �� +	,� 2�=R�� `� +��37 

 S�� �")N3�  2�* 
�;=�S +	,�)IgL(  �65  S�� �")N3� 

 2�* 
�;=�S +	,�)IFNɣ(  T?�  �16 .?� #�Y�	 D4��  :	 ?6�

?���� 12�=R�� `�
  :	 2x)G"�* +��";^	 P))6G D�S � ���	"�

 2^"L^"� X:� ,;���� � ?'�� ���[ :��5� �*50  +:�� DUS

 D-,� D!��)Thermo Scientific (.?� 
��U��	  

2�	�	,E ����,� +	,� 2�)�";=:�,�� 12x)G"�* � 23^� +��
?����  


?�  +���� ���6G b!�� 1��c��	 ��"� � -  b!�� 1e,79=	�

 � D)7gG T�4&8	 b!��X"���  �� 2L)��* +��,��	��K ,;=� �
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Fig. 2. PCR products for studied loci of IgL and IFNɣ on %2 agarose gel with 100 bp molecular weight marker 
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Fig. 3. Genotypic patterns obtained from enzymatic digestion of PCR products for studied loci on 4% agarose gel with 50 
bp molecular weight marker 
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Table 2. Allelic and genotypic frequencies and observed and expected heterozygosity frequencies for IgL locus in 

indigenous chicken populations  
Total 

populations 
Breed Allele and 

Genotype 
 

Mazandarani Marandi W. Azarbaijan Common 
0.58 0.62 0.50 0.56 0.65 A Allelic frequency 
0.42 0.38 0.50 0.44 0.35 B 

0.28 (0.34) 0.34 (0.38) 0.20 (0.26) 0.24 (0.32) 0.34 (0.42) AA Genotypic frequency 
ob. (ex.) 0.60 (0.49) 0.56 (0.48) 0.60 (0.50) 0.64 (0.50) 0.62 (0.46) AB 

0.12 (0.17) 0.10 (0.14) 0.20 (0.24) 0.12 (0.18) 0.04 (0.12) BB 
11.65* 1.59 ns 1.80 ns 4.16* 6.24* χ

 2 
0.61 (0.39) 0.56 (0.44) 0.60 (0.40) 0.64 (0.36) 0.62 (0.38) Heterozygosity (Homozygosity) 

observed frequency 
0.49 (0.51) 0.47 (0.53) 0.51 (0.49) 0.49 (0.51) 0.45 (0.55) Heterozygosity (Homozygosity) 

expected frequency 
0.67 0.66 0.69 0.68 0.64 Shannon's Information index 
-0.24 -0.18 -0.20 -0.29 -0.36 Fixation index 

* Significant (P < 0.05) 
ns: Non significant (P > 0. 05) 
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Table 3. Allelic and genotypic frequencies and observed and expected heterozygosity frequencies for IFNɣ locus in 

indigenous chicken populations  
Total 

populations 
Breed Allele and 

Genotype 
 

Mazandarani Marandi W. Azarbaijan Common 
0.51 0.56 0.51 0.44 0.51 C Allelic frequency 
0.49 0.44 0.49 0.56 0.49 G 

0.21 (0.25) 0.24 (0.32) 0.24 (0.25) 0.14 (0.20) 0.18 (0.26) CC Genotypic Frequency 
ob. (ex.) 0.59(0.50) 0.64 (0.50) 0.46 (0.51) 0.60 (0.50) 0.36 (0.50) CG 

0.20 (0.25) 6 (0.18) 0.26 (0.24) 0.26 (0.30) 0.16 (0.24) GG 
6.30* 4.16* 0.40 ns 2.15 ns 4.81* χ

 2 
0.59 (0.41) 0.64 (0.36) 0.46 (0.54) 0.60 (0.40) 0.66 (0.34) Heterozygosity (Homozygosity) 

observed frequency 
0.51 (0.49) 0.49 (0.51) 0.51 (0.49) 0.49 (0.51) 0.51 (0.49) Heterozygosity (Homozygosity) 

expected frequency 
0.69 0.68 0.69 0.68 0.69 Shannon's Information index 
-0.18 -0.29 0.07 -0.21 -0.32 Fixation index 

* Significant (P < 0.05) 
ns: Non significant (P > 0. 05) 
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Abstract 

Genetic resistance to diseases is very important in chickens. Determining the genetic diversity of the chicken immune 
system is one of the main options for examining differences in resistance to diseases. Two hundred blood samples were 
taken from indigenous chickens populations of Common, West Azarbaijan, Marandi and Mazandarani and genomic DNA 
was extracted by salting out method. The allelic polymorphisms were investigated in IgL and IFNɣ loci involved in the 
immune system using PCR-RFLP and the Sau96I and Tsp509I enzymes. After enzymatic digestion, for IgL marker site (354 
bp), three genotypes of AA, AB and BB and allele A (with two bands of 173, 161 and two bands of 10 bp) and allele B 
(with three bands of 161, 103 and 70 and two bands of 10 bp) and for IFNγ marker site (129 bp), three genotypes of CC, 
CG, and GG and allele C (with one band of 129 bp) and allele G (with two bands of 90 and 39 bp) were identified. The total 
populations for loci were not in Hardy-Weinberg equilibrium. The Shannon information index for markers’ sites of IgL and 
IFNɣ (0.67 and 0.69, respectively), fixation index values (-0.24 and -0.18, respectively) and the highest observed 
heterozygosity index (0.61 and 0.59, respectively) was estimated. Regarding the presence of polymorphism in the studied 
loci, it is possible to use these candidate genes in selection programs to increase disease resistance. 
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