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ABSTRACT 
Bovine viral leukemia (BLV) is one of the deadliest viral diseases that is associated with many economic losses in the dairy 
industry, such as reduced production capacity and reproductive performance of infected animals and their eventual culling. 
The aim of this study was to identify the selection signatures associated with resistance to BLV in Iranian Holstein cows. 
For this purpose, a total of 152 animals were genotyped for 30,105 SNP markers using GGP Bovine LD v4 chips. After 
quality control of the initial data, 23,513 SNP markers in 140 animals of cattle were finally entered for further analysis. The 
animals used were classified into two groups consisting resistant to disease or healthy (68 animals) and sick (77 animals) 
animals, and then the regions of the genome that were divergently selected in these animals were evaluated using the 
unbiased Theta method. The results of this study showed that four genomic regions on chromosomes 1, 13, 20 and 22 were 
divergently selected in these groups. Study of the genes reported in these regions revealed that some genes such as the 
STGA1 on chromosome 1, the STK35, EBF4, and PDYN on chromosome 13 and the SLC38A3, RASSF1, and RBM6 on 
chromosome 22 were previously reported within or adjacent to these genomic regions. Study the function of these genes 
showed that the genes are involved in the immune system, the regulation of mitotic and meiotic cycles and cancer 
suppression. Overall, the results of this study can provide a valuable source of information to identify candidate genomic 
regions or causal genes associated with this disease. 
 
Keywords: Bovine leukosis, Immune system, Selection signatures, Theta statistics. 



24  ������� ����  :�����	  ��!�"
#$ %��&� '�  (��)�� *+,-. �� /.��0. %� ����	' 1��2 ) BLV  (... 

 
  

��*��  

 ��.1 4�5 �� %6 /!� #78� '� �-�� 1� #�$ �(��)��

��9$� %� -9". %��&���� �� #$� : ;<! �� #8�= #

#. (>��?) ��@�? �� %6 #��@�? '� �A�� B$� .��


9�)� %#. '��-� (��)��%��&� �C��. (��)�� '� 

#. �C�.��#. � ��
��@$�� #$�!�"
 �� C���, %6 #$� 

���� (��)�� /D,C��
 ���E)!� �C�� )Kreitman, 

2000( . ��4�! F-)!� �� -�=� '�   G�HI5� ����

%��J #��@�?K!�, � #7 � #.�� '�  % �'��.L '� ��M��

"
%��J N$ �� �� � �A�� B$� #$�!� ���.� ��= -$OA

/!� ��-6 )Dong et al., 2013(. %� 4�+��  (��)��

/��$��� #����-P Q$�MP� � /+R.� '  #����-P �C".��!

S2L� ' ��@$�� �� ����.� '  /+T� %� �$ #R"=

%)!��A (�7<. /��$��� �� %6 #R"=1  M�� C")T 

�-	  4�0)�� �� �C$CA B$� %6 /P�$ C ��= Q$�MP��2 

#.��@$�� �� U�", VO: �$ Q �6 %� .C"$�J� ' 


� N$ ���9. �/+R. (��)�� C"$L-P �� C".��! Q

(��)�� (����3 #. %)EJ ��
)Biswas & Akey, 

2006; Moradi et al., 2012( .%��&� #$�!�"
 '� 

#. /�K	� N�)�? �� W�M� V�C � 1� #�$ �(��)�� -

 � C
��%� S�2� ���. /=�"
'�    � �-�7	H '���� #�?

L '���� #	6 G�E8 '�"�-$1 #��)�? U�", ���	� ���


5� �#:��� B$� #$�!�"
 B�"X	  ./!� /�	 �I G�H

YT����. � S.��, �� Z�+,�� �� 'C"	
1��  %6 %$�A '� 

 #2��2�. S.��, '�� -�-�[\, #.C���OJ�  Y �-P

#. C$�	� )Biswas & Akey, 2006; Nielsen, 2005(.  

 -�=� 4�! C"] #5 �� ��-)TJ G�0�0D, ^$�)�

#7 � %6 /!� ���� ��&� %� � ��-6  �L 4�+��

S�
  _H�� #H�"`. �$ #K�+5 (��)�� � � ��a� '-�J

 ��9$�%��&��C
 #��@�? b5�". �� (��)�� '�   /!�

)Hayes et al., 2009; Qanbari et al., 2011; Stella 

et al., 2010(. #. (��)�� #����-P -��c, %� -9". C���,

��
 /�K	� N$ �� S2L N$� ��2�:# %6  �L #����-P

/�K	� �����+� (��)�� /D, %6 #$�  -��c, ��C� C��

#. #d���)� .C��.9 % B�� �� e-E, ��9$� /2�: B$�

                                                                               
1. Link 

2. Genetic Hitchhiking 

3. Selective sweep 

/�K	�� �  G��E, B$�-��"� ./!� #��@�? b5�". B$� ��

�/�K	� B�� #72L #����-P �� ��$1 /+T� % � ) %]

�-�' ��@$�� �$ � #���)�� S2L ��=� ' �L V�-5�(  M��

#.%� C���, ��&� ���"H%�'  �� /+R. (��)�� 1�

��@$�� � ' C$L ��	
 %� %5��-. #��@�? )Moradi et 

al., 2012(��@$�� B$� .#. �� �  %T$�0. b$-5 1� ���,

 1� ���E)!� �� f7)�. '� ��a� �� #)�K	� M$�	,

g�� Y
. 1� .��	� #$�!�"
 h!�". '��.L '�   B$-,

��.1L� ' ��.L' #. %"�.1 B$� �� ���E)!� ���. ���,

��.L %� �/�+R, i=�
 �$ #)�K	� M$�	,4 )FST ( ���
�

 �-6)Akey et al., 2002; MacEachern et al., 

2009(g1�� .� ' FST %� Z��-.  ��@$��� '  �-E".

-j� k�D2 1� � /!�'  -E8 B�� �L g1��) ��C�

G��E,(  N$ �)S.�6 G��E,( /!� -�c). . ���K.FST 

 ��&� �� #72L e-E, -[� -� #)�!�@$1�-)  �� Q �6

#.  Q �6 -@���� ���.L B$� ld�� �� .C �

/�K	� -$1 �� #)�!�@$1�-)  6 %X�L %� /+T� �  %

#. �/!� ��j)�� ���. #K�+5 /2�: ��C
�� 

)MacEachern et al., 2009( .�&. 1� #�$I #78� G

g��  FST #. B$�%��	� '�<= %6 C
�� �� �� '-�J

#	� -j�m��� g�� 1� ���E)!� �� ���. B$� %6 �-�J h$�

�), )Theta, θ ()Weir & Cockerham, 1984(  ;�D`,

g�� ./!� �C
 '�  FST   >��? �� G��E, �� -  �), �

#. ��&� ����.1 .C" �#  �� G�����: ��CK, %6

/�K	�
�� -��-� �G��E). '� g�� 1� C FST  ���E)!�

#. ��
� K	� G�����: ��CK, %6 #Kd��. �� �.�/� '�  

k�D2 /
� C"
�� G��E). �f7)�. m� ���	� #
�� h$�

/�K	� �1�C�� 1� ��-d ���E)!� ���. �), g�� �� 

#. �-�J )Weir & Cockerham, 1984(.  

Forough Ameri et al. (2016)  1� ���E)!� ��

����� ' 777962 SNP  � >��? -!�,-! �� �C"6�-A

90 :�1� ��� .�� ��J ��a� /& # �$��-!) ��-# �

��.-6#! ����)T#C9� �'�-6 �'&2�, �# � F��A �

���C�1�.#�-� (' �!�"
#$ %��&�� '  ���E)!� (��)��

C��-6!�-� .# �	,$K	� M#)�  g�� 1� ���E)!� ��

+R, i=�
�/ )Fst (D`,��-� �C
 ;' %��	� �1�C�� 

                                                                               
4. Fixation index 



   >�7H#.�� ��-$���� �� 52��	
 �� 1 � ��
�1400  25 

 

)θ ( 4�5 �� %6 ��� ��&�30 K, ���J >�1�.�-6 ��C

:�� /E �.��? %# �!�"
#$ %��&� %6 C
� '  (��)��

� ./
�� ���� �
�L ��$:��� B# �� -�' >�1�.�-6� ' 

1 �2 �7 �8� 12� 13 � X !�-� .C���� ld��# �? �  � 

QTL � ' A�&�� %6 ��� ��&� ��C
 g��MJ B$ B

���. �� � �? �  �QTL � ' ��`)d� Y
. G�E8' j�� -

2�, �� *+,-. G�E8��M�� � C' 
� ��C� �1� �-

2�, G�E8 � �.-! %� /.��0.�C")T  *+,-. SR.C.  

� ��a� #0�0D, #5' � ��J 1� #,��E).' -�
'  �

�-� ��2�-)!� � �����6 ���	2L #)
�J' %��&� #$�!�"
 -

� ' %$��L 1� ���E)!� �� �(��)��� ' SNP 50K ��J' 

 B��K,r�,��?  � C�C
236 :��� % #$�!�"
 #��@�?


C���� %)P-J ��-d /+R. (��)�� /D, %6 C . 1� #�$

Y
. #$�!�"
 b5�". B$-, �� �C
'  >�1�.�-618 

�A -� %6 /
�� ��-d$ %A %6 #,�0�0D,Q� -,  G��8

N$ ��� %)P-J QTL  -	H 4�5 �� *+,-. -[� W�M�

 %�:�� B$� �� B$�)&7  ��J �� #7R.C�2�, � 'C�2�,

/!� �C
 g��MJ )Qanbari et al., 2011( . �� #��00D.

��.L 1� ���E)!� �� #$��2�)$� ��J ��a� ^"A �FST %��&� '� 

�� (��)�� >�1�.�-6 '� 6  �13  �� %6 C��-6 #$�!�"


�? #=-� b5�". B$�  '� C$C��6  � -�
 G�E8 '�-�

��� �C
 g��MJ /
�J )Mancini et al., 2014( .

B�"X	  %��&� #��$1�� �� #!�-� �� '�� (��)�� '� 

>�1�.�-6 '� 5  �14  ��396 ��a� 1� ����: Canchim 

)��.L %)��1 � %2���
(�? '��: b5�". �  �� -[s. '� 

/=�! 1�!�1 /T$1 �/=�!2 .I!�, � B�� %K ����)!�

�  C�C
 #$�!�"
 �B�"�)Urbinati et al., 2017(.  

'��	�� F�-$�  1��2) '��JBLV ( �� �C)�� ��

 4�!1981 C
 g��MJ ��	2L ��.  #��
� t"� 1� CK�

C
 %P�u� �L U�d� ��M�. -� >��  �� � � ��&6 -R6�

C$�-J g��MJ )Murphy et al., 1999(.  1��2

#. '��`)d� '� �-u h��. ��J N�,�vM�L  %6 ��-J

 � Cw�2�, ���, Q �6 �I)+. '� ��J VO: S.�


/$��CD. � #7R.C�2�, /�2�KP  � ��J G����8 '� 

 %� >-x!�'� ��&6 ����#. �C""6C"
�� )D'angelino 

et al., 1998; Radostitis et al., 2000( %� %��, �� .

                                                                               
1. Metabolism 

2. Biosynthesis  

%"$M  V-8� %.��-� >�9�� '�-� %��, S��d ' � '

%&$� � 4-)"6#"6� %.��-� � ��&6 1� #yK� #$� 

� /w
�%&$ #"6 C���� �-�� /!� �� �L )Gottschau 

et al., 1990; Howard, 1993( . U��
 BLV  ��

% � #5 �CD). Gz�$� '-�
 '� ��J �� %)
OJ '� 

 �/!� ���� Q$�MP� %�%�'��5 %6 B$-,C$C� ��

#. ��1 B�	�, g��MJ  ��
 ��-u�: 4�:  ��C:94% 

%7J � � 42% #)�L '�-� '-�
 '� ��J'���'�  BLV 

 C")T  /+R.)LaDronka et al., 2018(.  

��-d 1� |A /2�: ��
] }-K. �� ��J B)P-J

 :C � ~� /!� B�	. F�-$�1 /��EH 1�-w� >CwH (

%� S�2� I)�� }-K. �� >�� #��)�? /.��0.� 2 1�-� (

B,��A C�2�, � ��C$�A /��EH � ' #��$�� S��d� 3 1�-� (

 -�R�, #H�� %6 ��C$�A 1�)�!�E"2 � ��C$�A /��EH

g�= =Y� 2 %� � /!� #)�!�E"2" S$C+, �.�6��!�E

.# ��
� 4 ��C� �$ ��-	  ���C$�A /��EH 1�-� (

2" Y�=C� #��5-! '� ��.�, U�d� � ��C$�A 1�)�!�E

�.�6��!�E	2 )Jacobsen et al., 1985( .I)��� I)�� >CH 

�  1�-�.�&GI  >�� �� '��	�� # �@��.�� f7)�.

 /!� B�	. B�"X	  .���� #��)�? /�Ku� %� #@)T�

 M�� F�-$� ��C0. � ����: #"	$� ��@)!� ���, %�

 C
�� %)T���)Schoepf et al., 1997(.  

#!�-�>�9�� '�   ��&� M�� ��-$� ��&6 �� �C


#. 1� #�$ '��	�� B$� C �'��	�� �  Y
. '%� �a$�  ��

'�����J ;<!#. #)K"8 '� C
���  _H�� %2�! -  %6

��T= ��9$�G#. #E7)�. '�  .��

�%7J U�� ' 

2�,�M�L 1����J N (EBL)  � ��$- i��&, F�!� -� ��

��J �� #���)��� '  '-�
3/41%  /!� �C
 g��MJ

)Mohammadi et al., 2011(/��EH #76 U��
 . BLV 

%� ��-$� �� G�����: B�� �� h�,-,9/29 � %8/32 %

 *!�,Mohammadi et al. )2011(  �)Kazemimanesh 

et al., 2012(  l��". #=-� �� B�"X	  ./!� �C
 /+[

 #76 U��
 ��M�. M��/��EHBLV   B��20-30 %

 /!� �C
 g��MJ)Mousavi et al., 2014( . %K2�<. ��

 >�9�� -)
 � C"E!�J ���J /�K	� '�� -� %6 '-@$�

%� U��
 ��M�. �C
  h�,-,1/22 �%3/5 C8�� -E8 � %

N�"�, 1� ���E)!� ��  PCR /!� �C
 g��MJ)Nekoei 

et al., 2015(.   



26  ������� ����  :�����	  ��!�"
#$ %��&� '�  (��)�� *+,-. �� /.��0. %� ����	' 1��2 ) BLV  (... 

 

! G�E8 /�	 � %� %��, ��Ih�!L � /. #
�� '� 

'��	�� 1�  -[s. Q0� B�"X	  �'-�
 ��J /K"8 �� � 

 ���
� '� ��&6 -)&�� �� -�
 C�2�, �� B$�)&7  ��a�

%��&� #��@�? g��6 �b�0D, B$� 1� VC  � (��)�� '� 

 #:��� #$�!�"
�C$C��6  1��2 '��	�� �� *+,-.)BLV (

� ��J ��@�? ;<! �� %6 ��� B$�)&7  ' �� b�0D, B$�

 ��
E8� '��P /6-
 '���	 C
 �-��.  

  

?�� � & 
��!  


�������� �� ���� ) 
��	���������(  

5� 1� b�0D, B$� ��IG�H /6-
 "'��C.�� � /&6 

��P"  ���
E8� ������ � �-9
 %�
, '�-� #x�,�"P '� 

.C
 ���E)!�  B$� �� U�	9. 1� �C)�� b�0D,152 F�� 

%��	� B$�)&7  i2�= ����: 1� ���E)!� �� .C
 '-�J

�-9
 G�HI5�>�� %6 C
 #K! '�  '� 

%��	� '-�J  'C���&$�= %<��� B$-)	6 '���� �C


 .C"
�� /$�
� �� B$� 1�152  � #!�-� 1� |A >�� F��

���� b��<,  �#x�,�"P � #x�,��? '� 145  ��J F�� %6

�� Y  � #x�,�"P G�HI5� '���� Y  G�HI5� '��

 #.��?C�C��. #d�� M�2��L �� C����.  1� ��"�	5� 1� |A

�� /�E�6 � /�	6z' DNA ��-�)!�  ��C
 B��K,

r�,��? SNP %��	�%$��L 1� ���E)!� �� �  /6-
 '� 

�"�.�7$� )Neogen Corporation Company, Lincoln, 

NE, USA (GeneSeek )GGP Bovine LD v4 30k (

) C
 >�9��Illumina Inc. San Diego, USA.(  

  

������ �	�	��  

���� /�E�6 1� ��"�	5� /
� B��K, 1� S8�: '� 

%$M9, �� r�,��?�#$�
� '�  ���� Q$�-$� S:�-. � � 

/�E�6 4-)"6 f7)�. )Quality Control(  ���E)!� ��

>-� 1� '� ��MP�Excel )Microsoft Office 2010 � (

Plink )Purcell et al., 2007 '�� -� (���� %�2�� '� 

C
 4�	H� ��C
 r�,��? B��K, . �%7:-. B�)T�� ��

 1� Q�� �� '� ��J5 ��J��a� C8�� (r�,��?) 

/!�1� %$M9, 1� %)P� B$� S�2� .C�C
 VO: 'CK� '� 

%��	� %6 /!� �L -.�C&	J ��J��a� %6 #$�  ���z #$

 B��K, '�<= �� %6 ���� '-)&�� 4�	):� C����

�a�C"
�� ��-	  ��J� )Barendse et al., 2009( . |A

S2L #����-P S.�H �� �L 1� ) ����MAF: Minor Allele 

Frequency( ��J��a� B��K, ~-� � )Call rate(  '�-�

-   -@��&�SNP %+!�D.� �C
 SNP �� %6 #$� 

U�	9. � ��J ����' MAF  �Call rate %� -)	6 h�,-,

 1�1 � C8��95 C8��� M�2��L 'CK� S:�-. 1� C���� 

C�C
 VO: )Moradi et al., 2017( . 1� |x!

B��SNP%� %6 #$� -@��&� �C��	�d�� '�   1� GC


'���  4��K, -)
�� V�-D�� W-+"$��) C"5-10×6P< (

%� '�<= 1� '-@$� ���K. ���"H  1� ��J��a� B��K,

M9, C�C
 %)
�OJ ��"6 #$�
� %$)Teo et al., 2007(. 

  

 ��!���"� #��!�  

 #$�!�"
 /
� b�0D, B$� ��%��&� (��)�� '� 

 F�!� -� G�����: �C)�� '��J 1��2 '��	�� �� *+,-.

��-J %� ��	�� B$� %� I)��%)!� ��	�� � Y2�! '�  'C"�

%)!� � #$�!�"
 '�-� .C�C
 #!�-� ���. � ��J 'C"�

#)�L Q$�.1L 1� b�0D, B$� �� �M$��) ��= >-! '��� (

>�� � ���E)!�  � ��	�� �/+R. >-! '� ��J � �C


%)!� Y2�! �#E". >-! '� ��J |x! .C�C
 'C"�

��.1L 1� (��)�� /D, #:��� #$�!�"
 '�-�  M$�	,

#)�K	� FST 
 ���E)!� .C#)�K	� M$�	, ��.1L FST 

/$�� g�� �� %� )Wright, 1965( ���L-� g�� � -J

�), h$���� )θ ()Weir & Cockerham, 1984(  %+!�D.

#. .��
�&. 1� #�$I �� /$�� g�� #78� G

%��	� '�<= B)P-@�-j�  S�&. B$� %6 /!� '-�J

, g�� %v��� �� >� -6�6 � -$� *!�, %6 C
 ;�D`, �)

1� S0)T. ��-J ��	
%��	� '� '-�J ��-P� ��	
 � �C


/!� ��-J -  S=�� )Weir & Cockerham, 1984( .

g1��%� '� /!�g�� B$� 1� �C.L B�� � 0  �,1 

/!� -�c). .%+!�D. �), � /$�� g�� �� %� Z��-. '� 

*�D. �� R %.��-� C
 #T$��)Moradi et al., 2012(. 

!�D. 1� |A'�-� �), g1�� %+ @��&� -  -SNP�  '�-�

%� (��)�� /D, b5�". -)
� Q$�	� -  g1�� '�� 

SNP� ^"A -  '�), '�CH g1�� B�@���. SNP  ���9.

%� g1�� ���"H Win5 >-� 1� ���E)!� �� -@��&� -  ��MP� 

Excel��@� |x! � C
 %+!�D.) �V�-J(  g1�� B)
".

<! �� �), #)�K	� M$�	, �� B$�)&7  ��J ��@�? ;

>-� 1� ���E)!� ��MP� Haploview 4.1 !-,Y�  .C




   >�7H#.�� ��-$���� �� 52��	
 �� 1 � ��
�1400  27 

 

h,-. 1� |A B�"X	  �A -� � -@��&� ��-6 g1�� %$

%+!�D.  �C
>-� 1� ���E)!� �� ��MP� Excel  �C89/99 

  '�-� %6 #05�". � %+!�D. %	 ���9. '� -@��&�

�� g1��z%� C")
�� #$ �&� ���"H %� -j� �� (��)��

JC�C
 %)P-.  

 b�0D, B$� ��i�&. /
���@$�� ���	� '� 

 �(��)�� /D, 1�g��  U�", -� #")+. '� ) ;<! #!�-�

 M$�	,B�� #)�K	�( |A ��j". B$� %� .C
 ���E)!�  1�

 %+!�D.g1��'�   %� %��, �� �'-@��&� ��@$�� -  �� �),

B$���@$�� C".��! Q
� -� ��MP� (��)�� %6 ���9. '� 

�� �L /D, Y  #. ��-d -�[\, C � )Akey et al., 2002( �

%� -  g1�� B)P-J-j� �� '��  -@��&�SNP B�@���. �

^"A '�), '�CH g1��SNP %� ���9. g1�� ���"H Win5 

C
 %+!�D. -@��&� -  )Moradi et al., 2012(  �|x! 

��@� � ��J ��@�? ;<! �� �), #)�K	� M$�	, g1�� B)
".

C
 Y�!-, B$�)&7   S�
)1.( �� g1�� '���� b5�".z '

#. �), C"���, ��&�  �� %6 C"
�� ��@�? 1� #05�". �C" �

��-J)+. � Y2�! '� I 1��2 '��	�� %� %�  M$�	). G��8

#. � %)P-J ��-d (��)�� VC  C"���, %�  ���"H�6C$C�  '�-�

 �-<. B$�)&7  '� ��J �� '��`)d� Y
. /E8 B$�

C"
��. 

  

$#�%� 
� ��� &#�"� �'( #	 )*�+� ��,� 
��-� ��� 

.�/0��  

�&� '���� b5�". #$�!�"
 1� |A'�-� �(��)�� %� 

�? #!�-�  � b5�". B$� �� �C
 g��MJ '� 200 

�L V�-5� 1�� /E� �7�6 �  1� ��@$�A 5�I #,�H

Ensemble Biomart tool UMD3.1Bos Taurus� 

 �� .C
 ���E)!� /$�
� �-�7	H -)
� -�TE, '�-�

�? %� '� /!���@$�A 1� �C.L  B$I�L #,�HI5� '� 

GeneCards )http://www.genecards.org � (

UniProtKB )http://www.uniprot.org ���E)!� (

.C
  
  

  

@3� � A����  

1�0+2 2�3�4 �	�	��  

 S:�-. f7)�."6 �/�E�6 4-)'�� U�	9. 30105 

SNP  ��145  F�� ��J)77  � ��	�� F��68  F��

Y2�!C
 >�9�� (.  ��CK, �C)��5 %� ��J F�� C8�� /7H

SNP  1� -)	6 �C
 ��J��a� B��K,95  VO: C8��

 '� -@��&� B�� 1� .C�C
SNP  ��CK, M�� %�2��5455 

� 1046 %� -@��&� B�$�A S�2�%� ���� ���-P h�,-, #�

 ��J��a� B��K, ~-� � ���� #72L� /$�
��� 91  -@��&�

%� M�� '���  4��K, 1� V�-D�� -5�=-W-+"$��  S:�-. 1�

 ��$�A �� .C�C
 %)
�OJ ��"6 � M�2��L 'CK�23513 

SNP  ��140) B$�)&7  ��J F��68  � Y2�!72 

.C��. #d�� � M�2��L %.��� '�-� (��	��  

  

�$�+(�� 
��-���� .�/0�� 	# ,�5���� ���6� � 708� 


% %�#��� 9�:   

 ��-d #!�-����. B$�)&7  '� ��J b�0D, B$� ��

 4�� :C
 %)P-J Q�A %$�� B$� /7H �� %� %6 C")P-J

B$� B$�)&7  ��a� 1� ��-$� h2�� '-�
 '� ��J %7J %6

 1� -,z�� B$�)&7  �� 1��2 1�-� ��M�. �>�� S�2� ./!�

CK, ��] � /!� � ��a� -$�! B$�)&7  ��a� � ��J ��

#. z�� M�� 1��2 1�-� �� U�", ��M�. /!� ��$1 .C
��

%� ^$�)�/!� #.��? %0<". C"] �� ��� ��&� �C.L

>�1�.�-6 '�� '� 1 �13 �20  �22  '� -@��&�

SNP '���� � %)
�� #$z�� #)�K	� e-E, ����9. '� 

 1� -,z�� '�), g1��03/0 #. S�
) C"
��1g1�� .( 

 �),03/0  �C8 �� ��	�� � Y2�! G�����: %T$�0. ��

9/99 g1�� S6.C")
�� ��-d �), '�   

%��&� g�� 1� /
� ��"6�, �), ���.L � (��)�� '� 

'��	�� �� *+,-. #.��? b5�". #$�!�"
  �� f7)�. '� 

 /
� #!�-� N$ �� ./!� �C
 ���E)!� '-�
 ��J

)TA >�� �� *+,-. #.��? b5�". #$�!�"
 '� ��J �� ��

 #)�K	� M$�	, ���.L 1� # �-�
 ���� B�2�� �� B$�)&7 

 #$�!�"
 %� -9". �
�L ^$�)� .C��-6 ���E)!� �),10  %�:��

>�1�.�-6 '�� /E8 B$� '�-� �C$C��6 #.��? '� 1 )2 

 �(%�:��3 �5 �6 �14 )2  �(%�:��21 )2  � (%�:��28 

#!�-� .C
 #$�!�"
,�.��E����� -)&�� '�  ��� ��&� #��

�? %6  � #"	$� Y)T�! �� b5�". B$� �� ����. '� 

'��	��  1� ��5-! U���� �#+`H Y)T�! �#"	$� ��= '� 

#. *+,-. -�
 C�2�, � ��)TA ��5-! %7	� C"
��

)Abbasi Moshaii et al., 2017(.  



28  ������� ����  :�����	  ��!�"
#$ %��&� '�  (��)�� *+,-. �� /.��0. %� ����	' 1��2 ) BLV  (... 

 

$#�%� 
� ��  �QTL��� &#�"� �'( #	 )*�+� 

����� ��,� 
��-���� .�/0��  

�? �(��)�� /D, #��@�? b5�". #$�!�"
 1� |A  '� 

 #$��	�
��� �-�7	H � #$�!�"
 b5�". B$� �� ����.

�L C
 #!�-� �   4�C�)1 #!�-� .(�-�7	H �? �  '

�? B$� %6 ��� ��&� b5�". B$� �� �C
 g��MJ  �� � 

T. C"��	  f7)�. #$��	�
��� '� -�%=-] �  #"	$� '

)Wu, 2009(  1��. � 1�)�. %=-] Y�j", �)Sumara et 

al., 2000(  #��5-! '� ��.�, (�6-! �)Yang et al., 

2017(  C���� Q0�#. %6 C"���, %�  �$ Y�0)T. ��5

 �� Y�0)T.-��) ���J 1��2 '��	��BLV Z�+,�� �� (.C"
��  

 #�$M�P /�Kd�. �� N$ >�1�.�-6 ��

132518716 -132643562  �?STGA1  #$�!�"


 .���� >�� B�T �6 ��? B$� 1� S8�: B��,�-A .C


-�R�, 4�5 �� >�9T�� DNA Y�T0, 1� S+d 1�)�. '� 

 4-)"6 B��,�-A B$� '� C:�� -$1 *!�, 1��. �

#.  � C:�� -$1 %]-J� .��
1� -j�  #	6 1��. � 1�)�.

 �� B�T �6 %H�	9. ���� B$� �� �C")T  G��E).

G�$��6�$ B�� �E: S.��, C"$�-P #5 �� �   /!� �C


)Guacci et al., 1997(  S��&, C:��-$1 ��
] 1� �

 �� S.�
 � C:��-$1 B$� ����C��)TA �� ./!� �C


>�1�.�-6 '��C
@� ��)=�!  '� C:��-$1) SMC1α�$ 

SMC1β �SMC3 � �B�2�.�-)!� N$ �(/$�
���  -$1

%".�� C:�� HEAT repeat  S.�
)STAG1  �$STAG2 

 �$STAG3 %� %6h�,-, SA1 �$ SA2 �$ SA3   �C�.�� M��

#. #. (C��
 C"
��)Carramolino et al., 

1997(.SA1/STAG1  � SA2/STAG2  ���� 1�)�. ��

#2�:�� �C���� %6 SA3/STAG3 ./!� 1��. i)�. 

SA1 � SA2  B�T �6 '� C:�� -$1 -$�! �� �� - 

#. ��-d-� Z�+,��  1� U�"). ��-J N$ �, C""6

l	)9. �-
. �� B�T �6 '�   C""6 ��9$� �����

)Carramolino et al., 1997; Sumara et al., 2000(.  

  

  
S�
 1. 1�,$l g1��� ' Win5  >��? ;<! �� �),:�G���� � %� I)+. � Y2�!���	'  F�-$�1��2 ) '��JBLV(:  #.��? /�Kd�.

SNP>�1�.�-6 '�� �  ��D. �� f7)�. '� X �L �), g1�� � ��D. '�� � Y  �C
 Y�!-, *= ./!� �C
 ���� Q$�	�

��&�  �C8 �C" �9/99 g1�� S6#. �), '� .C
��  
Figure 1. Distribution of windowed theta values for healthy and patient animals of Bovine leukemia virus (BLV): the 

SNP position on different chromosomes shown on the X-axis, and win5 theta values are plotted on the Y-axis. The 

values above the line are in the 99.9 percentile of all Theta values. 
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Table 1. Genomic regions containing selection signatures in resistant (control) and animals with bovine leukemia 

virus (BLV), mean theta values for markers in these regions, and genes reported in these genomic regions 
Reported genes in the region The average of theta values Position Chromosome 

STGA1 0.045 132518716-132643562 1 

STK35, EBF4, PDYN 0.047 52468051-53142486 13 

NDUFAF2 0.033 18310932-18442538 20 
SLC38A3, RASSF1, RBM6 0.041 50009060-50474049 22 
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