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Abstract  

The aim of this study was to identify the allelic variants of C4-A and LF genes and to investigate their associations with the nunber of milk somatic 
cells in Holstein cows. Mastitis is one of the most common diseases in dairy cows, that reduces milk production and imposes high costs on breeders. 
C4-A and lactoferrin genes are amonge the genes that affect the immune system to fight pathogens, microbial agents and mastitis. 384 blood samples 
were prepared from Holstein cows and DNA extraction was performed using optimized salting out method. IPLEX technique was used to determine 
the genotype of the samples. To identify single nucleotide polymorphisms, the marker sites of 1-rs137485678; C<G and 2-rs132741478; C<T for C4-
A complement gene and 1-rs384176726; A<G and 2-rs445918028; A<T were selected for the LF gene. Genotyping at 1-rs137485678; C<G locus of 
C4-A gene showed two C and G alleles with frequencies of 58 and 42 %, and also three genotypes CC, CG and GG with frequencies of 31, 53 and 
16%, respectively. No polymorphisms were observed at the other sites. Marker-trait analysis showed a statistically significant association (P<0.05), so 
that cows with CG genotype had the lowest number of somatic cells. Phase software was used to identify haplotypes. Based on the results of this 
research, the marker rs137485678; C <G-1 of the C4-A gene can be used as a genetic marker to improve mastitis in dairy cows. 
 
Keywords: C4A Gene, iPLEX Technique, Lactoferrin Gene, Mastitis, Somatic Cells. 
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PCR �-��" E7
�� c�' � S��R #��� N0R��*5Q�� �
 ��  ��

(SpectroCHIP) ��T*�- �' ;0 <� � 7
9O� � 90!��" EMASS 

ARRAY �*���*5Q�� ��T*�- �� �-�M*�� �'# /O�� - &��# 

 �
��0��90�� !0&9# �� � ����h .���'���/
�� 6�O�� #��' 

PCR  �S� c�' 7*�& 7' #�  (00.� ;���� �� �2J' ���	D

� EN0����!��� #�& �� ��S� � 5��	R #  #�0��� +��

(SNP) �w�-&�� �� ���*�- �&�/� �  ) ��C4A; 

NC_037350.1  �LF; NC_37349.1 &- (NCBI  8��) �'

FASTA � �� �-�M*�� �'�6  &�9)�ADS 7J��) 20 (

)http://agenabio.com/assay-design-suite-20- software( 

���=) 8)�3 6�O��  #��1 E2  �3.(  

  

  
 >?
1@?-2�/ ����*( �
 A#,'�1 6##:, >"��� . 



�)�*
$� +'*, ��� -./$ 01 ��� 0�	-2	3 C4-A � �('435�6 �
 ����4)� 7� ���*(� iPLEX � 8�9,�� 0/ �� �
 ���:, ;'-) ��� ��
$ 
#� �� ����<� 

�4=-��6 
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 ;��D1 ����#<�
 �� $
�E4�� �#"�� $.�', .SNP  F�� �
 A#,'�1 6##:, ���
@?-2�/  
01   G�� � ���	
SNP  $.�',)3' -5('  

C4-

A  
rs137485678 -1  TTGAGACCCTCCCACCCTGTCCCCCCTGTGGCCCCTCATGCGCACCATGTAGTAGAAGTA[C/G]GAGAA

GCTCCCACTGATGCCCACGGCTTGCAGGTTTAGCTTAAGGGTCTCTCCGACTTTA  
rs132741478 -2  GAAA][C/TGGACCCCAGGTATAAGCTGCTGCTTGGTTTTGCTTAGATCCAGGGAGAAGGGAGATGACA

CGCCAGGACGTGAGCTCTGCCTCCTCCATCTCTCCTCCTGCAAGATACAGGATGGA  
'435

6��(  

rs384176726 -1  CAGAACGAGCGCAGGTGGCAGAGCCTTCGTTCCGGAGTCGCCCCAGGACCCCAGCCATGA[A/G]GCTC

TTCGTCCCCGCCCTGCTGTCCCTTGGAGCCCTTGGTGAGTGCAGGTATGAGTGGGG  
rs445918028 -2  TGGACCAGCTGCAAGGCCGGAAGTCCTGCCATACGGGCCTTGGCAGGTCCGCTGGGTGGA[A/T]CATC

CCTATGGGAATCCTTCGCCCGTACTTGAGCTGGACAGAGTCACTCGAGCCCCTCCA  

   

 ;��D2$"��H ����	���I $.�', .  $��)�*
 ���
 ��
SNP ��J��D ��  0�	-2	3C4-A  

01   G�� � ���	
SNP  �	���I $.�',)3'-5'(  
 ����TM  

$4��) �D��) (���<  

���	���I �7����  

(�#,'M-3'�)  

  
C4-A  

rs137485678; C<G -1  F: ACGTTGGATGCTCATGCGCACCATGTAGTA  
R:ACGTTGGATGTAAGCTAAACCTGCAAGCCG  

2/52 89   

C<T ;rs132741478  -2  F:ACGTTGGATGTGCTTAGATCCAGGGAGAAG  5/47 101  
R:ACGTTGGATGATCTTGCAGGAGGAGAGATG  

 

 ;��D3$"��H ����	���I $.�', .  $��)�*
 ���
 ��
SNP 6��('435 ��J��D ��  

01   G�� � ���	
SNP  �	���I $.�',)3' -5('  
 ����TM  

$4��) �D��) (���<  

���	���I �7����  

(�#,'M-3'�)  

  

6��('435  
rs384176726A<G;   -1  F:ACGTTGGATGAGAGCCTTCGTTCCGGAGTC 

R:ACGTTGGATGTCATACCTGCACTCACCAAG  
7/59 116  

rs445918028; A<T -2  F:ACGTTGGATGTCTGTCCAGCTCAAGTACGG  9/45 102 
R:ACGTTGGATGAGTCCTGCCATACGGGCCTT  

 

;!" ������) 7%��<� #��' N0���� � ��  �T
- � ��

uL�� 50*�� #���  E;���;!" -��.� ����2� #�� ��� 

(na) ��� uL�� E(Nei) E ����� d�Dfh� uL��(I) E

 �*0��T
���*� (0T��0�(H) ;!" -��.� �   #���@t� ne) ( ��

6�� &�9)� Popgene  7J��)2/3� (  #��' �
���	�

N
��� ��� 6�� �� ��  &�9)�Phase  .�� �-�M*�� 90!��" �� ;%b

�-�-  ���� � -��.�  #�����'  �' �� �-�M*��) 7r'�&1 ����� (

� �� � &�5�� 7'  #�����' (SCS)  ;
�%�����.  

 7r'�&)1                 (                SCS = 3 + log2(n)   

(
� &- E7r'�& nE -��.� �� � ��# ���' �7� -�D 8'�@ 

���' �0� �� ���' .�� >*
&�T! &- 7
�� �- ��'# ����� ���# 

�-�- �� �-�M*�� ��.  

�-�- 6�� �� �-�M*�� �' ;]�� #��  &�9)�SAS  7J��)

1/9 ( c *J� 7
�& �) 7r'�& #��'2.���� 7
9O� (  

 7r'�&)2          (Yijk = µ + SNPi + animalj + Sk + eijkl  

 (
� &-E7r'�&Yijk E ��B�����2� N0��	) &  �� #��' ���

8M]� µ E7.��= &- �w�-&�� 8M] (0T��0�� SNPi E �@�

i(0�� SNP �� >� .���' (0	Ranimalj E  �@�j (0������0� 

Sk E��� -&�� ��-&�+& 7' 7=�� �' 7+ 8'�@ d��@�  ���

8�� �
�� >5� E�
�� ;g))�
�� (� E� ( eijklE  �@�

�� �rL ��'�. 

  

3 .��� � �����  

 I��J*��DNA  ��384 7��/� ��L (
�*2 � ��3  �'

 �5/� :�& �� �-�M*��7	0K'  7*)�
 6�O�� ;5�) ��2 .(

7��/� ��  �-�M*�� �'#&��	) �� P5 Q
"  ��T
�= �- &-

rs137485678; C<G  �C<T rs132741478;  ��93� ��

41 �� ��/ Q/+ A-C4  � ��T
�= �-76726rs3841A/G  �



���� ������	��  ��! "�#	$ �#%��$� ��&' ����(� 
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rs445918028; A<T  ��93� ��17  (
�)�*+, ��.� (00

�-�- �
��
� &- .���� N0���� ��E 136  7��/�7'  6�D ;0!-

 N0���� (00.� ;0 <� � 7
9O� � �?��-�- #�	%� �' �� 

212  ���=) 8)�3 6�O�� 7��/�4(
� 7' 7=�� �' .(  7+ &-

 ��T
�=rs137485678; C<G �� ��/ Q/+ C4-A 

� 5��	R 7gL�� 7%��<� E�� ����2� 50*�� #���  �K	�

 ��T
�= (
� #��' 6�O��.8)�3  

 ��T
�= &-rs137485678; C<G  �� ��C4-A  ;!" �-C 

 �G 7' [0���  ������) �'58/0  �42/0 � N0���� 7�CC  E

CG  �GG 7' [0���  ������) �'31/0 E53/0  �16/0 �
���	� 

���� .�0' ��� !" ������) (
  ��T
�= (
� &- �Q0���� �

7' [0���  ;!" 7' $�'��C  d�T
���*� N0���� � CG .-�'

��� uL�� )Nei(  ����� d�Dfh� uL�� �I) (
� #��' (

SNP 7'  [0���49/0  �68/0 �  �'��' �*0��T
���*� (0T��0�

�' 49/0 �� -&�"�' 
�	� �� #&�0.� 7+ ����� uL�� .

 ��T
�= (
� &- 8�� �50*��;!" -��.� .-�' ,�' �*%��  #��

�@t� ����2� �  ��T
�= (
� &- ���7' [0���  �' �'��'96/1  �

00/2 �� -&�"�'��  ���=)5.(  

  

 
 >?
2 ��'	� .DNA S��E4)� �*#�
 $?	� F�� �
 ��
 �4(��  

 

 ;��D4���� .  � �#
 �#.',  ��� �
 8'
�� $�#�', ���;'-) 6��4=-� ��< �� $��
 ���  

���4����I  (G�<'-#3) >3 �#
 $
�T (����)    6#M,��I (����)  ;'-) $��
 ��� (�#
 G�<'-#3 �� �� ���:,)  

 ���:,  212  212    212  212  

6#J��#�  32  90/2    28/3  858  

>!��"  20  73/2    71/2  24  

�U3��"  75/48  27/5    67/3  3178  

  

 ;��D5�VW�
 ���/�
 .  ��J��D �� $?#4�1 ���rs137485678; C<G  0�	-2	3 01 7�C4-A  

��J��D G��  
$-./ �'(�    

(����)  

$2#,'�1 �'(�  

(����)  

na  
(���:,)  

ne  

(���:,)  

I  
(����)  

Nei  

(����)  

H  

(����)  

rs137485678; C<G  C G  GG CG  CC   -   -   -   -   -  

58/0  42/0  16/0  53/0  31/0  2  2  68/0  49/0  49/0  

na>./ ���:, : ����=� ���  .��
na>./ ���:, :  .�YZ� ���I .0'��
  �[\H� ]W�
 :Nei .$M� ]W�
 :H.$4#)'J�7��4� :  



�)�*
$� +'*, ��� -./$ 01 ��� 0�	-2	3 C4-A � �('435�6 �
 ����4)� 7� ���*(� iPLEX � 8�9,�� 0/ �� �
 ���:, ;'-) ��� ��
$ 
#� �� ����<� 

�4=-��6 
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 ;��D6;'-) � �#
 �#.', �
 ^9,��  ��� �_��`� . A#,'�1 6#
 $��
 ��� a-4E� ���  

01  ��J��D  A#,'�1  

(���:,)  

�#
 �#.', 6#J��#�  

G�<'-#3)±  ��bW

(��#:�  

�#
 $
�T  

����)±  ��bW

(��#:�  

�#
 6#M,��I  

����)±  ��bW

(��#:�  

;'-) $��
 ���  

�#
 G�<'-#3 �� �� ���:,)± 

(��#:� ��bW  
C4-A  rs137485678; 

C<G  CC 64  61/2±86/30  17/0±40/4  06/0±24/3  54/142±13/303 ab 

CG  108  57/0±98/29  03/0±95/3  01/0±19/3  52/31±89/266 a 

GG  33  26/2±43/33  15/0±00/4  05/0±13/3  44/123±00/754 b 

cb) $*:� ����      5077/0  0957/0  1721/0  0025/0 

a-b6#J��#�  ���, : $*:� �
�=��� d��" �
 0'4) �� �� ��  ��� e)�)05/0<(P.  

  

�T��2� (0' $�%�&� ;0 <� � 7
9O�-  #��' 8M]

�T��2�rs137485678; C<G   �� ��C4-A E $�%�&�

�	.� N0���� (0' #&�- �� � -��.� �' ��  ����2� ���' #��

) ��05/0<P(E 7' h#&�  N0���� 7+CG >+ ��� (
 

 N0����GG �0' ���� � -��.� (
  ��2� �& ���' #��

 ���=) ��-�-6 (
� �� ;]�� `
�*� .(�����  �'

:&�93 �T
- #�� ]22[ 8��- 8B'�r�. 

N
��� ��� �
���	� #��' �� 7' $�'�� #

�T��2�rs137485678; C<G   �� ��C4-A 6�� �� &�9)� ��) 

(Phase) �-�M*��  
�/O� &- .�� N0����� ��� 7�

CC/CC ECC/CG  �CG/CG .�� ����2�  �@�

N
��� ��� �� � -��.� �' ��  #�0!�� d�M] � ���' #��

� (0����� E�0� �0!�� &��B�)  �@� .�� ��&�' (�0� �'�R

��T
�= �� � -��.� � �0!�� d�M] �' #�0y� ��� #��  #��

���' �	.� �0� E-�%� &�- �M] #�& ��� (0����� � �'�R d

�	.� �0@A� �0� 8��- &�-. 7' #&�h  �' #����3 7+

 N0����� ���CC/CC �0' �� � (0����� � �'�R ��90� (


 N0����� ��� �' #����3CG/CG >+ ��0� (
 � (0����� ��9

�' &- �& �0� �'�R ���=) �	*��-7.(  

 ;/5� (0�����C4 (complement component 4) 

9= S
�  �/
9�"�0qC3  �C5 ��  #���0�� #��' 7+ ���'

��.)  
�)- &- �/K� �B� � 8�� #&��� (0*5! #���

 ��g�� .-&�- ��'90�C4 (0!�'� 3���/
� 7'  #��&�*L�� � ��

 lD�' �	/
��� �	/
� >*�0� 80!�.) �
�9)�  .-��C4 

��.) #&��� �9=  7+ 8�� ��&���� �	/
� ���� #���

�� �" �� �� �0' ��90� �
 -�%/+  �	/
� >*�0� #�& �����

 -�)�0@A�  -�%/+ .-&�?T'C4  &- uB� lD�' 8�� (5/�

�� � 7w)�� &- �f*L� E�	/
� >*�0� -�5 /D  #-�0	' #��

��' &- 8���B� ���+ ��' 8��MD  � �
�
�*+�' #��

.-�� ����
�  

 -�=�C4 ��.) [=��  � �	/
� #���0�� #���

8)�' &- C�K*!� 7' ���� �
�2� �� ��  &- �� (
� .--�3

�����  N
���9
� �-C4A  �C4B �!��&- E-&�-  ��3 &- 7+

 �� �K	�C4A  �� .8�� ��� :&�93C4A  $�%�&� #��3

�	.� 8��MD �' #&�- ������ 7' $�'�� ���*�� ;L�- #��  ��

 .-&�- � ]� 4%	� �%+C4 ��
� ��D �  � 9*	� 7+ 8�� #�

 ~��� C4A �C4B �� :-�3 7' �&  #&�0�' &- ��� -�����

;<� ��  �r��*� �
-�B� 90� �%+ �� I&�L #��C4  #��'

.-&�- -�=� 
�)-  

� �� 7+ 8�� �-�- ��2� d�.!�rC4A  E[ b &- E#��3

 ��3 ��*�� ��q � ��'� E7 �D E70 + E7
& E��<h E�%+

�� ��0' #�0� 7' E-��  �� ��0' ��fDC4A  ��q 8)�' &-

 ���� &- .8�� d��M*� ��*�� 6&� 7' �-�!" � >!�� ���*��

 �� ��0' ��*�� 6&� 7' f*'�C4A �� �
�9)�  �'�
]20[.   
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 ;��D7�#
 �#.', �
 ^9,��  ��� �_��`� . ;'-) � A#,'-I�� 6#
 $��
 ��� a-4E� ���  

01  ��J��D  
A#,'-I��  

(���:,)  

�#
 �#.', 6#J��#�  

 G�<'-#3)±  ��bW

(��#:�  

�#
 $
�T  

 ����)±  ��bW

(��#:�  

 6#M,��I�#
  

 ����)±  ��bW

(��#:�  

;'-) $��
 ���  

 �#
 G�<'-#3 �� �� ���:,)± 

(��#:� ��bW  
C4-A  rs137485678; 

C<G  CC/CC 65  97/0±33/29  06/0±99/3  02/0±24/3  64/54±20/268  

CC/CG  113  74/0±35/30  05/0±97/3  01/0±18/3  00/42±70/289  

CG/CG  33  38/1±47/31  09/0±90/3  03/0±13/3  88/77±43/394  

cb) $*:� ����      6372/0  0001/0  0001/0  6112/0  

  

��3 &- C��& ��C4  7' 8%�� ���MD � �-�!" �0� &-

�� �
�9)� >!�� ���*�� ��q �0�  ������) ��*�� 6&� .�'�


 ��C4A �� �00s� #f+�02
��� 7' �-�!" ��*�� &- �&  ��-

 �� (0' 7r'�& 7' 7+C4A  ��*�� 6&� �'��' &- 8���B� �

 �
�9)� lD�' #&�/0' (
� .-&�- �&��� #�0� #����3 &-

 ��0'mRNA  ��C4A ��*�� &- �� �-�!" #��  .-��C4A 

7'  &�h�@t� 
�	0�" �' ���,���+ ���0� S  #��� #���0��

�*�" �� �� -�O
� �� �	.� �@� `
�*� (
� .�	+  &�-C4A  &- �&

������ �'��' &- 8���B� -�O
� � S0/*�0� 
�)-  #��

 �� (0' $�%�&� � n *J� �
�
�*+�'C4A  7' 8���B� �

�� ��0' �& ��*�� 6&�  �	+]6[.  

 ��T
�= &- ���� ����� &-C<T rs132741478;  ��

 ��/ Q/+ ��C4-A  �' 7+ �2� ����2� � 5��	R

:&�93  �T
- #��]22[  .8���� 8B'�r� �� ;]�� `
�*�

S� � 5��	R 7+ -�- ��2� #&��" ;0 <� 7
9O�  #�0��� +��

 �� �� 7.!�r�-&��C4-A 7' �� � 9=  �0� ���' #��

)05/0<(PE �	.� �0@A�  �]&- E�0� �0!�� &��B� d�M] �' #&�-

�	.� 8 D .8���� �0� (0����� �]&- � �'�R  (
� ��2�&�-

�� #�0!�� d�M] �
�� �' #&��" ��<! �� ��T
�=  �����

7' �,�/*�� >+ ;0!- (
� �
 ���' 7��/� -��.� �-�'  d�M] 7+

 #�0!���� �� �@A*� 8�� (5/� 7.!�r�-&��  �� #�T
- #��

�� �' ��fD �	/
� >*�0�C4-A   90!��" �� ;]�� `
�*� .�	��'

N0���� #�&�- #����3 7+ -�- ��2� #&��"  #��CG  �GG 

7' >+ [0��� �0' � (
��  �0� &- ���' �� � -��.� (
��

7*)�
 (
� .�	*��- �& #�0!�� �� ��2� �� ;!" 7+ ��- #�� 

 ��T
�= &- -�=��rs137485678; C<G  �' 8�� (5/�

 7*��- �T*�%/� (
�*2 � #����3 &- ��*�� 6&� 7' 8���B�

.�	��' ����� 6�O�� �' 7O0*� &- �0' #��  �� �-�M*�� �' � ��

7��/� �&9' ������ �' #�� �� ��T
�= (
� &- ��  (/� ����

8�- ;'�b `
�*� 7' �'�
 � �-�M*�� 7' 8%�� E��%b ��T
�= (
� �

6�- C�J*�� #��' #�T��2� �0' 8���B� �' #��  ;'�B� &- ��

.-�/� 6��b� ��*�� 6&� #&�/0'  

 �� ;]�� `
�*�N0�� ��� 90!��"  -�- ��2� �� 7+ &��B�

 -��.� � �0� �0!���� � �� ���' #�� � #&��" ��<! �0

�	.� d��M�  &- .��&��� >� �' #&�- &��B� ���� �����

 �0� �'�R (0' &-N
��� ��� �� #&��" ��<! �� n *J� #

�	.� d��M� *��- #&�-.�	 7*)�
 (
� ����� `
�*� �' ��  #��

]22[  �]15[ 8B'�r� 8����. &-  &��B� �]&- (0�����

 (0' �0�N0�� ��� ���	.� d��M� n *J� #  ����2� #&�-

`
�*� �' 7+ ��  �����]22[ -&�- 8B'�r� #�&�- #����3 .
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