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Acyl - CoA : diacylglycerol acyl transferase 1 (DGAT1) GENE/Gonadotropin 

releasing hormone receptor (GnRHR)/CROSSBRED HOLSTEIN FRIESIAN 

 

The objectives of  this study were  to investigate  the effect of  DGAT1 gene on  

milk production traits and GnRHR gene on fertility traits (number of services, 

conception rate, days open and calving intervals) in crossbred Holstein-Friesian 

population for use as markers assisted selection. In this study we obtained blood 

samples from two hundred and twenty-seven crossbred Holstein dairy cows. DGAT1 

genotype was investigated using the PCR-RFLP technique. GnRHR gene was 

investigated using the PCR-SSCP technique. The logistic regression method was used 

to analyze the association between genes. The general linear model and ordinary least 

square were used to estimate the effects of genes on the traits. A single trait animal 

model and the Spearman rank correlation coefficient were used to estimate breeding 

values (EBV), and to compare rank correlation of EBV. Two alleles (K, A) and three 

genotypes were found in DGAT1 gene, the highest allele and genotype frequencies 

were A and AA, respectively. Then, 3 patterns of  PCR - SSCP were found in GnRHR 

gene. The association between DGAT1 and GnRHR genes was not found to be 

significant (P>0.05). The DGAT1 gene, AA genotype and KA genotype showed 
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positive effects on milk yield but negative effects on milk composition traits. The 

positive effects on milk yield but negative effects on milk composition traits. The 

effects of GnRHR genes on fertility traits were not found to be significant (P>0.05). 

The effects of  DGAT1 and GnRHR did not change the rankings of EBV. From these 

results it can be concluded that the DGAT1 gene is suitable for a marker assisted 

selection in milk production traits, but it is not suitable for milk composition traits. So 

the GnRHR gene is not suitable for fertility traits because the effects of the genes are 

not clear from these studies. 
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DGAT1  =  Acyl 
 CoA: diacylglycerol acyltransferase1 

GnRHR  =  Gonadotropin releasing hormone receptor   

GnRH  =  Gonadotropin releasing hormone 

PCR�RFLP  =  Polymerase Chain Reaction Restriction Fragment Length Polymorphism 

PCR-SSCP   =  Polymerase Chain Reaction-Single Strand Conformation Polymorphism 

OLS      =  Ordinary Least Square 

FSH  =  Follicle Stimulating Hormone 

LH  =  Luteinizing Hormone 

BLUE   =  Best Linear Unbiased Estimator   

BLUP  =   Best Linear Unbiased Prediction 

MY  =  ()*+,-./0,.+ (2*342)5+/758/85.) 

PY  =  ()*+,-3()7:. (2)5+/758/85.) 

FY  =  ()*+,-;<+5. (2)5+/758/85.) 

SNFY  =  ()*+,-<>?@<A?B:C;+D)8+;<+5..+ (2)5+/758/85.) 

TSY  =  ()*+,-<>?@<A?B5/?F+G (2)5+/758/85.) 

%Prot   =  I(>)JIKA.7J3()7:.  

%Fat  =  I(>)JIKA.7J;<+5. 

%SNF  =  I(>)JIKA.7J<>?@<A?B:C;+D)8+;<+5. 

%Lac  =  I(>)JIKA.7J@4L37M 

%TS  =  I(>)JIKA.7J<>?@<A?B5/?F+G 
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����� 1 

����	 
 

1.1 
�	��	
���������	�������	���	���	����� 
���������	�
����
������������������������� !"�#���$%� �&%�'�(�)#��*���  

�%���#�)#���,�-./%�����,����"!%	�%
�
���0�1��2����/% �%)&#
��#���%%���
�3'�'���

)#�(
��	�
 -��1���% 
�#���%%���
�3'�1��� 51.60 ��#����9��� (�/%���-	���������$%1%���3�      
�.������  �
�.������, 2552)  ��-���%

% -/% !&�	�

��/%������-&#���%�(�,�,�,!�%�)#�%� !&
��-���%��%�)�;�  (Pryce, Coffey, and Brotherstone, 2000; Royal, Pryce, Woolliams, and Flint, 
2002) �#�%��;  ��"!%-���/%	�"#���,%�!���� 	<# �	�
����
�����������������)#��*���
�%���#���;� 
�	�%
�%
%�= �%� !&����3��;/%�
��/%(�,#�	���,#��;/%�
����
��'& �%


%��>%�)#�%�����<;#�;/%�
'3�  ����-�;���"!%	�%
�
���0�1��2��(�,��"!%����3��;/%�
��; -/% !&
�*����&#����$%�,�&�-��'&%�%���'%�?���	�
-�����)�;�(�,��"�����%��'& ��<�#��%=���'�%	%
�;/%�
'3�  '����;� !%�*���
�1��2���	�
-��
�	�%
�
���0�1��2��1�&#
-���, !&����3��'&#��%�
�
�/%��
# �,��@�%��'�&�-��%���3�(�,�%
%�=��&%��%��'& !&���*���#��%���#��<�#� ���
�/%��@��&#�
���������1��2���	�
 ���*0,	�%
�
���0�1��2��(�,	�%
�%
%�= �%� !&����3�
	��	���� �1<�#�#'	�&#���%���'%�-%�'&%�#%!%�(�,�$%1(�'�&#
)#��*�����&���;���	�

��#�� 
 ��*0,	�%
�
���0�1��2��(�,	�%
�%
%�= �%� !&����3���@���*0,-��
�
�!��
1��2�-%�����#�� (Kühn, Hutchison, and Wiggans, 2006) ����%�	�'��<#��*0, '
��*0,!����#%���"������*0,-��'�#���*0,�� ��@�#�����	-/% !&%���������1��2���	�
 �
��*0,����3��;/%�
(�,	�%
�
���0�1��2����;�  �
���@��� �-3.-%��'�����(�,��@����'&�&% 
(��-%�!���� �%��'�,�,���%%�	�'��<#(�,�13�
	�%
(
���/%  �%�-/%�%�	�0	�%%���

1��2�� (Estimated Breeding Value; EBV)  )#��	�
 	<# %� �&��,������% genetic marker  -��
��@�)&#
��-%�1��2���
)#�����	�
 ���
��)&#
��1��2����,���3(�,)&#
����*0,��%A   �����,
���� !&%�	�'��<#�	�
�%
%�=-/%�'& �'��
��&#��#��=������-���	�
�%
%�= !&����3��'&!�<#
����-���	�
(�'�#%%�-������#=����"!%	�%
�
���0�1��2��  ��@�%��'�,�,���%(�,�13�
	�%

(
���/% �%�	�'��<#�	�
  ��<�#��%��@�%�	�'��<#�'�����%)&#
��-%�1��2���
)#���������           

%�/%!�'#3-231�)#�  genetic marker      !&��@�������	�-��������!���� �%���,�
3�	�% 
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-%�1��2���
)#������    '&���32�%� BLUP (Best Linear Unbiased Prediction)                 ����(���������� 
(animal model) �,�%
%�=��,�
3�	�%%���
1��2���%)&#
��1��2����,���3(�,)&#
��	�%�����)#�
���������#�#��%��
�
�	�%
#	�3-%��=3�3  ��,�,���%-����'��9�(�,
�	�%
(
���/% �%�	�'��<#

%)�;� �
<�#�-�����%���,�
3�(����3-���
�
�#3-231�)#�genetic marker (Druet et al., 2005; 
Meuwissen and Van Arendonk, 1992)  �������-��
�%�.�*%1���%
��-�%-�/%	�"��#��*0,	�%

�
���0�1��2��(�,	�%
�%
%�= �%� !&����3� �'&(� ��� Acyl � CoA: diacylglycerol 

acyltransferase1 (DGAT1) ����
��-�%-�/%	�"��#��3
%0�;/%�
(�,#�	���,#��;/%�
 �'&(� 
�)
���
 �������
 (�,���  Gonadotropin releasing hormone receptor (GnRHR) ����-/%!�&%-�� �
%�	��	�
�#���
�-�������)&#����,���<�1��2��)#��	 
 

��� DGAT1 #������	��
��
	��-�� 14 (NCBI, 2009a)  
��-�%-�/%	�"��#�)
���
 
(Cases et al, 1998) �'��,(���!���'&��@������� Acyl-CoA:diacylglycerol acyl transferase 1 (EC 
2.3.1.20) -/%!�&%-�������A33�3�%)�;��#���'-&%� ��,���%�����	�%,!��������#��'�   (Winter  
et al., 2002) (�,�
<�#�3'%�(-�-��)#��/%'���3�	���#�-'�   ���*0, Non-conservative  �,�����
-/% !&�'#,
3�� Lysine ���������@��'#,
3��  Alanine  (Grisart et al., 2002)    %��������(���
)#���� ���*0,'����%� ���-/% !&
�%�.�*%	�%
=��(�,#3-231�)#������#��3
%0�;/%�
(�,
#�	���,#��;/%�
#��%�(1��!�%� (Banos, Woolliams, Woodward, Forbes and Coffey, 2008; 
Gautier, Captan, Fritz, Eggen, Boichard, and Druet, 2007; Kuehn, Edel, Weikard, and Thaller, 
2007; Schennink et al., 2007; Bennewitz et al., 2004; Thaller, Krämer, Winter, Kaupe, Erhardt, 
and Fries, 2003; Weller, Golik, Seroussi, Ezra, and Ron, 2003; Grisart et al.; 2002;  ; Spelman, 
Ford, McElhinney, Gregory, and Snell, 2002;)   #��%���9�%
 ���
��%���,�%�-��1���% #3-231�
)#�����
���@��� �-3.-%��'����� ��<�#��%	�%
(���%�)#��	����&%�1��2����
�	�
 �   
(���,��,�-. �%�!����'����%� �����@�(��	3' �%�.�*%#3-231�)#���� DGAT1  ���,�%�   
�	�
����
�����������������)#���,�-.�-� �1<�#1�C�%��@� genetic marker �/%!�����@����
���� �%�	�'��<#�	�
�%��*0,����3��;/%�
��#�� 

 

������� GnRHR  #������	��
��
	��-�� 6 (NCBI, 2009b)  ��@����-��	��	�
������ 
GnRHR -��#������3������ gonadotroph  ���#
 �&�
#�����!�&% (Leanos-Miranda, Janovick and 
Conn, 2002)  ���������� GnRHR ��; �,-/%!�&%-����@�������������)#��#���
� GnRH (�,-/% !&
�#���
� GnRH  �%
%�=##D-23E �1<�#	��	�
�#���
�-�������)&#����,���<�1��2��)#��	�
 ����  
Follicle Stimulating Hormone (FSH) �����,���,��&�%����3"��3���)#��)� (�,  Lutienzing 
Hormone (LH) �����,-/%!�&%-�� �%��,��&�%���)�(�,�,��&� !&�3'%���@���' ��	(�,
�
�-�%-�/%	�"��# Timing of puberty )#��	 (Lirón et al., 2010) -�;���; %��#���#�)#������ 
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gonadotroph ��#�#���
� GnRH )�;�#�����	�%
�)&
)&�(�,��3
%0)#������������� �'&(� 
GnRHR ���3������'&�� (Wise, Nieman, Stewart, and Nett, 1984)   (�,%��%�1��2��)#���� 
GnRHR   #%��,�������#%��13�
�/%���)#������� GnRHR ������� gonadotroph (�&��������#
%��,��&��#���
���%� F  ��,���<�1��2��
%)�;� (Leanos-Miranda, Janovick and Conn, 2002) 
�%�-�%-)#����'����%� ���-/% !& ��� GnRHR   
�	�%
��
1��2�����*0,-�������)&#����,��
�<�1��2��   
               -�;���; �1<�#��@�%�/%!�'(��-%� �%� �& genetic marker-�;��#��/%(!�����@�������� �
%�	�'��<#�	�
 ���*0,-��
��!��
1��2�-%�����#��     %�.�*%	��;���;����/%��@��,�&#�
�
%�.�*%=��	�%
��
1��2�)#�%��3'���(��)#�������
'&�� ��<�#��%	�%
��
1��2�)#���*0, 
#%��3'�%%�-�����
�%��3'���(��-���
�#3��,��#��!�<#  Linkage disequilibrium  �����,-/% !&
(��-%�%�	�'��<#�&#�13�%�0%���-�;��#��/%(!�����1�&#
�� �1<�#�
� !&�3'	�%
��"����
��*0, '��*0,!������  

 #��%���9�%
 ��G%!
%�%���������1��2��-��(���%�����;� #%�-/% !&�	�

��	����&%�
1��2���
�	�
-��(���%��� '����;� %�.�*%	��;���;����/%��@��,�&#�
�%�.�*%.��$%1)#���� �
���
���#��%��	�
����
����������������� ������@����(-�)#��	�
�%�1��2��!��-���3�
���;����

% ���,�-. �1<�#�/%���
% �&��@� genetic marker �/%!���	�'��<#�	�
���
���#��%���;��#��   
�'����%��3��� �	��;���;   �,-/% !&-�%�=��.��$%1)#�%� �&��� DGAT1 (�, ��� GnRHR  �%�
��@� genetic marker  �/%!�����@�������� �%�	�'��<#(�,%���������1��2���	�
����

�����������������)#���,�-. -�;���; ���
��G%!
%�)#��	�
����
����������������� -���,�/%
�%��3�����;�� �&��,����� 	<# �	�
����
�����������������)#�
!%�3-�%����-	����������%��  
�'����3�%%�  �,-/%!�&%-�� �%� �& genetic marker ��@�������� �%�	�'��<#�	�
(�,-/%%�
1�C�%1��2���	�
����
����������� ������)#�
!%�3-�%���    !&��@��	�
?����3�
�&�-��
�
	�%
�%
%�=-�;�-%�'&%�	�%
�
���0�1��2��-��'� �%
%�= !&����3��'&#��%���#��<�#� ��@�(!��� �
%���3��	�
-��
�1��2���
-��'�  (�,
�%��,�%�1��2���	�
 !&�*����%���#� �����,��@�(��
-%�%�(&�)��"!% ��,�,�%� !&���*�����#�� 
 

1.2 ��� !����
"���	������ 
1.2.1 �1<�#.�*%#����� �����-�H (�,	�%
=�� )#���� DGAT1 (�,��� GnRHR   ��	�


����
����������������� (�,.�*%	�%
��
1��2�)#�%��3'���(��)#���� DGAT1 (�,��� 
GnRHR   
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1.2.2 �1<�#.�*%#3-231�)#���� DGAT1  ��#��*0,����3��;/%�
(�,.�*%#3-231�)#� 
��� GnRHR ��#��*0,	�%
�
���0�1��2�� �'&(� �/%������-&#���%� �,�,!�%�%� !&�� �/%���	��;�
%���
�3'(�,#���%%���
�3' )#��	�
����
����������������� 
 1.2.3 �1<�#.�*%#3-231�)#������#%��������(����/%'��	�%  EBV )#��	�
 ���*0,
����3��;/%�
(�,��*0,	�%
�
���0�1��2��  �'&(� �/%������-&#���%�  �,�,!�%�%� !&�� �/%���
	��;�%���
�3'(�,#���%%���
�3' )#��	�
����
����������������� 
 

1.3 ����#	�����	������ 
 1.3.1  ��� DGAT1 (�,��� GnRHR  
�#�����(�,�����-�H 
%��%!�������(�� ������@�
	�0�
���3�/%	�")#�%� �&�����@� genetic marker  (�,���-�;��#�
����(�����-���
�#3��,��#�� ����
�,-/% !&%�	�'��<##%��&#�13�%�0%-�;��#������1�&#
 F �� 
 1.3.2 ��� DGAT1 (�,��� GnRHR 
�#3-231���#��*0,��3
%0�;/%�
 #�	���,#�
�;/%�
(�,��*0,	�%
�
���0�1��2�� �'&(� �/%������-&#���%� �,�,!�%�%� !&�� �/%���	��;�%�
��
�3'(�,#���%%���
�3'  ��	�
����
����������������� 
 1.3.3 %� �&���  DGAT1 (�,��� GnRHR  ��@�������	�-��������!����  �%���,�
3�	�% 
EBV   )#��	�
-/% !&�/%'��	�% EBV )#��	�

�%��������(������
<�#�-���	�% EBV -���'&�% 
animal model ��3-���
�
�%� �&���(��)#������@�������	�-�� 
 

1.4  ��	
������������  

 CDEFGHIJKEILMNOLPQRMSNTNUVCWDUICJXDYZ[MJON DGAT1 \]^JON GnRHR SY_`[SabN genetic 
marker cdDeEIfCDEKIgS]_[ChKNPC]QRPSaiDePDJ jV`MkgT\CR �	�
����
����������������� �'���& �&
��,������%�%��3�����; 	<# 
!%�3-�%����-	����������%��  ������@�!�����%�-��
�.��$%1(�,       

����3�%%�-��
�	�%
�%
%�= �%� �& genetic marker  �1<�#1�C�%1��2���	�
����
��������     
���������Z[MPeDFGlJD]IJ   meTSabNhKNPnoMSEG`PpTNlO`POYINqQCEEPgO lILMlDMgTDNKFDPcPfoErsYINqQs
\]^KFDPcDPDEtmNCDEmeTu]u]GplO`pR[SN_`[M \]^NdDkacoRCDE��@�(!���1��2���
)#��	�
 !&��
�*����%���#���#�� 
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1.5  �������������� ��!�"��	 
    lEDftVMUICJXDYZ[MJON DGAT1 \]^JON GnRHR  lO`H^NdDkamvTSabN genetic marker 
cdDeEIfhKNP]oCucPhw]ckpNsxEOSvO`JNZ[MaE^SlU  jV`MeDClEDfFRDJONgIMC]RDFPOUICJXDYmNCDE 
SabN  genetic marker  \]TFCDEUVCWDSCO`JFCIf[GlqGY]ERFPE^eFRDMJON\]^cG`M\Fg]T[P H^SabNaE^SgyN
lO`pT[MPOCDEUVCWDpR[ka  SY_`[NdDkacoRCDEmvTJONlILMc[M SabN genetic marker mNaE^vDCEhKNP]oC 
ucPhw]ckpNsxEOSvO`JNpR[ka 
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	���� 2 

���#$��%&'�
�$(����
$�����"�� 
 
 

2.1   ()*�+,-��%(%	.�#�*��/0�&'�$�1-"2'2'��������%1����
�3!��   

              az{eDe]ICZ[MhKNPaE^SlUklJ K_[ az{eDKFDPcPfoErsYINqQs\]^az{eDCDEmeTu]u]Gp
NLdDNP C]RDFK_[ YINqQshKNPlO`POCDES]OLJM[JoRmNazHHQfIN POCDEmeTu]u]GplO`kPRgOSlRDlO`KFE \]^kPRlNpR[
cXDYXoPG[DCDU hEK\]^\P]M EFPlILMcXDYCDEHIgCDEmNaE^SlU   (SlYrEMKs, FGUED \]^NGqG
CDNps, 2550)  cRMu]ldDmeThKNPPOKFDPcPfoErsYINqQsp̀dD jV`MZT[Po]cNIfcNQN\]^pIFfRMvOLtVMcXDY
az{eDlO`hKNPklJCdD]IMaE^cf[JoRmNazHHQfIN cDPDEtFGSKED^eskgTgIMpR[kaNOL   
              cXDYaz{eDKFDPcPfoErsYINqQsp̀dDcDPDEtFIgkgTHDCgIvNOlO`fRMf[CtVMaE^cGlqGXDYCDE
c_fYINqQsZ[MhKNP kgT\CR HdDNFNFINlT[MFRDM E^J^eRDMCDEmeT]oC HdDNFNKEILMCDEucPpGg\]^[IpED
CDEucPpGg  jV`M SP_`[YGHDErDHDCZT[Po]lO`SCGgZVLNHEGMZ[M]ICWr^pRDM |  SaEOJfSlOJfCIfKRDlO`
SePD^cPpDPC]kClDMcEOEFGlJDZ[M\PRhKNP (Hafez and Hafez, 2000) \]^KRDPDpE}DNlO`fRMf[C
tVMaE^cGlqGXDYCDEc_fYINqQsZ[MhKNP (cdDNICSlKhNh]JOvOFXDYCDEu]GpaUQcIpFs CEPaUQcIpFs, 
2554) YfFRD ]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQsNILN JIMKMSabNaz{eDlO`pT[MkgTEIfCDEaEIfaEQM
\]^\CTkZmeTPOCDESa]O`JN\a]MmNlDMlO`gOZVLN ZT[Po]gIMC]RDF cEQakgT gIMpDEDMlO`  2.1   
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������ 2.1 KRDS~]O`J HdDNFNFINlT[MFRDM E^J^eRDMCDEmeT]oC HdDNFNKEILMCDEucPpGg\]^[IpEDCDE  
    ucPpGgZ[MhKNPmNaE^SlU SaEOJfSlOJfCIfKRDKFEH^SabNpDPl�W�O\]^KRDPDpE}DN 

 
����� � ��������
�4��%

�567� 

� %��8� � ���
$���9:����� 

HdDNFNFINlT[MFRDM (FIN) < 85(1)     - 190.43(3) 
   171.20(4) 
   177.06(5) 
   131.62(7) 

E^J^eRDMCDEmeT]oC (FIN) < 390(1) - 457.33(3) 
   451.10(4) 
   455.36(5) 

HdDNFNKEILMCDEucPpGg 
(KEILM) 

  - < 2(2) 2.00(6) 

   3.44(7) 
[IpEDCDEucPpGg (%) - >70(2)   51.60(6) 

ePDJSepQ: (1) Hafez and Hafez (2000);   (2)  cdDNICSlKhNh]JOvOFXDYCDEu]GpaUQcIpFs CEPaUQcIpFs,  
2554, (3) cPSCOJEpG, v]]gD\]^YOE^ (2542);  (4) FGvIJ, PNpsvIJ, SlFGNlEs , FGhEHNs\]^
HGNpND (2548); (5) [gGUE, rI}Y] \]^KPSgv (2550);   (6) cdDNICSlKhNh]JOvOFXDYCDE
u]GpaUQcIpFs CEPaUQcIpFs (2552); (7) Panyapornwithaya and Teepatmakorn (2004) 

 
  cRFNcXDYaz{eDCDEmeTu]u]GpZ[MhKNPmNaE^SlUklJ hKNP]oCucPcRFNme{RlO`PO          
CDES]OLJMmNaE^SlUklJNILN    YfFRD  POE^gIfcDJS]_[ghw]ckpNsxEOSvO`JNPDCCFRD 75 Sa[EsSjyNps 
(Koonawootrittriron, Elzo, Tumwasorn and Nithichai, 2002; Koonawootrittriron, Elzo and 
Thongprapi, 2009 ) jV`MKFEH^POCDEmeTu]u]GplO`coMpDPUICJXDYZ[MhKNPYINqQsgIMC]RDF \pRHDC
EDJMDNZ[McdDNICMDNSUEW}CGHCDESCWpE r Sg_[NCEC�DKP 2554 YfFRD hKNPlILMaE^SlUPO
KRDS~]O`JZ[MaEGPDrNLdDNP SYOJM 10.99 CGh]CEIPpR[pIFpR[FINeE_[aE^PDr  3,300CGh]CEIPpR[E^J^
CDEmeTNP (305 FIN) vOLmeTSeyNkgTFRD hKNPklJPOaE^cGlqGXDYCDEu]GpNLdDNPKR[NZTDMp̀dD SP_`[SlOJf
CIfUICJXDYZ[MhKNPYINqQshw]ckpNsxEOSvO`JNjV`MPOKFDPcDPDEtmNCDEmeTu]u]GpNLdDNPS~]O`JcoMtVM 
6,000 � 7,000  CGh]CEIPpR[E^J^CDEmeTNP  (C]QRPFGHIJ\]^YI�NDhKNP C[MfdDEQMYINqQscIpFs CEP   
aUQcIpFs, 2554)  jV`McDSepQlO`ldDmeThKNPZ[MaE^SlUpT[MaE^cfCIfcXDYaz{eDKFDPcPfoErsYINqQs
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\]^az{eDCDEmeTu]u]GpNLdDNPSvRNNOL cDPDEt[qGfDJkgTmN  2  aE^SgyNe]IC K_[ cDSepQSN_`[MPDHDC
YINqQCEEPZ[MhKNP\]^cDSepQSN_`[MPDHDCCDEHIgCDEcG`M\Fg]T[P        

cDSepQSN_`[MPDHDCYINqQCEEPZ[MhKNP SvRN E^gIfYINqQCEEPhKNPlO`[DHH^JIMkPR
SePD^cPCIfcXDY\Fg]T[P  lILMNOL SabNSYED^CDEFDM\uNucPYINqQs SY_`[JCE^gIfcDJS]_[gmeThKNP
cDPDEtmeTu]u]GpkgTcoMZVLNNILN cRMu]mNlDMC]IfCIN K_[ hKNPH^POKFDPcPfoErsYINqQs]g]M SP_`[
E^gIfcDJS]_[gZ[MYINqQshw]ckpNsxEOSvO`JNcoMZVLN (cPSCOJEpG \]^Kr^, 2542;  FGvIJ \]^Kr^, 2548; 
Hoekstra, van der Lugt, van der Werf and Ouweltjes, 1994; Veerkamp, Koenen and DeJong, 
2001)  hgJhKNPH^PO[IpEDCDEucPpGgp̀dD (HGNpND, qFIvvIJ\]^CI]JD, 2541; FOE^UICgG�, S[CYHNs\]^
UE, 2549) \]^POE^J^eRDMZ[MCDEmeT]oCJDFNDNZVLN (cPSCOJEpG \]^Kr^, 2542)  Zr^SgOJFCIN     
hKNPlO`POE^gIfcDJS]_[ghw]ckpNsxEOSvO`JNcoMZVLN SP_`[pT[M[JoRmNcXDY[DCDUET[Nv_LN CDECGNkgTZ[M
hKH^]g]M hXvN^lO`kgTEIfHVMkPRSYOJMY[CIfKFDPpT[MCDE (Beede and Collier, 1986) u]lO`pDPPDK_[ 
CDEmeTu]u]GpNLdDNPCyH^p̀dD]MgTFJ  

SP_`[YGHDErDHDCKFDPcIPYINqslDMYINqQCEEPZ[M]ICWr^aEGPDrNLdDNP [IpEDCDEucPpGg  
HdDNFNFINlT[MFRDM   HdDNFNKEILMCDEucPpGg \]^E^J^eRDMCDEmeT]oC (pDEDMlO` 2.2)  cDPDEtfRMvOLkgT
FRDaEGPDrNLdDNPlO`SYG`PZVLNcRMu]ldDmeT hKNPPO[IpEDCDEucPpGg]g]M SYG`PHdDNFNKEILMCDEucPpGg 
HdDNFNFINlT[MFRDM \]^E^J^eRDMCDEmeT]oCZ[MhKNPgTFJ    ~^NILN CDElO`PQRM SNTNCDESYG`P
aE^cGlqGXDYZ[MCDEu]GpNLdDNPmeTcoMZVLNSYOJM[JRDMSgOJF JR[Pco{ScOJKFDPcPfoErsYINqQsZ[MhKNP
mNKEDFSgOJFCIN  HVMSabNlO`NRDcNmHmNCDEUVCWDtVM\NFlDMlO`H^aEIfaEQMYINqQCEEPhKNPlO`POlILM
KFDPcPfoErsYINqQs\]^KFDP cDPDEtmNCDEmeTu]u]GplO`gOpR[ka 

 
������ 2.2  KRDcecIPYINqsZ[M]ICWr^aEGPDrNLdDNP [IpEDCDEucPpGg  HdDNFNFINlT[MFRDM    
   HdDNFNKEILMCDEucPpGg \]^E^J^eRDMCDEmeT]oC 
 

'�$6#� ����$�

2(%���   

�;������

�"��� �    

�;������:�

$�2(%��� 

����- �

$�1-"'.$ 

���%#

�:;�% 

[IpEDCDEucPpGg - - - - -0.19(1) 
HdDNFNFINlT[MFRDM - - 0.76(3) 0.95(3) 0.21(2) 
HdDNFNKEILMCDEucPpGg - - - 0.73(3) 0.24(3) 
E^J^eRDMCDEmeT]oC - - - - 0.23(3) 

ePDJSepQ: (1)Kühn et al. (2006), (2)Olds, Cooper and Thrift, (1979), (3)Kadarmideen, Thompson,  
Coffey and Kossaibati (2003) 
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cDSepQSN_`[MPDHDCcG`M\Fg]T[PlO`cRMu]ldDmeTSCGgaz{eDKFDPcPfoErsYINqQs\]^az{eD
u]u]GpNLdDNP kgT\CR  CDEHIgCDE[DeDElO`kPRSePD^cPlILMgTDNaEGPDr\]^KQrXDY (Badinga, Collier, 
Thatcher and Wilcox , 1985; Royal et al., 2000), cXDY[DCDUjV`MPO[QreXoPG\]^KFDPv_LNcoM ( FOE^
UICgG�, UE, ZFI{vDJ \]^FGlJD, 2548; cQEvIJ\]^YI]]X, 2550; Alnimer, De Rosa, Grasso, 
Napolitano and Bordi, 2002; White, Wettemann, Looper, Prado, Morgan, 2002, Parra-
Bracamonte, Magana, Delgado, Osorio-Arce and Segura-Correa, 2005), �goCD]lO`K][g (YIvEGNlEs, 
ceIlJD\]^aE^XDc, 2542;  FOE^UICgG� \]^Kr^, 2549), KFDP\pCpRDMCINmNCDEHIgCDExDEsPZ[M
SCWpECE(Rhone, Koonawootrittriron and Elzo, 2008; Sarakul, Koonawootrittriron, Suwanasopee, 
Hirunwong and Thongprapi, 2009)  SvRN SCWpECEfDMEDJkPRPOCDEKIglGLMhKNPlO`meTu]u]Gpp̀dD[[C
HDCnoM (SlYrEMKs \]^Kr^, 2550)    

HDCcXDYaz{eD\]^cDSepQZ[Maz{eD gIMlO`C]RDFPDNILN fRMvOLmeTSeyNFRD aE^SlUklJ
HdDSabNpT[MPOCDEaEIfaEQMYINqQshKNPmeTSabNcDJYINqQshKNPlO`POKFDPHdDSYD^ POKFDPSePD^cPpR[
cXDYCDES]OLJMZ[MaE^SlU EFPlILMSePD^cPCIfKFDPcDPDEtmNCDEHIgCDECDES]OLJMZ[MSCWpECE
XDJmNaE^SlUgTFJ   
 

2.2 $����
%���0#� $�2(%*��/0�  (EBV) �"��$���
���-���'�'�$6#� (Single 

trait animal model) 
CDEUVCWDKEILMNOLPOCDEaE^SPGNKQrKRDCDEucPYINqQsgTFJCDEFGSKED^eslO]^]ICWr^SN_`[M HDC

ZT[Po]Z[MhKNPSabNZT[Po]lO`SCyfmNEoa\fflO`\pCpRDMCIN C]RDFK_[ ZT[Po]CDEmeTu]u]GpH^SabNZT[Po] 
r  FINlgc[f \]^ZT[Po]KFDPcPfoErsYINqQs H^SabNZT[Po]Z[McIpFs mN\pR]^E^J^CDEmeTNP CDE
aE^SPGNKRDCDEucPYINqQsH^[DUIJZT[Po]fINlVCpIFcIpFsHDClQC\e]RMERFPCIfKFDPcIPYINqslDM
YINqQCEEPZ[McIpFslILMePgmNYINqQsaE^FIpG aE^C[fgTFJZT[Po]YR[YINqQs ZT[Po]\PRYINqQs ZT[Po]pIF
cIpFsS[M \]^ZT[Po]KFDPcIPYINqslDMYINqQCEEPE^eFRDMpIFcIpFs (genetic relationship) \PTcIpFsfDM
pIFH^POZT[Po]SYOJMfINlVCSgOJFeE_[cIpFsfDMpIFlO`kPRPOfINlVC   CyH^cDPDEtaE^SPGNYINqQCEEPkgTuRDN
lDMZT[Po]KFDPcIPYINqslDMYINqQCEEP \]^POCDEaEIfKFDP\pCpRDMSN_`[MHDCcXDY\Fg ]T[PlO`
\pCpRDMCIN SvRN �goCD] a�SCGg noM C]QRPYINqQs \]^[GlqGY]SN_`[MHDCazHHIJ[_`N | mNEoaZ[MhPSg]ucP 
lO`cDPDEtaE^PDr[GlqGY]HDCazHHIJKMlO`\]^azHHIJcQRPkgTYET[PCIN SY_`[meTKRDlO`aE^SPGNkgTkPRPO
KFDP[KpGlDMctGpG (unbiasedness) HVMcDPDEtaE^SPGNKRD EBV [[CPDYET[PCINlILMYR[YINqQs \PRYINqQs
\]^pIFcIpFsS[MkgT hgJKRDaE^PDrZ[M[GlqGY]SN_`[MHDCazHHIJKMlO`lO`kgTH^POKQrcPfIpGSabN Best 
Linear Unbiased Estimator  (BLUE) \]^KRDaE^PDrZ[M[GlqGY]SN_`[MHDCazHHIJcQRPkgTH^PO
KQrcPfIpGSabN Best Linear Unbiased Prediction (BLUP)  KRDlO`kgTSabNCDEaE^SPGNHDCYINqQCEEP
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Z[McIpFshgJpEM jV`MH^mvTFGqOCDEaE^PDrKRD[GlqGY]KMlO`HDCZT[Po]Z[McIpFslO`PO[JoR    (PNpsvIJ, 
2548) 

[JRDMkECypDP KFDP\PRNJdDZ[MCDEaE^SPGN KRD EBV  H^SYG`PZVLNSP_`[NdDZT[Po]mNE^gIfJON
ERFPmNCDEaE^SPGNgTFJ ZT[Po]gIMC]RDF JCpIF[JRDMSvRN ZT[Po]Z[MHOhNkla�lO`[JoRmC]TpdD\eNRM 
Quantitative Trait Loci (Ansari-Mahyari, Sørensen, Lund, Thomsen and Berg, 2008) ZT[Po]Z[M
CDESCGg Linkage disequilibrium Z[MJONUVCWDCIfpdD\eNRM QTL (Goddard, 2009; Hayes and 
Goddard, 2008) tTDE^gIfCDESCGg Linkage disequilibrium PDCZVLNKFDP\PRNJdDCyH^coMZVLN 
(Meuwissen, Hayes, and Goddard, 2001; Calus, Meuwissen, de Roos and Veerkamp, 2008), 
HdDNFNcIpFslO`POZT[Po]HOhNkla�\]^ZT[Po]]ICWr^aEDC� (Hayes, Bowman, Chamberlain and 
Goddard, 2009) \]^CDECE^HDJpIFZ[MpdD\eNRM QTL (Goddard, 2009; Hayes and Goddard, 2008) 
jV`MtTDPOCDECE^HDJpIF[JoRPDCaE^C[fCIfCDEPOZT[Po]KRDcIMSCpmNCDEaE^SPGNKRD EBV HdDNFNPDC   
CDEaE^SPGNKRDH^SCGgKFDP\PRNJdDPDCZVLN (Hayes et al., 2009)  HDCEDJMDNCDEFGHIJlO`POCDEmvTZT[Po]
mNE^gIfJONPDERFPmNCDEaE^SPGNYINqQCEEPhKNP YfKFDPcIPYINqsmNlDMfFC (r = 0.52) E^eFRDM 
KRDCDEucPYINqQsHOhNP (GEBV; Genomic Estimated Breeding Value)  CIf KRDCDEucPYINqQs (EBV)  
aCpGZ[MhKNP (Zukowski, Suchocki, Gontarek and Szyda, 2009)  \]^fDMKEILMCDEmvTZT[Po]mN
E^gIfJON[DHH^ldDmeTCDEHIg]dDgIfKRD EBV Z[MhKPOCDESa]O`JN\a]MkgT SvRN CDEUVCWD 
microsatellite Z[MJON IGF I mNhKSN_L[ Canchim (Charolais x Nellore)  YfFRD [GlqGY]Z[MJONcRMu]
pR[CDESa]O`JN\a]M]dDgIfKRD EBV ]ICWr^NLdDeNIC\ECSCGg\]^NLdDeNICeJRDNPZ[MhK 50 [INgIf\EC 
(Andrade, Grossi, Paz, Alencar, Regitano and Munari,  2008)   H^SeyNkgTFRD CDECdDeNg[GlqGY]
Z[MJON SabNazHHIJKMlO`mNCDEaE^SPGNKRDlDMYINqQCEEPZ[McIpFs H^ldDmeTCDEKIgS]_[CPOKFDP\PRNJdD
coMZVLN (Druet et al., 2005)  \]^[DHH^cRMu]ldDmeT]dDgIfZ[MKRD  EBV POCDESa]O`JN\a]MkgT  gIMNILN 
CDEmvT genetic marker  PDSabNpIFvRFJmNCDEaE^SPGNYINqQCEEPcIpFs HVMSabNCDESYG`PaE^cGlqGXDYmN
CDEKIgS]_[ChKNPkgT 
 

2.3  $�1�" genetic marker 
*O��� ��1�$����
'O�$(���� 
CDEUVCWDSCO`JFCIfCDEKIgS]_[CcIpFshgJmvT genetic marker PDSabNpIFvRFJmNCDEKIgS]_[C

cIpFs H^SabNCDESYG`P genetic gain  mNCDEaEIfaEQMYINqQs SYG`PKFDP\PRNJdDmNCDEaE^SPGNKRDlDM
YINqQCEEP\]^CDEaE^SPGNKFDPcDPDEtZ[MYR[YINqQs\]^\PRYINqQs (Meuwissen and Van 
Arendonk., 1992)  Meuwissen et al. (2001) YfFRD CDEaE^SPGNKRD EBV  HDCZT[Po]Z[M genetic 
marker ldDmeTSCGgKFDP\PRNJdDmNCDEKIgS]_[CYR[YINqQsgTFJ progeny test aE^PDr  75-85 Sa[EsSjyNps 
c[gK]T[MCIf Druet et al. (2005)  jV`MEDJMDNFRD CDEmvTpIF\ffpIFcIpFslO`PO[GlqGY]Z[M genetic 
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marker mNCDEaE^SPGNhKNPPOKFDP\PRNJdDmNCDEKIgS]_[CcoMtVM  72 Sa[EsSjyNps Zr^lO`CDEmvTpIF
\ffpIFcIpFsaCpGPOKFDP\PRNJdDmNCDEKIgS]_[CSYOJM 50  Sa[EsSjyNps HDCEDJMDNCDEFGHIJlO`C]RDFPDmN
ZTDMpTN H^SeyNkgTFRD genetic marker cDPDEtSYG`PaE^cGlqGXDYmNCDEKIgS]_[CkgT  N[CHDCNOL         
JIMcDPDEtNdD
% �& �%�	�'�#�1�#(
�1��2���	�
 �����#<;#��,�����-/% !&%��%�(��%���

1��2�� �1<�#%���������1��2�� $%� ���,�%�-/%�'&��%�(�,
���,�3-23$%1���   �����*���9�,
�
�#%� �&��,������%	�%%���
1��2��-��
�%� �& genetic marker ���
 �%���,�
3���;  �%�
��'�3� �	�'��<#1�#(�,(
�1��2���	�
�'&��;�(��#%������&#�(�,
�	�%
(
���/%�����%	�% EBV -�� �&
#��� ��������� gIMNILN HVMSabNlO`NRDcNmHlO`H^UVCWD genetic marker SY_`[NdDPDvRFJmNCDEaEIfaEQM
YINqQCEEPhKNPmNaE^SlUpR[ka  

CDEYGHDErDJONlO`POUICJXDYmNCDESabNSKE_`[MePDJYINqQCEEP H^pT[MYGHDErDHDCPO
KQrcPfIpGZ[MJON gIMpR[kaNOL ZNDgZ[M[GlqGY]Z[MSKE_`[MePDJYINqQCEEPlO`mvTpR[]ICWr^lO`cNmH 
jV`MJONlO`SabNSKE_`[MePDJYINqQCEEPlO`gOH^pT[MPO[GlqGY]pR[]ICWr^hgJpEM   POKFDPe]DCe]DJlDM
YINqQCEEP  (genetic polymorphism) \]^POKFDPtO`Z[M[I]]O]pRDM | Z[MSKE_`[MePDJYINqQCEEP 
(Alison Van Eenennaam, 2009) azHHQfINmNCDEaEIfaEQMYINqQCEEPcIpFs POCDEUVCWDKFDPSabNkakgT
mNCDENdD Candidate gene PDmvTSabNgenetic marker [JRDM\YERe]DJ SY_`[NdDZT[Po][GlqGY]Z[MJONlO`PO
pR[]ICWr^PDmvTSabNazHHIJeNV`MmNCDEaE^SPGNKRDlDMYINqQCEEPZ[McIpFseE_[ EBV SY_`[SYG`P
aE^cGlqGXDYmNCDEKIgS]_[CcIpFsHDC]ICWr^cdDKI{lDMSUEW}CGH 
 

2.4 	�	������� DGAT1 � �'�$6#�2'2'���:;�%&'�	�	������� GnRHR  � � 

 '�$6#���%(%	.�#�*��/0� 
HDCCDElO`]ICWr^cdDKI{lDMSUEW}CGHZ[MhKNP [JRDMSvRN ]ICWr^u]u]GpNLdDNP\]^

]ICWr^KFDPcPfoErsYINqQs  POKFDPcIPYINqslDMYINqQCEEPmN]ICWr^lO`kPRS[_L[aE^hJvNspR[CIN [IN
SabN[QacEEKldDmeTCDEaEIfaEQMYINqQsSabNkakgTvTD   gIMNILN HVMPOKFDPNRDcNmH mNCDENdD genetic 
marker PDERFPmNCDEKIgS]_[ChKNP SY_`[vRFJ]gE^J^SF]D\]^SYG`PKFDP\PRNJdD hgJldDCDEUVCWD
UICJXDYZ[MJONlO`POflfDlpR[CDEmeTu]u]GpNLdDNP\]^JONlO`POflfDlpR[KFDPcPfoErsYINqQs EFPlILM
KFDPcIPYINqsZ[MJONlILMc[M \]^NdDkaaE^JQCpsmvTSabN genetic marker cdDeEIfCDEKIgS]_[ChKNP
]oCucPhw]ckpNsxEOSvO`JNpR[ka jV`MJONlO`POflfDlgIMlO`C]RDFPD kgT\CR  JON DGAT1 POflfDlmNCDE
cETDMS[NkjPslO`SERMa�GCGEGJDCDEcIMSKED^eskpEC]OSj[kEgs (Winter et al., 2002) jV`MSabNcRFNaE^C[f
e]ICZ[MkZPINNP (Cases et al, 1998) \]^cIPYINqsCIf]ICWr^aEGPDrNLdDNP (Näslund, Fikse, 
Pielberg, and Lundén, 2008)   \]^JON GnRHR   SabNJONlO`KFfKQPCDEe]I`MZ[Mw[EshPN GnRH jV`MPO
KFDPcdDKI{PDCmNCDEKFfKQPw[EshPNlO`SCO`JFZT[MCIfE^ffc_fYINqQsZ[MhKNP SvRN  FSH  jV`MH^ka
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CE^pQTNCDESHEG{SpGfhpZ[MkZR \]^  LH jV`MH^ldDeNTDlO`mNCDECE^pQTNCDEpCkZR\]^CE^pQTNmeTSCGg
CDESabNcIgmNhK   
 

2.4.1   ��� Acyl-CoA:diacylglycerol acyl transferase 1 (DGAT1) 
 JON DGAT1 lO`YfmNhKNPH^[JoRfNhKEhPhjPKoRlO` 14 POZNDgZ[MJONaE^PDr 

2714 bp  (NCBI, 2009a)  POlILMePg 17 exon \]^\a]EeIcSabNCEg[^PGhNkgT 489 pIF (Grisart et al., 
2002)   JON DGAT1 SabN strong candidate gene jV`MH^ldDMDNERFPCIfJON[_`NmNCDEKFfKQP]ICWr^
CDEmeTu]u]GpNLdDNP (Grisart et al., 2002)  hgJJON  DGAT 1 H^\a]EeIckgTSabNhaEpON  Acyl-
CoA:diacylglycerol acyl transferase 1 (EC 2.3.1.20) jV`MSabN microsomal enzyme ldDeNTDlO`SERM
a�GCGEGJDZILNp[NcQglTDJmNCE^fFNCDEcIMSKED^eskpEC]OSj[kEgs   (Winter  et al., 2002)  \cgMgIM
XDYlO` 2.1 
 

 
                                            

)*��� 2.1  C]kCCDEcIMSKED^eskpEC]OSj[kEgs 
lO`PD: Zou, David, Yangdou and Colette (2006) 
 

HDCXDYlO` 2.1 cDEpILMpTNmNCDEcIMSKED^eskpEC]OSj[kEgs K_[ CEgkZPIN\]^      
C]OSj[E[]  hgJZILNp[N\ECZ[MCDEcIMSKED^esH^POCDEpR[hPS]CQ]Z[MCEgkZPIN 2 hPS]CQ]SZTD  
kalO`ePoRkwgE[CjG] (-OH) Z[M glycerol-3-phosphate kgTSabN phosphatidic acid pR[PDH^c]DJS[D
ePoRx[cSxp[[ChgJS[NkjPs phosphatidic acid phosphatase kgTSabN 1,2-diacylglycerol jV`MH^
Sa]O`JNSabN Triacylglycerol hgJCDESpGPCEgkZPINSZTDka[OC 1 hPS]CQ]\]^H^SCGgHDCCDEldDMDN
ERFPCINZ[M Acyl-CoA CIfS[NkjPs Diacylglycerol Acyltransferase (DGAT)  (1����, ���
 �, #���
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(�,�J�3,  2551) HDCNILNkpEC]OSj[kEgslO`kgTHDCCDEcIMSKED^esmNZTDMpTN cRFNeNV`MH^kaSabNcDE  pILM
pTNmNCDEcIMSKED^eskZPINNPlO`pR[PNLdDNPpR[ka  

SP_`[JON DGAT1 SCGgCDE\lNlO`Z[MNGFK]Oh[klgs mN]ICWr^ Non-conservative  
fN exon 8  gIMXDYlO` 2.2 (Winter et al., 2002 ) cRMu]ldDmeTCEg[^PGhN Lysine  Sa]O`JN\a]MSabN
CEg[^PGhN  Alanine SN_`[MHDCPOCDESa]O`JN\a]M triple code Z[MCEg[^PGhN C]RDFK_[  AAG jV`M
SabN triple code  Z[MCEg[^PGhN Lysine  toC\lNlO`gTFJSfc GC lO`pdD\eNRMSfc AA c[MpIF\EC  jV`M
ldDmeTSCGgCDESa]O`JN triple code  SabN GCG \]TFH^POCDE\a]EeIcSabNCEg[^PGhNpIFmePR K_[  
Alanine  gIMXDYlO` 2.3 CDESa]O`JN\a]MZ[MJONmN]ICWr^gIMC]RDFH^cRMu]pR[CDEldDMDNZ[M
S[NkjPs  DGAT1 mNCDESERMa�GCGEGJDCDEcIMSKED^eskpEC]OSj[kEgs\]^cRMu]pR[CDESa]O`JN\a]M
aEGPDrNLdDNP\]^[MKsaE^C[fNLdDNPZ[MhKNP 
 

 
               

)*��� 2.2  CDESa]O`JN\a]M]dDgIfNGFK]Oh[klgs K232A fN exon 8 

lO`PD: Winter et al. (2002) 
 

 
 

)*��� 2.3   ]ICWr^ triple code Z[MCEg[^PGhNlO`Sa]O`JN\a]M 
lO`PD: Tantia, Vijh, Mishra, Mishra, Kumar and Sodhi (2006) 
                  
    HDCCDEEFfEFPS[CcDE YfFRD JON DGAT1 K232A  PO]ICWr^SabN diallele kgT\CR 
[I]]O] K \]^ A hgJmN\pR]^aE^vDCEhKNPPOKFDPtO`Z[M[I]]O]\]^KFDPtO`Z[MHOhNkla�lO`\pCpRDM
CINka (pDEDMlO` 2.3) lILMNOL lGUlDMZ[MKFDPtO`JONNILNH^POKFDPSeP_[NeE_[\pCpRDMCIN ZVLN[JoRCIf
SaiDePDJZ[MCDEKIgS]_[ChKNPmN\pR]^aE^vDCE   
������ 2.3 KFDPtO`[I]]O]\]^KFDPtO`HOhNkla�Z[MJON DGAT1  mNhKNPYINqQshw]ckpNsxEOSvO`JN 
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Populations N Allele Genotype Reference 

K A KK KA AA 

Baja 
California  

196 0.18 0.82 0.021 0.32 0.66 Hori-Oshima and Barreras-
Serrano (2003) 

Brazil 50 0.27 0.73 0.14 0.26 0.60 Lacorte et al. (2006) 
China 1222 0.45 0.55 0.14 0.61 0.25 Sun et al. (2009) 
France  2086 0.37 0.63 0.09 0.45 0.46 Gautier  et al. (2007) 
German   315 0.34 0.66 0.14 0.40 0.46 Hradecká, Citek, Panicke, 

Rehout, and Hanusova (2008) 
Greece 497 0.62 0.38 0.24 0.76 0.00 Oikonomou, Angelopoulou,  

Arsenos, Zygoyiannis, and Banos 
(2008) 

India 281 0.59 0.41 0.21 0.76 0.03 Patel et al. (2009) 
Ireland 848 0.32 0.68 0.11 0.42 0.47 Berry et al. (2010) 
Italy 116 0.25 0.75 0.05 0.41 0.54 Scotti, Fontanesi, Schiavini, 

Mattinadro, Bagnato,Russo, 
(2010) 

New 
Zealand 

1527 0.6 0.4 583 666 278 Spelman et al., (2002) 

Poland 177 0.40 0.6 0.31 0.58 0.11 Strzalkowska, Siadkowska, 
Sloniewski, Krzyzewski, and 
Zwierzchowski, (2005) 

Sweden 96 0.14 0.86 0.03 0.20 0.76 Näslund  et al. (2008) 
Thailand 387 0.71 0.29 0.42 0.57 0.01 Jureerath Sanpote, Sayan Buaban 

and Kanokporn Triwitayakor 
(2009) 

ePDJSepQ : N K_[ HdDNFNcIpFslO`UVCWDmN\pR]^aE^vDCE 

HDCpDEDMlO` 2.3 \cgMmeTSeyNFRD JON DGAT1 PO]ICWr^lOS̀abN diallele  SvRNSgOJFCIN
mNlQCaE^vDCEhKNP hgJlGUlDMZ[MKFDPtO`JONPOKFDP\pCpRDMCINka [JRDMkECypDP SY_`[meTlEDf
tVMUICJXDYZ[MJON DGAT1 mNCDESabN genetic marker cdDeEIf]ICWr^u]u]GpNLdDNP HVMkgTPO
CDEUVCWD [GlqGY]Z[MJON DGAT1 pR[]ICWr^aEGPDrNLdDNP\]^[MKsaE^C[fNLdDNP[JRDM\YERe]DJ 
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hgJCDEUVCWDPOlILM CDEaE^PDrKRD[GlqGY]HDCZT[Po]Z[MpIFcIpFsS[MjV`MSabNhKNPSYUSPOJ\]^CDENdD
ZT[Po]CDEmeTu]u]GpZ[M]oChKNPSYUSPOJPDmvTmNCDEaE^SPGNYR[YINqQs (progeny test) jV`McDPDEt
cEQakgTgIMpDEDMlO` 2.4  
 

������  2.4  [GlqGY]Z[MJON DGAT1  K232A pR[]ICWr^aEGPDrNLdDNP\]^[MKsaE^C[fNLdDNPmN
hKNPYINqQshw]ckpNsxEOSvO`JN 

 

Holstein  

populations 

Sex Estimated 
Method 

Milk 
yield 

(kg) 

Fat 
yield 

(kg) 

Protein 
yield 

(kg) 

Fat 
content 

(%) 

Protein 
content 

(%) 

Reference 

Dutch 
Holstein  

Male α/2 -158.00 5.23 -2.82 0.17 0.04 Grisart et al. 
 (2002) 

New Zealand 
Holstein 

Female α -161.00 7.46 -2.64 0.42 0.08 Grisart et al. 
(2002) 

New Zealand 
Holstein 

Male α -134.00 5.76 -2.45 - - Spelman et al. 
(2002) 

German  
Holstein 

Male α/2 -288.00 10.60 -4.48 0.29 0.07 Kaupe, Brandt, 
Prinzenberg 
and Erhardt 
(2007) 

French 
Holstein 

Male α -351.00 -14.90 -4.63 0.34 0.08 Gautier et al. 
(2007) 

Chinese 
Holstein 

Female α 248.39 -11.91 5.14 -0.27 0.04 Sun et al. 
(2009) 

Swedish 
Holstein 

Female α -0.61 0.11 -0.12 0.49 0.01 Näslund et al. 
(2008) 

Dutch 
Holstein 

Female KK-KA -0.84 0.02 -0.02 0.45 0.10 Schennink et 
al. (2007) 

Polish Back  
and White  

Male KK-KA -110.00 6.10 -1.60 - - Szyda and 
Komissarek 
(2007) 

ePDJSepQ: α/2; QTL allele substitution effect on DYD), α ; average K to A substitution  effect 

HDCpDEDMlO` 2.4 H^SeyNkgTFRD aE^vDCEcRFNme{RYf[GlqGY]SN_`[MHDCSa]O`JN\a]M
CEg[^PGhN Lysine (K) SabNCEg[^PGhN Alanine (K232A) cRMu]pR[CDE]gaEGPDrNLdDNP ]g
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aEGPDrhaEpON\]^SYG`PaEGPDr\]^KFDPSZTPZTNZ[MkZPIN jV`MCDElO`[I]]O] K PO[GlqGY]pR[CDESYG`P
kZPINNP POaE^SgyNlO`mvTmNCDE[qGfDJ gIMNOL  

���
�a����-�9�� JON DGAT1 [I]]O] K cIPYINqsCIfCDESYG`PCEgkZPINvNGg[G`PpIF 
(saturated fatty acid) \]^cIPYINqsCIfCDE]g]MZ[MCEgkZPINvNGgkPR[G`PpIF (unsaturated fatty acid) 
(Schennink et al., 2007) jV`MSabNcRFNaE^C[fZ[MCEgkZPINpdD\eNRMlO`cDP (sn-3) (Parodi, 1982) 
CEgkZPINpdD\eNRMcQglTDJlO`S[NkjPs DGAT1 H^ldDeNTDlO`mNCDESERMa�GCGEGJDCDEcETDMYINq^S[c
Sl[EsZ[MCEgkZPIN SY_`[meTCDEcIMSKED^eskpEC]OSj[kEgscPfoErs gIMNILNHVM SabNkakgTFRDu]
CDEUVCWDlO`Yf[I]]O] K lO`PO[GlqGY]pR[]ICWr^kZPINNPSabNu]SN_`[MHDCCDESa]O`JN\a]M
[MKsaE^C[fZ[MkZPINNPgTFJ   (Schennink et al., 2007)  ���
�a����(�� CEg[^PGhN lysine [DHPO
a�GCGEGJDERFPCINCIfhKS[NkjPsS[ (CoA) jV`MH^SabNpIFNdDePoR Acyl PDHIfCIfS[NkjPs DGAT1 SP_`[
SCGgCDEldDMDNERFPCIN\]TFH^cRMu]fFCpR[CDEcIMSKED^eskZPIN   Zr^lO`CEg[^PGhN alanine       
[DHPO[GlqGY]lO`SabNlDM]fpR[ acyl-CoA binding capacity Z[MS[NkjPs DGAT1 ]ICWr^gIMC]RDFHVM
fRMvOLkgTFRD  lysine  jV`MSCGgHDCJON DGAT1 [I]]O] K POaE^cGlqGXDYmNCDESERMa�GCGEGJDCDEcIMSKED^es
kZPINkgTPDCCFRD  alanine  jV`MPDHDC[I]]O] A (Winter et al., 2002) gIMNILN [I]]O] K HVMPO[GlqGY]pR[
kZPINNP  

[JRDMkECypDP JIMPOfDMaE^vDCElO`[GlqGY]Z[MJONlO`kPRSabNkamNlGUlDMSgOJFCIN  
jV`MSCGgHDCe]DJazHHIJ pDPEDJMDNZ[M Berry et al. (2010) kgT\CR KFDP\pCpRDMZ[MKFDPtO`[I]]O]mN
aE^vDCElO`ldDCDEUVCWD ]ICWr^\]^HdDNFNZ[MZT[Po]lO`mvTmNCDEFGSKED^es[GlqGY]Z[MJON CDE
SCGga�GCGEGJDERFPCINE^eFRDMJONCIfcG`M\Fg]T[P \]^ JON DGAT1 [DHSCGga�GCGEGJDERFPCIfvQgJONlO`[JoR
mNhKEMcETDMYINqQCEEEPZ[MhKNP\pR]^aE^SlU HDCSepQu]gIMC]RDF POKFDPSabNkakgTlO`H^Yf
KFDP\pCpRDMZ[M[GlqGY]Z[MJON DGAT1 mNC]QRPpIF[JRDMhKNP]oCucPhw]ckpNsxEOSvO`JNZ[M
aE^SlUklJkgT  gIMNILN HVMSabN\NFKGgmNCDEUVCWD\]^FGSKED^esZT[Po]SY_`[eD[GlqGY]Z[MJONmN
aE^vDCEhKNP]oCucPhw]ckpNsxEOSvO`JNmNKEILMNOL 
 

2.4.2   b����%� Gonadotropin releasing hormone (GnRH)  1���		(O	*��/0����%


*3
%�� 

    w[EshPN GnRH SabNSaaklgsw[EshPN H^aE^C[fgTFJCEg[^PGhN 10 pIFPDSv_`[P
CINgTFJYINq^Saaklgs ldDeNTDlO`KFfKQPE^ffc_fYINqQsZ[McIpFsS]OLJM]oCgTFJNP u]GpHDC specific 
hypothalamic neurons \]^ preoptic area Z[McP[McRFN hypothalamus  [JRDMSabNvRFM (pulsatile 
secretion)    SP_`[ GnRH POKFDPtO`\]^aEGPDrlO`Y[SePD^ w[EshPNH^toCcRMkaJIMpR[PmpTcP[McRFN
eNTD \]^SCGgCDECE^pQTNSj]]s gonadotroph meTPOCDEcETDM\]^e]I`M w[EshPN Follicle stimulating 
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hormone (FSH) kaCE^pQTN CDESHEG{Z[M follicle mNEIMkZR SY_`[ldDeNTDlO`mNCDEcETDM estrogen \]^ 
progesterone \]^w[EshPN Luteinizing hormone (LH)  kaCE^pQTNSj]]sZ[MPg]oCmeTldDCDEu]Gp 
testosterone SY_`[SabNpIFpILMpTNmNCDEcETDM estrogen \pRtTDKFDPtO` ]g]MCDEe]I`M FSH \]^ LH H^
]g]M  \]^SP_`[POCDECE^pQTNmeTPOCDEu]Gp estrogen [[CPDPDCSCGNKFDPHdDSabN  H^SCGgCDEKFfKQP
CDEe]I`Mw[EshPNJT[NC]If\ff]f (negative feedback control) kaJIMpR[PmpTcP[McRFNeNTD\]^ 
hypothalamus  kPRmeTe]I`M LH \]^ GnRH [[CPD HVMkPRPOCDEpCkZR  (Samuel, Robert, and Robert, 
1999)        

SP_`[hKNPSZTDcoRFIJSHEG{YINqQs (puberty)  jV`MSabNvRFMSF]DeE_[[DJQlO`hKNPH^SEG`Pu]Gp
eNRFJc_fYINqQs\]^cDPDEtucPYINqQskgT  w[EshPNlO`KFfKQPE^ffc_fYINqQsH^POCDESa]O`JN\a]M 
SY_`[meTSCGgCDEpCkZR\]^POCDESabNcIgKEILM\EC jV`MmNE^J^NOL w[EshPNmNC]QRP Hypothalamus 
pituitary gonad (HPG) kgT\CR w[EshPN GnRH , FSH \]^ LH H^POCDECE^pQTNcoMcQg SN_`[MHDCSj]]s
c_fYINqQsPOCDEYI�NDSpyPlO`  hgJH^POCDEcRMcI{{DrHDCcP[McRFNC]DM ldDmeTPOCDEldDMDNZ[M 
Development clock jV`MkgT\CR  JON Kiss peptin (Revel, Ansel, Klosen, Saboureau, Pévet and 
Simonneaux, 2007 ) lO`POeNTDlO`mNCDEKFfKQPCDESZTDcoRFIJSHEG{YINqQs  \]^SP_`[POCDECE^pQTNHDCazHHIJ
lILMXDJmN\]^XDJN[CpIFcIpFskaJIMcP[McRFN hypothalamus   H^SCGgCDECE^pQTNCDEe]I`Mw[EshPN 
GnRH  hgJ]ICWr^CDEe]I`MZ[Mw[EshPN GnRH mNvRFMNOLH^SCGgZVLNSabNHIMeF^ (pulse) uRDN
ScTNaE^cDlcRFNa]DJmN median eminence jV`M[JoRmNcRFNpTNZ[McP[McRFN hypothalamus 
w[EshPNlO`e]I`M[[CPDH^uRDNScTNS]_[ggdDme{R (portal vein) kaJIMpR[PmpTcP[McRFNeNTD SY_`[HIfCIf
pIFEIf K_[ GnRHR lO`[JoRfNuGFSj]]s gonadotroph HDCNILNHVMPOCDEcRMcI{{DrmNCDECE^pQTNCDE
cIMSKED^es\]^e]I`Mw[EshPN LH \]^ FSH kapDPCE^\cS]_[gSZTDcoRSj]]sSaiDePDJ jV`MkgT\CR EIMkZR  
\]^POCDECE^pQTNmeTSCGgCDESabNcIgKEILM\ECpR[ka (Sisk and Foster, 2004)  hgJC]kCCDEldDMDN
gIMlO`C]RDFPD \cgMgIMXDYlO` 2.4 
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)*��� 2.4  C]kCCDEldDMDNZ[Mw[EshPN GnRH   
lO`PD; Sisk and Foster (2004) 

 

CDEp[fcN[MZ[MpR[PmpTcP[MpR[ GnRH mNSYUSPOJH^Sa]O`JN\a]MpDPvRFMSF]D
Z[MCDESabNcIg kgT\CR ����*�c�$�$�
���,
��	�����!�  (Follicular phase)  granulosa cells 
H^POCDEe]I`M inhibin jV`MH^POu]JIfJILMCDEe]I`M FSH   cRFN  estrogen lO`POCDEe]I`M[[CPDmNE^J^\EC 
H^kaCE^pQTNcP[McRFNkwhaqD]DPIcmeTPOCDEe]I`Mw[EshPN GnRH kaJIMpR[PmpTcP[McRFNeNTD 
SY_`[meTSCGgCDEe]I`M gonadotropin lO`H^POu]pR[PDldDmeTE^gIfZ[M estrogen SYG`PZVLN    � ��$'���	
$�
�4�(�� (Midcycle) POCDEKFfKQP\ff positive feedback CDElO` estrogen ldDmeTSCGg LH surge 
hgJH^CE^pQTNmeTpR[PmpTcP[MPOKFDPkFpR[ GnRH HDC hypothalamus PDCZVLN ldDmeTE^gIfZ[M LH 
lO`e]I`MHDC pR[PmpTcP[MSYG`PcoMZVLN~IfY]IN\]^ldDmeTSCGgCDEpCkZR jV`MCDEe]I`M LH H^SYG`PZVLNlILM
KFDPtO`Z[MCDEe]I`M\]^aEGPDrZ[M LH lO`e]I`M\pR]^KEILM SP_`[POCDEe]I`M LH PDCZVLNH^ldDmeTaEGPDr 
estrogen lO`SYG`PZVLNPOu]mNCDEJIfJILMCDEe]I`M  FSH  HDCpR[PmpTcP[McRFNeNTD   ����$�*�c�$�

��� Follicle !�
�4� Corpus luteum (Luteal phase)  SP_`[POCDEe]I`M estrogen \]^ progesterone 
[[CPDPDCSCGNKFDPHdDSabN H^ldDmeTSCGgCDECgCDEe]I`M LH estrogen POu]mNCDE]g amplitude Z[M
cI{{Dr GnRH     cRFN progesterone POu]mNCDE]gKFDPtO`Z[McI{{Dr GnRH hgJCDECE^pQTN
uRDN endogenouse opioids kaJIMkwhaqD]DPIcldDmeTPOCDEJIfJILM estrogen kPRmeTPOCDECE^pQTNCDE
e]I`M LH \]^JIfJILMkPRmeTpR[PmpTcP[McRFNeNTDe]I`M gonadotropin  [[CPD (Gayatri, 2007) 
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  2.4.3    $�( �(�,,#���b����%� GnRH !���� 
f''������	 GnRHR 

%�##D-23E)#��#���
� GnRH �&#�#%.����������""%0 (receptor) ��@������� 

-��(-�#��� ���<�#!�&
����� (integral protein)  ��<�#��%��@�����-'��#���
� 
�	�0�
���3�,�%��;/%

�'&'� (hydrophilic) -/% !&�
��%
%�=��
��%���<�#!�&
�����)#��������G%!
%��'& pDPCE^fFNCDE        

gIMXDYlO`  2.5 
 

 
 

)*��� 2.5 C]kCCDEcRMcI{{Drw[EshPN GnRH SZTDcoRSj]]spIFEIf 

lO`PD : Naor (2009) 

 

HDCXDYlO` 2.5 w[EshPN GnRH lO`toCu]Gp[[CPDH^HIfCIfpIFEIflO`uGFSj]]s\]^POCDE
CE^pQTNuRDN    G-Protein vNGg Gαq \]^ Gαs HDCNILNHVMPOCDEcRMcI{{DrmNE^J^lO`c[M (second 
messenger system) kaCE^pQTN phosphatidylinositol-calcium SY_`[c]DJ phosphatidylinositol meTkgT
SabN inositol �triphosphate \]^ diacylglycerol kaCE^pQTNmeT protein kinase-C (PKCs) jV`MH^POu]
pR[kaCE^pQTNmitogen-activated protein kinase (MAPK) meTSZTDkamNNGFSK]OJc\]^kaCE^pQTN c-jun 
\]^ c-fos ldDmeTPOCDE\cgM[[CZ[MJON (transcription) gonadotropin meTPOCDEu]Gp\]^e]I`M LH 
eE_[ FSH [[CPD \]^SP_`[POCDECE^pQTNuRDN Gαs H^POCDEcRMcI{{DrkaCE^pQTN adenylate cyclase 
POu]ldDmeTSa]O`JN ATP kaSabN cAMP SY_`[CE^pQTN protein kinase-A  HDCNILN protein kinase-A H^cRM
ePoRx[pSxckameT c-AMP response element-binding protein (CREB) jV`MH^SZTDkamNNGFSK]OJc\]TF
kaHIfCIf c-AMP response element (CRE) ldDmeTPOCDE\cgM[[CZ[MJONlO`[JoRmNC]QRP gonadotropin  
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meTPOCDEu]Gp\]^e]I`M LH eE_[ FSH [[CPD  (Shacham et al., 2001)  \pRtTD w[EshPN GnRH POCDE
e]I`MtO`PDCZVLN eE_[ e]I`MpR[SN_`[MSabNSF]DNDN ldDmeTpIFEIf(receptor) w[EshPNlO`[JoRlO`pR[PmpTcP[M
cRFNeNTD]g]M \]^POu]JIfJILMCDEcETDM\]^e]I`M FSH \]^ LH  jV`Mu]lO`pDPPD[DHH^ldDmeThKkPRPO
CDEpCkZReE_[pCkZRvTD\]^[DHH^CE^lfpR[CDESabNcIgZ[MhKkgT gIMNILN CDEUVCWDCDEKIgS]_[ChK
NPmN]ICWr^KFDPcPfoErsYINqQs hgJmvT MAS SabNpIFvRFJmNCDEKIgS]_[C HVMSabNlO`NRDcNmHmN
CDEUVCWDJONlO`cIMSKED^eshaEpONlO`ldDeNTDlO`SabNpIFEIfcI{{DrgIMC]RDF kgT\CR JON Gonadotropin 
releasing hormone receptor (GnRHR)  jV`MH^C]RDFmNEDJ]^S[OJgpR[ka 
 

2.4.4   ������ Gonadotropin releasing hormone receptor (GnRHR)   
haEpON GnRHR PO 3 vNGg K_[ GnRHR I II \]^ III  vNGglO`POKFDPcdDKI{\]^YfmN

hKNP\]^cIpFsS]OLJM]oCgTFJNP K_[ GnRHR I lO`kPRPO carboxyl-terminal tail \]^HIg[JoRmNC]QRP 7 
transmembrane (TM) domains  Z[M  G-protein-coupled receptor (GPCRs) eNTDlO`\]^pdD\eNRMlO`PO
CDE\cgM[[CZ[M GnRH I receptor  mNhKNPSYUSPOJ  kgT\CR   fEGSFrEIMkZR (Ovary) Yf GnRH I 
mRNA  mNSj]]s  granulosa   ldDeNTDlO`mNCDECE^pQTNCDEc]DJpIFZ[M follicle ,  CE^pQTNmeT oocyst 
SHEG{SpyPlO`mNvRFMCDESabNcIg \]^CDE\cgM[[CZ[M GnRH H^Sa]O`JN\a]MkapDPYI�NDCDEZ[M 
follicle  N[CHDCNOLJIMYfCDE\cgM[[CZ[M GnRH I receptor fEGSFrPg]oC\]^lR[NdDkZRZ[MhK     
(Singh, Graves, Roskelley, Giritharan, and Rajamahendran, 2008) hgJCDE\cgM[[CH^[JoRfEGSFr
uGFSj]]s gonadotrope Z[MpR[PmpTcP[McRFNeNTD  (Shacham et al., 2001) jV`MmNCDEldDMDNZ[M 
GnRHR fNuGFSj]]s gonadotrope H^POu]pR[w[EshPNSYUSPOJlO`toCcETDM\]^e]I`MHDC hypothalamus 
\]^H^POu]pR[kaJIMw[EshPNpRDM | lO`SCO`JFZT[MCIfE^ffc_fYINqQsZ[MhKNPSYUSPOJ pR[ka 

 

2.4.5   ���  Gonadotropin releasing hormone receptor (GnRHR)  

JON GnRHR [JoRfNhKEhPhjPKoRlO` 6  Z[MhK vGLNcRFNZ[MJONPO 3 exons \]^ 2 
introns  (NCBI, 2009b)  hKEMcETDMa}PXoPGZ[MJON GnRHR mNEoa\ffZ[M  cDNA  YflO`pR[PmpT
cP[MZ[MhK  aE^C[fgTFJ 1326 bp (NCBI, 2009c) SabNJONlO`KFfKQPCDEe]I`MZ[Mw[EshPN GnRH 
jV`MPOKFDPcdDKI{PDCmNCDEKFfKQPw[EshPNlO`SCO`JFZT[MCIfE^ffc_fYINqQsZ[MhKNP SvRN  Follicle 
Stimulating Hormone (FSH) jV`MH^kaCE^pQTNCDESHEG{SpGfhpZ[MkZR \]^  Lutienzing Hormone 
(LH) jV`MH^ldDeNTDlO`mNCDECE^pQTNCDEpCkZR\]^CE^pQTNmeTSCGgCDESabNcIgmNhK\]^POflfDl
cdDKI{pR[ Timing of puberty Z[MhK   (Lirón et al., 2010) 

lILMNOL POMDNFGHIJlO`ldDCDEUVCWD [GlqGY]Z[MJON GnRHR pR[]ICWr^lO`SCO`JFZT[MCIf
KFDPcPfoErsYINqQs YfFRD JON GnRHR  POflfDlcdDKI{pR[]ICWr^[DJQCDESZTDcoRFIJSHEG{YINqQs 
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(Timing of puberty) Z[MhK (Lirón et al., 2010) jV`M]ICWr^NOLSabNSKE_`[MePDJfRMvOLtVMaE^cGlqGXDY
mNCDEc_fYINqQsZ[MhK hgJmNvRFMlO`\PRhKSZTDcoRFIJSHEG{YINqQsH^SabNvRFMlO`w[EshPN GnRH   POCDE
u]Gp[[CPDSYG`PZVLN   SY_`[KFfKQPCDEcIMSKED^es\]^CDEe]I`MZ[Mw[EshPN FSH , LH (Kaiser, 
Jakubowiak, Steinberger and Chin, 1993)  lILMNOL CDEp[fcN[MZ[MSj]]s gonadotroph pR[w[EshPN 
GnRH  ZVLN[JoRCIfKFDPSZTPZTN\]^aEGPDrZ[MhaEpONpIFEIf kgT\CR GnRHR fNuGFSj]]sgTFJ (Wise, 
Nieman, Stewart, and Nett, 1984)   \]^CDEC]DJYINqQsZ[MJON GnRHR   [DHH^cRMu]pR[CDESYG`P
HdDNFNZ[MhaEpON GnRHR fNSj]]s gonadotroph \]TFcRMu]pR[CDECE^pQTNw[EshPNpRDM | mN
E^ffc_fYINqQsPDCZVLN (Leanos-Miranda, Janovick and Conn, 2002) HDCflfDlZ[MJONgIMC]RDF HVM
ldDmeT JON GnRHR   POKFDPcIPYINqsCIf]ICWr^lO`SCO`JFZT[MCIfE^ffc_fYINqQs  jV`MKFDPe]DCe]DJ
Z[MJON GnRHR lO`YfmNhK cDPDEtYfkgTlILMmNcXDYlO`SabNEoa\ffgOS[yNS[cDJSgO`JF (SSCP) 
(Milazotto et al., 2008)  lILMePg 3 Eoa\ff \]^SP_`[ldD sequencing YfFRD ]dDgIfSfcZ[M  DNA   PO
CDESa]O`JN\a]MSfc C eE_[ Sfc T lO`pdD\eNRM  342 bp, 409 bp \]^ 493 bp pDP]dDgIf N[CHDCNOLJIM
POMDNlO`UVCWDYfEoa\ffZ[MJON GnRHR  pdD\eNRM SNPs  (Lirón et al., 2010, Heaton et al., 2002)    

HDCl�W�O\]^MDNFGHIJgIMlO`C]RDFPDmNZTDMpTN HVMSabNlO`NRDcNmHmNCDEUVCWD
Eoa\ffZ[M JON GnRHR   lO`PO[GlqGY]pR[]ICWr^KFDPcPfoErsYINqQsmNhKNP SY_`[NdDPDSabN genetic 
marker mNCDEKIgS]_[ChKNP jV`MeDCYfFRD JON GnRHR POUICJXDYmNCDESabN genetic marker H^
SabNaE^hJvNsmNCDEKIgS]_[ChKNPmeTPOKFDPcPfoErsYINqQs  ldDmeTPOCDESHEG{SpGfhpZ[MkZR SCGgCDE
pCkZRlO`SabNaCpG cDPDEtpEFHYf[DCDESabNcIgkgTpEMpDPSF]D hKNPPOKFDPcPfoErsYINqQslO`gO \]^
SabNCDESYG`PaE^cGlqGXDYCDEmeTu]u]GpZ[MhKNPpR[ka 
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	����  3 

��/�$���'��&'�$�
$a	�"�%.' 
 
 

3.1  $'0 %����� � 
���
���#��%�-�� �&�/%!���%�.�*%���(�������-�H)#���� DGAT1 (�,��� GnRHR  ��@�

���
���#��%��	�
����
������������������,'���%���<#'��;�(�� 75%HF � 99%HF )#��%��


!%�3-�%����-	����������%��(�,����%����%��
 �/%�����,
%0 227 ��� 
 

3.2  $�
$a	����� � 
�9����#��%���<#')#�(
��	��'�
 -�;�!
' 227 ��� ��3
%0����, 10 ml. �9� �!�#'

��""%%.  EDTA-NA2-treated collection tube  (�,�9���*%-��#�0!$�
3 -20 °C 
 

3.3  �	��&������#	� �'���� 1  
SY_`[SabNCDElgc[fcPPpG}DNZT[lO` 1 K_[ Yf[I]]O]\]^HOhNkla�Z[MJON  DGAT1 \]^JON 

GnRHR mNhKNP]oCucPhw]ckpNsxEO SvO`JN
%��%!�������(��\]^JONlILMc[MPO Linkage 
disequilibrium  pR[CIN jV`MH^ldDmeTCDEKIgS]_[C[DHpT[MYGHDErDlILMc[MJONkaYET[P | CIN gIMNILN HVM
POZILNp[NmNCDElgc[fcPPpG}DN kgT\CR CDEcCIg Genomic DNA  CDEUVCWDeDEoa\ffZ[MJON 
CDEeDKFDPtO`Z[MJON \]^CDEUVCWDKFDPcIPYINqsZ[MEoa\ffJON  DGAT1  \]^JON GnRHR          
gIMEDJ]^S[OJgpR[kaNOL 
 

3.3.1    $�($��  Genomic DNA 
ldDCDEcCIg Genomic DNA gTFJvQgNLdDJDcCIggOS[yNS[cdDSEyHEoacdDeEIfpIF[JRDMS]_[g 

(Genomic DNA Mini Kit, Geneaid Biotech Ltd.)  hgJEDJ]^S[OJg\]^ZILNp[NpRDM|Z[MCDEcCIg 
Genomic DNA aEDC�mNXDKuNFC M 
 

3.3.2   �	�)*�+	�,���������� DGAT1 &'��-�
��
 PCRhRFLP 
                           1. �/% genomic DNA  
%����!%�����-�H �'� Primers (�,�#���
���'�/%�1%,-��
 �& �%�.�*%	��;���; #&%�#3��%�%��3���)#�  Winter et al. (2002) 
��/%'�����)#� Primers '����; 
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Forward primer : 5�-GCA CCA TCC TCT TCC TCA AG-3�, Reverse primer  : 5�-GGA AGC 
GCT TTC GGA TG-3�  
                           2. PCR  Reaction mix   ��
-�;�!
'�-�%��  25 µl   ��,#�'&��  genomic DNA 
�)&
)&� 10 ng/µl  ��3
�%���,#���%� F  ��A33�3�% ������,#�'&�� 10X PCR buffer 2.5 µl  , 
1.25 mM  dNTP�s  4 µl,  Primers  	�%
�)&
)&� 20 µM #��%��, 0.5 µl  0.5 U Dream Taq DNA 
polymerase 0.5 µl (�,��3
 Nuclease free water �1<�#������3
%�� !&�'& 25 µl �#��A33�3�% ����� 

PCR (initial denaturation) �,��3�
-��#�0!$�
3 94 °C  ��@����% 4 �%-� �%��;�-/%�A33�3�% 35 �#� (��

�,�#�
��%��,�#��' ��A33�3�% '����; ��3�
-��#�0!$�
3 94 °C  ��@����% 30 �3�%-� Primer annealing -��

#�0!$�
3 56 °C ��@����% 30 �3�%-� (�, Primer extension -��#�0!$�
3 72 °C  ��@����% 60 �3�%-� (�,

)�;��#���'-&%� (final extension) -��#�0!$�
3 72 °C  ��@����% 10 �%-� 
                           3. NdD PCR product pIggTFJS[NkjgspIgHdDSYD^ CfrI  pdD\eNRMCDEpIgZ[MS[NkjPs
\cgM  gIMXDYlO` 2.6  (Fermentas)  hgJSpGP 0.2 µl, 10X buffer Tango 2 µl , PCR product 8 µl, SpGP

NLdD DI SY_`[aEIfaEGPDpE meTkgT  20 µl NdDkafRPlO`[QreXoPG 37 °C  SabNSF]D 12 vI`FhPM \]^UVCWD
Eoa\ffZ[MHOhNkla�gTFJSlKNGK gel electrophoresis hgJmvT Agarose gel  2.0%  
 

 
 

 

)*��� 2.6 pdD\eNRMCDEpIgZ[MS[NkjPs CfrI 
 

3.3.3    �	��	�,���������� GnRHR &'��-�
��
 PCR-SSCP  
1. -/%%��13�
��3
%0�3;��������'&���-	�3	 PCR (�,�����#�)�%')#�

�3;�����)#�'��#9��# -���/%(!��� exon 1 )#����(�, �& Primers �%�%��3���)#�  Milazzotto et al. 
(2008) �/%'�����)#� Primers '����; Forward primer: 5′AAACTACAACTGAATCAGTC 3′, 
Reverse primer: 5′TAG AGAGAAATATCCATATA 3′ 

2. PCR  Reaction mix   �-�%��  25 µl   ��,#�'&��  genomic DNA �)&
)&� 10 
ng  1µl  ��3
�%���,#���%� F  ��A33�3�% ������,#�'&�� 10X Dream Tag buffer 2.5 µl,  2 mM 
dNTP�s 2.5 µl, Primers  	�%
�)&
)&� 20 µM #��%��, 0.5 µl, 0.2 U Dream Tag DNA polymerase 
0.2 µl , MgCl2 	�%
�)&
)&� 2 mM  2 µl (�,��3
 Nuclease free water �1<�#������3
%�� !&�'& 25 µl  

�#��A33�3�% ����� PCR (initial denaturation) �,��3�
-��#�0!$�
3 94 °C  ��@����% 4 �%-� �%��;�-/%

�A33�3�% 30 �#� (���,�#�
��%��,�#��' ��A33�3�% '����; ��3�
-��#�0!$�
3 94 °C ��@����% 1 �%-� 
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Primer annealing -��#�0!$�
3 54 °C ��@����% 30 �3�%-� (�, Primer extension -��#�0!$�
3 72 °C ��@�

���% 2  �%-� (�,)�;��#���'-&%� (f i n a l  e x t e n s i o n) -��#�0!$�
3 72  °C ��@����% 10  �%-�  
3. �/%�������#�!%���(��'&���32�  Single strand conformation polymorphism 

(SSCP)  ��3�
�%%� -/% !& DNA 
��$%1�%��'���� �'��/% PCR  product -���'&��
�� 3X SSR 
loading dye    (�����
�'&�% Formamide, Xylene cyanol, Bromophenol blue (�, EDTA )  (�,-/%

%� pre-denature -��#�0!$�
3 95 °C ��@����% 5 �%-�   �%��;�-/% electrophoresis   �� 10%  

polyacrylamide  gel  (����;�  ��%��,�%�  1X TBE �,(����G%	�-�� 200 �����-��#�0!$�
3 20 °C  
��@����% 120 �%-� -/%%��&#
�����(�� Post Strain '&�� ethidium bromide �/%����#�'� ���&$%� �&
(�� UV ����
��32�%������
 '����; ethidium bromide 5 µl �,�%� �   1x TBE buffer 50 ml �)��% !&
�)&%�� (�&��/%���
%�&#
 ��%��,�%�'����%�  �&���%��,
%0 15 �%-� �%��;��/%����#�'�'&�� 
UV Transilluminator 
 

3.3.4    �	���-
�	��"
�	� ��������  DGAT1  ������ GnRHR   

�/%���(��)#����-���'&�%)�;��#�����!%���(��)#����
%�3�	�%,!�	�%
=��)#�
���(�,�
'�� Hardy � Weinberg �'� �&���(�
�/%��9���� GENEPOP version 3.4 (Raymond and 
Rousset, 2003)  �'�
����� �%�	/%��0!%	�%
=�������-�H(�,	�%
=��)#�#�����(�,%�-'�#�
	�%
���������##�%�
'�� Hardy � Weinberg '����; 

 
                 � �	��	
�	� �������/�0��1   

    f (�����-�H) =   �/%��������-��
� genotype -��/%!�' 
                                                                �/%��������-�;�!
' 
 
               k �	��	
�	� �����������  
                    f (#�����)     =    �/%���)#�#�����-��/%!�' 
                                                            �/%���#�����-�;�!
' 
 

k �	��&��
�	�-�����-������	��&!� Hardy h Weinberg &'����2�            

  Chi-square &����	� &���3�0���4  
 

X2 = Σ�  ���� 
� �
�


�      (Kaps and Lamberson, 2004) 
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SP_`[ Oi SabNHdDNFNZ[M[I]]O]\]^HOhNkla�lO`SCGgZVLNHEGM \]^ Ei  SabNHdDNFNZ[M [I]
]O]\]^HOhNkla�lO`KDgePDJFRDH^SCGgZVLN jV`MKdDNFrHDCcopE 

 
                               Exp (homozygous dominant)   =   p2n            

Exp (heterozygous)                 =  2pqn 
           Exp (homozygous recessive)    =  q2n 
 

               SP_`[ p K_[ KFDPtO`Z[M[I]]O]lO`SabN dominant, q K_[ KFDPtO`Z[M[I]]O]lO`SabN 
recessive , n K_[ HdDNFNcIpFslILMePg  hgJPO[MUDKFDPSabN[GcE^ (d.f.) SabN HdDNFNHOhNkla� � 
HdDNFN[I]]O] 
 

3.3.5  �	�)*�+	
�	���6��2"����,������� DGAT1 ������ GnRHR �"�� Logistic  

   regression 
�32�%� Logistic regression �1<�#�3�	�%,!�	�%
��%�,��@�-�����(��)#����-�;��#��,


�	�%
��
1��2��� �'�
��

�3>%� 	<# %��3'���(�� ' F )#�����#��/%(!����,
�	�%
��
1��2�
�� �'� �&���(�
�/%��9���� SPSS for windows version 16 (SPSS Inc., Chicago, IL) 	/%��0�%
���� ( Kaps and Lamberson, 2004) 
 

p i   =  
������

�����������        

 
SP_`[ pi K_[ KFDPNRDH^SabNZ[MJON GnRHR \pR]^Eoa\ff lO`H^YfCDEaEDC�         HO

hNkla� AA, KA  \]^ KK Z[MJON DGAT1, e 	<# 	�% natural logarithms 
�	�%��,
%0 2.718 , β0	<# 
	�% ��,
%0)#� intercept , β1  	<# 	�%��
��,�3-23E regression )#���� DGAT1 (���,�����-�H, X 	<# 
���(��'�

��)#�%���%A)#������-�H)#���� DGAT1   
 

3.4 $���(�	(%%��8� �"���� 2 
mNCDEUVCWDKEILMNOL \fRM[[CSabN CDEUVCWDKFDPcIPYINqsZ[MJON DGAT1 pR[]ICWr^CDE

meTu]u]Gp CDEUVCWDKFDPcIPYINqsZ[MJON GnRHR pR[]ICWr^KFDPcPfoErsYINqQs \]^CDEUVCWD
[GlqGY]ERFPZ[MJON DGAT1 \]^JON GnRHR pR[]ICWr^CDEmeTu]u]Gp\]^]ICWr^KFDPcPfoErs
YINqQs jV`MPOEDJ]^S[OJg gIMpR[kaNOL 

 

 

 

 

 

 

 

 

 



    
 

26 

 
 

 
 

 

 

3.4.1    $�39$6��%(�%*��/������� DGAT1 � �'�$6#�$�1-"2'2'�� 

               )&#
��-�� �& �%�.�*%	�%
��
1��2�)#���� DGAT1 -��
���#��*0,����3��;/%�
 
��@�)&#
��%� !&����3��;/%�
�%����)#��	�
�%��

!%�3-�%����-	����������%��(�,�	�
)#�
�%��
����%��� ��;�(�� �J 1... 2550-2553  ��,#�'&��  )&#
����3
%0�;/%�
  	�%#�	���,#�
�;/%�
 (��#����9���������, ��#����9����)
��, ��#����9���(�	���, ��#����9���)#�()9��
���

�)
��) 
               ldDCDEFGSKED^esZT[Po]SY_`[eDKFDPcIPYINqsZ[MJON DGAT1 pR[]ICWr^CDEmeTu]
u]Gp hgJmvT General Linear Model \]^FGSKED^eseDKRD[GlqGY]pRDM | gTFJFGqO Ordinary Least Square 
(OLS)  gIMpIF\aElO`\cgMmNcPCDEgTDN]RDMNOL 
 

y = β1 X1 + β2 X2 + ε 
        

�
<�# y 	<# 	�%����� �'&(�  ��3
%0�;/%�
  	�%#�	���,#��;/%�
 (��#����9���
������, ��#����9����)
��, ��#����9���(�	���, ��#����9���)#�()9��
���
�)
��) , β1 	<# #3-231�
��<�#��%������	�-�� �'&(� �/%������ !&�
  �,'���%���<#' ?��-�J�3'-D'�%�-���3'(�,�/%'��-&#� 
��@��&�, β2 	<# #3-231���<�#��%�����-�H)#���� DGAT1 ,  ε  	<# #3-231�)#�	�%
	�%'�	�<�#�   
#<�� F , X1 (�, X2 	<# incidence matrix -��(�'�%���%A)#�#3-231�	�-��  �(���,	�%�����   
�%
�/%'�� 
 

3.4.2    $�39$6��%(�%*��/������� GnRHR � �'�$6#���%(%	.�#�*��/0� 

                ZT[Po]lO`mvTmNCDEUVCWDKFDPcIPYINqsZ[MJON GnRHR pR[]ICWr^lO`SCO`JFZT[MCIf
KFDPcPfoErsYINqQs aE^C[fgTFJ ZT[Po][IpEDCDEucPpGg HdDNFNFINlT[MFRDM HdDNFNKEILMlO`ucPpGg 
E^J^eRDMCDEmeT]oC ldDCDEFGSKED^esZT[Po]eDKFDPcIPYINqsZ[MJON GnRHR pR[]ICWr^hgJmvT 
General Linear Model \]^FGSKED^eseDKRD[GlqGY]pRDM | gTFJFGqO OLS gIMpIF\aElO`\cgMmNcPCDE
gTDN]RDMNOL 

 

y = β1 X1 + β2 X2 + ε 
 
  �
<�# y 	<# 	�%����� �'&(�  #���%%���
�3' �/%������-&#���%� �/%���	��;�-����


�3' �,�,!�%�%� !&��, β1 	<# #3-231���<�#��%������	�-�� �'&(� �/%������ !&�
  �,'���%���<#' 
?��-�J�3'-D'�%�-���3' (�,�/%'��-&#� ��@��&�, β2 	<# #3-231���<�#��%���(��)#���� GnRHR , ε 
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	<# #3-231�)#�	�%
	�%'�	�<�#�#<�� F , X1 (�, X2  	<# incidence matrix -��(�'�%���%A)#�
#3-231�	�-�� �(���,	�%�����   �%
�/%'�� 

 

3.4.3 �	�)*�+	���2�6��3�������� DGAT1 ������ GnRHR �3����+7��	���'8�8��� 

    ������+7�
�	���,�7"6��2!" 

                 )&#
��-�� �& �%�.�*%-/%%��3�	�%,!�#3-231����
��)#���� DGAT1 (�,��� 
GnRHR ��#��*0,%� !&����3�(�,��*0,-�������)&#���	�%
�
���0�1��2�� �'� �& General 
Linear Model (�,�3�	�%,!�!%	�%#3-231���%� F '&���32� OLS '�����(��-��(�'� ��
%�'&%���%���; 
 

y = β1 X1 + β2 X2 + ε 
 

 �
<�# y 	<# 	�%����� �'&(�  ��3
%0�;/%�
  	�%#�	���,#��;/%�
 (��#����9���
������, ��#����9����)
��, ��#����9���(�	���, ��#����9���)#�()9��
���
�)
��)  #���%%���

�3' �/%������-&#���%� �/%���	��;�-����
�3' �,�,!�%�%� !&��, β1 	<# #3-231���<�#��%������	�-�� 
�'&(� �/%������ !&�
  �,'���%���<#' �%��
�	�
-��(���%���, �J�3', D'�%�-���3', �/%'��-&#� 
��@��&�, β2 	<# #3-231�)#���� DGAT1, #3-231�)#���� GnRHR (�,#3-231����
)#���� DGAT1 
(�,��� GnRHR,  ,  ε 	<# #3-231�)#�	�%
	�%'�	�<�#�#<�� F , X1 (�, X2 	<# incidence matrix -��
(�'�%���%A)#�#3-231�	�-��  �(���,	�%�����   �%
�/%'�� 
 

3.5 $���(�	(%%��8� �"���� 3 
SY_`[SabNCDElgc[f�

�3>%�)&#-�� 3 �����'&(� CDEmvTJON DGAT1 \]^JON GnRHR SabN

azHHIJKMlO`azHHIJeNV`MmNCDEaE^SPGNKRD EBV Z[MhKNPldDmeT]dDgIfKRD EBV Z[MhKNPPOCDE
Sa]O`JN\a]MkaSP_`[SlOJfKRD EBV lO`kgTHDC animal model aCpGlO`kPRPOCDEmvTEoa\ffZ[MJONSabN
azHHIJKMlO` ���
�)�;��#� �%�-'�#��

�3>%� �'&(� %���,
%0	�% EBV )#���*0,%�
 !&����3��;/%�
(�,��*0,	�%
�
���0�1��2�� �'� �&  Single trait animal model  (�,)�;��#�
%��������-����/%'��)#�	�% EBV  '���%��,�#��'��#����; 

 
3.5.1   �"�%.'���1�"1�$����
%���  EBV  

                           ��@�)&#
���	�
�%����)#��%��

!%�3-�%����-	����������%�� ��,#�'&���        

)&#
��1��2����,���3 )&#
��-�������)&#�����*0,	�%
�
���0�1��2�� �'&(� #���%%���
�3' �/%���

���-&#���%� �/%���	��;�-����
�3' �,�,!�%�%� !&�� (�,)&#
��%� !&����3� �'&(� ��3
%0�;/%�
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(�,#�	���,#��;/%�
)#��	�
 �%��

!%�3-�%����-	����������%��(�,�%��
����%��� ��;�(��

�J 2550 -2553   

3.5.2   $����%#�  EBV ���%����/�*'������ DGAT1 &'���� GnRHR  
�4��+���� 

 ����� 
           ��,�
3�	�% EBV '&�����(����������(�� Single trait animal model   '�����(��

��������)&%���%���; '&�����(�
�/%��9���� BLUPF90-Dairy Pak 3.0 (Duangjinda, Misztal, and 
Tsurata,  2004) 

 

yi = X β + Za + ε 
 

           �
<�# y 	<# ��	��#��)#�	�%�����)#���*0, i �����'&(� ��3
%0�;/%�
(�,
#�	���,#��;/%�
 (��#����9���������, ��#����9����)
��, ��#����9���(�	���, ��#����9���)#�()9�
�
���
�)
��)  #���%%���
�3' �/%������-&#���%� �/%���	��;�-����
�3' �,�,!�%�%� !&��, β  
	<# ��	��#��)#�#3-231�	�-�� -��
�����#��*0, �����'&(� �/%������ !&�
 �,'���%���<#'  �%��
 �	
�
-��(���%��� �J�3' D'�%�-���3' �/%'��-&#� ��@��&�  , a  	<# ��	��#��)#�#3-231����
��<�#��%���
�����!�<#1��2���
(�����,�
, ε 	<# #3-231�(�����
��<�#��%#3-231�)#�	�%
	�%'�	�<�#�
#<�� F,   X (�,  Z 	<#  incidence matrix -���,��#3-231�	�-�� (β) (�,�������� (a) �%
�/%'�� (
������, 
2548)  �'�
��	����&%�	�%
(������ 	<# 

 

��� ����= ����
 0

0 "� # 
  

�
<�# ��   	<# 	�%
(��������<�#��%���������/%!��� �(���,��*0,,   A  	<# 
numerator relationship matrix �,!��%���������, I  	<# 	�%
(��������<�#��%	�%
	�%'�	�<�#� �
(���,��*0,, a 	<# ��	��#��)#�#3-231����
��<�#��%1��2���
(�����,�
-��
���#��*0,, e 
	<# ��	��#��)#�#3-231�(�����
��<�#��%#3-231�)#�	�%
	�%'�	�<�#�#<�� F -��
���#��*0, 
�%
�/%'��  
����(�� Mixed model Equation  '����;  

 

�$%$ $&'
'%$ '&' ( )����  �

*+
�,# - �$%.'%.# ; 12345  ) = 

/0�
/1� 
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3.5.3    �	�����	7
3	 EBV ������+7��	���'8�8��� -�9��������������" (Animal  

model) �����2�6������� DGAT1 -�:�������
���� 
 

y = Xβ + Za + ε 
 
             �
<�# y 	<# ��	��#��)#�	�%�����)#���*0,��3
%0�;/%�
(�,	�%#�	���,#�

�;/%�
 (��#����9���������, ��#����9����)
��, ��#����9���(�	���, ��#����9���)#�()9��
���

�)
��), β  	<# ��	��#��)#�#3-231�	�-��-��
�����#��*0, �����'&(� #3-231�)#���� DGAT1, �/%���
��� !&�
  �,'���%���<#' �%��
�	�
-��(���%���, �J�3', D'�%�-���3'(�,�/%'��-&#� ��@��&�, � 
	<# ��	��#��)#�#3-231����
��<�#��%��������!�<#1��2���
(�����,�
,  � 	<# #3-231�(�����

��<�#��%#3-231�)#�	�%
	�%'�	�<�#�#<�� F, X (�, Z 	<#  incidence matrix -���,��#3-231�	�-�� 
#3-231�	�-�� (β) (�,�������� (a) �%
�/%'�� (
������, 2548)  �'�
��	����&%�	�%
(������ 	<# 
  

��� ��
��= ���� 0

0 "� 
# 

 

              �
<�# ��   	<# 	�%
(��������<�#��%���������/%!��� �(���,��*0,,   A  	<# 
numerator relationship matrix �,!��%���������,  I  	<# 	�%
(��������<�#��%	�%
	�%'�	�<�#�
 �(���,��*0,, a 	<# ��	��#��)#�#3-231����
��<�#��%1��2���
(�����,�
-��
���#��*0,,   
e   	<# ��	��#��)#�#3-231�(�����
��<�#��%#3-231�)#�	�%
	�%'�	�<�#�#<�� F -��
���#��*0, 
�%
�/%'�� 
����(�� Mixed model Equation  '����;  

 

�$%$ $&'
'%$ '&' ( )����  �*+

�,# - �$%.
'%.# ; 12345  ) = 

/0�
/1�

 

 

3.5.4    �	�����	7
3	 EBV ������+7�
�	���,�7"6��2!" -�9�������2�6������� 

GnRHR  -�:�������
���� 
 

y = Xβ + Za + ε 
 

�
<�# y 	<# ��	��#��)#�	�%�����)#���*0,#���%%���
�3' �/%������-&#���%� 
�/%���	��;�-����
�3' (�,�,�,!�%�%� !&��, β  	<# ��	��#��)#�#3-231�	�-��-��
�����#��*0, ����
�'&(� #3-231�)#���� GnRHR , �/%������ !&�
  �,'���%���<#' �%��
�	�
-��(���%���, �J�3', 
D'�%�-���3', �/%'��-&#� ��@��&�  , a  	<# ��	��#��)#�#3-231����
��<�#��%��������!�<#1��2���
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(�����,�
,  ε 	<# #3-231�(�����
��<�#��%#3-231�)#�	�%
	�%'�	�<�#�#<�� F,  X  (�, Z    
	<# incidence matrix �,��#3-231�	�-�� #3-231�	�-�� (β) (�,�������� (a) �%
�/%'�� (
������, 2548)  
�'�
��	����&%�	�%
(������ 	<# 

 

��� ��
��= ���� 0

0 "� 
# 

 

�
<�# ��   	<# 	�%
(��������<�#��%���������/%!��� �(���,��*0,,   A  	<# 
numerator relationship matrix �,!��%���������,  I  	<# 	�%
(��������<�#��%	�%
	�%'�	�<�#�
 �(���,��*0,, a 	<# ��	��#��)#�#3-231����
��<�#��%1��2���
(�����,�
-��
���#��*0,, 
e 	<# ��	��#��)#�#3-231�(�����
��<�#��%#3-231�)#�	�%
	�%'�	�<�#�#<�� F -��
���#��*0, 
�%
�/%'�� 
����(�� Mixed model Equation  '����;  

 

�$%$ $&'
'%$ '&' ( )����  �*+

�,# - �$%.
'%.# ; 12345  ) = 

/0�
/1�

 

 
3.5.5    �	�-�����-������	&�����
3	 EBV -�9�������2�6�������-�:�������
�������0�3��

���2�6���������������������" 

                          NdD]dDgIf	�% EBV Z[M\pR]^]ICWr^HDCpIF\ffpIFcIpFsaCpGjV`MkPRPO[GlqGY]Z[MJON
SabNazHHIJKMlO`\]^pIF\ffpIFcIpFslO`PO[GlqGY]Z[MJONSabNazHHIJKMlO` PDFGSKED^eseDKFDPcIPYINqs
gTFJFGqO Spearman rank correlation coefficient (Kaps and Lamberson, 2004) cIPaE^cGlqG�
cecIPYINqs\ffcSa�JEs\PN (Spearman rank correlation coefficient eE_[ Spearman's rho) mvT
cI{]ICWrs rS SabNFGqOlO`mvTFIgKFDPcIPYINqsE^eFRDMpIF\aEeE_[ZT[Po] 2 vQg hgJlO`pIF\aE eE_[ZT[Po] 
2 vQgNILNH^pT[M[JoRmNEoaZ[MZT[Po]mNPDpEDHIg[INgIf (Ordinal scale) KRDcIPaE^cGlqG�cecIPYINqs
\ffcSa�JEs\PN hgJFGSKED^es Rank Correlation Z[MKRD EBV lO`kgTHDCpIF\fflILMc[M  lO`E^gIf
KFDPSv_`[PI`N 95% gTFJhaE\CEPcdDSEyHEoa SPSS for windows version 16 (SPSS Inc., Chicago, IL)  
KdDNFrHDCcopE 

 
(Kaps and Lamberson, 2004) 

 

�2 -  1 4  6Σ6 
7�7 4 1� 
 

 �
<�# rs  	<# 	�%��
��,�3-23E�!��
1��2�(�����J���(
�  ,    ΣD2 	<# ����
)#�
/%����#�)#�����%�)#�#��'��-��)#�)&#
��	�% EBV (���,	��,   N  	<# �/%���)&#
��-�;�!
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3.6 (o�����;$���'�� 
3.6.1  �%��	�
 �%��

!%�3-�%����-	����������%�� 
!%�3-�%����-	����������%��   
  #.�
<#�  �.�	��%���
% 
3.6.2 �%��
�	�
����%����%��
 #.�3!%�('�  �.��,���� 
3.6.3 #%	%�.�����	�<�#�
<#�3-�%.%����(�,�-	������ 3 
!%�3-�%����-	����������%��     
 #.�
<#� �.�	��%���
% 
 

3.7 ����
�'1�$��;
���$������ 
CDEFGHIJmNKEILMNOL �&�,�,���% �%�'/%��3��%��3�����3�
�&� �'<#����%�� 1... 2552 =�� 

�'<#�2���%	
 1... 2553 
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	����  4 

2'$���'��&'�$��)����2' 
 

u]HDCCDEUVCWDUICJXDYZ[MJON DGAT1 \]^JON GnRHR  cdDeEIfNdDkamvTSabN genetic 
marker SY_`[vRFJmNCDEKIgS]_[C hKNP]oCucPhw]ckpNsxEOSvO`JN POaE^SgyNcdDKI{   kgT\CR aE^SgyNlO`
eNV`M [I]]O]\]^HOhNkla� KFDPtO`[I]]O]\]^HOhNkla� Z[MJON DGAT1 \]^JON GnRHR  jV`MH^
NdDkamvTSabNZT[Po]mNCDECdDeNg\NFlDMCDEYI�NDYINqQshKNP  aE^SgyNlO`c[M KFDPNRDH^SabNlO`
JON DGAT1 \]^JON GnRHR H^POCDESCGgEoa\fflO`cIPYINqsCINjV`MH^SabNCDEfRMf[CtVMCDEKIgS]_[ClO`
KFEH^pT[MYGHDErD lILMc[MJONkaYET[P | CIN mN]ICWr^lO`SabN haplotype aE^SgyNlO`cDP CDEUVCWD
tVMKFDPcIPYINqs\]^[GlqGY]Z[MJONpR[]ICWr^lO`cNmH \]^NdDkacoRCDECdDeNg[GlqGY]Z[MJON
gIMC]RDFSabNazHHIJKMlO`azHHIJeNV`MmNCDEaE^SPGNKRD EBV Z[M]ICWr^pRDM | SY_`[SYG`PaE^cGlqGXDY
mNCDEaE^SPGNKFDPcDPDEtlDMYINqQCEEPZ[MhKNP  jV`Mu]CDEUVCWDmN\pR]^aE^SgyN PO
EDJ]^S[OJg gIMpR[kaNOL 
 

4.1  �"�%.'����;$�39$6 
CDEEDJMDN]ICWr^ZT[Po]lO`ldDCDEUVCWD POFIptQaE^cMKsSY_`[SabNCDEpEFHc[fKFDP

toCpT[MZ[MZT[Po] EFPlILMSY_`[meTlEDftVMctDNCDErsKFDPcDPDEtmNCDEmeTu]u]Gp\]^
KFDPcDPDEtmNCDEc_fYINqQsZ[MhKNPC]QRPpIF[JRDMlO`ldDCDEUVCWD hgJSaEOJfSlOJfCIfKRDPDpE}DN
\]^KRDS~]O`JZ[MaE^SlU gIMNILN CDEUVCWDKEILMNOLHVMkgTldDCDEFGSKED^esKRDS~]O`J (mean) cRFNSfO`JMSfN
PDpE}DN (standard deviation; SD) Z[MhKNPC]QRPpIF[JRDM gIMpR[kaNOL 
 

4.1.1  �"�%.''�$6#����%#�:;�%&'��������$�	�:;�% 
ZT[Po]u]u]GpNLdDNP lO`ldDCDEUVCWDmNKEILMNOL SabNZT[Po]EDJpIFZ[MhKNPlO`POCDE

fINlVCZT[Po]    r FINlgc[f POHdDNFNZT[Po]  2,675 � 2,766  ZT[Po] aE^C[fgTFJ ZT[Po]aEGPDr
NLdDNP ZT[Po]aEGPDr\]^Sa[EsSjyNps[MKsaE^C[fNLdDNPlO`cdDKI{  kgT\CR haEpON kZPIN Z[M\ZyMkPR
EFPkZPIN \]^Z[M\ZyMEFPkZPIN (pDEDMlO` 4.1)  
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������ 4.1 KRDS~]O`J\]^cRFNSfO`JMSfNPDpE}DN (SD)  Z[M]ICWr^u]u]GpNLdDNPmNhKNPC]QRP 
pIF[JRDMSaEOJfSlOJfCIfKRDS~]O`Ju]u]GpNLdDNPZ[MhKNPlILMaE^SlU\]^KRDPDpE}DN
[MKsaE^C[fNLdDNP  

 
'�$6#� �;���

�"�%.' 

� 
q'��� 

���$'0 %

����� � 

( ��


	����
	� 

%��8� 

� 
q'������
�3 

 

aEGPDrNLdDNP (CC./FIN) 2766 10.81 3.96 10.99(1) 

aEGPDrhaEpON (CEIP/FIN) 2712 314.09 109.84 - 
aEGPDrkZPIN (CEIP/FIN) 2675 399.20 138.32 - 
aEGPDrZ[M\ZyMkPREFPkZPIN (CEIP/
FIN) 

2675 
888.52 317.35 

- 

aEGPDrZ[M\ZyMEFPlILMePg(CEIP/FIN) 2714 1287.20 441.48 - 
%haEpON 2712 2.96 0.37 >3.00(2) 
%kZPIN 2675 3.80 0.77 >3.35(2) 
%Z[M\ZyMkPREFPkZPIN 2675 8.29 0.55 >8.25(2) 
%Z[M\ZyMEFPlILMePg 2714 12.12 1.14 12.30(3) 
   ePDJSepQ: (1) ZT[Po]aEGPDrCDEu]GpNLdDNPgGfEDJHIMeFIg cdDNICMDNSUEW}CGHCDESCWpE r Sg_[N 
   CEC�DKP 2554  (cdDNICMDNSUEW}CGHCDESCWpECE^lEFMSCWpE\]^ceCErs, 2554) 

   (2)  aE^CDUCE^lEFMSCWpE\]^ceCErs SE_`[M CdDeNgPDpE}DNcGNKTDSCWpE:  
    NLdDNPhKgGf pDPYE^EDvfI{{IpGPDpE}DNcGNKTDSCWpE Y.U. 2551 (cdDNICMDN 

PDpE}DNcGNKTDSCWpE\]^[DeDE\eRMvDpG (PC[v.) CE^lEFMSCWpE\]^ceCErs, 
2553) 

                 (3)  aE^CDUCE^lEFMSCWpE\]^ceCErs SE_`[MPDpE}DNCDEEIfj_L[NLdDNPgGf (CE^lEFM 
      SCWpE\]^ceCErs, 2549) 
 

HDCZT[Po]mNZTDMpTN vOLmeTSeyNtVMcXDYaz{eDCDEmeTu]u]GpZ[MhKNPC]QRPpIF[JRDM
\]^hKNPZ[MSCWpECEEDJJR[JlI`FaE^SlU jV`MZT[Po]Z[MSCWpECEEDJJR[J SabNZT[Po]aEGPDrCDE
u]GpNLdDNPgGfEDJHIMeFIg r Sg_[N CEC�DKP 2554  lO`kgTHDCCDEEFfEFPZ[McdDNICMDNSUEW}CGH
CDESCWpE \]^eDCYGHDErDHDCKRDS~]O`JCDEmeTu]u]Gp  cDPDEtC]RDFkgTFRD[JoRmNSCr�slO`p̀dDPDCSP_`[
SlOJfCIfCDEmeTu]u]GpZ[MhKNPZ[MxDEsPS[CvN JCpIF[JRDMSvRN xDEsPhvKvIJ HIMeFIg
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NKEEDvcOPD lO`hKNPPOKRDS~]O`JNLdDNPcoMtVM 15.65 CGh]CEIPpR[pIFpR[FIN (cdDNICMDNaUQcIpFsHIMeFIg
NKEEDvcOPD CEPaUQcIpFs, 2554)    lILMNOL az{eDCDEmeTu]u]Gp[DHSCGgZVLNHDCe]DJcDSepQ SvRN 
cDSepQSN_`[MPDHDC YINqQCEEP C]RDFK_[ hKNPlO`POE^gIfcDJS]_[ghw]ckpNsxEOSvO`JNcoM jV`MKFEH^PO
KFDPcDPDEtmNCDEmeTu]u]GplO`coMpDPE^gIfYINqQCEEP \pRhKNPpT[M[JoRmNcXDY[DCDUET[Nv_LN 
cRMu]ldDmeTCDECGNkgTZ[MhK]g]M hXvN^lO`kgTEIfHVMkPRSYOJMY[CIfKFDPpT[MCDE (Beede and 
Collier, 1986) u]lO`pDPPDK_[ CDEmeTu]u]GpNLdDNPlO`]gp̀dD]M cRFN[OCcDSepQeNV`M K_[ cDSepQ
SN_`[MPDHDCcG`M\Fg]T[PCDEHIgCDE[DeDElO`[DHH^kPRSePD^cPlILMgTDNaEGPDr\]^KQrXDY  
(Badinga et al., 1985; Royal et al., 2000), cXDY[DCDU  jV`MPO[QreXoPG\]^KFDPv_LNcoM (FOE^UICgG� 
\]^Kr^, 2548;  cQEvIJ\]^YI]]X, 2550; Alnimer et al., 2002; White et al., 2002, Parra-
Bracamonte et al., 2005)  , �goCD]lO`K][g (YIvEGNlEs, ceIlJD\]^aE^XDc, 2542;  FOE^UICgG� \]^
Kr^, 2549) HDClO`C]RDFPDH^SeyNkgTFRD YINqQCEEP SabNcDSepQeNV`MlO`ldDmeTu]u]GpNLdDNP\]^
[MKsaE^C[fNLdDNPlO`p̀dDCFRDlO`KFEH^SabN gIMNILN mN\MRPQPZ[MCDEaEIfaEQMYINqQs HVMpT[MPOCDE
KIgS]_[C\]^aEIfaEQMYINqQshKNP jV`MSY_`[meTCDEKIgS]_[ChKNPPOaE^cGlqGXDYPDCZVLN    HVMkgTPO
CDEUVCWDUICJXDYZ[M genetic marker cdDeEIfvRFJKIgS]_[ChKNPmN]ICWr^u]u]GpNLdDNP hgJH^
NdDZT[Po]Z[MhKNPC]QRPpIF[JRDMSe]RDNOLkamvTmNCDEaE^PDrKRD[GlqGY]Z[MJONpR[]ICWr^u]u]Gp
NLdDNP\]^NdDkaYI�NDSabN genetic marker pR[ka 
 

4.1.2    �"�%.''�$6#���%(%	.�#�*��/0�   
                           ZT[Po]]ICWr^KFDPcPfoErsYINqQs lO`ldDCDEUVCWDmNKEILMNOL SabNCDEfINlVCZT[Po]EDJ
pIFhKEOgNPZ[MxDEsPPeDFGlJD]IJSlKhNh]JOcQENDEOmN\pR]^E^J^CDEmeTNP (Lactation) vRFMa� 
2550 - 2554     POHdDNFNfINlVCZT[Po] aE^C[fgTFJ ZT[Po][IpEDCDEucPpGg (Conception rate; %), 
ZT[Po]HdDNFNFINlT[MFRDM (Day open; days), ZT[Po]HdDNFNKEILMlO`ucPpGg (Number of service) \]^
ZT[Po]E^J^eRDMCDEmeT]oC (Calving interval; day) gIMpDEDMlO` 4.2  
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������ 4.2 KR D S~]O` J\]^cRFN SfO` J M SfNPDpE}DNZ[M]ICWr^Hd DNFNKEIL MCDEucPpGg ,              
HdDNFNFINlT[MFRDM, E^J^eRDMZ[MCDEmeT]oC\]^[IpEDCDEucPpGgZ[MhKNPC]QRP
pIF[JRDMSaEOJf SlOJfCIfKRDS~]O`JZ[MhKNPmNaE^SlU KRDpDPl�W�O\]^KRDPDpE}DN           

 

'�$6#� �;���

�"�%.' 

� 
q'��� 

���$'0 %

����� � 

( ��


	����
	�

%��8� 

� 
q'���

���
�3 

� �%

�567� 

�  

%��8�          

HdDNFNKEILMCDEucPpGg (KEILM) 195 2.29 0.10 2.00(2) - < 2(4) 
HdDNFNFINlT[MFRDM (FIN) 191 193.77 6.66 190.43(1) < 85(3) - 
E^J^eRDMZ[MCDEmeT]oC(FIN) 178 466.75 7.29 457.33(1) < 390(3) - 
[IpEDCDEucPpGg (%) 195 60.55 2.26 51.60(2) - >70(4)   
ePDJSepQ: (1) cPSCOJEpG\]^Kr^ (2542); (2)cdDNICSlKhNh]JOvOFXDYCDEu]GpaUQcIpFs CEPaUQcIpFs  

(2552); (3) Hafez and Hafez (2000); (4)  cdDNICSlKhNh]JOvOFXDYCDEu]GpaUQcIpFs CEP
aUQcIpFs, (2554) 

 
HDCZT[Po]H^SeyNkgTFRD SP_`[YGHDErDKRDS~]O`JZ[MC]QRPpIF[JRDMCIfKRDS~]O`JZ[M

aE^SlUH^SeyNkgTFRD KRDgIMC]RDFJIMp̀dD  jV`MHdDSabNH^pT[MPOCDEaEIfaEQMmeTKRDS~]O`JZ[M]ICWr^POCDE
Sa]O`JN\a]MmNlDMlO`gOZVLN  lILMNOL cDSepQZ[Maz{eDKFDPcPfoErsYINqQs PDHDCe]DJcDSepQ    jV`MHDC
cXDYZ[MhKNP C]QRPpIF[JRDM cDPDEtFGSKED^escDSepQZ[Maz{eDkgTgIMpR[kaNOL  1��"�$����$�
(���&��'"�% aE^CDElO`eNV`M K_[ CDElO`hKNPSabNhEKSCO`JFCIfE^ffc_fYINqQs SvRN ECKTDM Pg]oC[ICScf 
ldDmeTpT[MScOJSF]DmNCDEEICWDE^J^eNV`M jV`MhKNPH^kPRtoCucP SabNCDESYG`PE^J^eRDMCDEmeT]oC
Z[M\PRhKmeTJDFNDNZVLN  aE^CDElO`c[M CDEfINlVCZT[Po]hKNPlO`kPRpR[SN_`[M C]RDFK_[ hKNPfDMpIF
kPRPOfINlVCZT[Po]]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQs lO`KEftTFNlQC lactation  SCGgaz{eD
ZT[Po]co{eDJ cRMu]ScOJpR[CDENdDZT[Po]kamvTaE^hJvNs  EFPlILMldDmeTkPRYfaz{eD\]^cDSepQlO`
\lTHEGMZ[Maz{eDKFDPcPfoErsYINqQslO`SCGgZVLNmNnoM SN_`[MHDCZDgZT[Po]cdDeEIfFDM\uNCDEHIgCDE
hKNPgTFJ [JRDMkECypDP CDEpEFHYf az{eDKFDPcPfoErsYINqQsZ[MhKNP H^cDPDEtldDkgTpR[SP_`[
hKNPSZTDcoRFIJSHEG{YINqQs\]^hKPOCDE\cgM[[C\]^fDMKEILM[DHH^pT[MPOCDEKIglGLMgTFJ ldDmeTco{ScOJ
SF]D\]^pTNlQNCDEHIgCDE 1��"�*��/0$��% cDSepQlO`SCGgSN_`[MPDHDCYINqQCEEPZ[MhKNP  SvRN 
E^gIfYINqQCEEPhKNPlO`[DHH^JIMkPRSePD^cPCIfcXDY\Fg]T[P  lILMNOL SabNSYED^CDEFDM\uNucP
YINqQsSY_`[JCE^gIfcDJS]_[gmeThKNPcDPDEtmeTu]u]GpkgTcoMZVLN cRMu]mNlDMC]IfCIN K_[      hKNP
H^POKFDPcPfoErsYINqQs]g]M SP_`[E^gIfcDJS]_[gZ[MYINqQshw]ckpNsxEOSvO`JNcoMZVLN (cPSCOJEpG \]^
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Kr^, 2542;  FGvIJ\]^Kr^, 2548; Hoekstra, van der Lugt, van der Werf and Ouweltjes, 1994; 
Veerkamp, Koenen and DeJong, 2001)  hgJhKNPH^PO[IpEDCDEucPpGgp̀dD (HGNpND, qFIvvIJ\]^
CI]JD, 2541; FOE^UICgG�, S[CYHNs\]^UE, 2549) \]^POE^J^eRDMZ[MCDEmeT]oCJDFNDNZVLN (cPSCOJEpG 
\]^Kr^, 2542)  Zr^SgOJFCINhKNPlO`POE^gIfcDJS]_[ghw]ckpNsxEOSvO`JNcoMZVLN SP_`[pT[M[JoRmN
cXDY[DCDUET[Nv_LN CDECGNkgTZ[MhKH^]g]M hXvN^lO`kgTEIfHVMkPRSYOJMY[CIfKFDPpT[MCDE 
(Beede and Collier, 1986) u]lO`pDPPDK_[ CDEmeTu]u]GpNLdDNPCyH^p̀dD]MgTFJ ]ICWr^SvRNNOL \cgM
meTSeyNFRD YINqQCEEPZ[MhKNPNILN JIMkPRSePD^cPCIfcXDY\Fg]T[P\]^XoPG[DCDUZ[MaE^SlU  
gIMNILN HVMpT[MPOCDEaEIfaEQMYINqQshKNPmeTPOKFDPSePD^cPCIfcXDY\Fg]T[P jV`MH^cRMu]meThKNP
POKFDPcPfoErsYINqQslO`gOZVLN ucPpGgMRDJ\]^POE^J^eRDMCDE    meT]oClO`kPRNDNSCGNka  lILMNOL SY_`[vRFJ
meTCDEKIgS]_[ChKNPHDC]ICWr^KFDPcPfoErsYINqQscDPDEtldDkgTEFgSEyFJG`MZVLN  HVMHdDSabNpT[MPO
CDEUVCWDUICJXDYZ[M genetic marker lO`SCO`JFZT[MCIf]ICWr^KFDPcPfoErsYINqQs \]^NdDZT[Po]Z[M
JONlO`kgTHDCC]QRPpIF[JRDM kamvTmNCDEaE^PDrKRD[GlqGY]Z[MJONpR[]ICWr^KFDPcPfoErsYINqQs 
NdDkacoRCDEYI�NDSabN genetic marker cdDeEIfvRFJKIgS]_[ChKNPmN]ICWr^KFDPcPfoErsYINqQs
pR[ka 
 

4.2 ��%o����''�' ����!��r&'�(%�0' Hardy h Weinberg ������ DGAT1 &'����  

GnRHR       
CDEUVCWD KFDPtO`[I]]O] HOhNkla� Z[MJON DGAT1\]^JON GnRHR  SY_`[mvTmNCDECdDeNg

\NFlDMCDEKIgS]_[C mNCErOlO`YfFRD HOhNkla�PO[GlqGY]pR[]ICWr^lO`cNmH 
 

4.2.1  ��%o����''�' ����!��r ������ DGAT1 
            u]CDEUVCWDmNaE^SgyNZ[MEoa\ff\]^KFDPtO`Z[MJONNILN cDPDEtcEQakgTFRDJON 
DGAT1 POUICJXDYSf_L[MpTNmNCDESabN genetic marker cdDeEIfC]QRPpIF[JRDMNOL lILMNOL SN_`[MHDCYf   [I]
]O]Z[MJON DGAT1  2  [I]]O]  kgT\CR [I]]O] K (411 bp) \]^ A (203, 208 bp)  3  HOhNkla� kgT\CR  
KK, KA  \]^ AA (XDKuNFC C. XDYlO` 7.1) cDPDEtf[CkgTFRD JON  DGAT1 POUICJXDYmNCDEmvT
SabN genetic marker cdDeEIfaE^vDCEhKNP]oCucPhw]ckpNsxEOSvO`JN 
                      mNaE^SgyNZ[MKFDPtO`JON YfKFDPtO`Z[M [I]]O] A coMCFRD [I]]O] K  (pDEDMlO` 4.3) 
SvRNSgOJFCIf CDEUVCWDZ[M Berry et al.(2010), Scotti et al. (2010), Sun et al. (2009), Banos et al. 
(2008),nHradecká et al. (2008), Spelman et al. (2002) \pRPOlGUlDMZ[MKFDPtO`JON\pCpRDMHDC
CDEUVCWDZ[M Cardoso, Queiroz, Alonso Goulart, Mourão, Benedetti and Goulart (2011), Patel et 
al. (2009), Thaller et al. (2003) \]^ Spelman et al. (2002)  lILMNOL CDEYfKFDPtO` lO`SeP_[N\]^
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\pCpRDMCINNILN [DHSN_`[MPDHDCCDEPOSaiDePDJCDEKIgS]_[ChKNPeE_[\NFlDMCDEHIgCDEnoMhKNPlO`
\pCpRDMCIN cdDeEIfCErOZ[MC]QRPpIF[JRDMlO`UVCWDmNKEILMNOL C]RDFkgTFRD JIMkPRPOCDEKIgS]_[C 
hgJS~YD^[JRDMJG`MCIf]ICWr^lO`[DHH^POKFDPcIPYINqsCIf JON DGAT1 lILMNOL SN_`[MHDCCDEFGSKED^es
cPgQ] Hardy � Weinberg lO`YfFRD JONJIM[JoRmNcPgQ]  
                        HDCu]CDEUVCWDmNZTDMpTN H^SeyNkgTFRD JON DGAT1 POHOhNkla�PDCCFRDeNV`M         
HOhNkla� ]ICWr^SvRNNOL NIfkgTFRDJON DGAT1 POKQrcPfIpGSf_L[MpTNmNCDESabN genetic marker 
cdDeEIf  hKNP]oCucPhw]ckpNsxEOSvO`JN lILMNOL u]CDEUVCWDH^NdDkacoRCDEUVCWDKFDPcIPYINqsZ[M
JON DGAT1 CIf]ICWr^u]u]GpNLdDNP gIMNILN CDEaEIfaEQMYINqQshKNPmN]ICWr^u]u]GpNLdDNP HVMPO
KFDPSabNkakgTlO`H^YGHDErDCDEmvTJON DGAT1 SabNpIFvRFJmNCDEKIgS]_[C eDCYfFRD HOhNkla�Z[M
JON DGAT1 POKFDPcIPYINqsCIf]ICWr^gIMC]RDF 
 

 ������ 4.3 KFDPtO`[I]]O]\]^HOhNkla�Z[MJON DGAT1  
 

Item Total Number Allele Genotype 

 K A KK KA AA 

Frequency of  DGAT1 gene 227 0.355 
 

0.645 0.115 
(n=26) 

0.480 
(n=109) 

0.405 
(n=92) 

                  
4.2.2   ��%o������.�&		 PCR-SSCP ������ GnRHR 

               u]CDEUVCWDmNaE^SgyNZ[MKFDPtO`Z[MJONNILN cDPDEtcEQakgTFRD JON GnRHR  PO
UICJXDYSf_L[MpTNmNCDESabN genetic marker cdDeEIfhKNP]oCucPhw]ckpNsxEOSvO`JN SN_`[MHDC
CDEUVCWDKEILMNOL YfvGLNcRFNZ[MJON GnRHR  HDCCDEpEFHc[fgTFJSlKNGK PCR-SSCP  lILMePg 3 
Eoa\ff (XDKuNFC C. XDYlO` 7.2)  Eoa\fflO`POKFDPtO`PDClO`cQg K_[ Eoa\fflO` 2  (pDEDMlO` 4.4) 

     [JRDMkECypDP HDCu]CDEUVCWD H^SeyNkgTFRD JON GnRHR  POEoa\fflO`c[gK]T[MCIf
CDEUVCWDmNhKYINqQs  Nellore  jV`MSabN Bos indicus (Millazotto et al., 2008)  HVMPOKFDPSabNkakgTlO`
JON[DHPOHQgC]DJYINqQsmNpdD\eNRMSgOJFCIN \]^ldDmeTYfEoa\ffZ[MJON]ICWr^gIMC]RDF  \cgMmeT
SeyNFRDhKEMcETDMYINqQCEEPZ[MhKNPlO`\pCpRDMkPRkgTcRMu]pR[CDEYfEoa\ffZ[MJONmN\pR]^
aE^vDCE 

HDCu]CDEUVCWDmNZTDMpTN H^SeyNkgTFRD JON GnRHR POEoa\ffPDCCFRDeNV`M
Eoa\ff jV`M]ICWr^gIMC]RDFSabNKQrcPfIpGSf_L[MpTNZ[M genetic marker lILMNOL u]CDEUVCWDH^NdDkacoR
CDEUVCWDKFDPcIPYINqs\]^[GlqGY]Z[MJONpR[]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQs kgT\CR 
HdDNFNFINlT[MFRDM E^J^eRDMCDEmeT]oC HdDNFNKEILMCDEucPpGg\]^[IpEDCDEucPpGg  jV`MeDCYfFRD 
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Eoa\ffZ[MJON GnRHR  PO[GlqGY]pR[]ICWr^gIMC]RDF H^POKFDPSabNkakgTlO`H^YGHDErDCDEmvTJON 
GnRHR SabNpIFvRFJmNCDEKIgS]_[ChKNPpR[ka 
 

������ 4.4 KFDPtO`Z[MvGLNcRFN PCR-SSCP Z[MJON GnRHR 
 

Item  Pattern 

  1 2 3 

Frequency of GnRHR gene 227 0.20 
(n=45) 

0.45 
(n=102) 

0.35 
(n=80) 

                  

  HDCu]CDEUVCWD KFDPtO`[I]]O] HOhNkla�mNZTDMpTN \cgMmeTSeyNFRD JON DGAT1 
\]^JON GnRHR POKQrcPfIpGSf_L[MpTNmNCDENdDPDmvTSabNgenetic marker SY_`[vRFJmNCDEKIgS]_[C 
[JRDMkECypDP HDCKFDPcIPYINqslDMYINqQCEEPlO`kPRkgTS[_L[aE^hJvNsjV`MCIN\]^CINZ[M]ICWr^
u]u]GpNLdDNP\]^]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQs lO`JIMKMSabN[QacEEKpR[CDEaEIfaEQM
YINqQCEEPhKNPPDp][g  jV`McDSepQZ[MKFDPcIPYINqslDMYINqQCEEPZ[M]ICWr^u]u]GpNLdDNP\]^
]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQsmNZTDMpTNNILN POKFDPSabNkakgTlO`H^SCGgHDCCDElO`JONlILM
c[MpdD\eNRMjV`MKFfKQPCDE\cgM[[CZ[M\pR]^]ICWr^ [DHPOEoa\fflO`kPR[GcE^pR[CIN (linkage 
disequilibrium) gIMNILN HVMNdDkacoRCDEUVCWDKFDPNRDH^SabNlO`JON DGAT1 \]^JON GnRHR H^POCDE
SCGgEoa\fflO`kPR[GcE^pR[CIN  
 

4.3 ��%(�%*��/�����.�&		��� DGAT1  &'���� GnRHR 
cPPpG}DNmNCDEUVCWDKEILMNOL K_[  JON DGAT1 \]^JON GnRHR POCDESCGgEoa\ffJONlO`kPR

[GcE^pR[CIN SY_`[fRMvOLmeTSeyNFRDJONlILMc[M[DHPOCDESCGgZ[MEoa\ffJONlO`cIPYINqsCIN jV`Mu]CDEUVCWD 
H^NdDkamvT SY_`[CdDeNg\NFlDMCDEUVCWD[GlqGY]Z[MJONpR[]ICWr^u]u]GpNLdDNP\]^]ICWr^
KFDPcPfoErsYINqQs FRDKFEH^UVCWD [GlqGY]Z[MHOhNkla�eE_[[GlqGY]Z[M haplotype  
 u]CDEUVCWD  kPRSabNkapDPcPPpG}DN (pDEDMlO` 4.5)  hgJEoa\ffZ[MJON DGAT1 \]^ 
GnRHR POKFDPNRDH^SabNmNCDESCGgEoa\fflO`cIPYINqs [JRDMkPRPONIJcdDKI{lDMctGpG (P>0.05)  
[JRDMkECypDP \PTFRDJONH^POKFDP[GcE^mNCDESCGgEoa\ff \pRJON[DHH^PO[GlqGY]ERFPCINmNCDE
\cgM[[CpR[]ICWr^u]u]GpNLdDNP\]^]ICWr^KFDPcPfoErsYINqQs  jV`MSabNcDSepQeNV`MlO`ldDmeTPO
CDEUVCWD YfFRD  ]ICWr^u]u]GpNLdDNP\]^]ICWr^KFDPcPfoErsYINqQsPOKFDPcIPYINqslDM
YINqQCEEPlO`kPRSabNkamNlGUlDMSgOJFCIN   (Kühn et al., 2006)  gIMNILN SY_`[SabNZT[Po]mNCDEYGHDErD
mvTJON DGAT1 \]^JON GnRHR SabNgenetic marker cdDeEIfCDEKIgS]_[ChKNP lILMmN]ICWr^u]u]Gp
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\]^]ICWr^KFDPcPfoErsYINqQs HVMHdDSabNpT[MPOCDEUVCWD lILM[GlqGY]e]ICZ[MJONlILMc[MpR[]ICWr^
\]^UVCWD[GlqGY]ERFPZ[MJONlO`POpR[]ICWr^mNCDEUVCWDKEILMNOL 
 

������ 4.5  KFDPcIPYINqsZ[MEoa\ffJON DGAT1 \]^ JON GnRHR 
 

Gene P - value Exp (β)1/ Prob (%)2/ 

GnRHR pattern 1    
DGAT1-AA 0.91 0.94 48.45 
DGAT1-KA 0.49 0.70 41.18 
DGAT1-KK . . . 

GnRHR pattern 2    
DGAT1-AA 0.30 1.59 61.39 
DGAT1-KA 0.76 0.88 46.81 
DGAT1-KK . . . 

GnRHR pattern3    
DGAT1-AA 0.29 0.60 37.50 
DGAT1-KA 0.40 1.46 59.35 
DGAT1-KK . . . 

ePDJSepQ: (1)exp(β)= 89�:��9�:� , (2)Prob (%) = KFDPNRDH^SabNZ[MJON GnRHR\pR]^Eoa\fflO`H^ 
   YfCDEaEDC�Z[MJON DGAT1 HOhNkla� AA, KA  \]^ KK  
 

4.4 ���/�*'������ DGAT1 � �'�$6#����%#�:;�%&'��������$�	�:;�% 

SY_`[meTlEDftVMUICJXDYZ[M JON DGAT1 mNCDESabNgenetic markercdDeEIfvRFJmNCDE
KIgS]_[C]ICWr^u]u]GpNLdDNPmNhKNP HVMkgTPOCDEUVCWDtVMKFDPcIPYINqs\]^[GlqGY]Z[MJONpR[
]ICWr^u]u]GpNLdDNP hgJPOcPPpG}DNZ[MCDEUVCWD K_[ JON DGAT1 PO[GlqGY]pR[]ICWr^u]u]Gp
NLdDNP jV`Mu]CDEUVCWDH^NdDkacoRCDECdDeNgmeT[GlqGY]Z[MJON DGAT1 SabNazHHIJKMlO`azHHIJeNV`MmN
CDEaE^SPGNKRD EBV Z[MhKNPpR[ka  
  u]CDEUVCWD SabNkapDPcPPpG}DN hgJYfFRD JON DGAT1 POKFDPcIPYINqsCIfaEGPDr
NLdDNP\]^[MKsaE^C[fNLdDNPlQC]ICWr^[JRDMPONIJcdDKI{ JCSFTN aEGPDrhaEpONNP (PY) \]^
aEGPDrZ[M\ZyMEFPlILMePg(TSY) (pDEDMlO` 4.6) lILMNOL CDEYf[GlqGY]Z[MJON DGAT1 [JRDMPO
NIJcdDKI{ POlILMmNlGUlDMlO`SYG`PZVLN\]^]g]M ]ICWr^lO`POlGUlDMSYG`PZVLN kgT\CR aEGPDrNLdDNP (MY), 
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\]^aEGPDrZ[M\ZyMkPREFPkZPIN (SNF) jV`MJON DGAT1 HOhNkla� AA SabNHOhNkla� lO`PO[GlqGY]mN
]ICWr^gIMC]RDF cRFN]ICWr^lO`POlGUlDM]g]M kgT\CR  aEGPDrkZPIN (FY),  %Prot, %Fat, %SNF, 
\]^ %TS jV`MJON  DGAT1 lILMHOhNkla� AA \]^ KA  SabNHOhNkla� lO`PO[GlqGY]pR[]ICWr^gIMC]RDF         
 
������ 4.6 [GlqGY]Z[MJON DGAT1  \pR]^HOhNkla� pR[]ICWr^u]u]GpNLdDNP  
 

Traits1 Effect of genotype ± SE 

AA KA KK 

MY (kg./day) 0.93±0.28** 0.48±0.28 0 
PY (g./day) 15.50±8.16 7.50±7.96 0 
FY (g./day) -21.14±10.21* -13.88±9.99 0 

SNFY (g./day) 53.53±23.69* 23.08±23.16 0 
TSY (g./day) 15.81±32.36 -8.49±31.59 0 

% Prot -0.06±0.03* -0.02±0.03 0 
%Fat -0.47±0.06*** -0.26±0.06*** 0 
%SNF -0.15±0.04*** -0.09±0.04* 0 
%TS -0.71±0.09*** -0.44±0.09*** 0 

ePDJSepQ: 1 MY, PY, FY, SNFY, TSY,  %Prot, %Fat ,%SNF, %TS ePDJtVM aEGPDrNLdDNP,  
aEGPDrhaEpON, aEGPDrkZPIN,     aEGPDrZ[M\ZyMlO`kPREFPkZPINNP,, aEGPDr
Z[M\ZyMlILMePg,     Sa[EsSjyNpshaEpON, Sa[EsSjyNpsZ[M\ZyMlO`kPREFPkZPINNP \]^
Sa[EsSjyNpsZ[M\ZyMlILMePg  ,  ***, **, * ePDJtVM P-value<0.0001, < 0.01, <0.05 

                                                       
u]CDEUVCWDKEILMNOL Yf[GlqGY]Z[MJON DGAT1  c[gK]T[MCIfCDEUVCWDZ[M Schennink et 

al. (2007) jV`MUVCWDmNC]QRPpIF[JRDMhKNPhw]ckpNsZ[MaE^SlUSNSq[Es\]Ngs lO`meTu]u]GpKEILM\EC 
(first lactation)  [JRDMkECypDP POMDNFGHIJe]DJMDNYf [GlqGY]Z[MJON DGAT1 \pCpRDMHDC
CDEUVCWDKEILMNOL SvRN Banos et al. (2008), Bennewitz et al. (2004), Gautier et al. (2007), Grisart et 
al. (2002), Kuehn et al. (2007), Spelman et al. (2002), Thaller et al. (2003), Weller et al.(2003) jV`M
CDEUVCWDSe]RDNOL YfFRD JON DGAT1 PO[GlqGY]pR[CDE]g]MZ[MaEGPDrNLdDNP \pRPO[GlqGY]pR[CDE
SYG`PkZPIN\]^haEpONmNNP 

u]CDEUVCWDKEILMNOL cDPDEt[qGfDJkgTmNaE^SgyN  gIMpR[kaNOL ���
�a����-�9�� azHHIJlO`ldDmeT
YfFRD JON DGAT1  PO[GlqGY]lO`cRMu]pR[aEGPDrNLdDNP\]^[MKsaE^C[fNLdDNPlO`cdDKI{ lILMSYG`PZVLN
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\]^]g]M  ���
�a����(�� JON DGAT1  [DHH^POflfDlmNlDM[T[PpR[  %Prot gTFJ  ���
�a�(% 
azHHIJlO`ldDmeTCDEUVCWDKEILMNOL Yf [GlqGY]Z[MJON DGAT1 HOhNkla� KK  pR[]ICWr^u]u]GpNLdDNP
[JRDMkPRPONIJcdDKI{lDMctGpG  

���
�a����-�9��  azHHIJlO`ldDmeTYfFRD JON DGAT1 PO[GlqGY]ldDmeTaEGPDrNLdDNP\]^

[MKsaE^C[fNLdDNPSYG`PZVLN\]^]g]M cDPDEt[qGfDJkgTHDCcDSepQe]DJaE^CDE "#$%&#'()*+,)-  

JON DGAT1  HOhNkla� AA  cRMu]pR[CDESYG`PaEGPDrNLdDNP [DHSCGgSN_`[MHDCCDElO`JON\a]EeIckgT
SabNCEg[^PGhN Alanine jV`MSabNCEg[^PGhNmNC]QRP glucogenic amino acid hgJCEg[^PGhNC]QRPNOL
H^cDPDEtSa]O`JNSabNC]ohKc    (YIvEO, 2551)  \]^C]ohKcH^kaSabNcDEpILMpTNZ[MCDEcIMSKED^es
\]Khpc jV`MSabNpIFCdDeNgaEGPDrNLdDNP  mNaE^SgyNNOL[qGfDJkgTHDCl�W�O\]^MDNFGHIJlO`SCO`JFZT[M
CIfCDEldDMDN\]^flfDlZ[MC]ohKc C]RDFK_[ CDEcIMSKED^esC]ohKc (gluconeogenesis) mNERDMCDJ
Z[MhKNP cRFNeNV`MH^kgTEIfcDEpILMpTNjV`MkgTHDCCE^fFNCDESPpDf[]GjVPZ[MKDEshfkwSgEp\]^
[OCcRFNeNV`MH^kgTEIfcDEpILMpTNHDCCE^fFNCDESPpDf[]GjVPZ[MCEg[^PGhN hgJH^POCEg[^PGhN
C]QRP glucogenic amino acid SabNcDEpILMpTN jV`M Alanine SabNCEg[^PGhNpIFeNV`MmNC]QRPNOL ldDmeTSCGg
CDEcIMSKED^esC]ohKcSCGgZVLNlO`pIf jV`Me]IMHDCCE^fFNCDEScEyHcGLN C]ohKctoCNdDkacoRpR[PNLdDNP
uRDNlDMCE^\cS]_[g  lILMNOL pR[PNLdDNPNILN HdDSabNpT[MmvTC]ohKccdDeEIfCDEcIMSKED^esNLdDNP 
aE^PDr 60-85 % Z[MC]ohKclO`POmNERDMCDJ (Annison and Linzell, 1964; Chaiyabutr et al., 1980; 
Sunehag et al., 2002, 2003)  E^gIfC]ohKclO`SYG`PZVLNH^cRMu]ldDmeTaEGPDrNLdDNP\]^aEGPDr\]K
hpcSYG`PZVLN\pRH^kPRCE^lfpR[kZPINmNNLdDNP (Knowlton, 1998) SP_`[YGHDErDflfDlZ[MC]ohKc
gIMlO`C]RDFPD HVMPOKFDPSabNkakgTFRD CEg[^PGhN Alanine jV`MPOflfDlSabNcDEpILMpTNmNCDE
cIMSKED^esC]ohKcH^cRMu]pR[CDESYG`PZVLNZ[MaEGPDrNLdDNP aEGPDr\]Khpc EFPlILMaEGPDr
Z[M\ZyMkPREFPkZPINmNhKNPgTFJ  [JRDMkECypDP  CEg[^PGhN Alanine SabNSYOJMCEg[^PGhNpIF
eNV`MmNe]DJpIFlO`[JoRmNC]QRP glucogenic amino acid  jV`M[GlqGY]Z[MCEg[^PGhN Alanine  lO`H^
cRMu]pR[CDEcIMSKED^esC]ohKccRFNlO`H^toCgVMPDSabNcDEpILMpTNmNCDEcIMSKED^es   \]KhpcmN
NLdDNPNILN H^POPDCeE_[NT[JSYOJMmg SP_`[SlOJfCIfCEg[^PGhNpIF[_`NmNC]QRP JIMkPRlEDf\NRvIg  
"#$%&#'()./-   ]ICWr^CDEldDMDNZ[MCEg[^PGhNlO`SabN[MKsaE^C[fmNcDJhY]OSaaklgsZ[M
S[NkjPs DGAT1  [DHSabNcDSepQeNV`MlO`ldDmeTYfFRD HOhNkla� AA  \]^ KA cIPYINqsCIfCDE]g]M
Z[M %[MKsaE^C[fNLdDNPlO`cdDKI{ (kZPIN, haEpON, Z[M\ZyMkPREFPkZPIN\]^Z[M\ZyMEFPlILMePg) 
HOhNkla�  KK cRMu]pR[CDESYG`PkZPINNP\]^[MKsaE^C[fNLdDNPlO`cdDKI{ C]RDFK_[ SP_`[JONSCGgCDE
C]DJYINqQslO`pdD\eNRM K232A jV`MeDCJONPOCDE\a]EeIckgTSabNCEg[^PGhN Alanine H^cRMu]ldDmeT
S[NkjPsPOKRDKFDPSEyFcoMcQg (Vmax) Z[MCDESERMa�GCGEGJDCDEcIMSKED^eskpEC]OSj[kEgslO`vTDCFRD   cRFN
Z[MJONlO`\a]EeIckgTSabNCEg[^PGhN lysine (Grisart et al., 2004) HDC]ICWr^gIMC]RDF HVMfRM
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vOLmeTSeyNFRDCDEldDeNTDlO`Z[MS[NkjPs DGAT1 mNCDESERMa�GCGEGJDCDEcIMSKED^eskpEC]OSj[kEgs
NILN[I]]O] K (lysine) H^POflfDlpR[CDESYG`PCDEcIMSKED^eskZPINlO`PDCCFRD[I]]O] A (alanine) jV`MkgT
POMDNFGHIJZ[M  Schennink et al. (2007) \]^ Hradecká et al.(2008)  Yf[GlqGY]Z[MHOhNkla� AA  
\]^ KA lO`cRMu]pR[CDE]g]MZ[MkZPINNP \]^[MKsaE^C[fNLdDNPlO`cdDKI{ SvRNSgOJFCIfCDEUVCWD
mNKEILMNOL  Zr^lO`POe]DJMDNFGHIJ (Banos et al., 2008; Gautier et al., 2007 ; Grisart et al., 2002; 
Spelman et al., 2002)  lO`YfFRD HOhNkla�  KK cRMu]pR[CDESYG`PkZPINNP\]^[MKsaE^C[fNLdDNPlO`
cdDKI{ jV`M\pCpRDMCIfu]CDEUVCWDmNKEILMNOL  "#$%&#'().&0   JON DGAT1 HOhNkla� AA cIPYINqsCIf
CDESYG`PCEgkZPINvNGg[G`PpIF (saturated fatty acid)  \pRcRMu]pR[CDE]g]MZ[MCEgkZPINvNGgkPR
[G`PpIF (unsaturated fatty acid) (Schennink et al., 2007) jV`MCEgkZPINvNGgkPR[G`PpIFNOL SabN
cRFNaE^C[fZ[MCEgkZPINpdD\eNRMlO`cDP (sn-3) (Parodi, 1982)  CEgkZPINpdD\eNRMcQglTDJlO`
S[NkjPs DGAT1 H^ldDeNTDlO`mNCDESERMa�GCGEGJDCDEcETDMYINq^S[cSl[EsZ[MCEgkZPIN SY_`[meTCDE
cIMSKED^eskpEC]OSj[kEgscPfoErs CDESa]O`JN\a]McRFNaE^C[fgIMC]RDF HVM[DHSabNcDSepQeNV`MlO`
ldDmeT JON DGAT1 cRMu]pR[CDE]g]MZ[M % [MKsaE^C[fNLdDNP gIMSvRNlO`YfmNCDEUVCWDKEILMNOL    

���
�a����(�� JON DGAT1 [DHH^POflfDlmNlDM[T[PpR[haEpONmNNLdDNPgTFJ  jV`MHDC

CDEUVCWDKEILMNOL \PTH^kPRYf[GlqGY]Z[MJON DGAT1 pR[ PY \pRC]IfYfFRD JON DGAT1  PO[GlqGY]pR[

CDE]g]MZ[M %Prot SvRNSgOJFCIfCDEUVCWDZ[M  Sun et al. (2009); Hradecká et al.(2008); Näslund 

et al. (2008) lILMNOL mNaE^SgyNZ[MCDEkPRYf[GlqGY]Z[MJONpR[]ICWr^ PY [DH[qGfDJkgTHDCl�W�O

Z[MCDEYI�NDE^ffSpTDNPZ[MhKNP C]RDFK_[  mNvRFMlO`hKPOCDEYI�NDZ[ME^ffpR[PNLdDNPpILM\pR

\ECSCGgHNtVMFIJSHEG{YINqQsZ[MhKNPNILN Sj]]spRDM|mNpR[PNLdDNPH^SHEG{hgJ[DUIJ\uRNkZPIN (fat  

pad) lO`POcRFNaE^C[fe]IC K_[  Sj]]s adipocytes (Sheffield, 1988) jV`MSabNSj]]slO`YfFRD POCDE

\cgM[[CZ[MJON DGAT1 XDJmNSj]]s HVM[DHC]RDFkgTFRD JON DGAT1 NILNPOflfDlmNCDEYI�ND

E^ffSpTDNPgTFJ \pRSP_`[SZTDcoRE^J^lO`\PRhKPOCDEmeTNP CDEldDeNTDlO`Z[M\uRNkZPINH^POflfDlmN

CDEvRFJYJQMSpTDNPSlRDNILN kPRkgTPOeNTDlO`hgJpEMmNCDEcIMSKED^esNLdDNP (Anderson, 1985) HVM[DH

SabNkakgTlO`mNE^J^NOL CDEldDMDNZ[MJON DGAT1 kPRkgTcRMu]pR[CDEcIMSKED^esaEGPDrhaEpON\]^

aEGPDrNLdDNPgTFJ   mNcRFNaE^SgyNlO`JON DGAT1 PO[GlqGY]pR[CDE]g]MZ[M %Prot [DHSCGg

SN_`[MHDC POC]kCCDE\cgM[[CZ[MJON DGAT1 XDJmNSKjONkPSj]]sjV`MHDCCDElO`kPSj]]s (casein 

micelle) SabNEoa\ffeNV`MZ[MkZPIN hgJcRFNN[CZ[MSKjONkPSj]]sH^aE^C[fkagTFJhaEpON  

Kappa � casein ldDeNTDlO`mNCDEldDmeTkPSj]]scDPDEtKMEoa[JoRkgT  (Jenness, 1985) \]^ 
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HDCCDEUVCWDmNeNolO`YfFRD JON DGAT1 POa�GCGEGJDmNCDEvICNdDJON *- casein meTPOCDE\cgM[[CmN
eNolO`[JoRmNvRFME^J^lTDJZ[MCDEpILMKEEXs (Cases et al., 2004)   HVMPOKFDPSabNkakgTFRD JON DGAT1   

[DHH^POCDE\cgM[GlqGY]ERFPCIfC]QRPJON  Beta \]^ Kappa casein pR[CDEcIMSKED^eshaEpONmN

NLdDNPSvRNSgOJFCIflO`YfmNCDEUVCWDZ[M Molee, Duanghaklang, and Mernkrathoke (2011) eE_[ JON 

DGAT1  [DHH^POflfDlmNlDM[T[PpR[CDEKFfKQPCDEcIMSKED^eshaEpONmNNLdDNP jV`MkgTPOMDNFGHIJ

Z[M Hradecká et al. (2008)   lO`POcPPpG}DNmNaE^SgyNgIMC]RDFSvRNSgOJFCIfCDEUVCWDKEILMNOL  [JRDMkE

CypDP CDESCGg[GlqGY]Z[MJON  DGAT1 pR[haEpONJIMkPRvIgSHNFRDSabN[GlqGY]Z[MJON DGAT1          HO

hNkla�mg\]^JON DGAT1  NILNH^POC]kCpR[CDEcIMSKED^eshaEpON[JRDMkE   gIMNILN CDEUVCWDpR[ka 

HVMKFEPOcPPpG}DN K_[ flfDlZ[MJON DGAT1 pR[haEpONmNNLdDNP  lILMNOL eDCu]CDEUVCWDSabNka

pDPcPPQpG}DN H^ldDmeTSCGgKFDPvIgSHNmNaE^SgyNflfDlZ[M  JON DGAT1 pR[CDEKFfKQPCDE

cIMSKED^eshaEpONmNNLdDNP  jV`MH^ldDmeTcDPDEtmvTJON DGAT1  SabN genetic marker [OCpIFeNV`M lO`

SYG`PSpGPHDCC]QRPJONSKjON lO`H^mvTcdDeEIfCDEKIgS]_[ChKNPHDC]ICWr^haEpONNP  

���-&;����	� %�.�*%	��;���; 1�#3-231�)#������-�H KK ��#��*0,��3
%0�;/%�


(�,#�	���,#��;/%�
#��%��
�
�����/%	�"-%��=3�3  -�;�-��  #3-231�)#������-�H KK �
<�#

�������-����� KA (�, AA 1���% �����-�H KK ��;� �������#%��' MY (�,�13�
 %Fat, %Prot, 

%SNF (�, %TS (�%�%�-�� 4.7)  (�,�%�%��3����#�!�&%��;   �����'&1���% ��� DGAT1  �����-�H 

KK 
�#3-231���#%��13�
�)
�� ��;/%�
(�,#�	���,#��;/%�
�/%	�" (Banos et al., 2008; 

Bennewitz et al., 2004 ; Gautier et al., 2007 ; Grisart et al., 2002; Kuehn et al., 2007 ; Spelman et 

al., 2002 ; Thaller et al., 2003 ; Weller et al., 2003)  (��%�.�*%	��;���;�
�1�����/%	�")#�#3-231�

)#���� ���*0,'����%� -�;���; #%��3'�%!�%������� �����%
%�=#23�%��'&   ���,�'9�)#�%�

�3'�A33�3�%���
���,!��%���� (�� Epistasis  (�, ��,�'9�)#�%��3'�A33�3�%���
���,!��%�

1��2���
(�,�3��(�'�&#
 �'�(���,�������%
%�=#23�%��'& '����#����;  ��������	
��	  �A33�3�%

���
���,!��%���� (�� Epistasis  ��%�	<# ��� DGAT1 #%�
��A33�3�%���
�����#<��-��#��� �

�	����&%�1��2���
)#��	�
 (Berry et al., 2010)  �����	�
(���,��,�%���#

��	����&%�)#�

1��2���
-����%��� �����@��������/%	�"-�������-/% !&#3-231�)#���� �(���,��,�%�
�	�%


(���%���'&�� (Sun et al., 2009; Hradecká et al.,2008, Thaller et al., 2003 )  -�;���; 
��%��3���

�/%���!����-��.�*%1�%��3' Epistasis )#����-�;� �	�(�, ������ �����%
%�=�/%
% �&#23�%�
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-��
%)#��

�3>%�	��;���;�'&  �%��3��� �	� ���� %�.�*%���-�������)&#�����	#&�� �	� ��

�	��
��
	��-�� 10  (Dong, Wang, Li, Li, Zhao and Price, 2003)  �%��3��� ������ ���� %�.�*%��� 

calpastatin (CAST) and µ-calpain (CAPN1) ������@����-�������)&#�����*0,	�%
���
)#���<;# ��	

��<;# (Casas et al., 2006), %�.�*% ��� 1���% #3-231�)#� Epistasis �������#%��'%�

���3"��3��� �����(��3'��=��#%�� 46 ��� (Carlborg et al., 2003) (�,%�1�%��3' epistasis 

)#����-��#������	��
��
	��-�� 2 (�, 12  (�,���-��#������	��
��
	��-�� 6 (�, 12   �!�� (Yi et al., 

2004)  �#�%��; ����'&
��%��3���!�%��%�-��
��

�3>%� ���,�'9�)#�  Epistasis  �����'����� 

�'&(�  �1���-� ����,3��3� (2553),   De la Rosa Reyna, Montoya, Castrellón, Rincón, 

Bracamonte and Vera (2010); Banos et al., (2008) �%-����%�
% ���
�	�%
��@����'&-��#3-231�

������;  #%��,�3')�;��'& ����
���#��%��	�
-��-/%%�.�*%������ (����<�#�'&��%�.�*%%��3' 

Epistasis  ����
�
�)&#�����32�%� �%�.�*%-����'���   �����@���,�'9�-������&#�
�%�.�*%��#�� 

'����;� )&#������<�#�)#�%��3'#3-231�(�� Epistasis   �����@��1����

�3>%�)&#!����-��#%��,

�3')�;� �%�.�*%	��;���;  ��������	��    �A33�3�%���
���,!��%�1��2���
(�,�3��(�'�&#
 ����

!
%�=�� %�-��1��2���
)#��	�

�%�(�'�##(���%����3��(�'�&#
�������(����� -�;���; 

��@����%%�-��%�(�'�##)#����
��R33�3�%���
���3��(�'�&#
#��%�
�����/%	�"-%��=3�3   

(Hayes, Carrick, Bowman and Goddard, 2003; Lillehammer, Hayes, Meuwissen and Goddard, 

2009; Hammami et al., 2009)  �'�%��3'�A33�3�%���
���,!��%�1��2���
(�,�3��(�'�&#
 �3'

�'&-�;��A33�3�%���
�,!��%�1��2�����3��(�'�&#
  �A33�3�%���
�,!��%������(���,������3��(�'�&#
 

(�,�A33�3�%���
�,!��%�������3��(�'�&#
 (Lin and Togashi, 2002 )  �
<�#13�%�0%�%��*0,)#�

���
���#��%�-��-/%%�.�*% �	��;���; ������@��	�
����
��������-��
��,'���%���<#'��� (��#���

$%� �&�$%1$�
3#%%.(���&#��<;� �����-/% !&%�(�'�##=��	�%
�%
%�=-%�1��2���
�
�

��9
-��  ��<�#�
%�%%��	�
#%��,�3'	�%
�	���'�%�$%�,#%%.�&#�  ����	�%
�&#��,�����-/%

 !&�#���
�(�,��������""%0)#��#���
� (receptor) ##D-23E �%������;�%���3��;/%�
'&�� 

(Dahl, 2007; Rhoad et al., 2009)  �-%������)&%
 !%�	�
�'&���#3-231�)#�����(��-����;� 

(short day photoperiod) �,�������#%��13�
)�;�)#� receptor mRNA )#��#���
�-���,��&�%���3�

�;/%�
  (Dahl, 2007) (�,%��'	�%
�	���'�%	�%
�&#� �(
��	�
-��#��������,�,%���;�	��$��,

�������#%��������(���%�(�'�##)#����-�������)&#���%���&%�������(�,�)
�� ��;/%�
 

 

 

 

 

 

 

 

 



    
 

45 

 
 

 
 

 

 

(Adin et al., 2009)  �
<�#13�%�0% ��,'����� %���'%�'&%�#%!%�-��(���%����������#%�

(�'�##)#� mRNA -�������)&#� ��,���%�����	�%,!�������,#�)#��)
���
 (Peterson, 

Matitashvili and Bauman, 2003) �%�%��3��� �)&%��&� (�'� !&�!9���% �3��(�'�&#

���#��%�
%

��#%�(�'�##)#����'����;� ���
��#%�-��#3-231�)#���� DGAT1 -��1� �%�.�*%	��;���; #%��,

�'&������%%��3'�A33�3�%���
���,!��%�������3��(�'�&#
(�,-/% !&#3-231�)#���� DGAT1  -��

1� �(���,��,�%��	�

�	�%
(���%��%��,�%�#<�� 

 
������ 4.7 SaEOJfSlOJfKRDS~]O`J[GlqGY]Z[MJON DGAT1 mN\pR]^HOhNkla� lO`POpR[]ICWr^u]u]Gp

NLdDNP 

ePDJSepQ: 1 MY, PY, FY, SNFY, TSY,  %Prot, %Fat ,%SNF, %TS ePDJtVM aEGPDrNLdDNP, aEGPDrhaEpON,  
aEGPDrkZPIN,  aEGPDrZ[M\ZyMlO`kPREFPkZPIN, aEGPDrZ[M\ZyMlILMePg, Sa[EsSjyNpshaEpON, 
Sa[EsSjyNpsZ[M\ZyMlO`kPREFPkZPINNP \]^Sa[EsSjyNpsZ[M\ZyMlILMePg 
***, **, *   ePDJtVM P-value<0.0001, < 0.01, <0.05 

 
HDClO`C]RDFPDmNZTDMpTN H^SeyNkgTFRD[GlqGY]Z[MJON DGAT1 pR[]ICWr^u]u]GpNLdDNP mN

CDEUVCWDKEILMNOL [DHH^PO[GlqGY]mNlGUlDMlO`\pCpRDMHDCe]DJMDNFGHIJ jV`M]ICWr^SvRNNOLSCGgHDC
azHHIJgIMlO`C]RDFPD  CDEUVCWDKEILMNOL HVMldDmeTkgTZT[cEQamNSf_L[MpTNcdDeEIfCDEmvTJON DGAT1 SY_`[
SabNpIFvRFJmNCDEKIgS]_[CmNhKNPC]QRPpIF[JRDM K_[ POKFDPSabNkakgTmNCDEmvTJON DGAT1 eDCPO
SaiDePDJCDEKIgS]_[CmeTaEGPDrNLdDNPcoMZVLN \pR[DHH^JIMPOZT[HdDCIg HDCCDElO`[GlqGY]Z[MJONlO`
cRMu]pR[CDE]g]MZ[M[MKsaE^C[fNLdDNP  jV`MldDmeTkPRcDPDEtmvTJON DGAT1 cdDeEIfSabNpIFvRFJ
mNCDEKIgS]_[ChKNPHDC]ICWr^[MKsaE^C[fNLdDNPlO`cdDKI{  \pReDCYGHDErD[GlqGY]Z[MJON
ERFPCIfSCr�smNCDEEIfj_L[NLdDNPgGfZ[MaE^SlU jV`MH^YfFRD [GlqGY]Z[MJON DGAT1  lO`YfmN
CDEUVCWDKEILMNOL JIMkPRcRMu]CE^lfpR[EDJkgTHDCCDEZDJNLdDNPgGfPDCNIC SN_`[MHDC[GlqGY]Z[MJON 

Genotype/ 
Traits1/ 

MY PY FY SNFY TS %Prot %Fat %SNF %TS 

AA - KA 0.46** 8.01 -7.26 30.45* 24.29 -0.04** -0.22*** -0.06* -0.27*** 
AA - KK 0.93** 15.50 -21.14* 53.53* 15.81 -0.06 -0.47*** -0.15*** -0.71*** 
KA - AA -0.46** -8.00 7.26 -30.45* -24.29 0.04** 0.22*** 0.06* 0.27*** 
KA - KK 0.48 7.50 -13.88 23.08 -8.49 -0.02 -0.26** -0.09* -0.44*** 
KK - AA -0.93** -15.50 21.14* -53.53* -15.81 0.06* 0.47*** 0.15*** 0.71*** 
KK - KA -0.48 -7.50 13.88 -23.08 8.49 0.02 0.26*** 0.09* 0.44*** 
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cRMu]pR[CDE]g]MZ[M %TS  SYOJMS]yCNT[JSlRDNILNSP_`[SlOJfCIfEDJkgTlO`H^SYG`PZVLNHDCaEGPDrNLdDNP
lO`SYG`PZVLN C]RDFK_[ eDCaEGPDrNLdDNPSYG`PZVLNaE^PDr 1 CGh]CEIPSCWpECEH^POEDJkgTSYG`PZVLN
aE^PDr 17  fDl (CE^lEFMSCWpE\]^ceCErs, 2555)  pR[aEGPDrNLdDNP 1 CGh]CEIP  \pR[DHtoCpIg
EDKDS]yCNT[JHDC %TS  lO`kPRtVMSCr�sPDpE}DN jV`MCdDeNghgJCE^lEFMSCWpE\]^ceCErs 
 

4.5  ���/�*'������ GnRHR � �'�$6#���%(%	.�#�*��/0� 
SY_`[meTlEDftVMUICJXDYZ[M JON GnRHR mNCDESabN genetic marker cdDeEIfvRFJmNCDE

KIgS]_[C]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQsZ[MhKNP HVMkgTPOCDEUVCWDtVMKFDPcIPYINqs\]^
[GlqGY]Z[MJONpR[]ICWr^gIMC]RDF hgJPOcPPpG}DNZ[MCDEUVCWD K_[ JON GnRHR PO[GlqGY]pR[
]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQs  u]CDEUVCWD kPRSabNkapDPcPPpG}DNZ[MMDNFGHIJ hgJ
YfFRD JON GnRHR  PO[GlqGY]pR[]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQs    jV`MkgT\CR HdDNFNKEILM
CDEucPpGg     HdDNFNFINlT[MFRDM   E^J^eRDMCDEmeT]oC \]^[IpEDCDEucPpGg [JRDMkPRPONIJcdDKI{
lDMctGpG (pDEDMlO` 4.8)                 
 lILMNOL CDEUVCWDKFEH^Yf[GlqGY]Z[MJON GnRHR pR[]ICWr^KFDPcPfoErsYINqQs SN_`[MHDC
l�W�OFRDgTFJCDEldDMDNZ[Mw[EshPN GnRH H^SeyNkgTFRD JON GnRHR   PO[GlqGY]pR[CDEKFfKQP
E^ffc_fYINqQspILM\pRSEG`P\EClO`hKNILNSEG`PSZTDcoRFIJSHEG{YINqQs  \pRCDElO`mNC]QRPpIF[JRDMlO`ldDCDEUVCWD
KEILMNOL kPRcDPDEtYf[GlqGY]gIMC]RDFkgT [DHSN_`[MPDHDCCDESCGg Type II error  ldDmeTCDEUVCWDPO
CDEa�GScq cPPpG}DN HA   \]^J[PEIf H0C]RDFK_[ kPRcDPDEtYf[GlqGY]Z[MJONlO`PO[JoRHEGMkgT jV`M
SP_`[YGHDErD]ICWr^ZT[Po]lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQs mNCDEUVCWDKEILMNOL H^SeyNkgTFRD PO
HdDNFNZT[Po][JoRmNvRFM 217-245 fINlVC ]ICWr^ZT[Po]gIMC]RDFldDmeTYfFRD KRD power of test Z[M
CDElgc[f[GlqGY]Z[MJONPOKRDKR[NZTDMp̀dD  (pDEDMlO` 2 Z. 2 mNXDKuNFC Z)  \]^SP_`[SaEOJfSlOJf
CIfCDElgc[f[GlqGY]Z[M]ICWr^u]u]GpNLdDNP (pDEDMlO` 4.1)  jV`MPOHdDNFNZT[Po][JoRmNvRFM 2675-
2766 fINlVC ]ICWr^ZT[Po]gIMC]RDFldDmeTKRD power of test KR[NZTDMcoM (pDEDMlO` 1 \]^pDEDMlO` 3 mN
XDKuNFC K) ldDmeTCDEUVCWDcDPDEtYf[GlqGY]Z[MJONlO`SCO`JFZT[MCIfu]u]GpNLdDNPkgT gIMNILN CDE
FGSKED^esHdDNFNZT[Po]]ICWr^lO`SCO`JFZT[MCIfKFDPcPfoErsYINqQs[DHH^pT[MPOHdDNFNfINlVClO`PDCY[
SvRNSgOJFCIfZT[Po]u]u]GpNLdDNP jV`M[DHH^ldDmeT cDPDEtYf[GlqGY]lO`PO[JoRHEGMZ[MJONpR[]ICWr^
KFDPcPfoErsYINqQskgT \]^POKRD  power of test Z[MCDElgc[f[GlqGY]Z[MJONlO`coMZVLN 
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������ 4.8  [GlqGY]Z[M Eoa\ff PCR-SSCP Z[MJON GnRHR pR[]ICWr^HdDNFNKEILMCDEucPpGg, 
       HdDNFNFINlT[MFRDM, E^J^eRDMZ[MCDEmeT]oC\]^[IpEDCDEucPpGg 
 

Traits Effect of pattern + SE 

1 2 3 

Number of service (time) -0.32±0.65 -0.43±0.27 0 
Day open (days) -15.89±43.18 -6.06±16.52 0 

Calving interval (days) -14.66±52.45 -27.29±19.25 0 
Conception rate (%) 7.61±15.00 8.99±6.17 0 

 

4.6  ���/�*'� �%������ DGAT1 &'� ��� GnRHR � �'�$6#�2'2'���:;�% 

SY_`[NdDkacoRCDECdDeNglGUlDMCDEUVCWD[GlqGY]Z[M genetic marker lO`mvTmNCDEKIgS]_[C
hKNPHDC]ICWr^u]u]GpNLdDNPFRDKFEH^pT[MYGHDErDJONSYOJMpdD\eNRMmgpdD\eNRMeNV`MeE_[
PDCCFRDeNV`MpdD\eNRM gIMNILN HVMkgTPOCDEUVCWDtVMKFDPcIPYINqs\]^[GlqGY]Z[MJONpR[]ICWr^
u]u]GpNLdDNP hgJPOcPPpG}DNZ[MCDEUVCWD K_[ JONDGAT1 \]^JON GnRHR  PO[GlqGY]ERFPCINpR[
]ICWr^u]u]GpNLdDNP 

             u]CDEUVCWDKEILMNOL SabNkapDPcPPpG}DN (pDEDMlO` 4.9) C]RDFK_[ JON DGAT1 \]^ JON 
GnRHR  PO[GlqGY]ERFPCINpR[]ICWr^aEGPDrNLdDNP\]^[MKsaE^C[fNLdDNP kgT\CR PY, SNFY, 
TSY, %Prot, %SNF \]^ %TS [JRDMPONIJcdDKI{lDMctGpG lILMNOL CDEYf[GlqGY]ERFPZ[MJON POlILMmN
lGUlDMlO`SYG`PZVLN\]^]g]M ]ICWr^lO`POlGUlDMSYG`PZVLN kgT\CR %Prot, %SNF \]^ %TS cRFN]ICWr^
lO`POlGUlDM]g]MkgT\CR PY, SNFY,\]^TSY 

CDElO`u]CDEUVCWDgIMC]RDF SabNkapDPcPPpG}DNZ[MMDNFGHIJ  [DHSCGgHDCu]u]GpcQglTDJ
lO`kgTHDCCDEldDMDNZ[MJON DGAT1\]^ JON GnRHR  POa�GCGEGJDERFPCIN\]^cRMu]pR[CDEYI�NDZ[M
Sj]]sSJ_`[fQSpTDNP (mammary epithelium cell) \]^Sj]]sSN_L[SJ_`[aE^cDN (stroma cell) lO`[JoR]T[PE[f
Sj]]sSJ_`[fQSpTDNP [DHNdDPDjV`MCDESa]O`JN\a]Mu]u]GpNLdDNPkgT C]RDFK_[ CDESHEG{\]^YI�NDZ[M
Sj]]sSpTDNPH^PDCeE_[NT[J cDPDEtvOLFIghgJCDEYI�NDZ[MSj]]s epithelialmNCE^SaD^NP 
(alveoli)  jV`MSj]]sgIMC]RDFH^kgTpT[MEIfCDECE^pQTNHDCazHHIJpRDM | lO`[JoRmNSN_L[SJ_`[aE^cDNlO`[JoR
]T[PE[fSj]]sgTFJ (Aker, 2002)  lILMNOL flfDlZ[MJON GnRHR H^cRMu]pR[CDEYI�NDZ[MSj]]s 
epithelial  uRDNlDMw[EshPN GnRHjV`MH^ldDeNTDlO`mNCDECE^pQTNmeTSCGgCDEcETDMw[EshPN estrogen 
\]^ progesterone kaldDMDNmNcRFNZ[MCDEYI�NDZ[MSj]]s epithelial  pR[ka cRFNflfDlZ[M JON 
DGAT1 H^SCGgZVLNmNcRFNZ[MSj]]sSN_L[SJ_`[aE^cDN (stroma cell) lO`[JoR]T[PE[fSj]]sSJ_`[fQSpTDNP  
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HDCaE^SgyNgIMlO`C]RDFPD cDPDEt[qGfDJkgTgIMNOL HDCCDElO`flfDle]ICZ[Mw[EshPN 
GnRH K_[ CDECE^pQTNpR[PmpTcP[McRFNeNTDmeTPOCDEcETDM\]^e]I`Mw[EshPN FSH \]^ LH SY_`[ldD
eNTDlO`mNCDEcETDMEIMkZRmeTPOCDEu]Gpw[EshPN estrogen \]^ progesterone ZVLNPD  lTDJlO`cQg\]TF 
w[EshPN estrogen \]^ progesterone H^ldDeNTDlO`mNCDECE^pQTNCDEYI�NDE^ffSpTDNPmeTSHEG{ka
YET[PCIf\uRNkZPINmNvRFMpILM\pR\ECSCGgHNtVME^J^CDESZTDcoRFIJSHEG{YINqQsZ[MhKNP (Anderson, 
1985) lILMNOL CDE[[C�lqG�Z[Mw[EshPNlILMc[MpR[CDEYI�NDZ[MSpTDNPH^SCGgZVLNmNSj]]sSJ_`[fQSpTDNP 
(epithelium cell) lO`[JoRmNCE^SaD^NP (alveoli)   hgJ[[C�lqG�uRDNlDMSN_L[SJ_`[aE^cDNlO`[JoRE[f | 
Sj]]sSJ_`[fQSpTDNP lO`SEOJCFRD stroma cell jV`MPOCDEldDeNTDlO`Z[MJON DGAT1 mNcRFNNOL SN_`[MHDC stroma 
cell H^aE^C[fkagTFJSN_L[SJ_`[kZPIN (adipose tissue) SabNHdDNFNPDC jV`MSj]]skZPINlO`[JoRXDJmN 
stroma cell NOLH^POCDEcIMSKED^es\]^CDEc^cPkpEC]OSj[kEgsSabNHdDNFNPDC SY_`[cRMpR[kaJIMSj]]s
SJ_`[fQSpTDNP cdDeEIfNdDkamvTmNCDEu]GpNLdDNP (Bell and Coleman., 1980; Bridley, 1991; Lehner 
and Kuksis, 1996) gIMNILN eDCSCGgKFDPfCYER[MmNCDEldDMDNZ[MJON DGAT1 H^cRMu]CE^lfpR[
CDEYI�NDZ[MSj]]s epithelial (Cases et al, 1998) hgJ[DHldDmeTCDEcRMcI{{DrZ[Mw[EshPNpRDM | 
lO`mvTmNCDEYI�NDSj]]s epithelial POCDESa]O`JN\a]MeE_[co{ScOJCDEldDMDNkgT (Hovey, McFadden 
and Akers, 1999) jV`M]ICWr^SvRNNOLH^ldDmeTcRMu]pR[CDEcETDMNLdDNPZ[MhKNPgTFJ  

�%-D*R�(�,�%��3���'��-����%�
%��;� ��@�%���; !&�!9�=�� %�-/%�%����
���,!��%�

����� epithelial (�,����� stroma �����
<�#13�%�0%=����%�-/%�%� �,1���% %�-/%�%�)#������

-�;��#���;�,�3')�;�$%� �&%�	��	�
-/%�%�)#���� GnRHR (�,��� DGAT1 ��*0,������;#%���@�
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  �������� 4.9 �������	
������� DGAT1 ��� ��� GnRHR �
������������������� 

   �������  : 1 MY, PY, FY, SNF, LY, TSY,  %Prot, %Fat %SNF, %Lac, %TS ����23� 4	����������, 4	����54	���, 4	����6���, 4	�������7���86�
	��6�����,4	������95�:, 4	�������7�    
������;�4�	<�=7��<54	���, �4�	<�=7��<��95�:, �4�	<�=7��<���7���86�
	��6�����, ����4�	<�=7��<���7�������;  
 ***, **, *  ����23�  P-value<0.0001, < 0.01, <0.05 

 
 

 
 
 

 

 

Traits1/ 

DGAT1 GnRHR  DGAT1*GnRHR Effect + SE 

AA KA K

K 

1 2 3 AA  

1 

AA 

2 

A

A 

3 

     KA 

    1 

KA 

2 

K

A 

3 

K

K 

1 

K

K 

2 

K

K 

3 

MY(kg/day) 1.35±0.52** 1.11±0.48* 0 1.46±0.71* 1.49±0.56** 0 -0.49±0.81 -0.76±0.64 0 0.10±0.77 -1.36±0.60* 0 0 0 0 
FY (g./day) 11.93±18.58 -5.50±17.38 0 33.45±25.34 56.81±19.91** 0 -17.66±29.04 -58.18±22.94 0 36.22±27.73 -32.40±21.43 0 0 0 0 

PY (g./day) 29.48±14.77* 15.89±13.79 0 18.53±20.16 41.95±15.86** 0 13.86±23.18 -34.19±18.30 0 38.26±22.10 -35.31±17.07* 0 0 0 0 
SNFY (g./day) 105.48±43.16* 66.89±40.37 0 88.18±58.86 130.29±46.26** 0 -7.36±67.47 -102.01±53.28 0 48.96±64.42 -111.68±49.78* 0 0 0 0 
TSY (g./day) 95.31±58.71 36.94±54.80 0 111.32±80.11 182.55±63.01** 0 -13.57±92.12 -155.48±72.71* 0 100.28±87.83 -137.92±67.81* 0 0 0 0 

%Fat -0.7±0.11*** -0.41±0.10*** 0 -0.10±0.15 -0.03±0.77 0 -0.06±0.17 -0.15±0.13 0 0.22±0.16 0.23±0.12 0 0 0 0 
% Prot -0.10±0.05* -0.13±0.04** 0 -0.26±0.06*** -0.04±0.05 0 0.29±0.07*** -0.04±0.06 0 0.34±0.07*** 0.06±0.05 0 0 0 0 
%SNF -0.14±0.08 -0.22±0.07** 0 -0.30±0.11** -0.02±0.08 0 0.33±0.12** -0.14±0.10 0 0.34±0.11** 0.11±0.09 0 0 0 0 
%TS -0.61±0.16*** -0.72±0.15*** 0 -0.47±0.22* -0.04±0.17 0 0.34±0.25 -0.31±0.20 0 0.61±0.24** 0.33±0.19 0 0 0 0 
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4.7 �����	
��������� DGAT1  �
� ��� GnRHR  �������������������	����� 

�����	
���������
��	������������������������� genetic marker �(�)*+)	���,-������
.,	/0���-��12�-��12,3�/�/4��15�-	�65 3��,3�027+����0��1�8(	��(8�7
�9�	��)�7
�9�	��
�	�������/���3���	���7
�9�	�� �-�	-:	 0����+/(��������;��,3�/�-/�-	�59�2����������8(	7��
�-��12,3�/�/4��15�-	�65 .�8/(�//7�<�	����������� ,�� 8(	 DGAT1 9�2 8(	 GnRHR /(
���������3/�-	�-��12,3�/�/4��15�-	�65  

=���������,�-:�	(: �/��>	�7�/�//7�<�	 (7�����(� 4.10) ����3,�� �-:�8(	 DGAT1 9�2
8(	 GnRHR  �-/�-	�5�-4�-��120
�	3	,�-:����=�/7�� 0
�	3	3-	�+��3��� �282�������)�+���9�2
�-7�����=�/7�� �8����/�/(	-8�
�,-D����;�7�  �-:�	(: ����(�=����������/��>	�7�/�//7�<�	    
��/��;���4�8��+)	�2��E	 ������� Type II error �(��
�)�+�/���/��;�4����������8(	�(�/(�8��0���    
9�2����(�  Power of test ����������4����������8(	/(,��,��	�+��7�
� (7�����(� 4 )	O�,=	3� 
,) P���)*+�Q�R(9�2��	3�0-8�(��	-4�	6	�2��E	�-�����3�*�	��(83�-4       =�������������������
8(	 GnRHR 7���-��12,3�/�/4��15�-	�65 )	�-3�+��(� 4.5   
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  �������� 4.10  ������	
��������  DGAT1 �	���� GnRHR ���	������������
�����
� ��!, ����������#������,  
���$�����
%$#	&� �	����
���
� ��!  

 
 

 
 
 
 
 
 
 
 
 
 
 

 

Traits 

DGAT1 GnRHR  DGAT1*GnRHR Effect + SE 

AA KA KK 1 2 3 AA  

1 

AA 

2 

AA 

3 

     KA 

    1 

KA 

2 

K

A 

3 

K

K 

1 

K

K 

2 

K

K 

3 

Number of service (time) -0.77±0.93 -0.32±0.91 0 -2.61±1.82 -0.34±0.89 0 4.35±2.27 0.20±1.00 0 1.63±2.05 -0.08±0.97 0 0 0 0 
Day open (days) -29.58±58.35 -35.01±56.78 0 -74.86±113.65 -29.79±55.87 0 69.67±157.58 22.23±62.71 0 72.22±127.97 30.17±60.50 0 0 0 0 
Calving interval (days)  -63.30±65.11 -97.49±62.78 0 -98.87±124.96 105.43±61.18 0 181.72±173.90 63.75±69.91 0 63.89±147.30 93.11±66.79 0 0 0 0 
Conception rate (%)  -0.34±21.62 -7.58±21.01 0 51.33±42.22 1.66±20.72 0 -84.59±52.60 5.74±23.28 0 -31.38±47.52 12.39±22.42 0 0 0 0 
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4.8 �����	�
������������� EBV ������������	��� �
�!"
!#$$� �����%�&'���� 

 �����	��� �
 
�������	
���������������������	���������������� �������� !"��	
����#�$��%��	�&

'�� % ������(�������&)"� EBV #�$��������������#-.�-/����)����0�1��"������������� ��2�
��������	
��	�������������������������������	
��	������������������� ��!"�3���� ����4��
����	
���� )$  ���	'�5���� DGAT1 0�1��� GnRHR  #-.�-/����)����-/����%��������	-	1#���
)"� EBV ��3)�����  

����	
����)	�2���2 ��"#-.��-��� ����4�� 3���&6"� �#� EBV ��	%&�'������������������	
�������������#-.�-/����)����0�1��"���������������������� ��!����(���������	���      ��#��
����������)����*���    (�������	 4.11 ��� �������	 4.12 ������&��) ��&�(1�
12��#� ���!� ������
%�#�����#����
3��	���3�����&���#� EBV (��"�����������"#������#����	������45��� 65	���'

�7	����'����&���!� �������#��#� EBV ����������������������������������������
 ��!"� (�������	 5 ��� �������	 6 (�8������ � )  ��	
39����!� ������
 �������1�#�
&�����	�����
45����������������'�%�#
 ��� ���	'��#����#����
3��	���3���#�
:��	�����������	
��	��������
�����������������������	
��	������������������� ��!"�  

'�������45��� ���(1������*���1�&�����������������45�����������%3(;�3��<�;��
���1��������&
�7��<�����"#������#�� %&�
39��������&����� ������� ���-	1#���)"� EBV ��0�"
3)	����  ���	'-	1#������������!�����9(-	16��� ���!���	�%������� 0�1���!�)6�� �&!	:(
����9( 3����"���#-.�����5����!������������#-.�-/����	"6�����	-	1#���  "6��	:� � �5�
���!������������ DGAT1 0�1��� GnRHR  #�$�)��#�$�0�"����9(3)�� 0�1������!���������
������5�	"6���&��	-	1#���)"� EBV  ��%	�&��	)��#�$��!�3)��  #�$��%� ���	'�����	)��#�$�
3)�����3����"���	�%�3)���!"��5"6���	�%�������%	$���6"�3)���10 �����	���&"�&�
'��)6�� �&!	:(����9(���� ;����15"6���	1�1#6������	)��#�$�3)����� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

53 
 

 
 

 
 

 

 

(�)����� 4.11  �#��1��� ��!������&���#� EBV ��������������������
�7	������!� ������ 
         DGAT1 
39�3=''������	���%�#�����!� ������ 
 

 Item Correlation (DGAT1) P-value 

MY (kg./day) 0.920 <0.0001 
PY (g./day) 0.995 <0.0001 
FY (g./day) 0.997 <0.0001 
SNFY (g./day) 0.994 <0.0001 
TSY (g./day) 0.999 <0.0001 
% Prot 0.998 <0.0001 
%Fat 0.910 <0.0001 
%SNF 0.985 <0.0001 
%TS 0.930 <0.0001 

 

(�)����� 4.12 )"� % ������(�������&)"� EBV ������:1����6�)	�2���	� ����, ����6�6��   
���6"��, 	1�1%"������	�%��!�0�1��	���	� ���� #�$����������� ��� GnRHR  
#-.�-/����)����0�1��"������������� 

 
Item Correlation  (GnRHR) P-value 

Number of service (time) 0.96 <0.0001 
Day open (days) 0.99 <0.0001 

Calving interval (days) 0.99 <0.0001 
Conception  rate (%) 0.97 <0.0001 
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����� 5 

�)9!%�&:�%�
�%
& 

 
5.1 �)9!  
 �������	
���������"�6��  ���	' 	9-#-.�-	1#�f�%��� g ����"�-��2 

5.1.1  )6��'������� )6��'����3���-h 0�1)6��'����5�2� "6� SSCP �� ��� DGAT1 
0�1��� GnRHR  �!"��#�:i(���#%��1 � ��� ���	'&"�5�2���6"� �����2� ���)9: �&�������	������5�
#-.�genetic marker #�$�5"6�)��#�$�3)���������:1�������2����0�1����:1���#����6�����&
)6�� �&!	:(����9( ��2���2 0�6�������	
����	!-0&&�������2� ����0%�"�  	9-���6"� ���	'

��������"��� 	1 #�$����� #�)��)����5�����	
����)	�2���2  ����%���"�& ��	#��� Linkage 
disequilibrium ��� DGAT1 0�1��� GnRHR 
 5.1.2   ��	�5���� DGAT1 #-.� genetic marker #�$�5"6���)��#�$�3)����9"���6�"����2 
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%���)��� 4. 1 �/� Power of test ��*��.�(���_�5�4��2	� DGAT1 :/����`a�8�8��:�-Y��7 

 
Traits1 Power of test 

AA KA KK 

MY (kg./day) 0.91 0.41 . 
PY (g./day) 0.48 0.16 . 
FY (g./day) 0.54 0.29 . 

SNFY (g./day) 0.62 0.17 . 
TSY (g./day) 0.08 0.06 . 

% Prot 0.68 0.13 . 
%Fat 1.00 0.99 . 
%SNF 0.94 0.61 . 
%TS 1.00 0.99 . 

1 MY, PY, FY, SNFY, TSY,  %Prot, %Fat ,%SNF, %TS O7�2'�� �*�7�a�-Y��7, �*�7�a�*:	�, �*�7�a�47��, 
�*�7�a4��
41��	��7/*07�47���7, �*�7�a4��
41���-�O7�, ���*;��1�:;�*:	�, ���*;��1�:;4��
41��	��7/*07
�47���7, 
�����*;��1�:;4��
41���-�O7� 
 

%���)��� 4. 2 �/� Power of test ��*��.�(���_�5�4��2	� GnRHR :/����`a��Y��0��*�-���*8.7
:��; �*�-� (Number of service), �Y��0�0������0/��; 0�� (Day open),  *�2�O/��4����*
6O��+�;0��, ��:*���*8.7:��; % (Conception rate) 

 

Traits Power of test 

1 2 3 

Number of service 0.06 0.31 . 
Day open (days) 0.06 0.05 . 

Calving interval (days) 0.05 0.12 . 
Conception rate (%) 0.06 0.21 . 
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  �������� 	. 3 ��� Power of test ���������������������������  DGAT1 !�"��  GnRHR #���$�%&"'�'��# ()� � 

*���+*#, : 1 MY, PY, FY, SNF, LY, TSY,  %Prot, %Fat %SNF, %Lac, %TS *���:;� <����& ()� �, <����&=<�#� , <����&>��$ , <����&���!�?���@>��
���>��$  �,<����&!��=#�, <����&���!�?�    �$(�*��+<��A+B? #A=<�#� , +<��A+B? #A!��=#�, +<��A+B? #A���!�?���@>�����>��$  �, !�"
+<��A+B? #A���!�?��$(�*��  
***, **, *  *���:;�  P-value<0.0001, < 0.01, <0.05 

 

 

Traits1/ 

DGAT1 GnRHR  DGAT1*GnRHR  

AA KA KK 1 2 3 AA  

1 

AA 

2 

AA 

3 

     KA 

    1 

KA 

2 

KA 

3 

KK 

1 

KK 

2 

KK 

3 

MY(kg/day) 0.74 0.64 . 0.55 0.77 . 0.09 0.22 . 0.05 0.63 . . . . 
FY (g./day) 0.10 0.06 . 0.26 0.81 . 0.09 0.72 . 0.26 0.33 . . . . 

PY (g./day) 0.51 0.21 . 0.15 0.75 . 0.09 0.46 . 0.41 0.54 . . . . 
SNFY (g./day) 0.69 0.38 . 0.32 0.80 . 0.05 0.48 . 0.12 0.61 . . . . 
TSY (g./day) 0.37 0.10 . 0.28 0.83 . 0.05 0.57 . 0.08 0.53 . . . . 

%Fat 0.94 0.98 . 0.11 0.06 . 0.07 0.20 . 0.21 0.47 . . . . 
% Prot 0.57 0.84 . 0.98 0.11 . 0.98 0.10 . 0.28 0.22 . . . . 
%SNF 0.15 0.53 . 0.11 0.05 . 0.10 0.18 . 1.00 0.20 . . . . 
%TS 0.97 1.00 . 0.56 0.06 . 0.26 0.33 . 0.71 0.42 . . . . 
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   �������� 	. 4  ��� Power of test ���������������������������   DGAT1  !�" ��  GnRHR  #���$�%&"S)� � ��$(����'��#��, S)� � �$ �T������,   
                         �"�"*������U*T�V� !�"�$#�����'��#��  

 

Traits 

DGAT1 GnRHR  DGAT1*GnRHR  

AA KA KK 1 2 3 AA  

1 

AA 

2 

AA 

3 

KA 

1 

KA 

2 

KA 

3 

KK 

1 

KK 

2 

KK 

3 

Number of service 
(time) 

0.49 0.19 . 0.50 0.15 . 0.73 0.19 . 0.26 0.06 . . . . 

Day open (days) 0.14 0.09 . 0.11 0.12 . 0.10 0.17 . 0.08 0.10 . . . . 
Calving interval 
(days)  

0.57 0.70 . 0.25 0.66 . 0.35 0.51 . 0.13 0.55 . . . . 

Conception rate (%)  0.12 0.05 . 0.44 0.05 . 0.67 0.06 . 0.23 0.06 . . . . 

 

 

 

 

 

 

 

 

 



 
 

 
 

 
 

 

 

 

���  EBV  �	
��������������������������������������� !�  "�#$	�%	�& ����	


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

����
&%$ �. 5  ���  EBV �	
���������������������	��	�������	
��� DGAT1 � !� "##���
���$�� 
        %����	�������	
��� 
 
Traits1 EBV Effect of genotype ± SE 

  AA KA KK 

MY (kg./day) 0.07 0.02±0.29 0.05±0.29 0 
PY (g./day) 13.91 -2.31±9.30 1.69±9.12 0 
FY (g./day) 17.17 -2.30±12.17 1.17±11.94 0 
SNFY (g./day) 39.49 7.08±24.89 3.11±24.41 0 
TSY (g./day) 58.18 -11.89±36.22 2.86±0.94 0 
% Prot 0.01 -0.004±0.03 0.00±0.03 0 
%Fat 0.03 0.002±0.06 0.003±0.06 0 
%SNF 0.03 -0.002±0.05 -0.009±0.05 0 
%TS 0.06 0.02±0.10 0.02±0.10 0 

1 MY, PY, FY, SNFY, TSY,  %Prot, %Fat ,%SNF, %TS G���HI
  J����������,  J����K J���,  J����%����, 
 J�����	
$�L
���%��JM�%������,  J�����	
$�L
���
G�N, � 	JO�PL��OK J���, � 	JO�PL��O�	
$�L
���%��JM�
%������, $��� 	JO�PL��O�	
$�L
���
G�N 

����
&%$ �. 6 ��� EBV �	
�����	�������	
 JQ $RR PCR-SSCP �	
��� GnRHR ��	����� 
#���M��J��
�J�U���N, #���M�M���V	
M��
, J���G��
�	
�JWGV�Q$��	��J��J
�U���N ����	��	�������	
��� GnRHR � !� "##���
���$��%����	�������	
��� 

 

Traits EBV Effect of pattern + SE 

  1 2 3 

Number of service (time) -0.002 0.01±0.03 0.006±0.01 0 
Day open (days) 1.10 2.12±5.19 -0.50±2.22 0 

Calving interval (days) 1.62 0.79±6.80 -0.87±2.90 0 
Conception rate (%) -0.27 -0.41±0.85 -0.08±0.36 0 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

������� 	 

������� � 

�����	�����F Genomic DNA 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 
 

 

 

 

�����	�����F  Genomic DNA 
 ����JU�N Genomic DNA NVM�ghN������U�NN��	L��	U���JL#JQ U��GJ�R��M	���
���	N 
(Genomic DNA Mini Kit, Geneaid Biotech Ltd.)  �������	 5 
��	�	 ����
��	�	������������ 
���	��  
             1. ������������������� (RBC Lysis)  ���	����������������� �������������� !����"   #��
�$������ 300 µl �	 1.5 ml microcentrifuge tube �$� RBC Lysis buffer 3 ����
���"���������� 
%!��� �
 ���	 ����$��&" ����'(�)*�$� �� 5 	��� +��	��		��&� centrifuge  2 	��� ��� 3000 xg +��	��	�,  
micropipette �*��$��!�"	�!� �	�	�� "�$� 100 µl  RBC Lysis buffer 

2. �������#���	!�"	���&�� ����� (Cell Lysis) #���$� Proteinase K 20 µl   	��&� 
vortexing ����$��&" ����'(�)*�$� �� 3-5 	���  �$� 200 µl GB buffer 	��&� vortexing �� "�'�	���

�'(�)*�$    60  °C  ���	�"�� 10 	��� ��$�����
.�	-���'� 3 	��� ��������  Elution Buffer 100 µl  

���"����� �'�	�$��&" ����'(�)*�$ 60 °C  �����	��&��, �	
��	�	���!�� 	���"���������'�	�!��+�� "���$� 
ethanol 96-100%   200 µl +��	��		��&� vortex ���	�"�� 10 "$	��� �����$����	��  pipetting 
����� GD colume collection tube 
	�� 2 µl   	��!�����%!�+	�
 ���	�� " �!����	 GD colume 
collection tube �/�0��� !	$�	��&� centrifuge  ��� 13,000 rpm ���	�"�� 5 	���  

3. � �����	 (Wash) ������� �����	�����*�� �	�	 3.����++�����4 ����*���&�� �	����
�� ��� #���$� W1 buffer  ��$��� 400 µl   ���	 GD colume 	��&� centrifuge  ��� 13,000 rpm 
���	�"�� 30 "$	��� �$��!�"	������*�� �	���� �$� Wash Buffer 600 µl (�����+�� Wash buffer : 
ethanol !��!�"	 1 : 4)  	��&� centrifuge  ��� 13,000 rpm ���	�"�� 30 "$	��� �$��!�"	������*�� �	���� 
	��&� centrifuge  ��� 13,000 rpm ���	�"�� 3 	��� ��  GD colume �� � 

4. � �� GD colume ���!��	 microtube 
	�� 1.5 µl ��	���� �$� Elution Buffer 100 µl  ���
�'�	�����&"  ���	 GD colume ����$��&" ����'(�)*�$� �� 3-5 	��� 	��&� centrifuge  ��� 13,000 rpm 

���	�"�� 30 "$	��� � �	����
�� tube 4�� elute purified DNA 	��&��������6�&" ����'(�)*�$    -20 °C 
5. �"+!��4'()����$��(���4"��4�,��
���:������	�� � "� 1.0% agarose gel 

electrophoresis  � ��� "� ethidium bromide 	��&�!����*�	* )��� �!� UV ���"��4"���
 �
 	

�� Genomic DNA � "��4����� spectrophotometer (optical-density, 260 nm and 280 nm) ��������
�������4"���
 �
 	
���'��"��������	 10 ng/ µl  !�������, ���	�����	�� DNA template �������

�'(�)*�$��� -20 °C  �������������$����$��(�����	������"+��+�#	&��;� "���4	$4 PCR ��&� 
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 ��������	
�  �������� ��������������� 27 ������ �.�. 2529  ���!������"��#�$�      
������"%��&�'����()�*�+�,��&�'����-�����.����(�������/� #��&�'����()�*���0.��&�'����
-�����.�#�$�������.���.   �1��2������ !������"��#�$�  3$���4�%�"%��&�'����(+��

�3�� 5�
��"���)����-�-�.����6��3��3�7 ������.���.���-�-�.��/����� !�����������)����    #��1���8!
����&�'� 5�+9����&�'� 2550  #�4�%�"%��&�'�3$����(+��

�-� 5���"���)����-�-�.����
6��3��3�7 ������.���.���-�-�.��/����� 5�+9����&�'� 2551    
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