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real-time PCR associated with single nucleotide polymorphism (SNP)

in Melanocortin 1 receptor (MC1R) gene
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Abstract : The melanocortin 1 receptor (MC1R) plays an important role in regulation of melanin pigment
synthesis within mammalian melanocytes. Mutations within the gene encoding MC1R have been shown
to explain coat color variations within several mammalian species including cattle. To develope a rapid and
accurate method for the identification of Hanwoo meat, we performed a single nucleotide polymorphism
(SNP) analysis in Melanocortin 1 receptor (MC1R) gene using TaqMan  MGB probe-based real-time PCR.
Two specific probes (one for Hanwoo and the other for Holstein and Black angus) were designed. At the
5' end of 2 TaqMan  MGB probes, 6-carboxyfluorescein (FAM) was labeled for Hanwoo, and VIC for
Holstein and Black angus. As a result, Hanwoo samples showed FAM-positive signal only, whereas other
samples showed VIC-positive. This result suggests that the TaqMan  MGB probe based real-time PCR
technique would be very accurate, easy and reproducible method to discriminate between Hanwoo meat
and Holstein/Black angus meat. 
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��� ���� ���� ���� ���(Holstein),

��� �� ����� ����� ���	 � ��

�
� �� ���� ���� ���
� ����

���� ��. ��� �� ��	 ���� �� �

�� ���� ��� � ���	 ���� � ��

�� ���� � �� ����. �� PCR	 ����

DNA �� ����
�� RAPD(random amplified

polymorphic DNA)� �� ��� ���� � � ��

�� ��� � �� ���� ��� [2, 14], ���

����� ���� �� ���	 ����. � ��

� RAPD marker� ���	 ����� � � [6]�

SCAR(sequence characterized amplified regions) marker�

���� ��� ��	 ���
� ��� ��� �

���. 2000� ���� �� � ���� ����

Melanocortin 1 receptor(MC1R)� ��� �� ����

���� ��. MC1R� ���� �� � ��	 ��

�� ��� ����� ��� ���� phaeomelanin

� 
� �� ��� ���� eumelanin� ���� �

�� ��� ��	 ���� [7, 15]. � � [4]� MC1R

� PCR-RFLP(restriction fragment length polymorphism)

marker� ��� ��� ���	 ���	�. � PCR

� ��� MC1R gene	 Bse118 I, Msp I, Aci I� �

*Corresponding author: Jae-Il Lee
College of Veterinary Medicine, Chonnam National University, Gwangju 500-757, Korea
[Tel: +82-62-530-2854, Fax: +82-62-530-2857, E-mail: jaeil@chonnam.ac.kr]



26 �����������

�� �� �� ���� ���� ����� �� �

� DNA band� �����. � ��� ��� RAPD

� SCAR ��� ��� ���� ���� �� ��

� �� � ��� PCR � DNA ��, ��� ��

enzyme ����� �� � agarose gel� �����

�� �� ����� ���. �� � � [5]� MC1R�

�� PCR-SSCP(single-strand conformation polymorphism)

��� ��� ��� ���� �����. � ���

� ��� �� �� ��� ��� �� ���� SSCP

��	�� �����. �� RFLP�� �� �� �

�� ���� ���� �	��� ��� ��	�

���� �� ��� � �
�, polyacrylamide gel �

� � 
� �
� �� ��� �� � ���� ��

�� ��� ���. � �� PCR-RFLP ����� �

��� � ����� �� ��� ��� MC1R ��

	��� ��� 	�, ����� [1, 3, 4, 9]. 

SNP(single nucleotide polymorphism)� ��� 
��

deletion, insertion �� substitution �� ���� 	


� human genome�� �� �� ��� ��
� [16]

���� ��� 
�� � �� 	�� �����

�� [11, 13]. ��� �� 	� ���� ��� ��

�� ��� ��� ���� ��� ��� �� �

�� ���� �� ���� ��� � Black angus

�� �� ���� ��� ��� � �� ��� �

�	 ���. 

�� � ��

����

� 	�� ��� ����� ����� ��� �

�� ��� Holstein 20��, ��� ��� �� Black

angus 5��, ��� ��� ���� �� 20��, �

�� ���� ���� Hereford(���) 10�����

��� �����. 

��� ������	
���

��
���� DNA�� � ��� Miller � [12]�

phenol/chloroform ����� ��� ��� ����

� DNA� TE buffer(10 mM Tris-Cl, 1 mM EDTA, pH

7.4) ���� �� ��� �� 50 µg/ml ��� ��

���. ��� DNA� 1% agarose gel� ���� �

����.

��
������ ���� ������ � �
��
 ��� �����

MC1R ��	(AF445642)� 559���� 576��

�� forward primer(5'-GCTGGAGACGGCAGTCAT-3')

�, 617���� 633���� reverse primer(5'-

TCCAGCTGCTGCACCAC-3')� ���� 75 bp� PCR

��� ����	 ���. Probe�� ��� ��

594�� guanine� ��� allele� ���� FAM-

labeled reporter 1 TaqMan MGB probe(5'-FAM-

CCAGGACACCGCCT-MGB-3')� guanine� 	���

allele� ���� VIC-labeled reporter 2 TaqMan  MGB

probe(5'-VIC-CCAGGACACCGGCCT-MGB-3')� ��

���. Allelic discrimination� ���� �� probe�

5' nuclease assay� �� ��� Livak [10]� �� �	

��� 
 ��. � primer set� probe set� Assays-by-

Design serviceSM(Applied Biosystems, USA)� ����

40X assay mix� �����. 

���� �� ����� �� � ����

PCR ��� � ��	� template DNA 11.875 µl,

40X assay mix 0.625 µl, TaqMan  Universal PCR master

mix(2X) 12.5 µl� � 25 µl� 
����. Real-time PCR

� ABI Prism  7000 sequence detection system(Applied

Biosystems, USA)� ���� �����	 PCR ��

� 95oC�� 10�� pre-denaturation� � 92oC, 15�,

60oC, 1��� 2��� PCR� 40 cycles �����.

PCR ��� �� � ��� ��� SDS 7000 software

(Applied Biosystems, USA)� ���� �����.

� �

Forward primer� reverse primer, ��� 2���

TaqMan  MGB probe� ���� � MC1R ����

� SNP� ���� �� ��� �����. � ��,

�� ���(round)� fluorescent dye FAM��� ��

� ��� Holstein(diamond)� Black angus(large squae)

� VIC dye��� ��� ���� � � 	��(Fig.

1). ���
� ��� Hereford(triangle)� ��� ��

��� FAM dye��� ��� ���. � �����

� probe� ��� ��� ���� DNA allele�� �

� � Taq DNA polymerase� �� ����� FAM�

���� ���� �����, ���� ��� ��

allele DNA�� �� ��� probe� ��� �, VIC�

���� ���� � � 	��. �� �� � ���

�� ���� Table 1� ��� 	�. � ��, � ��

� ��� 2�� primer � 2�� TaqMan  MGB probe

� ���� ��� ��� ���� ��� ��� �

� ��� ��� � 	� ��� � � 	��. �

���� ��� ��� ��� Hereford �� FAM dye

� ��� � � 	� ��, ���� ��� ����



� ���� MC1R ���� SNP� ��� MGB probe� ��� real-time PCR� ��� ���� Holstein�� �� 27

�� Holstein�� Black angus� FAM dye� ��� �

� �� VIC dye� ���� ���.

� �

��� ��� � �� �� ���� 	� �� �

��� �����. ��� ��� ��� ��� ��

� � ����� ������ �� ��� ��� �

� ��� �� 	�� ���� ����� ��� �

� �� ��� ���
� ���� �	� ���


� �� ���� �� ��� �	�� 	�. �� �

� ���� ���� ���� �� 
��� ���

� �� ��� ����� 	�. �� ���� ��

������ Melanocortin 1 receptor(MC1R) gene�

SNP� ��� ���� ���� 	�. � ���� �

� ��	�� ��� PCR-RFLP� [4]�� �� ��

�� ���� �����, PCR �� �� ��	��

���� �� �	��� 	� ��	�� �����

� ��� �
� 
� ���, gel ������ ��

��� ���
� ��� ��� 	��. � PCR-SSCP

�� ��� ��� [5]� RFLP�� �� ��	���

��� 
���� ��	�� ���� polyacrylamide

gel�� silver staining� agarose gel�� ethidium bromide

staining� ��� �	��� ����, �
� 
� �

��, �� ��� ��� 
���. ��� RAPD �

�� ��� ��� [2, 14]� ��� ����� ��

�� �� ���� ����. � ��� RAPD marker

� ���� ����� 
 � [6]� SCAR(Sequence

characterized amplified regions) marker� ���� ��

� ��� ���
� ��� ��� ����. 

��� ��� � ����� TaqMan  MGB probe

� 2�� primer set� ��� real-time PCR ��� �

� ���� ��� ���� �����. TaqMan

MGB probe ��� fluorescence resonance energy transfer

(FRET)� ��� �� 	� [8]. PCR �	 � Taq DNA

polymerase� template� binding�� 	� probe� 
�

� �� 5'-3' exonuclease activity� �� probe� 5'�

� �	�� ����� 5'� label�� 	� ����

(VIC �� FAM)� �	��. �� �� ����� �

���� � ���� ����� detection��. � �

��  ����� �� ���� ��� �� ���

�� ���� �� ��� ��� � 	� ��. �

�� label�� 	� ����� ��� �	����

��� �� ���� �	�� ��� � 	� ��

� 	�. 

�� �� ��� ��� ��� ���� �� ��

Fig. 1. Genotyping of Hanwoo and non-Hanwoo cattle using
novel fluorescent MGB probes. After PCR, increase in VIC
and FAM fluorescence representing the presence of Hanwoo
and non-Hanwoo alleles, respectively, was measured. Hanwoo
(round) and Hereford samples (triangle) distributed only in
FAM-positive region, whereas Holstein (diamond) and Black
angus samples (large square) in VIC-positive regions. No
template controls were double negative (small square).

Table 1. Raw data of fluorescence intensity for allelic
discrimination

Sample VIC FAM Sample VIC FAM

Han*1
Han2
Han3
Han4
Han5
Han6
Han7
Han8
Han9
Han10
Han11
Han12
Han13
Han14
Han15
Han16
Han17
Han18
Han19
Han20
Hol*1
Hol2
Hol3
Hol4
Hol5
Hol6
Hol7
Hol8
Hol9
Hol10

0.233
0.206
0.116
0.246
0.249
0.252
0.24
0.189
0.251
0.11
0.267
0.28
0.267
0.252
0.255
0.058
0.265
0.271
0.139
0.263
0.826
0.8
0.772
1.563
0.972
0.887
0.677
1.26
1.404
0.91

1.595
1.06
2.01
1.579
2.599
1.597
3.599
2.208
1.589
2.739
1.679
1.676
2.674
1.644
1.702
3.897
2.649
1.656
1.501
2.659
0.977
0.66
0.606
1.636
0.649
0.654
0.688
0.643
1.317
1.14

Hol11
Hol12
Hol13
Hol14
Hol15
Hol16
Hol17
Hol18
Hol19
Hol20
Her*1
Her2
Her3
Her4
Her5
Her6
Her7
Her8
Her9
Her10
Ang*1
Ang2
Ang3
Ang4
Ang5
NTC*1
NTC2
NTC3
NTC4
NTC5

0.957
1.266
1.273
0.827
1.28
1.279
1.15
0.654
0.611
1.008
0.243
0.258
0.256
0.109
0.289
0.257
0.245
0.255
0.189
0.232
1.254
1.772
1.283
1.938
1.244
0.307
0.239
0.266
0.281
0.248

0.603
0.624
0.648
0.795
0.646
0.687
0.577
0.623
1.116
1.072
2.627
2.643
2.636
1.851
2.63
1.606
1.795
2.61
1.997
2.572
0.572
0.633
0.613
0.63
0.669
0.583
0.58
0.567
0.581
0.576

*Han: Hanwoo, Hol: Holstein, Her: Hereford, Ang: Black
angus, NTC: no template control
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��� ���� ����� ���� ��� ���

���� ��� ��� 	� �����. �� ���

��� ���� ���� ���
� ��� ����

��� �����. ��� � ���� ��� TaqMan

MGB probe� ��� real-time PCR ��� 2�
 ��

� ��� ���� ��� � Black angus�� ���

��� � 	� ���� 
��� ��� 	� ���

�� ����. ��� ������ � �� �� ��

����(Hereford �)� �����(��)� ��� �

�� ��
� �����. �� ��� �� ��� �

� ��� ����� ���� ��� �	 	��


� �	� �� �� ��� ����� ���� ��

�� ����(Hereford �)� 	�� �
��� � �

�� �� ��� 	 ����� � � 	��. ���

� ����� ��� 	��� � ���� ����

���� � ���� �� ���� ��� ��� �

�� ������� ���� 	���� ��� 
�

� ��� 
�� ����� ���� ���� � 	


� ��� ���� � ���� ���
� ���

� ���� ��� � 	� ��� ����. 
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