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ABSTRACT. In the meat industry, correct breed information in food labeling is required to assure meat
quality. Genetic markers provide corroborating evidence to identify breed. We described the development of
DNA markers to discriminate between Korean beef cattle (Hanwoo), Holstein, and mixed cow beefs. As most
breeds are standardized for coat colour, the melanocortin 1 receptor (MC1R) gene, involved in the regulation
of eu/pheomelanins synthesis, has been suggested as marker for breed traceability of products of animal origin.
We also designed sex-determining region Y (SRY) gene specific primers for Y chromosome detection. In this
study, fragments of MCI1R gene and SRY gene were amplified by multiplex-PCR and subjected to digestion by
MspAll restriction endonuclease. Reaction products were analysised by denaturing high performance liquid
chromatography (DHPLC). As a result, we identified 6 DHPLC peak types from MCIR gene and SRY gene
analysis. DHPLC method showed more sensitive than RFLP method for DNA fragments analysis. Therefore,
DHPLC method can apply to identify for Hanwoo, Holstein and mixed beef.
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Table 1. The different of MC1R gene sequence between Hanwoo and Holstein

Breed MCIR gene sequence
Caagaaccgcaacctgcactccececatgtactactttatctgetgectggetgtgtctgacttgetggtgagegtcageaacgtgetgg
Hanwoo agacggcagtcatgccgetgetggaggecgtgtectggecacccaggeggecegtggtgcageagetggacaatgtcatcgacgtg
ctcatctgeggatccatggtgtccagectetgcettectgggtgecatt
Caagaaccgcaacctgcactccececatgtactactttatctgetgectggetgtgtcetgacttgetggtgagegtcageaacgtgetgg
Holstein agacggcagtcatgcegecgetggaggecggtgtectggecacccaggeggecgtggtgcageagetggacaatgtcatcgacg

tgctcatetgeggatccatggtgtecagectetgettectgggtgcecatt

*Under bar means restriction site of MspAllL
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Table 2. Primer sequence sets used to amplify MC1R and SRY gene for multiplex-PCR

Primer name Sequence of primers (5° — 3’) Size of fragment (bp)
MCIR Forward CAA GAACCG CAACCTG 223
MCIR Reverse AAT GGC ACC CAG GAA GCA GAG
SRY Forward AAT TGT TCC AGA GAT TGG TCA 352
SRY Reverse GCA AAT GGC AGC TAA ACT GG

Table 3. Condition of working solution for multiplex-PCR

Components of multiplex-PCR Volume
10X reaction buffer (Tris-HCI; pH 9.0, (NH4),SO4, 20 mM MgCl,) 2.5ul
10 mM dNTP mix (2.5 mM each.) 2ulL
MCI1R Forward primer (10 pmole/uL) l1uL
MCIR Reverse primer (10 pmole/uL) 1ulL
SRY Forward primer (10 pmole/ul) l1uL
SRY Reverse primer (10 pmole/uL) 1ulL
Tagq. Polymerase (5 U/uL) 0.1uL
Template DNA (10 ng/uL) l1uL
Deionized water 15.4ul
Total 25ulL
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Table 4. Condition of multiplex-PCR and PCR cycle

Table 5. Geradient condition of DHPLC analysis

Step Temp (°C) Time (sec) Cycle
Initial denature 94 300 1
Denature 94 30
Annealing 58 30 35
Extension 72 45
Last extension 72 210 1
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Step Time Abuffer B buffer

(min) (%) (%)
Loading 0 65 35
Step 1 1 55 45
Step 2 3.5 45 55
Step 3 6.8 38 42
Step 4 10 35 65
Step 5 13.5 35 65
Start clean 15 0 100
Stop clean 16.5 0 100
Start equilibrate 17.5 65 35
Stop equilibrate 19.5 65 35
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352 bp
223 bp

Fig. 1. Multiplex-PCR products were identified by 2%
agarose gel electrophoresis. Lane M : DNA size marker,
Lane 1 : Hanwoo male control sample DNA, Lane 2 :
Holstein female control sample DNA.

300 bp
200 bp
100 bp

Fig. 2. Detection limit of SRY gene using PCR — aga-
rose gel assay varying dilutions of the SRY gene genomic
DNA ranging undiluted DNA to 10° were used for the
reactions. Lane M : DNA size Marker, Lane 1~6: 10, 1,
0.1,0.01, 0.001, 0.0001 ng/uL of DNA, Lane B : Blank,
Lane N : Negative.

0.01 ng/uL
0.1 ng/uL

1 ng/uL

-

6 7 8 9 10

10 ng/uL

Fig. 3. Detection limit of SRY gene using DHPLC assay
varying dilutions of the SRY gene genomic DNA ranging
undiluted DNA to 10° were used for the reactions.
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Fig. 4. DHPLC analysis of Hanwoo, Holstein and mixed
beef DNA samples. A) Hanwoo female, B) Hanwoo
male, C) Holstein female, D) Holstein male, E) Mixed
beef (Y chromosome posistive), F) Mixed beef (Y
chromosome negative). Hanwoo samples had 69 bp and
154 bp peaks. B) Holstein samples had 46 bp, 69 bp and
106 bp peaks. Mixed beef samples had 46 bp, 69 bp, 106
bp, 154 bp peaks. Female or male samples were iden-
tified by 352 bp peak. DNA size control : 80 bp, 102 bp,
174 bp, 257 bp, 267 bp, 298 bp, 434 bp, 458 bp, 458 bp
(WAVE" DNA Sizing Standard, Transgenomic”, USA)
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Fig.5. DHPLC results of mixed beef quantitative analy-
sis. A) Mixed ratio was 0.5 : 9.5 (holstein : hanwoo), B)
Mixed ratio was 1 : 9 (holstein : hanwoo), C) Mixed ratio
was 2 : 8 (holstein : hanwoo), D) Mixed ratio was 3 : 7
(holstein : hanwoo), E) Mixed ratio was 4 : 6 (holstein :
hanwoo), F) Mixed ratio was 5 : 5 (holstein : hanwoo),
G) Mixed ratio was 6 : 4 (holstein : hanwoo), H) Mixed
ratiowas 7 : 3 (holstein : hanwoo). Hanwoo samples had
69 bp and 154 bp peaks. B) Holstein samples had 46 bp,
69 bp and 106 bp peaks. Mixed beef samples had 46 bp,
69 bp, 106 bp, 154 bp peaks. DHPLC method could
detect 0.5% of holstein sample DNA in hanwoo sample.

Codon 100
¥

Codon 104

|v-

.s 9
CCTGEAGACGEEAGT r.- GCTGGAG m TECTGGLCACE

Hanwoo

==

Fig. 6. Sequencing analysis for MC1R gene genomic
DNA. Hanwoo : codon 100[CTG], Holstein : codon 100
[CCG].
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