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ABSTRACT. In the meat industry, correct breed information in food labeling 1s required to assure meat
quality. Genetic markers provide corroborating evidence to identity 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 (MCIR) gene, mvolved in the regulation
of eu/pheomelamns synthesis, has been suggested as marker for breed traceability of products of animal origin.
We also designed sex-determiming region Y (SRY) gene specific primers for Y chromosome detection. In this
study, fragments of MC IR gene and SRY gene were amplified by multiplex-PCR and subjected to digestion by
345pAll 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 identity for Hanwoo, Holstein and mixed beef.

Keywonds: Multiplex-PCR. DHPLC, Korea beef cattle, MCIR
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g )E RELG NS £ 0795
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10nghL 5 E2] 45 DNAS 10¥] 4 34 81e] $¢
F 4l k-5 % agaroge gel 171935 & DHPLC
o Qe g vl gkt

ok

2o 24 f3idAtet Y A 24 /3 24 multi-
plex-PCRE o] &3le] ZE3F g8 & AH L

MspAlIZ 4314 7] o DHPLCE o] &8} &4
3, 3¢ Ak 2wl m E 4052 3 o) DHPLC
E ]2 T £ ol wht g A e Bk S

A N Y

A= HlkAld Qe 5, 2
A= 1003
gt Fr1H g £l H :

FRA=A10HS ﬂ%i%%%ﬂﬂﬂﬂﬁ%

Alet 717

A o

Z 3 o)) 1 DNA F& &
DNA Isolation Kit from Tissue (GeNet Bio, Korea)&

: TM o~ -
PrimePrep ™ Genomic

Table 1. The different of MCIR gene sequence between Hanwoo and Holstein

Breed MCIR gene sequence
Caagaaccgraacctgeactcecceatgtactactttatctgetgectggetatatetgacttgctggtgagegtcagcaacgtgetag
Hanwoo agacggeagtcatgecgetgetgeagecegtateetggecacceaggcgacegtggtecagcagciagacaatgicacgacgtg
cteatctgcggatecatggtgtccagectetgeticetggatgecatt
Caagaaccgraacctgeacteccecatgtactactttatctgetgectggetatatetgacttgetggtgagegtcageaacgtaetag
Holstein agacggcagtcatgecgecgetggaggecggtatectggecacecaggeggecgtggtacageagetggacaatgteatcgacg

cTor ol

SEST o hababetw

tectcatctgeggatecatggtgtecagectetgettectgggtgecatt

*Under bar means restriction site ot 3spAll

2009, ol 33.No. 6
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Abg-shed 2, A 7193 5-2) agarose (QA-Agarose’
{Q-bio gene, USA)S o] -&-3)sic} H A 45 B4
Z ol 2] o] FA 2 2 0.] M tnethylammo-
nium acetate (TEAA), pH 7 (3+58 ¥ A, Trans-
genomic®, USA)3 0.1 M TEAA, 25% acetonitrile
(=2 A B, Tnnsqenomlc USAYS AH&-31sict

717)

DNA2 ZE2 GeneAmp PCR System 2700
{Applied Biosystems, USA)E A} &3l = o} &
4 dawbg 2 #]12 Mupid-o (Advance,
Japanyg AHE-8lsl 2 v, A E 4 M| 4482 &
o1& WAVE™ 2100 System (Transgenomic, USA)S
AH8-3hsi et

CEEY

] 327 o A genomic DNA F&

20mg2] € 27)E |3 mL ¥A 2] B tube)
o] 2 2 200ul ) A3 428 Hlysis buffer)
Proteinase K (20 mg/mL) 10 uL & @ 3 41 &
& 2 60"CE 1 A7} FoF Hh-E-A) ?ifP HJ
2 12,000 pmel A 2 £ 1A £ Fofl 4

.‘-

O

o

WS AHBE L5mL FRA &7 T, 22 A
2hE& W binding buffer)S 3 7} 31 2 41 Fc}.

‘I_'f' Z—h:—]~§_

oles et e U

3 4 #{collection column) ¥} 72 ¥ 2 W (binding
column) & 2§ A 7| 2 S B oAt Aoz &
720 Fo| 12,000 rpmel| A 5 23 A Belsbaic)
3 ol Eolal o753 2F B2 H 5000l
2} 44 gh3=2-H 1(Washing buffer )22 4 A2,
12,000 rpmell A 127k €4 L8l 3bich 4 2
Hol| oAl oA 2E-& =5 B{|d F 500 uL] A H
k&g ol 2(Washing buffer 2) 2 ubE- s}oic} 3
Flel Ro}l «J3E-& 25 v F 12,000 rpm
A5 #0444 Yeloked AP ARG AE A
Z2 AL AHE A 1.5mL FE FHT 1000l
48] 2k 3£ J(elution buffer)E 23 4l 5
7S A E 12,000 rpmell A 1 273 A E
2] 3l Beolzl £l 20 °Call A H3Hs}bsic).

GFSHELGH L (multlplex-PCR)

Table 22] PCR primer set& o] 43} 7} 2] 8.¢]
FEHF VTS A 2 "5 11L-°—{ ub-2- 2N Table
3% 02ml 8- FEO Y@L £ GeneAmp PCR
System 2700 (Applied Blos_\- stem, USA) 5 ¢] &5
DNAE F5(Table H)3}51 Tt

Agarose gel }17] 4 Foll 2 $F41 29 &4
2%i(w/v) agarose gel = ©| £33 Mupid-a(Advan-

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 GAACCGCAACCTG 223
MCIR Reverse AAT GGC ACC CAG GAA GCAGAG ;
SRY Forward AAT TGT TCC AGA GAT TGG TCA o<
SRY Reverse GCA AAT GGC AGC TAAACT GG R
Table 3. Condition of working solution for multiplex-PCR
Components of multiplex-PCR Volume
10X reaction buffer ( Tris-HC1: pH 2.0, (NH,).SO,, 20 mM MgCl:) 2.5ul
10 mM dNTP mix (2.5 mM each.) 2ulL
MC IR Forward primer (10 pmole/ul) lul
MCI1R Reverse primer (10 pmole/ul) 1Tul
SRY Forward primer (10 pmole/ul) 1ul
SRY Reverse primer (10 pmole/ul) 1ul
Tug. Polvmerase (3 Uul) 0.1ulL
Template DNA (10 ng/uL) lul
Deionized water I54ul
Total 25uL

Journal of the Korean Chemical Society
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Table 4. Condition of multiplex-PCR and PCR cvcle

Table 5. Geradient condition of DHPLC analysis

Step Temp (°C)  Time (sec)  Cyele
Imitial denature 93 300 1
Denature 94 30
Annealing 58 30 i3
JEtension T2 . A5 e
Last extension 72 210 1

ce, Japan) 31 7] 3532 Z multiplex-PCR 4t =&
A B vl Agarose 2 g& A2 E eF 2 2250 mL)
of) % 1, 5 X TBE (tris boric acid EDTA) $h5 44
100 mL3 A& Foll AAH QA A A 3 E FA 5
A F SBE gel &7 F-o14 30 & FF 28
o}, Gelo] 3 3) T& ol comb S B2 gel & 5
78tk Gele A 7] <35 3A ol ¥ 205X TBE
SFFHLE A ¥ FF4E 4ulT} 6 X BPB
{bromo phenol blue) dye 0.8 uL-S- 41414 4 uL¥
loading3}z 100 Vel 4 30 £ gt 1713 % 319
th 2 Fo gels A 7] FA A A AR H EBr
(ethidium bromide) & 15 &7} Y Wl 2t} A 15 &
7t F57 2 DNA 234 23 EBrs AWl
o} oFA] 2 2 2 UV transilluminator 9]¢l gel & &
#{ ¥ DNA®2] &5 35 g<13}9it).

AT ELMspALDel 23 FFALE Q] A3

20uLe] vk SR E A4Sl 1ule
A g E 4 (A spAll, Enzynomics, Korea) & @ & 5
of) 3k FFel| A 37°CE 1 A7} F ek Hk-5- A Fi et

Agarose gel 7] %9 F % 2 DHPLC 24 %9

G A ) A

2 A% DNA 10 ng/uL-& 10 v $] @9 2 34
8l o] Table 22] SRY primer set& ©] &3} 7+ A &
o $F e Aot 47 25 ul s vk £
{Table 3)5 0.2 mL ¥H-g F 2o ¥ 2 F, GeneAmp
PCR System 2700 (Applied Biosystem, USA)E- ©)
4 8) DNAZ F5(Table 4)3h2dch $5AES T
7t 2% agarose gel A7) 3 WA Al 5 AA 2
Zote oA § Abgste] WA= E vl skt

DHPLC &4
I0uL 2] A8 2 WA 25 I z22vl8 2

2009, ol 33.No. 6

Step j[imc Abuffer B buffer

(min) (%) (%)
Loading 0 65 35
Step | 1 55 45
Step 2 35 45 55
Step 3 6.8 38 42
Step 4 10 35 63
Step 3 13.3 35 63
Start ¢lean 13 0 100
Stop clean 16.5 0 100
Start equilibrate ~ 17.5 65 35
Stop equilibrate 19.5 65 35

it

2 2} 23} Taple 52 A 0.75 mLimin
o2 208 Xqk B 93lede} M

Jb

o %

48 A E4

ot o) E v el ulE A HAESE
2 shod, -9} FH 4= 9] A5 DNA (10 ng/ul)E 1:9,
2:8,3:7~9:1%] 8] 2 & &3}ed multiplex-PCR 3
FEe] AgE A Ao FDHPLCE £4 it

DNA 9714 ¥4 ol €T #8728

MC IR primer set3h-& o] &3] -2 DNAZ-Z4H
E & 97] 42 EH % (ABI 3730XL DNA analvzer,
Applied Biosystem, USA).2. 2 £ 3}o] NCBI (Na-
tional Center for Biotechnology Information)ell 4
vl ul & g2 H o) Sl & #lsteich

=0 2 0F

Multiplex-PCR 241}

MCIR primer set#} SRY primer set 5 ©]-£3}]
ZE3F multiplex-PCR 4H8 2+ 2% agarose gel A
7|dEH o= &l st

Izt |l

A& DNA 10 ng/uL-& 10 9] & &] 44 5lo] SRY
primer set& ©| £3lo] FE3 2} A g9 FE 4
& & agarose gel 7|4 &7 DHPLCS] A& 7173
=5 8] 2 34 v). DHPLC A 0.01 ng?} 7] 7
F 7@ A& B s

c
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300 bp [ 352 bp

200 bp £ 223 bp
100 bp

Fig. 1. Multiplex-PCR products were identified by 2%

agarose gel electrophoresis. Lane M : DNA size marker,

Lane | : Hanwoo male control sample DNA | Lane 2 :
Holstein female control sample DNA.

M 1 2 3 4 S5 6 B N

300 bp
200 bp
100 bp

Fig. 2. Detection hmut of SRY gene usimg PCR - aga-
rose gel assay varving 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

e e |
L 1 ng/uL

10 ng/uL

6 7 8 9 10

Fig. 3. Detection limit of SRY gene usmg DHPLC assay
varving 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
beet DNA samples. A) Hanwoo female, B) Hanwoo
male, C) Holstein female, D) Holstein male, E) Mixed
beet (Y chromosome posistive), F) Mixed beef (Y
chromosome negative). Hanwoo samples had 69 bp and
134 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, Tran:,cenomlc L USA)

DHPLC 2t

Muluple\-PCR ZENEY MRS A F
DHPLCE #4113 A= % 6712 geje] =2 o}
B (Fig )% &l & = 9l 4ot DHPLCE #F
£3te] -5 A4 el ESE AAEY 9]
Ror, FA e} i IEE FA A 7}
F3lsict.

2280 B2 4 DHPLC 22}

FH-$-2F 242 AE DNA (10 ng/ul)y 5 1:9, 2:8,
3.7 ~ 919 B & & &3] muliplex-PCR 5 F
S AFE AL o] FDHPLCE £ shaith

DNA 271 B4 Z}

Multiplex-PCRel| AH-8-2 primer setF-<ll MCIR
primer setRb-& A&-38le] & ZE4HE-S A A )
of DNA 97) 4 9& ¥4 & A% &5 2290 &
ilo}g].g:}—y i%}mroﬂj-]‘_—. s}_r_ _z-r ES 01 &

AL AR PEEEE LR LY

r_*du

S

-
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106bp | 154bp

69p
a6bp J
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Absorbance (mV)
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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),
(3) Mixed ratio was 6 : 4 (holstein : hanwoo), H) Mixed
ratio was 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, 134 bp peaks. DHPLC method could
detect 0.3% of holstein sample DNA m hanwoo sample.

Codon 100  Codon 104
v ¥

Hanwoo

(1] 70 11]
GCTCOAG 6C.is-.‘.‘t.“.’ci recicqcoeTprecT Goccacc
I

i =

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

gdE
DHPLC7) 7] 7] £2] HPLC 7] 7] 4] 7] & 3}e]
4k B o B3R 24 7)7)elct it A Eel
E3td A5 A28, DNAY RNAS] 3§ 7]9)
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A Zd me A R E e FHL
2 AREE T gl

geFo A+ ALY ed FAhedEAR
B ate] 1009 2E 99 F A 4]k A
EANOEAA EUIMez A #d 35 2l
th o] #21F AFELF AHESte] AHE T
DHPLCE AH&-3te] 27 122 DNA Z 3 Zo] 3}
ol & ¥ AL, 7 Foll B i) ZEFIE
2345 2l = ald et 7] € agarose gel 7]
T& T DNALH Fol2] Aol & Hel dl=
2 DHPLC®] N2 =& dH~E3F 23} agarose
gel 1719510~ 0.1ngiul 8] A& HSEF B
932 v DHPLC 2 &l 4= 10~0.1 nghul & 3 &
e mach

g, A Y $952] mulnplex-PCR
DHPLC £ 254}, 319 4 &l o 76} F23 ot
€ 5o 234E Adsigict wAA= Y 25
A S 35 Zabe £ &5 Zoet
%43 muluplex-PCR DHPLC &4 Z2# & &4l
ghelch ghe-2) 2 9] B E ol T AEDS
EolH o stop o gllet, g e} ke
DNA2| &3 v @& FZ 23 10 ngl 9
DNA Fll 5%2 24 DNA &3 8 &7 3%

ldrk

A AEAT 3T ALY T L S A

B ATl A3 primer sets 2 #l & = ¢l9ich
22uh R BT 35442 F 5o I DNA
7] H 25 i & < gl primer sets A 2
ol F F7e AR 7 e 2 Aladrth

°ﬂ“r o] 2= 52 F A 22 DHPLC
o] &3k & ¥4 o) 25k A =2 e )

Reir) 22 2 muluplex-PCR DHPLC &4
] 22 W2y 4] 7y) AL o] £
Ao A dyos A e 4

=4

o 2L oT o mlm
13

AR 3 ru[o
13
c&"

ae

ZHAe) 2. 0] AFE 200909 E 2o of
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