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Abstract : Here 1 describe a multiplex allele specific PCR-based approach for the rapid detection between
Hanwoo and Holstein meat associated with Melanocortin 1 receptor (MC1R) gene. Specific and universal
oligonucleotide primers were used in combination to detect the presence of a single nucleotide polymorphism
within the bovine MCIR DNA sequence. The presence of the bovine MCIR gene is indicated by the
production of a single control PCR product, whilst positive samples generate an alternative smaller specific
product over the same region. The mutations in MCIR104 codon revealed depending on the presence or
absence of an indicative fragment amplified from the wild-type allele of this codon. As little as 0.39 ng
and 1.56 ng of genomic DNA of Hanwoo and Holstein could be detected by MAS-PCR assay, respectively.
This technique, which is widely used in human genetic screening, provides a reliable and sensitive result
that has not been documented for the identification of bovine coat color. The MAS-PCR assay approach
was proven to be useful in complementing routine beef DNA analysis for differentiation of these MC1R
variants and it would facilitate the screening of deceiving sales of Holstein meat in the butcher shop.
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(restriction fragment length polymorphism) %*-& ©]-8-3}
o] AAs {2 BAE A sk A7 olFoA

A5 R21F A 5 [41& MCIRS] PCR-RFLP marker
£ o|g3te o] WEAYS BHIslgith PCRE &
Z¥ MCIR F-A= Bsell8 I, Msp 1, Aci 19] A|7HA|
A8 s Aot ge-ar7|9f gaaz|oa 24zt o
£ DNA bandE #<13}3it}. 3+ PCR-RFLP &
ARgsle] &) ) A, 28]d WY 59 ok 55
Fe® Badolo] gt A7) o] FolK T} [12,13,
172526]. A 5 [5}& MCIRY| sl RFLPS} 22 7
stg 47t 2 g§ls PCR-SSCP(single strand confor-
mation polymorphism) &2 WH-& o]&3le] FF 5ol
ZQl SSCP FrAAtE & gRlste ghe-5 S B
skt

4 & [41> GenBankoll 5% 2%7] LS 712=
ste] -9-9} Holstein®] MCIR 32t G7 1M ES #4
T A3 1049 op)ienks A4Sk SEClAM Holstein
< GGI(Gly)S €71XEE o]FojA oy e
GIGE ¥ WA Guanine ¥7] slu7F ZoE single
nucleotide polymorphism(SNP)7} <2 gH-S gHls}3i T},

SNP= 7HAISF 7HA1ZEe] DNAC] EAlsk= s 471
Aol Aol & A&, A e X E=R0 oa LAY
= A= S Zolle Fa8 AEH o
Har ok @71 370 ofr) =4t shurt tig-sh]
o] 8244529 DNA €715 shzb vk 79 o=
Zbo] viAA| =lo] T Fx A7t vk 49 A
-, MCIR f37tel] EA|sk= SNPol| oJste] FFEE
BA o] GEpAAl HAT [9,24].

SNPe| A&ES 918k 71 4 ¢ WS> DNA 9714
& A5k o] dwtAolA|t o] FEI AIZH
o] o] &ARFATH= To] k. ARI7HA] JHEE SNP
4] BPH O 2 = allele-specific oligo-nucleotide hybridization
[23], ligase chain reaction [6], PCR-RFLP [2,4], 8% probe
¢} S'-nuclease assay [16], 2] allele-specific PCR(AS-
PCR) ®'Hol AT} [21].

AS-PCR % o] tiyf-37} AtoollA] A8 e 7
ol JFH 7] ol Aojgtal o7 AAkEe] B
SHAA R [7], FRF A Flel Algad X F97t
flole A71¥skE A& 5 = AS-PCR WHo] <l
] FAAT] AFH g AEHol ghoH [11,15],
Holl= At A Ad#g 3=t multiplex
allele-specific PCR(MAS-PCR) g o] o]&-= 9t} [20].
AS-PCR W2 primere] 3' @&ko] BE=A] DNA template
o} E A oloof gl Flol 712313l o, AeE &
Mel SNP tHH-FHA= SNP Aol 3 s 55
Sh= primerg S AL EA SolF o R FEEoj

4= 9)t}. Tag DNA polymerase= 3'0|A4] 5' O 2 exo-
nuclese &4Jo] §=317] w2oll, DNA template?} ¥&
o] 3 wrto] FR A primerdto] & & FF
%o} SNP typing®] ©]FoiRt}.

o] A& oA MCIR F3A% Guanine ¥ 71
szt A4 Eo] WASE SNPE HE3H7] $lste] Alst
BAE AR B g9-aL7)9) i) E Al4Et
3 AEsA 78 E7] $18F 59| primerAl 2H3 MAS-
PCREHE S 7Hdete Aol

Nz o

SAM=

2 Aol AHgE FAAEE FFAY E5AA
Fojate] A S WS $H9- 24704, Holstein 30704, &
¢} Holstein 2354 9-9) 3/MA2F A= 54
o Adg W & oA dA7IZF AREE O] =57
o] Z3te 7442 Angus 97NA|, Hereford 1771 245
SHAEE AH st APl ARSI

Genomic DNA F&

S524(10~20 mg)2ZHE genomic DNAS] F
< Miller 5 [19]9] phenol/chloroform F&WHe] A4
= Wy sto] AA3FA T Nucleic lysis solution(Promega,
USA) 500 poll &0 65°CAlA] 308 F&= WHSAIZL §,
phenol : chlorform(1 : 1) 500 WS &%3+ed 12,000 rpm
oA 3% Bx dAEEste] SRS AAT L
o we} 23] o] W) AJFAS- isopropanol 600 p/et
=3rated 12,000 rpmellA] 5% = A4Ee skl DNA
AN AT}, F%% DNAE 70% ethanolZ 23] 43
65°CollA 52 % Hzste] &3k 33} SHl &
T L35t 50~150 ng/ul FEZ 32 5le] MAS-
PCR 537 7k4] —20°Cel| H#3I3ATt.
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Muttiolex  allele-specific PCR design

o] AFo| A FH$-9F Holstein®] MCIR £ =}l A
Guanine 7] 3Wle] o1& 37| ¢8| Fig 154 2+
2 H O 2 MAS-PCRe] 7304 &= =5 primers 3L
013+t GenBank(Y19103)0 5=% 42 MCIR +
f9] A7IMES 71%Z 31 Primer Express 22X E9)|
o] (Ver 2.0; Applied Biosystems, USA)S- A}8-314 primer
55 4715192, Bioneer(Korea)oll 335 <33
o} B Ao W7IA primerS AFEEH oM, WH o
e primer?] HanCG-R-2 104 = A28 (GTG)
o] 37 |71¢} 3 HwHo] AR A oAl YRS THEFig, 1).

AE2 S22 MCIR F4749] o] $]X]o|A] Guanine ¥
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(a) Hanwoo MCIR sequence

HanCG-F Holstein-F
CG TGT
GC ACA
-~ -~
‘ PCR HanCG-R Holstein-R
290 bp product ‘ PCR
683 bp product
(b) Holstein MCIR sequence
421bp product
HanCG-F Holstein-F '
» — PCR
CGGTGT
GCCACA -
¥ HanCG-R Holstein-R
§ pen
683 bp product

Fig. 1. Schematic view of the MCIR gene fragment
targeted by MAS-PCR assay using four primers(HanCG-
F and -R, Holstein-F and -R). (a) Hanwoo DNA sequence
deleted guanine at the position 310 in the MCIR gene.
HanCG-R is a reverse primer able to hybridize both
Hanwoo and Hereford MCIR gene. (b) Holstein F is a
forward primer able to hybridize Holstein and Angus
presenting a single mismatch with the Hanwoo MCIR
gene. The 683bp fragment generated from(HanCG-F and
-R) is an internal control for the PCR amplification. Short
arrows indicate primers.
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Fig. 2. Multiplex allele specific PCR assay with Hanwoo
and Holstein DNA. PCR product as seen on 1.5% agarose
gel under UV illumination. Lane M: 100bp DNA ladder
(GibcoBRL, USA); lane 1-7: Hanwoo DNA; lane 8-14:
Holstein DNA.

717} A4 =0} Jbd 290 bp A¥Ho| 94 £=108F primer
HanCG-F&} W% 39k primer HanCG-Rel| 284 5
Z=od Zo|th(Fig. 2). ¥+ Guanine {717} A4 =A|
02 A FAAE A GGTE A= Achd 2-g PCR
Z71319)4, HanCG-R primer2] 3' tol| A AR o =
AT A LAE I 290 bp PCR AHES QYA EA] ko
w, 3 Yol GGTZ wig= o] = ¥ Holstein-F
primer®} 7 H2 0 & AGSHA| =3 &5 w3F Holstein-
ROl 9J8l|A] 421 bp A¥Ho] &= o] Ao|thFig. 2).
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primer= U3 2t €5 primer F71& HanCG-F(5'-
TTCCCTTAACTgCACgCCC-3"9} Holstein-R(5'-CgCCC
TTgAggCCAAAg-3)° ™, W+ primer= HanCG-R(5-
TgeeTeggCCAggACACg-3)3} Holstein-F(5-CTgCTggAgg
CCggTgT-3")°]t}.

PCR =A

PCR WF$-& 93 AccuPower™ PCR PreMix(Bioneer,
Koreays AFE-3IA ). template DNA 1 p/, 7} 10 pmol/
W primer 1 W& M7Vt BHSHTE F 20 pwEA
ZA39 ok $%-2 PCR thermocycler(PTC-200; MJ
Research, USA)E ARE-31$12. M, PCR 4732 95°Col|A]
SEZF e $ 95°C/40%, 66°C/40% ~12]3L 72°C/30
ZNA 5 cycles 5738, 95°C/40%, 64°C/30% ZL2] 3L 72°C/
302004 5 cycles $°38, 95°C/40%, 63°C/30% 173
72°C/30Z 0 4] 22 cycles =383+ & post-elongationS
72°CollA] 527 DNA 945 AAeReh. 5%€ PCR
AHE-2 20~80 mM Tris-acetate-EDTA(TAE) €458 3}
DNA S2S 93} ethidium bromide(0.5 pg/ml)7} -
H 1.5% agarose gelolX 71953t HFEAES UV
transilluminator2} AlphaEase 5.5 software(Alpha Innotech,
USAYE o]-8-3te] Sl skt

MAS-PCR &io| 2izid ZAt

WA HAFE -9} Holstein®] genomic DNAS
NanoDrop® ND-1000 UV-Vis Spectrophotometer(NanoDrop
Technologies, USA)E ©]&-3le] =& 57931 400 ng/
w7t HE== g 5 o) A3]Aste] MAS-PCRE
ANG F B0 FEES Felskln,

2 1

-

MAS-PCREO|| o|st stet HAamr| ZHd

28] B oA WA S WA 7= MCIR
AR 2] WHelE gR1st7] 918t gH9-2} Holsteinoll T
ste] 4709] primers AH8-ste] MAS-PCR 'S 24
gk A}t gh$-oll A= 683 bpek 290 bp band, Holstein
A AngusEol A 683 bp2t 421 bp band7} FA] ol
SEZEHATHFig. 2, 3).

B o] k9o {f-AFSH A7 Hereford 5ol 3l
MAS-PCR WH& G35k A7} Fig 49} Zo] F7HA=
T-EEAJTH 5 -9} HolsteindllM & 5= = Al7HA
PCR ZZAHz0](683, 421, 290 bp) $A]0] YElton
(Fig. 4, lane 1-5), T}2 3R 3ol & 4 U&=
683bpS} 290bp band”} &% = A THFig. 4, lane 6-11). &F
H FAo] ARl W= U Hereford FollA YEL
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Fig. 3. Ethidium bromide-stained gel of Multiplex allele
specific PCR assay. Lane M: 100 bp DNA ladder(GibcoBRL,
USA); lane 1-8: Black Angus DNA; lane 9: Hanwoo DNA;
lane 10: Holstein DNA.

Fig. 4. Ethidium bromide-stained gel of Multiplex allele
specific PCR assay. Lane M: 100 bp DNA ladder
(GibcoBRL, USA); lane 1-11: Hereford DNA; lane 12-14:
Hanwoo/Holstein cross cow DNA.

@ A3} 7o) Holstein® (421bp)=+ 3H$-3 (290bp) PCR
AbEo] Al FHEAThFig. 4, lane 12-14).

AS-PCREO] 2[gt 8teet Haty| ZE

MCIR #3820 ¢] Guanine ¥717F 24 =] = g
L2715 AE37] 98k HanCG-F primer2} HanCG-
R primer Z2]3Z Holstein-R primer M 7}X]& ©]-8-3}¢]
AS-PCRE =3y3t A7} $+9-9} Herefordd 28|3 H$-
ol A= 683 bpe} 290 bp band7} FAlCl FE=Act. d
H Holsteina} 7332 Angus F-ollA41+= 683 bp band’} 5
Z=[ATHFig. 5A)

HanCG-R primerE A 2]+ U™ =] A 71| primer =,
HanCG-F¢} Holstein-F ZZ2] 3. Holstein-R primers AR
ste] AS-PCRES a3t A} ¢-9-9F U Hereford &
of| A= 421 bp bande= FF=A] 943 683 bp band7} &
Z 5] thFig. 5B). 2] 2L Holstein, 74741 Angus =,
5 Hereford % 2123 H-$-0l4 683 bp2} 421 bp band
7t BAlel = ATHFig. 5B).
wekA] MCIR -3 Akl A $+9-2} Holstein®] SNP

AZ317] 918 MAS-PCRZ} AS-PCRS F3A

5 Hereford®} ¥ 4% dig-Fd24E 257 AYL
U= Aol IS, 9= Holstein 73734
Angus 28]3 H9-2} MAS-PCRE EajA] o] 71
=g

-

T o

= B = —_
crl-iigmme= -

290—

Fig. 5. Allele specific PCR assay with SNP specific primer
and two outer primers. Lane M: 100 bp DNA ladder
(GibcoBRL, USA); A: Results of PCR with HanCG-R,
HanCG-F and Holstein-R primer; B: Results of PCR with
Holstein-F, HanCG-F and Holstein-R primer; lane 1, 2:
Hanwoo DNA; lane 3, 4: Holstein DNA; lane 5-8:
Hereford DNA; lane 9, 10: black Angus; lane 11, 12:
Hanwoo/Holstein cross cow DNA.

A

LS L .

Fig. 6. Sensitivity multiplex allele specific PCR assay to
detect MCIR gene of Hanwoo and Holstein. Lane M:
100bp DNA ladder (GibcoBRL, USA); A: Results of PCR
with Hanwoo MCIR gene; B: Results of PCR with
Holstein MC1R gene; lane 1 to 13, genomic DNA serially
two fold diluted from 400 ng to 50 pg.

MAS-PCRH<e| pIZt=

MAS-PCR ¥ 9] RIS ZAbsl7] A she-<f
Holstein®] genomic DNAB-S 400 ng/n/o-2 A3k 2
v A8]435le] MAS-PCR S AAIE A3, 3he-
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+= 0.39 ng/ul(Fig. 6A, lane 11), Hostein> 1.56 ng/u/(Fig.
6B, lane 9)¢] DNA F=7IA] HZo°] 7F3Fth

al

FAAEE M3 s

Saim, 2t7ke] Fmot A G} Fojel AgEy,
SEW PN e B FAAE AN e =
/_\lll
d

A

o] BAe Ao g7 dHEL)

Zo|A GAS 2ddte ks AH7ER)7E SRS
o, 2ol A 1310 HAA) 9] Agouti 2919 agouti signaling
protein(ASP) -3 A= MCIR®IA] a-melanocyte stimulating
hormone(MSH)®] 288 W&l 31, DexterZolA] J&
78-S 13 3}+= tyrosinase related protein 1 F-A= 8
H AR, AN FeAS 2Hse MCIR 4%
£ 183 FAA| 2] Extension ¢l EA)gt} [8,10,13].

MCIR-2 MSH$} adrenocorticotropin hormone} 4%
8ol o8l melanin FES FSAIE F ATk [25].
Melanosome> 5+ 7} FE]2] melanine /d 5=t 7
A3 S 3 5= eumelanin@t =g 7 E-oA
< YE = phaeomelanin®©] t} [22]. Melanin 3/
MSHS} Agouti Tl zle] Zgalgof oJsix F2 24
F o]t} MSHE melanocyte?] ¥ 9o &4t
MCIR®] ZE3te] eumelanin®] TS F7HAITH
[10,26]. 3-9-¢] =S MSH7} MCIR Z3ets AL
Agouti TlZ o] W) 8l7] wjiZoll phacomelanin®] &7}t
o] 7o) mao] WlE= Zloltt,

A 7)9 g2 71 E 78] g fAA) 2417
o] o7 AFAEl YA Al=H Bt Jlov A5t
© T2 random amplified polymorphic DNA(RAPD)
ARPEE o83t g A3 A3 AP T A

7HEA EAIR ] WAste] A-8stEA] ekt (3] A
21 4 % [4,51 PCR-RFLP* 3} PCR-SSCPE ©]
sto] mAjo] ARl FE 2 FARl FFNA 7t
Zte] th& DNA bandS 18It ShA g o] 52
MCIR {r317}te] ®ol& ER1e}l7] flaix] Algda i
% AE DNA band?] 27|17} 2ol ol & dels}
7] 91814 4% metaphore agarose gel -2+ polyacrylamide
gelol 471955 3 F silver stainS AH&-3ted B
=g AZko] 28 ¥tk ©Ee] AT AFas
5o BHg FHES B SNP typinge] 7Fsst
AS-PCR ¥ 2 o] A7AEe] oJaiA 7= 3ot
[11,15,20].

He

o off T 4L X
N

g gh-7) 9k B o] A&t whd 355

dnkH o2 AS-PCR W2 44 ®ole] 55 &
H primer2} SNP §-9]¢] &
rimerE AHE-3H7] wjitol 2 A7]9] FEE PCR

A 5 (112 -$-ol4 MCIR®] Guanine 24%¥$15
Fel1at7] 18t 39 o] primerE ©]8-3le PCRE
e A3k AN 9G9I} - o] primere}t A EA]
o2 Azt wet P oz I SRR 2
A+l 4 Holstein-F primerS ©]-8-3F AS-PCR "ol 2|
3] Y4 Hereford®t 737848 297} 212-3]1 421 bp band
7} =929 (Fig. 5B), MAS-PCR H'1-& E3A 3t
£ ¢] 290 bp band2} Holstein® <] 421 bp band7} &
Aol ZZ5AthFig. 4). ©)4E MAS-PCR 3ol ¢
3|4 -3 3 Holsteing o] Al &= AL d
Hereford®} ®-$-2] 24 183 zhz 27243 744
o|Z|Rt 9] A Y722} Holsteind 2] 7
A gy RS B AU 7] wjEelth

SHA Guanine©] A4 %A 252 Holstein® 5-©] primer
¢] Holstein-FZ ©]&3 AS-PCR WS 3 49
HanCG-R primerg ©]-&&0] Er}% B]5o| band7} &
AsHA| Aasianem, $-9-9F A5 Hereford 7 Aol A=
%521 683 bp band7} FF = 3, Holstein} 747 A4
Angus, H-9- 128|322 dF Hereford 73|94 Holstein &
?1 421 bp band7} FF = ThFig. 5B). 3+ template
DNA®] & #&3H AME-3t] MAS-PCRE +3& 7
-, Holstein®] 421 bp band$} H]$=3F =7]¢] H| 5] band
7} ZZo] o]FolHEH, o]AL HanCG-R primer] 2|
A AE Z1o 2 SRIF T wlebA annealing 2%
E 66°CollA] 63°C7HA] 3THAI 2 Y+9] touch down PCR
£ $33le] H|5o] PCR AH=9] AALS ZAAF T

B Ao)A, 529 MCIR 42102 SNPE el
371 18 WI7FA] primerE ©]-&3% MAS-PCR "33}
HanCG-R primerE ©]-83}= Z 2.t} Holstein-F primer
£ o]-&3t AS-PCRS 43t A7} Fig 2~5914 B
= vke} Zo] Aol 9-317]% Sulnke] Holstein,
AR AngusE 2|3l 999} 47| o] 7kt

23 Hereford3 9] BA LS 31938 Ao g
MCIR A2} 243 MAS-PCR WS o] &-3lo] 3
-} b 1A FREA] 29kt 0] 42 Hereford E<] %1
A BAL k-9 FARSH Aol T A, S
5, 713 9 e REAoE 3 mag AU 3l
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