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ABSTRACT

The pork from black-coated pigs is famous among-consumers for better eating quality. The loci affecting black coat color was identified in
pig chromosome 6 in which several genetic effects on pork quality have been reported. The melanocortin 1 receptor (MCIR) gene is a major
gene which plays a key role in regulation of eumelanin (black/brown) and phaeomelanin (red/yellow). In this study, the MCIR gene
polymorphism was analyzed for pig breed determination and genetic association with pork quality traits. MCIR Ala243Thr variation was
analyzed to determine a specific genotype for four commercial pig breeds (Landrace, Yorkshire, Berkshire and, Duroc) and a Korean native
pigs (KNP). Then we developed original KNP-specific DNA markers to determine the pork from black-coated pigs using MCIR DNA
sequences. The total length of the MCIR coding sequence ranged 1451bp in KNP. KNP had the 0201 allele pertaining to £”' but some of the
KNP had the E” allele, probably reflecting the geneticintrogression of E’allele into KNP. Furthermore, a relationship between Leul02Pro
single nucleotide polymorphism (SNP) genotype and pork quality phenotype were analyzed in F2 reciprocal-crossbred population between
KNP and Yorkshire. Association analysis indicated that the allele of the MC1R gene has no effect on pork quality. These results suggest that
black coat-color is not directly associated with preferred pork quality, but the black-coat color pig breed may have other genetic components
for superior pork quality.

(Key words: MCIR, KNP, Polymorphism, Pork quality)
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Table 1. Primers used to amplify regions of pig MC1R gene

Primer Primer sequence (5'—3") Amplicon size Ta (C)
GCA GGG GTG TCT CTIG TGT
Primer 1 803 bp 58
GAG TGC AGG GIT GCG GTT CT
GGC TGC TGG CTIT CCC TCA
Primer 2 189 bp 58
GGT TGC GGT TCT TGG CGA
ATG CCC GTG CTIT GGC CCG GAG
Primer 3 963 bp 69
TCA CCA GGA GCA CTG CAG CAC
GAC CGC TAC GAG TCC ATC TT
Primer 4 136 bp 58
TGT GGT GGT AGT AGG CGA TG
ACC CTC TTC ATC GCC TAC
Primer 5 256 bp 58
AGA GGT GCA GGA AGA AGG
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Table 2. DNA and amino acid sequence alignments of Korean native pig (KNP) MC1R/E allele

Codon

"MCIR / £ 17 21 22 95 102 117 121 122 124 164 166 243 301
0101 / E©  CIT GCG GCC CCC GIG CTG CAG AAT GIC GAC GCG CGG GCG TAC
0102 / E" —  -C -
0103 / E" —  -C -
0104 / E' — A — -C - =T A  -T
0105 / E* — A — A -C - A -T
0201 / E”7  — A — A~ C - -C - - ~A -

Alleles 202/ EY - A — A~ C -~ -C A~ - —_— A
0203 / E” A — A- C - -C - =T N

KNP — A - — A~ C  — -Y -~ R~ R -

0301 /E”* — e e A
0401 / e -T- A -
0501 / E° — — HCC = e e e e A
0502 / E” — A= HCC e e e e A
0503 / E° — T € U W — T--
0101 / E" Leu Ala Ala Pro Val Leu GIn Asn Val Asp Ala Arg Ala  Tyr
0102 / E . . .
0103 / E"
0104 / E"
0105 / E"
0201 / E” Met  Pro

Amino 0202 /E”’ Met  Pro Ile

acid 0203 / E” Met  Pro
KNP Met Pro Asn

0301 / E” Asn
0401 / e : ‘14 Val Thr
0501 / E” FS® Asn
0502 / E° Thr  FS® Asn
0503 / E” FS* Asn

* Nomenclature of porcine MCIR alleles in this table was obtained from Fang et al. (2009).
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Fig. 1. Genotyping of Porcine MC1R polymorphisms.
PCR products were digested by MspA1l and BstUl M is 100bp ladder.

Table 3. G1554A SNP genotype frequency for MC1R gene in four different pig breeds

Breed
Locus Genotype - -
Duroc (n=39) Landrace (n=48) Yorkshire (n=46) Berkshire (n=48)

GG 0.9(43) 0.9(41) 1(48)
Ala243Thr

A 0.2( 8 0.1( 5 0.1( 5
G1554A G (% (3 (3

AA 0.8(31)

B7) S5t BAUANAG YorkshireS wAFste] 24T v F A4 BFRTAG o5 o|FHIAF wF A
F2 Aol A MspAll PCR-RFLP EAMWS o] g3le] §  3}la zhzhe] Wl TT 0.68, TC 029, CC 0.02% ol
A Agetel BAFNe) A BAS ARG Hth T CEARA ANAT, SR, g, A,
(Table 4). ¥ 171719] DNA AZS o= ENFEe B4y, ZysesE, dWAYE, 2237, A, tsAd, =

Table 4. Least square means of pork quality traits with MC1R Leu102Pro polymorphism in F2 by mating
between two reciprocal families of Korean native pig and Yorkshire

MCIR genotype

Trait

TT TC CcC P value
live weight (kg) 92.87+1.07 93.51+ 1.72 86.67+ 6.88 0.62
Moisture (%) 74.10£0.15 73.57+ 0.24 73.96+ 0.85 0.17
crude protein (%) 21.93+0.16 22.13+ 0.25 22.10+ 0.89 0.79
crude fat (%) 2.49+0.13 2.68+ 0.20 2.80+ 0.74 0.70
Water holding capacity (%) 58.734+0.56 58.57+ 0.88 56.55+ 3.15 0.78
Cholesterol (mg/100g) 138.60+6.88 116.08+11.02 88.87+39.38 0.13
Marbling* 2.3940.09 2.62+ 0.15 2.33+ 0.53 0.43
Texture™® 2.85+0.04 2.96+ 0.06 3.04+ 0.22 0.26
Tenderness* 3.01+0.07 3.10+ 0.11 3.63+ 0.40 0.26
Juiciness* 3.01+0.04 3.00+ 0.06 3.01+ 0.21 0.97
Lightness (Hunt a*) 52.50+0.45 52.75+ 0.72 56.20+ 2.58 0.36
Redness (Hunt b¥) 5.48+0.17 5.34+ 0.28 7.37+ 1.00 0.14

* Marbring, 1: extremely low in intramuscular fat, 5: very abundant in intramuscular fat.

* Texture, Tenderness and Juiciness, 1: extremely bad, 5: very good.

—-197-



Ha et al. ;

%=, A% el MCIR A AF Leul02Pro H|nE <=
o}
%

o A3t BE FAHAA fFo A AbolE YERA] &
U} (Table 4).
v. 1 &

ATl e A Al MCIR F42F 471429
S8kl Fang (2009) 59] W 71l whet A ejstal, o
=R E Abet HA &z 4AE ARSEHIL e T
o] #5 H FAAEE BAsele, =l F1 g 2
ghelo o] HlFEIA] (Duroc 3 E0] IS F Ue
A5 FAsTE 2ear ARl Al SHo] -sithaL
dHA Q= AYEAY] FAAE S EAE] SRS
op7lalh= Wol7t §A 3 AA| oW AaRdAE A=A g
A 2= A2} Yorkshire F2 n3gE ol A EAsto 24 of
8|zt skl

A MCIRY] F4A8-S Fang 5 (2009)°] AFA 27
3t +=H = 14719 polymorphismS 7FA|aL 7] H.aL
HAW 5 FFe FAAEE Bk AlRskeglth o] &+

7ol wet A A Y] FAAEE glskr] fE 27
A BAS AAEte] Fang 5 (2009)°] Halsk o} E&F
S A e *dfsﬂoﬂ%%ﬂ o8k Kim & (2001) A 2f

%] MCIR +HAES MCIR*1Z MCIR*2%E X3}l
Cho % (2002) MC]R*ZQ} MCIR*30.% ELo}oﬂu} 18]

3L Cho $(2004)% MCIR*30.% EJ—O}Oﬂ\ﬂr
ol w2 MCIR*1Y} A#=o o FH¥} F=r
Wild boar #FENA 1AH E9 ﬂ%%%ﬁx}ﬁé% AT

A A M= GERA kel MCIR*2 (Dominant
black)> 79 B AYTAA deERd FrAEgolm
EY 3 Ando] gled Y de Hoa maA uys
oZ|AI7IE Wolz e F JHel missense mutation
(VO5M, L102P)o] E& Ajef=i=]e] AlZolx EAwATh
(Kerong ‘5, 2004). 123 Wild boar ¢ St el A nt
UehE= 370¢] synonymous substitution®= A ¥ ek E
o] FAAE L 3714 (0201~0203)E THA] Al EH =T

A A7} o]5 S ofrfol] &eh=A] Blas] HH 02029}
02039 & 22t ek 7ol He 12293 1249 3=
o] Wol7} AR kgl oleldt AR g wf =

Aol FAARES 8 FAAE 02010] Sl

Aor FAY vk a™d AR AHEA A=
MCIR*39| %3z E” fraxAde] 2=k 12197

1249 183 243 FEQ] Wolo] oFZ MCIR*29)
MCIRWSE T8 & it 3 AdsAe] ol
ol&AAA7T EdsISlt. MCIR*3-2> Hampshire®} Berkshire
7o fHo EmEsty Zo] &3l E™9} Landrace,

Al
A=}
Yorkshire@} 72wl 7R EZo] &al= E §o)

MC

9

TS
12

FM

=5

A
M A

=

Application of MCIR Gene polymorphisms to Pork Industry

Stk o F WAEFIAT A Ehtz 2w

=9] CC insertion®] A= #oM = QU= FoE
A oA = EF Bk XA 7121% A
AE MFId T 53] Berkshire 59 I3
Aoz AlEEL A B §1 FTo] R &
Al A=A o] TRl wgto]l H AT A=A &
P gl A BAolL} A Fo fRAAL] )
o] BmEF ol AAS gl o] & AFE o
}‘IL o= W& A=A FHAE S MCIR*3
Lee %(2001)?% Cho 5 (2002, 2004)2] Az}
0 5 (2004) Hampshire2} A 2= <] ol A
o] CcC 7:‘*‘% CCC A4 =2 Hi13}331 Genbank
A=A A7IMGo] TFH Utk
(AY365252). g B Ao o]gw A AL A7]A
g B4 Al MdE CC BAE YERE O™ Kijas 5(1998)
o] Axtel dAstgitt
FeElubetell A BSas Agkel]l o] 8L = 470
o] F9 FZFol tsle] MCIR-Ala243Thr (G1554A) F 2}
P& Afstd T FdF eeds HAAssith
MCIR-Ala243Thr (G1554A) polymorphism Duroc #3435
TEE ¥ 4 9= 50]4 <2l SNPE Duroc> AAE, Duroc
S ALt YA FFAAME GGEoE 1 F o] lojok
A 9F Berkshire %S A]9]3F Landrace, Duroc, Yorkshire
FEA olFHFA e Th FEvete] sl
A o] &%= FEL Landrace, Yorkshire, Duroc #& O =
A U2l WS-8 #X]:= Landrace (L)2} Yorkshire (Y)<]
wiFFE Al Duroe (D) FEi A& wajste] ABAkskeE 4k
& (YLD)o] e olg¥th 1dd olgst g F
Landrace®} YorkshireE ©]8-3+ Fl EAERINNA, HS=
HFlo] AR o] &= A97t on o fIPntow
At A sk o AT 91 olglgt A5 &
Aol Aol AFAH GA 015343"%%1]‘% AAﬁé FrArE o
YelA @) =3 Duroce] 49 iRES SFEH T
A7} WA= gk o|FHA 9Fuks VFLe
T W HSEo] FEoR AAdEo

T
ot

i o
O_n_,

Oll FE,

ol

N
-

U owo o o fo rIf
tz i)
e R OIF

ﬁlOJIN'—l>JPE£H‘IHU+

i

4
]

O

= it\ﬂ—?}

2

[\e)
(o)
i =
Ky
mrl-ﬂ

ko o=|

1,

o

1l X]—

selel Asks zdlsA HAY 2FKAE -
e 849 WKES YUY BAS 2ds Hw
A el Askg e FE ek fA49 W
92 M wge] JEE JHsl Beshs AL T
P7h Joth Se HSE Aieele PESR 45
7] alAE e GBS EoR £5E WES £4
shar ghe] solof sl meb FE AW A E@Ze

Estel WA & Y FAS HAY & Y FE
01431 DNA n}A Q7o) Bado] threch
50 FAo 9% vAE Fad SHSE By

G4 5o] 9lom (van der Wal 5, 1997) =5

—198—



Ha et al. ;

I Aw g Fule SRS AdEo] 9l
3 BRI JY (Fortin 5, 2005). Table 4= 724 =AY
& #x)o] 9l MCIR Leul02Pro (T1132C) Ho|=

Py
Kol
AR

Wl Ao 2 MCIR 47\}%‘9— 5= Al el thsted
7 LERHA gkt ]2 MCIR®]
Oﬂﬂr-ﬂﬂ B2 AL AN 5 9l

ol F&FE MAA =

s
]
‘.IZI_

A%
iZ] HOP
Ag 74 v
el ik 1]
| &%

o A

& Ao,

oot n
i)
=

oft
o
HE ox

EN
av
N Olﬂ
z o XN
HUodm ool fRIoodt

o
b
_0|L
i
£ kg
FH g Jg':—td—ro-rf
N 12 1o

Zoox O 4 L oo
il
to
i)

z
Ho

o e

= e
2

N

)

& o

_‘_,
£
ol
2
}:1
o &9‘

A
e

2 fo rfr e
i
1z
i)
rr
re
i

e W
N
&
rlo
R

Ho
__>|4_,,
e
2
ot gk
[ s
= |o
24; u
Lo
Jo T
-
N
iu
%

{
[
°
by

I
e

o

>,
o
R
fo
ik
o

R S U
3

LT

AR

o to
fo
=2

= 9
=

NI
N
=
il
X

N AN R
dm
ju
£

3 X2
L5

e
H
N
fic)
i)
N T
o ol

¥
>
=
5
o
[o 2 =
=
¢
©
Ir
B
=
_>|~I_,
(il
o,
k]
el
N
fl
ol
fo
ME 2 X ¢

ofs
o

30,
[o
o
o
&
o
= g
o
>
)
kl
rJ
Ach
_O‘L
rir
K

)
Y
>

o Ho
"
fe

Iy

V. 2 of

2 e A gEAS MCIR #3448 &
MCIR 312}e] Wole} §avo] APdS 1st7]
of AASHGITE AH=A1e] MCIR xS 4]
3 FHAYHAFF] Sahs E” WelAE 0201
s Aoz yepgon R s E
Aol EdsA =Y ol Berkshire 59 E£3o
gk Ao AlnErh Ao By gedwo] Qltiil B
Leu102Pro (T1132C) WolE A==} Yorkshire2]
wefE AR F2 o] 171 FE oo R i
AP AT S BAFYY. mE
oAl a3E YeERyA ‘1’%9}9—11] o|&4| Hf
Aol glom the SdH
wEts 245 Awsisith
& Duroc FEoIA AASE J1AE ] Qlo] e FF

B 7]F0] = Ala243Thr (G1554A) ¥o]E o] &3}

=144 =3FE  Landrace, Yorkshire, Duroc,
Berkshire =353 gtol] gk FA1A HIEE 2AFSIS o
Berkshires #1913k x| FFeA o]FA A7 L4
=43t

iih)
o

ol
2

(

=]

:loér
ro 2 ot Sk R

f

l‘_\ﬂ

H

O+
oot

o
=2 A zﬂ ;d

o, % k]
. Ol
g £ ”°
fd
=
_E
fo
Sl ﬂlﬁ;
B=)
o rlr

Q& o o XL ol o0 K
Ho
RN
_>|~1_‘
é

Application of MCIR Gene polymorphisms to Pork Industry
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