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Identification of SNP(Single Nucleotide Polymorphism) from MCIR, MITF and TYRPI
associated with Feather Color in Chicken
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“Institute of Green Bio Science and Technology, Seoul National Universty, Pyeongchang 232-916, Korea
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ABSTRAT The Feather Color of chicken is considered as most obvious, and the purpose of this study is to identify the
genotype following the SNP of MCIR, MITF and TYRPI, which are genes related to Feather Color, and develop a SNP marker
that can be classified per breed. When a haplotype is observed through the combination of markers, a Korean Native Chicken
can especially be distinguished when it is a CGG type in the SNP combination of the MCIR gene. In case of the TAG,
TGG and TAA types, only Araucana was identified, and for the CAA type, Leghorn could specifically be distinguished. In
the SNP combination of 7YRPI gene, only Leghorn was differentiated in case of the TTTCA and CCTCA types, and only
Silky Fowl was identified in case of the CTTTA type. The SNP combination of MCIR gene enabled for Korean Native
Chicken, Leghorn, and Araucana to be distinguished and each of the SNP and combination of TYRPI gene allowed for all
4 breeds to be classified. If many researches are conducted about genetic polymorphism between breeds, then it is considered
that the differences between breeds will be understood from a molecular biological aspect instead of simply distinguishing
the breeds through Feather Color.

(Key words : MCIR, MITF, TYRPI, SNP, haplotype)

M =2 Hoekstra, 2006).
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2. Genomic DNA =&

e 229] F 5 mgS 1.5 mL tubeol] ¥ 1L Cell Lysis Solu-
tion(AL buffer) 300 uLE %4 7}3+ ¥, Proteinase K(10 mg/
mL, Promega Co. USA)Z AA| &52] 1/200¢] 1.5 uLE 3
7Fske] 65Tl A overnight Al Th ©17]°l| Protein Precipita-
tion Solution(PP buffer) 100 uLE 713+ &, 13,000 rpmo]
Al 8ERE AAREE Slo] AFS ThE tubeol] 53513
o} o] 47T 13,000 rpmel 4] 53 A4E2]E sl DNA
= %3 ¥, TE(10 mM Tris-HCI pH 8.0, 1 mM EDTA)Z
°F 1~2 mL F& ¥o] DNAE &aA1A 4Tl Easich
gk A BX9S 93) spectrophotometer(SHIMADZU, Japan)
£ o]-&3ke] 260 nm<} 280 nm FF =M S35k ODae/
ODx9] H]7} 1.8~2.0 F =2l DNAE A&-3liTh

w

. =3Y 5 Primer A4 ¥ A

A% A7IME EA4E 371 9131 BigDye Terminator(Ver
3.1) cycle sequencing kit(Applied Biosystems, Foster City,
CAYE AHgate] A7IMEE A8kt gk 7] #24<
o ;A9Ize] AlEHAlE GenBankol| AAIE QGrIME=
Primer3 3£ 2 713 (http://frodo.wi.mit.edu/cgi_bin/primer3/pri-
mer3_www.cg)E A3l AZ st BE A7IHE
AFEEL Sequencher 4.6 ZZ 13 (Gene Codes Corp., Ann
Arbor, MI)< o]-&35lc] 7IA|A o7 HRE A3}= Table 19
UERA AT

4. SNPs F&ALS =4
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Table 1. Information of SNP markers for the genes associated with feather colors

Amino acid
change

Chromo-
some

Gene SNP Position

Product

Sequence Tm .
size

c.69 T>C N23N

MCIR ¢c376 G>A 11 V1221 Exon 1

c427 A>G T143A

GCTTTGTAGGTGCTGCAGTT
GCGTCAGGAAGAGCTCATTG
AGTGAGGGCAACCAGAGCAA

59 213

GCTCTTCATGCTGCTGATGG
CGTTGTTGCGGTAGTAGGTG
ACATGCTCATCTGCAGCTCC

59 279

GCTCTTCATGCTGCTGATGG
CGTTGTTGCGGTAGTAGGTG
TCGCCGTGGACCGCTACATC

MITF  c.1484 G>A 12 54958 Exon 9

CCTTCAGTGACAACCTCGGA
GGCTACCGATGAAGCACAAG
TCTGTGTCTCCTGGAGCATC

59 330

c.299 C>T Y78Y Exon 1

CAGTGCGCTACCATTGAGTC
TGACCCACAGTTGTAACCAGA
CGACCCCATGGCCCACAGTA

254

22122 C>T
Intron 1

TYRPI g2127 T>A V4

ACTGTCTGTTGGCATGTTGA
TGGGCTTGGTCTTAATCTTGC
TAAGTGAGCTGTCTAAATTG

58 219

ACTGTCTGTTGGCATGTTGA
TGGGCTTGGTCTTAATCTTGC
TGTAGTCAGTGTAGGTGCTT

2.8510 C>T
Intron 4

2.8608 G>T

ACAAAACCAAGTATCCTCACCA
ATTTGCCAGCCGTTACGTTT
CAGCCAATTTACTGTACTGA

m Om @R Om 2 Om R WM R oM R Oim R Oim R ™

345
ACAAAACCAAGTATCCTCACCA

ATTTGCCAGCCGTTACGTTT
TTACCAGGTGGTGGATACTG

! Forward primer sequence, > Reverse primer sequence,

SRLRRELE: Se

TS £467] fl8l PCR "Hg-2
20 ng genomic DNA, 0.25 U Taq polymerase(Solgent Co.,
Ltd, south korea), 1 x buffer, 0.2 mM dNTP, 5 pmol A]Z]
(forward/reverse)—‘ HArlele] A 15 pL7t H 25 8la, &
ek T 94T 5FA 1 cycle, 94TNA 30%, 3 %0
A 30%, 72TCoA 389 2SR 35 cycle, 72T 374
1 cycles WHSAZ YL A PCR productellA] 1 pLE A
7] GESte] BdES #H o} i, PCR A=l 5 U SAP
9} 2 U Exo 1 & #7lsle] & £33t U, 37CollA 1413
Fob WA,

Hk-g-o] &t T2 75Tl 1587 E843} A]Zith ABI

* Extension primer sequence.

PRISM SNa Pshot™ Multiplex Kit(Applied Biosystems,
Foster City, CA)= A3}, JA]¥ PCR A4 E 1 uL, SNaP
Shot multiplex ready reaction mix 1 uL, 5 pmol extension A|
WA 1 plE gol] AA 10 uL7t IA sta, & £3sto] 9
6ToNA 10%, 50TAA] 5%, 60TlA 3022 271O=2 25
cycle WHSAIZ T WHS-E PCR AAE<] | U SAPE A7}
& 37TeA 1A1ZE F<tF et ar, 75TCeAlA 158
Eoals %%*éﬁ} AR HEAH oz Al PCR = 1
uLE GeneScan-120 LIZ size standard(Applied Biosystems,
Foster City, CA) 0.25 uL<} Hi-Di formamide 9.5 pL(Applied
Biosystems, Foster City, CA)E 7}l 2 HojF

al=

Ds
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95TolA 533+ MdAIZ1 £ ABI PRISM 3130XL Genetic
Analyzer(Applied Biosystems, Foster City, CA)°ll #7]1%9%
< 3T A7|gEo] Ed AE+= Gene Mapper v4.0
software (Applied Biosystems, Foster City, CA)S F3l|4 &
A5kt

7zt FE A9 Boldg 7P AdE7) e ERet
< Haploviewer v4.2 T2 13-
Z} Al tH&F haplotype®] 213 ¥}
e 8% 7&& 0101 Scheet 5 (2006)°] 7023} algorithm
% A}%é}al AXFSEA T 3 Gabriel 5 (2002)°] 2%t
olyz}, four-gamete rule®] ¥lol| W& vjAE A

2o o o
1. 2 At 252 RMAHE SNP x| & 2

B Ao AgE T H /3= MCIR(melanocortin 1
receptor), TYRPI(tyrosinase-related protein 1), MITF(micro-
phthalmia-associated transcription factor)2X% MCIRS] 7%,
eumelanin(brown/black)®} phaeomelanin(yellow/red)2] 24 ]|
&S 7Ae Aor FelA It(Takeuchi et al., 1996b;
Robbins et al., 1993; Gunnarsson et al., 2007).

Fig. 1, Table 1914 #|A18F A7 MCIR A9 -4,
chromosome 1181l intron®]| $lo] & exonoi1ij TAE
AR H, .69 T>C, ¢376 G>A%} c427 A>G 3 371<]
SNPsE At 53] ¢376 G>AE 1221 o}uli&o] Iy
Aol A] ofo] FAO R ¢427 A>GE 1434 ofn|islo] E
g edelA depdo R ofu|icgl ujdel] o]zt dojub=
non-synonymous SNP©]t},

MITFS] 73-%-, melanocyte®} osteoclaste] ¥rgol| kS
V| x| = basic helix-loop-helix leucine zipper AFIAFO] 11,
o] ARt EAHolE Y, FA4A, small eyeset T3 T
Aol dojR] T2 frddte keIt Levy et al., 2006;
Hershey et al., 2004; Hughes et al., 1993; Moore, 1995).
MITF -8R Fig. 1914 AA@50] ARR2E 12¥0)] 9
Z5la 2™, exon 9719} intron 87H = ?*é% FRAAEA,
exon 9H A ¢.1484 G>A © d}rte] SNPRbo] WUt}
ol @7le AZHARE opn| At wjddle Wl gle
synonymous 3t SNP$I T}

TYRPI-2 "iehd Al|xe] Sola AZ=x depd g4
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Fig. 1. Candidate genes and the position of SNPs.

o] BHt}(Sarangarajan et al, 2001). TYRPI-S
brown pigmentation)¥} phaomelanin(yellow-red pigmentation)
o] Mg Adsta, depd Aa AAE 2-she Fa%
TH FARQl TYR A Lerner et al., 1950; Sazanov et
al, 1998)Z 58 AAE TYR A o] obygAda) g4% &
A& Z7 30 (Sarangarajan et al., 2001). Fig. 1°1A] #| A3
%o] exon 770¢} intron 6702 FAE FHXEA, exon 1
o 3hte] SNP<} intron 112} 490l 4712 SNPE 7
Pt ExonlHE ¢299 C>TE 7] X gheA|qt ofn] Ak
o= ¥ol7t ¢lE synonymousdt SNPO|T},

eumelanin(black-

2. 25 2t ®RYX 2 SNP gHlE 24

MCIR 7472] ¢.69 T>C2| 7%, Table 204 AA| g%
o], #l1& N = CC AR WA o, ofg7ht
XM= TT fraxt@ o] WA= AT B ¢376 G>A] 7
%, 22719 AN GG A RE HAE A e
I cd27 A>GO| -7, LA g E AA FHAE
A E A, A olebhtel A= GG AGY]
Aol LRAFITE o2t A= Hoque (2011)2] =l
A 8rgl oA, AU, dlaE FF9 MCIR A U
SNPES] HIE=EY ‘”xl st AS B Atk 22 FF
olm, X7} & SNPH7] wWitel FLe AHE =&
T AATh %X—igi .69 T>c4 ASE sy ot}
el Al et A8 Apol & BHGl7] wjiol] wiAZA 9
o] FARY, opn| Ak ui el 34017} 1= synonymous gt
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Table 2. SNPs frequency in each breed and candidate gene

Amino acid

Genotype and

Genotype and allele frequency (%)

GENE SNP change allele 0) KR w AR
TT 80.2(77) 100(96)
TC 19.8(19) 33.3(32)
2.69T>C N23N cC 66.7(64) 100(96)
T 90.1 16.7 100
C 9.9 83.3 100
GG 100(96) 100(96) 25(24)
GA 16.7(16) 75(72)
MCIR g.376G>A V1221 AA 83.3(80)
G 100 100 8.3 62.5
A 91.7 37.5
AA 100(96) 36.5(35) 100(96) 5.2(5)
AG 94.8(91)
g.427A>G T143A GG 63.5(61)
A 100 36.5 100 52.6
G 63.5 47.4
AA 11.5(11) 5.2(5)
AG 33.3(32) 44.8(43)
MITF c.1484 A>G S495S GG 55.2(53) 50(48) 100(96) 100(96)
A 28.1 27.6
G 71.9 72.4 100 100
CcC 100(96) 100(96) 12.5(12)
CT 25(24)
c.299 C>T Y78Y TT 62.5(60) 100(96)
C 100 100 25
T 75 100
CC 57.3(55) 100(96)
CT 28.1(27)
g2122 C>T TT 100(96) 100(96) 14.6(14)
C 71.4 100
TYRPI T 100 100 28.6
22127 ToA TT 100(96) 100(96) 100(96) 100(96)
T 100 100 100 100
CcC 87.5(84) 100(96) 100(96) 100(96)
CT
2.8510 C>T TT 12.5(12)
T 12.5
C 87.5 100 100 100
28608 GoT AA 100(96) 100(96) 100(96) 100(96)
A 100 100 100 100
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SNPol7] wjZof|, BAof gt JaFs T= A= dRlst
7] oldvia dekEn} 3 ¢376 G>AS} c.427 A>G2 7
W) S0 non-synonymous3F SNPO| X1t F7ke]

fo] 2 olshe nA RA E8AS =4 gria %

J

MITF -A2] 739, c.1484 G>A2] fAAE M
ZA 19 AHEe] A= AA, AG, GG Al 714 A28
T daEden, #agy ofgrivel s BF GG
ARt A ATE whEba] opn|eAl vl Hol 7t gl
Tl SolA RIE Aol 7t ehA] §87] wjof] w247
o] g&o| Wolxitta & F Utk

TYRPI 57A] 299 C>TS] AF, ezA9 A=l
AME CC FHA R AR YA, ofgfzhvel A= TT
Az vro] YALA T, g2122 C>T] A%, 2=A ¢} A
SollAEe TT AR BAE AR ofglrlhvel| A= CC
FRAERE A AT 18]a g8510 C>TS] A= A
g, d2E7 olghtel e CC FAAE T A AA T,
LEAlME TT A2 0] 11.7%RHE 2= AT <] 9
o] g2127 T>Av EE FolA TT FAARRE A=Y
o, 28608 G>TO| A= RE Fo|A AA 2123 vho)
WA= o] Polymorphismo] WERA] 273kt

wabA €299 C>Te A$-E oA, AU olelrht
ko] 83k zlo]S HolF1 9lom, ¢2122 C>TY 2%
S Q=A|, AHH oletrht 3te] g Afo| & Ho
7] Wi, ofgirhs AEd = gle v EAY 28
| =ota & & ok 283 g8510 C>To A= 927
AN TT FAAE S B S $= 7] wliZoll, vl =A<
Fgo| Eoha & = gtk

MITFS} TYRPI®] 7%, o|n] Waxl 752 SHddA=
BA Jge & ¢ vty BAStd(Fang et al., 2002;
Keny et al,, 2012), & A7ol|A 23 813l SNPs2Z4 ofel7}
U g eZAE AL 4 e EE4Q1 nirolt). Egh
TYRPI F7dx1e] 75 dahd gapyo] 24z #
oJ&l= TYR(Kumar et al., 2011; Barton et al., 1988; Hearing
et al,, 1980)frdket $7 24 & SNps A @S XPA]z]
thA AR o] S F7HE Blojgta dAdETh
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3. MCIR ¥ TYRPT 7TXt2| Haplotype &4
shute] - E9E ol &3t Ae AYshe Fde A
Bzl gAIZE vk whebA] A Ad A F MCIR
3} TYRPI 5| A haplotype #A1-S E3F SNP n}#] 9]
48 EoluAl gtk 53] & AgellA] AHE-E Gabriel

\:D‘A

5 (2002)°] A< g WAL 29| R, pairwise SNP tHE
D’ ks SAR ste] ARSI, A AHE A= &
ATAZL glofof gt 7oA FHE A B e
Haploviewer v4.2 ZZ2130] 9l ]2 2 Qin 5 (2002)
of of&ll B3¥ algorithme AHE-3ted, TR Fd FH ¢l
o] A% 49 haplotype W1%= FHAE T3 1L, 95% A=
Zrel A D gke] “FeHX](Upper) 7t 0.980] %] a1, 3}gHX|(Low)
7} 0.7 o]’de] =¥ 73e A £ F(Strong Linkage Dise-
quilibrium)e] ¥t} wWEFA haplotype block- pairwise SNP
Zroll A=) F3re] 95% o] Fo] H= A& Mgt & A
TollME 71E2] Gabriel(2002)0] o] dt HHa¥al olye},
&3] four-gamete rule®] kol E2]= AE o] ARSI
Four-gamete rule W2]o]gk T marker ¥4 5% 59
genome-wideo =23 7H7he] SNPse} LDE] AlS(r) Alol
ol LD @t 7Fet7] 918l Alikel= W2 o]t Wang &, 2002).
Four-gamete rule® % <3FCHH, 271 2] marker haplotype 4
M) gamete® 7hssHl He JHe] HIER ALbd) v
oF ©E 470 gamete”} 2% 0.012] HlEo|A] FateEchd,
ANzgo] TAE = Aoz oA Z; 7fA| el thgh haplo-
type?] 2} Hl== 5 H §lo] Scheet(2006)°] 73k
algorithm< A3t AlAFsIATE HSNP 4172 Haplo-
viewer v4.2 Z 2 oA Tagger L& 13 9] pairwise tagging
W (de Bakker 5, 2005)< ©]-8-3F%1 a1, Gabriel (2002)°] 7
o] &t ka8t ol 2} four-gamete rule2] ol E marker
£ Adatsith

Table 394 A|Alg5%0], MCIR -+ A2] haplotype 24
oA CGG type®] 787, AefsollAnt Sold o2 Ve
SNPEZO| ™, CAA type®| -5+ # L&A T Sol]Z o
2 UBhts SNP 23024, oA dgd A8 a7 23
1 Lee (2011)2] haplotype@} f-AFSHAl UElSH. o}tz
EF%9] $E TAG, TGG, TAA type 37H4] %0l Eo]3]
o2 et 23719 7= TGA typed W], 00%= =
< FES A AU EH HA B2 BH] = oHY
3L ATk SAIRE MCIRS] 37HA] mh7 o] 32 AfelH,
# 1S ME 217} CGG type 65%, CAA type 92.5% %=
< haplotype W1 =5 7HA| B2 w7249 F&0] nj¢ o
), olg}7lo| & TAG, TGG, TAA type 22t 27.1%,
25.4%, 10.4%= haplotype®] RlE+w SA|NE olg}7litol| A
gk Soldolng wAEKR F&Holth Table 29 A5, 7t
FT A FES F e nvE AlgA oA B gsiel o
W, Table 35 A& w] 217} SNP=A o] F&HT 37)9]
SNP v} 3te] 230 24 haplotypes B2 W, Bl a&
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Table 3. Haplotype analysis of MCIR gene

Haplotype frequency(%)

Haplotype

KR \4 AR
CGG 65.0
CGA 10.0 17.5 7.5
TGA 90.0 17.5 37.1
TAG 27.1
TGG 254
TAA 10.4
CAA 92.5

o] Z7}3tHOh et al., 2013; Lee et al., 2010). ©2k MCIR
o] 374l SNPEFE LIAIE AQ% FF 1 THE F
Ue A& vt AeEh
TYRPI2] haplotype(Table 4)< A B TTTCA, CCTCA
type] 7%, @AY ol oz YehE SNPERE
oln], CTTTA type2] 74-F, LIZAlNATE SolH o=z e}
U= v 23o|t) AR CTTCA type2] 73-%-, A&l Sl
1 100%<] haplotype F1=5 YERW, QA 9] 7§04
90%2] =2 Jehdr] wj&ol, Aeis TE oSl it
E2S PHs7]E o]Hth w3 TCTCA type] 7%, olat
Fhdoll A 99.95% 2 &2 haplotype H1=S YERJA| T
OEANNE 40%2] W= Jep}r] wid, olglrhts T
37| olfduk TYRPI 524} haplotype?] 745~ #l1&
I AN E FEE EE § e v 2EE 2E
T AN, ofgprhket A A5 v 2F O EA
%S PEs)7) oJH T} TYRPI el niAE &8-619
olgi7hvte a8 4 A, =A% Al
=]

s}

A o o A

k4] 35191 th SFA| T haplotype &2 wlAE 23+E
T, CTTTA friAtd e st} ea7e Afe< +

M oM T

Table 4. Haplotype analysis of TYRPI gene

Haplotype frequency(%)

Haplotype o KR W AR
CTTCA 90 100
TCTCA 40 99.9545
TTTCA 325
CCTCA 27.5
CTTTA 10

T U "o

A
uheba] E dTte] A3, Z42te] SNP wiRte R RIEE
Hwd& W= MCIR F7314k9] .69 T>CWre| olgtzhte}
g L& zte] g3 atol & ERIE 4 U, TYRPI F4
2] A%, €299 C>T} g2122 C>TllA &3], A=
olg}h} zte] 4l Aol & BHoled 4= g9l o|H 27t
o] MAES 2O Z haplotypes B3-S W), MCIR F73A}
°] SNP Z&<lA CGG typed A% AAHF W= S¥s| +
e = 9l en, TAG, TGG, TAA typed 7d-$-ol& o}et
FRRES e = 9L CAA type] A%, dlaEwhs
Eolxl oz pag 4= QlQth TYRPI 4219 SNP %3]
A= TTTCA, CCTCA type®] 7%, dl21& vk 7HE 4
Aom, CTTTA type2] A-F, LEANS Solxo=z 3
g 4 ATk &, Z7te] A E M2 A7 BTt haplo-
type®] Z3& AHE-E 79, A ZA1] 7EA VY B8 Sk
th MCIR F717k¢] SNP o2 A, #1E, olert
Ue P 5 AAaL, TYRPI F717k9] Zhzte] SNp 2
Fo g A FF 55 FEE = Ak olgA EF 7
o] §47 Aol Uig A7t o 2ol HgPHTh, T
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