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ABSTRACT

This study was undertaken to reveal the relationship between genetic variations and the basic coat color classification system in
Jeju horses. Genetic variations of the melanocortinreceptor 1 (MCIR) and agouti signaling protein (ASIP) genes were investigated

using pyrosequencing technique. A nucleotide substitution mutation for MCI/R g.901C>T and
were screened. Black horses had MCIR E'/- (E'/E" or E'/E‘) and ASIP A/A" genotypes. In
were MCIR E°/E° and ASIP -/-. Thus, black and bay horses have at least one dominant MCIR
have homozygous recessive alleles E/E°. This suggests that the MCIR genotypes determine
regardless of the genotype distribution of AS/P. In addition, the horses with MCIR E*/- and a

an ASIP 11-bp deletion mutation
contrast, chestnut horse genotypes
allele, E', whereas chestnut horses
chestnut or black/bay coat color,
dominant ASIP A"/- allele showed

bay coat color, but not black, suggesting that the ASIP A" allele represses black coat color development in the hairs of the body,
but not in the mane and all four legs. Pedigree analysis showed a consistent relationship between the genotype distribution of the
MCIR and ASIP genes and basic coat color patterns, even in the F; progeny. The results of this study revealed the relationship
between the coat color phenotype and genetic background and suggested that useful information may be provided for molecular

breeding of Jeju horses.
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Al A =
THEFgE ol A ghaks] AElo] $
U} (Klungland 5, 1995; Valverde 5, 1995; Kijas 5, 1998;
Schmutz %, 2007). -f-7F° 5y gl dahd

EAlol ol whet ofy] 7hA] Fe vER 2AS AAshs
7] A28l eumelanin (black/brown)¥} pheomelanin (yellow/
red)®] Aol digt S48, olg MAvt AAEHE MMz
(melanocyte)®] 3ol whe} A=, MAAEO Fixe HLAY
T/ (embryogenesis)oll X AAHH, 1 AL AAHE
(melanocyte)®] ©]5* (KIT, KITLG, EDNRB “5), melanin A3
S sk Asdgrtel 83 (MCIR, ASIP, MITF %5),
melanin A4 (TYP, TYRPI, DCT), melanosome2| A4 (SILV,

o

T

RHYL 47 99T 5 9o
=y

[e]
wae

AP3 )3} o] (MYOS54, RAB274 %) 5 43 og] dA
oJ8 FHHH(Mackenzie 5, 1997; Sulaimon 5, 2003; Slominski
5, 2004; Thiruvenkadan %, 2008).

o] S AAEE AN RS melanocortin 1 receptor
(MCIR)} agouti signaling protein (ASIP)2.Z  Extention (E)$}
Agouti (4) )l 433}Eo) k. Extention 919 E'9 EF,
T 79 dfIAE= MCIRS #7304 Wol 5 g.901C>T 47|A[%
of o8] AAE ™, HEA (chestnut) = Z%(black)/ 57} (bay)
BAS AR fAxEes g4 ok 4 dgdA B
eumelanin $43 M2 B8 A T S YeRdYh dhd,

g4 oEHAAR] EE eumelanin AFAde] HAFI  phaeo-
melanin?HS AFAste] A4 e A4 2ZAS Ui
(Marklund 5, 1996). ¥H, 4 291 ASIP exon 204 11-bp

el ARQl/AA =M (insertion/deletion  mutation)ol] 2] 3]
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AR, MCIRY tigt 45 A4S 53] S s 2
Mo 2-sH "t (Rieder 5, 2001; Thiruvenkadan 5,
2008)

T 71ERA, MR o5 2214 o2 Wk 24 BAL W
49 gy 5o FREE R4 % 53 aFeE
drk. 712 24 (basic coat color)e K SEA (black), F7H=
AR A (chestnut) &2 T8} ¢t} (Thiruvenkadan %,
2008). AFAte] AL 127H4] lEFE 7RO E 4272 AR
o (Lee, 1971), Lee (1971) AlFvke] 7]ER Ao tf
ke, b, Arpehs A4S ARSska Qlrk
HAA AFn B A3t TR IELS BA P mE 9
B EdYA Eel ok Bal(Lee, 1971)9F 7} (gray) 24 4
ol FAzte] thgd Aol ti3k Bl (Han 5, 2009)0] =3kso] 3l
2 AT AT JaelA Wik Edste 718 BA (el
nf, Atha 7]Ee] 4 71 mA) A% RHAR] MCIR, ASIP
o FAAEe] B, wlE Fa AL Ao B Fate] Akt
HAE Tt Fasksint

n

THFAR] AN AR
F7hIA RS AFH 10879 HHolu} DNAE
v} ddoA DNA £2]= Sambrook 5 (1989)¢] <
TGtk AAHNA AHTF A red cell lysis
solutions H7kete] Hd4E &afdt ¥, 3¢ HIF= nuclei
lysis buffer& %78t 55TCAA overnight *zZ|slo] w3l|et3iTh.
Phenol-chloroforms ©|-&3to] ©ild=S A A% &, ethanol 3
APeZ DNAE 53l TE bufferd] Sallsiich. +n|g
DNA £92 NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, USA)Z SHEE SH3 T Ayo/Asg 1.8 0431
DNA &9E55 100ng/ulE 345t PCR 555 913 FIo%
o]-g&-sk3itk

2. B0 U2 (PCR)S £3 MCIRT} ASIP 5=

W

o] ZJERAS AAshs 8 ARl MCIRS g.901C>T
Wolo} 4SIP 11-bp =Rl #4& 93] PyroMark Assay
Design 2.0 (Qiagen, Germany) X2 71318 o]-835}¢], PCR primer
9} pyrosequencing primersS IQHISITH(Table 1). A A
Hel ZZ& Y3 PCR 4WH3-2 1 xreaction buffer, 20 mM
dNTP, 77+ 15 pmol primer, 0.5 units HS Prime Tag DNA
polymerase (GenetBIO, Korea)®} 25~50ng genomic DNAZ
skl 2540 volumeo® EFatGith PCR HHEE712 DNA
Engine Tetrad 2 (Bio-Rad, USA)E |43} 94T 5% %71%A
%, 94T 30%, template-primer annealing 30% (MCIR 69T,
ASIP 587C), 72T 30%2 4% A4Ake-S 353 ke & 72
TollA 583 HF AAs8tE PCR 5% AHE2 agarose gel

ol 7195 HoRE Ik $ Pyrosequencing®l| ©]-8-3}5ith.

M

3. MC1R=} ASIP #TAtE &H

Single-stranded biotinylated PCR producti= sequencing HH-&-
< 98} pyrosequencing Vacuum Prep Tool (Qiagen, Germany)
S o]83l9t). Streptavidin Sepharose HP beadsE 2 x PyroMark
Binding buffer (Qiagen, Germany)$®} &3%3t & PCR product$}
THrE A7kete]l Eslich #4€ DNAT vacuums ©]-&3}
o] filter probesoll &Z3lal, WA, Azste] FHlskglct. Fulgt
% DNA9} pyrosequencing primer2 &3+ 3 80Tl WA
shal, Wyzbsle] &A3slslal PyroMark Gold Reagents (Qiagen,
Germany)E ©]-83lo] PyroMark Q96 ID (Qiagen, Germany)=
A8kt

4, 7HHE 24

A=At} Throghbred
71E R R R fate
243h7] )8l 71 mARE ) 7bE At

ATk

Table 1. PCR and sequencing primers for pyrosequencing

Target Sequence(5'—3")"

Forward : F1 CTGCACTCACCCATGTACTACTTC

MCIR g901C>T Reverse :

R1 *-CCTCCAGCAGCAGCAAGAT

Sequencing : S1 CTGCTGCCTGGCCGT

Forward : F1 GGGGGAAAAGACCAGAAACA

ASIP ex2 11-bp deletion Reverse :

R1 *-CATGTAGGCCTGAAAAATCCTT

Sequencing : S1 AAATCCAAAAAGATCAGC

a * : S'-end biotinylated.
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Lee (1971)E 7HpRAE L &
SrAoR FEEGNAL, Ak BAL <HAle] HR7E HARl 2o
2, froke e ZAola v e Spew A th
Gremmel (1939)3} Salisbury (1941)+= black =4S A4
(271, me, a4, 71 7Pkl 7F 54, chestnut A2
2A0]3 pointdl] S 24| 9= A, bay EA pointt

FaaelA) 2oz vashl debitkn selc Al

o RAE
Fule] A BE AAe was] 2w, 7lg} 2L black, AT}
B2 chestnut, 7} AL bay HAle] EAE dA[&E A&
& T ATk

M.

e 23O

AFnt Fekol A ® &g F3 712 2SS BB AR,
7], mg7} E—r —fi/‘l,]ﬂ 7}3} blac )94- ZSRI)| Z‘11’/}(chestnut),

F
OBL‘
ri

F{E ofrt 2

IE
s

R w 2] 4 2l
46 T2 AV e NS vehigla, feis 7}?4 BAQl 77}

35.2%, 22.2%2 ZAE QT

Table 2. Basic coat color patterns found in Jeju horse

population
Basic coat color No. of horses Frequency
Black 24 0.222
Bay 38 0.352
Chestnut 46 0.426

Fig. 1< pyrosequencing 71" ]3] MCIR (A) 2 ASIP
Bl W FAxEE A Aotk MCIRAM E'E'$
E'E°, E°E7Y, ASIPNAE= 474"} A*4°, A°47}F B SRIE Qe
™, Marklund 5 (1996)°ll <3+ MCIR +3A& #4] 2 Rieder
5(2001) WHel o3t 4SIP FAAE B4 Axzlel dA|sigict
(data not shown). Table 3olA+= = AFEn} Aol MCIR
I ASIPS] FAAR ] HEe) YERHSITE. MCIR H37
Ao NE T 7 dR@QA B, EVF BF #EEa, E@ds
z3) wE FAREEe A4 E'E 0093, E'E 0481, EE

A=

Horse Coat Colors and Genotypes

e ‘ —
'UJ'H MLL
s | J TN ’___[\_1]

Eepe e

..............

(A) (B)
Fig. 1. Pyrograms generated with the PyroMark Q96 1D

showing the pyrosequencing pattern and geno-
types for MC1R (A) and ASIP (B).

042607 ERAFGITE wak ASIPoAE vyl 47 4% %%
of o) Al 7K fAAEe] ZH2E 4141 0213, 44 0.472, A°A°
0.315¢] Wl=E Yehfdth 7HFRAS MCIR 448 2 #4
24 BlwE EET 0208, E'ES 0791, E° 0.604, E° 0.396% e
o, ASIPAAE A4 12 YERTh 7HFEAgAE Ao |
Mel EY dig iz 7h glofof 8 ASIPE 4° EFFololoF 3
o fulRAdNE MCIR +348 2§44 WvE EE
0.131, E'E° 0.868, E" 0.566 E° 0.434% UEREOW, ASIPoA
= A" 0342, A'4° 0.657, A" 0671, A° 03295 Uebsit) &
np Ao K= MCIRT ASIPAIA Hol% 1749 EF, 4" 864
;(],7]_ o]o{o}: fﬂ-r;} 141;]_13/040]]}\1‘— MCIRS E°E° % 4;(}631:]- 1,].\:/]_
wrom ASIPAIE A" 0217, A474° 0.565, 4°A* 0.217 37HA]
Aol ZF Uehken], fAREE 41 0.5, 4° 052 Y

St
Table 4= 50} Jol|l X MCIRI} ASIP 5448 %3t} 7]
Bzl #AE YepIth Rieder 5 (2001)2 22 #59 &

Aol w2 MCIR 2 ASIP A dsl 2aslsirt. Black
E'E'AA", EE/A44" +343S Bay: E'E/4'A%,
E'E'/A'A° E'E/A"A" E'EY/A"A°, ChestnutS E°E/A'A" EEY/
A4, EE/A°A" FRAES 2h= Aog Rusi ® A 1A
T Rieder 5(2001)9] A7Ane}t dxshe Fds HeERSITL
MCIR A4 #A 0= JheyfoteAs Ao 7ko] F5H7F
7Fsston, 7R AL fulR A= MCIR FAAEE 54
SRR ASIP Al wet bR A} friR AR Tl 7

7k,

Table 3. Distribution of genotypes and frequencies of MC1R and ASIP among different Jeju horse coat colors

No. of horse

Genetic variation Genotype Black Bay Chestnut
(Frequency)
E'E 10 (0.093) 5 (0.208) 5 (0.131) -
MCIR g.901C>T E'E 52 (0.481) 19 (0.791) 33 (0.868) -
EE 46 (0.426) - - 46 (1.000)
A" 23 (0.213) - 13 (0.342) 10 (0.217)
ASIP exon 2 A qa _
11-bp deletion A4 51 (0.472) 25 (0.657) 26 (0.565)
A°4° 34 (0.315) 24 (1.000) - 10 (0.217)
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Table 4. Relationship between the basic coat color
patterns and the combined genotypes of
MC1R and ASIP in Jeju horse population
tested in this study

Basic coat color Cﬁg?g’/z%[%f I\lll%'rszf Frequency
Black E'E'/4°4° 5 0.046
E'E/4°4° 19 0.176
Bay E'E'/4'4" 0.009
E'E'/4'4° 4 0.037
E'E/4% 4" 12 0.111
E"E/A" 4" 21 0.194
Chestnut E°E*/A"4" 10 0.093
E°ES/A"4° 26 0.241
E°E*/A°A° 10 0.093
Black Black Black Black
EtE5/ 4342 E*EE/A3A2 EFEY A2 EtEr/A742

* o oo

Black
EAEriARA7

O

Chestrut
ErER/A2 A7

Black
EtE8/43A%

Fig. 2. A pedigree showed the Mendelian inheritance
pattern of Black and Chestnut coat colors in
the horse family.
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. Fig. 2& A5v}9} Throghbred %% F wajE 53 A
gopAlell A 71 B Y] I B ¢
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