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ABSTRACT

This study was carried out to define the “Wolla” coat color using 376 Jeju registered horses (white patched 142, solid coat
color 234). Three major factors related to the white patches i.e ECA3-inversion for Tobiano, EDNRB 2 bp nucleotide substitution
for frame Overo, and the KIT intron 16 single nucleotide polymorphism (SNP) for Sabino types of coat color were analyzed. It
was found that out of 142 Jeju horses with white patches that have the genotype for ECA3-inversion (7o) 140 horses were +/To
heterozygous and 2 horses were To/To homozygous all Jeju horses with white patches had ECA3-inversion allele. However, there
was no frame Overo or Sabino allele type in EDNRB and KIT intron 16 SNP in Jeju horses with white patches. As for 234 Jeju
horses with a solid coat color, there was no ECA3-inversion allele related to the white patches. Thus, it could be considered that
Wolla coat color with white patches in Jeju horses might have come from the Tobiano line in the genetic classification by coat
color.
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M = ojaL HlTiAQ] wiko] yEhli= Tobianogt Overo7} 1o, Wk

o] oIy FYZ Jeh= Leopard 3= Appaloosaz 153519

AFrks lf 49 ArEAder ¢r8E B 3 EF  th Tobiano® ARl el vl theje] Hd (B of H#
WAE Sl 1986\ E HAVIHE Al 3475 AAHo] HEE o] ¥l HE oA ag] Afold] SAlS THEAEE HRkS:
a9tk FEE 200095 AFeke €23 E 98 5249 zH=t}. Standardbred, Thoroughbred, Arabian, Quarter Horses
o] As=ar girt. + Tobiano EAHo| ¢low, Paint, Pinto S|4+ ©]¥ Tobiano
Lee (1971)= AlFnle] A WAL 127 o7 397) A7 ¢ EAS zh=t} (Thiruvenkadan 5, 2008). Overo:= frame
2 A9 34 o] ¥ g} (Wolla) 24L& W2 (BFE, dEHZ  Overo, sabino, splashed white 3742 #7F5 ™, Overo 2419

# Ay 2Alo] lEoe Btk wik(EE, § %E“’ Fro]  HRE BAL FY 2] wigto] HoA Alztun, theje] WA
S 722 M) Piebald (A3 wle] EAE WAk & A, A 5 e e (Motallines 5, 1998)

Skewbald (4] ¢]2)e] T2 Ao walo] EAjEl B%7)e] A7 Tobiano Overo & Wik Bk ofje} viv} (white coat
So wasislch Sa 291 JjRhdel fuldsl AtUs 71 color patem)sh 2e wAS 9L 3] AF BARAHA A
A= BE&319u) TEo] =S (Haase 5, 2007; Holl 5, 2010). Bowling

Thiruvenkadan % (2008)2 oA ¥WlALS yEow 3= Al (1987)2 albumin-b (ALB-B)$} vitamin D binding factor-S
o= WA Ho] ExjH TA (Grey, Roan, White)d} Ze] E-Eo] (Fc-S)7} Tobiano®} A#=AThy Hudslem, Brooks &
Wdle] 9l= FER FESIQIY. il B 550 B4 (2002)2 KIT 442 139 intron®] 97)%|$ko] Tobianos} 7+
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A d#A=Ettn Busigh. #T9 Brooks % (2007)&
Tobiano HEHE zt= Dol 31 AAA] inversions #He13F5]
o1, Hasse % (2008)2 ECA3-inversion %2 %3] German
horse breedso|4] Tobiano%} <¢I3Ho] 7S 3T
Metallinos 5 (1998) endothelin-B receptor (EDNRB) 744}
©] missense mutation®] frame Overo®] Lethal White Foal
Syndrome} d#te] 9li= Aoz Hu3lg}. Brookss} Bailey
(2005)= KIT +73A2] exon skippinge] @olA] sabino HA19]
9lo 7 Byt

AFrke] oefe B2 F 7J2EA(Kim F, 2011)3 Fnf
(Gray) (Han &, 2009)ol gk <14+ Hale §iiont det mAof
ek FArEe] A Bad vp Qlok B e 2o AR
EHE E3 Agvte] def 24 wialkge) (Tobiano, frame
Overo, sabino)ol| Tl Ae)saAl =85ttt
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1. 3AS= % DNA =

1

AtAEE AFes sty o3 55 #EHa dE AT
n} 1,465Fl g DNA Alg5 AFSEAAE Hix1Edow
TE BG wop o] g3lqirt. det BA (53 A Wuh A
Tk 14657 5 det BAo] lE 1427 (0.096)E 831918
v, v} (solid) HA 2345 BAo] o435t DNA 49
2 NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies,
USA)Z E35E 243 & 100ng/ulz 343le] PCR ZES
A3 FHow ol g3yt

2. ECA3-inversion & Als 2

ECA3-inversion & $3] Brooks % (2007)¢] X3k ¥
S WEI 435190t 29 31 chromosome?] inversions- 3

Table 1. Primer sequences used in this study

Q13t7] $18) Table 19] 359 primerE &§3le] F43l%t)
AA Ao =25 93t PCR Wk 1xreaction buffer, 12
mM dNTP, ECA3F+ 15 pmol, ECA3xR3} ECA3toR ZZ;
7.5 pmol, 1.5 units i-Tag DNA polymerase (iNtRON, Korea)
9} 25 ng genomic DNAZ &&3to] 15 4f volumel® E¢3
Aty PCR 4772 DNA Engine Tetrad 2(Bio-Rad, USA)
£ o]g3te] 95T 3% %7|HA 3, 94T 45%, annealing 68T
45%, 72T 45%% 749 kS-S 308 whEgt 5 727CoA
537t HE 438k9lty. PCR 2% AHe2 QlAxcel Advanced
FE4719% 45 (Qiagen, Germany)2 o §3t] 4A4HS 3
ol

A3kt

|

oft

3. EDNRB, KIT R8Xtg EA

EDNRB 5747 exon 12} 2bp $71X3H(TC/AG) S #4317
28l Metallinos 5 (1998)0] Hagt WS WHEsto] o]-83l%t)
KIT intron 169] 1037bp ¥A¢] T/A SNP 4L Brookss}

Bailey (2007)9] WS Hyste] E48i9ltt. EDNRBSE KIT
AR FE£8 5] PyroMark Assay Design 2.0 (Qiagen,

Germany) Z2I1#5 o|&3le] PCRE primers}t sequencingf
primers-g 3IQFSSITH(Table 1). 2t Ao F53 93t
PCR Hh2-2 [xreaction buffer, 20mM dNTP, Z+z}

primer (Table 1), 1 units i-7ag DNA polymerase (iNtRON,
Korea)?} 25 ng genomic DNAE E%3le] 25 4 volumeo &
E3sisitt. PCR 8H8%78 DNA Engine Tetrad 2 (Bio-Rad,
USA)E ol&dte] 94T St 274 %, 94T 30%, annealing
30z (EDNRBS} KIT intron 16 Z}Z} 56C), 72°C 30%% 149
NS 343 WHEG & 72ToA 5EZF FHE AEIGh
PCR ZF 2He-2 agarose gel Ao A7]9F5HoR Bolag o
W, EDNRBS} KIT 3749 f44%8 AAL PyroMark Q96 1D

(Qiagen, Germany)Z ©]-&3}9it}.

15 pmol

Target Sequence(5'—3")

ECA3F : TGATAGATCAGTGTAGACGTAGTGTGACAGAGAC

ECA3-inversion

ECA3toR : TTCACCACAGAGTATCCAATTATGTCTTTCACATAATGC

ECA3xR : AACAGCTACTCCCACTCTAGCATAGGTTC

Forward : F1 *AGTAGTGTCCTGCCTAGTGTTCG

EDNRB missense mutation Reverse :

R1 GATATTAGGGCCGTTCCGC

pyrosequencing : S1 TCAGCAGTGTGGAGTTT

Forward : F1 *TTAAATGGCTTTCTTTTCTCCC

KIT intron 16 SNP Reverse :

R1 GGATATTTCTGGCTGCCAAGTC

pyrosequencing : S1 CTATGAATACACTATTAGGA

* 1 5-end biotinylated.
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to] mAlG-Astol| A White patchi= Wylo] B2 %o
o2 JehJ= 889l Tobiano$t Overo ZAN} i
Ae] Hy 2 Jeh}E= Leopard ¥ Appaloosa SHE|Z T
t} (Thiruvenkadan 5, 2008). Tobianox= Yubd o A}x|7} Wl
Bolw] FARE] m7A] SAE vl Wande] 722 FY
2 Jehd, wate] e  E B 982 52 JHE T
o] Tt wWiNke] W= & EHY 20%~80%= vFFstA
Ejvtt} (Haase 5, 2008; Thiruvenkadan %, 2008). Overo:= U}
2o wialo] ApAju, AbAEl F opekstAl e, 5o weke
Y 2t Ak JYE 2 B AFE AR sabino
AT A RHE AlRfste] Wato] WEhfi} Tobianot} Overo
7 ouinke) feje W] EEA Weth AT det 2ae o
BHA 0 2 AbAE widolm wiubo] FH-E TFRAEE FEjeAT-E
(Fig. 1 A, B, C) A& Hdop} wldbo] 5ol =6] dF-wxt
ek delE tekshl vkttt (Fig. 1 D). & dtollA 24
142 7o AFn det 29 FHE ZHFA RS dukAg]
Tobiano XA FEje} fFARE 2oz 2] HYt

FEH
=
=
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oA 38 A9 inversionS: <1817 93] Brooks &
(2007)0] Hargk WS o]&3te] S A3t
= (2007)& Tobiano #Hd 13£% 12152 BAe A3 BE )
Aol 4] ECA3-inversiono] Jehte 78 20139l a, Hasse &
(2008)& Tobiano 20479} solid 2452 5413 7
AE 252 A3t 202594 ECA3-inversiono] LFERHOH,
solid 24%& ESF ECA3-inversion®] ¢Iith. BEdF ECA3-
inversion®] WERR] ¢k 2% TobianoZ EEFHo] 9lon} =
Fo| 7L Ao FAG

w40 o8 AJFHt ke ECA3-inversionof s g4 (+)
7 inversion (To)e.& TH3le FdAEe £ 9 24 A#g
ARG A de) 1427 5 14074 +/ To o84 %e.
2 Jeiga, 27 To/To 588EeE Yeh AlFn) g 25
oA ECA3-inversiong 218 4 gIQich. & v]He} (solid)
BARQl 2347 A= B ++ FEATCE Ut (Table 2).
AFrke] g} ZA2 Brooks 5 (2007)3} Hasse % (2008)9] A
e} go] de} mA s =% ECA3-inversiono] LFERO.
™, Tobiano FAAEH To/To SFHEH +/To o|FHY 71
BAZAY = Aolg AT F Tt (Fig. 1).

Fig. 1. Phenotypes of Wolla coat color in Jeju horses. Various patterns in shape and proportion of white patches
on the trunk. Genotypes of ECA3-inversion are To/To homozygous in B and +/To heterozygous in A, C,

and D. White patch is in white circle (D).
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Table 2. Genotypes of the ECA3-inversion, the EDNRB
and the KIT intron 16 in Jeju horse Wolla

and Solid
Wolla No. Solid No.
Genetic variation ~ Genotype  of horse of horse
(frequency)  (frequency)
. . 234
- +/+ —
ECA3-inversion / (1.000)
140
+ —
/To (0.986)
2
To/To (0.013) —
EDNRB 2-bp Tt 142 234
missense mutation (1.000) (1.000)
+/0 - -
o0/0 - -
. 142 234
KIT intron 16 SNP T (1.000) (1.000)
A/T - -
A/A - -

ECA3-inversiono] #1e] il oJal Fujol g
£ #137] 98l ECA3-inversion +/To f3AE 2te 8 (4
B 1F +/ SRR 2 (U 352 kel A
A A 65 s M4k A}, ECA3-inversion (7o) A4S
A e Al 454 Uk (4/T0) BAle] Lieht Wse) 5%
AR mlEE 7o 2] It} (data not shown).

Metallinos 5 (1998)2 frame Overoo|X] EDNRB A4
2bp HA7|X3 (TC/AG)| 29t missense mutation (Isoleucinel18
Lysine)©] Lethal White Foal Syndromeﬂrgl AAE 439t
FAo| o] g% frame Overo /JAEL EF +0 o84S Y=
uebsttt. EDNRB 317 Wl 2bp @712 &40l o]&€ AT
ul D} 14274 ++ fFaAERke] Jelddl A1ge) (solid) &
Al 2345l e B AR 4 FEATR et (Table
2).

Brooks$} Bailey (2005):= KIT 744} intron 16W 2] 7/4
713189] exon 17412] skipping#h #o] Lo, DA 97121
& 2t 22 sabino EdYo] YEheE Zlo® EusiEd. KT
intron 16 W& T/4 SNP EXof| o835 AFu} dz} 14259
AT S3PTE Yehton, nlgde} 2345l = 25 TT %
Fehdto] 2% Hitk.

BooAAd Agnt e} AL ECA3-inversion (To/—)& 29)
8t 4= 9l¢le, EDNRB % KIT intron 16 SNP+=

type FHEZ I 5 50k W Ao} eheae
AstA EFol|A Tobiano Hejol| &£3}= AL g AlRHL.

25 wild

[e]
B
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2 of
B oads Alent 92l (Wolla) 2419
frame Overo, sabino)dl] sl FA8Hd EAL 13l 433}
Atk ARt 3765 (Hek 1427, vjdet 234F)e] e Tobiano
BA ZlE 93] ECA3-inversions £431%] 01, frame Overo
TALS. EDNRB 2-bp 971X% A¥E #1819, sabino 24
o148 #ele KIT intron 16 SNPE FA43519ic). #|r} dg} &
A A A ECA3-inversion 32k 0o] +/To o84 7t
140% (0.986), To/To 538F Fe} 25 (0.013)7} e} A)5n}
4} BFo)A ECA3-inversiono] &¢lEit}. "bHe] EDNRBS}
KIT intron 16 SNPYA= frame Overol} sabino 1A= YER
A okt AFn v Yele A= ECA3-inversion, EDNRB 1211
KIT intron 16 SNPol|x] Wulkedejel sl QA vFEREA] et
o} wehr, 2 A A AFel g2k (Wolla) 2442 2.4
A FE-Fo|A Tobiano BA 30l &£3}= 7o g AlgHT)
(FFA|0]: A5}, 24 Tobiano, frame Overo, sabino, -71413)

w8 ¥ (Tobiano,

fa)

Ab A
2 oo olg 8 AR DNA ARt ALEEAAE S440%
98] gx2 stusglon, A5 Jud 8l £ R AFE
w7}

A 2E A =y
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