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SUMMARY

O Title : Determining the genetic characteristics of horse coat color

Not only scientists but also owners and breeders have long been interested in
the colors of horse’s coats. Although coat colors are not related to performance,
they are meaningful because they are used to identify individual horses and
their blood relationships. Coat colors are advantageous in that external
phenotypes and inheritance patterns between generations are easily recognized.
Because of these characteristics, coat color has been used as a model trait in
studies of genetic action or interactions between genes.

In 2011, a survey of Cheju horses showed that the most common coat colors
were gray (60.2%), bay (16.5%), chestnut (10.8%), and tobiano (10.9%). Of these
colors, gray showed the highest distribution. Among crossbred (Cheju horse X<
thoroughbred) horses, bay and chestnut showed the highest frequencies at 48.9%
and 35.7%, respectively. Compared to the coat-color frequencies of Cheju horses
surveyed in the 1960s, the frequency of gray increased five times and the
frequencies of bay and chestnut decreased to one third in the Cheju horses
surveyed in 2011. Compared to Cheju horses in the past, gray was found to be
the predominant color in current Cheju horses. Therefore, a decrease in coat color
polymorphism was identified.

MCIR, ASIP, ECAS3-inversion, and STX17 were analyzed to determine the
genetic polymorphism in the coat color of Cheju horses. In MCIR, the gene
frequencies of E and E‘were 0.348 and 0.651, respectively, indicating that the
frequency of E‘genes was approximately two times higher than that of E genes. In
MCIR, the genotype frequencies of genotypes E/E, E/E‘and E/E‘were 0.124, 0.448,
and 0427, respectively. The results of the H-W analysis of MCIR showed a
p-value of 0.6474, indicating that MCIR was in the Hardy-Weinberg equilibrium
state. In ASIP, the gene frequencies of A and A"were 0.680 and 0.319, respectively,
indicating that the frequency of A genes was at least twice that of A’genes. The
results of the H-W analysis for ASIP showed a p value of 0.0951, indicating that
ASIP was in the Hardy-Weinberg equilibrium state. In an ECA3-inversion, the
gene frequencies of + and Towere 0.961 and 0.038, respectively, indicating that +

genes were predominant. The frequencies of genotypes +/+, +/To, and To/Io were
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0.924, 0.073, and 0.001, respectively. The frequency of the phenotype of the Wolla
color in Cheju horses was 10.9%, which was similar to the frequency of the
genotype. In STX17, the frequencies of genes G and g were 0.342 and 0.657,
respectively, indicating that the frequency of G genes was more than twice as
high as that of ggenes. The frequency of the phenotype of gray coat color in
Cheju horses was 60.2%, which was similar to the frequency of the genotype.

A white spot is divided into three genetic types: tobiano, overo, and sabino. To
identify the forms of a white spot in Cheju horses with Wolla coat color,
ECAB3-inversion, EDNRB 2-bp substitution, and KIT intron 16 SNP were analyzed.
Of 142 Wolla Cheju horses, 140 were +/ To heterozygous and two were To/To
homozygous. Therefore, ECA3-inversion was identified in all Wolla Cheju horses.
However, all 234 horses with non-Wolla (solid) coat colors were +/+ homozygous.
ECA3-inversion (To/ —) was identified in Wolla coats, and both EDNRB and KIT
intron 16 SNP were identified as wild types. Therefore, in the genetic
classification of coat colors, Wolla Cheju horses are considered part of tobiano.

To classify the coat colors of foals produced by cross combination, the coat
colors of 321 foals were identified, and the coat colors of their parents were
surveyed. The coat color frequencies of foals produced by cross combination were
62.3%, 17.4%, 10%, 8.4%, 1.2%, and 0.6% for gray, bay, chestnut, and tobiano,
respectively, showing that gray held the highest ratio. The frequencies of gray in
gray X bay, gray < chestnut, and gray < black-cross combinations were 60~50%,

indicating that if one parent was gray, at least 50% of the foals would be gray.
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2008) w}-§-2=0l A BAo| FEFS F= FRAEC] FRIH olF JFEFAA o] FHAESY
O EdWol 0] HixolA

st o 2, MCIR(melanocortin receptor 1)e]2tal 2]+ extension (e) locusg & <

At} ©] receptor= melanocytedl A IFFo 2 WAEHM cyclic AMP(CAMP)S] Al 3
T 2HE E3 melanin @A Az HAG AR =83 IS F33h. =3
o] receptore= MAFZ 29X g s B =d XA+ eumelanin(brown/black)-S
StAEHA At o] AR EdAWoleE XS vk (Robbins et al, 1993)o A H&
Hom ol&=2 A(Klungland et al, 1995), Z(Marklund et al, 1996), F(Vage et al,
1999), 7W(Newton ef al, 2000)o A Brs|H k. MCIR & A AaF=o|; A ATA
FFoA FFL FE agouti-signaling-protein(ASIP) FA A}, tyrosinase related
protein 1(TYRP 1) %=}, tyrosinase related protein 2(TYRP 2) -F#x}Eo] ¥ %t}
T3 F71A S 2 neural crestZFE melanocyte precursor®] o], melanocyte$]
A&z drde)] 9GS F+= transcription factors (PAX 3¢} MITF), tyrosin kinase
receptor (KIT), G-protein coupled receptor?!l endothelin receptor B (EDNRB)<}
endothelin receptor B¢} ligand¢! endothelin 3(EDN 3) FAAEC] B

o] wAl fHo] th3k A= 1900 X Person(1901)3 Horper(1905)e) 2] 3H
A& ool & Hurst(1906)&= H#BE#H =9 EF7|5S ol&ste M, A 7
A A g Ao et YA Bkt 1900d Tt SRkl ol Aol Tﬂa
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genome scanning WS 3] Lol NMEZE 2 AFo o]g&H i Ut} ‘129]
AR S 2A gl YEjo] mep AA-SANo g UEhte [ EREA 3 A B A O3]
22H 0.2 Walst= 22k A, Win el 2y Yy FoE FEIHE TR YN T

3
3 152 v 7]E =A(basic coat colon)e RE I ®mA(black), v}EA(bay),
2 2 A (chestnu) 0.2 F-#3 ) tH(Thiruvenkadan -5, 2008).

Aed I I dF
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wAg ZE $2E Ase Holth
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e =W 7o AriAde s &5d5 BE D dSFUAE &l 198610 F-E
AAZIEE AMTEE AAE] REF Qo =3 20
A8l TE:AG el 1P ok

Lee 197D+ AFrte] 2 WA S 127) HEFS 3970 AlEF/E A9 stdth o] &
2zt (Wolla) BA1& vtw (56, dSHEH g BEAo] o= EFtstar Wk (194,
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8 9sw Tol Y= ASw ALel Piebald(FAn o] FAE )

rr

Skewbald (4] o]]e] ThE Afo] wWiMjo] sxjE F7)o A4k Bt =g
4otE Jhebde), fukde, Aol VAR ER/SEAT AlFuE 2o g AT
HIE5L2 A WHyo mE 7 FdFH E/7ol that Bia(lee, 197D} FrHgray) =
A A1 FAAY] @A gk Ea(Han 5, 2009)0] =rg=o] o).

M3d g7 sd e 2 At

A1d @ FHE B 19y W {fH1Ax3 4

L As 2 O

7t 3AAE

AFop A B ZAR o]&3H T2 20119 % AlFHuPF AR TR A S}
6135, AF4bet 37275 AA 2ARIAH. AlFrksE @A o 55 deEHL
A= AFuk 146550 thg DNA A E& AFEEAAE =
o} o] &3tARtt. AFAtvt= AFArtEd JARE 228F ¢ HH B A Y Anks
4 dAtuk 119575 A st EAFHA Ao o] 8313t DNA 8982 NanoDrop
ND-1000 spectrophotometer (NanoDrop Technologies, USA)Z F3F=E A3 ¥ 25
ng/ 12 3]st PCR TFS A FHPOE o] 83tk AlFn de} 2T AR
b2 AFEEARN = SAEHA Bl S AFrh 1,465F HolA fgp 220
gl 1425(0.096) 2 Hl D ef(solid) =A< 2345(0.159)F &A1l o] &3t

S|
~

A

L o] R RA YA g9 Fol ey

= s 8 FAARJ]N MCIRE g 901C>T ®ol<} AS/P 11-bp
o] B8 98 PyroMark Assay Design 2.0 (Qiagen, Germany) Z 2 1318 o] &3},
PCR primer$} pyrosequencing primerE-S 319t th (Table 1. FAx HHe| FZ &
#%F PCR ¥H8-& 1 X reaction buffer, 20mM dNTP, Z}Z} 15 pmol primer, 0.5 units
HS Prime 7ag DNA polymerase (GenetBIO, Korea)®} 25~50ng genomic DNAS &&5}¢]
25ul volumel. 2 &3sl3th. PCR ®WH& 2712 DNA Engine Tetrad 2 (Bio-Rad, USA)E
o] &35l 94T L& Z7|HA 3, 94C 30%, template-primer annealing 302 (MCIR 69C,
ASIP 58C), 72C 30x== FAEH A 353 Hb&E3 & 72 CoA 5&E3F HF
AA3sY . PCR =Z A58 agarose geldollA AZjdEsHoz 823 T
Pyrosequencing®ll ©]-8-3}%ith. Single-stranded biotinylated PCR product= sequencing
k3-S5 98] pyrosequencing Vacuum Prep Tool (Qiagen, Germany)2 ©]&3}ich
Streptavidin Sepharose HP beads& 2 X PyroMark Binding buffer (Qiagen, Germany)<}
£33 & PCR product®} SH{HFE H71sted sty 228 DNAE vacuum=
o] &3} filter probesoll F2bsla, WA, AZste FwH|stHtr. =4S =38 DNAg

pyrosequencing primerg g% & B80CANA wWASt, WZste EAsisia
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PyroMark Gold Reagents (Qiagen, Germany)E ©|&3}e PyroMark Q96 ID (Qiagen,
Germany)2 223519t}

gt 2SS ZAAS7] 98 Brooks 5 (2007)¢] ®argk  ECA3-inversion(Tobiano),
Metallinos & (1998)c] X113+ EDNRBovero), Brooks®} Bailey (2005)¢] X313+ KIT
intron 16(Sabino) 41 WH-& WPt EAstH oW, FrtEALe Ful Fgo] HoloR
B1¥ syntaxin 17 (STX17) intron 1614 4.6kb3E-(duplication)®} B]F &) s &4
sttt YgteAa Fol mAlS Table 19 329 primerE &8t A3 Th
ECA3-inversion A d#H FZ& 9% PCR ®EE2 1Xreaction buffer, 12 mM
dNTP, ECA3F= 15 pmol, ECA3xR3} ECA3toR< Z+z} 7.5 pmol, 1.5 units /~7ag DNA
polymerase (iNtRON, Korea)®} 25 ng genomic DNAS &3tsle] 15 ul volumel & &3
3ttt PCR ®¥Fg =718 DNA Engine Tetrad 2(Bio-Rad, USA)E o] &3}la] 95C 3&

2714 &, 94C 45%, annealing 68C 45%, 72C 45% 2 TAH Aifvr3E 303
HEESE & 72C oA 583 HF AASEA T PCR 5% 4HE2 QlAxcel Advanced A5
il

719 % A= (Qiagen, Germany)E o] &3t F123-S 2lslth
EDNRBS’Jr KIT intron 16 o FA=} 7‘4{ AL FHz dHe FH5S 9% PCR
< 1Xreaction buffer, 20 mM dNTP, } 15 pmol primer (Table 1), 1 units 7/-7aq

DNA polymerase (INtRON, Korea)9} 25 ng genomic DNAES &3} 25 ul volumeo &
=33tttk PCR ¥FS-=7-& DNA Engine Tetrad 2 (Bio-Rad, USA)E o] &3}e] 94C 5%
Z7|HA 3, 94C 30%, annealing SOi (EDNRBS} KIT intron 16 Z+ZF 56°C), 72°C 30
22 FAE AHHESS 343 HEESE 3 72C oA 583 HF AASEET. PCR 53
AFE-& agarose geld oA Ar|gSHo g sHelstg on, EDNRBY KIT 53429 £
Azd AA-& PyroMark Q96 ID (Qiagen, Germany)E o] &3t ATt

FolrAe] fHA2E A4S 9% PCR ¥ 1xHEg4SH 20 mM dNTP, Z+zt
10 pmol 3Zz}w|of, 2 units i-Tag DNA polymerase (Intron Biotechnology, Korea)<}
50-60 ng genomic DNAS &3%3}ar, PTC-200 (MJ Research, USA)& ©]&3le] 95C, 3 &
27|14 3, 94C-30 %, annealing-45 %, 72C-45 2& FAHA QLS 353
HEESE & 72C oA 5 &3t HF AAstAt. Long PCRS 1xXRHE<E<, 40 mM
dNTP, 2 units LA-Taq DNA polymerase (TaKaRa, Japan), 50-60 ng genomic DNA,
DupForward 3.75 pmol, DupReverseN 2.5 pmol, DupReverseD 5 pmolS Z3§ 3},
PTC-200 (MJ Research, USA)& o] &3} 94°C 2 B Z7|HA 3, 94C-20 =%, 68C-10
Foz FAE ANksS 30 3] HkEgE & 720C oA 15 3 HF A3t PCR
=% A= QlAxcel Advanced #5371 -8 A (Qiagen, Germany)E ©]-&3st] 3
A8 & st
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Table 1. Primer seguences used in this study

Target Sequence(5'—3")?
Forward : F1 CTGCACTCACCCATGTACTACTTC
MCIR g.901C>T Reverse : R1 *~CCTCCAGCAGCAGCAAGAT

Seqguencing : S1 CTGCTGCCTGGCCGT

Forward : F1 GGGGGAAAAGACCAGAAACA
ASIP ex2 11-bp deletion Reverse : R1 *~CATGTAGGCCTGAAAAATCCTT

Sequencing @ S1 AAATCCAAAAAGATCAGC

ECA3F : TGATAGATCAGTGTAGACGTAGTGTGACAGAGAC
ECA3-inversion ECA3toR : TTCACCACAGAGTATCCAATTATGTCTTTCACATAATGC

ECA3xR : AACAGCTACTCCCACTCTAGCATAGGTTC
Forward : F1 *AGTAGTGTCCTGCCTAGTGTTCG

EDNARB missense mutation Reverse : R1 GATATTAGGGCCGTTCCGC

pyroseguencing : S1 TCAGCAGTGTGGAGTTT
Forward : F1 *TTAAATGGCTTTCTTTTCTCCC

KIT intron 16 SNP Reverse : R1 GGATATTTCTGGCTGCCAAGTC

pyrosequencing : S1 CTATGAATACACTATTAGGA
ngfF : GAGCCTGTTTCTGCTTATGCTTCTCTTAGGT

STX17 intron 6 4.6-kb duplication gF : ACCAAAGGTTGTGCCCTTAATCCTATCATA
R : GAAGCAGAAAGCATCCTTGCAGTAATTGTT

a * : 5-end biotinylated.

2. 97420 94 uF
Lee 197D+ AlFvte] 24 wWAg 127 dE&F/F< 397 AMEFE ZstAct. 71&
A= TleH(SA,  Black), KA ZA, Bay), ‘AtH(HA, Chestnut) 2=
HAS FESY AFgsd o, Rz WAool TAE 2SS FulIA
Gray) & EF3Ath 2o J%Fol ute] e g d5i(Wollgta ER/3h
42t (Wolla) A2 w2 (5, 45HEH A8 20 gds E73tar Wuk (116,
3 dEY Fy)o] Y AoE Aol Piebald (S mAlo] ZAE dF7))e}t
Skewbald (4] o]¢]e] Th& Ao wWiAlo] TAE IF7))o| YA gchal Bt =g
4 et e, ke, Aol HAE £/ T
Lee (197DE 19603t A|Fv} ARz Gule} HAvyy)t 247t 42.7%, 30.5%=Z A 5=u}
=] hRES AL, TeoR Frir} 13%, Jhehe 7.3%, nehvh 2.2%% B
St 28X T defn e (0.33% 2 Rt ZAMAFoAM = dEtrAe] HlTy) ol
3o ZAog ®Husth HA ATk 2A A zﬂ%‘—u}fﬂ TA BXE HWE}Y]
18l 2008~2009 A4 AlFup Awtel O BEE 9 1@ AFA v AR 6137 o 8l
2AS A tHTable 2). Al 613%F AFvlolAd 7bg e WNEE B mAe
FHEE 369F77F &lEo 60.2%E AA AT Fule O 6F2E AERSIAS W
FEF0] 24%, REF 191%, HE 11.3% o2 JYeh} FnidAdEs FE2EF BREE
3ol g AASAY. ke WA AFrkeA 16.5%E AR SH, frke
AEFA BERFu7E 10.1%, 7HEfrebt 4.6%2 2AE A Atke 10.8%% ZAE S

]_
=R
T
5]} ol
el
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ow AEFA tEEo] REATHB6%E YEIRT Edte 10.9%E UEsen, et &
frotdet, S48, Fudgrt 283t A2 et I 9 A& Al aE
7heh, AE2 1% Weldon, &, AL, FETES FAHA Zdt AF4ak= 11d
A F73utd JArmp 37250 tiall BAE A tHTable 3). AlF4tvl /ol A=
ek7t 48.9%, A7t 35.7% % tRES A ow, e, kel Frks 5% ol E
Uetga agf, 7%, A& 1% 2 UeET AF4buk fuke] AERAAE 7HE
fup, Befn, RESUIL 22 201%, 11.5%, 142% 2 UEFoH, HAthsE tRio)
HEZAT 19.6% 2 e

AFup 2 A F4mke] ZARE H WA A Futl A g 7EE XA st B FRtE
602% 5 ZAstHRoH fuf, €8, A= 242 16.5%, 10.9%, 10.8% = YERL} A F=u}o]
mAo] Folyt & ZoZ 2l A AFAbut M= fulrt 489, AT 35.7% 2
RS AR, 7kt Fvh €27 5% v e E UEwTh 1960t =AM
A Fole] 2z vlwA 20119 =0 AL AFuks Folbzk 56 SV okt
Atk 3u) ZAste] A A Fupel] wls] EA Ful FE e BA ThekA o]
ZdaE Zow 0 & AU

AFot 1,4625F Whd 2A3AHE FA79 o3PS gdstr] Yl MCIR, ASIP,
ECA3-inversion, S7XI17S £33 tHTable 4). AFvtollA MCIRE 1,308F7} E4 5
Atk MCIRAA AR Hx= £ 9 £ 247 03487 0.6512 YElY £ FR7A7F £
FAA w28 A= w2 AoZ YElyth MCIRIA #3AY Wx& E/F
E/E, E/F FRAARl 247 0124, 0448, 04272 YEbgth AlFn MCIRo| o3
H-W 423 p value7l 0.64742 YeRY StHIM T HEY Aejdl e ASE Y
Byttt AlFubol A ASIPS 1,3745F7F EA AT ASIPS] SAARNEE A A7 7} Zh
7} 0.680, 03192 UEN} A §AATF A7 34 Bk 26 o) BA JEstth Aot
ASIPo Wi H-W #4243 p valueZ} 0.09512 UeR SO/ T F3 el
= Aoz Yyeygg. A FuloA ECA3-inversione  1462%F7F  EAEITH
ECA3-inversion®] fAxH == + 7o 7F Z+ZF 0961, 0.038E ENY +(wild tvpe)
A7 gREES AP oH, Y NRdAM=  ++ +/To, To/To TR0
Ztz} 0924, 0.073, 0.0012 YElT AFrt 224 3dF HEE 109%E e
FAAE S FARE AHE UEET AFulelA  STXI7E 1462F7F EAHIUTH
STX179] §AANEE G g 7} 247 0342, 0.6572 YEN} G §1A7F g 42 Bt
2u) o] =A UEET. AlFrt ek 2 29Y HEE 602% %2 YERY FAAE
I FASE A2 YERgT

Ao def 2L dntd o g AR & dWAjo]m Hinlo] VIRA 2= FHl

=
3

54

AR (LY A, B, O) ARE Aol wylo] BEo| 33 YREw ehit dHw
J

BA

[e)
=
\=]
L

=

thFetAl YRS THFig. 1). ECA3-inversion©] 7o/7o S3A (1™ B +/70 o |3 E
(18 A C D3tells €82y xd3de zolE & & + gldth
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Table 2. M0t @M 2Z(20114)
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Table 4. & =])4

CMSEI OEd

Genetic variation Genotype Cheju horse Crossbred Thoroughbred
E/E 163(0.124) 28(0.123) 21(0.176)
YOIR E/E? 586(0.448) 106(0.469) 62(0.521)
E/E 559(0.427) 92(0.407) 36(0.302)
H-W p value 0.6474 0.8747 0.6472
A/A 623(0.453) 83(0.364) 63(0.529)
/P A/A 625(0.454) 109(0.478) 50(0.420)
A/A 126(0.091) 36(0.157) 6(0.050)
H-W p value 0.0951 0.9511 0.4513
+/+ 1352(0.924) 219(0.960) 119(1.000)
) , +/To 108(0.073) 9(0.039) -
ECA3-inversion
To/To 2(0.001) - -
H-W p value N.D. N.D.
9/9 463(0.316) 216(0.947) 111(0.932)
G/g 996(0.681) 12(0.052) 8(0.067)
STX17
G/G 3(0.002) - -
H-W p value 0.0000001 N.D. N.D.

Figure 1. MIZ0H0IA ESct2Mel B
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2
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142 234
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142 234
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A/A - -
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