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ABSTRACT

Jeju horses are the only horse genetic resource native to South Korea.
The present study was conducted to determine the color of Jeju horses’
coats and to ensure a basic data of coat color diversity by investigating the
coat color characteristics and the molecular genetic characteristics of Jeju
horses with white patch.

To characteristics the coat color of Jeju horses, the genotypes of MCIR
and ASIP genes that are related to the basic black, bay, and chestnut coat
colors of 1,465 heads of registered Jeju horses, 119 heads of thoroughbred,
and 228 heads of crossbred(Jeju horse x thoroughbred) were analyzed. In
addition, the genotypes of S7X/7 and ECA3-inversion that are related to
gray and white coat colors were also studied.

It was found that, the frequencies of genotypes E/E’, E'/E°, and E°/E°
of the MCIR gene were identified 0.122, 0.447, and 0.429, respectively.
Although thoroughbred and crossbred horses showed similar frequencies to
those of Jeju horses, however thoroughbred horses has shown a lower
frequency of genotype E</E.

Among Jeju horses, the frequencies of the genotypes A%Y/A%, A1/A? and
AY/A" of the ASIP gene were found at 0.46, 0.448, and 0.091, respectively.
The black coat color is expressed by the combination of genotype E°/- of
the MCIR gene and the genotype A? A" of the ASIP gene. Because the
frequency of the genotype A%/A? among Jeju horses was shown to be
0.091, the rate of expression of black coat color is estimated to be 5.1% or
lower. Among three groups of horses, Jeju horses, crossbred horses, and
thoroughbred horses, the frequencies of haplotype were found £ -A%A?
which indicates black coat color were shown to be 0.042, 0.079, and 0.025,



respectively, the highest frequency among of the crossbred horses. The
frequency of bay coat color was the highest among thoroughbred horses,
and Jeju horses and crossbred horses showed similar frequencies.

The frequencies of genotypes 70”70 and 7o/+ that are expressed as
phenotype Wolla (white patch) among Jeju horses were shown 0.1% and
11.996 respectively. Therefor 1296 of Wolla coat color frequency stipulated
among Jeju horses. The genotype 70/70 was not identified in crossbred
horses, while the frequency of the genotype 70/+ was 3.9%, which is lower
frequency of Wolla coat color compared to Jeju horses. On the other hand,
the allele did not appear in the thoroughbred horses.

The frequencies of genotype (/g for the expression of gray coat color
among thoroughbred and crossbred horses were shown to be low at 6.7%
and 5.2%, respectively. On the counterpart, the homozygote frequency and
heterozygote frequency of G allele among Jeju horses was shown to be
0.2% and 68%, respectively, indicating that gray coat color is prevalent
among Jeju horses.

The genes MCIR, ASIP, and ECA3-inversion related with coat color
maintained by Hardy-Weinberg equilibrium, however S7X/77 in Jeju horses
was not in the equilibrium state (p<0.001). It was thought to be responsible
by selection of a gray coat color stallion for the maintenance of a group of
Jeju horses

The allele and genotype frequencies of the MCIR and ASIP genes of
Jeju horses have not changed very much with each generation. The
frequency of the Wolla 7o allele decreased gradually from 0.126 to 0.034
within 0 to 2.5 generation. Thus it was assumed that the occurrence of the
Wolla coat color in Jeju horses significantly decreased with each generation
(p<0.05). The frequency of the G allele of the S7X77 gene that expresses
gray significantly increased from 0.192 in generation 0 to 0.386 1in

generation 2.5 (p<0.05). In addition, the frequency of the genotype G/g of
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STX17 gene that expresses gray also increased by two times from 0.384 to
0.764 at 0 to 2.5 generation, indicating that the frequencies of allele and
genotype that express gray rapidly increased with successive generations.

The genetic classification of Jeju horses’ Wolla coat color was conducted
using molecular genetic analysis methods to detect the presence of the
tobiano, overo, and sabino genes. It was identified that in the case of Jeju
horses” Wolla coat color, all ECA3-inversions that are related to the tobiano
gene has the 7o allele, while all £EDNFEB related to the overo gene and the
KIT intron 16 SNP related to the sabino gene were wild types. Therefore,
Jeju horses” Wolla coat color is thought to be due to the tobiano gene.

According to the results of a genome-wide association study (GWAS)
analysis of horses’ white patch, 72 SNPs in the equine genome satisfied the
significance level of p<0.001. The significant SNPs were distributed widely
from 21 Mbp to 85.1 Mbp in chromosome number 3. The most significant
SNP was located at 48853535bp (BIEC2-819509), and its p value was
shown to be 1.01x 10% To identify related genes in SNP loci significantly
related to horses’ white patch, regional plots were prepared. The GPRINS3
gene and the 7IGDZ gene could be identified in the vicinity of the most
significant SNP locus, and MCIE and K/7T genes were also shown to exist
in significant regions.

The GPRINS3 gene’'s DNA sequence was analyzed and six SNPs were
identified; no insertion/deletion mutation was found. Among the identified
SNPs, ¢.1114G>A and c.1476G>A were identified as being synonymous, and
c.1226C>T, ¢.1383C>T, and c.1790G>A were identified as substituting amino
acid sequences with p.372V>I  (Val>Ile), p409S>L (Ser>Leu), and
p.463T>M (Thr>Met), respectively. The correlation between SNPs and
white patch in the GPRINS gene was analyzed, and the result showed high
LOD values in the range of 609 -121.2. Four SNPs were identified in the
TIGDZ2 gene, and in the case of c.*152G>A, differences between solid and

-1l -



white patch base sequences could be identified. The correlation between
TIGDZ2 c.x152G>A SNP and white patch was analyzed, and the result
showed a very high LOD value of 206.6.

The present study shows that the diversity of Jeju horse coat colors has
been decreasing. In particular, gray color-related gene frequencies were
shown to be high to account for most coat colors, and the frequencies
significantly increased with successive generations. Therefore, to maintain
the diversity of Jeju horses’ coat colors, coat color factors should be
reviewed 1n the stage of selecting stallions. The spotted coat color
appearing in Jeju horses was identified as genetically due to the tobiano
gene. The third chromosome of horses was shown to be highly correlated
with spotted coat color, and 7IGDZ2 c.*x152G>A, GPRINS c.1114G>A,
GPRIN3 ¢.*331A>G, and BIEC-819509 SNP are considered assistant

markers to identify tobiano coat color.
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EAFY B Ad 3 fd S UEdeE diaddd dHE2 ggs
FolA sl A+H ghKijas &, 1998; Klungland &, 1995, Schmutz}

Berryere, 2007; Valverde &, 1995). A2 & Po] HA &A= o] 7A] 2|
ol Wt oluje} Al 7 57 P4 Slo] Folakel fAA Ao} FHA

k] s dAC g AFE fd 2 FAE A4 gl wol g

O

do] RALS upere] A el wel tpkeEtA FERETh Ay SAS
7o 2 st 7|ERE M (basic colors)Z} 7|2 EA drdo] gl 3 A RAY

(diluted colors)®] Atk H=3F W 52 (white-based colors)e] F3 FHo walr=
TR 72 26 = SR A (Black), 422 (Bay) 183 A A (Chestnut) &2
TEEHY, A= A-(Cream), ¥ (Dun), AW HZ(Silver dapple), 4F <l
(Champagne) 54 So=z Figch WAzl &x Fejo wak 3] (Gray),
ZX M (Roan), WM (White) &= 5w, WUk ¢F4te] we} EB|oli(Tobiano),
LW Z(Overe) 59 FHZ FEHH(Thiruvenkadan 5, 2008).
AlFute] AL feBd 5 oE FF9 wpdrRu g4Fsith Lee (1971
AFal B g93S no(iHE BEle AL e BA R Adwsie] 4049
o= A ®FIFAA, H(2003) AFHp 24 o 3
Tt 49F o= A vp ot ol¥ AlFwel EA wAHS s B
AlFuke]l BAL tekd JEE zha AW As & 5 vk 1960 Al St
A Black), &v7H3] A, Gray), At (& A, Chestnut), 7}
(A2 Bay), €zHLF7], W4l Tobiano)d Wx=%& zhzb 7.3%, 13%, 30.5%,
42.7%, 0.3% = Fruket Aok BA RE7E =2 Zow AR vF 9o m(Lee,
1971), 1990\ ol = 2+7F 55%, 10.1%, 34.9%, 29.4%, 7.3% = A= AI(H, 2003),
2011+ 2+ 0.16%, 60.2%, 10.8%, 16.5%, 10.9% % H ¥ u} Qo= H 54k
ke, 2012). 7het, Ao, freb ZAL ARG vl o] fAdte AES Hold,
=

Fub mAe 343 Frkste] AFrke 2A) W)
o)

E=

O



H o) 4 A ¢l widlo] El}E= EH]ol = (Tobiano)9t 2 Ml & (Overo)7} o™,
ol i x FeE veluE 9 (Leopard) Hx oFZ-FAM Appaloosa) & -
Ht}. Standardbred, Thoroughbred, Arabian, Quarter horses= Tobiano X 2} o]
2o Paint, Pinto Sol4 & ©]¥ Tobiano EM& zr=t}(Thiruvenkadan %,
2008). ol ¥l Wiwk w2 wig AP AvjAbEo] HdFske BES Holal Stk

n] ol A= 1960 American Paint Horse Associations A @3alo] ¢ 354779

Rk BAS Zhe whs 55 dhElskal lvk(Brooks s, 2002). ol A= #RkS
zka 9= vl thEk An|AEe] AT w7V} ol Aol nfd T A 717 o]
= FAE L A= AAolth AlFutel A vEhve defr e T R R Sl A
T3l EH|ol=(Tobiano), 2 H = (Overo), AHH] x=(Sabino) @ E] & oj® e
EaeA 2 ok Wb AlFup W Al ek BA fAEA A4E
Eall AFeE Rk o] igk kA A jle] d sk

AT Il L ekl AFeke] 2A B 543 A5 Ao

ga B fAstd 54 pdom AFnle mA 49 W mA gy e



0. AA

ERF B A A fgAAtel] o AAum oY {FHAe EARel=
b g5 el e JEFE Frh AATMA mhgzeA dex] A 99
80071 ololw #H HFHAE 12712 HuEHa k. o] FHA F 597

A7 E A4 A7 3 AT (Bennett 2 Lamoreux, 2003).
Ao Iy "o Wl Aol EA] o fe] wEt o] 7HA]

5
FFE YeEdY, 2SS A= T 7FA] A2l eumelanin (black/brown) 3}

pheomelanin (yellow/ red)e] Agtddl st a4Agd 3 olE AMA7E H2H =
A 2 Al 3 (melanocyte) @] 3o wel ZA LT AaAxe] ExE wf ST
(embryogenesis)oll A 2 2 4| 3 (melanocyte) 2] o]Fo] wal A4 ¥t} Melanin©]

FAE7l #1814 = melanin AFFES st Alsddae FEAWMCIR,
ASIP, MITF $)° #€, melanin®| AA(TYP, TYRPI, DCD, 273%
melanine®] A Z%AQl  melanosome®] A (SILV, AP3 &)3 o]&(MYOS5A,
RABZ27A 5) & o8 9AE AAH o= gdAEAF(Mackenzie &, 1997;
Sulaimon¥} Kitchell, 2003; Thiruvenkadan %, 2008).

Melanin 45 A A 3HE melanocyte= HIA ©A F Gul FA Ao
neural crest (A7AE, k) oA FAd¥ melanoblastZ2F-E & 3}¥ tH(Thomas<}t
Erickson, 2008). Neural crest cell> Z o] dAd=d A= o]Fsle] TxAA
AE WEuAxE =4, A& 23822439 melanocyte & ThYFeE 22 2 AlxX=z
3l ¥ th(Anderson, 2000). Neural crestoll 4] @A ¥ melanoblast:= £ (JH )<
& wSAECEMmn)S wet olsdt. EXFFolMdE vkl melanoblast7}
FuFoR AT o7, I FAA FA sk AA I EEETH(Steel T,
1992; Wilkie &, 2002). °]¥1 melanoblast®] #3}9} o]&d= PAX3 SOXIO0,



ol

MITF, Endothelin 3 EDNRB, KIT 52 d2&0] #ogH(Jenniferet David, 2007).

=

Melanin 2} 4+ melanoncyte Woll £A3l= 22 42X A2 melanosome®l] A

A F k. Melanosomed = ZA 3} S A A4S A8+ eumelanosome™} & A 31}

ot

il

A5 A3k phaeomelanosome 2FF7F Ut AMAES SHFL UE
melanosome> M X T %o A microtubules®] =g o2 AX oFOZ o] &35
exocytosisE Fd Wehd MAE W=l eumelanin® phacomelanin 7 A A=
tyrosine & ZF-E] $HAlo] AlZFETE Tyrosined tyrosinase®] €&l 34-dihydroxy-
phenylalanine (DOPA)S. 2 ®WH3¥ < TA]  dopaquinonel.Z  WH3F T},
Eumelanin &4 S 98l 4= dopaquinone©] dopachrome® & H3td Z 271%
AER APE 4= glo o] F AHARENA TYRPI 93] quinones ETAS A
3}o]  eumelanin®] $A E T phaeomelanin A4S ;A=  dopaquinone®]
2-S-cysteinyldopa®l 5-S-cysteinyldopa® A3 HH ol5& e 7 GAS

717 phaeomelaning ¢4 g+ ch(Jackson, 1994; Thiruvenkadan 5, 2008).



ol mAW e wA gl e e 3 Jefol web 7R RA AR
gl R Ao 2 U th(Table 1). 712X A (basic coat color)< =2 (Black),
A7 (Bay), A2 (Chestnut) 183l 3| (Gray)o.2 &F% ™, Extension (E),
Agouti (A B Gray (&) FAAL] Fozgo] o3 . Ay
Cream (C), Dun (D), Champagne (CH)Z} Silver (/)% ®¥F3¥v, 92 sy}
#dE FAR= White (W), Roan (EN), Tobiano (TO), Overo (O), Leopard
Spotting (LP)2.2 7 ¥ tHBowling, 2000).

o] mAy AEE AR F Extension (E)3 Agouti (A) &9l gk 471
gduts] A HAY.  Melanocortin—1-receptor (MCIR)Sy  agouti  signaling
protein (ASIP)& Extension (E)Z} Agouti (A) 9ol gastxo] 9l
Melanocortin—1-receptor (MCIR)+= HolA  chestnut =29 Wa] major
candidate gene® & single missense mutation (83Ser — Phe)o] 3w o] it
(Marklund &, 1996). Extention &%l E' 9t E°, T 71e] dHJARE= MCIR®)
FA4 WMol T g901C>T 7| ghel| & AR, &M (Chestnut) == A1
8 HHAA
g =
th gelakel £ eumelanin A3 o] 23 ¥ 12 phaeomelanin?+S A A ske] 2 A
e 34 Ad 2SS BEstt(Marklund 5, 1996; Rieder 5, 2001). WA,
A #F9%+= ASIP exon 2914 11-bp 2H ] 4d/AA =W o] (insertion/deletion
mutation)el] ©J3] AR EM, MCIRY 435 AFA4E&S &3 SEN wds 23
Aoz 248t FH(Rieder 5, 2001).

Gray (@) A=Akl 93] detvs 2o A3 A4

ARM oz wurel GAEY] Agse] 6~8dels WMEMow Wl Ak

(Black)/ A &M (Bay) 245 2A4%t= 8 w42 494 3

£

e
el
rok

o
5

E'= eumelanin 4% & T A e S

’

Gray (@) s o olsk Wi Mo White (W) Ao o3t Wi Asl= b2 {4
AdAFS zt=tH(Haase 5, 2007; Pielberg 5, 2008; Pulos¥ Hutt, 1969). 3] Au}2]
T G EA4 g d"EAAY] FHAA A we dd o] AA T A



upeh R s A B vk 5 e FEHE BdYEY Gray (G) fAA 9
2 §4x7F Boast=E Aoz =A4sa Yth(Pielberg 5, 2005 Pielberg 5,
2008). 3| Mule] RFHHL STXI7 (syntaxinl7) +AA2] intron 6¥e] 4.6-kb
duplication®l] 2%t Ao =2 HuFHFOW STX/7°] mutation®] 23] melanosome
Al Flo] 2l FgkS Fi= Aoz F43 tHPielberg 5, 2008).

ol A MAS VRO i R E WA "ol ¥ XAl Gray, Roan,

rok

White?} Ze] 5o wigto] = Fej®= AT iy YJef= o wEol
wf A Aola vt Al Wwto] yEl= Tobiano®t OveroZl $1om, ]
A |2 el E Leopard = Appaloosa® T+ ¥ Tt} Tobiano®] ¥W
Fel= ol ool FAECKkE) ofAFEo] WMol BE FFE ALg Aol
all

S JtEAZE 9wWHbS ZE=tH(Thiruvenkadan 5, 2008). Overoi= frame

2=
m
(o]

=

&
A

1
e

.

Overo, Sabino, Splashed white 37FA 2 &F %™, Overo =4 ¢ wigt 5%
WY Rge] wigko] HAox AlxtEw the]e] wiale AR AbxE SE TG
A YEbdtH(Metallinos 5, 1998).

Tobiano®t Overo #- ®WRE H o] 1215 7] 93 AT A+E50]

rlo

O

T = At Tobiano EAe] Aol W&l albumin-b (ALB-B)$t vitamin D
binding fictor-S (Fc-S¢te] 34 (Bowling, 1987)3 KIT 74 A} intron 139 W
7)1 %] 3kl thek AT o] B uFAH Brooks %, 2002). ol Tobiano & EI =

e

s

oAl 3 FAA9]  inversion® 918 2™ (Brooks %, 2007),

ECA3-inversion #41% %3] German horse breedsol#] Tobiano¢ ¢13o] 9l

sl

A& gl th(Haase 5, 2008). Metallinos 5(1998)% endothelin-B receptor
(EDNRB) “+73d#2] missense mutation®] frame Overo2 Lethal White Foal
Syndrome¥} dA#o] A= AR H3S S Brookset Bailey (2005)+= KIT

T4 2F2] exon skipping©] ®oll A4 Sabino EAe] Q1o 2 H 13t}



Table 1. Coat color genes and symbols of horses

color Locus (symbol) Alleles (symbol)

gray (&)

Gray Gray (@)
not gray (g)

eumelanin (E)

Chestnut Extension (E) :
phacomelanin (e)
, bay (A)
Bay/black Agouti (A)
black (a)
Palomino/buckskin/ color dilution (C)
_ Cream (C)
cremello/perlino fill color (O)
color dilution (D)
Dun Dun (D)
fill color (d)
color dilution (CH)
Champagne Champagne (CH)
fill color (ch)
color dilution (7)
Silver Silver (2)
fill color (2)
' ' white (W)
White White (W)
fill color (w)
roan (EN)
Roan Roan (EN)
not roan (rn)
. , tobiano (TO)
Tobiano Tobiano (TO) :
not tobiano (to)
overo (O)
Overo Overo (O)
not overo (0)
Leopard leopard spootting (LP)

Leopard spotting . .
Spotting (LP) not leopard spootting (Ip)




3. M=Fore] =4 &

AFate] B WAL FHow [ 2thrt Lee (1971)l Jal 1960 dth Al F=v}
e A% BR 9A0 w4 NEE Bustdh Lee (197D)E AFv 2L
12702 sl om, 400 o= AZFetleh 1270 Wi 2L 7he
ok Evh A, de, e, e, Wep 35 2 AS, HvkE £l
Zheb A2 Al FEAow f84 02 Blackl #9E L, frrkE HES
ol a vy, me], Z4717F S0 Bayel @ HE AoR Histh Arke
Mol AMQl Chestnut, F7h= 3O & Grayel Q= m, At Aol WA
ko] Yeht= Zo® BRustth(Figure 1). Lee (1971)% AlFulollA Yehe=
AE AoF AL Piebald~Skewbaldet x| et}

r
oft
2
ro,
—
@)

o,
Q

j)

o

ol
=
i
f
2
R
[@!
rlr
e
kW)
2
£
=)
ofj
=)

A 5201 AFure] 7] 2l shel, ok, Aoke] Ay gl o]l MCIR
ASIP 249 29 we T3 FFS wausiglth AFrke] shetRAe MCIRY}
ASIP R8RS 2ol E'EAAS E'EA’A" FHE delga, fubs EEAMY
E'EA'AY E'E'A'A, E'EFA'A" Fd 2 Yehs Zlos wastgln 13 Ave
E°EPA*AY EPEPA*AY, EEPA'A* el ASIP A8 daglel MCIR $4d#
Fol £ A FAH A UEhh= Aoz Husielr.

AFue Al A gAE RAL Fulo] FFEE fFAo] |2 B
ko] EaAjEo] itk Frh R Hak wAo] HAEe] HFHom s
(whitening) €tk AlFrke] 24 A5 ERdA Frks 3F, 9%, B5F, 753,
W e F 0w AREFE vk dth(Lee, 1971). Han 5(2009)2> Al5v} Zn}e]

FAEY BAL A STXI7 fAA] GPYL RusAh AFvHlA oS

o

2

T
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Figure 1. Various coat colors in Jeju horses. A (Black), B (Bay), C (Chestnut),

D (Tobiano), E (Gray), F (Dun)
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Figure 2. Phenotypes of Wolla (white patch) coat color in Jeju horses.

Various patterns in shape and proportion of white patch on the trunk.
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4. 7}=0|A Genome Wide Association Study (GWAS) EA{HO| 0|

Human Genome Project (HGP)®| €2 A Ao gt 433 Jes
7FA ok HGP Aol ofs] vhgdt 24 W ES 24 7iso] Jids sith
HGP ¢ts9] ¢]3 Zy}E<2 SNP (Single Nucleotide Polymorphism) arrays=
o] &3t GWAS Aoz Izt Agke] flo] s A 7] A&ttt GWAS 4
o] fH WolE HE317] 919
QTL mapping o] ol &= Ak AA7A 4 A 7He] QTLel R sko
map resolution®©] Y& microsatelliteE ©]-&3te] wat A Fo FHAA

HZz37] AH At GWASE A5 42 QTL mapping W} v Al 718 &

%
AET 5 gom, 99 Wole] FAA MAS M FA Y F

i)

o] o= genome wide oA T3 AAY

kv

il

Moz g9l ol

Ll

= #AA o] dth(Hirschhorn¥} Daly, 2005). T3 GWASYE complex traits9]
= 383 7|EolY, complex traits®] 4 7]1#S A4S =
M EE otk GWAS ¥4 98 SNPs7} £83F 2o 9o Zdmolg}

linkage disequilibrium (LD) #Ale] A= A% F94 AAAAE 2o} F-AAW

A9 EAviole] 912 sk Wy oluh

AN %o
fo
Ho
2
N
i
-
fols

A el o] & = vk &, HiA, &, @ & 7FSelAM SNP chipe] 7 o
GWAS 245 T8 dAdZde w4 S gk A7k AP At

rolAE AAAoR Fa® 9 %, 44, F4E, 4Y, &1, 24P

mN

So] H %t Bolormaa %, 2010; Hayes %5, 2009; Jiang %, 2010; Mai <,
2010). e #HEE FJA dE 73470 SNPE Ao 944 8 9, 10, 11, 13,
25, 209l A SN, DGATI F+-A4= #9174 = SNP 1F A Hell 914
shar ATk AAE 24, FEH, FAE& 2 FAY #d" Fdo A
GWAS #4 A3 ABCGZ2 PPAGCIA, ACSS2 DGATI, ACLY®} 22 fFHAE0]
At = FAHE T2 WHAFEAd U GWAS 4

i

3} collagen



type 1 alpa 2% integrin beta 5 74 A7} B Eoh, T3k £ =AHA
oA U AWEel #AHFE SNPE (77 Ruglow wHATY BEF

SNP 127787} R a1 91},

A= HA, Ad, =AFEE 32 2 s ¥ ax v (Duijvesteijn -5,
2010; Fan &, 2011; Grindflek ‘&, 2011a; Grindflek 5, 2011b; Ponsuksili &,
2011; Ramos &, 2011; Ren %, 2010; Sironen %, 2010). GWAS 4 & 3
HA o =AFEE T FE FHAAR ol <A MCIR (FA)H? IGF2
(A T A) Qo AfEo] TARY dHE CHCHD3S viH 34 o4
WHE BMP2 +AA7F Bars Qo

HoAe= v5, AT, AdE, FAL 2 ddo] #g BHart Al e w (Abasht
s, 2007, Gu &, 2011; Liu &, 2011; Xie &, 2012), &olA &= & Jejo} 45
ol thgt ¥117} A (Johnston 5, 2011; Zhao 5, 2011).

o= AF5E, das, AW, $8&8 2 Aol dd GWAS A5 2347t
B 35 A HBrooks &, 2010; Dupuis &, 2011; Hill &5, 2010a; Hill &, 2010b;
Meira &, 2014; Orr 5, 2010; Signer-Hasler &, 2012; Tetens &, 2013). 2ol A
A ek ddE Aor Hauw 18 AMA Aol MSTN 4258 690 kb
Wolzl A A 7HE freld = SNP7F Rauxlon, we] HAWy wyd
Dwarfism, Lavender Foal Syndrome¥ Recurrent Laryngeal Neuropathyol t gt
Bzt ATt

7oA o]t Fad AAF A I Agvr A AR PA H FA

2 -

Ao 4 FA4 FHo] A

=

_14_
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2. Genomic DNA 22| 2l =TSAHEMEIS

1) Genomic DNA g

Ao Al Genomic DNA w8 E &l G-DEXTM IIb Genomic DNA
extraction kit (iNtRON BIOTECHNOLOGY, Korea)< o|-&3atith. 77 @ oj A
A A8 5 me RBC Lysis buffer 15 m(3} &§3le] HEFE &35t
2,000g° A 557 AR & AZFdS AASH Y. thA] RBC Lysis buffer
5 M ol&ste] AP &EE& 23] whEste] WHFE 3|5t 34
Wy ol Cell lysis buffer 5 mE Yo &3 $ Protein Precipitation (PPT)
buffer 1.6 mE Hol 20%3F wHE & 2000g°04 53 &8st @ d s
A A, dwldo] HdE FFHE isopropanol 5 m7F Eo1+= 156 ml
tubecll gol WEAAIZL ¥ 2,000g°1 A 5iE7F A EE g = AFAs AASAH.
DNA7ZF 2% tubeol 70% EtOH 5 mlE ¥o] whdgh & thA]l 2,000gl4 53t
AAF A dAEE F AFdS A At A2olA 10~153F x5
Gth. 71x% DNA9l DNA Rehydration buffer 1 mlE #7}sto] DNAE &3

Ao, g£3l¥l DNAF NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, USA)Z F3 =& Z743le] A260/A280 1.8 ©]4<l DNA A&
100 ng/wt = 3lA3te] PCR %S 93 FPo = o] &3ttt

-

AR fFze) A48 d4ds 98 2@’ DNAS $902 T3an
A A ¥F-3-(polymerase chain reaction, PCR)S %38 f4dxe] dHS FZ3190)

PCR ¥®F$2 1x reaction buffer, 20 mM dNTP, ZZte] HHdAE 1

o
ke
iy
J
o

pmol primer, 05 %X+ 075 units HS Prime Tag DNA Polymerase
(GENETBIO, Korea), 25~50 ng genomic DNAZS &3ttt fFd2e] Ao
DNA Engine Tetrad 2 (Bio-Rad, USA)E o] &3} 94 C H® %7] WA &

’
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AlFup Feol 2 545 gQlstr] fa 7224, #rh, A, Wk
(deh) 2 FA(Fvnh) 2 #dEE MCIR, ASIP, ECA3-inversion¥ S7X17
T2 FARE S AAATE DelA dHW Extention (E) F91ek Agouti
(A) #F9+= 71 na® MCIR ¢901C>T 471X 3k} ASIP exon 22 11-bp
dH o] AQl/A4 EwWol(insertion/deletion mutation)e] FAAE AA 93|
Pyrosequencing W< o] &3 tH(Rieder %, 2001; 7 %5, 2011). AFwjolA
k(L e}) EA1o] Tobiano, Overo, Sabino JE & oW el &3F=XE5 &<l
3171 98] Overot #4d Y= EDNRB F74A exon 191 2bp 971A %
(TC/AG)¥} Sabino®} #& Q= KIT intron 162] 1037bp $1 X2l T/A 7] o]
(Brooks®} Bailey, 2005; Metallinos %, 1998)2] #FAAdS AAsA ). T3
GPRIN32] 67 SNPs, BIEC2-819509 SNP, 12]31 7J/GD2°] 170 SNPol tf 3|
Pyrosequencing R & o]&3ste] FHAES 243t

Streptavidin Sepharose HP beads 3 02} 2 x PyroMark binding buffer
(Qiagen, Germany) 37 = round bottom plate®] ¥ ¥ biotin®] Z23%%¥ PCR
product 20 w0} SHFF 20 WE 47 53] F 80 w=E EeAt. =5E o]
9= plateE 1,400rpme. 2 537F shaking 39 PCR productZ beadol H-2&}3ich.
F2¥ PCR products vacuum= ©]-&3t9] filter probesol] &2stal, WA, A4 sho]
03T} filter probesoll &2 o] )= bead”} Z2%E F3 DNAZ pyrosequencing &

primer (10 pmol/ul) 1.2 pl¢} annealing buffer (Qiagen, Germany) 40 u¢7} &34

_1’7_



plate] €+ ¥ 0C= 277t

N

93le] sequencing & primersS +%F DNA
annealing dho] A-2oA Wyzlelgdth &ol¥ ¥ESE2 PyroMark Gold Reagents
(Qiagen, Germany)Z ©]&3}¢] PyroMark Q9% ID (Qiagen, Germany)

pyrosequencer= A28 S #4319

2) A+E

L
N
o2
offt
o
R
il
_O‘
oo
r
Ho
2

°o|§3t9 PCR ZFH3tath. 229 PCR % AHE2 QIAxcel Advanced
(Qiagen, Germany) A& 7195 A= FHAAPS 285U

QIAxcel Advanced As #7195 &A1l buffer tray WP 9l *l wash buffer
8 mle} mineral oil 2 mlS ¥, BUF 9|9l separation buffer 18 m{2} mineral oil
4 mE 9. MARKERI #Ae 0= 0.2 ml tube ZFZre] QX Alignment
Marker (Qiagen, Germany) 15 09} mineral oil 1 ¥&S YAt} PCR 5% A&
0.2 m¢ plateo] 15 W& 7392, QX DNA Size Marker FX174/Haelll
(Qiagen, Germany) 2 ¢+ DNA dilution buffer 18 wES E3tste] 1 W&o
mineral oils 73t PCR 3% AF=¥ size markerg® QIAxcel Advanced
(Qiagen, Germany) A& 7195 Aol =2rsto] QlAxcel DNA High Resolution

Kit (Qiagen, Germany)®ll 7 PCR 3% At&& &535td] A79dsS F3dAt)
4. EH|O}(Tobiano) 24 &3 FHE KX X DNA EI(AE EF

GWAS #4] 23 29| Tobiano A3} o] & Aox FAYE FH {7t
GPRINS (G protein-regulated inducer of neurite outgrowth 3)9} 77GDZ2
(Tigger trandposable element derived 2)2] 7| €S A3t 244 o84
DNA A1&2 Tobiano 7WA 57, solid(&H*}) 7§#] 55 2] Tobiano 7B A 55 <}
solid /A 5%& &gste] ol gt on, GPRIN3St TIGDZ 379 &

3
=
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AES 2~-3K ©9E FH8S EBAS T uFo primerE A #3Ee]  Direct
sequencing®ll °]&3tgth 971 E EXLS BigDye Terminator v3.1 Cycle
Sequencing Kits (Applied Biosystems, USA) %S % ABI 3730XL DNA
Analyzer (Applied Biosystems, USA)S ©o]-&3to] &l dA7|dd A4 =
DNA MY9E<L GenBank Database oA 7o HiE MIdET}] fAE U

7] Wolg zALaeT.

_19_



Table 2. Primer sequences used in this study

PCR annealing

Target Primer Sequence (5'—3") . PCR cycles
Tem (TC)
MCIR Forward CTGCACTCACCCATGTACTACTTC
2.901C>T f{everse CCTCCAGCAGCAGCAAGATT 55 35
' Sequencing CTGCTGCCTGGCCGT
ASIP ox9 Forward GGGGGAAAAGACCAGAAACA
11-bp deletion f{everse . CATGTAGGCCTGAAAAATCCTTT 58 35
Sequencing AAATCCAAAAAGATCAGC
ECA3F TGATAGATCAGTGTAGACGTAGTGTGACAGAGAC
ECA3-inversion ECA3toR TCACCACAGAGTATCCAATTATGTCTTTCACATAATGC 68 31
ECA3xR AACAGCTACTCCCACTCTAGCATAGGTTC
) eqSTX17F GAGCCTGTTTCTGCTTATGCTTCTCTTAGGT
4§Tkij Z&g‘if(ﬁ’;ﬁgn eqSTXI7R  GAAGCAGAAAGCATCCTTGCAGTAATTGTT ;;_f; 558 41
eqSTX17gF ACCAAAGGTTGTGCCCTTAATCCTATCATA
EDNRB Forward AGTAGTGTCCTGCCTAGTGTTCG?Y
missense Reverse GATATTAGGGCCGTTCCGC 56 35
mutation ISequencing TCAGCAGTGTGGAGTTT
KIT intron 16 Forward TTAAATGGCTTTCTTTTCTCCCY
SNP f{everse . GGATATTTCTGGCTGCCAAGTC 56 35
Sequencing CTATGAATACACTATTAGGA
GPRIN3Z Forward ACACGTTGGAGCTATCTG
114G A f{everse GGGCTCACTGATTGACTTT* 55 35
' Sequencing GAGCTATCTGACAACACC

+ 5'-end biotinylated.
! Genotyping primers for pyrosequencing.
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Table 2. (Continued)

PCR annealing

Target Primer Sequence (5'—3") . PCR cycles
Tem (TC)

Forward TTCCAAGGAGAAAGTCAAT

GPRINS c1226C>T  Reverse AGGGTGGATGAGGTTTTA 55 35
ISequencing TTTAAGGACCTCAGCC
Forward AAGAGCCCACCTCTAAACT

GPRINS3 ¢c.1388C>T  Reverse GTCCCCACTGAGAGAAAT 55 35
ISequencing CCACTGAGAGAAATCTGG
Forward ACCAAGTCGTCCGAGTTTY

GPRINS3 c.1476G>A  Reverse TTTCTCTCGCATCTCCTT 55 35
'Sequencing  TGTGGTCATTTGTGGTT
Forward ATCCCCAGTTAGAAGGAA

GPRIN3 c.1790G>A  Reverse GGTTGTCTTGGTCTGTCTT 55 35
ISequencing GGGCGCCGTGGAAGAA
Forward GGCTTGTAAAACTATCATAAT

GPRINS3 c.*331A>G  Reverse GTGTTTTTGCTAATAGTGTTATY 55 35
'Sequencing CATTTTGTATTACTGCCTC
Forward TTAAATCGCAAAATTGGTT

BIEC2-819509 Reverse ATTAGCTAAGAGGATTGTAAAT 55 35

ISequencing GGGTCAAGCAAAGGC
Forward GCCAAATACATTTTATAAATGAT

TIGD2 c.*152G>A Reverse TCAATGCTCATTTACTAGAGTTT 51 35
'Sequencing  TTTTGGATTACTGGAATTA

+ 5'-end biotinylated.

! Genotyping primers for pyrosequencing.
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5. Equine SNP Chip genotype assay

o] Ewolx(Tobiano) XA Fxd ol gk GWAS #41& 1
EquineSNP50 BeadChip (Illumina, USA)E ©]&3to] 6%F 54 7He] SNPE &4
sttt Figure 32 SNP chip #4<2 93 RAEE Yepflth. MSA2 plate
(lumina, USA)° MA1 (multi-sample amplification 1 mix) 20 W& 53kl 4 w0
DNA (50 ng/ul) sampleS 5 % 0.IN NaOH 4 E Yo DNAE HAI A AT},

do
of

MSA2 plateE 96-well cap mat® Z53to] 1,600 rpmol A 1#3F vortexing %
280g°ll Al 13 A8kl MSA2 plateE 22 (22 T)olA 103 v &
63 10 MA2 (multi-sample amplification 2 mix) &S Yo] F3A| ATt M=o
S0+ MSA2 plated] 75 p2] MSM (multi-sample amplification master mix)
LS BF3a 96-well cap mat®E HDE3d] 103] FFo] &3k & 2800l A
187 dAEgsEE . MSA2 plateE Illumina Hybridization Oven (Illumina,
USA)OllA 20~24 A3t &<t 37 T2 wiFsle] DNA MEs SHskadth wj ol
kg ¥l MSA2 plateE 50golAl 1&3F YAEE] $ cap matE A|ASH] 50 w02
FMS (fragmentation solution)& &3] DNAE Hdw@st3th. MSA2 plates
96-well cap mat® B%53to] 1,600 rpmell A 1#7F vortexing § 22 CollA 50g%=
187 AR w8 e MSA?2 plates 37 C heat blockoll A 1A17F &<t
A 23T MSA2 plateE 22 CollA 50g= 1827 A3l cap matES A7 &
100 el PM1 (precipitation solution)= #F3Fth 96-well cap mat®= MSA2
plateE ¥-3lo] 1600 rpmeoll A 183F vortexing & 37 CollA 537+ wj sl
MSAZ2 plateg 22 TollAl 50g= 1+3F A& ske] 300 we] 100% 2-propanol=
% 103] A3} propanole] ¥FE MSA2 plateZ 4 CollA 30=7F i<k
ste] 4 C 3000¢% 2027 d4lie] § AFHS AR pellets x5
913 MSA2 plateg o] A2(22 CT)ollA 1ARF S Azt 42 w9
RA1 (resuspension, hybridization, wash solution)S DNA pellete] A& MSA2
platedl]l 53} foil sealing % Illumina Hybridization Oven (Illumina, USA)] A
1 A17F Eot 48 TE ujokslo] DNA pelletS A-&3allsl3dct. MSA2 plateE 1,800
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pmoll A 1#3F vortexing § 280g® spin down 3% th. BeadChip Hyb
Chamber (Illumina, USA)°|l Hyb Chamber GasketS &2 & 200 pl2] PB2
(humidifying buffer) &9 Hyb Chamberol] #F3t¢th PB2 &9o] EFx
Hyb ChamberZ DNA A Zo] BeadChip (Illumina, USA)e] EF%7] A7}x|
A 2o AA A DNA AMES WHAsH7] 918l MSA2 plateg 95 T heat block
ol A 2087+ AR h 280 MSA2 plateE spin down & 2% foilS A 73}t
St BeadChipS Hyb Chamber insertd]l A% % 12 e DNA AZS
BeadChip A& w5 Ao #5316tk Hyb Chamber insertE Hyb Chamber®ll
2 § Hyb Chamber 742 2oF 2¢AZth Hyb ChamberE 48 T= 244
Ilumina Hybridization Oven®l] 2o} 3 A& A|7|HA 16~24417F =<t wj kst
200 m¢ WBI1 (wash solution) &<}o] o] 1+ wash rackel wire handles
2skodth. Hyb Chamberol £0190% Hyb Chamber insert® 9% § BeadChipe
A BeadChipell #2k¥]o] 3= AME A7 § wash rackell “&2rste] 123F
A 23t th wash racke PB1 (wash buffer after hybridization) &% o] o]+
wash dishell Yo 1&3F AMASAT. Aol 945w BeadChips Flow-
Through Chamberol] &2 3 44 C= A% Chamber Rackel] Ardstitt 150 102]
RA1 €95 Flow-Through Chamberel] 3k 3023 vl A4S 63 v
ST ZF BeadChip @418 XC13 XC2 €9 450 wE E35F] 1083 vy &
200 xe] TEM (two-color extension master mix) &S HEFalo] 1587F vk
SFA T 450 w0e] 95% formamide/I mM EDTAE #53te] 183F wishe A4S
23] W53}t Chamber RackS 37 C2 A4 % LTM (labeling two-color
master mix), XC3 (BeadChip 94} &) ATM (anti-stain two—color master mix)
Ss 44 EFcte] w94 ¥ BeadChipe PB13} XC4 &4 o=
A & JAF el 50~55%3F AxsAY. #H]E BeadChip< Illumina
BeadArray Reader® Z=73ste] o]w[x|g}sleitt, ~70% o]n| %= Bead Studio

v.3.0 (Ilumina, USA)E E3l 2 SNP ¥ ddFAAE Z2AsAh
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Figure 3. Flow chart of SNP genotyping using the EquineSNP50 BeadChip.



6. SAA A2t 24 (GWAS, Genome Wide Association Study)

1
Plink v1.07 (http://pngu.mgh.harvard.edu/purcell/plink/) (Purcell &, 2007)< ©] &

[«

225 SNP chip dataE Ewv]o}=(Tobiano) &y 44 A EA4S 9

ko] EA83tt Plink 42 $8 minor allele frequence (MAF)+= 0.1,
genotype error 0.1, low genotyping< 0.05, Hardy-Weinberg Equilibrium
(p<0.001)91 ZHA o2 filtering= 3FTh Plink filtering 23 ¢F 6% 534 79
SNPs % oF 4% 54 79 f83 SNPE Flste] EAld] o] &34t} Plink
AFHEAE A& 7HA A= Map files FASAT 7HA A mel= 7HA,
MATE, F-52, AE, 2293 2 SNPs¢ #3438 ZdrE 4=staith. Map
filel = Al Ha, SNP B3, 4 A, 24 A71XE AAES 7435}

AEsEA T Fe] wWukz SNP vbA 7Fe] A #AFEA L2 single marker regression

y=Xb+ Zute

ye 288 WE, X& 283 2A4E5Y P4, b 1HEY WEH, Z= SNP vHA
27 P4, ue A9 537 e N0,02)o BER JPAS AT ZEPol A vl 9
adE nAIZHE APy, A p-valueE: =3 o,
- log(p~value)E A#Fste] Manhattan plot, Q-Q plot¥} regional plotg 2Hd s+

AlFEvke] Z12eAs e g ek mAs #-™ Qe MCIR, ASIP,
o zp fraze] fAdiAtet fa44

W%x 283 Hardy-Weinberg  Equilibrium=  Cervus (version 3.0.3)

ECA3-inversion, STX17 F+AAE A3}

(www.fieldgenetics.com)= ©|83}o] #2435}

Ae) el e ke W Wt HA4S ffs R A 71X (version 3.0.3)
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(R Core Team, 2014)& o]&3le] A3 37 £X390. AF3) 7 2y ol

= ZF A, 1, 15, 2, 25), T5¥T y,+ 247 F A 1ot G
FAJgAe] HIEE o]&sitt B AFE t HAS o8y, BEY HAL
F-ststisticsE ©]-&3dto] Fo4S WHEFHATH

GPRIN3 A 2k2] 571 SNPs, TIGD2 573 A-2] 17] SNP9} GWAS &4 23}
ool 7 =2 48853535bp (BIEC2-819509) SNPell o g+ Haplotype 57 3}
Ao ARAA = SNPAnalyzer 1.2A (http://snp.istech.info/istech/board/1.2A/) 2}
SNPAnalyzer 20 (Yoo &, 2008)= o]&3le #As%itt. Haplotype 742
EM-based &i1e]&S o] &390, SNPo| st 32 7+ daAAAE single
locus regression models ©]&3Fe] LOD scoreEs 4F&31Sith. Haplotypeo
ATLAA AL goodness of fit A I} likelihood ratio AAS E3 p value:

Qaaciv sy
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1 AF0L CEEd, AFSRFOEEEY) 722 SEAe S8 S4

AFut, wgtat, e BeoA grg AES fdosr 2AY #Ed MCIR,
ASIP, ECA3-inversion % S7TX77 w402 W= FHAAE NEE A48
Atk MCIR™ ASIP= 29 71 2EAQ1 S A Az el S AAshs T8
TR MCIRS 73 ey B/~ A3 54 2 A4S ddsi,
EVE FAA8e AAe i, w3 MCIRY 34 ZAedHor zgst=
ASIP= MCIRO) E'/- F4AEA A A= AN, AVA= SHo=
=
Figure 4, Figure 5, Table 33 Table 4= MCIR % ASIP F+3A<

=13

r
rok

Pyrogram % 3 179 ZolA FHAA WIEe} FHAAY WNEE YERY ST
AFutoll A MCIR 532 EVE, EVES 9 EVE FAAd W= 7hzh
0.122, 0447 % 0429= A= Ao, g By} wgvpo i A Fvpel fAFS
NEg HolFa oy gyBgoa EV/E fFHAge] ik WA YETh
AlFmbol Al ASIP Ao AY/AY AYAT D AYVAT HRAAE NEE 247 046,
0448 = 0.091= =R1HATE. MCIR FAxe] E/- AR 37 ASIP #3442
AVAT FAARE Y] 2F el o8 SRl HAHA HW A Fulel A AYA7
TP 0.0912 e} SRl 51% olstE wd" oz FAgHr).
wpatel A= A7AT FAAE el 7 = vEsa e B s 7 WA
UElEth 3 259 "ol MCIR 2 ASIP F737e] W1EE o] &3 Hardy-
Weinberg equilibriume #4138 A3 F+ FHA= HPAEHE FAs= Jo=
A tH(p>0.05).

Table 5= @o| 7|EEAMQD FA AN AdMS AAs= MCIR 3 ASIP

=
FAAe FA4F haplotype MEE R wel sS4, A Hba mae



W eE AR 28-S 47 E-A47 ECEF— 2 ET-AY- o2 YEkd £ 9k
3 2E9 WolA ZmAS UehfE E-A747 haplotype] W= AFn gl
tel B el A 2z 0.042, 0.079, 0.025%2 e} lgkvlell A ®lw=7}

Sl ieh, e i A RAo| A= HelBdlo] &9kl AlFukel wvkE fAMe

T2 eI Rieder 5(2001)S 2271 &2 12050 tid] =AY A/CIR 2

ol MCIR FdA& ol E/E S E/E® W Z@3 1, ASIPIAA = A 53
A vty 4244 (Bay) = Edshs @l e MCIR +AA&E ol E/E™%
EVE W Z8YaL, ASIPAA = AV/ASH AY/AT T 2dste] A7 sEARAE
UERUA] kokth w3k A A (Chestnut) S L dstE Dol = MCIR FHAE o)
E 57 AT Fdda, ASIPAA = EE FHAAY o] YEFSTH(Rieder 5,
2001). ol AFwmkel A ZFeH(SA), ek EA), Au(FH )M MCIR 9
ASIP w7378 e] &4 F3% 4% 235 vehdo] Aswk 7k, fvl Aves
72384 o & Black, Bay, Chestnutol] 31 33t= Aoz Az}

ol
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EVE*

E/E*

C/C

E S c 6 T ¢ T G A C T

E S c 6 T ¢ T G A C T

Figure 4. Pyrogram showing the genotypes E/E’, E'/E°, E/E° for MCIR.
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GAAAAGAAGCA/GAAAAGAAGCA

A4
E S C AGAAGAGCAGAGA
GAAAAGAAGCA/——————————
AA
E S C AGAAGAGCAGAGA
,,,,,,,,,,, /,,,,,,,,,,,
AH/A(‘]

E S C AGAAGAGCAGATGA

Figure 5. Pyrogram showing the genotypes A%/ /A% A44/4% A%/A* for ASIP.
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Table 3. Distribution of genotype and allele frequencies of MCIR in three groups of horses

[ ﬁg-m%f Genotype No. (frequency) Allele No. (frequency) pHV_a\ﬁie
E/E’ E/E° E/E° E’ E°

Jeju horse 1452 178(0.122)  650(0.447)  623(0.429)  1006(0.346)  1896(0.653) 0.6969

Crosshred” 226 28(0.123) 106(0.469) 92(0.407) 162(0.358) 290(0.641) 0.8747

Thoroughbred 119 21(0.176) 62(0.521) 36(0.302) 104(0.437) 134(0.563 0.6472

* None registrated and family unknown.
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Table 4. Distribution of genotype and allele frequencies of AS/P in three groups of horses

No. of Genotype No. (frequency) Allele No. (frequency) W

ASIP horse p value
A48 At A7 A*/A? Al A?

Jeju horse 1374 672(0.460) 654(0.448) 133(0.091)  1998(0.684) 920(0.315) 0.1619

Crossbred” 228 83(0.364) 109(0.478) 36(0.157) 275(0.603) 181(0.396) 0.9511

Thoroughbred 119 63(0.529) 50(0.420) 6(0.050) 176(0.739) 62(0.260) 0.4513

* None registrated and family unknown.
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Table 5. Haplotype distribution of MCIR and ASIP in three groups of horses

Haplotype No. (frequency)
No. of

h
O pEAN EEAN EEALN FEAY EEAN EEALN FEAY FEALY FEAA

. 101 71 6 316 230 55 253 208 e
Jejuhorse 1452 (h570)  (0.049)  (0.004)  (0218)  (0.193)  (0.038) (0174 (0205  (0.050)
Crossbred® 226 8 17 3 42 49 15 32 42 18

(0.035) (0.075) (0.013) (0.186) (0.217) (0.066) (0.142) (0.186) (0.080)

13 7 1 28 32 9 92 11 3
Thoroughbred 119 (o709)  (0.059)  (0.008) (0235 (02690  (0017)  (0185)  (0.092)  (0.025)

* None registrated and family unknown.
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3 159 oA wuk(deh ¥ #AE ECA3-inversion 4] A= Figure 67
Table 6 YEeEFHATE AFrte s det xdF o] DY = To/To%t To/+
ARGl ZhzE 01%9 11.9%% Yty dAF o= AFuielA e A
12%% EAsts Aoz gQddn. wgvtdM = To/To FHAELS HELA]
gom, To/+ FAAd2 39%= Wety Algvtel] Bls| de} A W7t shA
UEbsTh W] He B ele A wink R A 5 Q1xkQl To= SQ1EA] Stttk

Figure 72 Table 79X+ oA Fvuh(3]A) RAS Yeldle FdAk<]
STX17 ¥4 A3E Yepdde vk 24 339 S ddste ¢ addzs ¢4
A2 A homozygotet} heterozygoteol Al RS 3|4 wAS wra A )
Herda wgvtd s Frk BAS Yeds G wdAE el 22 6.7%%
52%% YEhd F JuolA= Fuke] Wl vHA YERyth v Al el [
ANM STXI7 +3A98 /G G/g B g/gel W=+ z+zF 0.002, 0.68, 0.317%
ety 34 mAaS YERd= FHAE GG Ggdl RIE §te] 06822 Al vl
oA 34 w4 s Fed 5 A3l Lee (1971)7F 1960
el Z=AEE AlFv A dlmo A 3]A el Fwie] W7 13%AE A3

=

7b 37 S7kd Az 3l HAv 34

o
rE
ki
N
—_

A F7he A4E FhE AWE ololsk: AFrie AEwel FYelA 34

FANAT Qe Frk Aoz 4 FAAAT} BEs] Akl AnRE &L

i

Olr

Pielberg 5(2008)% Gray =AMS 4d3h= = 72759 Non-Gray w2
14%= 13159 s8] S7XI7 intron 6 46kb =55 2243 Ay Gray E A0
M= 46kb TEo] BF YEP oy Non-Gray wFZol A& 4.6kb S50] YEFYXA]
BE Ao Wuskin ol AFvtel M STXI7 &4 Aykel dA|sto] AlFnte]
3| A Aol Ewli= AT A O R Grayol £t AR ALRHT

AFrk FHwkol Al ECA3-inversion % S7X77| W3k Hardy-Weinberg

equilibrium< #A3 A3} ECA3-inversiono| A= HIAHE FA = ZAo=w
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To/To tofo TofMto

1355 —— 1353
872 —— =872
30 —— — 10
27 —= =27
194 —— = —— 194
s - —. 118

72— — 7

Figure 6. Electrophoresis of PCR products for ECA3-inversion. Both ends are

size markers. Upper band is 7o allele and lower band is fo allele.
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GG G4 94q

1353 1353
12— =572
310 —— — 310
27 = =27
194 —— 194
18 - ~ 118

T2 G

1353 s ——1353
87— ——an
310 —— —— 310
271 ——= =271
194 —— — 194
118 = - 18

77— —y

Figure 7. Electrophoresis of PCR products for S7X77 Both ends were size

markers. Upper band is G allele and lower band is g allele.
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Table 6. Distribution of genotype and allele frequencies of ECA3-inversion in three groups of horses

- ‘ No. of Genotype No. (frequency) Allele No. (frequency) W

ECA3-inversion horse p value
To/ To To/ + +/+ To +

Jeju horse 1462 2(0.001) 174(0.119) 1284(0.879) 178(0.061) 2742(0.939) 0.1799

Crossbred” 228 0(0) 9(0.039) 219(0.960) 9(0.019) 447(0.980) N. D.

Thoroughbred 119 0(0) 0(0) 119(1.0) 0(0) 238(1.0) N. D.

* None registrated and family unknown.

,38,



Table 7. Distribution of genotype and allele frequencies of S7X/7 in three groups of horses

No. of Genotype No. (frequency) Allele No. (frequency) W
STX17 horse p value
GG G/g g/'g G g
Jeju horse 1462 3(0.002) 994(0.680) 463(0.317)  1000(0.342)  1920(0.657) <0.001
Crossbred” 228 0(0) 12(0.052) 216(0.947) 12(0.026) 444(0.973) N. D
Thoroughbred 119 0(0) 8(0.067) 111(0.932) 3(0.033) 230(0.966) N. D

* None registrated and family unknown.
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3. M=ote] M Zatof WE 24 FEA gz Hst

AlFut detoll A A Batol] wE EAFHAA st s FQlstaxt Ay
T2 WE AstE 45T 7HE o e AlFekel dis] 04 o (181F),
1A B0F), 15AH(B785F), 24 H197F) 28 254 Q27252 £ F3ho
A8k th(Figure ).

MCIR 78] E" 02kt B2 fF0Ake] Al 1F A3k 04l A= 2H2t
02599} 0.74% vehygton 1Adol e £ 53902 043302 Zrketal E° 4
A= 056602 FHaste Adko] o 1.5, 2, 254ItHE AUHA Al 1+ 2
Hsl glo] FAEE Aom Ueyth MCIR 349 448 Wx ¥she=
OM, 154, 24, 254 del = & WstE ZtolE 4+ oy E/ES
FAAE L 04l 0419914 1At 0.666C. 2 F7FetAaL, E/EC rAaArE & 04
053914 1AIt) 023302 ZHAaste Ao ® uehdth ojel 78 14 BA%47}
0FE A o] &8 AE Ut Ao WA Aow FAHHAL

ASIP #2749 At 24 NE 2 FA4F N WS MCIR FAA)

Aoz AHAet. 2 Aol Ao FAQA Wk 3 FHA9 HlE Hste
MCIRAH F3el e Aoz yewoy o= &4 AZ 71 Ao g
Aow FAHHE.

AlFutel A ECA3-inversion®] At ®st= vldel FAAdx1 o= 041 0.873
oA 254t 0965% Ao w Frietes Aow o, Aot FHAdA
Tow= 0M T 0.12691 A4 2540 0.034= ZFAFEATE Ao Ao & 7o F4
Azre] B AEA A3 fiol -0.039% vEty AW Aol wel 7o #A0A
s oA os stk (p<0.05). o5 Ed sk
3= 0AM ] 0.24101 A4 25410 0.0622 FFA3FA T
ol dF7] BAL A7t Ak whel HxlAow

Foh 44 Adel A7 FuAAe] =YL nesA gow A% mae

E T

N,

(¢}

_40_



Ag&Aow ol Ao ARH.
AFr} ok waje] A WaE selsts] dAs STXI7 FAA A4 e 2

N
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ol

A A Frke wdsts STXI7 fAAe] ¢ FAdA H=
H3l= 0At) 0192004 25410 038602 Z71E e AL shelstgon, 3484

23 o] 0.081= At Aatel wet ¢ FHAA Rlks FojAom Srbstiltt
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A
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i

I==1
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(p<0.05). =3 STXI7 A% WEd= Sk 2d FHAQ Gg Wx=s 04

0.384¢ 4 254t 0.764= 2817} F7Fstl o, vHlEnt A g/ge Rl
04T 06159141 254H) 02312 #astelth 2 A7As Al Aol ue} ol
1d fAdAe 4348 NET 48 Fes 2L #AT & Adh

Fob BE FAAQ STXI79] G FAJA wWiAlE AR wwjEd A S e
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Figure 8. Gene and genotype frequency change of MCIFK, ASIP,

ECA3-inversion, S7X17 by generation.
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4. N ZF0t g2t(Wolla) ZA{o| HHHE FEf X

Thiruvenkadn (2008) 2e] ®WnkS 73 wf wigio] Wy sjele] uwpe}t
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$8) ECA3-inversion, EDNEB, KIT intron 16 SNPE #4243 Z 35 Figure 9,
Figure 10 ¥ Table 8] WeEFHATE Brooks 5(2007)0] H.agk ¥ S o] &3l
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Ayt depel njde} BN EDNRB #4490 +/+ SZHIAN 285

Overo FAdJA= g1E = gtk AlFrtel Al Sabino =4 #4218 g0&
¢ Brooks®t Bailey (2005)7} ®.a13k KJT intron 16" Wl 774 471 X3S
A A3 AlFul Dl vjEel B A Sabino FAQIANE RIS A EUTh
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G/G A/A

E & € GG C A T C G A T G C

Figure 9. Pyrograms showing the genotypes for EDNRB 2bp missence

mutation. Pyrosequencies were analyzed using reverse compliment sequence.
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A/A

E S c G A G A T C G A
Figure 10. Pyrograms showing the genotypes for KI7T intron 16 SNP.

Pyrosequencies were analyzed using reverse compliment sequence.
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Table 8. Genotypes of the ECA3-inversion, EDNRKEB and KI/7T intron 16 in
Jeju horse Wolla (white patch) and solid

. " Wolla No. of horse solid No. of horse
Genetic variation Genotype
(frequency) (frequency)
+/+ 234(1.000)
ECA3-inversion +/To 140(0.986) —
7o/ To 2(0.013) —
+/+ 142(1.000) 234(1.000)
EDNREB 2-bp
missense mutation +/0 - -
00 -
T 142(1.000) 234(1.000)
KIT intron 16 SNP A/’T — —
A/A — -
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Figure 11. Manhattan plot (A) and Q-Q plot (B) of Tobiano in horses. (A)
The -log values estimated for each polymorphism is plotted in the y-axis.
Chromosome number 1s plotted in the x-axis. The Bonferroni—corrected
significance level (p<0.001) is - log(8.75x10%). (B) The red line represents
the 95% concentration band under the null hypothesis of no association. The

black dot represents the p-values of SNP marker.
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Figure 12. Regional plot on ECA3. The significant SNPs associated with
Tobiano are distributed from 21Mbp to 85Mbp. The most significant SNP is
located on 48.8Mbp and the p value is 1.01x10 % The GPRINS3 gene and the

TIGD?Z2 gene are located in an area adjacent of the most significant SNP.
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6. GPRIN3 & TIGD2

ol GPRINS A A= 3H AAA 48815,395bpoll A 48,817,728bpell forward
strand Weo 2 9Xxsta drHFigure 13). GPRINS AA+= 27019 coding
exon® = TAE o] Qo 7707H¢] ofm At MES Eshiin. @A (solid)
B A3 Enloli(Tobiano) B oA A2 GPRIN3 f714F2] DNA A E& 7]E0
B 3¥ Throughbred GPRIN3 AE(NC_009146.2)3 vlugls o ZF 6719 SNPE&
(c.1114G>A, ¢.1226C>T, ¢.13838C>T, ¢.1476G>A, ¢.1790G>A, ¢.*331A>@G)9|
FRAFANL AY/2Y sdWol= A A A (Figure 14). &21¥ SNP

Awlololw  ¢1226C>T, ¢.1388C>Te}

i

c1114G>A%t  c1476G>A+  H&F
c1790G>A+ o=t AES ZH7E p372V>T (Val>lle), pd09S>L (Ser>Leu),

pA463T>M (Thr>Met)Z A 3sl= Aoz &2l5 I th(Figure 15).
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148,815 K 148,816 K 9.C G/A RITE gk 148,819 K 48,820 K |

NCBI Genes
GPRIN3
XM_005608581.1 >» ) < > > > XP_005608638.1
NM_001257132.1 NP_001244061.1
Genes, Ensembl release 76
ENSECAG00000018344
ENSECAT00000019371 ENSECAP00000015850
dbSNP Build 139 (all data), NCBI Equus caballus Annagtation Release 100
rs396796685 | rs395903906 1 rs397418430 1
rs394218857 1 rs394746961 1

RNA-seq exon coverage, aggregate (filtered, log2 scaled), NCBI Equus caballus Annotation Release 101

RNA-seq intron-spanning reads, aggregate (filtered, log2 scaled), NCBI Equus caballus Annotation Release 101

RNA-seq intron features, aggregate (filtered), NCBI Equus caballus Annotation Release 101
[intron]

Figure 13. GPRINS3 gene structure. GPRINS gene has two coding exon and include the 770 amino acid sequence. Six SNPs
are identified (c.1114G>A, ¢.1226C>T, ¢.1388C>T, ¢.1476G>A, c.1769G>A, c.*331A>G).
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Figure 14.

GCCAGCCCCTCATCAGGACCTGAAGATATGCTGGTGAAATCACAGGGAACCTCAGATGGA
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Nucleotide sequences and mutations of the complete GPRINS.

Reference sequences was from GenBank (accession number NC_009146.2).

Dotes indicate identical sequence to Thoroughbred.
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Figure 14 (Continued)
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Figure 15. Amino acid sequences of the GPRINS Reference sequences was

from GenBank (GPRIN3-mRN is the accession number XP_005608638).
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Figure 15 (Continued)

_66_

550
550

600
600

650
630

700
700

750
730



TIGD2 A= we] 3 AR 48945,077hpoll A1 48,948,335bpell reverse
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B 3% Throughbred 77GD2 A <€ (XM_005608623)3% vl glS w) F 47]<] SNP
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(Figure 18).
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Figure 16. 71GDZ2 gene structure. 71GDZ2 gene has one coding exon and include the 525 amino acid sequence. Four SNPs

are identified (c.483G>A, c.996A>G, c.1175G>A, ¢.x152G>A).
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Figure 17.

TTGTTCTGGAAATGTCTACCATCTAGGACCTTAGCCCTTGAAACTGAGCAGACTACTTCT

Nucleotide sequences and mutations of the complete 7IGDZ.

Reference sequences was from GenBank (TIGD2-cods is the accession

number XM_005608623). Dotes indicate identical sequence to Thoroughbred.
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Figure 18. Amino acid sequences of the 7IGD” Reference sequences was

from GenBank (TIGD2-cods is the accession number XP_005608680).
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Table 9. Distribution of allele and genotype frequencies and association

analysis of GPRIN3 SNPs, BIEC2-819509 SNP and 77GDZ2 SNP

white patch solid

SNpIp  Genotype (nes8) (n=142) H-wW  LOD
& allele p value  Score

N freq. N freq.

G/G 0 - 124 0373

CPRIN3 G/A 48 0.828 18 0.127
A/A 10 0.172 0 - 0751 1212

c1114G>A G 48 0.414 266 0.937

A 68 0.586 18 0.063

C/C 146 0.793 142 1

CPRIN3 C/T 2 0.034 0 -
T/T 8 0.138 0 - 0001 654

c.1226C>T C 98 0.839 284 1

T 18 0.161 0 -

C/C 0 - 124 0873

CPRIN3 C/T 48 0.828 18 0.127
T/T 10 0.172 0 - 0751 1212

c.1383C>T¥ C A3 0.414 266 0.937

T 68 0.586 18 0.063

G/G 1 0.017 124 0873

GPRIN3 G/A 46 0.793 18 0.127
A/A 11 0.190 0 - 0462 1169

c.1476G>A G 48 0.414 266 0.937

A 68 0.586 18 0.063

G/G 1 0.017 114 0.803

CPRIN3 G/A 48 0.828 19 0.134
A/A 9 0.155 9 0063 0079 661

c.170G>A G 50 0.431 248 0.870

A 66 0.569 36 0.130

A/A 0 - 93 0.655

CPRING A/G 44 0.759 44 0.310
G/G 14 0.241 5 0035 0781 609

c*331A>G A 44 0.379 230 0.810

G 72 0.621 54 0.190

A/A 0 - 119 0,833

A/C 52 0.897 2 0.155
BIEC2-819509  C/C 6 0.103 1 0007 0269 1095

A 52 0.448 260 0915

C 64 0.552 24 0.085

G/G 0 - 139 0.979

TICD? G/A 55 0.948 3 0.021
A/A 3 0.051 0 - 0264 2066

c.#152G>A G 54 0.474 280 0.989

A 62 0.526 4 0.011

t Shown the same result as GPRINS c.1114G>A.
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Table 10. Haplotype frequencies and association of analysed SNPs

white patch  solid '
oonee o OG0 pvae
h1(GGCGAAQG) 0.327 0.676 0.583 027 127 36x10*
(0.13-0.57)
h2(AGTAGCA) 0.396 0.007 0.119 2683 1370 1.19x10°%
(57.9-1,343.6)

h3(GGCGGAG) 0.025 0.126 0.098 (0. 0(31_13 54) 10.6 0.001
h4(GGCGACG) 0.025 0.066 0.055 - - 0.155
h5(AGTAGAG) - 0.056 0.041 - - 0.515
h6(GGCAAAG) - 0.049 0.035 - - 0.642
h7(AATAGCA) 0.086 - 0.026 - 169 3.8x10°
h8(AATAGAG) 0.060 - 0.016 - 143  15x10*
h9(GGCAACG) - 0.010 0.007 - - -
h10(GGCAAAN) - 0.007 0.005 - - ~
h11(GGCGGAA) 0.008 - 0.002 - - -
h12(AGCAGCA) 0.008 - 0.002 - - -
h13(GGTGAAG) 0.008 - 0.002 - - -
h14(AGTGGAG) 0.008 - 0.001 - - ~
h15(AATGGCA) 0.008 - 0.001 - - -
h16(ANCAACA) 0.008 - 0.0002 - - -
h17(GNTGGCG) 0.017 - 0.0002 - - -
h18(ANCAAAA)  0.008 - 0.0000 - - -
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