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Jeju pony, a natural monument no. 347 living in Jeju Island, Korea,
has been conserved as a genetic resource and a racing pony. A total of 125
studies written about this breed have been published in various fields,
primarily animal science(106), veterinary medicine(13), and others(6), from
1961 to 2018. Specifically, the majority of studies have been published in
animal breeding and genetics(84), which are subcategories in the field of
animal science. However, most of the research in breeding and genetics for
Jeju pony were performed in the early 2000s, and studies using recently
developed techniques are inferior to other breeds(thoroughbred etc.). Our
current understanding of both the conservation and utilization of the breed
is still incomplete. Thus, it is important to use recently developed
technologies to improve management and breeding strategies for this pony
breed. In this study, we review studies on Jeju ponies in the field of animal
breeding and genetics and discuss problems that need to be addressed.
Reviewed studies were divided into 6 categories: systematic classification,
coat color, body measurement and growth, racing performance, behavior, and

effective population size. Finally, we suggest ideas for future research

projects that could potentially contribute to the Jeju pony industry.

1) The genetic breeding field(84 chapters) of animal science category
that occupies most of the total 125 cases of Jeju research is divided into 6
categories(systematics, coat colour, somatometry, growth, race ability, action
and effective population size). We will discuss the general contents and
problems of the researches and discuss the systematic preservation and

upbringing of Jeju island and the correct method of improvement.

2) In horse, the MSTN gene synthesizes myostatin protein that
regulates the number and growth of muscle fibers, and many studies have
been reported on affecting muscle formation, racing ability and healthiness. In
this study, sequence analysis of MSTN gene(full-length 6,335 bp) was
performed using Jeju pony breed population(n = 10), and a total of 19 single
nucleotide polymorphisms(SNPs) were excavated. Twelve SNPs(g.814C>T,
g.963_T>G, g.1406_T>G, g.1444_A>G, g.1599_A>C, g.1656_A>C, g.3014_T>C,
g.3569_T>C, g.3666_A>T, g.3753_T>C, g.3926_T>C, g4349_G>A) were
confirmed to be already reported SNPs, and the remaining seven
SNPs(g.1686_A>G, g.1995_A>G, g.2205_G>A, g.2634_T>C, g.3549_A>G,
g,4344_A>C, g.4887_A>G) were confirmed to be newly discovered SNPs in
Jeju pony. Two SNPs(g.2205_G>A, g.4837_A>G) among the seven newly
discovered SNPs on Jeju pony were located at exons 2 and 3, respectively,
and were confirmed by synonym SNPs. In addition, frequency of g.66608679
G>A(g.1444_A>@G) variation has been confirmed that the frequency of the A
allele gene is significantly higher than that of the G allele(0.88 vs. 0.12). This
is similar to the frequency of the previous study of the Mongolia horse, the
ancestor of Jeju pony.

In addition, the degree of association disequilibrium for the 19 SNPs in
the MSTN gene of Jeju pony was 9 SNPs with complete LD(r*=1)
(g.814_C>T, g.1406_T>G, g.1599_A>C, g.1656_A>G, g.1995_A>G, g.2634_T>C,
g.3014_T>C, g.3666_A>T, g.4344_A>C) there were 10 SNPs with
r? =0.45~0.65 degree of association disequilibrium(g.814_C>T, g.963_T>G,
g.1444_A>G, 2.1686_A>G, g.1995_A>G, g.3549_A>G, g.3569_T>G,
2.3926_T>C, g.4344_A>C g.4349_G>A). Haplotype in MSTN gene of horse
have been reported to affect morphological traits and it is thought that
further studies of Haplotype within the Jeju pony MSTN gene are needed.
These results suggest that this data will be useful as basic research data for

the future study of MSTN gene in Jeju pony.



Jeju pony also needs research on genomic selection(GS) using the
excavated bio—markers, using the improvement of the race and the latest free
global analysis method for excellent marker production. These research results
are used to select superior Jeju pony which is horse resource, to discover
superior characteristics such as Jeju pony race ability, passenger car ability

and meat quality. It can be applied.

In this paper, we will discuss the research trends of Jeju pony breeds,
overall contents and problems, and conduct basic research on representative
MSTN genes in Jeju by means of the latest molecular genomics analysis
methods discussed the need for research using. Thus, recognition reconsider

and economic ripple effect to domestic genetic resources are provided.

Keyword : Jeju pony, MSTN, sequencing, SNP, linkage disequilibrium

AFvhJeju horse) & H@R e & Aol AFEA oA 717 A5
glom AH 7 E4 Aol nfe 54 tehh: tan
U % FF AL oA A AFHE B4, £F a9
oe] 7hA Argliorel FEHWA 19316l HAr) 22500
= 7150 glont, FUAe B % 55T SO BEE A T
wasstel 1980d Tl WE A/l AsIE sHdrh AR AFvhE RE Y
$4357) 919 19869 29 AFvHE AAVEE A M7ER APt ATFEH
AAE FHAFANA welehA Hov], 19008 el AFrhe] g FHo
2 BHvbLE AFAvEANA Agom AT Auit AgEYn. £
20008 SelAWA AAK #AE e ATkl WF 5 DE
e w7k Ao AA7A AT Ak

AFRe] Ak AFATFAAA AFvksh detvl gue] AFE B
of A& Folul, oA AFvh: AT FH/ o] AFZ FHE B wo]
AT EH FF 202WelE BE AFE A0 Asld AFe AF=
ABse F47 AGel 2 Fol ol AFv AFE Wy F=Eam o

(2019 7] gkefwt 3, 68:32%, o 3605:170-F)

2

HN
x
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(www.jejuhorse.jeju.go.kr).

Aol o AFE 196192 AR A 0IBAEAA FE L 59

TokE BEo] thde wokolA AFEo AN, AntE Hs AAAD S4B
Mg S =98te] o] &3t 9= o7 B #l(Thoroughbred) & E%o] vl &
A ATk FF AFES W vFEe olE MAsy] A g AU

& T AAAD BEd B fF44 Mgl a7HI le Aot (Yang,

2009; Lim ‘& 2019).

oA ; k. wel WERH ohlet 4% 2EFAL 4 B AW A

A9 FAA vHA dF ATk Fq HAA ol FAHoE $4 FHL
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7}7 ol )3 RFLP(Restriction fragment length polymorphism) % AFLP
(Amplified Fragment Length Polymorphism) ¢ #47|8< o] &3AY, &4
Z}o] wd d 7] ¥ o] (SNP: Single nucleotide polymorphism) W3t ALY, Eol
4l f#dA W  VNTR(Variable number tandem repeat) ©J4
MS(Microsatellite) »}71 ¢} 28 8 wzZsto gy = o Eo]zl <aE
TS A7 A1} (Ellegren 5, 1992; Hori 5, 2013).

H%2 20099 AE=Z2Z4E(Genome Project) & & @eo] F g7 Lol
et R J8 deF FAA EA%EEe] AdHol High-density SNP

chip & °l83te] 2o MAE FAFLAAY, +559, 24, 99 5) =

il

study) #AUHE A& AF7F solva glem (Grossi 5, 2015; Strazzullo

5, 2012; Witt &, 2014), =3k NGS(Next Generation Sequencing) 71& 2] 7l

2 Qs FF % A Ze FHA VMG R 3 eRdA A4S F
3k 9177} o] Folx 3 ¢t} (Doan &, 2012; Kim &, 2013; Lee &, 2014).

2E A7AR F ATk AFE5Hel dgE F 5 v 24394 AA
o o] WAl MSTN fda8 FA4s Atk MSTN fdate 2479 9
AAE At AT AT A - 28 G FEE JAA 4TS e
Ao R Bt} (Thomas &, 2000). MSTN b= 2o AAA 18¥e] 9

215t o 3709 exon® 2709 intonl Z Al EH o] Atk MSTN ## 2=
delBeoA AF 83 2y Ao wgt Ao dFE F& 2o By
gom (Hill %, 2010; Tozaki %, 2011; McGivney %, 2012) MSTN 4=} 2]
EquCab3.0: g.66608679 G>A(EquCab2.0: g.66493737 G>A) @A 7ol /el
wel fYBd FFuke] HH AFAe ] 4AdAE #el A7 Rava
At (Binns & 2010). E3+ 66608679 G>A ©Ld7IHole G UH FAAE
oA AFd At AA 24 FdFAdE dFSs FH, GG 2 GA FA#
FE 7H B2 AA 2RO AF7F] 3 4 &3 (additive effect) 7t
et (Hill 5, 2012). 2 9o B2 @ EF¥FARE dEdez MSTN #4
2] @ dzdolo] e AF7F o]FoA 3 vt (Padilha &, 2018; Stefaniuk
‘s, 2014; Francois ‘&, 2016).

A AFel FFIAE AFA MSTN A48 £§d 4550 o
B fAA AT W RIS MSTN $84e A78u o AFvhe
gom AFviexd B89 FFYOD AN UEF BA G4 BAWS o§

Webd B AT BAe AFrhe mE R A A% AF BFES 1
[s5]
H

nucleotide polymorphism, SNP) @& 2 54& 7|z A7ge=2H &5 E4F

A48 Hse] BEWAL ANGLA B,
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L AFohe] oL

AFeh(Jeju pony) £ Tl Eolsh Qi S8vh, AFehel YEAs, o

Gue Fol val Ao FFol Sohs T 4AF EF 523 D%} o F

| FFom, Ant BFE o 120emol AT B AH AL A

sl AFES) el 71F, B4, A0 AR Fol Agel Fatrh (Kang, 1996).
Akl qAA R 5 AFERANE Y AFe] AxH

e Hiel Wolxzk £ oloblzt dom HAY A%, 4 BE3,

AAT A Gl A we] Aof w W @A H4 Fo wEPomA AT

AN Lol A AE 7AW o] AR o] MAsgtta 248t v F

A

N
2

e

14
ol

ZIHoRE g EF 27d1073), 28 AF 1490274, olF =AM AlF 124
(1430) 5o Sste] Abgstel g, ok A, R4 % AP
gtk st o7 AFvhE FRAABAA Bdol, FAE Lw L oFrHom
A ol g0t 10606 T o] F AISE AW AWPA BEE A AFvh
o #g% Asts ATV $E gasdnh 2047 ol F AFvhE F - sk 5
A4 BE FU L PABGHTE, 4F 5) 24 871471 AstEgln,
AFvbs B AF 2w, gebel, A, wel, et Fow wgow
200195 H AFvhE FAs 9k W EE Jeju horse, Jeju pony, Jeju mini

horse 5 olA &4 Jeju ponyZ E A

ol
-

= Zo] v sttt (Lim 5, 2019).

2. AFrte] B

AR AFuke] nf AdozA JhA e AA F HE L A4S 6
1986 29 HAZIEE Al 34752 AASH AFSEAAE AN ETAANA @
g 3to] (Al Fmk 64vbe] - 55, F 9), AA AAEF4A500ME]) & 2Hshe v
2 FatA AAsNA & FAAME T3k AFE Wl AMS SR Al ks
Atk GA AFEEE AR SR i WE EF 9715 AU

2000 el Sl 3t FAlOl AFERAAE FanEde] AAAA AF
#HE A ZEtAA 999 234nte] (7] 2RH85, #Fwh49), 20101 13757 (7] &7
146, 57H229) 2 AMSFE7E Fobstal 9lom, Al 20199 71E %4,2530HE
(71 27H15, @59H4,078, 115 -A5ul60) 2 A%

A Z=7kska
geve @ A5 FEE FUE

ot (www jejuhorsejeju.gokr, ¥ 1). &3 &

Al AFr A ErtE R Y SRANSE £9sta
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AFute] AA gd 2 Be S99 Wi Ry 19909 Fd=riabs s F
o AFAnE A 97 AFek Aets Ald st (www.park.kra.co.kr).

AA AFAutgde] Aut AFe AFuket deput AF7E £E)Alg Fol
W, 4N AFviel deivle] pROZN AFrke AFw 5E5 o] AT
2 559 2 wo] @ ch(Fetek Al 137cmolske] AFA ER, AFris

s AT AT A

il

AL, 20199 71%). E3 & 2023ddl= BRE AF
s 347 Adel 37 Fol ol AT AFE v SHusa grhe0194
A% AFUSGEL AT W 68:32%, T4 360TT0F). A%AN ATl 4
Fol 7t AAE D gow 20199 FvhAdels U - SaFF AT 4
FA9 F7ke wek JIBSH, AFCLFEY G, AT HeE 2 34 A

FJ FJ

Fobg Awshs Aw 47 AW, AT 55 olAsksl 202297 AdtE
EgH AT 34E 2R Agste A 94 A AAEnE A5

2001 QIZF Alse] Zcte] Iy H olF g XT3 o AHA FEOIA
Z Awe 943 v Eo] Next Generation Sequencing(NGS) 7] 9]
st HAdok. 2 A3 Ay 84S @4 3% £ 9+ llumina Equine SNP

BeadChip ©] 7IE=len £33 FF 2 MAE dGAE F5o 44 3 W]

55 WE3li= Whole Genome Sequencing(WGS), Z2¥ f3x @& 2 75
FHA A EAS & 4 9 RNA-Seq(RNA Sequencing) 59 &% 2 &

(1) Illumina Equine SNP BeadChip
SNP chip #lo] 23 5 DNA oA thake] dAd F 7| (SNP) vtAE

QAR Aow g dAdon A An £ ey

ok

!

et
=
oo

Ei guAY SEE golt ETolth @ WolA SNP Chip ol§% F§
57U o4l WAGIIGISNP) PHAES & Wl Mg 5 9w, o A
Fe FHOR BT dE Ax¥ol TEH QY] WEe] urt ZsAol

i AAAeler & 4 9dth Ilumina Al A Fii= 1 e He thE He o
27 Bead W49 Hoz FAHUY Bead & 3ud Z7olH, Holl AL&EH=
Optical fiber = 14mm¢ 2 A7]ZE 50,000770,000 7Ie] BEADE ¥ & F A&
u, sl ddAVIGFSNP) wAE ElA 30719 Beadd  ARE3EA,
Hybridization Al 225 &% 4 ot 242t Beadolli= Address Codes 43l
Z2Z % Targete] Code o] Eolxow A3t} Fo| e Z+zte] Bead 52 A
HEL Bead Decoding W¥& 34 CDol 7]1550] AF=o] vk G|

& (SNP) & &olslry] 98] 3712 Primer7F 223w 2702 Primer #oll+=

m{u
(03

Universal Primer(Allele Specific Region, ASOs) 7} &ojglo] SZ A] &34

o] A%¥ Primers AH&&tA s, wrH#H Q] Primer(Locus specific region,

_’IU_
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LSO) & Bead Address Code$} Eol# o2 AgE 4 9= Primers A 2H3}o]
Golden Gate Assay "H< o] &3] T3t} oju FZH AEFEL2 BT Primer

o] F FEo| 2 Universal Primer$t Codef-#S 7FAaL 9lo] SZ¥ SNPo

2 Aozl 2MWA A= Gencall ZEZIWE o] g3kl FAAE, atrien 2y

o

3 71 F (Hardy-Weinberg Equilibrium), +-#] 2 (Replicate error), 1 <o &
7HA SR/ES ZRaPoA B 4 ot 2 A(linkage) A1 G AT
o] Ax AA(mapping) & T F dE Jes FtE Adsz U

(http://www.illumina.com/).

(2) Next Generation Sequencing

NGS & olde] AFst 7171¢F F&38t7] flate] w2l olFolth %7] =
377l V1A Bl Bstal o [ds] AHAe] AGRAAE weled
Az blge] Bol £tk NGS 712 7M1 FHAE olde 7lernt H&
I Akl AokS g e AVIAYEEA (sequencing) 7ls otk EE 4] v
712l DNA w3 9] amplify ¥H3<S FAlol 433} multiplexing 7] &S U},

H Wol BE¥ dEAQ lluminarte] Genome Analyzere] 7% 44

DNA°|A ©@#H3} 271 & adaptor oligonucleotideE A7, o] = glass flow

celld] FWo &5 #Wo] A H primer(adaptor sequence?t A HF) o &
g 8t7F o] FolA A "t

o] ejell Al PCR reaction +83t] F=¥e] fHol| EA5E free primer
of 178¥ DNA7} Wy o] th2 %] adaptor’t Adste] FFHo] vt 1egn
34§ ool DNA ©hHe] gt o 27t wo] Hx shvho] DNA WA

e cluster7tb A E . o] clusteris 3] DNA @A 743 Fd3H

o

< @k

AgtAel clone°]l™ emulsion amplificationo] A vPlAH| =9} e o3

_’I']_

clusterge] #4=Hd thd @Al = adaptor sequencedll 5©]# <1 sequencing
(e} 2 X

primer®} sequencing & 45 o]-&3to] HF QI cyclic sequencing #A o] 43

Ho]Zt}l (Kwon, 2012; http://www.illumina.com/).

_’|2_
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4. Myostatin(MSTN) F+Z A 3t AF5F

Myostatin(MSTN) & GDF-8ol#ti% &tm S{AF 2 W] S %
Aaztz, A L 23 9x9] TGF-B familyel £&tv, 2479 9 43S

At 24T AFe] AT - 25 G4 AHEF qAA 4TS e lew

cene D> G
TRANSCRIPTION l -
CHANGES UBIQUITIN

LAY b
e g
FROTEN “eroTEnsous BB o ediaton

T i Seinn
PROTEASOME MEDIATED
PROTEIN DEGRADATION

+

MUSCLE WASTING
CACHEXIA

g 2.2%949 Myostatin®} activin A& ¥H8. Myostatin or activin bind to type
IIB activin receptor on muscle membranes. When it becomes a dimmer, there is recruitment
and activation of the type I activin receptor transmembrane Kkinase (1% from Issues in
Dialysis, Edited by Stephen Z. Fadem, Nova Science Publishers, Inc New York, 2012, page 157,
a7 2).

_’|3_

MSTN #AA+= Q3 (Schuelke &, 2004) & %93 v FEME @
& A7t olFo] Ak (McPherron %, 1997; McPherron and Lee 1997;
Walling ‘5, 2004; Johnson 5, 2005, Mosher &, 2007). MSTN f-#z}2] Wo]=
F(mouse) ©lA AxE FAF vz A3 FZATY FU7HE BHIoH, &
(cattle) A& double muscling phenotypes 427 FHoz Ld# ATt o] &
%¥(sheep) 123 ZH(dog) oA A7} o] Folxom, Eeq= MSTN fdat=
o] AF7E FaE el 9tk ¥ MSTN fdxE d4A 18 dode] ¢
Asta lom, FAAY FxE 379 exon F 27019 intron &2 FAH )
tH(Total 6,172 bp; reverse strand g.66,605,150-66,610,122; EquCab3.0).

MSTN fFxxte] woje] Figel uwet 2ol AFsHo] dFE A= A
o7 AgHelA glom Auldl HAs ©@ FF verds X o
FoA = MSTN o ZdSd 2 gdd7ivie] 5o A7 g s n

(Padilha 5, 2018; Stefaniuk &, 2014; Francois &, 2016).

_14_



Research Trends and Implications for Preservation

and Improvement of Jeju Ponies

1L g%

11 £k 2 47

=
i

M
M

A 12599 AT ATE BRE A3 JEEH) B AL g
o 77k E2sk1068) F FolH(13A) T A 2 WFe FREAT. AR
wob: 23 o AAE AWRW R wAs

= F
(847) o 71 @ wEe AAen Ao, vviAE AEEW), W23

A A FEFEI)F 24 FH §5F6G3W) o FEE 5 AT
FoAAR os13h) M s d8e Fiel wek Aded), 8T
7 I aA s EAT)
o2 EfHen, viAgor JEH6H) HFolE HAs H Fofste] 2315
A e A9 AAGH), 7IsA AAECH), sk 2A0") o Hd =Eow
detdith Eopd AAF A5t el did F7F g ® 1o AR,
k=l

Tiw WE FAE 29 4 o e,
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@ Horse milk (2)

Lee and Kim, 1985: Ko etc, 1986

@ Horse bone (1)

Kim etc, 2014a
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Chang etc, 1990: Kim etc, 1990a: Kim etc,
1990b: Kim etc, 1990c: Kim and Chang, 1990a:
Kim and Chang, 1990b: Chang etc, 1991: Chang
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Oh etc, 1993: Yang etc, 2005

Veterinary medicine (13)

1. Bacteria (2)

Son etc, 2006: Park etc, 2014b

2. Parasites (4)

Kim, 1993: Lee etc, 1995: Gupta etc. 2002: Seo
etc, 2013

3. Osteology (3)

Lee etc, 1974; Kim etc, 2003; Yang etc, 2015

4. Other diseases (4)?’

Kim and Choi, 1994: Lee etc, 2013: Yang and
Lim, 2014: Gim and Kim, 2017
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1. Management policies (3)

Kang, 2000a: Kang, 2000b: Kang and Kang, 2002
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3. Equestrian effects (1)
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1.2 A5 Eofd A7 @ 2. 23

A 12598 AFut AT F 67%E AAFL A FAS WF] K
§% ToH84d) & 67141 Jtelny(AEER, A, A 43 A%, 5T
2

CH% 93 RE AW A7) 2 o] A

21 AFEF

stexoz AFule] 7]Yel gk H e d+E Kang (1965) o ol =
a2 A=Y, AE F7 H(biometrics) SHOAA A FulE FHE HFo| A A=
& v(Mongolian horses) R.Thi= 4 @& Mo A2 EEeg & %

(Tokara horse) olvt T HAdl A2l dd & #

o\

AE RS HEx: Bastth A o] & #shA Q] wdw

SN EAZRE FA5E mtDNA o d7|AE9 Wolg o] &ste AFnf
(Equus) ] mtDNA 7] <d ®Wol5S 9/ AFELE T H
WA Ay we e 2A4e® EElv= E. Przewalski o M FARgE A}
5 Htk (Oh 5 1994). =3 AF#ke] mtDNA D-loop AHe WA
(haplotype) & °l-&3te] Bt FF3 vug A3 g FFo] obd v FF3
o] ZAFAAE vE ey, o] FoA dF AFrl= FivH(Mongolian horse)
FEY BE T (cluster) & °)F UASS FARISIATE AATA AFAE B
A ZA 24 Fiavk(Mongolian horse) & FAE 1 oy 29 AFAINE
2 F v (Mongolian horse) 7} obd ot 2 € FF3 HHE 7w H& o]F 1
&o] #=Fo] FavH(Mongolian horse) 4%k olye} AlF%= o TA A
L EAY AoR 58S Eusdrt (Kim 5 1999; Yang 5 2002). ®=3 A
=38 @] mtDNA D-loop #4olA % @A #|Fwhe}
SAB/ATE BZE A ol T At Fauprt ATl 5097 o]l e T
o] olu A|Fol] MAsta UUe Aol FA}E ZAE AAGFAT (Jung

2002). Htell= AFek6RE) & E2F 6870 2 FFS oiEsk= 1510 9

o
2
A
e
b

dlo

d{o

30

N
k1
8
N
Ho
)
=2
>
il

offt
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AA mEZ=go} DNA <714 <9 (sequence) ¢ WolES Hlu Ao & 67
o 3 T AMe Rl AFulrt £gE Qo] oy A 244 7]1hel dis)
T2 7teAdS Rkt (Yoon & 2017).

Hr

gatAl vEm A 41FeR B/ & wE w9 s S EA a0 gl 1960
Al AR AlFuke] 2 28 Hl=E fuk(bay, 42.75%), A th(chestnut,

30.87%), Zvl(gray, 13.05%) 2 7}2k(black, 7.28%) o] WFES A8tz gl
Fom, Ymz= 4 v&e AR A, FF, AL, AL, 42 A8 @
25 mA(Fad Mol o) = 248 Ao® BuFEAdY (Lee, 1971). =

o] F, 1988 ZAME EA 9 WixE AuEW ol Hd frvk(bay) W=7}

N

42.75% N A 2952% %2 w43 FHAastHom, Ath(chestnut) ¢+ FvHgray) Rl%E
= 9 8%H dsdtg o, 7tekblack) 9F AEH(dun) WkE 2 Ao] gl AL

2 A AT (29

AFrke] vd 2A F fuk(bay), #th(chestnut), Zvh(gray), 7}&t
(black) 18] Heh(pinto) o e FAAAL] A7 AP UTE 3 AAR
wo] 7}k (black), f-H(bay), & th(chestnut) A& Extension(E) ¢} Agouti(A)
9ol o8] F= ZHHAY E #FHHol £3%E melanocortin 1 receptor(MCIR)
FHAe] g901C>T wdg7iwoler A ol Egwl agouti signaling
protein(ASIP) 2%} exon 2 11 bp 24 Wolo] A5z8S F3] SuA vy
of & &S wHTga HiuHen (Marklund 5 1996; Rieder 5 2001), Al
wtol M= FdstA AE=Ho E F99 E+E+>E+Eet A F917F AaAagl 4§
7}ek(black), E+E+>E+Ee$}t AAAA>AAAa?l 4% fvlk(bay), EeEe%t
AAAA>AAAa>AaAa Q1 45 Atk (chestnut) ZA o2 7753
o} (Han 5 2009; Kim & 2011). (¥ 6).

o =
e

o
32

l

F HAZ T Fvl(gray) ZAS STXI17 intron 62 46 kb &
(duplication) o ¢]3] ZHHrta B om (Pielberg 5 2008), AFvt #FF

oAM= g IR o] e T o 2 G7F EA8E GG>Gg?l A5 rkbay) =

Aol $AYAR FdH= A FUdsA (Han 5 2009).

juch
o

et 2 waks Jhx o e AlFuke] e (pinto) =42 tobiano,
overo, sabino ¥k -3 F tobianodl &3l oz deA dor, 3 A o]
o} AAA Jhetel A @ A 3H(ECA3) 9 inversion©] e 7] (To>To,
+>To) oA wWgte] AT (Brooks 5 2007, Haase & 2008, Kim &
2012). #<* 20150l 1462vke] o] A Fvp Aol thE AR ZAfe] mEw
AFr Dek(pinto) B9 f1 22(To>To, +>To) 9 H&°] 12%=2 I}A
1960 =0l oF 0.34% Hl&S 7FA Jd el A3 wfe dsd Ao,
vhHgray) 29 fxd Q2M(GG>Gg) o HIE&E 68%= HA 60WH(13%) < 80
A (22%) ol v A s Ao AFHAY (27 3). T Al Aol

e fd 89 Wx A Wk §1 221(To allele) o WEE fojxoz
Zastgda, fruk 24 #E fd 292G allele) & F7ME AR eS ATFEI Y

o (Kim & 2015).
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(A) Black (Ga-ra) (B) Bay (Yu*a) (C) Cesnut (Jeok*da

The overall coat color is black. The entire main coat color is The overall coat color is

chestnut or brown, but the color chestnut or brown.
of mane, lower legs, and tail is

black.

(D) Fallow (Go-ra) (E) Sorrel (Gong-gol-mal) (F) Gray (Chong-ma)

The overall main coat color is The entire coat color is The overall coat color is bay,

light brown while stretching line cream-colored with sorrel hair chestnut, or black mixed with

from mane to strunt and lower white hair.

legs are black.

] (H) Pinto (Wal-la)

The basic coat color is bay or

The basic coat color is bay,
chestnut, or black with light
white hair (less white than F)
and the legs present the basic

black with big white spots.

coat color without white hair.

ad. 4. AFFHY 12714 24

_23_

w 2210 221%  0.91% 037% 034%

7.28%

13.05%
42.75%

30.87%
Bay (Yu-ma) 8 Chestnut (Jeok-da) m Gray (Chong-ma)

& Black (Ga-ra) BFallow (Go-ra) Roan (Bu-ru)
Speckled (Ja-heul) m Spotted (Geo-huel) O Pinto (Wal-la)

39,5 AFv 24 £F

® 389 0.95%

6.19%

29.52%

22.38%

38.57%

& Bay (Yu-ma) 8 Chestnut (Jeok-da) m Gray (Chong-ma)
& Black (Ga-ra) @Fallow (Go-ra)  OPinto (Wal-la)

(A) and (B) were referred to as Lee (1971) and Kang 5. (1988), respectively
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2.3 AA=AFH 2%

19619 A Fo2 AFute AAH A& 2] falA A 95 3042
yiro] zAbetE A7 BuE Ak (Lee, 1961). L o] % 1986 #AlFwl7F

EER ARHEA AFore 484 2 54 nE 2% sHdgs 98

2

2

12709 A1A §-9] A 3(withers height), #|7%(body length), ¥iil(back height),
I3 (rump height), &9l (chest girth), &4l (chest depth), ¥ %(chest width), +
% (head length), &% (back width), % (rump width), 2% (rump length) 1%
i1 A #$](shank circumference) 7} S AL 7+ A d, 4E o] ! F7 H

2 Uyo] B4 BEAEAY (Jung % 1991; Yang % 1991; Yang, 1997). %3 A

Fuke] xF UK HE Gompertz 4FZAE o] &t FAT A ATt
47 W 2-3A1e JF Ao R yeton w540 o] dAHE Aoer B
aH AT (Yang, 2002). 3 HZolls AFvl Ao Holstes 74 Fda3
7b @ @A aEe WE tha 2 AHAReIAS BHol THAAA A Sl
g SAHA TFedE BolE A7 E BaH AT (Yang, 2014).

_25_

2.4 B3F%4

AFutes 19909 N FE gh=uabs] AFAnkg Aol Aukrp Al ZHE A
AAol= AFute] AF sl A Aol #Ale] IFHL e AlAelth A
T Anbge] AFal 255 g 269719 Antrl S-S @A A3 800m A+ A
oA JHA H AF&we e 7 mE HAASH TS 6875 £ 0.73 ZolA
FH 7 =" 7720 £ 1.84 20 HAR FAEJL, FLMAAN thate] whEH
o VEHE AFey A9 vEHLE 0522 YEET (Yang, 2004). o F
2003 T 201167kA] Al Aduk Fdol A Al 10870 JHe] AFTIEE o] &5k
Fd EFE 4 3 Ay AF5gd i 480 2 800m, 900m, 1000m,
1110me] AFAg oA z+-2k 0.36, 0.60, 0.68, 0.77 2.2
7} 061, 078, 0.84, 090 o2 FAT AF=E 455 & A5 Yels 2%
of W& B astdtt (Yang, 2012). L8l AFrF 800m AF 7] Zo] g &
T2 37 & (fixed effect) & F9)do] #S5HA &skem (Yang, 2005a), T

o
2AE7E T (-049%) sk Aol J(-040%) 1 B¢ AFErdd s fE

.u
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25 3%

AR AFrhe] PEol B APE BAGH BHS Apon oF
R AL BRIt AFOhE v A7

Bloll A AR A3 o RE E(837 £ 29.7%) & Eol Hon A&sia glon,

[
ol
r [}
1o
rn‘.
oZ
e
7
:
DJ
—t
o
=
o
g,
=
Q
e
o>
o

(dominance rank) o g AFE Tl GEEC] AVES HAFdE Y55 A
& o Aol ®2 GTY AR AFe] ¥ dFe AE HEFIE BE
G vt o e BoR vEsow ol AFAHOZ olx A7 7]
ALE] gl ofw] el Ax w=9lek dA#Ae] &S EAEAtt (Rho and
Choe, 2003). tlsled zo] FAAQ P52 &ute] 7AASFSE A 713
© Ao veyth ou 2 A7e T8 T A A7ES] delrt geEFE
Bodtele g44% dF] REs AA veston, ojv] Te] wvolrt e
= HSE O e Wk FoEs Aoz HauEHAT (Rho 5 2004). SHE
2 759 EolM&(play-fighting) © 7<) (intervention) sh=d o] & &3k
2409l §-d(dominance) AHS AFAoR AV ZA DHPHoRE 2]
A7 8 2L AFS BAdES 5+ 985 e 3oz dyAy (Rho 5

2005). AFvhe] 1% (grooming) o #3F AT = FHolAE ofn wHT)

87 foigel 9ee v

i

& & (harassment) o #g ATl = o] & vpolo] WA g tdhe: o] o]
7b Eo] WiAg gito] HlE] o 2 AAAEE T Aol AARE o] A3
Al %(dominance hierarchy) & ¢13te] ol kol ofa] vjojifr W Z kol
oF dt= Al71Ee] dol7t B Ee A7RT o AF AF5IE D] Wi
o 7] WAl digk dee] ojds A = ASES AAET (Rho F

2000). AFrkeh AFE WAE] BAL WA 2GS A3 DY T FHoA

_27_

EEE

12

oz WA= 5f9 Byl AlFur FFAM= 198vkE] T 16vHY
(81%) =% =, ugs 349utge A= A FdHA FUok (Yang
s 2016).

I\

2.6 FEIAG =Z7]

AFur FEe] RES YallAE FE AW Z71E FAHSE A7 WS
&3t Kim 5 (2015) ol wh=w AFwk 248679 7%, 8%, 155% A8
SO ARE o3t ATHT EAUH
WAl A(1,149F) JetellA 3272 FEF
of dadt Hx FF S0FEY AL FFoly] wWiEe AFwte] BES 9%
AR B FodE AAEAE B FAFATE ZANHE o] &8 A
FAFN = AFvE 24075 WS Z Equine 70K BeadChip(Illumina, San
Diego, CA, USA) & o]&3}e] SNP % 9]
coefficient, 1) & 7|Wtem BA3 A3 3 Ad 27]= 1~ 540 Ao 419

g2 FAHAT (Do 5 2014).
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AAAA BaH 12099 A} =EE @l
H

2084 EAA BAY

(McCue %, 2012; Petersen 5, 2013). wetA $-zlivbele] o §3 =90 A

N
lo

2 N

i

U |

ol dlg A7 R =B o B AR A 2EIR dE 9
At whEba zh Zofol A HA e vl 2 B 58 ol&dte] AT

o RE W NE Aol 3 Mok & glejth

a8

BAE F49 A3 Ao fEP mA 2dow Usdoy :

i

Tl A AFerE 233 68719 @ EFF 9 complete mtDNA 97|44 &
tARAE BAY A% F 69 7 F e L AFevE 23
Qomz AFule BA o] Fawiyk EAstE o] oyt FA o]

. e 20099 Horse Genome Project7} €& % WAl mtDNA 500l A

shUe ARAAA FEe AT AsaA HADL (Wade =
4§04 NAAR o] ZE w7y Wol(SNP) 5

o FAH wARAd U AP olFolAm e Aol

o
o
o
1=}
1o
rzi
o

= HA AFFAATH IHE 28t g FE9e] odD

E A% uastel AFet FFe wA ngge FH FolEm

= Ao, Axal male] G wE R fA57] feA AL AN
g olgd Hed Wzt o FoluetE wAvle] g A mA

e AN 52 welshel WA AR o gulojo & o AmH 1o
3

bl §E7b AR EE SeviE 4UAoR AAHw AW @
Sag AYE gl ol BEF 4Pon JF U 5§
5 ogE FEE 2 AP AT AR AgHT g A
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L
i)
d
i)
el
[l
o,
N
et
ol
opp

GzA b e A% AT 4% 2 A

W AT 94 G Wasolor & Aoz Andh
X

o

= ARt SR 20129 §4 F4el de At wuss] A
ol B 800m AF/1HE ol §F AT Qe ¥ 1000m BT

T A el & gk o BAZE BAF o fi AFr] FF5
B AT 271, 20049 800m AF/F W] FHH o|FE FUAW AF
N5 ol Arsel A%HoR FANAm, 8ol Ak Aol 1 3

48 9% % 471550 4uE Bgetel fFAG] F4HAY Wl

7
>
E
Og‘:.l‘
offl
ot
2
2,
ol
o
Jatl
-0,
o
o
N
2,
N
N
B
il
:?L_',
e

il
4

W A/l AES R 9 RAMY 5 melsta FolaA s sk s

AT BES AAAE 25 ASHA b AF FH BAL Ba ASHC

F7HH o w AA7MA ®Bard 12599 AFrk =S AuE A3 AFeke
gl &

pony, Korean native horse) 7} &5 Ath A A =i S “Cheju horse” <} “Jeju
horse” &°17} Z}Zh 40.0%(503) <} 384%(48%) = B2 H|E&=Z o] &H%la
“Cheju pony”¢} “Jeju pony”7F 8.8%(11) ¢} 11.2%(14H) & A YN
] A A2k “Korean native horse”® R1¥ =%F% 16%(2%) et} 2014

o] ®7|HWE 57}A £9](Cheju horse, Cheju pony, Jeju horse, Jeju
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W 89 o]F nud 167 WA “Jeju horse’7b 87.5%(14H) 02 the)
H&E AAgoen “Jeju pony’7t 125%2%H) o2 Flw et (£ 2). 1990 d)

BE H0A 9T 710l WLHUA DNAS o] 83 AFuh AF @ FohebA

A&, 7] =FolE tFE “Cheju horse” T+ “Cheju pony”2 W=

AW 2000 B “Jeju horse” X “Jeju pony”7F HAF AREE Q)AL

20051 %= o] §-H-El= “Cheju horse” %! “Cheju pony”® W =& o g#
= ElE A ekt (GE 1). HJeju horse”®] E7I17F F7F8F oL}, ‘pony’=
147cmo)ske] 2L W(xPFL) & Aoste 71e] 7] witel ponyel £3dhe

Aoz Hrt ) wEkd EFS W] = AFE “Jeju pony” HHEOR

afo] goje] ERHOT U TRe WAk & solth.

- 3] -

E 2. AFv 9o EJY v &

No. of studies

No. of studies

Term No. of studies Proportion (before registration) Proportion (after registration) Proportion
Cheju Horse 50 40.0% 50 45.9% 0 0.0%
Cheju Pony 11 8.8% 10 9.2% 0 0.0%
Jeju Horse 48 38.4% 14 87.5%
Jeju Pony 14 11.2% 2 12.5%
Korean Native Horse 2 1.6% 0 0.0%
Total 125 100.0% 16 100%

“Term "Jeju Horse” was registered in Wikipedia on Aug 2014.
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IV. AlFrte] Myostatin 4 2H 9
949G g g B dF

Investigation of Single Nucleotide
Polymorphism(SNP) in Myostatin(MSTN) Gene on

Jeju Pony

1. Az % UH

1.1 3AA=

B ATeA AHRE FAARE AFSEAAE FAATAAA AT

5 AFvl 1059 23S AlF¢ol genomic DNA £ #3392, DNA &+
%<& DNeasy kit(QIAGEN. CO Ltd, USA) eol&stict #AlFvt 3 744 &
20730 7FEe] RS 200ul Ewo] tube o Eoj7IEE AYsie] ¥ F 5%

chelex(BIO-LAD, USA) 100x¢ ¢} 1mg>ml proteinase K(SIGMA, USA) 1ulZE
Z7}3ke] 55C incubator ol A] overnight Al ZATh I % AF&oA 3087 B
A9tk AL buffer 2004 & 7FaHo]
vortexing 3 TFS 100% ethonal = 200pl 7}sle] 58 E<oF AL HWAs
o] 13,000 RPM | A 3&7F €4 #e]stint. 45 A& Elute column o &7
< % 13000 RPMelA 123 44 &2 sl 2§ AW1 buffer 50018 7}
ske] 13,000 RPMel A 17 A4 &8 st9al AW2 buffer 500uLE ©]-&3tof
13,000 RPMell A 123t 94 st iet. d2olA 523t Dry skl AE buffer

3000 rpm o 5&3F Y4EEIE
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oo AAA F

-~

100 & #H7F ¥ 5%%t

2] 3}o] genomic DNAES &3

DNA A E2L gpectrophotometer(Pharmacia Biotech, England) =

13,000 RPMell A 1#3F 44 &

Il
4
o

£3Fe] 250nm™280nmoll A EFEE =A3te] DNAS L ¢ £x2 23ty
o},
1.2 MSTN f#A ¥o] &A% 93 PCR 2 H7IAE &4
2 AYE 98 AFE ZgolME EF NCBI GenBank accession
number NC_009161(6,335bp) & #=3le] F  Oligo 6(Molecular Biology
Insights, Cascade, CO, USA) Z2Z13& o] &3te] 949 primer 55 #1233
o} (3 3).
E 3. MSTN #3449 52 3 A Zgolr gz
Primer N Primepry " Annealing Product
Forward (5—3)
name Reverse (3—5) ™ size (bp)
T ST AT
v DTN
MSTNT GG TCIGTATAATGGGTT ®
TR
Total 6,335
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AFrt F 1057 DNA 4585 9

o® olg39om, DNA 52 ¢

ol

1

PTC-200 themocycler(M] Research, Watertown MA, USA) PCR 7] A<} DNA

Z %8 4~ h-Taq polymerase(Solgent, Korea) & AF&33tt (X 4). PCR k3
=z

712 template DNA 50ng, primer 0.01uM, dNTP 5mM, 10XPCR buffer 2.5ul,

18] h-Taq DNA polymeraseS

ST (G 4). WeE2S Hx 94TA 1523 du7kdE 9

ot WA 7t Primerel o-§-3h=
72°Col A 40% A (extension) & Al#A,
A 78 Fot kA S e A (final extension)

Atk (£ 5). TFI AEEL Lulg Fste] EF

¥ 4. PCR reaction buffer 4

3)
& 40 AtelE W
“33star DNA
2% agarose gel¥ 100mv A%+

annealing <% (3

ofN
i)

0625 unitsE 2ol HF vH& 30uls °] &

4Tl A 30% &
oA 30% 18
sttt 72°Col

g Fua

Component

20ulL reacion

DNA Template

Forward primer (10 pmole>ul)

Reverse primer (10 pmole>ul.)

10X Reaction Buffer

10 mM dNTP(2.5 mM each)

HotStart Raq Dna polymerase (5units>ul)
PCR grade water

1.5

2 ulL

2 ul

2 uL

2 ul
0.2 unit

Variable

ZFZ 258 Geneclean turbo kit(MP Biomedicals, USA)

og3tel @ lHAEAS

St

Sequencher ver 4.7(Gene codes, version 4.7, Ann RBOR, MI)

vh FEoA et BdgrvelE 2
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Aojzl

o]-gsko] A Al

Applied Biosystems 3730 DNA sequencer(PE Applied Biosystems,

CHEEED

2 ALgtel AT

¥ 5. MSTN 971449 &

Zo] g PCR ¥+ AR 55

Initial Denaturation 94°C 15 min

Denaturation 94°C 30 secs

Annealing (see ®3) °C 30secs

40 Cycle
Extension 72°C 40secs
Final Extension 72°C 7min
8°C co

1.3 SAEA: MTSN frAAUS SNPs¢] d#AETE 24

AlFuk MSTN

i
o

3 (Linkage disequilibrium) A X=E
package (Barrett 5, 2005) & o]&3}¢]
(2001) 9] method& A-&3lo] ©d A 7|w o]

@ D' : D prime

A1 By = pl Xql;A1 By = py X ql;438y = py X gy

A, B 77kl fARtolw, pl, ql, p2, a2 279 oY Fa

D= Py Py — P1yPy

_36_

ZH F 9dQUIbelE e AdE
A3tz 93 HaploView software
M-S Fgst9den Stephens &
el D' 2 3e FAsAT

DEE TIte ¥
D e 0& FH3h shARE d#dE A
DRT} © ol ApgslE EAAE D



D'=D/D

max
Dy = Min(p'¢’,p°q'),if D> 0

Max(—p'q.p’q"),if D> 0

Dy, 0o Az JEIT.

@

T square

u7izke] duy B S8 HseE SAY + de

=
PP %

P1gosoq; 2T 2F el HFAAE Sm gkt

@ stt-¢ei 1 H Y (HWE, Hardy-Weinberg Equilibrium) 73

MM = p* < ;MN=2Pgx NM= ¢* X N

X =S (@FZ% -1k /71 e

MM, MN, NN: Z}7bo] sjgebis faztgoln Ax=

o GGl 9g W A

o},

Aol

@ o]l¥ 334 (Heterozygosity ) A%

Heterozygosity © 54 9ol di& H

o] o]y H (heterozygous) & FEZ 3Fr

X2 A5

=]

heterozygosity, H& th&3 2ol +& 4 3t}
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Bzd g shosherm

T}
W

% olgstel Brhaq

oﬂﬂ

= h
)52 A K H o] =L (informative) w7 Etar & 4= Q)

H=1-p"—¢ =2p(1—p)

212 SNP ¢ #-2 bi-allele #t#A 9] 729 W3te 202 SNP w7

WEE 42 pglg=1-¢) 2t ol AW O 2 heterozygosity 7
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2. 2%

LAFvete] MSTN #F3dAWe SNPs 22

AFuke] MSTN fdzE 181 A Ao Xsta lom A7|AE o
2 & u MSTN 2 3709 exon¥} 2709] introno. 2 o] FojHt} ¥ AfoA=

AFuke] MSTN 32 el @71 el ddg7idol s gAasde. 9719
Primer &< o] €39 full-length 7149 A4S Fdstdt (F 6). F 6904

ni whs} o] AFul AFelA F 19719] weled]

3
o
N
N
)
)
i

Q
i)

¥ 6. Primer ¥ %2 @ MSTN £ %< SNP

Primer name Site of SNPs in this study
MSTN_1 0
MSTN_2 2 1 814(C>T), 963(T>G)
MSTN_3 4 1 1406(T>G), 1444(A>G), 1599(A>C), 1656(A>C)
MSTN_4 3 1 1686(A>G), 1995(A>G), 2205(G>A)"
MSTN_5 11 2634(T>C)
MSTN_6 11 3014(T>C)
MSTN_7 5 1 3549(A>G), 3569(T>C), 3666(A>T), 3753(T>C), 3926(T>C)
MSTN_8 3 1 4344(A>C), 4349(G>A), 4887(A>G)*
MSTN_9 0
Total 19 SNPs

" SNP located in exon

“ New SNPs in Jeju horse

=

B Al 2AE AT MSTN #494 47149 A9g 720 w
[ez]

H Q714 A B A}o] E (www.asia.ensembl.org) <}

(www.nchi.nlm.nih.gov/projects/SNP/) oA wa&RS w 1278(g.814_C>T,

g.963_T>G, g.1406_T>G, g.1444_A>G, g.1599_A>C, g.1656_A>C, g.3014_T>C,
g.4349_G>A, g.3569_T>C, g.3666_A>T, g.3753_T>C, ¢.3926_T>C) ] SNP&

ofm]  ®a® SNPQl A& Adsda, vwA 7 JHe] SNP(g.1686_A>G,
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g.1995_A>G, g.2205_G>A, g.2634_T>C, g.3549_A>G, g,4344_A>C,
gA887_A>G) & AlFwutol A 2ol e SNP 9l Zex I (£ 6).

4

=g ARk Al

g 7719l SNP

il

Z 2709 SNP(g.2205_G>A,
gA887_A>G) & Z7Zt exon2 W 3 AGA=E] e MSTN 3442
ORF(open reading frame) = A3 A3} synonymous SNPsZ 1= Slc) (2

H6), E 7.

ri=1
[ |
[ |
r=t
|
% = E
2 By
= - o o = [ =
z x & § 8 § 2 :: &8 83z & g =
=5 2 &g & § & 8 3 8§ 3% 2 g
e
. |
[ |
LDr=1
IDri=1

LDri=1

% 6. MSTN #4249 exon ¥ 9% (black box) 3} complete LD £4.

_40_



E 7. AF " MSTN #AA U SNP ¢ dbSNP 79| H] &
1D JH=* Location* giﬁlclc rs number Location gﬁf}l;l}’ Class

1 g4887_A>G  New 66605237  A>C A exon*
2 66605255 T rel135959227 66605255  T>G  exons
3 66605717 A rsl09048846 66605717  A>G intron
4 gd319.G>A  rs1IB0222879 66605775 G>A  rslIB0222879 66605775  G>A  intron
5 gd34_A>C  New 6660578  A>C A

6 g3926_T>C rsll42612851 66606197  T>C  rsl142612851 66606197  T>C  intron
7 - 66606305 A rsl143394265 66606305 A>T intron
8 g3TB_T>C  rslM8IT9004 66606370  T>C  rs1148179004 66606370  T>C  intron
9 3666_A>T rsl005048347 66606457 A>T  rs1095048847 66606457 A>T intron
10 g3569T>C  rsl095048848 66606554  T>C  rsl09048848 66606554  T>C  intron
1 - 66606564 T rsl09048849 66606561  T>A intron
12 g3549.A>G  New 66606514 A>G A

13 @3014T>C  rsll42616615 66607100 T>C  rsl142616615 66607109 T>C intron
14 g2634.T>C New 66607489 G>A T

15 - 66607800 € rsll43713967 66607800 C>A  exonsx
16 8.2205_G>A  New 66,607,918 A>G A exon*
17 - 66608064 A rsll40833678 66608064  A>G intron
18 g1995_A>G  New 66608128 A>G A

19 gl686.A>G New 66608437  A>C c

20 66608461  C  rsl095048820 66608461  C>T intron
21 gl656_A>C  rs1095048830 66608467  A>C  rs1095048830 66608467  A>C intron
22 @1509_A>C  rsl09048831 66608524  A>C  rsI005048831 66608524  A>C  intron
23 BUMACG L aamimes 66608679 A>G rs3O7ISXAS 66603679  A>G  intron
24 - 66608687 T rsl095048832 66608687 T>C intron
% @lM06T>G  rsl0B04S833 66608717  T>C  rsI005048833 66608717  T>C  intron
2% - 66608770 G rsl09048850 66608770  G>A intron
27 g963T>G  rsl005048834  66609,160  T>G  rs1095048834 66609160  T>G intron
28 - 66600244 T 69472472 66609244  T>C intron
29 g8UC>T  rebM7TATL 66609309  C>T  rsG9472471 66609309  C>T intron
30 - 66,600,489 rs1148225342 66609489  T>C intron
31 - 66,609,496 rs69472470 6660949  T>C  intron
32 - 66600622  C 9472469 66609622 T>C intron

2. AFvte] MSTN #A AW SNPs o di& FH4A4F W=

e
e,
.Y
e
EY
i)
Ml
)
2
N

oke] MSTN #xade] 5 19719 ddg7]wel

o fAAY NEE E sd 2ot

E 8. AlFu MSTN #3#¢ 197 SNPs 343 W=

Genotype allele frequency (n=10)

g.814_C>T(Y) 2.963_T>G(K) 2.1406_T>G(K) g.1444_A>G+ g.1599_A>C(M)

C: 0.95 T: 0.85 T: 0.88 A 0.88 At 0.95

T: 0.05 G: 0.15 G: 012 G 0.12 C: 0.05
g.1656_A>C(M)  g.1686_A>G(R)  g.1995_A>G(R)  g.2205_G>A(R)*  g.2634_T>C(Y)
A 0.90 A: 0.89 A 094 G: 0.89 T: 0.60

C: 0.10 G: 0.11 G: 0.06 A 011 C: 040
2.3014_T>C(Y) 2.3549_A>G(R) 2.3569_T>C(Y) 2.3666_A>T(W)  g.3753_T>C(Y)
T: 0.89 A 0.39 T: 0.89 A 0.61 T: 094

C: 0.11 G: 0.11 C: 011 T: 0.39 C: 0.06
.3926_T>C(Y)  g4344_ A>C(M)  g4349_G>AR)  g4837_A>C(M)*

T: 0.83 A 0.9 Gt 0.95 A: 0.55

C: 017 C: 0.05 A: 0.05 C: 045

#. synonymous SNP

*k missense

+1 EquCab3.0: g.66608679 C>T (EquCab2.0: g.66493737 C>T)
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*! synonymous SNP

+1 EquCab3.0: g.66608679 C>T (EquCab2.0: g.66493737 C>T)

WHFARS] W=sd 7 vk gd vl g814 C>T, g.1599_A>C,

g.4344 A>C 1213 g.4349_ G>A 4= shvhel dgfdAte] W=7k 0.05 2 v
- 9 dERg T 223 7 o Ade] TR gdd IRl exon 3H 91X

3 g48R7T_A>C(M) Wol& UEhRAR opmwibe]  dgs  Fi= G
synonymous SNP & Sl rl ooz tygAoe] = ddgridels
g.2634_T>C & T dd-fFxdA9 ME+ 060, C PFAAL HEE 040 o=
Uetsken 3 g3666_ A>T dd@7Ivels A didfFdxte] Wixs 061, T

WAl MEE 039 2 vhehdeh ®3 ol wmRelA wel AFwdo
FIBATE Avkal ATE g.1444_A>G(EquCab3.0: g.66608679 G>A) ©HE7]
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Mol AFoh Al A A BHFAAL] MEE 088 £ HEor G BARA
Ao WEE 012 2 HRE A

3. AIFvte] MSTN AW SNPs 7He] d#ETE £4

ATk MSTN f2121(6,335bp) o] A71Md &A1 A7 19719 SNP 9|
AAETY A= B Fx2E EA87] Hste 3 HAE Marker o vt 2 F
o] FRAAALES A HUtE FPEAT (F 9).

% 197} SNP& &tul-<9Felvi 1 33 (HWE, Hardy-Weinberg Equilibrium)
Ql p-value <0.001 & E5F AqdAHASH 7z wiAL 7| o] P H A (expected

heterozygosity), 2 o] &% 34 (observed heterozygosity) F+8XS &84

o
N
N
o
i
X
5]
-
B
xQ
o
=
=
>
=
£
=
o
=
=
o)
(¢}
=
@
Q
o
@
=
(e}
<
N
N
N
N
o
i
rlo
mY)
e

A7)Hol= g4887_A>C 2 04509 g S 7HAE= Ao = YERth
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£ 9. AFH9] 197 SNP markers 3 5

HWE Success
Marker no. SNP name Obs_HET Exp_HET MAF
p-value rate, (%)
Markerl 2.814_C>T 0.100 0.095 1.000 0.050 100.0
Marker2 2.963_T>G 0.100 0.255 0.316 0.150 100.0
Marker3 2.1406_T>G 0.000 0.219 0.133 0.125 80.0
Marker4 g.1444_A>G 0.250 0.219 1.000 0.125 80.0
Markerb 2.1599_A>C 0.100 0.095 1.000 0.050 100.0
Marker6 g.1656_A>C 0.000 0.180 0.105 0.100 100.0
Marker7 2.1686_A>G 0.222 0.198 1.000 0.111 90.0
Marker8 2.1995_A>G 0.111 0.105 1.000 0.056 90.0
Marker9 2.2205_G>A 0.000 0.198 0.118 0.111 90.0
Marker10 2.2634_T>C 0.400 0.480 0.964 0.400 100.0
Markerl11 2.3014_T>C 0.000 0.198 0.118 0.111 90.0
Marker12 2.3549_A>G 0.222 0.198 1.000 0.111 90.0
Marker13 2.3569_T>C 0.222 0.198 1.000 0.111 90.0
Marker14 g2.3666_A>T 0.333 0.475 0.697 0.389 90.0
Marker15 g.3753_T>C 0.111 0.105 1.000 0.056 90.0
Marker16 2.3926_T>C 0.333 0.278 1.000 0.167 90.0
Marker17 g.4344_A>C 0.100 0.095 1.000 0.050 100.0
Marker18 2.4349_G>A 0.100 0.095 1.000 0.050 100.0
Marker19 g.4887_A>C 0.300 0.495 0.430 0.450 100.0

1) Obs_HET is the marker's observed heterozygosity.

2) Exp_HET is the marker's predicted heterozygosith. (i.e. 2xMAF#*(1-MAF)).

3) HWE P-value is the Hardy-Weinberg equilibrium p value, Panel hich is the
probability that its deviation from H-Panel equilibrium could be explained by chance

4) MAF is the monor allele frequency (using founders only) for this marker

A1

AR A A A A T F 197) Tl o A

o

ARETH

e

o

TR, 1 A3 g814 C>T(Markerl), g.1599_A>C(Marker5),
g.1995_A>G(MarkerS), g.4344_A>C(Markerl7) @< d7]¥Wo]l52 complete LD
Ql Aoz yEuth  g.1406_T>G(Marker3) ¥  g.1656_A>G(Marker6),
g.3014_T>C(Marker11), aea g.1599_A>C(Marker5) =}
g.1995_A>G(Marker8), g.4344_A>C(Markerl7), T3+ g.1656_A>G(Marker6) 3}
g.3014_T>C(Markerll), g.2634_T>C(Markerl0), g.3666_A>T(Markerl4) <A
complete LD ¢ F-%¢1 A2 2 Yelytt}.

g AREddY Aw=7F 0457065 Q1 wYATIvAEL
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g.814_C>T(Markerl), g.1686_A>G(Marker7), .3549_A>G(Markerl2),
g.963_T>G(Marker2), ¥ g.3569_T>G(Markerl3), g.1444 A>G(Marker4)
g.4349_G>A(Markerl®), g.1599_A>C(Marker5), g.1686_A>G(Marker?7),
.3549_A>G(Markerl2) 8]x g.1686_A>G(Marker7) g.1995_A>G(Marker8),
g.3926_T>C(Marker16), g.4344_A>C(Marker17), 1281 g.1995_A>G(Marker8)
7} g.3549_ A>G(Markerl?2), g.3549_ A>G(Markerl?2) ¥ g.4344 A>C(Markerl7)

o FxEZ F450 Yt Aon BAHAYG AL A 1ol Auud

P Aut g e A

o

2 uEste (2" 7).

i
Fl

_IQI_
el g.66608679 G>A ®ole= o] AFeIte] AdudAel i B A7t

~

MARKER
MARKER2
MARKER3
MARKER
MARKERS
MARKER?
MARKERS
MARKERS
MARKER 10
MARKER11 —
MARKER12
MARKER13 — -
MARKERT4
WARKER1S /|
MARKER16
MARKER17 - ‘
MARKER18

~
@
-
o

R
L

oo =
B
e
- ‘ y
°

a9 7. 19709] SNP d# EFY(LD) The color code on the Haploview plot follows

the standard color scheme: black is complete LD, white is LE (linkage equilibrium). T

. 9 5
numbers in cells are 7~ values. However, the r° values of 1.0 are not shown.
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wol ] MSTN #84E “29= fa4° 2 29 w3 To 2594, 2

F59 2 ZAAAY JFS FE= Aor dATRIT HAUTH Hill 5, 2010a;
Tozaki &, 2010; Mcgivney %, 2012). wWatx 2 dAFol= AFvl #FF 1055

o] &3] MSTN 4 AH(full-length 6,335bp) ol W3+ A71-QD BAS S35+

m:

om wagE dgddridels AFvl Fel Aol duEE 79 dddrd

23 F 19709 @A @rIolZ MEH AT (F 5). £ MSTN

ol Fol A3 Utk g66608679 G>A Wol GG HAAR 45 258 4o] Z7}
2% Ul 2o wge] FolAm wel Wil FFo

]
o
AEA ¥E AA FAAFL A FHFHAHl GG FRAAF R AA FA

LY
o
rot

P& 71zl AFe7E @A (1000m-1200m) AFelA -3 A4S Yeldlon
Al Fgo] At 2 AG FHAF-L 1400m-2000me] 74 F A 2 ol A
dAg Y FAAA 5T F de AFvrr 2 TheAel MY w2 Ao
Bausglon whH AAY L 2000m o] AFAl HF Ao ATHUTH
(Hill %, 2010a; 2010b, Binns %, 2010; Mcgivney %, 2012). ¥ Ao A A Fv}
9] g.66608679 C>T Wol HA] BAHJEH A HEFHAS] WEE 083 17

G HEgFHAe] W%E 012 = Yetgt Aot Add deed ¢ 55

M C Hg/FdA7E 079 2 ddidez T dafd4e] ey 453 &

Aoz Yvebon wAY AFrH400m) 2 MFE FE Z 2 (Quarter horse)
A9 C UgdfFdxte] dxEs 090 o vi¢ =& HEE YERAT (Hil

2010a; Viluma <&, 2012). 18y AFeke 4oz 4zl v
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(Mongolian horse) ¢l 7 =< C ti@f+a4e] W=7} vlg 005 2 o 4
< Aoz RAHYT (Viluma 5, 2012). webs 71de wheh AFvp A g1
vho} met o] £7 He Aow Alngr)

AlFutel Al Aze]  dHE 7 el DAHE7IWOIE(g.1686_A>G,
g.1995_A>G, g.2205_G>A, g.2634_T>C, g.3549_A>G, g,4344_A>C,
A=

Z A
AFetel MSTN f82 % 19709] wlezlvold da Qued

gA4887_A>G) & FF AFutel A F7HAQl A7t BQE Ao

-~

o] AE+ ¢He complete LD =1) 1 A%< 971 ©dd7|WolEo] e}
WO (g.1406_T>G, g.1599_A>C, g.l1656_A>G, g.1995_A>G, g.2634_T>C,
g.3014_T>C, g3666_A>T, g4344 A>C, g814.C>T), A#AEIHe A=}
?=045~0.65 ¢ ©HIdF7|Wo]lEL 102 YEFGTHE.814_C>T, g.963_T>G,
g.1444_A>G, 2.1686_A>G, 2.1995_A>G, 2.3549_A>G, 2.3569_T>G,
g.3926_T>C, g.4344_A>C, g.4349_G>A). Dall'Olio & (2014) ¢ dF+xH 1o <
S e MSTN AW wEAE 5S84 o (morphological) & &l
= Bo® wausta glvh wEkA AFErre] MSTN kel wk4=4)]

& (Haplotype) 9 <A77 Zad Aoz Atgdr. w3 =gz 47

Je2

o
N

(g.1444_A>G, g.2205_G>A, g.3753_T>C, g.4887_A>G) & ©dg7ido] gAl F
749 A7t Ba® Ao AR

Fom AT A AFE AT A L S5rk AR 9§ vl 2 W
& B8 fAA AT AP WS Bad Aotk ol ge] Av: o 4
Axeld AFrk MSTN §474 A7l g F88 N2A7ARE AT

dRow Atrdrt
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AFvhe o o, ¥4 % Ag9 BHom A% Hot ¥
o mF W eEFT Hel Wz 20008de] SoldwA #a

o ARAQAA AAHQ welst AAHe] AR nEHH Ak FAW
A Arhaddel Ao Qs AFvh BE FROR FIVIAGE AFHUE
AN A Ao AFvhe] Arirt AAEYon], GF AFrie] Fupaeol R
3 Holubm Qi Aotk mebd AFvhe nEH FHd #d ATk o

ofsti fHAALE Lo HAAATIEe] £AL B AL 2

-
of
odt
o
_\?_1,
Ho

A9 ZHe At Bas Aol
AZAAS AFrre] Apnas e v ESE Agelrh WA Fsl A4

o] WrEH & 12599 AFn AT HI F 67% AEE ASEHF A AF =
A A%, 4559, P& 19 g Ag 27 4 T F4s M3 #
A &F EoRB4d)7E dlFEel o] 9Al #ES Nk 3 AT Ee HEFH

‘IQI_
F wobo] &8 ATiFol ol 20008l Zybe] WER wFol o)
=

[e]
k3
Folm H 20109 % ol F AFwE FF g AT TRH =S Ed #&

el High-density SNP chipg ©]-&3le] o] /A A

g, A9, dWe 5 o #¥e WAAAE g9AdA "Ase 7IHd

GWAS(Genome-wide association study) #2WHS 283 A7t S0yt Q)

o 3 NGS(Next Generation Sequencing) 719 7/j@= &) @ 3% 2
=

7N A

i3

Tol G4 974G Fn 9 s EAA AL

N

A3 QTh I F Petersen & (2013) o] AFH o] o5t AEH=E, FAJE
o AY T FES v E3 33FF 744 WA A Tllumina SNP50 Beadchip2
o] g3t

# SNP genotyping AT 2 FF Soldel #A2 2Af G40l A9
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4 ael os) dojutom, ojo] met AF W $F o] FFol whet o]} o Audt £ F D4 FA4
e nustgth hebd AF0 G4 g dAwA L K9G 4R AW 9 g shel 7101 & Alolut,
oz AN LD YEF FAA BAPEES BEate] FAP HY A5E 1}

Bl v HEel 99 §A0A4E wIshel BEHTY S5 ATk Aw
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(g.1686_A>G,  gl1995_A>G, g.2205_.G>A, g.2634_T>C, g.3549_A>G,
gA344_A>C, gA837_A>G) o Gdd7|Hol52 AFuk HekolA 2tz wzd
wolgolty, EZ MSTN #dxuel 7 $ad welzk W g66608679
C>T(g1444_G>A) S A7I¥ol A= AFutel e A ddfdae] Wwrt G
dHAFaAe] Rt 2A e =ul088 vs. 0.12) ol& AlFuke] 2420 &
vkl A H=F WEE UEUlSS @8ttt Hill 5 (2010a) 59 A
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