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Abstract

The phylogenetic relationships were studied between Cheju native horses
and Tsushima native horses by protein polymorphisms in 16 locitTrypsin
inhibitor T4, Chymotrypsin inhibitor : CTi, Albumin @ Al, Transferrin : Tf,
Esterase © Es. Hemoglobin ‘Hb, Catalase @ Cat, Esterase D! EsD., Glutamate
oxaloacetate transaminase ‘GOT, Glyoxalase : GLO. Acid phosphatase @ AcP,
Superoxide dismutase @ SOD. Latate dehydrogenase @ LDH. Hexokinase
HK. Malate dehydrogenase @ MDH. Malic enzyme @ ME). All allelic patterns
of the protein loci, except 5 protein loci(SOD, LDH. HK, MDH. ME) were
polymorphic in two populations.

Gene frequencies of the polymorphic loci of the population of Cheju native
horse were higher than those of the population of Tsushima native horsc.
Average heterozygosity in Cheju native horses was 0.375. which was higher
than that calculated from Tsushima native horses(0.304).

These data were used to calculate Da distance and to construct the
phyvlogenetic tree. The Da distance and gene identity of two populations
were 0.107 and 0.87, respectively.

The phylogenetic tree constructed by this results and those previously
reported in other horse populations, showed that at least three clusters were
observed and that Cheju native horses were closely related to the Tsushima
native horses. From this tree, it could be suggested that Cheju native horses
and Tsushima native horses had diverged from a Mongolian wild horse(£.

przewalskii).
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el Axpabg e o) Bsty chdste, JtEoEAM ARGAR Heof d

slolol & BAR, AFAL B J1Qel ohY ATIE Wel o|8HT I
c}.
Rzels we) ZAE Hololelstold HIEH Zo2 UAT Yool 174

abrlet g 7iR we] AZogRy 2T Zeld 22 Tefu] IF5H(Grevy's
zebra, Fquus grevyi) &4 ol ® z|pAte] w 2 7hy HAlAA 55X & AU
7 gon Jt&EsE we] 2AL Bn oMol(wild horse,  Equus

przewalskii)E oel™ QltHPett et al., 1983). mhela 2| FAto] @E3t:=

P
!

ute] 22 3Ad(wild horse, donkey, zebra)oll 7% (species)o] e A&

HEe] gl
Equus %ol %3h= @2l F(species) TP BF =zl T I3l At

—

= zhzjul(native horse)EL FE2 HEFUL

o] Ab= Rl ojtlEx EESjo] itk B3] Fotrloke oal xlelel AAls}
2 olgHol feH, oAFL
Fotolalote] thxgiel Bael ofdntzl AAH olF EL AR BV olF

o] ]3] BAtH FHo®g W gQlth(Nozawa et al., 1976).



dF|7] Fotrlotol ERsh= Aefut AtEof izt BEHA dZ= Az, B
A ol B eI A pio] FFE ol FoYth olE JIZRE T oy ¥z}
=9 A+l ostd Folrlote] fefutES AMI7F 125 cm ulgkl Ao}
(small-sized horse)2} 125 cm ©|AtQl Z¥ o}l (pedium-sized horse) & F23514
Thidori, 1929). i M F= xfefuotet 2A|ol(Tsushima) 2fefolES A%o}
2 EREI o, o5 Fejuty [AME S AHF 2 Aoyt FEHOER
Aeld dololM ciFe zfefutsol vlal el o3t A M @ ¢

97l wiZoll frAbde]l /=19 Zoleta A¥H ul 9lrh(Hayashida, 1968). ¥

W ool Heaty FALMolN Solu MefutEe] F¥M AL B
Aefubeizie] AZGHALYA BAS T sk GRYH, dAYy 9 A

ety Wy §& ol&sto] tigd A7t o|FofHrh Nozava et al.. 1965

1975: 1976: Shotake, 1967: Ch et al/, 1992: Han et al/., 1990: Nozawa and

Kondo, 1970).

\ozawa2} Kondo(1970)%= RAME ZAst= SAxIel AdzeEdl /KAXS )
A7E B3 AT Aefuts FHutel &3t el el efourEat of

¢ fAbsitle 02 AMME B3 ostdch a8y ol ¥ fAExte U

%

deioteg ZRE7lols A5l gich mietM Folr|ote] Aeinpicised
that bl aFofAe] ciygdE el it drt FHAUL, AFE Afefnte}
2ot Afefobs AFHEHA LR vfe dHsici B H vh oltH(Nozava et
al., 1976).

SA T ofldg Hxele] FAAN 2EY U wof Z¥A Wio] ot o]

wel Wi Fyule] &3t wol RBEA, Atk FFY AFelL HAf® F2
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II. AE 2 2H

1. "of 23] @ Az

Az Aejute] P2 AHF ZAopae] AFob FolA 4¥oK125 co nlHE
AT 1009 Fo g Ze}, zzhe) ZAAwolA 50 mlH AP ATh 2|
2o} zefute] ey 2ajnle] oA AMRE I lE 4A¥ut 2552 B3R
oA 50 ml2] g 2fa]stadct.
g2 wa|5l7] ¢ls) 0.5 M EDTAS Smid:, 1500 X golAd 527 AL
gt @32 7 E Lelstart

Ba™ H¥7T= 0.9% Saline solution(Ad2]d A @4)02 A H AXI F
WE(-50C) B@stdcizt A719S Aol 0.02 M phosphate buffer(pH 6.8)
2 53 Yol YEI(-20C)olA A3l ¥ H2oA 31FAA hemolysatesE Al

22 Ahgstalch

2. Ay Wy

2-1. ¥% cwhizle] Args W EA
2-1-1. Trypsin inhibitor and Chymotrypsin inhibitor
Bell(1984)¢] uhHS oFzt W¥It thin layer acid gradient

polyacrylamide gel electrophoresis& AAI3tZT}  Acrylamide



stock solution (30.8% T, 2.6% C)2 30g acrylamide, 0.8g
bis-acrylamideo]l /4 75 nlES 715l £AS] =0 F Az}
Al ok #E FE 100 12 ghEol A Hol Ya, 4T}
TR e Rol| BustdA Agsiaich
A71%8%5& $l% Geld separating gel(10%, 8%)., sample
gel(4%)e] separating gel< 10% (7 cm), 8% (6 cm), sample
gel2 4% (3 cm) HEF gradientE 50| ARSI T).  Gel
buffer= 0.16 M pyridine, 8.77 M HCl(pH4.6)& Alg3Pom, o
= buffer= 0.0124 M pyridine(pH4.4) = buffer= 0.08 \
cacodylic acid, 0.084 M pyridine (pH5.6)& A}&3s}eic),
&= @A 8uoll 25% glycerol BPB & 8uE 2 4 rhg
o] FollA 8u4E 23t apply 3ttt FIIFES 4T, 200V
Z 7oA albumin-BPB complex”} 10% separating gel & o|%&
o 7b2] oF 10412t Fet A A shdtt
AML2 Trypsin 4 mg, Chymotrypsin 2 mgS 0.1 M phosphate
buffer (pH7.4)oll 59§ gel& Trypsin sol.2} Chymotrypsin
sol. oA 30%2 ¢t incubation A]Zl F 0.025 M phosphate
buffer (pH7.4) 100 mloll 2 w12 dimethylformamideol] 5¢l
50mg N-acetyl-m-phenylalaine-B-naphtyl ester2} 100 mg2]

fast blue B salt® Y3 602 %<t incubation A|#HA Ay



2-1-2. Albumin
Gel2} buffer o] ZALS Table 1 2 Zom AEZE A 154
o} 25% glycerol BPB £ 15448 EI F o] FolM 154
3]8ld  apply dlgch  ANAEES 4T, 200V ZZolA
albumin-BPB complex 7} 10% separating gel & ©o|F¥ wizlx] Al
Al stedct,

M2 Coomassie Brillant Blue G250 &2 @M3taith

2-1-3. Esterase
Anderson 2} Braend(1989)%] Iscelectrofocusing-polyacrylamide
gel electrophoresis (IEF-PAGE)E H&stod AlAjstlct  IEF
gel 2 1EF-acrylamide stock sol.(30 % T, 3 % C) 3.75ml, Z5
T 15ml, glycerol(85%) 2.25ml, amphol ine(pH3. 5-5.0)
0.6ml, ampholine(pH 4.0-6.0) 0.6mlE 4 ¥ vacuume pump=
degassing A%l ¥ TEMED 5042, 10% ammonium persulphate 100
ME Y3 FUAZAUCL
ok UZ ML 1 M HPO 2F HB5WUL 2% ampholine(pH
5.0-7.0) sol. & Ap&3stadct
A7ldE2 2,000V, 25mA, 25W, 10C RZolM 1A ¢t
prerunningdt ¥ A]E%& 3 MW(Whatmann) paper& 5 X 10 om 3
7)ol ®A Ao 245 applystadrh 302 Tt focusing®t ThHE

piecesE A AZ F 24|17+ 302 7t focusingdtch.



oAl 300 mg Fast Blue RR salt, 2% d-naphthylacetic acid
6 ml(alcoholol £31), 0.075 M phosphate buffer(pH8.0) 400 ml

Mo golofy 108 7F AAZ F 11.5% trichloroacetic

il

acid, 35% sulfosalicylic acid & 1412t B¢t 13 3l &2

M= staicth.

2-1-4. Transferrin
HE 2 A7|ed% ub¥(Gahne, 1963)0l 2]} A AI3IH AL Coomassie

Brillent Blue G250 &8 @&M3}Act

2-2. AYT chaa o g0 AJEE 3} EA

2-2-1.Hemoglobin
Bowling(1988)¢] [EF-PAGE(pH5.5-8.5) & Hastel AAIstal
T} o2 k32 0.4 M HEPES, &3 #3Ao=2+& 0.1 M NaOHE
7}7} bridge buffer@ Ap&3¥t}. Sample apply: hemolysate 102
2 5 X 10 mm sample pieceso] B8 &322% ¥¥ 2cm Eol 2
2o &8 ¥32 B/RFLS 1,600A, 50 oV, 25W, 10C ZZolA

057} focusingdt ¥ piecesE A Aty 2412t ¢ o focusingst

w

drh. ArsldBol T the RFYOR 14T Bt LB B

ol A gel dry A1 ¥ EHH S A 3t

2-2-2. Acid phosphatase



Gel 2} buffer?] ZA L2 Table 2 offA] [ & W} oy, AHNA
B2 4T, 50V ZZolA 18417 F¢t AlA]stelTh

od A0
a

0.05 M citrate buffer(pH6.8) 100 mlo 275 mg

flo

phenophthalein diphosphate(Na; salt)E ¢l &ooA 4417 Fqt
incubation AlZl ¥ ¢ELjo}E ¥ #h-g4 wtgo] dojd uwf 71A|

Hojr g},

2-2-3. Catalase
Gel 2} buffer®] Z4 L2 Table 2 oflA] I & =iz} o, A7
52 4T, 50V Z7ojA 1842 Fet AAJstATt
QAo 4z go¥(3% H0, 5 ml, 0.1 M phosphate (pH7.0) 10 ml, 0.06
M NasS203- S5H:0 7 ml, H:0 78 ml)2F geld A2 o4 1587t
incubation 3 ¥ A 84 Hela B B F B £H(0.09 M KI

50 ml, H:0 50 ml)of|A 2|7} A o] H wizix] vh§ A Zith

2-2-4. Esterase D
Gel2} buffer®] RAL Table 2 oA} 11 & ¥z} o AH7Y
2 4T, 50V ZZojA 18417 F<t AAlsHich
A2 acetono] ¢l 100 mg 4-Methylumbelliferyl acetated
100 ml 0.1 M phosphate buffer(pH6.5)ol 410} gel&

incubation A]ZicT}.

_10_



2-2-5. Glyoxalase 1
Gelz} buffer®] A2 Table 2 oflA IV & iz 2o, 7Y
B2 4T, 50V ZZoIA 1842 Het AAEAT)
HAAo gel€ 0.2 M phosphate buffer(pH6.8) 50 mlof 257 mM
Methylglyoxal 0.9 ml, 16.5 mM Glutathione(GSH) 250 mg, MTT 50
gd e foMoA incubationdt F 0.06 mM dichlorophenol

indophenol (DCIP)& gof w2A]Zict

2-2-6. Glutamate-oxaloacetate transaminase
Gel2} buffere] Z/4& Table 2 oA 1 ¢ Wzt Zon, A7F
B2 4T, 50V Zo|AM 18A]2F Tt AlAlsAT]H
AL gel& 0.1 M Tris buffer (pH8.0)oll L-aspartic acid,
2-Oxoglutaric acid, Fast Blue B & Y& £o¥ofA] incubationA]

Zith

2-2-7. Hexokinase
Gel2} buffer®] AL Table 2 o4 11 & Wizt oy, A7
2 4T, 50V ZZollA 18217 Fet AAlstch
AL gol& 0.1 M Tris (pH7.5) ol Glucose, ATP, NADP, MIT,
PMS, Glucose-6-phosphate dehydrogenase, 0.02 M MgCl.& 42 £

oo A incubation A}Zic}

-ll_



2-2-8. Lactate dehydrogenase
Gel2} buffere] ZAI2 Table 2 oA III & whHzl Zonmy, Ay
< 4C, 50V Z oA 1842t Ft AAsteic)

=P

flo

gel& 0.05 M Tris(pH8.0)ol calcium lactate, NAD, MTT,

PMSE Y2 &dollA incubation A]Zit}

2-2-9. Malate dehydrogenase
Gel2} buffer®] ZAJE Table 2 oA I & ¥hyzt oo, A7
2 4T, 50V ZZoA 18412 Bt AAlstAT]
P gelS 0.1 M Tris (pH8.0)oll L-Malic acid, NAD, MIT, PMSE

Y2 fAo|A incubation A] AT},

2-2-10. Malic enzyme
Gel=} buffere] =/3-E Table 2 ol 1 o] izt oo, A7
&< 4T, 50V zZolM 18412 Fet AA|stalch
ML gelZ 0.1 M Tris (pH7.0)oll L-Malic acid, 0.2 M MgCla,

NADP, MTT, PMSE Y2 £A%ollA incubation A]ZiT).

2-2-11. Superoxide dismutase
Gel} buffer®] 2442 Table 2 oflA] 1l & =hHz} Zow, Hyod
B& 4T, 50V ZZolA 18417 Tt A5t

HML gel & 0.05 M Tris(pH8.0)ofl MTT, PMSE Yo incubationA]

-12_



3. Data Ag]
3-1. AP E A 24
H7ld%s ¥ doj whiAzt Ao AP EA(electromorph)E ©]

£3lod z} s HE SHR2(locus)E Helsta, /A= (genotype)

o

Hstadry, shte] SR ztolA] 17 olAtY FelEAV EXY T
o A AEAe] o|E ol ule}l F(fast), S(slow) T2 alphabeto®

Aol zH(allele)E EHFHATH

Jo

T Azie] §#elzte] ¥lT(gene frequency)E T, At #
Mz} e S 2}&35lo] \ei(1983)2] computer programol]l 23} F o]
s A3x}  ¥lE(average hetrozygosity)®t 3=} =l A (gene

identity)E £33t}

3-3. Da ol &gt AZEFAEA dendrogram 73

S} WIS E Nei(1983) ol 2]} Da grol AlAIE At

r mk
Da=% (1- XV XuYu/T)
k=1 i=1

(mk = k H2] 2H9olA ciylzt 4, r = ZAHE 28] 4)

2 dxe] Az, AF Aeiopgc 2000 Aefopyere] FAA

_13_



59} olp] ¥3¥ o|Zu ArS BT ofRo}(E przewalskii) #
chol M FEQ KAzt fHAALE AtolollA Nei(1983) ol
2]3t pa Zrel &3l UPGMA(Unweighted pair-group method of the

arithmeric mean: Sneath and Sokal,1979)8}¥ © 2 phylogenetic

treeS WSo] 7 UTtE 7Y FAVAS BT

_14_



Table 1. Composition of the gel (I) and buffer solution (II) for acid
gradient polyacrylamide gel electrophoresis (PAGE)

I .Composition of the gradient gel solution

Stock solution 110%AP_~ TEMED |Total

" Gel functi
: unction 30% Acrylamide(ml) Buffer(ml)| D - %(ml) (ml) i (ml)
Separation 11.67 " 875 13.7 0.250.1 35
gel (10%) ‘ ' o o
Separation 9.33 8.75 16.04 | 0.25,/0.1 35
gel (8%) ‘
Separation 2 66 5 11.84 | 0.2,70.05 20
gel (4%) f
Sealing i
| 4.5 ‘ 3 3.5 0.1/0.05 11
gel j

I1. Composition of the buffer solution for PAGE

0.16 M pyridine(12.8 ml)- 0.052 M TEMED(6 m})

. Gel buffer with HCl pH 4.6

Cathode buffer(pH 5.6)
0.08 M Cacodylic acid(11.4g)- 0.084 M pyridine(6.8 ml)
Electrode buffer
Anode buffer (pH 4.4)
0.084 M HC1(7.8 wl) - 0.124 M pyridine(10 ml)

_15_




Table 2.Composition of the starch gel buffer

NO

II

11

Electrode buffer

0.155 M Tris-0.043 M Citric acid, pH 7.0
0.3 M Borate, pH 8.0
0.1 M Phosphate, pH 7.0

0.2 M Tris-histidine, pH 7.8

-16 -

Gel buffer i

66.7:1, pH 7.0 |

10:1, pH 8.5 °
10:1, pH 7.0
10:1, pH 7.8



1. 4 =

1-1.Trypsin inhibitor(Ti)e] 32} §AxvI T

1-2.

Tie] HEHPL  negative ATHFMo| o3 s iR}

(rif, T T T, TR7F AEEYHaY 1), 2o zfefuiutief

N
N
=
(2%
=
o]
_
(2.
¢

Me 7H el olfste F Axte AEHA dateu A

H
clr
Ir
)
X

oM A2 ¥Mlm(7i7=0.10)0]A 7t A&t 123 3
olFate AxKTI', T Ti)E F AntolM FalstA HEEAUTHTable
3).

7t Azt FHHES BY A3 felgol AAEA ot

Hardy-%einbreg & Atejol elaic}

Chymotrypsin inhibitor(CTi) B2} FAxI=
CTie] EPHS Tigl 22 whioz BEAsidrH Iy 2). 578 cf

alelzb(cTif, cri®, crit,

g 24 slade o, Aot i)
ot e 7hy e olFdte F Axke AEHA e F
ol2TE Zt= | QIRH(TI'=0.58)7F A 2 WER A&Erh A

Zjefot Ao ds whE oS EE ZE 6 AXH(TI=0.39)7F A

_7]_(__
A ZZ&=2cHTable 3).

_17_



zb Adold  EEHES KHFE A fYiel AAEA Yol

Hardy-%einberg & Atefol l<ict.

1-3.Esterase(Es) &2} FAAIE
[soelectrofocusing(1EF) &4 A3} ZHEYL 2y 33 Zom F
Aeroll A 3702 il =M ES, Es', ES’) 7 AEE QT A3 afeoiel

e 27t o]Z 58 7t Ql2HEs'=0.712)7} 713 & ¥z g A&

n

b1

o}, 2ot aopycieldE Al 7Rl IAb7E Bl vl
(Es'=0.36, Es'=0.34, Fs°=0.30)% Z&% rHTable 3).

7t Actol A ERHES K¥AY A 240t Agopciold s foi4ol
A= 2] ot Hardy-Weinberg B¥ Jefol Aot A5 efupyct
(P < 0.05)o & fojido] A= Hardy-Weinberg BE “JEfollA]

3o

3L

th.

1-4.Albumin(Al) E¥8F 2} {FANIE
A18] FHEB L polyacrylamide gel electrophoresis(PAGE) ol 2]
3 23 49} o] EMEAon, F e ojyAxHAL, M7 AES
orh. & izt HlEE F Aty vxdtA ZAEEJoL HF
Aot At A ol Fshe UxH41-0.60)¢] W=7} ko,
zalul AefopAcro e wEA o]Fdls AxH4'=0.52)7F & &
Y=g ZEF e Table 3).

7t Aclld  FHEEL PA AR Mol UAHEA Yo}

_18_



Hardy-Weinberg B3 Abejol]l glac

—_

1-5. Transferrin(Tf) ¥ 2} FHAHIE
HE A H7)d% A 4 cpFA=HTe, T, TF, T 7 AEEA
thags)., A3 Aefubdstol s el o]FshHs  A2HT=0.29,
T£=0.48)¢] W=7} A Ul ubd 2ajop zRefobdcid e F3F

OlEEE zt= olx}(Tf=0.32, Tf=0.4)8] ¥lT 7} A UElRIrH(Table

2 Ay wwA P wao) FHA Mol

2-1.Hemoglobin(Hb) X3 §A=}

‘z
bt

IEF-PAGE(pH 5.5-8.5) &4 ZAzt 3 F/ol & 7] £ F 71 bande
a: gene, 2F Zof band: a: genedl AMEol| o3 Ar}
(Bowling.1988).

AF efotol A 3748 chdAxkm, H, H) 7 AEEAD, 2
Am} Aol 4709 Ak H”, w', W', )7t AEEACE
(23 6). 2Aul zfefintoll e #HF Aefotolly HEEHA] A4S A=}
(Hb'=0.02, Hb'=0.08)7} W& =2 &= gcHTable 3).

zb Anield EEYEE AF A Rodol JdFHA ot

Hardy-Weinberg B ¥ Alejof aldict.



2-2.Catalase(Cat) E#H3H 2} FAAE
AE 4 #7194 %(pH8.5) A2 T 1| chyd=bcal. a7t 2&
Hoth g 7). § ATl =3 o|FES ZE s Axte) NEs B

+ =4 B&52UrHTable 3).

N

gty BRHE L A Az A3 defupUTHP < 0.05)0M =
Feldo]l el HEo] Hardy-Weinberg B3 AlefollA Blojutor} xajn}
Hefot gt = FelAdo] RS2 9o} Hardy-Weinberg HE Abeh

of aladch

2-3.Glyoxalase(GL0)2] E#HE 2} FAxMIE
HE A A7 % (pH7.0033 F 1A oy A=kGLo, 6L 7t BEE
Ach2y 11). A5 zjopggtid s =3 olFEE Z:s Ut
(GLOP=0.57)8} WI=7} &2 ubH 2Ajop Aefop gt s wlE o] %

=1
a

7t Qla} (G6LF=0.52)8) W1E 7} okzb %A LFElWITH Table 3).

i

7t Adtoly 288 X2F A3} AF AefobULHP < 0.05)04 &
frelidol A =Elo] Hardy-Weinberg EH AJefoll A Bojytor}, ARaju}
efupf ol s fejdol AR A ol Hardy-Weinberg BH 4

Efoll gloich

2-4. Acid phosphatase(AcP)8] ¥# ¥z} S AT

AE A A79S(pH7.0) A2} T 71X A=A, 1cPI7t 2

_20_



A Y 10). HF 2AuiRctol s M7Ex] FEY(FF, FS, SS)
o] 2% uelyt dwbd A n} zjzjoiziclo e 7kA] EEFH(FS)w

ol

Y

&2x)odcHTable 3).
7 ogueld mEEE ST A3 fdel ARHEA ol

Hardy-Weinberg 33 Arejol algict,

2-5.Esterase D(EsD)®] ¥&H3 2} fFAAxpIT

AR A H|GS(pH 8.5) A F A il Esd, EsP)t A&

Mz

Slelth 2y 9). AF Aol =3 o|FEF zh= Azl
(Esi7-0.68)2] W57t WA Ueldn 2F A3 ool AMFo
Hardy-Vieinberg B8 AvelollA] Bojutth 2jut hehubaighol A

gt 712 BE S (FF)2to] H&Eo] monomorphic¥S BTt

2-6.Glutamate-oxaloacetate transaminase(GOT)2] E¥TF 2} FH2 MU=
HE A A7 A%B(pH7.0) A} F A g A=HGor, 60Tt HE
HActhay 12). A3 Rfnpdctolde F dxte] Wt v)siA
A&Fd(Table 3), xXAF A Kol AFHA Yot
Hardy-Weinberg #3 “defoll alglth. Zeuh 2amt feiutelA=

gt 712 £33 (FF)uto] A &5 o] monomorphic¥S B th

2-7 Hexokinase(HK)®] E¥& 7} §AA} ¥l

HE 2 A7 AE(pH8.5) Azt Al BFe] BHTAMKL HK2, H3)
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7V ZEE A g 14). A3 zfefubciat R a)np 2heio}R chof A

ol 7b ¢lo] monomorphic¥& . ith.

2-8. lLactate dehydrogenase(LDH)2] T8 & 2} §A=} vl g
- | H 714 5 (pH7.0) 2z W FFY FHis
(LDH1, LDH2, LDH3, LDH4)7} ZH&Egdch &l 8). 3 =jefu} 2w

2} 22Ajo} zfefnb A gtof Al Hol s} ¢lol monomorphic¥E H AT}

2-9. Malate dehydrogenase(MDH)2] ESHS 31 &4z} 8l g
HE A A71d5(pH 7.0) A2t 3 712 2@ (1-1)5to] BEEA
tH gl 15). A3 aefup izl 2o} zRefopclof A wHolrzt ¢l

©] monomorphic®& Rt}

2-10. Malic enzyme(ME)S] FH I} { Az} vl

X

1=}
- A

A7 S (pH7.0) A2t 3 712 FFP(FFIRte] A&ty
(2% 16). A5 fefopciat 2ajol Afefobyciols Holzt ¢lo]

monomorphic¥ S Hict.

2-11. Superoxide dismutase(SOD)] EHE I} S AR} vl e
AE A A7E s (pH7.0) A F FF] F9I&EA(SOD-1, SOD-2)
7t AEEHATH I 13). AF Ao cia 2200 2fziop thof A

#lo] 7} ¢lo] monomorphic¥t-& H it}
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3. Data Ae| Az

A F zefuotet 2Ajup 2hefole] §H2} wlzi= Table 32 Zatch 2t
LAz zle] §Aolz} T E o] &3}l \ei(1983)¢] computer program
of ¢js] MF o3 Mgtz ¥lE(average heterozygosity)E 3t ZA}
A2 AejoiA o= 0.375, 2ajo} zjejotRicte A= 0.304F 7}
7t AlxrE] e

7213 Da 2k S22 A4 (gene identity)S 0.1072F 0.868% 7t

2y Alrte] ol

3-2. A% {H%3A dendrogram 4
A7 Aefopciz 2o 2popgioly EA4" FA=pzEe} oln|
2B 7H ojZul AttE B3 ob¥uHE przewalskii) Akl A 22

o Aolx}(allele)E o] 23} Da Ztoll &%t phylogenetic tree= L

2l 172} Zotch o] dendrogram® FA Ml 7Re] cluster& ©|F 1
AdSS & 4 ot
B Ao Azt AHF Afefupywtzt 2ot 2fefoitio] shte]

cluster& o|F1, u|Zn} AxtSo] AA sht clustergE o F
th. Zelx o] ¥ clusteri= B3 opnle] clusterolld FAIEE

g 7 adgdrh
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B Fil. 11 GG GL L s IS FG
Figure 1.Trypsin inhibitor(Ti) phenotypes by acid gradient polyacrylamide gel
electrophoresis(pH 4.6) and schematic representation. Eight phenotypes were detected : FI,
GG, GL, IL, LS, IS, and FG(from left to right).
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Origin
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Figure 2.

Chymotrypsin

inhibitor(CTi) phenotypes
GI, GS, IS, SS and 11,

by acid gradient polyacrylamide gel
electrophoresis(pH 4.6) and schematic representation. Seven phenotypes were detected: FI, GG,
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Figure 3. Serum esterase(Es) phenotypes by isoelectric focusing(pH 3.5-6.0)
and schematic representation . Five phenotypes were detected:1; FI, 2: FS,
1S, 4: FF and 5;

I,
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1.2 3

Figure 4. Albumin(Al) phenotypes by acid gradient polyacrylamide gel
electrophoresis(pH 4.6) and schematic representation.

Three phenotypes were detected: 1: AA, 2. AB, 3: BB.
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BC AD  AB cp AC ~  BC AD AB CD AC @

Figure 5. Trnasferrin(Tf) phenotypes by starch gel electrophoresis(pH 8.5) and schematic
representation . Five phenotypes were detected: BC, AD, AB, CD and AC(from left to right).



+ -

Figure 6. Hemoglobin(Hb) phenotypes by isoelectric
focusing(pH 5.5-8.5) and schematic representation. Five
phenotypes were detected: A/BII, BI1/BIl, BI/BIl, BI/BI
and A/A(from left to right).
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«Cat

<Qrigin

Figure 7. Catalase(Cat) phenotypes by starch gel electrophoresis(pH

8.5) and schematic representation. Three phenotypes were detected: 1:
FF, 2: FS and 3:SS.
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<LDH3 [ 1 I [ ] £ [ ] FDIN
<LDH4
<0rigin e M T 1 =3 |DH3
<Hb
= = e= = 5.:...
! Origin
Figure 8. Lactate dehydrogenase(LDH) phenotypes by starch

electrophoresis(pH 7.0) and schematic representation,

LDH isozymes were shown monomorphic, as LDH1,LDH2,LDH3 and

LDH4 .

gel
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<EsD

<Qrigin

<Hb

Figure 9. Esterase D(EsD) phenotypes by starch gel electrophoresis(pH
8.5) and schematic representation.

FF, 2: FS and 3:SS.

Origin

Three phenotypes were detected: 1:
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O O AcP
w00

<Hb
Origin

by starch gel

10. Acid phosphatase(AcP) phenotypes
Three phenotypes

Figure
electrophoresis(pH 7.0) and schematic representation,

were detected: SS, FF and FS,
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GLO
<-GLO
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<Hb -
— — — Origin '
| 2 3 v

Figure 11. Glyoxalase(GLO) phenotypes by starch gel electrophoresis(pH
7.0) and schematic representation. Three phenotypes were detected:1:

SS,2: FS and 3: FF.



<Qrigin

|0 =

Figure 12. Glutamate-oxaloacetae transaminase(GOT) phenotypes

by starch gel electrophoresis(pd 7.0) and

representation,
and 3:SS.

Three phenotypes were detected:

1:

schematic
FF, 2. FS
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Figure 13. Superoxide dismutase(SOD) phenotypes by starch
gel electrophoresis(pH 7.0) and schematic representation.

SOD isozymes were showen monomorphic, as SOD1 and SOD2.
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“H”W — 1 C=HK2
«HK3
0 OO O HG
«Origin
<Hb
I ) Origin

as HK1, HK2 and hk3.

Figure 14. Hexokinase(HK) phenotypes by starch gel elpectrophoresis(pH
8.5) and schematic representation .HK isozymes were showen monomorphic,
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Figure 15. Malate dehydrogenase(MDH) phenotypes by starch gel
electrophoresis(pH 7.0) and schematic representation. MDH was shown

monomorphic.
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Figure 16. Malic enzyme(ME) phenotypes by starch gel electrophoresis(pH
7.0) and schematic representation. ME was shown monomorphic.
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Figure 17. Phylogenetic tree for allele frequencies of
four protein loci in ten equine populations.This tree was
constructed by using the UPGMA methods based on Da
values(Nei.,b 1983).
TB:Thoroughbred, AR: Arabian, ST: Standardbred, MH: Morgan
Horse, QH: Quater Horse, PF: Paso Fino, PP: Peruvian Paso,
CH: Cheju native horse, TA: Tsushima native horse, PZ:
Przewalski horse.
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Table 3. Phenotypes and allele frequencies for 16 protein loci
in Cheju native horses and Tsushima native horses

Protein Population Phenotype | Observed |Expected | Gene frequency
FF 0 0.33
FG 3 0.57 Ti 0,10
FI 1 1.90 7i°=0. 08
FL 2 2.19 | Ti'=0.27
Cheju FS 1 1.71 Ti*=0.31
native GG 1 0.24 7°=0.24
horse GI 0 1.62
(n=37) GL 0 1.86 ,
GS 1 1.46 x°=22. 88
11 3 2.70 P> 0.05
IL 7 6.21
IS 6 4.86
LL 6 3.58
LS 2 5.59
Trypsin SS 4 2.18
inhibitor
Tsushima GG 1 0.36 Ti°=0.12
native Gl 2 2.92 Ti'=0. 42
horse GL 0 0.72 Ti:0.12
(n=25) GS 2 2.04 7i°=0. 34
Il 5 4 41
IL 3 2.52 x’=4. 42
IS 6 7.14
LL 1 0.36 P> 0.05
LS 1 2.04
SS 4 2.86
FF 0 0.1 CTi*=0.05
FG 3 1.55 CTi°=0. 39
FI 0 0.6 (Ti'=0.15
FL 1 0.45 €Ti=0.11
Che ju FS 0 1.2 (777=0.3
native GG 4 6
horse GI 6 4.65
(n=40) GL 2 3.49 x’=7.13
GS 12 9.3
11 1 0.9 P > 0.05
IL 2 1.35
IS 2 3.6
LL 1 0.51
Chymo- LS 2 2.7
trypsin SS 4 3.6
inhibitor c
Tsushima GG 1 0.16 CT“ZO.OS
native GI 1 2.32 (’TiL:O. 58
horse GL 0 1.12 CTi=0.28
(n=25) GS 1 0.24 CTi*=0.06
11 9 8. 41
IL 9 8.12 x’=9.25
IS 1 1.74
LL 2 1.96 P> 0.05
LS 1 0.84
SS 0 1.12
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Table 3 Continued 1

Esterase Cheju FF 32 19.00 Es'=0.266
native F1 78 101. 80 Es'=0.712
horse FS 1 0.14 Fs’=0.022
(n=269) 1 147 136.33 ,
1S It 8.54 \*=21.28
SS 0 0.13 P < 0.05
Tsushima FF 2 3.25 ESFZO. 36
native FI 7 6 Es'=0.34
horse FS 7 5.5 Fs°=0.30
(n=25) [ 2 3.25
IS 6 5 \-2.43
sS 1 2.25 P> 0.05
Trans- Cheju A3 4 3.66 T=0.29
ferrin native AB 13 11.14 7%-0.48
horse AC 2 3.48 T£=0.15
(n=40) AD 0 2.09 T=0.09
BB 5 9.22
BC 9 5.76 \2=9. 09
BD 6 3.46
cC 0 0.9 P> 0.05
D 1 1.08
DD 0 0.32
Tsushima 1 0 0.25 TF=0.1
native AB 1 1.6 T£=0.32
horse AC 2 2 T£=0.4
(n=25) AD 2 0.9 T°=0.18
BB 0 2.56
BC 12 6.4 \?=8.36
BD 3 2.88
cc 1 4 P> 0.05
D 4 3.6
DD 0 0.81
Albumin Cheju 14 42 42.57 41;:0.40
native AB 130 128. 88 -IJ =0. 60
horse BB 97 97.25 \"=0.02
(n=269) P> 0.05
Tsushima AA 8 6.76 11°0.52
native B 10 12.48 1/°-0. 48
horse BB 7 5.76 \%=0.99
(n=25) P > 0.05
Hemo- Cheju A 5 3.04 Hb'=0.12
globin native ABI 32 31.4 Iﬂi;fO.GZ
horse ABII 9 13.16 Hb"'=0.26
(n=211) BIBI 81 81.16 \
BIBII 68 68. 03 \*=2.63
BIIBII 16 14.16 P >0.05
Tsushima BIBI 4 2.89 HB'=0. 34
native BIBII 8 9.52 HBP''=0. 56
horse BIX 1 0.34 Hb'=0. 02
(n=25) BIY 0 1.36 Hb'=0.08
BIIBII 8 7.84
BIIX 0 0.56 \=4.5
BITY 4 2.24
X 0 0.01 P> 0,05
\Y 0 0.08
YY 0 0.16
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Table 3 Continued 2

Catalase Cheju FF 19 10.18 C17°=0.31
native FS 45 45.35 CiT°=0. 69
horse SS 42 50. 47 \?=9. 06
(n=106) P ¢ 0.05
Tsushima FF 3 4.84 CiT°=0. 44
native FS 16 12.32 CA7°=0.56
horse SS 6 7.84 \°=2.23
(n=25) P> 0.05
Glyoxalas I Cheju FF 25 18.49 GLO=0. 43
native FS 36 49.02 GLOP=0.57
horse sS 39 32.49 Nz 7.05
(n=100) P<0. 05
Tsushima FF 8 6.76 GLO =0, 52
native FS 10 12.48 GLO=0. 48
horse SS 7 5.76 X2:0.99
' (n=25) P>0.05
\cid | Cheju FF 7 20.65 | 4CF=0.46
phospha- naive FS 76 48.67 1CP=0. 54
tase horse SS 15 28.68 \2=30.9
(n=98) P < 0.05
Tsushima FF 0 0.25 1CP=0.5
native FS 25 0.5 4575:0.5
horse SS 0 0.25 \°=1201
(n=25) P<0. 05
Esterase D Cheju FF 10 8.69 Eslf=0. 32
native FS 35 37.61 E;Lf:o.ss
horse SS 42 40.70 \°=0. 41
(n=87) P < 0.05
Tsushima FF 25 monomorphic
native
horse
(n=25)
Glutamat- Cheju FF 20 21.05 GOT =0. 49
oxaloace- native FS 54 56. 84 GQTS:O. 51
tate trans- horse SS 21 22.11 \°=0.25
aminase (n=95) P> 0.05
Tsushima FF 25 monomorphic
native
horse
(n=25)
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Table 3 Continued 3

Superoxid Cheju S0D-1
dismutase native
horse SOD-2 monomorphic
(n=100)
Tsushima SOD-1
native
horse SOD-2 monomorphic
(n=25)
LDH-1
Lactate Cheju LDH-2
dehydro- native LDH-3
genase horse LDH-4 monomorphic
(n=100)
Tsushima LDH-1
native LDH-2
horse LDH-3 monomorphic
(n=25) LDH-4
Malate Cheju
dehydro- native
genase horse 1-1 monomorphic
(n=211)
Tsushima
native
horse 1-1 monomorphic
(n=25)
Malic Cheju
enzyme native FF
horse monomorphic
(n=211)
Tsushima
native
horse FF monomorphic
{n=25)
Hexokinase Cheju HK-1
native HK-2
horse HK-3 monomorphic
(n=100)
Tsushima HK-1
native HK-2
horse HK-3 monomorhpic
(n=25)
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Aa) HFEol= 200004 Foll ot wol AMRE D glom & dAFofd= A

% Robgozyey 3w

Lo,

1004 F

[lo

g 28R AHgstAch T2 2
Aot 900 £l afefulrt AR E 2 gldl, o] stEdolAM 2572 Helig
FEukol Al 2 Ab&sielch

27l gepnog falelM 2 4¥ng ZESE HF efviet 24
op zfefotoll A el trwe] tidg o] &dle FHTA UAE ool B 9
s} 167H2] loci & w]a&t 7z} SOD, LDH, HK, MDH, ME®] 57H loci oM F
Atto A 2% ponomorphic¥-g ¥, EsD, GOT, AcP lociofAl 3 zhefjut
At = polymorphic(EsD:  Eaf=0.32,  Es[=0.68, GOT:  GOT'=0.49,
GOT°=0.51, AcP:  4cF=0.46, 4cP=0.54)3t@=|gt  2x]nt Aol M =
monomorphic st Ch

Polymorphic ¥t Zt¢loflA §H=} ¥IE(Table 3)5 +2{3}o] Hardy-Weinberg
By gefoll HLAA 2 A3 AF Aefuiolly Yo E2st= Es(P < 0.05)
o} Ay Fol Zast= Cat(P < 0.05), GLO I(P < 0.05), AcP(P < 0.05), Es
D(P < 0.05)7} F2jdo] Aol Be AtefollM Slojytx, 2xju} 2fefotolM
= AcP(P < 0.05)o A7t feldo] QIAE o] Hardy-Weinberg B® “JefollA ™
of et

a3 8=} ¥ E(Table 3)& o] &3t computer programo 2}3] AlAMH Ho
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olFAUA N AF efuioA 0.375F 2x]ul 2fefnte] 0.304K.C} ths
£ 7t uebdch olFA A F xefupyciold FH olF FUA WEI =

& Z& 2o Aol Aol Hrt o @ oy 29l tiy @S
Ltehdy] mfg o8 Azt

Nei(1983) ol 2Js) A4TH Da 3t 32} WlE(Table 3)& o] &3tz ol 0
ol 1 ato]e] gfo] Ezfstd, 1 gfo] ALHEF F o] Ao TS
A7)0 BAHASE F3ich AR ozt 2a]al 2ffupciolA Da 2k
2} §A2} ZdA(gene identity) ztz} 0.1072} 0.868F UIElRITE o471 A

% gue A e Aol UHeg EAHUL, wS FAA HEHS 2

kd

3 olgo] Al metd F Prie 3 AL Azl wie shTt

)

gEagal=y

) 7128s WL caballus)?] 7|Ho8 He B3 oful(E przewalsky
)9} uj ol Z23H 7708 ¢ R gH Thoroughbred, Arabian, Standardbred,
Morgan, Quarter horse, Paso Fino, Peruvian Paso)®] o|n] X 31 (Bowling et
al.,1985) A ziglel EB Ao ZAzjel FEEE v e A=A
¥ T (Table 4)& o] &35} \ei(1983)2] computer programoll 2|3} B oY
gz} ¥l % (average heterozygosity)7} AAtE]2lil(Table 5), Da 3ol ch#t
phylogenetic tree(21¥l 17)& gtE<4ich HF o|FHYa} Wlr o] u|ofA
L o]2¢] Thoroughbred Z%to] 0.400.8 713 2p 71& B3, 2Aja} zjz)
njRitho] 0,422 Thoroughbred Z%H Hr}l ozt &2 2t& =2ddch 283 Al
F afefotzclo] 0.578 743 &2 S UEtWch

Da Ztoll thd} phylogenetic tree= IA Al 782} clusterd o]F<gich o]F
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A 5 2efotel 2xalob zfefobe] el thalaelA 1678 YA 22](Trypsin
inhibitor @ Ti, Chymotrypsin inhibitor : CTi, Albumin : Al, Esterase
Es, Tranrferrin : Tf, Hemoglobin : Hb, Catalase '@ Cat, Esterase D : EsD,
Glutamate oxaloacetate transaminase : GOT, Glyoxalase :@ GLO, Acid
phosphatase : AcP, Superoxide dismutase : SOD, Lactate dehydrogenase
LDH, Hexokinase : HK, Malate dehydrogenase : MDH, Malic enzyme : ME)&] €}
HHALS B3t Az} 5702 g 2p9](SOD, LDH, HK, MDH, ME) ol M &= 5 Zchod]
A RS monomorphic ¥1il, EsD, AcP, GOT ZglollrA ZAijnt zfzfnpof gt
monomorphic ¥XT}.

Polymorphism& UEhiE Zieleld K3zt w2 g EAste HF ol F =
HEg EA3 A3} AHF zRdololdE 0.3752 Aot zfefote] 0.304 R}
T2 A Uelstch Nei ol 2% Da distance 9 &AL FUY(gene
identity)2 z}z} 0.1082} 0.8682 A& gt

T2z oju] 23 oIy JEI} 2 3 AE Da distance of 2%
phylogenetic tree &= 3 A Ml 7He] clusterE o]Fgich & njZnt Ixhso|
shutel cluster & o|F4ln AMF efuprcrzt 2ot fefobycio] shite
cluster® o]f&gom, o] T cluster &= V& W(E caballus)®] 7|9Co% X

L 27 ofMulE przewalskii) clusterold] ExHE & 4 Arl.
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