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Abstraot

In or;ier to clarify the genetic composition and to find possible
genetic markers of Cheju native horses, the genetic variation of the
nine proteins in the plasma(Al, Pi, Es, Hp) and ix_n the red cell(Hb,
PGD, PGM, MDH, ME) were investigated by the gel electrophoretic
techniques. .

Al: There were two alleles, 414 and 41B. The alleles frequencies of
AlA and .‘”' were 0.398 and 0.602, respectively(X2= 0,02, d.f.= 2, P>
0.9).

Pi: Seven Pi alleles (PiF, PiS, Pil, PiL, PiN, PiS and PiV) were
detected. The gene frequencies of Pi were PiF 0.035, Pi® 0.109, Pi!
0.020, PiL 0.519,PiN 0.309, PiS 0.006 and Pi!V 0.002, respectively(X2=
164.8, d.f.= 21, P< 0.005).

Es: There were three alleles, EsF, Es! and EsS. The gene
frequencies of Es were EsF 0.266, Es! 0.712, and Es% 0.022,
respectively(X2= 21,28, d.f. = 3, P 0.005).

Hb: Three alleles, (HbA, HbB! and HbBI!) were found. The gene
frequencies of Hb were HbA 0.12, HbBI 0,62 and HbB!!I 0,26,
respectively(X2= 2,63, d.f.= 3, P> 0,25).

PGM: There were two alleles, PgnF and PgmS. The gene frequencies of
PGM were PgmF 0.4344 and Pgm® 0.5656, respectively(X2= 0.2238, d.f.=
2, P> 0.75).



PGD: There were two alleles, Ped® and Pgd®. The gene frequencies of
PGD were Pgd” 0.823 and Pgd® 0.177, respectively (X2= 7.53, d.f.= 2, P
< 0,05).

These proteins(Hp, MDH, ME) showed the monorphic traits in this
population. The mean heterozygosity of nine protein loci were

calculated as 0.329 + 0.012,



I. A £

F2olN T t}#d &1 2} (polymorphism) o B AZE WE A A
o3 -] (Smithies, 1955)°} sal® olel Y& FolA xepglo] ek b,
qma el s 2% LT Alste] &% genetic marker2.4 o} &%l
2 9ch. whetM, T ATAA swpze] SNz 2AE WIE R AT
ey, AU aToAA Fasteh UL KFTUE agnes A7
o BAZ oo, VYA Auzae ¢ ATl ZAMT S0 ol
a7t Fastel.

MAMNe R Baste U GenusT Equusol™l, ¢-& ¥4 71 %ol AT R
sizh o] weRy) ehBol NAHHo I 2aRE 22 Ao sk, Bl
ot AT FAYAHL AT U.S.A., Italy, Australia, Poland, Norway,
Sweden S ol2} ureholM WA} Uzh, A 9 fae) SRz F4A F
mMal Wme] ¥Eol VM 22 u} ich(Bowling and Clark, 1985:
Cothran et al., 1987 Lubas et al., 1989a).

FUAM S 73FvtodAl Tf(Han et al., 1986a), Al(Han et al., 1986b),
pr(Han et al., 1986c), Es(Han et al., 1989), Xk(Han et al., 1990a),
Cat, Ca, Ap(Han et al., 1990b) 52 S Neof At X2 T Q) 2] 2t
Aedew Azlzk A sl e AFE Aeviol oAt ‘:1:'11-‘5 Hp, Tf(%,
1985)0) A 22 gloli chE Tepael HRA folof slA obH 2F
9 up o ng ojof Y 27t WAl 32 sich

Albumin(Al)e] Eeiede Italy % ALodM 377 1= LB S b O TP L

_3_




of 2)sl zjuf¥ 2 ¥ 28t ch(Lubas et al., 1984).

Protease inhibitor(Pi)¥ At/d pHsiel ¥ 3 M7)od g AolA Alxch
3o w o] Fshol HeiN Aok, Fol protease inhibitor ¥4& #T
b2 ¥ 2s gich(Ek, 1977). ol wjie] Pre) 2tgie] "d2o] Pix @ g
o], Pie) pl B & 3.74-4.43, ¥2PE 55,000-72,000 daltons HH& %
s wastgich(Pollitt and Bell, 1983a). Pit Bovine trypsino]ti}t
chymotrypsine] *§& AUt oreda 3l.o.o (Patterson and Bell,
1086), W A Fol YLz 47t A% ol geiziz At
(Braend, 1980; Bell and Patterson, 1987: Pollitt and Bell, 1980
Pollitt and Bell, 1983b, Bell et al., 1984; Ek and Braend, 1984:
Patterson and Bell, 1987a, 1987bi Putt and Whitehouse, 1983; Lubas et
al., 1989b),

Esterase(Es: EC 3.1.1.2)2] x.*d'é{’—_— Italy o A <todM = Esf, Esl,
Es® #9542 M 718] dydaied ol z)ulE) o] (Lubas et al., 1984;
Lubas et al., 1989a, 1989b; Cothran et al., 1987), Es:= a- , B
-naphthylester@ a- £ A-naphthol} salt® gl el weg &ul
plac

Haptoglobin(Hp) & & EFFFol TAlste glycoproteine] UYF =%
A, Hbg} ZAYSHol slonl, Hp-Hb HYME w2 wld& T3 P A=
@ A% Foh@chH(Putnan, 1975). "

Banghanz} Lehmann(1958)& ¥ 7 171%33& ¥l hemoglobin(hb)2]
cheieiarg Ny ostgich, Hbe] EYE JBY F 719 v A %) 73 2}

(non-allelic) a-chain genes(5' az-ai1 3')of 2lsh 7373 Ych(Osterhoff



and Groenewald, 1984). wiehA, MM are $ 7i2) a globin geneso)
5' a2 gene 24Tyr60Gin, a2 gene 24Tyr60Lys 3' & &4 g ¢t ol
@ ujgde 22 U ATl Hasied olE A haplotypeolet €tct. 22l
= A haplotype #jol= BI, BIIL, N, C o] A&l Slch(Bowling et al.,
1988; Bowling and Clark, 1985; Cothran et al., 1987; Lubas et al.,
1989a, 1989b). A haplotype® 5’ a 24Tyr60Gln 3’ typ'e ato] a globin
zsjof 2jsl rrshslsy, BI, BIIE ztzt 5 a2z 24Tyr6Olyr, ai
2ATyr60GIn 3', 5° a2 24Phe6O0Gln, a1 24Phe6Olys 3 GBIDE FrH ¢
t}. el o E haplotype C&} N a locus $iod x| 5 «a 24Tyr60Lys |
3’ (C haplotype), 5° a 24Phe60Lys 3’ (N haplotype) & =% ot ¥ s} gtch
(Bowling et al., 1988).

6-Phosphogluconate dehydrogenase(PGD; EC 1. 1.1.44) = 6-phosphogluc-
onate”} ribulose-5-phosphate® M= K aolct., Italy o zgrol A
294 dUA AL, Pedf & pedsol 218l ZMsls EYY FF, FS, sszt &
2y u} ﬂC}(To-aszwska-Guszklewlcz. 1987).

Phosphoglucomutase (PGM3 EC 2.7.5.1)% glucose-l-phosphate—'g'- glucose
—6-phosphate 2 2 $A17dul 7p4A wg g #olshs Aaolch Italy AT
ofM PeMel mHeie F$A4 dYLAL PeaF2} PemSol =3l Aot
(Lubas e't al,, 1984: Tomaszewzewska-Guszkiewicz, 1987: Bowling and
Clark, 1985: Cothran et al., 1987: Lubas et al., 1989ai 1989b).

Malate dehydrogenase(MDH: EC 1.1.1.37)& L-malate7} oxaloacetateX
Y wf ZheiAQ rgol TBoAde RAEA MDHE] Szt Ve obd 22

) u} glch. 2] Malic enzyme(ME; EC 1.1.1,40)Z L-malate”} pyruvate
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2 5 79 MQ g Heivct. vEe Standardbredg} Thoroughbredod
N 294 ozt NePeh HeS7h w.2% o) t} (Guttormsen and Veitkamp,
et al., 1981; Cothran and MacCluer, 1987).

& dz2e MFs zleivt AL S Mat 243} genetic marker®& #+=3 st
7] giet FHMe) ¢ YvowA A7) JlEt W s (Al, Pi, Es, Hp) 3
» 417 7 (b, PGM, PGD, MDH, ME)2] meiede] wxe}l FHz UEFE
saestol, ohE 2l W AT Adsh vl ¥ s}gich.



II. s % 9y

1, gAY R ARE

Aasold A= e U dA¥ AN F YAF2F YA
S8l 5 ml EDTA-bottleod W2, 1500XgolA 5 ¥ A relstel 4
W7e eelstsich ¥el® YHe Ay wrtxl 2$2(-20 TrA e
gch, 2ela AYFE W+ £ 0.9 ¥ NaClE W2, My 37} st &
2] A 4 F 1500xgolM 5 ¥t Qalve)stol MAetsich. A U
ox 3 8°] ANZAEE AN AYFE ¥F2(-20 c)ol 2@}t A
gsigloml, N713F o] 0.02 M phosphate buffer, pH 6.8% ¥% 9
o] BE2AM A F ALolAM HFTAA hemolysates® AlRE AH§313
<},

2. A

1) Albumin(Al) and Protease inhibitor(Pi)
Pollitte} Bell(1980)2] thin layer acid gradient PAGE uH¥] & 'Hoishod
AlZ} Pio) meied g HAsigict.

Acrylamide stock solution(30.8 %* T, 2.6 X C)-2 30 g acrylamide, 0.8
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g bis-acrylanideo} 3 %4 75 nl ¥ shsbel BN ¥ F AR TH
813 23| ¥ 100 nlE L&l Aol ¥, 4 T7 FAlEE Fof T
mAl Abgsigic. A7 FE g)et A& separating gel(10 %, 7 cm),
sepafating gel(8 %, 6 cm), sample gel(4 %, 3 cm)o] E| &% gradient¥®
arso] Al Abg-sigich. Gel buffere 0.16 M pyridine, 8.77 M HC1(pH 4.6)
& A+$3lom, anode buffer®+ 0.0124 M pyridine(pH 4.4) cathode
buffers: 0.08 M cacodylic acid, 0.084 M pyridine(pH 5.6) & ol g3}3ich.

»4y sampled plasma 15 ul, 25 % glycerol BPB solution 15 ul®&

L4l ¥ o] FoiA 10 ul¥E applystsict. 2714%& 2 C , 400 v, 6

hrs ZZofA albumin-BPB complex”t 10 % separating gel® ol ¥ ¥ i 7}
2] A)A)stgict. 0.25 % Coomassie Brilliant Blue R2502.® JAY ¥ 10X

acetic acid, 45 % methamol® (100 PLANE 2 »qshgict.

2) Esterase(Es)

Ese] Hgisl »Md2 Andersonz} Braend(1989)2] IEF-PAGES 'feisto] 4l
A)stgict. IEF gel IEF-acrylamide stock sol.(30 ¥ T, 3 % C) 3.75 =l,
Z84 15 nl, glycerol(85 %) 2.25 nml, ampholine(pH 3.5-5.0) 0.6 nl,
ampholine(pH 4.0-6.0) 0.6 al¥ 42 ¥ vacuume pump® degassingAl Y ¥
TEMED 50 ml, 10 % ammonium persulphate 100 ulg ¥ FYAIZch.
snode bridge buffers 1 M HsPOs, cathode bridge ' buffert 2 %
anphol ine(pH 5.0-7.0) sol.& Ahgshsich. A714-3-& 2,000 V, 25 mh, 25
W, 10 T I?.’:’:‘_OIkl 1 A]Z+ £ prerunningdt ¥ sample 5X10 mm sample

pleces® A-&stol @A VA 2 ul%E applystglcht. 30 #7F focusing ¥

-8-



thg pieces® MAY ¥ 2 A 30 ¥ focusingstgich. ¥4 300 ng
Fast Blue RR salt, 2 % a -naphthylacetic acid 6 al(alcoholod £31),
0.075 M phosphate buffer(pH 8.0) 400 alE M2 A0l 10 27 AL
% 11.5 % trichloroacetic acid, 35 % sulfosalicylic acid®. 1 A1+ ¢

27ste], EEX MMt

3) Haptoglobin(Hp)

Hpe] Eeisl ¥4 Habib(1983)2) wlg  Heistel  AAlstsich !
Peacock’s stock buffer sol.Z2A-& 0.16 M EDTA, 0.44 M boric acid, 0.44
M Tris, pH 8.29% ostc.o) on], bridge buffers} gel buffert Peacock’s
sol. & 4 : 12 #As}o] A-g-81ch, Running gel(7 %)-& polyacrylamide
stock sol.(30.8 X T, 2.6 % ©) 9.3 nl, gel buffer 10 nl, %4 18.36
al, TEMED 200 ul, 10 % ammonium persulphate 100 uleg a7} stod B8
Alzich, Mr)dEE AC ARE 30 ul 94 #, 15 ul hemolysate, 10 =g
crystal sucrose® A EUT ¥ o] oM 15 ul® sample applystod, 2
C, 400 V 27 AN 4 AT $T A7GFE A Al stgiet.

9442 50 mg benzidined DNSO 1 micd %< ¥ Ff4 300 2l 3 M7hsl
2, 44 =2 1 al acetic acidg} 1 ml hydrogen peroxidew » 7}3tod 30

27+ incubations}sich.

4) Haemoglobin(Hb)
Hb® -2 Bowling(1988)2] IEF-PAGE(pH 5.5-8.5) "Wl Heistod AAlst

oic}. Anode solution 0.4 M HEPES, cathode solution2® ¥ 0.1 M NaOH

..9_.



& 7tz bridge buffer® A}-g8ict. Sample apply™ hemolysate 10 ulg s
X 10 mm sPlple piecesof &% cathode electrode2%¢] 2 ca gl z1 3
of &el ¥ WrIAFE 1,600 V, 50 mA, 25V, 10 C 23clA 30 3
focusing®t ¥ pleces® AAstol 2 AT FL o} focusingstgich. 71
$o] BY ohi 24AdeE 1 AT BT 2Mshod ArolM gel dry A%

£ mQoE Ashch

5) Phosphogluconate dehydrogenase (PGD)

Harrisg} Hopkinson(1976)2] starch gel Myladgox PGD YUY & ¥
A s} ct. Starch gel(10 %)-& 12 g starch, 15.7 al 0.1 M phosphate
buffer(pH 7.0), %‘--Fr—r 104.3 alg EfIstod, % ’J% 7 AelodA ZHA "
o Feta3olA ‘ﬂ“-& gx3 71d% chi vacuume pumpoiA degassings}
o] 150X 200X 5 nag! gel plateol HoiA ot=qich, Bridge buffer: 0.1 M
phosphate buffer(pH 7.008 AHEsiied, M7led§ =2 Mol cathodal
vesselo} 10 mg NADP*(per buffer 500 al) g 7isisich. Gel buffert
bridge buffer®& 10 : 12 &) M sto] A+-g9lony, starch® gel bufferof ¥E
gatod 71 ¥ degassingsl?| Mo} 4 mg NADP*(per buffer 200 ml)& A
oA gel® &St Running 4 ‘ColA 11.3 V/ca® 4 Al7F 30 ¥ 44
8fct., PGDe] $AM2 10 =l 0.5 M Tris/HC! buffer (PH 8.0)of 10 mg
6-phosphogluconate(Naz salt), 5 ml 0.2 M MgClz, 5 lg; MTT, 5 mg PMS®&
%2l % shojer 2 X agar(20 ml)e} chA]l AolA slice* 2 E? $lod %o
1 A]ZF E9 incubationAlZc}.

_10_
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6) Phosphoglucomutase( PGM)

poMe] Eeied ¥4 Tipler(1982)2] Y& opzr wisier IEF-PAGE(pH
5.0-8.0)% AlA|sich. IEF gel %742 I1EF-acrylamide stock sol.(30 % T,
31 C) 5.66 ml, sucrose 2.65 g, ampholine(pH 5-8) 1.06 nl, &% 13.8
sl & 4-& ¥ vacuume pump® degassing#iA}, TEMED 20 ul, 10 % ammonium
persulphate 40 ul%® a7hsted Z¢AIRCT Anode electrode buffery 0.4
M HEPES, cathode electrode puffers 0.1 M NaOH& ALg-stl 2,
prefocusing-> 10 °C, 1,600 V, 25 mA, 40 W Z3olAM 30 » g9 eyl
t}. Hemolysate 10 ul® 5% 10 mm sample piecesol =¥ apply}li’.ﬂl,‘
running 3 AIZF $ AlAlshgich. PGMe ojA1-e 15 ml 0.2 M Tris-HCl
buffer(pH 8.0)0od 2 %7} S| =% agar® W2 #2 ¥ 0.2 M MgClz 3 nl,
glucose-1-phosphate 200 mg, NAD* 3 mg, NADP* 3 g A Asch o 7\of
glucose-l.s-diphosbhate 1 »g, glucose-s-phosphate dehydrogenase 20 u
1(1000 unit/2 ml buffer), MTT 2 =g, PMS 2 mg& & ERIslA, slicegt A

= glof o] o] FE RolM 1 AT T incubationst3ict.

7) Malate dehydrogenase(MDH) and Malic enzyme(ME)
Harris®} Hopkinson(1976) 4o e) ¢t starch gel(10 %) M7)e3 & MDH
2} MES] il ¥Mof Ahgeisich.
Bridge buffer: 0.155 M Tris, 0.043 M citric aci&. (pH 7.0), gel
buffer: bridge buffer& 40 : 1% )M A] 9 Apgsisict. Gel platex 150
% 200X 5 smZ s}31 oo}, running® 4 C, 150 V ZolA 4 AT T 4

Alstgich. AL gel® T 7AE slicestod 77} MDHE} ME 3 Mof AL£}9)



o

MDH A2 75 mg L-malic acid, 12.5 ml, 0.1 M Tris-HCl buffer(pH
5.0)% Mol pH 8.02% =732, 5= NAD*, 5 mg MTT, 3 mg PMS®& &
arA gt 2 % agar(12.5 ml, O.1 M Tris-HCl buffer, pH 8.0)F 71d¥ ¥
A7) 942 & A slices gel Eol Fof 1 AT £ incubationA]
ek, '

MES] ¥ MDHeE 2@l L-malic acid 100 mg2} 0.1 M Tris-HC1 buffer,
o 7.08 A AMolA pH 7.02% 2283 0.2 M HeClz. 2.5 ml, 5 mg
NADP*, MTT 5 mg, PMS 3 mg%® MolAM 2 % agar g3} Egreto] slice gel

slof %of incubations|Zict.



1. 9% 2Ael fHA ol

4

1) Albumin(Al)e) E&isizt HAxt U= . .

Ale) Eeieizl HAzk s & Z24rs}7) 2lslod, Acid gradient
polyacrylamide gel ¥7145¥U+& AlAler 73}, bande] olF Ax=ol u}a}
AA, AB, BB M 7izl Eeitdo) &=l Ach(Fig. 1). Al SRz e A4
0.398, AlB 0.6022.A 4lte] W=7l W4 ¥A veixton, Hardy-VWeinberg
Walof 2gshod (X2= 0.02, P > 0.9), AlZ] S Mzt W Weditelol U3
c}(Table 1). Al12}$12) o] %3 4k =k (Heterozygote) ¥l-&<! ol W

(Heterozygosity) & 0.483013c}.

2) Protease inhibitor(Pi)2] E&®dz}t Azt U=

Pie] S Wolg ZAY 7@, Z allelew major band2] o} =7t
712 wp® eAof el F, G, I, L, N, S, URA & A3olM Fgd ®e
832 Fig. 104Alg} 7}o] aledcd® II, GS, GI, GN, GL, FL, FI, FN, FG,
LL, LU, NU, NS, NL, NN, IS, 1U, IN, IL So] Z#=lgict. M= xleiv}
o) PizkslolM 7 712) 54 dUVLated 23k o obF 7hxl EMo) 3e
sjglen), Pie] §Mat W= PiF 0,035, Pi® 0.109, Pi¥ 0.309, Pil

0.020, Pil 0.590, PiS 0.006, PiV 0,002% 2}z 4tgs|glct(Table 1). 7

_13_



71 ALt FA A ezt 7ty ¥ RE pitolm, PiVe 7h WA
z A sl gk,
Pie] heterozygosity® 0.7772.M ¥ A& ¥.9 o0y, Hardy-Weinberg

wajof A Mojttz PR X2 = 164.8, P < 0.005).

3) Esterase(Es)2] E%%32 Szt s

IEF gel AYodAM major band2| o)l Ex7t W €AMR F, I, selztg el
sjsl =z, FF, FI, II, IS, Fse] cby 7bal ZYelol Ao sch(Fig. 2). E
= A 719 294 cAUQH(ESF, Est, Es®)od =isl xuiEl2 oo, 2z
o] gMat WEE EsF 0.266, Es' 0.712, Es® 0.0228.A4 Esle] WE7t 7+%
e ¢ 4 A3lcH(Table 1). Ese) heterozygosity: 0.3352] U+& X+

2, Hardy-Weinberg = o3 Atefof Al ol grs}hsgich(x2= 21.28, P < 0.005).

4) Haptoglobin(Hp)e] Eei®dzl HAzl U=

Polyacrylamide gel M7]°d%d& ol&stod Feieig Mxer I

i

1-1 ¢3 ¥ monomorphicsticth(Fig. 3).

2. M7 LAl F2H ol

1) Haemoglobin(Hb)e] Heitiz} {2z W=
Hbe] I &4e3.2 IEF-PAGE(pHS5.5-8.5) Arold I3 Fof A & 7 £+

(-2

% 712) band: @z gene2] A gl ¥, &3 Fo) bandt ai genes] A

_14_



2o} 2)s) A7 ch(Bowling, 1988). % Aol Hb2) geisig 2AY A
A/A, A/BI, A/BI1, BI/BI, BI/BlI, BII/BIL, & RV AL A AeE
och(Fig. 4). BURT o} Ze| bandgh & &< band2l 7=l u}e}
A/A(100:0), A/BI(80:20), A/BI1(80:40), BI/BI(60:40), BI/BII1(30:30:20:
20), BII/BII(60:40)=.% A skl FAz weg Ardsten, Hbel F
2} NEE HoA 0.12, HOP! 0.62, HbB! 0,262 %A Hpeio) 7Hd ¥A AEE
ojch(Table 2). b2k ¢ 2} heterozygosity< 0.5170)1 L2, Hardy-Weinberg

Walol BAIYE LT = 2.63, P> 0.25).

2) Phosphogluconate dehydrogenase(PGD)t’-l weieizl Az LIR2

pape] EHE starch gel MG FUE 1T Z At 73k FF, FS,
ss A 7hxl Egdol 7 £3) A cH(Fig. 5). PG 5 7he) F978 oYzt
(Pgdf, Pgd®)ol 2%l weitio] zluiEl gleny, zze] Snat YMET
Pgdf 0.8231, Ped® 0.17692 A Pgdf3zte] werh A ekt el
pGD2] heterozygosity& 0.344 U& Nolen, Hardy-Weinberg walof Myl

stz] srgreH( X2 = 7.53, P € 0.05).

3) Ph0sphogluc01utase(PGM)2~\ weleizl Mzt 1=

paMg ¥4 HAA A 2 bande] ®rT ¢Alol whe} FF, FS, SS HEeied
o] AR EACHFig. 6). Pl Z Peuf, Peasel 5 7ie] 293 AULated o
8] mEeisio] <l Jom, sMat NEL Peaf 0.4344, Pen® 0.56562
2 peaSe) W=7t Fotonh, L= a}7} wlz™ 2rgkchH(Table 2). PGM2)

heterozygosity 0.508 e nyen, Hardy-Weinberg ‘Hl2}of ) x] 88 o} (

si)
f



X2 = 0.2338, P > 0.75).

4) Malate dehydrogenase(MDH)2] ¥ 1832} {73zt W=
Starch gel M7]°dFY o ¥ MDHe) & & AR 72 25 1-1 Y28

monomorphic®} gl ch(Fig. 7).

5) Malic enzyme(Me)2] E§i¢iz} $Mzt W e
) [}
Starch gel 7|3 $ o % Me2] Eielg HMT 743 A FFH2A

monomorphic 3}9)ch(Fig. 8).
3. QA 9 MY oue] B oA UE

2 Aol ZAY MFZE zMeivl AToA WA THA AL, PL,
Es, Hp)e] M7 oleixezt W=t 0.399 + 0.064, HYF TN 24
(Hb, PGD, PGM, MDH, ME)2] =2 ol®3 Iz} W= £ 0.274 + 0.0120]3l 2,
97) ©jx) z}gje] WF Heterozygosity(H)+= 0.329 + 0.0120]3lch(Table
3). $ 2% vy o 9 A dsie) BT olYAYA Vst AW
F <7 29l2) gtech ¥ ghet.
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1 234 56 78 9 1011121314 1516 17 18 19

Figure 1. The phenotypes of protease inhibitor(Pi) and albumin(Al)
separated on the acid(pH 4.6) gradient polyacrylamide gel in Che ju
native horses. The gradient gel was composed of the separating gel
(10% and 8%), sample gel(4%). The proteins were analysed by Coomassie
Brilliant Blue R250 staining. The phenotypes of Pi and Al in each
lane are as follows:

Pi: 1—II; 2—GS; 3—GI; 4—GN3 5—GL; 6—FL: 7-—FI.;; 8—FN; 9—FG;
10—LL; 11—LU; 12—NU; 13—NS; 14—NL; 15—NN: 16—IS: 17—I1U;
18—IN; 19—IL,

Al: 3, 12, 13, —AA; 1, 4, 6, 7, 9, 11, 14, 15, 16, 17, 18—AB:
2, 5, 8, 10, 19—BB,
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FF FF IS IS FF I
Fl FSIS FF 11

- <Qrigin
Figure 2. The zymograms of serum esterase(Es) separated by
isoelectric focusing(pH 3.5—6.0) in Cheju native horses.
Five phenotypes are detected as follows(from left to right);
FF, FI, FF, FS, IS, IS, 1S, FF, FF, II, 1I.

<Qrigin

e O W W W e <np

+ -1 1—1 1—1 1—1 1—1 11

Figure 3. The phenotype of plasma haptoglobin(Hp)
separated on polyacrylamide gel(7%), followed by
benzidine stained in Cheju native horses.
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Table 1. The distributions of phenotypes and gene frequencies in plasma
! proteins from Cheju native horses

Phenotype .

Protein Gene Frequency
Phenotypes Observed Expected

Albumin(Al) AA 42(15.6) 42,57 Al A = 0,398
(n=269) AB 130(48.3) 128.88 Al 8 = 0,602

BB 97(36.1) 97.25 xz2 =0.02, P> 0.9

FF 0 0.33

FG 4( 1.5) 2,08

N 4( 1.5) 5.86

F1 2( 0.7 0.39

FL 9( 3.3) 9.85

FS 0 0.11

FU 0 0.04

GG o 3.24 Pi F = 0,035

GN 4( 1.5) 18.21 Pi 6 =0.109

Gl 1( 0.4) 1.20 Pi N =0,309
Protease GL 50(18.6) 30.61 Pi ! = 0,020
inhibitor(P1) GS 0 0.33 Pi L =0.,519
(n=269) GU 0 0.11 Pi 8 = 0,006

NN 12( 4.5), —25.60 Pi YV = 0,002

NI 2( 0.7 3.39

NL 129(48.0) 86.07 x2 = 164.8, P < 0,005

NS 3( 1.1 0.93

NU 0 0.32

II 3( 1.1) 0.11

IL (o] 5.70

I1s 0 0.06

v 0 0.02

LL 45(16.7) 72.35

| B 0 1.56

w 1( 0.4) 0.53

sS o 0

SsuU 0 0o

w 0 (]

FF 32(11.9) 19,00 Es P = 0,266
Esterase(Es) F1 78(29.0) 101.80 Es ! =0.712
(n=269) 11 147(54.6) 136.33 Es 8% = 0,022

IS 11( 4.1) 8.54 x2 = 2{.28, P < 0.005

FS 1( 0.4) 0.14

SS 0 0.13
Haptoglobin 1-1 269 Hpt =1.0
(Hp)
(n=269)

Percentages are in parentheses.
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Figure 4. The phenotypes of haenoglobin- separated
by isoelectric focusing(pH 5.5—8.5). The proportions
of the fast(band 1, 2) and slow(band3, 4) haemoglobin
fractions are distinctive as follows: A/BI(80:20),
A/BII1(30:50:20), BI/BI(60:40), BI/BII(30:30:20:20),
BII/BII(60:40). The left to right: 1) BII/BII, 2) A/BII,
3) B/BII,4) BI/BI, 5) A/A, 6) A/BII
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Figure 5. The zymograms of phosphogluconate dehydrogenase(6-PGD)
separated by starch gel electrophoresis(0.1 M phosphate buffer,
pH 7.0) in Cheju native horses. Three phenotypes are detected as
follows(from left to right): FS, FF, SS,

- < Origin

Figure 6. The zymograms of phosphoglucomutase(PGM) separated
by isoelectric focusing(pi 5—8) in Cheju native horses.
Three phenotypes are detected as follows(from left to right):

S. l's’ FF.
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Figure 7. The zymograss of malate dehydrogenase(MDH)
separated by starch gel electrophoresis(0.1 M Tris—
0.043 M citric acid, pH 7.0) in Cheju native horses.
MDH are monomorphic.
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Figure 8. The zymograms of malic enzyme(ME) separated by
starch gel electrophoresis(0.1 M Tris—0.043 M citric acid,
pH 7.0) in Cheju native horses. ME are monomorphic.
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Table 2. The distributions of phenotypes and gene frequencies in red cell
proteins from Cheju native horses

Phenotype
Protein Gene frequency
Phenotype Obsereved Expected
AA 5( 2.4) 3.14 HA =0.12
ABI 32(15.2) 31.4 Hb Bl = 0,62
Haemoglobin(Hb) ABII 9(43.0) 13.16 b Bl = 0,26
(n=211) BIBI 81(38.4) 81.16
BIBII 68(32.2) 68.03 x2 = 2,63, P > 0.25
BIIBII 16( 7.6) 14.16
Phosphogluconate FF 138(65.1) 143,03 Ped F = 0,8231
dehydrogenase FS 73(34.4) 61,74 Ped S = 0.1769
(PGD) SS 1( 0.5) 6.63
(n=212) x2 = 7,53, P < 0,05
Phosphogluco- FF 33(18.0) 34.53 Pem F = 0.4344
sutase (PGM) FS 93(50.8) 89.92 Pem 8 = 0,5656
(n=183) SS 57(31.2) 58.54 x2 = 0,2238, P > 0.75
Malate dehydro-
genase (MDH) 1-1 211 Mdht = 1.0
(n=211)
Malic enzyme
(ME) FF 211 Me P = 1.0
(n=211)

Percentages are in parentheses.

Table 3. Mean heterozygosity of plasmsa and red cell proteins in Cheju
native horse population

Tissue Mean Heterozygosity(H)

Plasma 0.399 + 0.064
Red Cell 0.274 + 0,077
Total 0.329 + 0.012
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A2s Aeiotold 9% A zejof oA Su A Holg MY 2
Al, Pi, Es, PGD, PGM 5 o 712l asie poly-orphics}ai~ni Hp, MDH,
ME S A 712] #$ < sonomorphicstsict.

Albumin(AD)-& 5 7he] cARILzHALA, AP)7h Aesigen, Arlsst
o ¥ed ol Italye] o &2 & 7 ey 2l "“’“(Table 4).
Austriano]th(Schleger, 1973), Norwegian-Warablood(Braend and Storset,
1978) b woisEl e ANE 2T

protease inhibitor(Pi)el FAH WelE QF 7 T2 dAULA
(Pi®, P9, Pil, Pit, Pi¥, Pi%, PiV)ol ojs) EH ool xuisind, Pigl F3
a} M= § AustraliaZ Thoroughbreds) 2z wlzsl 2%, piF, Pil, PiS,
pive] ME & wtm, Pio, Pik, PiNel WET % stch(Table 4). zlziuiol
A 7 742 B9 AU ated 2l ¥ A gl Eeitdo] 28 rhxlolnt, 19
sle] Eeied o] Barslgeol, FF, GG, SS, U 5 4 7}zl2] homozygotes
¢} FS, FU, GS, GU, NU, IL, IS, IU, LS 5 9 7txl heterozygotes7t & &
2] erstch.  Pie]  Heterozygosityl 0.72724 ¥A TEHAZ,
Hardy-Welinberg ¢ defodlM o)t & »gict.

Esterase(Es): EsF, Es!, EsS, A 742 ¥¥ q\uolzm SO LR,
7px) E¥*do] Haslgont, sstie]l AEE A etgt:, Hardy-Veinberg 3
siarelod M olgrsisich. zhzre) dAflla UEE w2y w Este] W=7}
s} %74 Ar&sigich. Itallan-ArabianolA Es'e] Mzt ezt chE A
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ctyc goo, Italian-SanfratellianiodM & Es1 =7} 717y whalof
e} z)ctuct EsPe]l Wert E3tch(Table 4). Ese] $Mat M Italy ¥
z-3}e] vl 2olA Giara2] V=% 7} S-AbshA hebste.

22 zlelviod A= Hemoglobin(Hb) 2 tfel 2t FolAl HbBle] W=7t 7t
A A el i, USA-Arabianz} Italian-Arabian ¥ IR B R
HbBI2) —?r’:‘_lz} M7 A Lelsten, USA-Trotter2} No.rwegian—\\larlblo-
od Trotter S oAt HILNErst HeRINERTH ¥ vhelyret.
Norwegian-Trotterof A = HbA%} HbBIE e} Alctol w3l ¥ ME ;’l%ﬂ'
g v

Phosphogluconate dehydrogenase(PGD)2] cigl o) 2} (PgdF, Pgds) FolA
Pedf N=7t ¥A ‘eigten, Polish-Arabiang ch= Atz Wl Peds
°) w7} ¥3tch. Polish-Thoroughbred x| crof Al = Pgdfel Pgdsel 5 ¥l
iz} MEst SAslgl, Polish-Anglo Arabianz} Polish-Primitiveod M=
= gzt WErt Fstch. Italian FFAME PgdFe] WE7t AMY2 R
$3t2, Italian-GiaraolM Pgd® W=7} 7b¢ %7 utelytch(Table 5).

paMe] SMa} W RX & Peaf3l PenSe] WE7L FAbshut Pgase] W =7}
ct2 ¥A uebytch, 22l el ATAME Perde] W=7} PenF2] u|3l ¥
7| Jelyto}, Italian—Giarat: monomorphics}od PeaSat 7} & ]| glch(Table
5).

Malic enzyme(ME)2] $¥™ ‘'fol: monomorphict} wriof  USAS)
Standardbred®} Thoroughbredod A= MNeFe] W &7t %7 velyten,
polymorphicstod zlzinig} ch& P& 2 3lch(Table 5).

Malate dehydrogenase(MDH)2} Haptoglobin(Hp)& zt&7F W& ZAXR c}
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//,—%}J‘i!!} W2y 4 dsienl, zzel asiel FAx LEF w2t A2
Ak tof folatzh A, MFE AlziutedM 92l v s X
weg ZAL 43 Al, Hb, PGM & Hardy-Weinberg equilibriunitelol
aJglorh, Pi, Es, PGDE oYW A& 2ed 2 ol g %Atz Yot

Ao s Aash ©Ae) el AUt US QF7t n2ER
on] Bs], Harrls®E $U2 ADoAM 104 7} k2 FU HAF 27N
A R A3 24 7123 V2 Bei7h chAVAE 2olH, gl 2% BT
ol#i Mt} W= 0.0630)2k2 B 2stsich(Harris, 1980). ZUANE A
259 ATe) Wi vl ol WL (0.076)% Mg A
ol*d Mtz W= (0.033)F 22% ¥} SLcH(Oh et al., 1988, 1989). zizin}
AN E g DYciMe] B ol WL ( 0.399 * 0.064)7} MY
2 =z (0.274 + 0,07} ¥skch. olM® WA ol®3 M gtat W=7t
$e NS U DN Hslol Y Adtto] MYF LAY Avcet A
e A& gAY

2aMen MZs Melule] SHA 24g Fshr] M E © U
wula) z}glof ol Vst Wasiel, seigNY & A7 AAM,
DNA $2ojMe) 227t Welslojol ¢ Rog Aratch obge & XA
3}, Pi, Hb, PGM, MEX M3 zleln}e] genetic marker®A o] §¥ 7Hed&
glzl=t, Mgt zlelute] SMAH XA sttt HF L, Y AL
°] wla7} W4Moln) %8|, Mongoloidelel w7} 4;3};}3_ At sich,
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M2s zeiviod A ofeiztzl N7IdFHE& ol EX U W MYF vy
9Ze] GM M Wolg ZAstol, FAM 243 genetic marker& #W4ich
AlS AlA, 4182] S 702) dgiLatzt Exsted, FAA W = 414 0.398,
418 0.602% vhepyteh(x2z = 0.02, d.f. = 2, P < 0.9). .
Pix 7782 ohgl' =} PiF, PiS, Pil, Pil, piN, Pis, PiV $o] M3 x zi|
sjutodd Hesigich. Piel §Aa W= P 0.035, PiS 0.109, Pi!
0.020, PiL 0.519, PiM¥ 0.309, Pi8 0.008, Pi! 0.002% Ao goh(X2 =
164.8, d.f. = 21, P < 0.005).

Es:= M 7ie) cigllx} EsP, Es', EsS7t AREHAZ, olw R V=
+ 7zt 0.266, 0.712, 0.022% AYRE|FAcH(X? = 21.28, d.f. =3, P>
0.005).

Hbe HbA, HBBI, HBBIT A} 742 lzbzh FEEIR2, Hbe) FAab L=ET
HbA 0.12, HbB1 0.62, HbBI! 0,262 % iielyrch(x2 = 2.63, d.f. =3, P>
0.25).

PGM-& Penf, Pga® 5 71o] cdulzizt Ae=ign, PMe] FAz U=s
Pga¥ 0.4344, Pem® 0.56560} 31 th(X2 = 0,2338, d.f. = 2, P > 0.75).

PGDE Pgdf, Ped® 5 712 dyLatrt Fe=da, A2 V=L Pedf
0.823, Peds 0.1778 Ar&E|ch(X2 = 7,53, d.f. = 2, P € 0.05).

M2 5 zlelutolA Hp, MDH, ME 3%2] %)% 2 monomorphicstgict. 9%-2]
o) zpele] W o)yt WEE 0.329 + 0.0120] 3¢},
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