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ABSTRACT

In order to clarify the genetic composition and to find possible
genetic markers of Cheju native horses, the genctic variations of the
nine proteins(Al, Pi, Es, Hp, Hb, PGD, PGM, MDH, ME) were inves-
tigated by the gel clectrophoretic techniques. Al: There were two
alleles, AIA and AIB. The alleles frequencics of AIA and Al B were
0.398 and 0.602, nspcctivcly()(2 =0.02,d.f.=2,P>0.9). Pi: Seven
Pi alleles (PiF, PG, Pil, PiL, PN, PiS and PiU) were detected. The
gene frequencies of Pi were PiG 0.136, PiL 0.496, PN 0.260, and
others(Pit, Pl AU, PS) 0.108, respcctivclg(xz = 62.48,df. = 12,
P < 0.005).- Es: There were three alleles, Est| Esl and EsS. The gene
frequencies of Es were EsF 0.266, Esl 0.712, and EsS 0.022, respec-
tively(X? = 21.28, d.f. = 3, P < 0.005). Hb: Three allcles (HbA, HpBI
and HbB1l) were found. The gene frequencies of Hb were HbA 0.120,
HbB1 0.620 and HbBIl 0,260, respectively(X® = 2.63,d.f.= 3, P>
0.25). PGM: There were two alleles, PgmF and PgmS. The gene fre-
quencies of PGM were PgmF 0.434 and PgmS 0.566, respcctivclg
(X? = 0.22, df. = 2, P> 0.75). PGD: There were two alleles, Pgd
and PgdS. The gene frequencies of PGD were PgdF 0.823 and PgdS
0.177, respcc:tivcly()(2 = 7.53, df. = 2, P < 0.05). Three proteins
(Hp, MDH, ME) showed the monomorphic traits in this population.
The mean heterozygosity of nine protein loci were calculated as
0.329 * 0.012.
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M A

FEAT A d Ao dyH o) B AFE AFE A 719 %5 B (Smithies, 1955) ©)
EUE ol B e FolM VY= gk 53], AFAGNN B0 E ¥EAL PIo
&8¢ #3432 A H(genetic marker) 24 o] &3 A Oh F, 1988, 1989). walA, &
Aol X dlAde fFH4 24S Wile A Id FARA AHUH ZdoMy F
a3t

2 By VNS Y WAl WEHAY] Ao ANHAH FaAde 23 U}
ol @ AP {FAHRHQY AFE v)F, oldEol, LQAEZ o}, FJE 2 gol,
£ 5 o2 YoM YAy Q) w9 Ahe] A AR FHa W
X @8N 2o ¥ v AcHBowling # Clark, 19857 Cothran 5. 1987+ Lubas 5,
1989a).

T ME FFot2 A sl e 2ol A Han 5(1986a, 1986b, 1986¢, 1989, 1990a, 1990b)
ol N {FAH PSS R DEUD, AFE ANF Tl N AT E Chung(1985)
o] ¥1 & v} o},

2A7eAFE AAHFT D] KU 24 F9387) & I3 &l = albumin
(A, protease inhibitor(Pi), esterase(Es: EC 3.1.1.2), ¥ haptoglobin(Hp) & H¥+
& 2 Q) haemoglobin(Hb), 6-phosphogluconate dehydrogenase(PGD : EC 1.1.1.44), pho-
sphoglucomutase(PGM : EC 2.7.5.1), malate dehydrogenase(MDH : EC 1.1.1.37), malic
enzyme(ME: EC 1.1.140) 59 BE¥Y ¥ ¥9 432 UL E a2y, 2 Ao
& Ay 4 FJde] Ha viwPEAsi

A U ARTY|

MFTA ALSS A 2y 2o HAS P & Y38 S 37 98l EDTA-Bottleo! ¥ i,
1500 X goll A 582 i delsted d4n o2 el Beld A4S A8 Ak 70 Col
Pitadn MY re Y H95(09% NaCDR 1500Xgot M 5# 2 4 alsted 38 4 atg
AN4YF HY Y7 70 Cof Betadckrt H719% 2 Mol 002 M phosphate buffer(pH
6808 5% Wol ¥% - #5471¢ YUY hemolysatesd o A& ALg3atyu}

Holds U g .

Al piel 4219 % W P92 Pollitt 2 Bell(1980) 2! thin layer acid gradicnt PAGE "] & 8 & 3l
Abgso Esol HHEY 44 Anderson®t Braend(1989) 2] [EF-PAGE '$. telit Hpel ¥
G &P Habib(1983) 21 4 & <L &8kt Hb2l 441 Bowling's (1988) ¢ IEF-PAGE(pH 55-85)
o] Wl e atal Al Alsta, PGM oY et sl e Tipler's- (1982) °] & k(b | o ¢b [EF-
PAGE(pH 5.8-80) i 4 8tk 12 PGD MDH, ME2) 3 & & 3412 Harriso} Hopkinson(1976)
ol @ 10% H¥ N HAYE S HAG & e Mmao g A4 aleu),
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Ale] B8 &S Acid gradient polyacrylamide gel 7195402 ¥ 4% A ol kel
w2} AA, AB. BB Ml 712 Ed 8o H&2HAR(Fig 1, F Azl #34 Wee
AI*=0398, AP=06022 M Are] N7t Y4 F%H(Table 1).

Piel BEUYE Fig 1914 BeiF & uis} gol 71T 4 olFxol uie} AR
1L, GS. GI, GL, GN, FN, FI, FL, FG, LL, LU, NU, NS, NL, NN, IS, IU, IN,IL $ol 3=t
PiRsiolA 77He] 94 dlAAV AeHdes, HE2E A FoAA PiC=0.136,
Pi¥=0260, Pit=04969 WL & B, 22 2 9z HaE 7Iel AP AP P
P, PV el ¥ E 0.108°] 21 cH(Table 1).

+
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Figure 1. The phenotypes of protease inhibitor and albumin separated on the acid
(pH 4.6) gradient polyacrylamide gel in Cheju native horses. The gradient gel
was composed of the scparating gel (10% and 8%), sample gel(4%). The
proteins were analysed by Coomassic Brilliant Blue R250 staining. The
phenotypes of Piand Al in each lane-are as follows;

Pi : 1-1I; 2-GS; 3—-GI; 4-GL; §-GN; 6—FN; 7—Fl; 8—FL; 9-FG; 10—
LL; 11 -LU;12-NU; 13—-NS; 14—-NL; 15—-NN; 16-18; 17-1U; 18-IN;
19-1L.

Al: 3,12,13, —AA;1,5,8,7,9,11,14,15,16,17,18 —-AB;2,4,6,10,
19-BB.
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Esi= IEF gel 4ol X F Wi=o] o] 557} ME 240 @} ¥ TR AL (Fig
2), 4 N F24 YA RHES =0.266, Es'=0712, Es*=0.022)7} 2299 Es 39
N HEE YA FoM Ede) N} Ay =% (Table 1). ‘

HbS IEF3elM F(+) 3 %9 band& o, gene®) AHgol o8, (<) 22| pand
a;gene? 1HE ol o8] 4 45 7] 2 ol (Bowling %5, 1988) Hbo] HH & & 43 Z9) band9
53 %9 band®] 2=l wat A/A100 : 0), A/BI(80 : 20). A/BII(30 : 50 : 20), BI/BI(60
© 40), BI/BII(30 : 30 : 20 : 20), BII/BII(60 : 40) 2 B39 (Fig. 3). Hb §47 v
=T Hb =0.120, Hb™=0.620, Hp™=02602 2 M Hp¥o| 7} 3 %4 42 = A (Table 2).

PGDE M 7HA] B8 do] HaEYn, 14 M4 vig: Pgdf=0.823, Pgd*=0.1772 M
Ped"A 23S} W7t %A Yebwtoh(Fig. 43 Table 2).

Table 1

The distributions of phenotypes and gene frequencies in plasma proteins(Al, Pi, Es)
from Cheju native horses

Phenotype
Protein Gene Frequency
Phenotypes Observed Expected

Albumin(Al) AA 42(15,6) 4257 Aa* = 0398
(n = 269) AB 130 (48.3) 12888 4B = ¢602
BB 97(36.1) 9725 X? = 0.02,P>09
Protease NL 105(39.0) 69.38
inhibitor(Pi)  GL 57(21.2) 3629 PC = 0136
(n=269) LL 45(16.8) 66.18 ~N = 0260
GN 9( 3.3) 19.02 AL = 0496
FL 9( 3.3) 8.81  Others= 0.108
NI 7( 2.6) 574 X* = 62.48,P<0.005
NU 6( 2.6) 2.38
NS 5( 1.8) 2.38
Others 26( 9.7) 58.83
Esterase(Es)  FF 32(11.9) 1900 EF = 0266
(n = 269) FI 78(29.0) 101.80 &' = g712
1 147(54.6) 13633 ES = 0029
IS - 11{- 4.1) 854 X = 2128, P<0.005
FS 1( 04) 0.14
Haptoglobin 1.1 269 ' = 1.000
(Hp) '
(n = 269)

Percentages are in parentheses.
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Figure 2. The zymograms of scrum esterase separated by isoclectric focusing (pH 3.5—

6.0) in Cheju native horses. Five phenotypes were detected as follows (from
left to right); FI, FF, FS, IS, IL.

Figure 3. The phenotypes of haemoglobin separated by isoclectric focusing (pH 5.5—
8.5). The proportions of the fast(band 1, 2) and slow(band 3, 4) haemoglobin. -
fractions were distinctive as follows; A/BI(80:20), A/BII(30:50:20), BI/BI
(60:40), BI/BII(30:30:20:20), BII/BII(60:40). The left to right; 1) BII/BIL,
2) A/BII, 3) B/BII, 4) BI/BI, 5) A/A, 6) A/BIL.

+
+ 'y
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Figure 4. The zymograms of phosphogluconate dehydrogenasc separated by starch gel
clectrophoresis(0.1 M phosphate buffer, pH 7.0) in Cheju native horses.
Three phenotypes were detected as follows(from left to right); FS, FF, SS.
The zymograms of phosphoglucomutase separated by isoelectric focusing

(pH 5- 8) in Chcju native horses. Three phenotypes were detected as follows
(from left to right); S8, FS, FF.

Figure 5.
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Table 2

The distributions of phenotypes and gene frequencies in red cell proteins(Hb, PGD,
PGM, ME) from Cheju native horses

Phenotype

Protein Gene frequency
Phenotype Observed  Expected

Hacmoglobin  AA 5( 2.4) 3.14  Hb™ = 0.120
(Hb) ABI 32(15.2) 31.40  HB! = o620
(n=211) ABII 9(43.0) 13.16  HoB! = 0260
BIBI 81(38.4) 81.16
BIBII 68(32.2) 6803 X’ = 263,P>025
BIIBII 16( 7.6) 14.16
Phosphogluco- FF 138(65.1) 143.03  Pgd®t = 0823
nate FS 73(34.4) 61.74  PgdS> = 0.177
dehydrogenase SS 1{ 0.5) 6.63
(PGD)(n=212) X? = 753,P<0.05
Phosphogluco- FF 33(18.0) 3453 Pgm' = 0.434
mutase(PGM) FS 93(50.8) 8992 PgmS = 0.566
" (n = 183) ss 57(31.2) 5854 X! = 022,P>0.75
Malate 1-1 211 Mdrt = 1,000
dehydrogenase
(MDH)(n=211)
Malic enzyme FF 211 MeF = 1.000

{ME)(n=211)

Percentages are in parentheses.

Table 3

Mean heterozygosity of plasma and red cell protcins 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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Table 4

Gence frequencics of Albumin(Al), Protease inhibitor(Pi) and Esterase(Es) in plasma

from various horse populations

Population Gene frequency References
AIA Al aB

Italian

Arabian(n=346) 0.353 0.000 0.647 Lubas et al.(1989b)

Maremmani(n=248)  0.425 0.000 0.575 Lubas er al.(1984)

Sanfratellani(n=108) 0.388 0.000 0.612 "

Sandinjan Anglo- 0.300 0.000 0.700 "

Arabian(n=303)

Giara(n=64) 0.380 0.000 0.620 ”
Austrian(n=120) 0.514 0.000 0.486 Schleger(1973)
Norweigian

Warmblood(n=400)
Swedish(n=2867)
Cheju native

horse(n=269)

Australian
Thoroughbred
(n=750)
Thoroughbred
(n=1500)

Cheju native

horse(n=269)

Italian
Arabian(n=346)
Maremmani(n=248)
Sanfratellani(n=108)
Sardinian Anglo-
Arabian(n=303)
Giara(n=64)
Norweigian
Warmblood(n=400)
Cheju native
horse(n=269)

0.560 0.000 0.440
0.489 0.049 0.492
0.398 0.000 0.602

pF PG pil

piL PN PpiS

piV

0.062 0.019 0.071 0.427 0.200 0.09! 0.130

0.057 0.030 0.077 0.447 0.177 0.079 0.133

0.035 0.109 0.020 0.519 0.309 0.006 0.002

Esf EsG Esl EsS

0.059 0.000 0.911 0.031
0.201 0.000 0.749 0.050
0.357 0.000 0.571 0.072
0.190 0.000 0.838 0.072

0.180 0.000 0.710 0.110

0.180 0.100 0.010 0.710 "

0.266 0.000 0.712 0.022

Braend & Storest(1979)
Sandberg(1974)
Present study

Pollitt & Bell(1980)

Scott(1977)

Present study

Lubas er al.(1989b)
Lubas et 2l.(1989a)

”

L4

Braend & Storest(1979)
Present study




Table 5

Gene frequencies of proteins(Hb, Pgd, Pgm, ME) in red cells
from various horse populations

Population Gene frequency Reference
HuA Hbal HbB"
USA
Arabian(n=4344) 0.004 0552 0.445 Bowling et al.(1988)
Peruvian paso(n=106) 0.118 0.467 0.415 "
Trotter(n=600) 0.071 0.425 0.504 Cothran et ai. (1987)
Italian
Arabian(n=346) 0.003 0.559 0.398 Lubas et al.( 1989b)
Norewegian
Trotter(n=360) 0.240 0.470 0.290 Braend et al.(1983)
Warmblood Trotter 0.060 0.450 0.490 "
(n=274)
Cheju native horse(n=211) "0.120 0.620 0.260 Present study
Pgdt  pgdS
Polish
Arabian(n=1290) 0.290 0.710 Tomaszewska-Guszkiewicz(198 7)
Thoroughbred(n=1192) 0.576 0.433 "
Angloarabian(n=638) 0.880 0.120 "
Primitive(n=185) 0.880 0.120 "
Italian
Maremmani(n=248) 0.780 0.220 Lubas et al.(1984)
Sanfratellani(n=108) 0.860 0.140 "
Sardinian Anglo- 0.632 0.368 ”
Arabian{n=303)
Giara(n=64) 0.949 0.051 "
Arabian(n=346) 0.615 0.385 Lubas et 4i.(1989b)
Trotter(n=1000) 0.762 0.238 Romagnoli e¢ al.(1984)
French
Trotter(n=780) 0.788 0.212 Podiachouk et al.(1975)
USA
Trotter(n=600) 0.795 0.205° Cothran et al.(1987)
Cheju native horse(n=183) 0.82% 0.177 Present study
Pgm® PgmS
Polish
Arabian(n=1290) 0.260 0.740 Tomaszewska-Guszkicwicz( 1987)
Thoroughbred(n=1192) 0.002 0.998 "
Angloarabian(n=638) 0.017 0.983 "
Primitive(n=185) 0.130 0870 ”
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Table 5 (Continued)

Population Gene frequency Reference
PemF  Pgm’
Italian -
Maremmani(n=248) 0.147 0.853 Lubas et al. (1984)
Sanfratellani(n=108) 0.083 0917 "
Sardinian Anglo- 0.034 0.966 ”
Arabian(n=303)
Giara(n=64) 0.000 1.000 "
Arabian(n=346) 0.106 0.894 Lubas et al.(1989b)
Trotter(n=1000) 0.131 0.869 Romagnoli et al.(1984)
French
Trotter(n=780) 0.054 0.946 Podiachouk et al.(1975)
USA
Trotter(n=600) 0.191 0.809 Cothran et al.(1987)
Cheju native horse(n=183) 0.434 0.566 Present study
MeF Mes
USA
Standardbred(n=667) 0.936 0.064 Guttormsen & Weitkamp(1981)
Thoroughbred(n=85) 0910 0.090 "
Cheju native horse(n=211) 1.000 Present study

PGMel BH Y& Fig 5949t o] FF, FS, SS Al 7HA17F 2= A2, i
Pem*=0.434, Pom®=05672 M Pgm®2l2t2] gte]l chd ¥ A veEbstcH(Table 2).

Table 3& 2 A7y ZAE AFE HAFEH UYeelM 83 G493 H(AL Pi,
Es, Hp)el ¥t o184 %0399+ 0064) % ¥+ &3 19 (Hb, PGD, PGM, MDH,
ME)e] 34 ol 33840274 +0012)% YEHALD -9/ S A Ao Ht o]y
HYA(H) € 03204001201 @8 el Az HYF G UG ving o 43 o9
fele] Yt olyHYA Wt HYF A #9lo gy Ut

84 e ol A Pi, Es®] & A4 £ & Table 40 b At vl stk Al A4
ub Aol i M) R e gl el RHAR, AL, A /E -3 S vhd ol (Sandberg, 1974), CH*
derol A= % Al sl AR A ARSI Lelar ez elol®) Warmblood St
@ zrieloh vkl A is Apre] nlw b g o-ul vl el -£UE G vl vt deholl Al A
¥l 7 w0k Piv: Thoroughbredol Al 8ot 7702wyl Qlab7h el - hall My 72 xl
Ao pite) witsb b4 34 vhebubal uH(Table 4). Esi olghe]olo] ofef nb Yvha
A ehEutoll A sHel wHslol ol el Au sjar o] F ESNINVE vhY Al it
sllo) 2] Warmbloodoi= b 7Hel ohyiQl4p7b R sIar vt fxkaty: el Es® Wx vt
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HY T <9 Hb, PGD, PGM, MES # 3% § e Id v 23t ch(Table
5). Hbxz B e 2& HolM 25 M 78] thA=(Hp*, HbY, Hp¥) ol o3 x)uf =] 32
Q2o ul52 Trotter®} 29 °]2 Warmblood trotterol & Hp™ol E A ebgch
PGD2l f ¥z & F&=, oldelol, @A o] MFE HPFLAM HANHo2 F
e} g dztel s Auisin Qo) il Ho g pgf w7t Fod v EF=9
Arabian A & Pgd® M =7} Al Jebtth PGM2 ol @ 2]o12) Giara?°l monomorphic &
S O B Yd e 5 e AP A2 (Pgmf, Pgm®)oll 28 A s Qoo Pomsel
M7k A Jebdto 28] 3 v)3 9] Standardbred® Thoroughbredoll & Th8 #4H&
Hols= ME€ MFT M T Jol e monomorphic 3HATH

2 Aol zAbE Al Hb, PGM2 B9} 71dha] 2ol X2 2AE A3 f43
HEgelol o AUt Pj, Es, PGDE #2x1E Ho|X o] ol &2 o] o} Azlaln
+3% 4 Ao 221 Pi, Hb, PGM, ME 52 AFE NAZ 2L genetic marker2M
ol &4 7he 4 e AT FEF AN F e FHH 548 gotsteid MAFE g1,
FF 0 %2 3D vwvt YR dle, 53] DNA FFoMe |79 S O el
w7t g+Hojg} tgdnt
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A HFRety DRt AAIGY =8
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