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ABSTRACT
This study was conducted to investigate the genetic make-up

of Che Ju native horses for conservation. Standard methods of

polyacrylamide ( Juneja , Gahne & Sandberg , 1978 ) gel



electrophoresis and acidic gradient PAGE ( Pollitt & Bell , 1980 )
were used to identify inherited varants at the following enzyme
and other protein loci @ protease inhibitor(P7), albumin(A/b), Gc,
AIlB, transferrin{7f) in 140 Che Ju native horses. The analyzed
results of phenotype, genotype and gene frequency were as
following :

1. In the protease inhibitor(Pi) locus, 41 different phenotypes were
identified and assumed to be controlled by 14 autosomal
codominant alleles designated Pi’, Pil, pi Pt r, piY P,

pi¥ p" pi° pP¥* P P’ and Pi®. The phenotype

distribution was estimated to be 12.1% for LS, 9.3% for NS
and 6.4% for NP. The Pi’allele with the frequency of 0.257

showed the highest frequency.

2. With respect to albumin(Alb) locus, three different phenotypes
AA, AB and BB which were assumed to be controlled by two
codominant alleles, Alb" and Alb®, were identified. And their
phenotype distributions were 11%, 48% and 41% respectively.

The frequency of AIbP(0.654) allele was much higher than that of

Alb*(0.346).



3. As regards Gc protein(Ge) locus, two different phenotypes, FF
and FS, were observed and their phenotype distributions were
90% and 10% respectively. However, the homozygous SS type

was not observed 1n the present study. The predominant allele

was G allele with a frequency of 0.950, and the frequency of

Gc® allele was 0.05.

4. As for the AlB protein locus, two different phenotypes, KK
and KS, were observed, but homozygous FF phenotype was not
observed. The phenotype distribution for KK phenotype was 97%

and that of KS phenotype was 3%. The frequency of A1BX
allele(0.986) was predominant over that of AIB® allele(0.014).

5. Concerning transferrin(Tf)} locus, fifteen different phenotypes
DD, DF;, DH, DR, F.F,, FiR, FaoF, FoH, F:0, F:R, HO, HR, OQ,
OR and RR were identified and their distribution of Tf
phenotypes were 1.43%, 13.57%, 1.43%, 7.86%, 0.72%, 0.71%, 72%,
1.43%, 10%, 17.14%, 0.71%, 3.57%, 0.71%, 4.29% and 10.72%

respectively. The frequencies of the six alleles YTD, T}‘”, 1Y~

T, 7° and T¥* were 0.129, 0.007, 0.471, 0.036, 0.082 and 0.275

respectively.
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o] ¥ pi @A HAYE Gahne(1966)9 acid starch gel
electrophoresis®| 2)8] H%ZZ Prealbbumin(Pr)22 ¥3€ F, I, L
9 S FAA7E HaEHAA o]F Acid PAGE electrophoresis(Pollitt
& Bell, 1980)9] 7idte] ojsf MEE dd FAAESel FIHAT
1970d Braendel 93] N, T, U ¥ W9 dig 347 w8 Hx,
Scottel 98] G iy FAA19ITNY Z dH FAA1979) A=A
o AF7A 48R P A dE #¥3A= F G LN L S, U,
X,Z P,R O K H V, ] Qs 204F] o]&r}

B A9 A pH 469 acid PAGE electrophoresisell €8} #Fu}
g3 P H9& £4Fddo HUFGFYLS Fig 17 29 e
t} 14059 AT APvolo] 3 PiY FEFL F, LN L, S, U X
PR OKV,J QU3 FAaAd 3 A== 41717 £@ P o)
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Aefvl AdolA Pi PP FHNEE LS| 121%2 713 &
A Yeskm, NSHol 93%, NP3 o] 64%, INY, SS8 % KSH o
BE 57%, 1S¥, SUE 2 KN¥o| 2% 4.3%, KL¥ o] 3.6%, NN¥
2 NL&e] 2% 29%, FI¥, FS¥, IR¥ ¥ NUde| =% 21%, FL
¥, IU%, K%, N8, LU%, LLY, JLY, PSY % JQ¥o] &%
1.4% 2dV=2 FAaHqer yrz #dF2 1% vlde ¥
g YehfAd

f42 Az AANE P AP Fd47 02572 1 FPNE
7 b w=ged pi, pit, P P, PiY) PT, P, PP, PIF, P
2 pi? g $ARo) zh2 0,193, 0.132, 0.100, 0.082, 0.068, 0.050,
0.050, 0.025, 0.018, 0.010 R 0.007¢] N=2 AEHA=R Pi° R P

Hd FdA7E 25 0004 22 EEHEE HEHIAUT

_10_



P+ LL IN Z+ IP FX NJ NS NU SP LK

Fig 1. Electrophoregram of Pi protein phenotypes in Che Ju

native horses
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Fig 2. Electrophoregram of Pi protein phenotypes in Che Ju

native horses



Table 1. Gene frequencies of Pi locus in Che ju native horses

Phenotype Observed Phenotype Observed  Allele Frequency

FF 1(0.007) NK 6(0.043)

FI 3(0.021) NJ 2(0.014)

FN 1(0.007) LL 2(0.014) F 0.050
FL 2(0.014) LS 17(0.121) I 0.100
FS 3(0.021) LU 2(0.014) N 0.193
FU 1(0.007) LX 1(0.007) L 0.132
FX 1(0.007) LK 5(0.036) S 0.257
FR 1(0.007) LJ 2(0.014) U 0.068
I 1(0.007) SS 8(0.057) X 0.010
IN 8(0.057) SU 6(0.043) P 0.050
IS 6(0.043) SX 1(0.007) R 0.018
18] 2(0.014) SP 2(0.014) O 0.004
IR 3(0.021) SK 8(0.057) K 0.082
10 1(0.007) 918 1(0.007) \% 0.004
P 1(0.007) UP 1(0.007) J 0.025
IK 2(0.014) UR 1{0.007) Q 0.007
NN 4(0.029) UK 1(0.007)

NL 4(0.029) PK 1(0.007)

NS 13(0.093) V] 1(0.007)
NU 3(0.021) JQ 2(0.014)

NP 9(0.064)

Total 140

* Figures within parentheses are the percentage of observed phenotype
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Table 2-13} Table 2-2¢1 el & 459 da p7 dd &
Ao A= Bl o ofAEQ Stone Cabin 114 7} A4 et e
o, AF AH#ete] A5 0059 N=Z el &5(1990)0] Kk
00178 Hz2d ¥4 ASHARL IE AHZFA Hokkaidost
Tsushima A #@Hvie] ¥1X 0.043, 0.052¢F 713 Ao

m &9 Clan Alpine 1 oFAwntelAl P° ¥ {7} 00439 W)
T2 A AZ&YJI Standardbred, Thoroughbred, Morgan horse
4 Quarter horse®] EFNA 0.029 0.04A10]9] BIEE nlwFH I E
E¥XE yelyoy vule Beaty Butte ©FAwl, nj3¢] Stone
Cabin 1 °Fgvl 9 ®| 39 Stone Cabin 2 ofAulo A& HEHA
gtz AF At A PO E ARV AEHA Gk

Pi' g SAAY A$ vFe] Wassuk okrvtolA o ®Wlx7}
036022 71 A vetgx AF Aot 35 01002 ¥N=E
Bgon o] AL Philippine A#vre] FAA WX 00907 88
1=

P ¥ #dAE Morgan horse ¥ Quarter horsedlA z+z}
0303 2 03799 RE=Z 713 A AEHAX AF AHetolM=
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Pi* g FRAANME BE5(1990)0] B MF Avie] pit
Hy A7 07418 52 7P =A debded B A7 9
s Srold Pt Ul At HIE 0I32MTE 498 e FARZ
LER o8] AR el Hokkaido, Kiso ¥ Tsushima A#v =g 2
A=7F 742F 0.895, 0910, 07472 "¢ & YT E JedEd, o
R 7 A7AEe] AF BA9 B Wyl v& T Aol
gl F, L L 2 S dg faxigto] gelso] L g FAA4Y Hx
7h ddiAez A Yebd Aoz Bzrdd

B A7d g% AF Aot Pi Al FAAFTAAN M B2 W
=& YEd fAE P° O #4822 WX 0257008
Pl 5¢] Flanigan ofAdvlelA el W% 03368 s X Fgkar 4
A M=7F 02519 7)59) Stone Cabin 1 oFAviel fA}SE I &

LR S

53], & FFAAE HJdHA &3 Standard EFAAM HE
A P g AR AF AGeiel A AAHAT o HAA N
i Standardbred”’} 0013, AF AWet7t 0.01022 {AVSA ey
23

Arab %% 2239 Barb FFA ZF 0019 NEE ekl

PZ Y §A4E AF AduilA 2287 e
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Pi¥ 9y AR glolME v ok4E<Q Clan Alpine 2 °F
Autel A 01139 IxE2 7HF A detst AF Aol e
P dd §AA 9EE 005002 939 Wassuk oFAvFe] W%
0.0537% FrAFSHA LtEFRETE

P O A4 3% AF AGuielA 2 FH2 N7t 0018
2 Yeygs 2239 Barb £F9 {42 ¥E 00263 FAFHA
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Pi° dg fA4E " Clan Alpine 1 °F479} Stone Cabin

j el
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e

2 ofAvte A b & ¥I=R YElgEd 1 F4A4 ¥R
00382 AlF Agetel M FAA ¥NE 0.004¢%E & AojE HA
o1} Standardbred®] 1% 0.0069F vl FAFSHAl YERSTL

Pi" qd A4S »¥ Standardbred?t ¥ o] 9% AF A
HetE AYs e EFAAE AFHA e 1 /A "
¥ 7+z} 00149 00042 vi$ i)

P’ g FRAE "9 okAF Clan Alpine 1914 0.0439] ¥l
E2 % 24 AEHJAL AF At P dE FAAE o F
ZH s B2 00259 SR

Pi¥ ¥ #AA =3 vl Flanigan °kAve} ¥ o] 9ot

A% AARE AE o FRAME HAFA FYw AwE 242
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0.003, 0.0072 wf-$¢ v
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Table 2-1. Gene frequencies in serum Fi locus of Che Ju native horses

and other breeds
3 Alleles
Breeds —0o T T 7T IN| L S |U]| X 7
Ci |0.050| - ]0.100/0.193] 0.132 | 0.257 [0.068| 0.010| -
Ci" [0017] - 10164 - 10.74110078| - - ~
HK™ [0.043| - (0062 - [0895| - - - -
KI™ (0008 - [0060] - 10910][0022] - - -
TA™ [0.051] - (0052 - |0747]0150 | - - -
PP™ 10040 - 10090 - 108200050 - - -
TL™ 10029 - (0083 - {0903/0005| - | - -
AR™ 10.040 |0.140! 0.060 0.120] 0.270 | 0.120 [0.230, - |0.010
BE™ |0.010 [0.020 | 0.030 {0.140! 0.310 | 0.200 [0.200] - | 0.010
BB™ | - - 100360154/ 0576 | - [0.109] - -
CAI™ | - 10.043]0.021(0.058/ 0.361 | 0.164 |0.043] - -
CA2™ | - 10.020]0.073 10.048| 0.283 | 0.226 |0.032] - -
F - 10.023]0.126 |0.057; 0.103 | 0.336 |0.105] - -
 SC1+™"10.109| - |0.0080.033]0.358 | 0.251 |0.121} - -
SC2™™ 10.075| - |0.173]0.004] 0.394 | 0.142 {0.150| - -
Wt - - 10360 - |0201]0311[0.008] - -
ST™™ 1 0.021 10.021 | 0.080 [0.080] 0.286 | 0.083 [0.359/0.013| -
TB™***{0.030 {0.015] 0.060 10.045 0.185 | 0.130 [0.130] - -
MH""*10.019 [0.037 | 0.049 [0.303| 0.179 | 0.079 [0.291] - -
QH™ ** | 0.005 |0.040 | 0.040 [0.379| 0.126 | 0.218 |0.177| - —

* ff5(1990) ** Nozawa et al.(1976) *x* L Quragh et al(1994)
k%% A T. Bowling(1994) **xxxx K. Bell, et al(1984) #xxx*xx A T,

Bowling et al(1985)

HK: Hokkaido, KI. Kiso, TA: Tsushima, PP: Philippine TL:
Thailand AR: Arabian, Be: Barb, BB: Beaty Butte, CAl: Clan
Alpine 1 CAZ2: Clan Alpine 2, F: Flanigan, SC1: Stone Cabin 1,

SC2

Thoroughbred, MH: Morgan horse, QH; Quarter horse

_.18_
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Table 2-2. ( Continued )

Alleles

P R O K H \% J Q |Other

Ci_ |0.060/0.018(0.004[0082] - |0.004 |0.025[0.007| -
S I N S R
HK® | - [ - - - -

KT | - [ - - [ - - T — T -T-71T-=-
TA® | - | - - - - e
T e e e e N
T | -
AR™ [o010] - | - | - -
_BE™ _0010/0020] - |0010] - (<0010 - | - |0.040
_BB™ [0013] - - -
CA1"" 0082 - [0038/0.029/0014] - [0.043] - |0.101
CAZ™ [oa13] - | - | -

F 10057(0026] - | - [0089] - | -
SC1™*10.040]0.010/0.019| - [0019] - (0027
SC2™ 0.016]0.008]0.038 | -

W 0083 - | - .
ST 10.002]0.001 [0.006 [0.0180.015] 0.014 [0.001| - | -
T e R -
MH™™] - | - - — T - T = [ -7 - loo4s
T i e e e e e e e e YO

| Breeds
B

—_

* BF%5(1990) *=x Nozawa et al.(1976) *** L Quragh et al(1994)
xkxx A T, Bowling(1994) =**xx K. Bell, et al(1984) ****xx A T,

Bowling et al(1985)

HK: Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine TL:
Thailand AR: Arabian, Be: Barb, BB: Beaty Butte, CAl: Clan
Alpine 1 CAZ2: Clan Alpine 2, F: Flamigan, SC1: Stone Cabin 1,
SC2 : Stone Cahin 2 W: Wassuk ST: Standardbred, TB:
Thoroughbred, MH: Morgan horse, QH; Quarter horse
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2. @3 Albumin(Alb) #9l°9 #3234 G3gdY

ol glofA albumin(Alb) A ®WelAd @3 A= Stormont
9} Suzuki(1963)el o) A"t AB"2) F9A g FARe o3
A== AA, AB 2 BB9 3717 EEFE S WIWHEA AR
th. o] % Sandberg(1970)ol o3| Al AlbPAtolo] ZAst= A=
¢ WYy fARs wPR o A4S Ap'Y WYY B
A-foll A PAGE 93] &8 d3F Ab ¥d%¥2 Fig 29 #7149
Zape] A A uks} 2ol Am’er AB® o) s Aw|Ei= AA, AB
2 BB 3742 #&#E o] FEEHJUC

Alb 839 F8YEE Table 394 H+= ute} Zo] AB9 BB
7t Zh 7t 4B% 9t 41%E AN FEold ot AAE 11%E v v
2 289 E YT

A Wz oA ABtH AB® §AA W= ZhZE 0.346,

0.6542 APe] WT7} tda =),



Alb

BB AB AB AA AB BB AB AB AB AB BB AB

Fig 3. Electrophoregram of Alb protein phenotypes in Che Ju

native horses



Table 3. Phenotypes and frequencies of Alb locus in Che ju native horses

- _{ .
Number of animals Gene x° —test

Phenotype

Observed Expected Frequency x4 df P

AA 15(0.11) 1680 Ab* 346
AB 67(0.48)  63.40 04523 2 90 >P> .75

BB 58(0.41) 5980 AB° 654

Total 140 140

* Figures within parentheses are the percentage of observed phenotype
EFEE9 #4x HEE vlwdle Table 69 AAsH o
A* R FAAe] A$ vFe] Wassuk oFAutlA 1 29 6%
7 0648= 7H3 A JdEwy P @e £d ¥EE 00192
Thoroughbredol A} ettt AB® g FAAN  dojAE

.

%

#

2

Thoroughbredoll A1 0.805¢] ¥lx=2 71% =& ¥IEE H
AT Adetel ¢ Ab d@FAR Ab'S AB°E 7Hzb 03463
0.654¢] 2dYIEE BEJoy oAL HA #5(1990)4 s Bz

@ AlF Adver Alb 3 AME FAE FXE YA



3. 83 Gc protein(Ge) #9119 F434 d3idy

2ol A Ge proteind] BI JF+= Juneja, Gahne &
Sandberg(1978)ell o1& G5t G TR DY FAR vl
= FF, FS, FFY) 3712 £d¥o] &usdey ¢ #8449 W=
7 dEFHCZ Atk »uE g v gk B AT oA E SSK
Y3 A3 FFe FS ® ko] AEEHUS PAGE &8 HE:
8 Gc 383 AVYTE4E Fig 4 o AAIg vt 2ol

Gc 28389 Z@¥IEE Table 4904 X nvi9} Zo] FF3 o]
909%, FS8e] 10%2 2AdANEE Jelda, GeF Yy $4x nxs=
G G B FRRE 22 0950, 0.0500.2 G A W

7t 453 Ut



Fig 4. Electrophoregram of Gc protein phenotypes in Che Ju

native horses
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Table 4. Phenotypes and frequencies of Ge locus in Che ju native horses

Number of animals Gene x° -test

Phenotype
Observed Expected Frequency x* df P

FF 126(0.90) 12635 G&& 950

FS 14(0.10)  13.30 03878 2 90 >P>.75

SS 0(0.00) 035 G& 050

Total 140 140

* Figures within parentheses are the percentage of observed phenotype
B aA79 3 6 dE FH%9 A4S v ok4E Stone
Cabin 2 oFAuloAl 1.009] ¥l=z uvetgta AF Advidy Ge
g f342 G GTE A7 0959 0059 2FNES G
=4 vl Beaty Butte °FAvl, w9 Clan Alpine 1 ofAv} |
7]5¢] Clan Alpine 2 °FAvl, ¥=9] Flanigan kvt R w39

Stone Cabin 1 ofAutFolA el fAz WIxE9} Al FAMSHH T

_25_



4. 3 A1B protein(A1B) #4919 44 dyddHY

Zel 83 AIB @A did 314 °dd YL Braend(1967,
1970)7F 3789} 94 WY KA AIB, AIBXS} A1B°e) 9%
AW E= FF, FK, FS, KK 2 KS 5%%#2° AIB ©¥#3d Fdde
Hz2 H3d bt gt} o]F Junejas(1978)°] Posta].bumjn(.Pa) e
il Pa”, Pd, Pa® 3719 Wi¥ #AAE Haddgey
Braend(1967, 1970)7} Hz & 21§ AIB @uldxy §d3 o=z
g A B dpdA AIB" §AxE FEEA gdn AIB 9
AIB® §AA ] og KK, KS #887o] Uyeldon] SS gag L
HE&= A %Urh. PAGEC 93 &9 ¥3F AIB 33%9 d74
F4<& Fig 50 A A% upe} 2}

AlB #3839 ZJHWEE Table 5914 H+= vie} o] KS #
#3o] 3% v KK FdFL 97%= wl¢ +H% FHNEE
B¢tk AlB 919 44z 9xE AIBY9 AIB° §4AUL 77t
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Fig 5. Electrophoregram of AlB protein phenotypes in Che Ju

native horses



Table 5 Phenotypes and frequencies of AlB locus in Che ju native horses

Number of animals Gene x“ —test

Phenotype
Observed Expected Frequency x< df p

KK  136(097) 13603 AIB" 986
KS 4(0.03) 3.94 0.0294 2 .990>P>.975

SS 0(0.00) 003 AIB° 014

Total 140 140

* Figures within parentheses are the percentage of observed phenotype
2 Ao Azt ostd URE viEEA ABY By fAR
o W=7t 0.9000) 8¢ M=E e en Standardbred EFNA =
1.0008] 2HUES ne AIB” 4 AIB°Y dig fAdE 73E25HA
e Aoz vt 6 JFA FF1990) AF AF Aete
A1B® oY §Ax ux:= AIB"9 AIBX dg #4271 7z
0.034s} 0966019100 AIB® WY FAAE AEHA ¥ Ao=
anEgoy B dpeM AIB Y AIB® dY §AAs 77
0986, 00149 ¥IE2 FAZHUIL AIB" Ug FAdE A&HA @

o} uj$ Aol FHEB BT



Table 6. Gene frequencies in three serum loa of Che Ju native horses and

other breeds
Alb (e AlIB
Breeds
A B F S F K S
G 0346 064 090 0030 - 0986 0014
Cj° 0.358 0.642 - - 0.034 0.966 -
HK" 0390 0610 - = - -
KI' 0306 06H4 - - - - -
TA’ 0512 048 - - - - -
PP 0230 070 - - - - -
TL 0330 0670 - - - - -
AR" 020 0730 0940 0.060 - 0.980 0020
Be” 0300 0.700 0980 0020 - 0910 0090

BB™ 0460 0540 0%1 0049 006 0B 0143
CAI™ 0514 0486 0938 0062 0019 089 00
CA2™ 0581 0419 0944 0066 0010 0914 006

F 0234 0.766 091 0049 - 0934 000
SC1I™ 0280 0720 0954 0046 0029 0923 0048
SC2™ 0561 0449 1.000 - - 0913 0087

W™ 0648 0352 098 0015 - 0833 0167

TB™™  01% 085 0939 0061 0020 0930 -
ST™™ 0615 038 0760 0240 - 1.000 -

MH™ 0445 05% 0877 0123 0085 0910 005
QH™™ 03% 0645 0878 0122 0010 0940 0.0%0

* #5(1990) ** L Ouragh et al(1994) *** A T. Bowling(1994)

wxxkx A T. Bowling(1985) Cj: Che ju native horse AR: Arabian, Be: Barb,
BB: Beaty Butte, CAl: Clan Alpine 1 CA2: Clan Alpine 2, F: Flanigan,
SC1: Stone Cabin 1, SC2 : Stone Cabin 2 W: Wassuk, TB: Thoroughbred,

ST: Standardbred, MH: Morgan, QH: Quarter
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DH, F:H, FiF; FIR, HO ¥ OO0 ®&3¥o] z}z} 17.14%, 13.57%,
10.72%, 10.00%, 7.86%, 4.29%, 3.57%, 1.43%, 1.43%, 1.43%, 0.71%,
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Fig 6. Electrophoregram of Tf protein phenotypes in Che Ju

native horses
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Tahle 7. Phenotypes and frequencies of Tf locus in Che ju native horses

Phenotype Number of animals  ;ope x* —test
Observed Expected Frequency 5 4f P

DD 2(1.43) 233

DF1 0(0.00) 0.25

DF2  19(1357) 1701 T .129

DH 2(1.43) 1.30

DO 0(0.00) 2.96

DR 11(7.86) 993 T 007

F1F1 0(0.00) 0.01

F1F2 1(0.72) 0.92

F1H 0(0.00) 007 TF? 471

F10 0(0.00) 0.16

F1R 1(0.71) 0.54 159547 20 .75 >P> 50
F2F2  36(25.71) 3106 Tf .036

F2H 2(1.43) 4.75

F20  14(10.00) 10.82

F2R  24(17.149) 3627 T° 082

HH 0(0.00) 0.18

HO 10.7D) 0.83

HR 5(3.57) 271 TF" 275

Q0 1(0.71) 0.94

OR 6(4.29) 6.31

RR 15(10.72)  10.59

Total 140 140

* Figures within parentheses are the percentage of observed phenotype
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Table 8 Gene frequencies in serum Tf locus of Che Ju native horses and other breeds

Alleles
Breed
Fl F2 H O R Other
Cj 0.129 0.007 0471 0.036 0082 0275 -
Cj* 0.065 0.49 - 0034 0060 0.345 -
HK"™ 0.205 0371 = 0.186 0043 0195 -
KI™ 0254 0343 0.052 0037 0015 0299 -
TA" 0.092 0.425 - 0.178 0.006 0.299 -
PP” 0.410 0.330 - - 0.110 0.150 -
TL™ 0.175  0.583 - 0063 0063 0.116 -
Ar™* 0090 0070 0600 0100 0.140 - -
Be™ 0300 0.020 0360 0.110 0130 0070 0.010
BB™ 0.027 - 0178 0165 0143 0.237 -
CA1™ 0317 - 0394 0.034 0115 0.077 0.063
CAZ™  0.039 - 0223 0070 0091 0121 0.166
F 0.206 - 0517 0043 0011 0160 0063
SC1™ 0115 0027 0266 0318 0029 0167 0.078
SC2™ 0.299 - 0.441 0.138 - 0.122 -
W 0.405 - 0292 0.091 0008 0.204 -
TB™™ 0320 0310 0155 0025 0055 0135 -
ST  0.245 - 0535 0005 0100 0.115 -
MH™™  0.2093 - 0543 0067 0018 0024 0.055
QH™ 0225 018 0335 0055 0070 0115 0015

* #65(1990) ** Nozawa et al.(1976) *+* L Ouragh et al(1994) =xxx A T,

Bowling(1994) #**x*x A T. Bowling(1985) Cj: Che Ju native horse, HK:

Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine, TL: Thailand, AR:

Arabian, Be: Barb, BB: Beaty Butte, CAl: Clan Alpine 1 CAZ2: Clan Alpine

2, F: Flanigan, SC1: Stone Cabin 1, SC2 : Stone Cabin 2 W: Wassuk, TB:

Thoroughbred, ST: Standardbred, MH: Morgan, QH: Quarter
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2 79 Z3} Philippine At HF9 F¢ 7 iy fARE
04109 ¥ NEE ehfdodt AF Adste F9 0.1299) W
=2 HdZse] A3d xo]s vbehd ud YR o) Tsyshima A
uto} v 9] Stone Cabin 1 oFAvt FF = 7zt 0.092¢F 0.1159
NEZ A fA4 NEE YET.

T B3 #d%e A$ Thailand AHwt EFolA 058259 =
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o

Philippine A @} 9A] z}zt 2 W=7} 0425, 0371, 0.343 2 0.330
2 23 g4 delged AF AAete 777 dE f22 NnE
0.0079] - 2¥& F£A2 ety

TF° 9 g a4 39 ArabEEA 06009 92 743 54
vebst e AlF Avte] Fe Tf Ay #3&4FAA 7P 52 9
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AR Kiso AAut ¥ v]=x9 Flanigan °FAwHe] (ZH2} 0.543,
0.535, 0.523) W=} fAMSHA EFST)

AW AS(1990)0] o3 248 AF Aeie A 777 dY &
AR AZ2HA gL v 777 gy SdAE 049%9 2L %

£ B E d79 Axe o-¢ Aol

n 9] Stone Cabin 1FZFA 7 oy fAze W=7} 03182

1 A Jebgds E dfdae 777 diE fHAe vikeE &%
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(1990)ell ojsf Bugd Aot fASHA vegten, o WxE 7bzt
0.036, 0.0340]t}.

T 3 fdzed Yoid AF Agnre) fAA WEE 0.0820]
o "9 Stone Cabin 2 oFWulolNE AZ2H gk 19 FF
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7 Y FA% A4 Amb EFME FEHA Y B I
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ztz} 0275, 0.299 2 02099 AL ZENTE JehiRo 9]
EZME olut: Yo 2ENER dAsA AEHAT

o} 47 e AW e EEW FAE £4RAYY ol JEhd
Aoz Mol AF Adrts 2 £2F S4o M JIFH &
A4E BHsn g Aol WS B0 Azdd. meby 6l
AZE §A% Ade) EEolg: AN B o A3 Aduis
2 84 77 e Bk gaq AE Aete Fe24e A

7 S2AE 52 B £5UEL HE, 24 vk,



2 A7 AF At AuedH FAFLL Faste] AT}

o] ¢FdEFT BEE ¢ S4S A% EHo= PAGE % Acidic
gradient PAGE®| 93] d3 a9z 9 Pi, Alb, Ge, AIB %
TIE 2A391 7 H9¥ 39y, 73428 € 33 ¥NEE F

gstaich.

1. Acidic gradient PAGES] €3] & Pi 99z 9e] 33y
¢ 288 ax pf, pf pd, Pt PP, PY, PE P, PR PO
P¥, Pi¥, P 2 P° 0y fdAe] o8 AuwsE 10685 F 41
9o EEY L I3k

Aot HEoA Pi BEHH W EE LSHO] 121%2 7HF
%A YEba, NS#o] 9.3%, NPdo] 64%, INY, SS¥ 2 KS¥
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$A2 Nxe ol p dlg fAAV 02572 1 SR}



A& wstew P, pit, P, PE PV PE, PP PY, PR P 2
P WYy #AX7E Zzh 0193, 0.132, 0.100, 0.082, 0.068, 0.050,
0.050, 0.025, 0.018, 0.010 & 0.007¢] W=z AZ2dYx P¥ 2 pi¥
Ny AR 25 0004 22 Q9IS Yl

38, Pt oy FAZ QA 8519900 Bm AF et
o Pi" i FAAI 07419 =R 7% A4 JElgEY 2 o
Tol o9& g9 Pt Ay AR HE 01328 TE AgE] e
FAZ et on AR Hokkaido, Kiso ¥ Tsushima A # v} =
& 2 97t 247} 0895, 0910, 0.7472 W% ¥ NES JEHE
o, olAL 7t AFAEe AT A 4 wiely 7iE 59 A
olel o&l F, L L ¥ S g fFAAe] o L dFFA= e
HE7E iAoz A4 Jebd AoE AzHEn,

B} FF9 Pi dE FAAE v2d AH Y 2= F EFE
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