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ABSTRACT

7 Blood types and 5 biochemical markers were analyzed for the
purpose of preservation and application of Che Ju native horses.
Allele frequencies were calculated and wused for the
characterization of Che Ju native horses, and compared with
other reference breeds. Genetic distance measures were calculated
and use for dendrogram construction.

As a result of these analyses, Gene type, gene frequency and

genetic distance of Che Ju native horses were presumed.

(1) The alleles of A, A® AP A° A™ and A were identified in
A system. Gene frequencies of each alleles were 0.448, 0.155,
0.086, 0.026 and 0.121, respectively. The A™* showed the highest

frequency.
(2) Only one, C?, in C system was identified.

(3) The alleles of D*, D% D D% D* D* pm™ p*
D*™ and D™®" were identified in D system. Gene frequencies of
each alleles were 0.095, 0.009, 0.103, 0.190, 0.138, 0.035, 0.035,
0.086, 0.267 and 0.026, respectively. The D®*™ allele showed the
highest frequency. It was remarkable that D®*" allele was

founded in 2 horses because that was not identified other breeds.
(4) Only one phenotype, K, in K system was identified.

(5) The 3 alleles were founded in P system. Gene frequencies of

P°, P° and P were 0.379, 0.448 and 0.173, respectively. The PP



allele showed the highest frequency.

(6) The 5 alleles in Q system were identified. Gene frequencies
of @™, Q*, @ Q° and Q were 0.017, 0.017, 0388, 0.388 and
0.190, respectively. The Q° and Q° alleles with the frequency of
0.388 showed the highest frequency.

(7) Two alleles in U system were identified. Gene frequencies of

U? and U were 0.655 and 0.345.

(8) The genetic distance measure was calculated and
constructed dendrogram basis of the gene frequencies. Cheju
native horses were found to be close relationship with Clan
Alpinel. And divergent were found to be Che Ju native horses
and the other breeds. That i1s a evidence of Cheju native horse’s

uniqueness.

(9) In the albumin(Alb) locus, three different phenotypes AA,
AB and BB which were assumed to be controlled by two
codominant alleles, Alb® and AIb®, were identified. And their
phenotype distributions were 11.7%, 38.3%, 50%, respectively. The
frequency of Alb* and Alb® were identified 0.3083 and 0.6917.
The frequency of AIb® allele was much higher than that of Alb®,

(10) As for the Gc protein(Ge) locus, only two different

phenotypes FF and FS, were observed and their phenotype



distributions were 0.95 and 0.05. But, the homozygous SS type
was not observed. The frequency of Gc" and Gc” were identified
0975 and 0.025. The frequency of Gc" allele was predominant

over that of G’ allele.

(11) In the A1B protein locus, only two different phenotypes KK
and KS, were observed and their phenotype distributions were
0.967 and 0.033. But, the homozygous FF type was not observed.
The frequency of AIB¥ and Al1B® were identified 0.9833 and
0.0167, respectively. The frequency of AIBX allele was

predominant over that of Al1B® allele.

(12) In the transferrin(Tf) locus, only 9 different phenotypes
DF;, DO, DR, FiF;, FiO, FiR, F:0, OR, and RR were identified
and their distribution of Tf phenotypes were 10%, 1.7%, 1.7%,
15%, 21.6%, 1.7% and 1.7%, respectively. The frequency of the 5
alleles Tf, Tf°, Tf? T and T were identified 0.4250,
0.0667, 0.0083, 0.2500 and 0.2500, respectively.

(13) In the protease inhibitor(Pi) locus, 24 different phenotypes
were identified and assumed to be controlled by 12 autosomal
codominant alleles designed Pi", Pi°, Pi, Pi¥, Pi% Pi", Pi", Pi,
Pi", Pi', Pi* and Pi". The phenotype distribution of SU was 11%
showed the highest percentage. The frequency of 12 alleles PiY,
Pi®, P, Pi¥, Pi%, Pi", Pi¥, Pi,, Pi', Pi', Pi" and Pi" were identified
0.1000, 0.3111, 0.1222, 0.0667, 0.0333, 0.0111, 0.0556, 0.0333, 0.0778,



0.0111, 0.0778, and 0.1000, respectively.

(14) As a result of these analyses, the genetic distance values
and the dendrogram indicate that there was a close relationship
between Cheju native horses and Hokkaido, Kiso and Thailand

horses.
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AF7tA e AFARE #F AT F2 LEHA ¥ 1T
(Kang, 1965), §&<9) @23 EEF 93 11d83H 24 Mor,
1929; Uemura, 1937), AF3jelF9A1erd Ax2 X2 7 FMori,

1929; Kang, 1960, 1961), 2384 WMoz 237 Y T o
A v 2 Fo| FAFA A FATH B4
(Mori, 1929; Uemura, 1937, Hayashida, 1958, 1963; lLee, 1961,
1970; Kang, 1969; Nozawa & Kondo, 1970)%0l 9]&& ] W35 o
A ko

a8y, olH3 AFHHE T EHE =S

H
ol AAe Az WEe) S BB HHEE -
3]

e
Fot7) ol 2 AMY $4H B @ 4 Y YARE ol

BE AAE 7452 e Axgd AY Fde FHFHLE A
HlEE BE TFHY F14 WolAr7t EATH. olE F d¥v 3
o EAgte Y e FAAAEERA dubrror gAY
(Blood groups)olgtal K&t}

AR E 7Hes] AASFAE BAY FHAQ MAY ol B3
o} oleldt g2 F2 oule] AP WL on|Y FAFPow
H JeH, F& ouje 4P WAy Wylow AFAY
M EFT & A dFolx, B 99 AL H3letA
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7 Alxd g9 EAste FAERS A o8 Wy u
Hoz AEse] 43 H(type)o &
AT FgUFPoldn dte AL T FAWd Ao dY3glo

A FE A #HE FIHE ol &FdF FHUS
(Agglutination)? § & %H-8-(Hemolysis)oll ¢l3] A A5

g FEAHL e FAjAY BojAHoz wkgste shte] A
AU o] drd oz PAE HAHE Reagentdtd s, A
SESI(ISAGQAA dAlstn e vlusZAdd 93 1F3d
A& TF3¥ A (Standard reagent)o] k1 3o}

TE d9¥e 7%, Landsteiner(1900)e] &8 AlZ<e] ABO2
doago] AHd o, +31H FHoEA dA7e §89 U R
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2ol Yyl A ATE Klein(1902)0] HZ2 Rug olg
& ATAES o8 A7 AYHYoY 2719 AFE GHFY

AEFE SHste AAFAA digd AF2A ol FA4LA)
o] WEsx ¢ FAFHo| WAoo o]FY
(A, 194Dy FFHG(FFH, 1942)9) 93 A7 5 38
e ol&ste BAMRO MEHALH oF B ATAEY F
A v FPAANPeZ FA" A C D, K, P, Q ¥ U system® &
THEHY FHREHol FHHAT
W2 oule] AP o Tl U 49 EA FFE AT
+ 1950 dioll starch$®}t polyacrylamide gel€ A XA Z 3= A
7] Y&l AL, REE olF ZE aud L i F2E A
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o i = A7EA AFvre 3 d¥ld 2 g4 FHd
Catalase, Carbonic anhydrase ¥ Acid Phosphatase?] 4% t}d
o dig 2aurt Joem(GES, 1990) AFvulel ¥4 owld o
&4 #H99Q Transferrin, Albumin, Prealbumin, Esterase 2 Xk
24 g8 didol Exd v Jvh(EF, 1986, 1989, 1990). =T
AF Ay FHA BRE QL G8o digh dF2A g g
2 84 FH< Albumin, Vitamin D binding protein{Gc),
Post-albumin % Esterasecl W3t 8% oty ddo] g A&
%, 1995), Wd@Fo fa4& H9<Q Phosphoglucomutase (PGM),
6-Phosphogluconate dehydrase (PGD), Phosphohexose isomerase
(PHI), mannose—-6-phosphateisomerase(MPI) i glutamic
oxaloacetate transaminase o ¥ G2 ©-F @A i3 AT
(2%, 1993), d% 99HadA HYAd o« -protease inhibitor(Pi),
albumin,(Alb), transferrin(Tf), Xk alc Slow a-2-globulin{ S ¢32)
o W& FA4 @A i AFET, 1990050 LaHA

T a7 e AT AUeY ey fFAYAE B/ FHARE o
stE2 A QAT Jd FHF FAS v, B AEGS
de wH3AL, ol ol&Fd AMFAYL BE L LS %
A AE7 BEFTES 502 E3 JIAHS o83 HEL g
98 3 AZEEE 3% ¥H 99=  F9Y-Transferrin(Th),
Albumin(Alb), Vitamin D binding protein(Ge), A1B protein (AlB)
H Protease inhibitor(Pi) - ¢ 4353 FHAFA W THY
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I Als 2 3y

AT 60FF AT et d5d 58FEHREH 10mi¥ e ¥
< AFABA 2% o BFHEFHE Azt 4 AEE AMEIIA L
v, TAAo R F8HE 7 system® 23 factordl] Wil #ET
A (standard reagent)& ©]-&3std dEHa L B Y}

(1)-&38k-& (Agglutination)

@D microwell plate ( 8 X 12 )oll A(Ab factord9]), C, D ¥ K
system o] EFAIAHEL 50ul¥ FHUsH.

@ 44 d58 AEY 4F8E sk 2733 09% A= A4
2 A4 F 2% AT FAAe Azvch

@ #FdH o] Y= microwell plated] 2% 42 FAS
25ul¥y FJ gt

@ microwell plate® IBG-Microplate shakerZ o]£3ld 14}
shakingdtil A-2(30C)l 30%&3F WA %ct.

© $ok & WHOZ microwell plate® 23 shaking 3t}

® 22t shaking$ 30% S 13 #=L& AA%).

@ 13 #= F 30% HAd 22 #=L AAF

SH o] dojd A& positiveR BAF T o] Poji}x]

XL 2L negative® BA L 3T}



(2) 8898 (Hemolysis)

@ microwell plated] A(Ab factor), P, Q 2@ U system 9 &
AL 50u8 ¥+

@ ZtZte] 545 AT ddS fstd 2733] 09% A9 4P
T2 NAS § 2% EF FF94E Axzoh

@ 3A&E Aol Eo]U+x microwell plated] 2% AFHEFAHE
25u1 F 9l gt

@ microwell plate® 1x shakingdF §& A (30T)e W) g}

® 1& shaking ¥ 10~15% Fo| RAE 25yl H7E ¥ 2%

" shakingS %oh

® 30 Fo] ©HAl 33 shaking= &t

@ 1A F 12 d5& AA Pt

0% F 22 #E5& A ¥

@ BEyhgo] dojd AL positive® 3},
S g ukgo] YojL}A]

&2

£ AL negativeZ ST}

284 wuld 9 g4 H#9 74

dx gulz 2 g4 #H9e] 42 RKumar Junejas(1978)2] =+
HE AR QA3 polyacrylamide gel electrophoresis (PAGE)9] <]
8l Transferrin(Tf), Albumin(Alb), Gc protein(Ge), % AlB
protein(A1B)& #4393, C. C. Pollitt <} K. Bell(1980)2) ¥4 ol
o1t Acidic gradient PAGES 28l Protease inhibitor(Pi)Z 43}
Aot
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m. 43 9 2%

1. Ad 99 ¥4
A FAANCR FE&HE 2o AANE @ JAARHE dAYEY
system¥} factor= <Table 1>3% Zt}. o|F A system® b factorg
A3 factors®d C, D ¥ K systeme $39LS el A
system®] b factor®t P, Q, U systemS £du¢& et

<Table 1>Internationally recognized Blood type of horse

Systems Factors Recognized alleles
A a, bc d e Aa  Aadf Aadg Aabdg
f, g Ab  Abc Abce
Ac  Ace Ae A-
C a Ca C-
D a, b,c d e Dadl Dadlnr Dadlr
f, g h i k Dbemq  Dcefgmq Dcegimnq
l, m, n, o, p Dcfgkm Dcfingr Dcgm
q, r Dcgmp Dcgmq Dcgmgr
Dcgmr  Ddekligr Ddeloq
Ddelq Ddfkir Ddghmp
Ddghmq Ddghmqr Ddkl
Ddlnq Ddingr Ddigr
Dq
a Ka K-
P a, b, c, d Pa Pac  Pacd Pad
Pb Pbd Pd P-
Q a, b, ¢ Qa Qabc Qac Qb
Qbc Qc Q-
U a Ua U-

_11_
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<Table 2> The results of blood group analysis of horse

SH RS R ey
No (Agglutination) (Hemolysis)
A C D K| A Q Ul P
alc|flala|blc|d|{e{f|lg|lh{kijm{n|ajbla|bjc|ala|b
11 + +| + +| +| + +{ + + -+ + +| +] +{ +
21 + + +| + +| + + + - + +
3] + +| + +] + +1 + + - +| + +
41 + +1 + +1 o+ + + - + +1 +
5 + +| + +1 + + - + + +
6} +1 + + +| 4|+ +|+ -+ + +
71+ +1 + + +] - + +
8l + + +| + +| + + - + + 4]+
g] + + +] + + +| + + +] - ++] +] +
10 + +1 + +1 +) o+ + - + + +
11] + + +| + + + - +1 +| +
121 + +| + + +| + + - + +
13} + +| + +] + + + - +| +| +
14} + + +1 +] + +| + + - +1 +] +
15 + + +] + +| =+ + +1 +
16 + + - + +] + +
17 +| 4+ +| +] + + - + +
18 + + + + + - +] +
19 +| + + + - + +
20 +| + + +1 + + - +
21 + +] + + + - + + +
221 + +| + +] + + + -1 + +1 +
23| + +1 +| + +1 + + +1 +]| - +
24 + 2 % - +} +

_12_



<Table 3> The results of blood group analysis of horse

o + ]+ + + + ]+l +]+ % + +|+[+]+ +|+]+
\Q/uPa+ + + + |+ +]+ + + + + + +
do ‘Ao wl+ [+ +T+I+ +l+l+]+]+ + +]+1+ + +l+ T+ ]+ + +1 + +1+ +
ML,W ) + +1+ +| + +]+|+|+ ++]| |+ + T[]+ + +| + +| + +
MHﬂnﬂthb + + + 1+ +
2 | w +
L e + + + + +
Tl oo b ey e e by} bpagp vy i
o +] + + + +1+ +
El+ ]+ +|+]+|# I I o o B B B A I I +|+]+]+ +l+]+]+ +]+]+
- - + + 1+ +
c + +1+ +i{+ + + 1+ + + + + +
S wl + |+ ||+ F +]+ + +l+]+ |+ + |+ |+ + +]++1+ +|+{+
oﬁo.%..Ome+ + +
.m.,_.m W + [i# + + + +l++H] Tt + + + + +| + +
ﬂulm o +l+ {4+ | FI |||+ + 4+ H]H]+]++]+ +l+H[+]+
o#om O+ 1+ + + +1+ + + +i+|+]+ T + +
/A.n\ 0 + +
Es + +] + + + + +1+ + + +|+
Ol + | +f+1+]+|+]+|+]|+|+]| ]+ +H][+[+][+]+]+]+ S A B A IR A A ++ 1+ +
e + | + +i+ ]+ +] + + +|+|+]+ + 1]+ + + +
| © + + + + + +l1 4|+
o+ ]+ +]+ 4]+ +| + ++1+]+]+H]+ +l4H[ 4]+ + + +|+ 4]+
z BISIK|R| ] R =| 9| B38| B|&| BB F| 9|9 F| 9 5| 5| 2[5 8| 58| B 38858
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2.5 4 Wx "
Z}z}9] system3} factor® B ZAHE FHA RIEZ YeEpI 1
HEE 8 559 B4 das vla 343 245 <Table 4>
<Table 5> o YEFIAT
<Table 4>% <Table 5>A CJ& AF AATE, TBK
Thoroughbred Korea, TBUSA+Y Thoroughbred USA, AR<

rir

Arabian, ST+ Standardbred, MH+ Morgan Horse, QHY Quarter
Horse, PF= Paso Fino, PP+ Peruvian Paso, BB beaty Butte,
CAl<€ C(Clan Alpine, CAZ2¥ Clan Alpine2, F+= Flanigan, W<
WassukZ verdith o] # (1998), A. T Bowing and R.S. Clark
(1985)8] A%+ /M FFo #F Datael¥, A. T. Bowling.
(1994)9] 739+ oA Fel tie Data ol
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<Table 4>Allelic frequencies of blood group phenogroups

Breeds
Locus Aileie
CJ TBK* TBU™ AR™ ST MH™ QH™ PF™ PP BB CA1"™" CA2™ F' W
C |a 1,000 0.908 0.588 0.827 0.588 0.688 0.755 0.369 0.735 0.769 0.660 0.682 0.637 0.463
C- 0.000 0.092 0.412 0.173 0.412 0.312 0.245 0.631 0.265 0.231 0.340 0.318 0.363 0.537
D |ad 0.095 0.000 0.000 0.000 0.005 0.135 0.050 0.079 0.100 0.084 0.005 0.005 0.238 0.023
dk 0.009 0.290 0.327 0.455 0.230 0.255 0.285 0.213 0.350 0.067 0.087 0.141 0.006 0.083
adn 0.103 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
d 0.000 0.011 0.022 0.000 0.030 0.005 0.045 0.027 0.004 0.461 0.072 0.015 0.410 0.174
dghm 0.190 0.027 0.063 0.015 0.095 0.085 0.075 0.060 0.006 0.063 0.048 0.010 0.093 0.053
de 0.138 0.020 0.031 0.125 0.105 0.100 0.155 0.153 0.145 0.102 0.184 0.131 0.060 0.000
dek 0.035 0.000 0.000 0.000 0.000 0.005 0.005 0.000 0.000 0.000 0.000 0.081 0.011 0.045
dekm | 0.035 0.000 0.000 0.000 0.000 0©.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
dfk 0.000 0.014 0.031 0.000 0.070 0.005 0.035 0.065 0.015 0.013 0.000 0.005 0.000 0.311
bcm 0.086 0.209 0.205 0.260 0.045 0.065 0.185 0.218 0.170 0.103 0.298 0.334 0.017 0.212
cgm 0.267 0.295 0.214 0.130 0.345 0.300 0.110 0.144 0.100 0.0024 0.144 0.263 0.113 0.004
cegimn| 0.000 0.134 0.107 0.015 0.000 0.005 0.050 0.005 0.010 0.103 0.157 0.035 0.049 0.095
cefgm | 0.026 0.000 0.000 0.000 0.000 0.040 0.005 0.037 0.100 0.000 0.005 0.000 0.003 0.000
cfgkm | 0.000 0.000 0.000 0.060 0.075 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K |a 0.000 0.037 0.025 0.000 0.322 0.006 0.041 0.001 0.025 0.071 0.010 0.000 0.000 0.000
K- 1.000 0.963 0.975 1.000 0.678 0.994 0.959 0.999 0.975 0.929 0.990 1.000 1.000 1.000

CJ: Cheju native hores, TBK: Thoroughbred Korea, TBU: Thoroughbred USA, AR: Arabian, ST: Standardbred

MH: Morgan Hores, QH: Quarter Horse, PF: Paso Fino, PP: Peruvian Paso, BB: Beaty Butte, CA1: Clan Alpine 1
CA2: Clan Alpine 2, F: Flanigan, W: Wassuk

* & 1998 =*+A. T Bowing and R. S. Clark 1985

*xxA. T. Bowling. 1994
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<Table 5>Allelic frequencies of blood group phenogroups

Breeds

Locus |Allele
CJ TBK' TBU™ AR” ST MH" QH” PE™™ PP BB CA1"™ CA2™” F"" W™
A ladf 0448 0034 0.849 0.636 0566 0.529 0.440 0.263 0.321 0.575 0.491 0.679 0.371 0.509
adg 0.000 0.000 0.000 0.182 0.000 0.040 0.050 0.233 0.214 0.138 0.005 0.000 0.023 0.228
a 0155 0.000 ©0.000 ©.000 0.000 0.00C 0.000 0.000 0.000 ©.000 0.000 0.000 ©0.000 0.000
b 0164 0011 0.010 0.055 0.389 0.201 0.150 0.144 0.065 0.116 0.216 0.086 0.083 0.000
c 0.086 0.001 0.007 0.007 0.000 0.037 0.010 0.042 0.004 0.004 0.000 0.000 0.131 0.000
e 0.000 0.000 0.000 0.000 0.015 0.055 0.010 0.000 0.000 0.000 0.014 0.061 0.005 0.000
bc 0.026 0.000 0.000 0.020 0.020 0.006 0.010 0.014 0.000 0.000 0.034 0.000 0.049 0.140
be 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©0.00C 0.000 0.000
ce 0.000 0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
bce 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A- 0121 0.054 0.134 0.100 0.010 0.122 0.330 0.304 0.396 0.167 0.240 0.174 0.338 0.123
P la 0379 0221 0.192 0.405 0.292 0.220 0.260 0.307 0.200 0.213 0.533 0.437 0.323 0.155
b 0.448 0.117 0.080 0.030 0.045 0.073 0.020 0.069 0.020 0.098 0.100 0.081 0.014 0.261
P- 0173 0.662 0.728 0.565 0.663 0.707 0.720 0.624 0.780 0.689 0.367 0.482 0.663 0.584
Q jabc 0017 0732 0.612 0.205 0.000 0.006 0.175 0.076 0.020 0.089 0.156 0.045 0.043 0.045
ac 0.017 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
b 0.388 0.001 0.011 0.080 0.000 0.037 0.099 0.082 0.219 0.073 0.018 0.081 0.168 0.125
c 0.388 0.021 0.022 0.291 0.067 0.296 0.206 0.210 0.250 ©0.111 0.200 0.185 0.014 0.315
Q- 0.190 0.246 0.355 0.424 0.933 0.661 0.520 0.632 0.511 0.727 0.626 0.689 0.775 0.515
U Ja 0655 0152 0.094 0213 0.340 0.267 0.252 0.347 0.329 0.268 0.307 0.215 0.445 0.539
U- 0.345 0.848 0.906 0.787 0.660 0.733 0.748 0.653 0.671 0.732 0.693 0.785 0.555 0.461

CJ: Cheju native hores, TBK: Thoroughbred Korea, TBU: Thoroughbred USA,

AR: Arabian, ST: Standardbred

MH: Morgan Hores, QH: Quarter Horse, PF: Paso Fino, PP: Peruvian Paso, BB: Beaty Butte, CA1: Clan Alpine 1
CAZ2: Clan Alpine 2, F: Flanigan, W: Wassuk

* & 1998

*xA. T Bowing and R. S. Clark 1985

xxxA T. Bowling. 1994
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AT AeEe] A5 <Table 4> 9 <Table 5> A9} o]

A system® Z¢A" A% A% A5, A A9 O g e-A A Allele) 7
HEHALM, C system® 25 a allele?, D system? A% ad,
dk, adn, dghm, de, dek, dekm, bcm, cgm, cefem HE-FAA7F A
ZHAY. K system® ZA¢ K- dd@Gdad dE=HAY. P
system< a, b, P~ WE/FA=}, Q system < abc, ac, b, ¢, Q-
WAz b te 2 U system & A5 a U- dgfdz7 4

2 AEHA

A system® FAMZAI adf WHEFARE 71 22 9129 0.448%
JeEtA 1, be dH-GAA7 002602 7HF wtth e, be, ce, bee
PEFHAAAE HE2HA gon, £ g FFAA LAHR G a

PEF4271 01559 R HE=HAY.

C system®| #£Ad34= FAu AAZE a HHFHAAE Jebnh, |

D system® A A3 cgm HFFAAI 02672 M w& W)
=& velilen, dk ddFdA47 002622 78 @ dt. d, dik,
cegimn, cfgkm B FAAE AEHRA o 53] B} FFoA
AEHA &L adn #F97F 0.1039) HIEE HAEHJoH, A4 A
HA ¥E factorg 2 dekm W YAFAA7F 2F, 0.0359] ¥%
2 AEH 2L AEFAA 2§ BA s Aol R

K system®] 2Ad3s a AYRAze K-o dP4+24%5 K-
HAF AT AEHUOH a WPKAAE AEHA ko
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P system®| £4d¥= b dFAA7F 04482 b 2 =g
Jetiigled, P- ddfAa71 017322 7b vy

Q system® EAZ34= b HEFAAY ¢ WHFAA7E 0.3889]
Neg FdstA & 928 Yehgded, abe, ac HE -+ =7}

0017% A vsioh

U system® #AA#E a dEFAA7F 0655, U-7F 03459 1=
2 AEHAY.
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3. ¥ KBk

ol £ Allelic frequencies® &3te] 7} FE 79 Genetic distanceE
Nei(1975)¢] Wy o g2 F3tdew, 1 A#E <Table 6> e
Atk ol# g FAdA A A8kl UPGMAC &3 +Add A&
£ Figl o Yehiidoh

Zt FF3e| Genetic distance® ®lalgt 2% AlF Ay s+
W A AE 7 FFE CAl(Clan Alpinel) S 2 (.1864
oo, 714 W fHA AE 71 FF L Thoroughbred USA
FE5o2 03714494

2+ FF /A4 AgsEs Blos) BokE o dwkHoR B FF
#e] A Ae Ao, o)A AFA Do) ¢ AFo F

Folohiz AL st 347 Ak

lo

_19..



<Table 6> Standard genetic distance for 14 breed at 7 polymorphic blood system loci

cJ
TBK
TBUSA
AR
ST
MH
QH
PF
PP
BB
CAI
CA2
_H

w

CJ

0.2915
03714
0.2003
0.3470
0.2121
0.2158
0.3144
0.2236
0.2552
0.1864
0.2100
0.2506
0.2288

TBK”

0.0293
0.0768
0.2350
0.1442
0.1082
0.2621
0.1837
0.1545
0.1532
0.1254
0.2520
0.2510

-

TBU™

0.0737
0.1797
0.1061
0.0797
0.1543
0.1430
0.1274
0.1232
0.0942
0.1968
0.1815

AR™

0.1479
0.0515
00320
0.1135
0.0570
0.0875
0.0614
0.0432
0.1537
0.1405

ST”

0.0622
0.1058
0.1197
0.1445
0.1038
0.1094
0.0887
0.124]
0.1766

MH"

0.0273
0.0638
0.0444
0.0585
0.0606
0.0366
0.0792
0.1059

QH""

0.0636
0.0192
0.0506
0.0485
0.0433
0.0773
0.1131

PF""

0.0576
0.1088
00710
0.0799
0.0830
00717

PP

0.07%0
0.0920
0.0801
0.0871
0.1091

BB™ CA1™ CA2™ F™ W
0.0740
00681 00213

0.0414 0.0878 0.0980
01033 0.1146 0.1169 0.1078

CJ: Cheju native hores, TBK: Thoroughbred Korea, TBU: Thoroughbred USA, AR: Arabian, ST: Standardbred,
Quarter Horse, PF: Paso Fino, PP: Peruvian Paso, BB: Beaty Butte, CA1: Clan Alpine 1
CA2: Clan Alpine 2, F: Flanigan, W: Wassuk

MH: Morgan Hores QH:

* & 1998

*xA, T Bowing and R. S. Clark 1985

x+xA, T. Bowling. 1994
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‘ 5 ST
{ f
| [L - TBK

e TBUSA
. - (]

0.127
Fig.1. Dendrogram for 14 horses breeds calculated from Nei's D using 7
polymorphic blood system loci

CJ: Cheju native hores, TBK: Thoroughbred Korea,

TBUSA: Thoroughbred USA, AR: Arabian, ST. Standardbred,
MH: Morgan Hores, QH: Quarter Horse, PF: Paso Fino,

PP: Peruvian Paso, BB: Beaty Butte, CA1: Clan Alpine 1
CA?2: Clan Alpine 2, F: Flanigan, W: Wassuk
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4. 93 932 2 gizge 4

1) @4 Albumin(Alb) #9119 F44 tgdyd

ol 9leJ A albumin(Alb) F73 WHeolAo] ¥$ AP Stormonto}t
Suzuki(1963)ell o1&l Ab* < AIL® o T4 Wy FAL 23
AW E = AA, AB 2 BBY 37Fx] Z@d¥o] W H:, oF
Sandberg(1970)e 2} a] Alb" ¢ AIb® o] Atole] FAste A2
A Al 7 HAHAT B AT E A" 9 Ab° o) ¢
3 AwiE= AA, AB 2 BBe] 3714 md&wte] A&= U Al
o] M719 54 Fig 29 Yehdgid

Albel F&8¥3} 1 WEi= <Table 7> YERHA T Alb, Ge,
AlB protein®] §A2 RlIEeE B FF3} vusted <Table 3>
gl sdth BBe A%7F & 60F F 30FEA 50%9 N Tt
A =9ko, AB = 23524 383%, AASl AS7) bE HE TF
24 117%2 74 @& REE YErA T

<Table 7> Phenotypes and frequencies of Alb locus in Che Ju hores

Phenotype Observed Expected Gene Freq.
AA 7 (0.117) 5.7042 Alp* 3083
AB 23 (0.383) 255917
BB 30 (0.500)  28.7042 Alb® 6917

Chi-square( x): 0.6153 df = 2

075> P >050

*Figures within parentheses are the frequencies of observed phenotype
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1 2 3 4 5 6 7 3 9 10 11 12

Fig 2. Electrophoregram of Albumun phenotypes in Che Ju native
horses.

-~Phenotypes-

1: BB 2:BB 3 AB 4: AB 5 AA 6: BB 7: AB 8 BB

9: AA 10: BB 11: BB 12! AB
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<Table 8> Gene frequencies in three serum loct of Che Ju native
horses and other breeds

ALB GC A1B

A B F S F K S
Cj 0.308 0.692 0.975 0.025 0.000 0.983 0.017
Cjr" 0.346 0.654 0.950 0.050 0.000 0.986 0.014
Ci9” 0.358 0.642 0.000 0.000 0.034 0.966 0.000
HK™ 0.390 0.610 0.000 0.000 0.000 0.000 0.000
KI" 0.306 0.694 0.000 0.000 0.000 0.000 0.000
TA" 0.512 0.488 0.000 0.000 0.000 0.000 0.000
PP 0.230 0.770 0.000 0.000 0.000 0.000 0.000
TL® 0.330 0.670 0.000 0.000 0.000 0.000 0.000
AR™ 0.250 0.750 0.940 0.060 0.000 0.980 0.020
BE™ 0.300 0.700 0.980 0.020 0.000 0.910 0.090
BB 0.460 0.540 0.951 0.049 0.076 0.781 0.143
CA1™ 0.514 0.486 0.938 0.062 0.019 0.899 0.082
CA2™"  0.581 0.419 0.944 0.0%6 0.010 0.914 0.076
F™** 0.234 0.766 0.951 0.049 0.000 0.994 0.006
SC1™"  0.280 0.720 0.954 0.046 0.029 0.923 0.048
SC2™"  0.551 0.449 1.000 0.000 0.000 0.913 0.087
W 0.648 0.352 0.985 0.015 0.000 0.833 0.167
TB™" 0.195 0.805 0.939 0.061 0.020 0.980 0.000
ST 0.615 0.385 0.760 0.240 0.000 1.000 0.000
MH"™"" 0.445 0.555 0.877 0.123 0.035 0.910 0.055
QH™" 0.355 0.645 0.878 0.122 0.010 0.940 0.050

Breed

* £(1998) * #%(1990) ©* L Ouragh et al(1994)™" A. T. Bowling(1994)
™ A, T. Bowling et al(1985)

Cj: Che ju horse recent. Cjr: Che ju racing horse Cj9: Che ju native
horse’30 HK: Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine

TL: Thailand AR: Arabian, Be: Barb, BB: Beaty Butte,

CA1l: Clan Alpine 1 CA2: Clan Alpine 2, F: Flanigan,

SCI1: Stone Cabin 1, SC2: Stone Cabin 2 W:Wassuk, TB: Thoroughbred,
ST: Standardbred, MH: Morgan horse, QH: Quarter horse
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Alb 9g FHe s ww 23, B FFMe 4% Ab* o
8- HAAE v Wassuk oFAvlol A 06482 71 =4 YEIN S
o, Thoroughredol A 0.1952 7b4 w7 vebgh, Alb® did {47
¢] 71-9- Thoroughredoll A 0.805% 714 74 YelR o

A Ao XE AbY 9 A® o FAA W= 2kt 03083,
069172 e} A" 9 FHA WIEsh 26 ol uEehtow, o
A= #45(1990), 4:(1998)0] B et AF AL X4 FAFSH
o Hokkaido, Kiso® ¢ dETHE {FAS d32 ey
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2) 84 Gc protein(Ge) #9119 424 gagsy

2ol g3 Gc protein (Vitamin D-binding prtein)®] €3+ &
Juneja, Gahne & Sandberg(1978)el 98] Gc" 9% Gc” 9 T4 o
HREHA] s} AMisE FF, FS, SS¢] 37k2) @ o] FAH
o, G fAAY WE7L g $AsgE A3t RuEdY, B
ATFoM= SS ZTAYPS AT FF, FS Z@FP ol A=HUL,
A719%573E Fig. 3o JeEbHA

TP FAWEE <Table 9>ol4 8} 2o] FFEo] 95%, FS
o] 5% ¥ WEE RYon, Gc HHUY FHA WEE G o
Ge® HE $4A47F 22k 0975, 00258 G FAAe] WEr 9%
3 =tk & £F39 /34 NEE ¥ <Table 8> e}
Wt B FF e, G gFAaxe A9 o139 Stone Cabin
27} 1.00022 7t& =& HEE yell9lal, Standardbredol] A
07602 71 wgkth = & (1998)0] #E® AFA gl FHAt
MEFRE 095002 # 439 Aot FAH

i

<Table 9> Phenotypes and frequencies of Gc¢ locus in Che Ju hores

Phenotype Observed Expected Gene Freq.
FF 57(0.95) 57.0375 Ge"™ 9750
FS 3 (0.05) 2.9250
SS 0 (0.00) 0.0375 Gc® 0250

Chi-square( A: 0.0394 df = 2

090> P >075

*[Figures within parentheses are the frequencies of observed phenotype
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123 45 6 78 9 1011 12 1314151617

Fig 3. Electrophoregram of Vitamin D binding protein(Ge)
phenotypes in Che Ju native horses

~Phenotypes-

1: FF 20 FF 3: FF 4 FF 5 FF 6: FF 7:FF 8 FS 9 FS
10: FS 11 FF 12 FF 13t FF 14: FF 15: FF 16: FF 17: FF
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3) &% Al1B protein(AlB) #4198 44 g3 A

Zeol d AIB 9wiEe] 5dA vy A4S Braend(1967, 1970)
7b 379 94 9" SHAe) AIBY, AIB® 9 AIB® o 98 A
W= = FF, FK, FS, KK ¥ KS 5% %&¢°] AlIB o932 ZdYE 3
2 Bud v gk B A ME Fig. 4 9 A7|dEAolA A
A g vhgh ol AIBYY fHEAE AEHA ggkoew, AIBRY
AIB® f@Ad) 218 KK, KS #3@3 o] Yelyton SS 5832
AEHA F

AlBe X838 &9 ¥l T <Table 10>0A & Zo] KK &o
96.7% 2 FE & AP, KSHE 33%E wj§ H& HNEE
etk AIB #91e §472 MEE AIB® 7} 0983302 AIB
9] 00167 Bt} 453 AP B F3HY wHA HEE v
3te) <Table 8>cl uehdUch B EFA  AIB® tgFHAE
Standardbred”} 1.0002.2 714 ¥3k2.¥, Beaty Butted] A 0.781%
7hg g@skon, tiEdel FFAA 0900 ol F& BIEE UYE
Wl 9 F5Q AFZY 2o vuAI #e5(1990)0] LiE
3 TS wEE zhzh AIBX 0966, AIBT 0034 24 2

To} £:(1998)0] LR T Axets AoldA ek

<Table 10> Phenotypes and frequencies of AlB locus in Che Ju hores

Phenotype Observed Expected Gene Freq.
KK 58 (0.967)  58.0167 AIB* 9833
KS 2 (0033 19667
sS 0 (0.000)  0.0167 A1B® 0167

Chi-square( x)): 0.0172 df = 2

095 > P > 0.90

*Figures within parentheses are the frequencies of observed phenotype
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Fig 4. Electrophoregram of AlB protein phenotypes in Che Ju

native horses
-Phenotypes-
1: KK 2: KK 3 KS 4. KK 5 KK 6: KK 7: KK 8. KS
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4) 8% Transferrin(Tf) &Y F44 d @4

g4 TS Aulat= §dxE T, pp, T, T T, T,
T T, T T 2 T 1078 WolA7t &A%ty IdejA
gloit B A7pe A8 AFAR TN E T, T, TF, T 2
T 57b] 2] WolA wto] AEHAL, FHEF2E+E DFy, DO, DR,
FiF;, FiO, FIR, F:0, OR ¥ RR¢ 9% 77} #&=HA T #7]
G E AL Fig 5ol AAG upet 2t}

Tf 2889 WEE <Table 11>014 % 2] FiO ¢ OR Type©l
1454 23%9 wl&z TdsA =A “gew, DF, DO, DR,
F.F, FR, F.0, RR o] Z+7 10%, 1.7%, 1.7%, 15%, 21.6%, 1.7%,
1.7% 2 HEFHA.

Tf 99 g 42 WeEs T A7} 04250 22 M =
gter) T 00667, TF 0.0083, T 0.2500, Tf* 0.2500 & heb
the} TE5o §4x WMEE vuste <Table 12> YeR AT
T Hg-HH2e] 72¢ Philippine A vt EFNA 041002 7H3
A Jelgen, #5(1990)0] Rug AF Awe] 35 00662
B A7 A3e ve FAEIA veERdt bR $(1998) o] Rag
AFAgLe Ase FAAREZ 01208 £ A7 I 0.0667
F} zpol7b YEMRT

T B PgAxte] A% Thailand EFolA 058322 7134 &
fAz NEE Yehhglon, 519900 By F A
A% 049622 B AF {FARSIA vgten, Hokkaido, Kiso,
Tsushima, Philippine &°lA FAFF 237 vgtok £(1998) o] X
g AFAQLe A5 00079 "¢ FE AR} HNEE UEY
A+ Al 04250 ¢ w)$ AolstA JdErRTh

rlo

e K
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TE? AHHA29 3 Arab EFA 060022 7HF £ 44
2 HEE Yo, @85(1990)2] Aol Hokkaido, Kiso,
Tsushima, Philippine % Thailand %9 AAREL Z+4 0.000,
0.000, 0.052, 0.000, 0.000 2 0.0002.2 0.0089) Fe HAA NEE
el o AT A FARSAT. stARRE ©(1998) o AF A
T AFE 04712 @A A dEt B Aok 21 zpolvt 4ol
=

T dRFRAAE B A7dges 48 d2=x ggon, g F

¢ %% Stone Cabin 1914 0.3182 7b4 %A BuEch

T HEFa2e] 39 B Ao 025002 743 =4 HeEwe
™ #5(1990) ¥ £(1998) 9 AFE Zhzt 0.060 F 008282 B 4
T A& Zoj7t YERskH

T hgsdzel A9 TO9 ngdsix=z 025002 5Y&A e
Bor, @E(1%0°] HuE AFEAYLe] FH7t 03462 M =
X Arab FFANAE HF HEFHA Fof M & HEE R
At
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Fig 5. Electrophoregram of Transferrin phenotypes in Che Ju

native horses

‘Phenotypes-

1: DR 2! F:0 3: F10 4 FiF, 50 DO 6: DF; 7: OR 8 DF; 9: F\R
10: OR 11: RR 12! FiF,

- 32 -



<Table 11> Phenotypes and frequencies of Tf locus in Che Ju hores

Phenotype Observed Expected Gene Freq.
DD 0o 0.2667

DFi 6 (0.100) 3.4000

DF; 0 0.0667 T 0667
DO 1 (0.017) 2.0000

DR 1 (0.017) 2.0000 T 4250
FiF; 9 (0.150) 10.8375

FiF» 0o 0.4250 TF? 0083
Fi0 14 (0.233) 12.7500

FiR 13 (0.216) 127500 T° 2500
FoF: 0 0.0042

F:0 1 (0.017) 0.2500 T 2500
F:R 0o - 0.2500

00 0 3.7500

OR 14 (0.233) 75000

RR 1 (0.017) 3.7500

Chi-square( x°): 18.0897 df = 14

0.25> P >0.10

xFigures within parentheses are the frequencies of observed phenotype
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<Table 12> Gene frequencies in serum Tf locus of Che Ju

native horses and other breeds

Alleles
D F1 F2 H 0 R Other
Ci 0.067 0.425 0.008 0.000 0.250 0.250 0.000
Cir" 0.129 0.007 0.471 0.036 0.082 0.275 0.000
Ci9” 0.065 0.496 0.000 0.034 0.060 0.345 0.000
HK™ 0.205 0.371 0.000 0.186 0.043 0.195 0.000
K™ 0.254 0.343 0.052 0.037 0.015 0.299 0.000
TA™ 0.092 0.425 0.000 0.178 0.006 0.299 0.000
PP"" 0.410 0.330 0.000 0.000 0.110 0.150 0.000

Breed

T 0.175 0.583 0.000 0.063 0.063 0.116 0.000
AR 0.090 0.070 0.600 0.100 0.140 0.000 0.000
BE™™ 0.300 0.020 0.360 0.110 0.130 0.070 0.010
BB 0.027 0.000 0.179 0.165 0.143 0.237 0.249

CA1™™" 0.317 0.000 0.394 0.034 0.115 0.077 0.063

CA2™" 0.339 0.000 0.223 0.070 0.091 0.121 0.156
oo 0.206 0.000 0.517 0.043 0.011 0.160 0.063
SC17 0.115 0.027 0.266 0.318 0.029 0.167 0.078
sce™” 0.299 0.000 0.441 0.138 0.000 0.122 0.000
W 0.405 0.000 0.292 0.091 0.008 0.204 0.000

™" 0.320 0.310 0.155 0.025 0.055 0.135 0.000
ST 0.245 0.000 0.535 0.005 0.100 0.115 0.000
MH™ 0.293 0.000 0.543 0.067 0.018 0.024 0.055
QH™"™" 0.225 0.185 0.335 0.055 0.070 0.115 0.015

* 4(1998) T #%5(1990) T Nozawa et al.(1976) " L Ouragh et al(1994)
™ A. T. Bowling(1994) * A, T. Bowling et al(1985)

Cj: Che ju horse recent. Cjr: Che ju racing horse Cj9: Che ju native
horse’90 HK: Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine

TL: Thailand AR: Arabian, Be: Barb, BB: Beaty Butte,

CAl: Clan Alpine 1 CA2: Clan Alpine 2, F: Flanigan,

SCI1: Stone Cabin 1, SC2: Stone Cabin 2 W:Wassuk, TB: Thoroughbred,
ST: Standardbred, MH: Morgan horse, QH: Quarter horse
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5)8% Protease inhibitor(Pi) &4 #99 #428 vg d4
Protease inhibitor(Pi)® %A Prealbumin(Pr)o.2 WW ojgoy
Juneja 5 (1979) ¥ Matthews(1979)0 ¢]&l Algtel A pigt &
ARG Ao 2 QlFHY a1 A #99 71E7F PiE Mg E At
2ol €3 pi oA FH9E Gahne(1966)2] Acid starch gel
electrophoresis®] 938 #%Z Prealbumin(Pr)e.2 W9¥d F I L
2 S FAA7 BaE Ao

o]¥ Acid PAGE (Pollitt & Bell, 1980) 2] W&ol 9)& M=
N H-FAAFEe] FUHUY Braendd] 98 N, T, U 2 W d¥
A ¥ 8 5L(1970), Scottel o3 G HE #FAAH(1977) 2 Zd
H FAA1979)7F EAHUY. AS7A] 2HA Pi Ao Y &
AAEF G LN L S, U X, Z P, R O K HV, | Q529 204
ZFold,

2 dydA vEbd Pi #99 282N, S, 1, U, Q H K I
P, V, R, L ti¥ #AA e sjA A== 2471%] @] HE
Hew, 2 2P} KA HIIEE F4F AH(E <Table 13>9
detdiAch A719 54 Fig. 6, 7, 8o vteEbduiel o)
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1 2 3 4 5 6 7 g8 9 10 11 12

Fig ©. Electrophoregram of Protease inhibitor(Pi) in Che Ju native

horses

-Phenotypes—

1: LL 2 NU(M) 3¢ NN(M) 4: SS(M) 50 LL(M) 6: IR(M) 7: SU
g JK 9 SU 10t JP 11: JJ 120 SS

*(M)-Marker
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1 2 3 4 5 6 7 8 9 10 11

Fig 7. Electrophoregram of Protease inhibitor(Pi) in Che Ju native
horses

~Phenotypes-

1: JQ 20 NS 30 JP 4: SP 5: SH 6: JV 7: RS & LU 9: SI 10: LS
11 NUM)

*(M)-Marker
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1 2 3 4 5 6 s 8 9 10 11 12

Fig 8. Electrophoregram of Protease inhibitor(Pi) in Che Ju native
horses

—~Phenotypes-

1D NQ 2: NS 3: LN 4: RS 5: LN 6: IN 7: IL 8 NR 9 KS 10: LL
12: NU(M)

*(M)-Marker
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Pi 2889 Hl%+ SU 7F 11%2 7HF Ekon, fHx uxe
A% N, S, J,U QH K LP V,R 2L 9 ¥Wxr Zz
0.1000, 0.3111, 0.1222, 0.0667, 0.0333, 0.0111, 0.0556, 0.0333, 0.0778,
0.0111, 0.0778, € 01000 2.2 HE&HUH. =@ FFTHY 3z Al
T "lmsla] <Table 14>9 <Table 15> YEHIL .
B Ao 23 P didade A4 #501990 #F £(1998)0]
Bug AFAGde] A % FAE 474 00173 0.0508.%
vgtond, o A7 AEE AFAAEAME Y HEHAA @
skth B FFoIAME Pi' @ FARY FAx NEE Rekh

C PR 5199008 £(1998)0] BuF Ao}t YA
ol Ao A3 FAEHA FUd © FFAAME e KA

AEHANLH, Arab FFAA = 01409 Wz RuHATY
P dgedats B d7dME #5(1990)7 £(1998)0] Bud

0.164, 0.100 Bt} tbh FHL 00339 ¥i==2 A=HAJS =@ FF9
M= Wassukolt A 03609 RIEE 7bd =4 L=t

Yo gaAdate 4 AFAgge ARE FoAAdE £1998)0]
Bag Avrt 01939 Rleg 7B Eska, B dTdA e 01008
2 AEHAoH, 519909 AFHIYANNE HEHA &S AL
2 23499 Aol7t RAFHY. B FFY 4§ Thoroughbred,
Morgan horse, Quarter horseoll 4] Z+Z}t 0.450, 0.303, 0.3799] ¥ E &
=4 HEHUH.

PO g ARt e #%5(1990)0] g AdbE 07418 ¢ &
< 9 2 Ao ©(1998)e] By HIE ZZ 01007
0.1329] ¥I=2 JJoldtA velwttt. & Hokkaido, Kiso, Tsushima,
Philippine, Thailand 5] FZNA w$ A JE
Pi® @A INE £1998)0] RuE AT B ATATN
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v O fAR Wxr7E zb2) 02573 03112 FASHA b wbe 45
5(1990)0] R.313 A A= 00789 ¥IE=R wl$ GA Ut 1
zpol 7t B o A}, wp7FA] 2 Hokkaido, Kiso, Tsushima, Philippine,
Thailand 59 F3Ae &5(1990)9) A} FA8A 2 KA
NErt 2 A BoEgich

Pi" dyRAAS 3¢ E A7 £1998)°] Rud AdE 47
0.0677 0068 9 FAIS F3A MEE e o, &5 (1990)°]
B% AFAHYEH Hokkaido, Kiso, Tsushima, Philippine,
Thailand ¢ FFAXE= ASHA I3

P dydgAAE gRRe EXd4 HAE2HA AU o 3L
ez gaHden, AFAHTY FS £1998)¢ HIiolAy
0.0109) WI=2 e}

Pi* YEHAAE RE EFA AZSHA A vj§ e
HEg FEFey, AFAg T 3% 25 ZE5A Fdvh

P’ dg4dAE B AT E 0.0782 £(1990)9) Z3st FAbst
dom, #HF(1990)e Hug AFAHLT  Hokkaido, Kiso,
Tsushima, Philippine, Thailand 59 FZAE AEHA ko

P dEFARAAME B dFdAE 00789 Sd4 NES g
WAL, $(1998)9] A= 00189 REZ, 485(1990)0] R st A
FA 23} Hokkaido, Kiso, Tsushima, Philippine, Thailand % <]
FEANNNE AEHA Ao

Pi° ddfAAE AFote] A9 11998)9) Aol A 00042 )
Bt fff&e B FFAAE FAEHA AY o $ ve s
A& RAe2 RudHodh.

Pi* dd/A2e A9, £1998)8 oA E 0082, £ dTFoA
= 00569 WME2 HEHJAL #5(1990)°] Bud AF o)

-

-
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Hokkaido, Kiso, Tsushima, Philippine, Thailand ¢ F&olA &=
AEHA U

Pi" digfdas AFAdgy 95 2F o/ Ay
00119] Hlx=2 Yebgow, £(1998), #5(1990)% Hokkaido,
Kiso, Tsushima, Philippine, Thailand, Arab, Barb, Beaty Butte &
A= AEHA @skd

Pi'Y At $01998)2) A3 AF A 00045 o
g Wdoem, B Ao e 00119 WxE el AT

P dgsAddE £0998)2) AF AFelA 00252 eb,
Ba ol = 01228 2o 7 JEbg T

Pi® dig4AAE £(1998)2] ATl 0.007, £AFA 0.0339
NS YESit
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<Table 13> Phenotypes and frequencies of Pi locus in Che Ju hores

11222? Observ. Expect I-;’:l;zr;o Observ. Expect | Allele Freq.
NS 3 (0.066) 28000 | SR 4 (0.089) 21778

NQ 2 (0044) 03000 §] SL 3 (0.066) 28000

NI 10022 0300010 13 20044y 06722

NR 1 (0022 07000 | JQ 1(0.022) 03667

NL 2 (0.044) 08000 | JK  1(0.022) 06111

SS 2 (0.044) 43556 | JP 3 (0.066) 0.8556

S} 1(0022) 34222 | JV 10022 01222 N 0.1000
SU 5 (0111) 18667 | UL 1 (0.022) 0.6000

SH 10022 03111 | IK 10022 0.1389 .

SK 2 (0.044) 15556 | IL 1 (0.022) 0.3000 S 0.3111
ST 1(0022) 09333 | RR 1 (0022) 02722

SP 4 (0089) 21778 | LL 1 (0.022) 04500 ] 0.1222
NN 0 04500 | QV 0 0.0333
NJ 0 1.1000 QR 0 0.2333 U 0.0667
NU 0 06000 | QL 0 0.3000

NH 0 01000 | HH 0 0.0056 ,
NK 0 05000 | HK 0 oose | @ 0038
NP 0 07000 | HI 0 0.0333

NV 0 0.1000 | HP 0 0.0778 H 0.0111
sQ 0 09333 | HV 0 00111

SV 0 0.3111 HR 0 0.0778 K 0.0556
Ju 0 07333 | HL 0 0.1000
JH 0 01222 | KI 0 0.1667 .
jI 0 03667 | KP 0 0.3889 I 0.0333
JR 0 08556 | KV 0 0.0556
JL 0 11000 | KR 0 0.3839 P 0.0778
1010} 0 02000 [ KL 0 0.5000

UQ 0 0.2000 I 0 0.0500 \% 0.0111
UH 0 00667 | IP 0 0.2333

UK 0 0.3333 0 0.0333
Ul 0 02000 I IR 0 0.2333 & 00778
UP 0 04667 | PP 0 0.2722

uv 0 00667 | PV 0 0.0778 L 0.1000
UR 0 04667 | PR 0 0.5444

QQ 0 00500 | PL 0 0.7000

QH 0 00333 | Vv 0 0.0056

QK 0 01667 | VR 0 0.0778
QI 0 0.1000 | VL 0 0.1000

QP 0 02333 | RL 0 0.7000

Chi-square( x): 67.2337 df = 77
090 > P >0.75

*Figures within parentheses are the frequencies of observed phenotype
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<Tablel4 > Gene frequencies in serum Pi1 locus of Che Ju native
horses and other breeds

Allele

F G ! N L S U X Z
Cj 0.000 0.000 0.033 0.100 0.100 0.311 0.067 0.000 0.000
Cjr" 0.050 0.000 0.100 0.193 0.132 0.257 0.068 0.010 0.000
Cj9" 0.017 0.000 0.164 0.000 0.741 0.078 0.000 0.000 0.000
HK™ 0.043 0.000 0.062 0.000 0.895 0.000 0.000 0.000 0.000
KI™ 0.008 0.000 0.060 0.000 0.910 0.022 0.000 0.000 0.000
TA™ 0.051 0.000 0.052 0.000 0.747 0.150 0.000 0.000 0.000
PP™ 0.040 0.000 0.090 0.000 0.820 0.050 0.000 0.000 0.000
TL™ 0.029 0.000 0.063 0.000 0.903 0.005 0.000 0.000 0.000
AR™ 0.040 0.140 0.060 0.120 0.270 0.120 0.230 0.000 0.010
BE*™™™ 0.010 0.020 0.030 0.140 0.310 0.200 0.200 0.000 0.010
BB 0.000 0.000 0.036 0.154 0.576 0.000 0.109 0.000 0.000
CA1*™" 0.000 0.043 0.024 0.058 0.361 0.164 0.043 0.000 0.000
CA2™" 0.000 0.020 0.073 0.048 0.283 0.226 0.032 0.000 0.000
F™** 0.000 0.023 0.126 0.057 0.103 0.336 0.105 0.000 0.000
SC1™™ 0.109 0.000 0.008 0.033 0.358 0.251 0.121 0.000 0.000
SC2™" 0.075 0.000 0.173 0.004 0.394 0.142 0.150 0.000 0.000
W 0.000 0.000 0.360 0.000 0.201 0.311 0.008 0.000 0.000
ST 0.021 0.021 0.080 0.080 0.286 0.083 0.359 0.013 0.000
TB™™" 0.030 0.015 0.060 0.450 0.185 0.130 0.130 0.000 0.000
MH™"" 0.019 0.037 0.049 0.303 0.179 0.079 0.291 0.000 0.000
QH™™™ 0.005 0.040 0.040 0.379 0.126 0.218 0.177 0.000 0.000

* £(1998) * #5(1990) ** Nozawa et al.(1976)
"L Ouragh et al(1994) ""A. T. Bowling{1994) "™ K. Bell, et al(1984)
A, T. Bowling et al(1985)

Breed

Cj: Che ju horse recent. Cjr: Che ju racing horse Cj9: Che ju native
horse’'90 HK: Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine

TL: Thailand AR: Arabian, Be: Barb, BB: Beaty Butte,

CAl: Clan Alpine 1, CA2: Clan Alpine 2, F: Flanigan,

SCI: Stone Cabin 1, SC2: Stone Cabin 2, W:Wassuk,

TB: Thoroughbred, ST: Standardbred, TB: Thoroughbred,

MH: Morgan horse, QH: Quarter horse
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<Table 15> Gene frequencies in serum Pi locus of Che Ju native
horses and other breeds (continued)

Allele

P R ) K H v J Q  Other

Cj 0.078 0.078 0.000 0.056 0.011 0.011 0.122 0.033 0.000

Cjr" 0.050 0.018 0.004 0.082 0.000 0.004 0.025 0.007 0.000
Cj9™ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HK® 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
KI™ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TA™ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PP 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TL* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
AR™ 0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BE™* 0.010 0.020 0.000 0.010 0.000 0.000 0.000 0.000 0.040
BB 0.013 0.000 0.000 0.112 0.000 0.000 0.000 0.000 0.000
CA1™™ 0.082 0.000 0.038 0.029 0.014 0.000 0.043 0.000 0.101
CA2™™ 0.113 0.000 0.000 0.000 0.000 0.000 0.038 0.000 0.167
F™** 0.057 0.026 0.000 0.000 0.089 0.000 0.000 0.003 0.075
SC1*™ 0.040 0.010 0.019 0.000 0.019 0.000 0.027 0.000 0.005
SC2*™** 0.016 0.008 0.038 0.000 0.000 0.000 0.000 0.000 0.000
wW*** 0.053 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.063
ST**™* 0.002 0.001 0.006 0.018 0.015 0.014 0.001 0.000 0.000
TB™ ™ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
MH**"" 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.043
QH™" 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.015

* 4:(1998) * #5(1990) * Nozawa et al.(1976)
"L Quragh et al(1994) "™A. T. Bowling(1994) ""™K. Bell, et al(1934)
A, T. Bowling et al(1985)

Breed

Cj: Che ju horse recent. Cjr: Che ju racing horse Cj9: Che ju native
horse’90 HK: Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine

TL: Thailand 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, TB: Thoroughbred,

MH: Morgan horse, QH: Quarter horse
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. wAA Wik o FF 9 LMK
gy ohild 9@ g AFAY-Transferrin(Tf), Albumin(Alb), Vitamin
D binding protein (Ge), Al1B protein (AIB) 2 Protease
inhibitor(Pi)- 2] Gene frequencies& &3l A5 Az g FF
k9] Genetic distance® Nei(1975)¢] W oz PR oew, 1A}
& <Table 16>3} <Table 17>°] YJephdcl. o] 213 Fd2} Al
7 3ke] UPGMA® 98} 749 AEst Fig. 9 o JdehiAch
7} FF3H9 Genetic distance® Hlw st A} AlF AeEH 73
Wb TR ARE H EFEFLS 1990de) @] uET
Ci9(CheJu'90) AFA LS 00317010 o9, 71 A FA4x A9
7k FFL  Thoroughbred FFSEZ 051774t L ¥
Hokkaido, Kiso, Thailand ¢ FZ53 vlu3 7l72 Fx2 As
g 7M. o=t A #§®5(1990, 1993)0] R AF A e
719 2 dE Ay AYARA g FEE Y58 ARTHL
AL EITh REE 4:(1998)0] Haigt AFEu FhIulAbsol M A& F
T2 FFR AFARLHE 1 FHH ALt 0278308 v
Ao g Hol AFAHYLe AFTE % AF37} o] Foix e
7heAdol Rzt

=]
A
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<Table 16> Standard genetic distance for 21 breed at Alh, Tf, Pi
polymorphic loci

.G Cr €9 HK KI TA pPP_TL AR _BE_ BB |
Cj 0.0000 0.2783 0.0317 0.0703 0.0608 0.1097 0.0952 0.0523 0.3500 0.2657 0.2497

Cir 0.2783 0.0000 0.3060 0.2720 0.2002 0.3355 0.2814 0.3850 0.0639 0.0577 0.1344
C9 0.0317 0.3060 0.0000 0.0471 0.0406 0.0450 0.1254 0.0406 0.4415 0.3394 0.2740
HK 0.0703 0.2720 0.0471 0.0000 0.0326 0.0368 0.0763 0.0393 0.3599 0.2107 0.2128
KI 0.0608 0.2002 0.0406 0.0326 0.0000 0.0831 0.0385 0.0581 0.3174 0.1763 0.2354
TA 0.1097 0.3355 0.0450 0.0368 0.0831 0.0000 0.2059 0.0847 0.5052 0.3618 0.2244
PP 0.0952 0.2814 0.1254 0.0763 0.0385 0.2059 0.0000 0.0800 (.3338 0.1588 0.3391
TL 0.0523 0.3850 0.0406 0.0393 0.0681 0.0847 0.0800 G.0000 0.4084 0.3059 0.3677
AR 0.3500 0.0639 0.4415 0.3599 0.3174 0.5052 0.3338 0.4084 0.0000 0.0580 0.2425
BE 0.2657 0.0577 0.3394 0.2107 0.1763 0.3618 0.1588 0.3059 0.0580 0.0000 0.1717
BB 0.2497 0.1344 0.2740 0.2128 0.2354 0.2244 0.3391 0.3677 0.2425 0.1717 0.0000
CAl 0.3817 0.0886 0.4268 0.2814 0.2709 0.3521 0.2903 0.4140 0.1414 0.0649 0.1548
CA2 0.3853 0.1776 0.3982 0.2412 0.2622 0.2783 0.2934 0.4038 0.2970 0.1388 0.1202
F 0.3408 0.0285 0.3831 0.3116 0.2227 0.4517 0.2528 0.3987 0.0379 0.0372 0.1975
SC1 0.2610 0.0936 0.2798 0.1670 0.1756 0.2666 0.2297 0.3013 0.1141 0.0698 0.1021
SC2 0.4674 0.0953 0.4525 0.2889 0.2990 0.3256 0.3697 0.4605 0.1649 0.0972 0.1803
W 0.4961 0.1954 04528 0.2877 0.3039 0.2908 0.3748 0.4858 0.3623 0.1910 0.2223
ST 0.1019 0.1779 0.1276 0.0858 0.0387 0.2170 0.0207 0.0877 0.1930 0.0972 0.2898
B 0.5177 0.1132 0.5369 0.4129 0.4066 0.4177 0.4914 0.5660 0.1818 0.1531 0.2213
MH 0.4706 0.0720 0.5044 0.3468 0.3199 0.4468 0.3454 0.4668 0.0760 0.0556 0.2099
QH 0.1605 0.0519 0.1846 0.1201 0.0948 0.2037 0.1203 0.1690 0.0727 0.0296 0.1517

Cj: Che ju horse recent. Cjrt Che ju racing horse Cj9: Che ju native horse'90 HK
Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine

TL: Thailand AR: Arabian, Be: Barb, BB: Beaty Butte,

CA1: Clan Alpine 1, CA2: Clan Alpine 2, F: Flanigan,

SC1: Stone Cabin 1, SC2: Stone Cabin 2, W:Wassuk,

TB: Thoroughbred, ST: Standardbred, TB: Thoroughbred,

MH: Morgan horse, QH: Quarter horse
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<Table 17> Standard genetic distance for 21 hreed at Alb, T Pi
polymorphic loci (continued)

. €Al €CA2 F  5ClL sC2 W 5T TB _MH QH
Cj 0.3817 0.3853 0.3408 0.2610 0.4674 0.4961 0.1019 0.5177 0.4706 0.1605
Cir 0.0886 0.1776 0.0285 0.0936 0.0653 0.1954 0.1779 0.1132 0.0720 0.0519
Cj9 0.4268 0.3982 0.3831 0.2798 0.4525 0.4528 0.1276 0.5369 0.5044 0.1846
HK 0.2814 0.2412 0.3116 0.1670 0.2889 0.2877 0.0858 0.4129 0.3468 0.1201
Kl 0.2709 0.2622 0.2227 0.1756 0.2990 0.3039 0.0387 0.4066 0.3199 0.0948
TA 0.3521 0.2783 0.4517 0.2666 0.3256 0.2908 0.2170 0.4177 0.4468 0.2037
PP 0.2903 0.2934 0.2528 0.2297 0.3697 0.3748 0.0207 0.4914 0.3454 0.1203
TL 0.4140 0.4038 0.3987 0.3013 0.4605 0.4858 0.0877 0.5660 0.4668 0.169%0
AR 0.1414 0.2970 0.0379 0.1141 0.1649 0.3623 0.1930 0.1818 0.0760 0.0727
BE 0.0649 0.1388 0.0372 0.0698 0.0972 0.1910 0.0972 0.1531 0.0556 0.0296
BB 0.1548 0.1202 0.1975 0.1021 0.1803 0.2223 0.2898 0.2213 0.2099 0.1517
CAl 0.0000 0.0339 0.1151 0.1802 0.0219 0.0555 0.2382 0.0291 0.0253 0.0691
CA2 0.0339 0.0000 0.2266 0.2200 0.0666 0.0341 0.2899 0.0829 0.1029 0.1304
F 0.1151 0.2266 0.0000 0.0843 0.1323 0.2737 0.1397 0.1777 0.0629 0.0539
SC1 0.1802 0.2200 0.0843 0.0000 0.1678 0.2881 0.1473 0.2850 0.1552 00857
SC2 0.0219 0.0566 0.1323 0.1678 0.0000 0.0374 0.2930 0.0272 0.0292 0.0917
W 0.055 0.0341 0.2737 0.2881 0.0374 0.0000 0.3650 0.06563 0.1179 0.1707
ST 0.2382 0.2899 0.1397 0.1473 0.2930 0.3660 0.0000 0.3995 0.2407 0.0622
TB 0.0291 0.0829 0.1777 0.2850 0.0272 0.0653 0.3995 0.0000 0.0469 0.1346
MH 0.0253 0.1029 0.0629 0.1552 0.0292 0.1179 0.2407 0.0469 0.0000 0.0661
QH  0.0691 0.1304 0.0539 0.0857 0.0917 0.1707 0.0622 0.1346 0.0661 0.0000

Cj: Che ju horse recent. Cjr: Che ju racing horse Cj9: Che ju native horse’90 HK:
Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine

TL: Thailand AR: Arabian, Be! Barb, BB: Beaty Butte,

CA1l: Clan Alpine 1, CA2: Clan Alpine 2, F: Flanigan,

SC1: Stone Cabin 1, SC2: Stone Cabin 2, W:Wassuk,

TB: Thoroughbred, ST: Standardbred, TB: Thoroughbred,

MH: Morgan horse, QH: Quarter horse
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Fig 9'. Dendrogram for 21 horses breeds calculated from Net's D using
Alb, Tf, Pi polymorphic protein loci

Cj: Che ju horse recent. Cjr: Che ju racing horse Cj9: Che ju native
horse’90 HK: Hokkaido, KI: Kiso, TA: Tsushima, PP: Philippine

TL: Thailand AR: Arabian, Be: Barb, BB: Beaty Butte,

CAl: Clan Alpine 1, CA2: Clan Alpine 2, F: Flanigan,

SCI1: Stone Cabin 1, SC2: Stone Cabin 2, W:Wassuk,

TB: Thoroughbred, ST: Standardbred, TB: Thoroughbred,

MH: Morgan horse, QH: Quarter horse
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IV. 42

& AT AFAY LY EAFEE FHEE A AFAAEY &
T 8% RE 2 €988 9% SHoE ¥ UYL AF ¥
Holl o8] 7 system 23 factor® FA&H om, PAGE ¥ Acidic
gradient PAGE®| &) @4 @z ##¢<Q Alb, GC, AlB, Tf %
bl A2 &, 32 s 8 F5349 3 AYE
F Ao

i=]
'LT__/BI

)
Ol

i
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A

(o3
Ol

=
e

(1) A system® ¥A4ZA3} adf a b, ¢, bc, A-9] WHAFAR
(Allele)7t =53l ew, adf HE-FH2 7 74 & W= 0448
S YEHAL, be HHEFAAIT 002602 7B w@Edt e,
bece /A2 = AEHA Fed, = g FFA BAHA &

= a dEFAA7L 01559 WEE HE HAT

be, ce,

2

(2) C system®] ¥ d3e= FMul AA7} a R FAAE ERY
N7 1.00002 AZHAPY

(3) D system® ¥4Z2# ad, dk, adn, dghm, de, dek, dekm,
bem, cgm, cefgm WHFAA7E AEHAUJTY. cgm HHFHA 7}
02672 7} ¥& WMEE Yeluiglen dk HEFARIT 002602
7Fd gkett). d, dfk, cegimn, cfgkm HHHEGFAAE AEHA o
™, §3] BEFFANA HAEHA &S adn P FAA7E 01032 W%
2 dEHsdey, A HEEA &L factorE9 89 dekm )
ArAA7E 2%, 00369 WEE HEH N2 2P dYsA
A AH Ths Aol B,
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(4) K system? FAZ2AE a dig5A44 o K-¢ ddFA4F
K-9 ggfHxtvto] AZEHUCH a HEFAAE AEH A st
=3

(5) P system® ¥XZA#H a b, P- EFAA7 AEHNSH, b
PEFAA7 04482 71 =& vz E Yehglew p- did/A
Z7F 017322 7H 2t

(6) Q system® ¥AEd# abe, ac, b, ¢, Q- WHEFARZF AEH
Fow, b dgFHA} ¢ dEFHAIE 03839 HlEZ FAsH
e MEE Yl en, abe, ac dEFHA7E 00172 A st
th.

(7) U system® #4437 g U- tl@FAA7F AEHA2H, a of
A5 A= 7 0665, U-7F 03459 RIZE HE5 AU

(8) o 2L ARE F3d, B FEHY FHdA A E vl
s AT AAEA A ANE FAA AdE A EFEE
CAl(Clan Alpinel)2 % 0.1864°0j%°oH, 713 A F3A AE 7}
2 ## 2 Thoroughbred USA £ 22 037149t}

(DA ©HE 9o EAd3 Ab* 9 ADb® o 98 AuHE
AA, AB ¥ BB9 371A && ol HEHAY. Abe BIEIFF 1
Sz = BBY A7 F 60F F 0FEA 50%9 2dvieg 3
E¢ton, AB £ 23524 383%, AAS A$7 St AL TRERA
11.7%2 7bF @& =g Jepddog. f384 Hxe A$de
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Alb* ¢} AIL® 9 §AA W%z} 42 03083, 0.60175 YEG AlL®
9 fAA W=7} Alb® 9 2u) o] o2 eyt

(10) Gc @¥ = 2919 M43 SS Tdd S A3 FF, FS £
dyPvto] A& o] ZdWIELE FF3o] 95%, FS o
o] 5%¢ £d WEE BAow, Gec FY9 A& NEE GF ¢
Ge® thg AL 242 0975, 00252 G frHAte wEs 9%
3 =t

(11) AIB &@9d #99 2443 AIB'Y #Hdx:s AFHA @
etom AIBYe} AIB® &R o o3 KK, KS @38 vte] Yehyte
M SS #dge AEHA Eut

AlBe 2839 £d Hlxe KK 3o 96.7%2 g¥-&ES 2HA 8
A3, KSHE 33%=2  wl$ He& N=sE Yehldith A1B 299
A7 WEE AIBF 71 0983302 A1B®S) 00167 2t} wl$ =gt
ch

(12) Transferrin ©9a z9e) B4z T, T, T T 2
T 57kA] 2] WolA] who] A& HUL, RHP 22 DFy, DO, DR,
FiF;, Fi0, FIR, F:0, OR % RR¢ 9% 77t #A&H v}

Tf 839 WEE FIO 9 OR Typeo| 1454 23%9 vz
FYstA =4 dsted, DF, DO, DR, FiF;, FiR, F»:0, RR ©] 2z}
7t 10%, 1.7%, 1.7%, 15%, 21.6%, 1.7%, 1.7% 2 HA &=}

Tf &99 Ay 44 NEE T FA271 04250 22 7}4 =
stom, T 0.0667, T 0.0083, T 0.2500, T 0.2500=2 L}ebste},
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(13) Protease inhibitor (Pi) 9% 4 #H99 2423 P #A99 %
HYS N, S, J, U Q H K, L P V,R L thg $dx9 o)A
A= E 2474 2dPe] FEHAeH, Pi xdd9 Wlkee SU
b 1%2 7H8 %oy, 84 ¥9xe 49 N, S, ], U, Q H,
K, L P V,R WL ¢ ®1%7 72} 01000, 03111, 0.1222, 0.0667,
0.0333, 0.0111, 0.0556, 0.0333, 0.0778, 0.0111, 0.0778, ¥ 0.1000 &=
AEH AT

Exo gsol Rug AFAYTE 00317010, b W G
2 A2 E A %L Thoroughbred F£0.2 051779

(15) 2 ¥tell Hokkaido 0.0703, Kiso 0.0608, Thailand 0.0523 &<

2 Hay 7k FA AR E 7Y

(16) ¥# £(1998)c] RIgt AFLu Farupalsie] AlgF<
Y FFYU AFAgEHRE 2 544 Agrt 0278328 HaH
W Ao g Hol AFAMyRe] AFE gt FFst o|FAHE 7}
S0 BRI

(17) o3 & Ak AF AYee v E23 Agd 47 2
olg dey 1 F3H S4o) W¥an, BFY FANE nfd
AFE 4202 FALENY AX7} 50 BaA 1 BED Be)

OS B2 =88 7] &oof & o)),
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