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Analysis of Genetic Polymorphism by Bloodtyping in Jeju Horse. Gil-Jae Cho. College of Veterinary
Medicine, Kyungpook National University, Daegu 702-701, Korea — The present study was carried out to
investigate the blood markers of Jeju horses. The redcell types (blood groups) and blood protein types
(biochemical polymorphisms) were tested from 102 Jeju horses by serological and electrophoretic
procedure, and their phenotypes and gene frequencies were estimated. The blood group and
biochemical polymorphism phenotypes observed with hi%h frequency were AY (27.45%), C* (99.02%),

K (97.06%), U° (62.75%), P° (36.27%), Q° (47.06%)
, AL® (48.04%), GC' (99.02%), A1B* (97.06%), ES" (36.27%), TF
(86.27%) in Jeju horses, respectively. Alleles observed with high

DA 7 84%), DE/E (7.84%)
(25.49%), HB" (45.10%) and PGD

De/dg

™ (13.73%), DVE (9.80%), D" (8:82%),

gene frequency were A" (03726), A° (0.2647), C (0.5050), K' (0.9853), U (0.6863), P* (04657), Q'

(0.5294), D®™ (0.3039), HB

(0.5000) and TE™ (0.4950) in Jeju horses, and s

(0.0196), ES® (0.0441), ES™ (0.0098), TF® (0.0246),

! (0.6863), PGD" (0.9265), AL® (0.6912), A1B* (0.9852), GC" (0.9950), ES'
pecific_alleles, D®® (0.0196), HB* (0.0147), HB*
? (0.0049) and PGD® (0.0098) were detected in Jeju

horses. These preliminary results present basic information for detecting the genetic markers in Jeju
horse, and developing a system for parentage verification and individuals identification in Jeju horses.

Key words — Allele, blood groups, biochemical polymorphism, Jeju horse.
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Table 1. Lists of staining reagents for blood protein polymorphisms

Blood protein polymorphisms

Staining reagents

AL Amidoblack 1g make up to 1,000 ml with destain sol.
(Acetic acid : Methanol : DW =1 :5:5)
PGD 0.2 g agar, NADP 4 mg, PMS 6 mg, MTT 8 mg and

6-PG 10 ml make up to 0.1 M Tris buffer 40 ml

AlB, GC, TF

Coomassie brilliant blue G 1 g and 60% Perchloric acid

60 ml make up to 1,000 ml with D.W
0.19 M Trisaminomethane 200 ml, Fast blue B salt

ES 30 mg, 0.05 M Citric acidmonohydrate 150 ml and 1%
a-Naphthyl acetate 8 ml mixed
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Table 2. Frequencies of blood groups in 102 Jeju horses

System Phenotype oI;I(;E)fs)e System Phenotype oTigfs)e

A a 8 (784 K a 3294

a/b 1 (0.98) - 9 (97.06)

a/c 10 980): U a 4 (62.75)

ab 2 (1.96) - 38 (37.25)

ab/c 2(19): P a/b 3 (22.55)

abf 3 (294 a 7 (26.47)

abf/c 5 (4.90) b 6 (35.29)

af 28 (27.45) - 16 (15.69)

af/c 20 1961) Q a 1 (0.98)

b 3 (294 abe 4 (3.92)

b/c 5 (4.90) b 11 (10.78)

c 6 (5.88) b/c 12 (11.76)

- 9 (8.82) ¢ 48 (47.06)

C a 101 (99.02) - 26 (25.49)
- 1 (0.98)

EHY AY 285(27.45%), C° 1015(99.02%), K 995(97.06%),
U® 64%(62.75%), P* 375(36.27%), Q° 485 (47.06%) ol 4 =&
TS Uegyon, Table 3¢ RE2HE $A5E Hy7
F98 DA~ 4, 5 §2343S vehd o2 317
NP fda 2 DEVET 14%(13.73%), DHVET 10%
80%), D*V/E™ 9=(8.82%), D™/ U™ 8= (7 84%), DE/E™
8%(7.84%), D% 6(5.88%), D™ "™ 5=(490%), D
5%(4.90%), D™ 4%(3.92%), DV 352(2,94%), DAV
3%(2.94%), DI/B™ 35%(2.94%), DOE/ M (1 96%),
D/ 2(1.96%), D™ 2%(1.96%), D™V 25(1.96%),
Ddek/dn 2—%(196%) :LE}_T_’_ Dadn/c(e)fgm’ Dad/c(e)fgm, Dad/de’

I

’\BAQ.OC"

bcm/ cgm

Table 3. Frequencies of D blood groups in 102 Jeju horses

No.(% No.(%
Genotype of hc()rs)e Genotype of hgrs)e
ad/cgm 9 (8.82) bem/dghm 5 (4.90)
ad/cgm(f) 1 (0.98) cegmn/de 1 (0.98)
ad/de 1 (0.98) cgm 8 (7.84)
ad/dghm 2 (1.96) cgm(f)/dghm 2 (1.96)
adn 3 (294) cgm/de 6 (5.88)
adn/becm 2 (1.96) cgm/dek 1 (0.98)
adn/cgm 10 (9.80) cgm/dfk 1 (0.98)
adn/cgm(f) 1 (0.98) cgm/dghm 14 (13.73)
adn/de 2 (1.96) de/dghm 3 (2.94)
adn/dfk 1 (0.98) dek 1 (0.98)
adn/dghm 3 (294) dek/dghm 1 (0.98)
adn/dk 1 (0.98) dek/dn 2 (1.96)
bem 1 (0.98) dghm 8 (7.84)
bem/cgm 5 (4.90) dghm/de 1 (0.98)
bem/de 4 (3.92) dghm/dk 1 (0.98)
bem/ dek 1 (0.98)

[k pysdn/dk pfe/dek pybemy/bem - cegma/de pygm/dikc pegm/dek
pe/dk pylek/dahm pylghm/de pydgm/dk ) Ak 1= (0,08%)e] 4
o8 2o vure AR BZAEYE T null alleleZ
2R g DY@ praveim prdim/dn gog 1 7o) 4
FolA FEHAT

goyozol RN Oy 24
FANAR 10259 g AN FH42 gPg Y
3k A3 Table 49} Figure 12014 B uho} o) g3

Table 4. Frequencies of blood protein polymorphisms in 102
Jeju horses

Locus Phenotype OI;R;(()QE Locus Phenotype 01;1(;(026
AL A 10 (9.80) | TF D 1 (0.98)

AB 43 (42.16) DF, 5 (4.90)

B 49 (48.04) DO 2 (1.96)

GC F 101 (99.02) DR 2 (1.96)

FS 1 {0.98) EF, 5 (4.90)

AlB K 99 (97.06) F, 26 (25.49)
KS 3 (2.94) FO 17 (16.67)

ES F 4 (23.53) FR 22 (2157)

FG 2 (1.96) H0 1 (0.98)

FI 37 (36.27) O 1 (0.98)

G 2 (1.96) OR 10 (9.80)

GI 3 (2.94) R 10 (9.80)

HI 2 (196) : HB AB1 2 (1.96)

I 30 (29.41) AB2 1 (0.98)

S 2 (1.96) A2B1 4 392)

PGD D 1 (0.98) Bl 46 (45.10)
F 88 (86.27) BiB2 42 (41.18)

FS 13 (12.75) B2 7 (6.86)

Fig. 1. Serum protein banding patterns for A1B, ES, GC, TF by
horizontal polyacrylamide gel electrophoresis (HPAGE)
in Jeju horse.
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Fig. 2. Blood protein banding patterns for a-hemoglobin (HB)
polymorphism by isoelectric focusing(IEF) in Jeju horse.

NAY AL = AL® T8 o] 49548.04%), GC3 9= GCF
FHH o] 1015(99.02%), A1BHSE A1BS ZaFPo] 9%
(97.06%), ESZ9& ES™ H @& 37%(36.27%), TR =
TF? 88 o] 2657(2549%)2 L WNEE B £3F HB
#9e HB” Z8 30| 46%(4510%), PGDA Y= PGD" X8
o] B8F(86.27%) 2 & HMwE By on, HBHSE HB™
E@8o] 4F(3.92%), HB*™ m & o] 25(196%), HB*™ 3t
f‘aaol 15(0.98%), PGD#$1&= PGD” Z&¥ o] 15(0.98%)
olgtA BAHU.
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AE7ELEY FHANEE 2A A7 Table 500 A
HE uie} 2ok A A2Ee AY0.1324), A™(0.0294), A™(0.0539),
A¥(0.3726), A°(0.0588), A%(0.2647), A’(0.0882)5 77} 9] rﬂa
A7 #2H0eH C K U A2"dde C i
AH0.5050), K* o 58 24(0.9853), U g z%x}(o 6863)7}
e WTs Ugyg. PA2EE PY03775), PP(0.4657),
(0.1568) A A A7F #AE Y Q A2y Q HEf
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Table 5. Gene frequencies of blood groups in 102 Jeju horses

System Allele freiirelf\cy : System  Allele freitelle]f\cy

A Aa 0.1324 Q Qa 0.0098
Aab 0.0294 Qb 0.1667

Aabf 0.0539 Qc 0.5294

Aaf 0.3726 Qabc 0.0392

Ab 0.0588 - 0.2549

Ac 0.2647 D Dad 0.0637

A- 0.0882 Dadn 0.1275

C Ca 0.4950 Dbem 0.0931
C- 0.5050 Dcegmn  0.0049

K Ka 0.0147 Dcgm 0.3039
K- 0.9853 Degm(f)  0.019

P Pa 0.3775 Dde 0.0883
Pb 0.4657 Ddek 0.0343

p- 0.1568 Ddfk 0.0098

U Ua 0.3137 Ddghm  0.2353
U- 0.6863 Ddk 0.0098

Ddn 0.0098
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Table 6. Gene frequencies of blood protein polymorphisms in
102 Jeju horses

System  Allele freiﬁgﬁcy System  Allele fregﬁgicy
HB A 0.0147 ES G 0.0441
A2 0.0196 H 0.0098
Bl 0.6863 I 0.5000
B2 0.2794 S 0.0196
PGD D 0.0098 GC F 0.9950
F 0.9265 S 0.0050
S 0.0637 TF D 0.0539
AL A 0.3088 E 0.0246
B 0.6912 F2 0.4950
AlB K 0.9852 H2 0.0049
S 0.0148 0 0.1569
ES F 04265 R 0.2647
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Table 7. A case of parentage testing by red cell type and blood protein polymorphisms in 4 Jeju horse

Samol Red cell type (system) Blood protein type (locus) Parentage
ampies TrA T ¢ D K P Q U AL AIB ES GC HB TF PGD testing
Sire a/c a adn/dghm - a b/c a AB K Fl F B2 F2R F
Dam a/c a adn/cgm - a c a B K H F Bl Dr2 F Inclusion
Foal I a/c a adnfegm - a ¢ a AB K FI F BiB2 DF2 F
Sire a/c a adn/dghm - a bfc a AB K FI F B2 FR F
Dam b/c a ad/cgm(fy - a b a AB K FI F AB1 R F Inclusion
Foalll b/c a adn/cgm{f) - a b - AB K FI F BiB2 F2R F
Sire a/c a adn/dghm - a bfc AB K FI F B2 F2R F
Dam af/c a adn/cgm a - abc B K F F Bl R F Inclusion
Foal T ajc a adn - a bjc AB K Fl F BIB2 2R F
Sire a/c a adn/dghm - a b/c AB K HF F B2 F2R F
Dam a - bem - - b/c B K Fl F -BiB2 F2R F Inclusion
Foal IV afc a adn/bem - a b/c AB K F F BiB2 F2 F
o & HB™(0.7895), PGD"(0.8421), TF*(0.3421)7} £ & ¥z g #F
=
Hoke 2 b i

Azae 540 B 4, A, LAYELS z sple A¥Tdge gRads D, 4 589
% Fesry Yo ge At FYuod AFT 2 & gAguAY HE” oA, AL @R AN A
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28] 31709 WY GHA F DEVEM 14%(1373%),
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Dc(e)fgm/dghm q_]mﬂ

FAATE 47NN FRHAG Sadiy
Ho AL® 49%(48.04%), GC' 1015(99.02%), A1B* 99%
(97.06%), ES™ 375(36.27%), TF™ 26%(2549%), HB" 46%
(4510%), PGD" 88%(86.27%)% =& wEg ngorn,

Journal of Life Science 2005, Vol. 15. No. 6 977

HB™' 4%(3.92%), HB*™ 25(1.96%), HB** 15:(0.9 %) PGD”

157(098%)7} SolahA BT F1A Mz AY(03726),
A%(0.2647), C(05050), K(0.9853), U'(0.6863 ), P"(0.4657),
Q(0.5294), D®™(0.3039), HB™(0.6863), PGD(0.9265), AL®
(0.6912), A1B¥(0.9852), GC'(0.9950), ES'(0.5000), TF™(0.4950)

WA Vg e Mg dehigdn DF0(0.019),
HB*(0.0147), HB*(0.0196), ES°(0.0441), ES"(0.0098), TF®
(0.0246), TF™*(0.0049), PGDP(0.0098)2} T &4 A7} #)Z=2
oA EolatA AAHUY. 2EH o2 AFd 93 AF
o f317 gL AY AS C, K, U, P!, Q) D*", D™,
D", HB®, PGD", AL?, A1B¥, GC', ES' TF™ tj@¢-R=}9)
MEsl vad 2o Aoz pAHAL AY, A DO
(Dcfg(k}m > 2 Dc(e)fgm) HBA I‘IBAZ ESG ESH TFE TFHz, PGDD.O/]
W FAR 7L AFDo A SolatA BEFA

ZAe =
Eog7e $EA%3 veleaanid@us:

20050401034715)¢] e o8] FFE A7ATe] Yo
o, d74] Aol AA=HAY

Ho
rok

1. Andersson, L. 1985. The estimation of blood group gene
frequencies: a note on the allocation method. Anim. Blood
Grps. Biochem. Genet. 16, 1-7.

2. Cho, G. ], T. S. Kim,, Y. H. Um,, B. H. Kim and J. S. You.
1999. Genetic studies of blood markers in Cheju horses. L
Red blood cell types. Korean J. Vet. Res. 39, 1066-1072.

3. Cho, G. J. and B. H. Kim. 2000a. Studies on blood types
in Thoroughbred horses. Korean J. Vet. Res. 40, 683-689.

4, Cho, G. ]. 2004a. Parentage testing for Thoroughbred horse
by microsatellite DNA typing. J. Anim. Sci. & Technol.
(Kor.) 46, 129-136.

5. Cho, G. J. and B. W. Cho. 2004b. Analysis of redcell and
blood protein typing in Mongolian horse. J. Anim. Sci. &
Technol. (Kor.) 46, 887-896.

6. Cho, G. J, B. H. Kim,, D. 5. Lee and K. K. Lee. 2000b.
Genetic studies of blood markers in Cheju horses. II.
Blood protein types. Korean . Vet. Res. 40, 283-290.

7. Cho, G. J. and B. W. Cho. 2004. Microsatellite DNA
Typing using 16 markers for parentage verification of the
Korean native horse. Asian-Aust. J. Anim. Sci. 17, 750-754.

8. Chung, E. Y., 5. K. Han and Y. C. Shin. 1990a. Studies on
the biochemical polymorphism of blood protein and en-
zyme in Cheju native horses. I. Genetic polymorphism of
serum protein. Korean J. Anim. Sci. 32, 298-308.

9. Chung, E. Y., S. K. Han and Y. C. Shin. 1990b. Studies on
the biochemical polymorphism of blood protein and en-
zyme in Cheju native horses. 1L Genetic polymorphism of
blood enzyme. Korean J. Anim. Sci. 32, 581-587.

10. Han, S. K,, E. Y. Chung and Y. C. Shin. 1992. Studies on



978

11.

12.

13.

14.

15.

16.

17.

A4FAIYIX] 2005, Vol. 15. No. 6

genetic polymorphism of Hb in Cheju native horse by iso-
electric focusing.the biochemical Korean J. Anim. Sci. 34,
338-342.

Ishida, N., T. Oyunsuren., S. Mashima., H. Mukoyama and
N. Saitou. 1995. Mitochondrial DNA sequence of various
species of the genus Equus with special reference to the
phylogenetic relationship between Przewalskii’s wild horse
and domestic horse. J. Mol. Evol. 41, 180-188.

Kakoi, H., H. Gawahara and N. Miura. 1995. Unusual D
system inheritance in Anglo-Arab horse. Anim. Genet. 26,
53-54.

Kang, M. H. 1969. Historical and morphological studies on
the Korean native horse. Korean J. Anim. Sci. 11, 351-379.
Miura, N. 1994. Blood typing service in light-breed horses.
Jpn. J. Equine Sci. 4, 187-190.

Nozawa, K. 1992. Origin and ancestry of Native horse in
eastern Asia and Japan. Jpn. ]. Equine Sci. 3, 1-18.

Oh, M. U,, M. H. Ko and G. O. Kim. 1992. Genetic varia-
tions of the blood protein in Cheju native horses. Korean
J. Genet. 14, 39-50.

Pirchner, F. 1983. Population genetics in animal breeding.

18.

19.

20.

21.

22,

23.

Freeman Company, San Fransisco.

Shubitowski, D. M., P. J. Venta,, C. L. Douglass., R. X.
Zhou and S. L. Ewart. 2001. Polymorphism identification
within 50 equine gene-specific sequence tagged sites.
Ainm. Genet. 32, 78-88.

Sandberg, K.:1973. Phosphohexose isomerase polymorphism
in horse erythrocytes. Anim. Blood Grps. Biochem. Genet.
4, 79-82.

Stormont, C., Y. Suzuki and E. A. Rhode. 1964. Serology
of horse blood groups. Cornell Vet. 54, 439-452.

Tozaki, T., N. Takezaki, T. Hasegawa., N. Ishida., M.
Kurosawa., M. Tomita, N. Saitou and H. Mukoyama.
2003. Microsatellite variation in Japanese and

Asian horses and their phylogenetic relationship using a
European horse out group. ]. Heredity 94, 374-380.
Yokohama, M. Y. Watanabe and H. Gawahara. 1987.
Horizontal polyacrylamide gel electrophoresis for equnine
serum protein types. J. Anim. Genet. 15, 22-27.
Yokohama, M. and K. Mogi. 1983. Polymorphism of
equine hemoglubin by the isoelectic focusing method. Jpn.
J. Zootech. Sci. 54, 794-797.



