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Genetic studies of blood markers in Cheju horses
1. Red blood cell types
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Abstract : The present study was carried out to investigate the blood markers of Cheju
horses. The red cell types (blood groups) were tested from 73 Cheju native horses and 118
Cheju racehorses by serological procedures with 23 reagents.

The blood group phenotypes observed with high frequency were Pb(34.3%), Qc(56.2%), Qb
(15.1%) and genotypes Dbcm/dghm(12.3%), Dde/dghm(9.6%), Dad/becm(6.8%), Dcgm/de(6.8%)
in Cheju native horses, while Aa(63.6%), Pa(44.9%), P-(28.8%), Qabc(36.4%), Dbcm/cgm(14.
4%), Dbcm/bem(10.2%), Dbem/de(7.6%), Dbem/dghm(5.1%), Dde/dk(5.1%) in Cheju racehorses.

Alleles observed with high frequency were Ab(0.128), Ac(0.169), Dad(0.103), Dadn(0.075),
Ddghm(0.226), Pb(0.316), Qc(0.494) in Cheju native horses and Aa(0.529), Dbcm(0.306), P-(0.
531), Qabc(0.197), Q-(0.504) in Cheju racehorses.

No specific variation of blood groups and allele frequencies of C,K,U system were observed
in Cheju native horses and Cheju racehorses.

The mean heterozygosity in Cheju native horses and Cheju racehorses was observed 0.5344

and 0.5102, respectively.

Key words : blood groups, allele frequency, phenotype, genotype.
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Table 1. Analysis of blood groups in Cheju native horse and
Cheju racehorse

Cheju native horse  Cheju racchorse

System  Phenotype

No.%) of horse ~ No.(%) of horse
a 20(27.4) 75(63.6)
ab 12(16.4) 12(10.2)
ac 10(13.7) 8(6.8)
b 8(11.0) 1(0.8)
A be 3(4.1) 3(2.5)
c 8(11.0) 6(5.1)
abc 6(8.2) 4(34)
- 6(8.2) 97.6)
2 71(97.3) 112(94.9)
¢ - 227) 6(5.1)
a 227) 1(0.8)
« - 71(97.3) 117(99.2)
a 29(39.7) 53(44.9)
ab 13(17.8) 12(10.2)
g b 25(34.3) 19(16.1)
- 6(8.2) 34(28.8)
a 1(14) 0(0.0)
ab 0(0.0) 1(0.8)
ac 227) 0(0.0)
b 11(15.1) 18(15.3)
< be 5(6.8) 4(3.4)
c 41(56.2) 22(18.6)
abe 5(6.8) 43(36.4)
- 8(11.0) 30(25.5)
a 52(71.2) 83(70.3)
v - 21(28.8) 35(29.7)

Table 10} 4 Vebd uls} o] HE78UY A N2
oA AFul R AFHEFur] FHYL Aa, Asb, Aac,
Ab, Abc, Ac, Aabc, A- 5 8FEEM AFAFulE: Awr}
155(63.6%)2 4 AFv} 20FQ274%)E L 9EQ
9 O PN E EF AFop g VER B
25t C A|2delA A Fote 71597.3%), AF7
Fuh 112594.9%)04 Ca B8Fo] F&=HUL CE
YL 22} 27(27%), 65(5.1%)8 e

KA 299 K-FHHo] AFot L AFHFolo A 2}
Z} 1597.3%), 1175(992%)8 B4 1, P A2de A
Fot 9 A F 7 Fu} F Pa, Pab, Pb, P- 43577} B2 5
Aom AFehE Pa, Pb RE Yol Bo] 2EE ¥HE A
FHFole Pa, P-EHYO] £A #FHAL Q A &€
oA A FehE Qa, Qac, Qb, Qbc, Qc, Qabe ¥ Q-E¥ Y
o]l A&HUoY AFAFrlolAE Qab, Qb, Qbe, Qc,
Qabc ¥ Q- 5 6% /71 §AHUt AFvkE Qc, Qb &
#Yo] 2} 415(56.2%), 117(15.1%) A B9 Hd
AF A 30 Qabo(36.4%), Q<25.5%), Qc(18.6%) EHY
02 BA JEiwth £¥ U A2 AFr &
AFRZFE0 4N Ua EAY o) 525(71.2%), 835(70.
3%), U-B 8 8 0] 215-(28.8%), 355(29.7%)2 eyttt

Table 2= D A|29 9] F42H & Jebd R22A4 4
FubE 28719 A28 F Dbem/dghm(12.3%), Dde/
dghm(9.6%), Dad/bem(6.8%), Dcgm/de(6.8%)9] A~
ol ¥& iz E Qg Ui, AFAHFuE 3079 £
A} % 2 Dbem/cgm(14.4%), Dbem/bem(10.2%), Dbcm/de(7.6
%), Dbcm/dghm(5.1%), Dde/dk(5.1%) £2.2 &2 ¥1E9
3yl FAHUT

HYTHHYe RHA ¢ HE7YHUYY FA
A Wl ¥ & Table 394 Uebd v} 2o}

Table 304 B& vis} Zo] HYFYAY {4
HEE ZA A A N2€Y AaddAARdA A
F3Zol0.529E AFeH0285)BT A Jegoy
Ab, Act] @& A ztel M A)Fuk0.128, 0.169)7} AFH
Zu}0.023, 0.088)2.t} £& W12 #AHL D A&
Yol A= Dad, Dadn, Ddghmt} H#- A 27} A F 73 F0H0.
008, 0.047, 0.093)2.t} A 3u}(0.102, 0.103, 0.226)7} &
HEE Bgon, DA EFAAE AFrts} 0021 %
% A F73F9HE 0.0000] 41 Defmel -F-HAAE A F0)
7} 0.0009) ¥t AF 73 F ol 0.0080]% Tk £ Defgk
g DY gyPsAAE ZE GolM #FHR Yt P
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Table 2. Analysis of D blood groups in Cheju native horse and Cheju racehorse

Cheju native horse Cheju racchorse

Cheju native horse Cheju racehorse

Genotype Genotype

No.(%) of horse No.(%) of horse No.(%) of horse  No.(%) of horse
ad/bem 5(6.8) 2(17) ad/cgm 4(5.5) 0(0.0)
ad/de 3(4.1) 0(0.0) ad/dghm 202.7) 0(0.0)
ad/dk 1(1.4) 0(0.0) adn/adn 4(5.5) 0(0.0)
adn/bcm 227) 0(0.0) adn/cgm 0(0.0) 1(0.8)
adn/de 227) 5(4.2) adn/dk 0(0.0) 3(2.5)
adn/dghm 3(4.1) 2(17) bem/bem 1(1.4) 12(10.2)
bem/cgm 3(4.1) 17(14.4) bem/dghm 9(12.3) 6(5.1)
bem/cegimn 0(0.0) 5(4.2) bem/cefgm 0(0.0) 3(2.5)
bem/de 2027) 9(7.6) bem/dn 0(0.0) 4(3.4)
bem/dk 0(0.0) 1(0.8) bem/dek 0(0.0) 1(0.8)
cgm/cgm 1(1.4) 21.7) cgm/cfm 0(0.0) 217)
cgm/dk 0(0.0) 3(2.5) cgm/de 5(6.8) 4(3.4)
cgm/dghm 3(4.1) 1(0.8) cgm/dfk 1(14) 0(0.0)
cgm/d 1(1.4) 0(0.0) cgm/dn 1(14) 0(0.0)
cegimn 0(0.0) 4(34) cegimn/dk 1(14) 0(0.0)
cefgm/cefgm 0(0.0) 3(2.5) cefgm/deghm 0(0.0) 3(2.5)
cefgm/dn 0(0.0) 1(0.8) cefgm/de 1(14) 5(4.2)
d/d 1(1.4) 0(0.0) de/de 3(4.) 4(34)
de/dfk 1(1.4) 2(1.7) de/dk 1(1.4) 6(5.1)
de/dghm 7(9.6) 3(2.5) dek/dghm 1(1.4) 1(0.8)
dghm/dghm 4(5.5) 3(2.5)

A 73(100) 118(100)

N2de PAdRAA7L AFZFOH0MDES AF 2ot gA debyh
vh0.316)7} & WI=2 FEAE T Pad, Pbd, PATh {5
Aze B2HA 4340 Q A& L Qaber) A7} O

A F140.037), AF74F0H0.193)% ¥ Qe FHAHA
€ AF73F0H0.162), A F0H0.494)2 BEHA C, K,
UAN2ge hP4AR NEE AFolg AFHF0 4
32 2 Aol7t Al

HY Ao g heterozygosityr Table 404 B
T ute} goh A Fuhe] heterozygosity= 0.0296~0.8467(%
7 0.5344)0. 2 A 2|37 F0} 0.0099~0.8324( F 0.5102)

AFute B daiME BFSH, A9, B2
HE%H 9 R goz gL 47"} £45
RAov HERYY B AF 2HY A 2A
QA A oA dAojth. 2PN FHHeE AF
vho} B Fae ng WAL AFoe &4
& BEURH FA H¥Hojn AAHQ BNE A%

- 1069 -



Table 3. Gene frequencies of blood groups in Cheju native horse and Cheju racchorse

Gene frequency Gene frequency
System Allele System Allele

CNH' CRH’ CNH CRH
Aa 0.285 0.529 Ca 0.827 0.776
Aab 0.091 0.053 ¢ C 0173 0.223
Ab 0.128 0.023 Dad 0.102 0.008
A Abc 0.041 0.031 Dadn 0.103 0.047
Ac 0.169 0.088 Dbcm 0.158 0.305
A 0.287 0.276 Decefgm 0.007 0.076
Pa 0.358 0.329 Dcegimn 0.007 0.055
Pad 0.000 0.000 Dcfgk 0.000 0.000
Pb 0.316 0.141 Dcfm 0.000 0.008
d Pbd 0.000 0.000 Dcgm 0.136 0.135
Pd 0.000 0.000 P Dd 0.021 0.000
P 0.326 0.531 Ddek 0.007 0.008
Qa 0.000 0.000 Dde 0.191 0.178
Qabe 0.037 0.197 Ddfk 0.014 0.008
Qac 0.030 0.010 Ddghm 0.226 0.093
Q Qb 0.108 0.126 Ddk 0.021 0.055
Qc 0.494 0.162 Ddn 0.007 0.021
Q 0.331 0.504 D 0.000 0.000
Ua 0.471 0.452 0.015 0.005

U X
U 0.529 0.548 K 0.985 0.995

% 1: Cheju native horse, 2: Cheju racchorse.

o AFAE AR 2 AFZFue] A &
AAAE B g AFF oo

FuolA AFote] HETFELE A A7+ A9
golg & glon vAsvnl 7k dEdA Bag
o glth 9#9 Nozawa‘: A Folsl Y29 A et
(Hokkaido, Kiso, Tokara, Ryukyu native horse)& tj4t 2.2
H oA} Uy(As), Uy(Ac), Pf(Da), Pi(Ca)l i £HY
o YEE ZAIR Z3 A F el AagdY WEs) 473
%, AcRA Y 0%, Dal ¥ 412%, CaE @3 88.8%¢ ut
W Hokkaido native horse= 2% 36.3%, 6.3%, 5.4%, 80.0
%, Kiso native horse(65.0%, 27.9%, 11.6%, 85.5%), Tokara

native horse(0%, 0%, 26.5%, 71.4%) 18] 1 Ryukyu native
horse(2.1%, 2.1%, 0%, 95.7%)% X 118 %ch.

T8 Q82 Miura et al *& U E A #v} 83 (Hokkaido,
Kiso, Tsushima, Misaki, Tokara, Miyako, Yonaguni, Noma)
& Ao = 157] ¥ B2l x}(Aa, Ab, Ac, Ca, Da, Db, De,
Df, Dg, Dk, DI, Pa, J/R2, Qa, Ua)el] diajA ¥I=& A}
% A3} Hokkaido native horset= Aa, Ac, Da, Ca¥ @ ¥ o]
2tz 13%, S0%, 17%, 79%<1 ¥ Dkol QaE A
0% .25, Kiso native horse:= Aa(67%), Ac(0%), Da(6%),
Ca(78%)& X% 31, Tokara native horse= Dc(10%), Dg(%0%),
DI(80%), Ua(40%)3! ®td th& Az BF 0%
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Table 4. Heterozygosity of blood groups in Cheju native
horse and Cheju racehorse

Heterozygosity

System
CNH' CRH’
A 0.7816 0.6319
C 0.2861 0.3476
D 0.8467 0.8324
K 0.0296 0.0099
P 0.6657 0.5902
Q 0.6325 0.6639
U 0.4983 0.4954
Mean 0.5344 0.5102

% 1: Cheju native horse, 2: Cheju racehorse.

Bydtgch

AFot & AF:HFo} 19158 4o 23709 Y
A daiA HETRLYL 2AE 2 Agexe
Aafr A2 RIE7} A Fote} A F 4 Folo A 22} 28.4%,
52.9%, Acr A2} ¥lEE 169%, 8.8%=2 et o Da
FAR HEE 103%, 08%9 2 CafAA} HlEE 82.7%,
77.6%% UElY Nozawa7} X1 @ A|Fule] A (47,
3%, 0%, 41.2%, 88.8%)3 = Ac(0%), Da(41.2%)o)| A Z}o)
7t AR EH A

o4 & dFAHE nFo] Ko} Nozawa™ 9] 4
AL HEPY VEE 42390 E 48e f34
EE ZA FAFOZE 7Y Zo)7t 42 £ gl
AAL AFzd AASHD Qe AF © AFHFot
= Nozawa'*7} B3¢ continental typeq] Hokkaido 2 Kiso
native horsed| 77t Ao 8 Z2AY £ glov o AE
¢ 238 47] AHME AFE AHEF T 2 opy
% B FAI7Y AYF T QBAA GSE F
Aol daiA 243t FAARE AEsteE 59 By
22 AFAHE THstdol & Aoz LY. @ T
8 A L AANEY £E&E EoluA ZPutm
& microsatellites] 9} §HAY ENoT goz B
< A7t ol FojR ol & o2 AlRHT

i &

AFete] ELE L AFAFrY EFEL A9
g god JZARE WEYE BT AFEoH
ALSE D QIE AFe R AFHFo 9158 Aoz
EEYEY 833 ddM FY7PLY 2 FA4 9
EEZAY A4 O3 2 43 g 4

HETYAdHM AFohs Pb 25F(343%), Qc 415
(56.2%), Qb 115%(15.1%) E¥8 2L Dbcm/dghm(12.3%),
Dde/dghm(9.6%), Dad/bcm(6.8%), Dcgm/de(6.8%) =}
ol g HEY B9, AFHFohE A2 T55(63.6%),
Pa 53%-(44.9%), P- 345(28.8%), Qabc 435(36.4%) X @
% 9 Dbem/cgm(14.4%), Dbem/bem(10.2%), Dbem/de(7.6%),
Dbem/dghm(5.1%), Dde/dk(5.1%) 03 =& W9 &
Axgo] FA= it

AETHLEY FAANEE 248 A AFne
DY -F 42 Ab(0.128), Ac(0.169), Dad(0.103), Dadn(0.075),
Ddghm(0.226), Pb(0.316), Qc(0.494)7} =L WITE B
o, AF7AFrkE Aa(0.529), Dbem(0.306), P-0.531), Qabc
(0.197), Q0504)7} && ¥x2 FAHUC £F Defgk,
D, Pbd, Pd, Qa8 Y FHAT BE PolA #FHA
B3tem C K UA 2 ¥¥73dy 2 ggfAzt
HxE AFute AF 230 457 2 2ho)7} Ak

A Fotgt AFAFole] HF o|PHFEE 72 05344,
0510202 #asAr}.
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