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Abstract : The present study was carried out to investigate the blood markers of Thoroughbred horses (TB).
The blood red cell types and blood protein types (biochemical polymorphisms) were tested from 1,125
Thoroughbred horses by serological and electrophoretic procedures, and their phenotypes, gene
frequencies, heterozygosity, polymorphic information content values and exclusion probability were estimated.
The bloed group and biochemical polymorphism phenotypes observed with high frequency were Aaf(91.7%),
Ca(94.7%), K-(94.5%), Ua(75.9%), P-(50.6%), Qabc(82.6%), ALB-BB(67.7%), GC-FF(92.7%), A1B-KK
(99.6%), ES-II(77.9%), TF-DF1(23.6%), PI-LL(23.2%), HB-B2B2(73.6%), PGD-FS$(45.4%) and genotypes
Degm/dk(16.9%), Dbem/egm(13.6%), Dbem/dk(11.9%), Deegmn/cegmn(10.0%), Degm/cgm(8.7%) in TB.
Alleles observed with high frequency were Aaf(0.796), Ca(0.769), Ddk(0.266), Dcgm(0.261), Dbem(0.211),
K-(0972), P-(0.710), Qabe(0.565), Q-(0.368), Ua(0.509), HB?(0.858), PGDF(0.634), ALB®(0.825), GCF(0.927),
A1B%(0.998), ES'(0.881), TF™(0.346), TF°(0.319), TF(0.184), P1'(0.479), P1¥(0.214), PIY(0.116) in TB.
The heterozygosity, polymorphic information content (PIC) and exclusion probability (PE) were calculated.
The mean heterozygosity and PIC value were 0.3899 and 0.3375, respectively. The highest heterozygosity
and PIC were estimated 0.7834 and 0.7492 in blood group D locus, respectively. The cumulated PE obtained

by blood groups and biochemical polymorphisms was 0.9813.
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6-phosphogluconate dehyrogenase : PGD, Phosphoglucomutase
: PGM, Protease inhibitor : PI, Plasminogen : PLG, Transferrin
:TRS 8392 BH7E Jov faBalFdae
T Al=d 219 AYARL &, Aa, Ab, Ac, Ca, Da,
Db, Dc, Dd, De, Df, Dg, Dh, Di(n), Dk, Ka, Pa, Pb, Qa,
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GC, HB, PGD, PI, TRE =4 & HAE 2 AH
sle) AApsla gk,
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HATUHNY ZHA

Stormont et 2] WH-g 283 96 well microplate
GEAHADE ol 88t ke 2 8¥Ngo T HYF
Uy HALE AA AT SN BESEH 40
WSt 09% NaCl &80 2 33 A3g 2% HET7 ¥7
A 20 WE 7t EFE thE 37°CAA ¥EEAI F
45%3 8020l U /HF-E B3 o, §¥2 4
718] 8%kl 20w EAEF EVEY)E BT ¥
6043 1208 S8 E A53A

flachiFel REA ClyEy

Y3zl ALB, GC, AlB, ES, TR} #34 th3
B2 Yokohama et a2 WP &8l ol do}
ulo] = 7l (Horizontal polyacrylamide gel electrophoresis :
HPAGE)Z A719%5 3l 94 ¥ ZA=RANA A48 &5
&.on, PI 32 Yokohama®t Mogi'®®] W& 383}
of =44 (Isoelectric electrophoresis : IEF) A719%5% 2
Yokohama et al''e] ¥l &3l 2-D(Two-dimensional
electrophoresis) W71 FHoZ 431510

giTFchiFe] /MY ClgEy

HB #}$]%& Yokohama®}t Mogi'?e] o] wiet 3
A AN 9% F 94 e AHE FA4E B}
93, T &4 PGD, ALBY £33 thyrAe
Sandberg®9) WPH& -85l AR A2 A/FE; F
g AHE BEIH

BHEN

YUy o NSy 7+ /KA HH4
gt 27 vlEe] AFE-E Pirchner'd) simple gene
counting & Andersson'’9] Hhel| wlebr] FPEPS B



G Te) Aol A Ar

YR &PE) ¥ PICE Jamiesons} Taylor's & Botstein
et al'’] Mol F3lo] AEEATL

@ I

HYUTLHY BN

CE B T 1L12558 ddos RE2YEY 2389
HaiA HE LAY B8 A Table 13 2904
By njel 2o}

Table 1> ZET39U8 A, C K PQ,U Al2Ho o)
¢ FEYE L Held AAEAM BEY Aaf(91.7%), Ca
(94.7%), K-(94.5%), Ua(75.9%), P-(50.6%), Qabc(82.6%)
AN Fe RIEE e oo Tuble 2v FRZREH &
Aee AETYLE D A2 P, = 148
vehd Aoz A 30712 Y5425 Degmidk(16.9%),
Dbem/cgm(13.6%), Dbem/dk(11.9%), Dcegmn/cegmn
(10.0%), Degmicgm(8.7%) =22 &L WL §H=}
Yol #aA=e},
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FAAE 1,125%0] e Foghuae] $4% o)y
< 4% A3l= Table 33 4004 B v} 7o) o
AN dy ALB #91= BB EHH o] 7625(67.7%),

685

Table 2. Frequencies of D blood groups in Thoroughbred

horse

Genowype iy Gemope  ((000)
bem/bem 40( 3.5) cegmn/dfk 11(1.0)
bem/cgm 153(13.6) cegmn/dn 4(0.4)
bem/dk 134(11.9)  cegmn/dk 74(6.6)
bem/de 7(0.6) cegmn/de 11(1.0)
bem/cegmn 64(57) cegmn/dghm 8(0.7)
bem/dfk 13( 1.2) dk/dk 78(6.9)
bem/dghm 6(0.5) dk/dn 9(0.8)
bem/dn 18( 1.6) dk/dfk 8(0.7)
cgm/cgm 98(8.7) de/dk 12(1.1)
cgm/dk 190(16.9) de/dghm 1(0.1)
cgm/dn 16( 1.4) de/dn 1(0.1)
cgm/dfk 13( 1.2) de/dfk 1(0.1)
cgm/de 13(1.2) dghm/dk 16(1.4)
cgm/dghm 6(0.5) dfk/dfk 6(0.5)
cegmn/cegmn 113(10.0)  dfk/dghm 1(0.1)

Total 1,125 (100)

Table 3. Frequencies of blood protein polymorphisms in
Thoroughbred horse

GC & FF E8Yo] LUBFO27%), AB H9E  Louphenoype N Locus phenotype NO%)
KK E&30] 1,1205(99.6%), ES &9 I E& o] of horse of horse
876'(77.9%), TF S DF1 EHF 0] 2665(23.6%), ALB  AA 31(28) TF DD 97( 8.6)
PI #9)E LL B8¥o] 261F232%)E £ HEE 1 BB 762(67.7) DFl  266(23.6)
205, AIB 298] FK EHYo) 55(04%), ES 2] AB 332295 FIFL  139024)
o IL £8Yo] 2702%)2 Bolshl Basge wg  OC P 104027 FIR 6255
¥TEEYe) H84 TS B4T 23 HB A9 A i
Table 1. Frequencies of blood groups in Thoroughbred AlB KK 1,120(99.6) F2 - 43038)
horse FK 5(0.4) F2R 22( 2.0)
ES i 876(77.9) F20 25(2.2)
System Phenotype g(;fz;i System Phenotype (E:(;(()ii FI 137(12.2) F2H2 18( 1.6)
FF 3(0.2) FIF2  121(10.7)
A af  1,054(91.7) P a  348(30.9) IS 90( 8.0) DF2  143(12.7)
abf 24( 2.1) ab 44( 3.9) ES 11 1.0) DO S0 4.4)
b 7€0.6) b 164(14.6) L 2(0.2) DR 45( 4.0)
- 40(3.6) - 569(30.6) ss 6( 0.5) DH2  19( 1.7)
C a 1,065(94.7) abc 929(82.6) HB B1B1 22( 2.0) RR 6( 0.5)
- 60( 5.3) a 1 0.1) B2B2  828(73.6) 00 2(0.2)
K a 62( 5.5) b 2(0.2) BIB2 275(24.4) OR 12¢ 1.1)
- 1,063(94.5) < 40( 3.5) PGD FF 458(40.7) H2H2 1(0.1)
U a 854(75.9) - 153(13.6) SS 156(13.9) H20 1(0.1)
- 271(24.1) FS 511(45.4) H2R 2(0.2)
Total 1,125 (100) Total 1,125 (100)
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Table 4. Frequencies of blood protein polymorphism in

Table 5. Gene frequencies of blood groups in Thoroughbred

Thoroughbred horse horse
Locus Phenotype (1)\;0};5;/23 Locus Phenotype oNf(;;EZ:)e System Allele fre((iszgcy System  Allele fregszﬁcy
PI FI 10.1) PI LL 261(23.2) A Aadf 0.796 D Dbem 0211
FU 14(1.2) LN 239(21.2) Ab 0.014 Degm 0261
FT 5(0.4) LU 111( 9.9) A- 0.190 Dcegmn  0.177
FL 28(2.5) LS 40( 3.6) C Ca 0.769 Ddk 0.266
FN 11(1.0) LL2 10( 0.9) C- 0.231 Dde 0.021
FG 2(0.2) LT 49( 4.4) K Ka 0.028 Ddghm  0.017
FF 10.1) NT 30( 2.7) K- 0972 Ddfk 0.026
FS 6(0.5) NU 57( 5.0) P Pa 0.193 Ddn 0.021
GU 3(0.3) NN 51( 4.5) Pb 0.097 U Ua 0.509
GL 20(1.8) NS 11( 1.0) P- 0.710 U- 0.491
GT 30.3) SU 8( 0.7) Q Qabc  0.565 Q QOa 0.019
GS 3(0.3) TU 12( 1.1) Qb 0.002 Qc 0.046
GN 14(1.2) SS 2(0.2) Q- 0.368
Gl 1(0.1) ST 1(0.1)
IL 59(5.2) L2T 100.1) Table 6. Gene frequencies of blood protein polymorphisms
U 18(1.6) uu 19( 1.7) in Thoroughbred horse
IN 18(1.6) IS 4 0.4)
I 8(0.7) IT 404) Locus Allele fmﬁﬁ‘e‘gw Locus  Allele frc(;’::ﬁcy
Total 1,125 (100) HB Bl 0141 TF D 0319
B2 0.858 Fl 0.346
B2B2 E¥Ho| 828%(736%), PGD 3$l& Fs ¥¥y  PGD F 0.634 F2 0.184
o] SIIF(454%)E & NES BT S 0.366 H2 0028
ALB A 0.175 0 0.055
SUPURYS FEX Hs 6c P owm Em P om
HAY gAY A UIEE 2AR A3 Table S 0:073 G 0:020
SolA) B upe} 7ot A A|AEE Aaf(0.796), Ab(0.014), AIB F 0.002 1 0.054
A-(0.190)2 370 HPFHA7F #FEQYS ©]F Aaf K 0.998 L 0.479
NP7 P B SIEE B4t G K U A2 ES F 0.068 L2 0.005
o A= Ca HEH-F21210.769), K- HF-A=H0.972)7) = I 0.881 S 0.034
< HEE E¥er Ua 349 U- g f3A= 3 0.050 T 0.047
Z+z}k 0.509, 04912 Hls=3hA #AEYT P Al="S L 0.001 U 0.116
N 0.214

Pa(0.193), Pb(0.097), P-(0.710) thE -2 == p- A5
A7 71 = FEEJ LW Q A" Qabe(0.565),
Q-(0.368) HFAA7F & HIEE HHT D Al&H
2 Dbem, Degm, Deegmn, Ddk, Dde, Ddghm, Ddfk, Ddn
5 3579 UERAR FFHJD. o1 E F Ddk
(0.266), Degm(0.261), Dbem(0.211), Deegmn(0.177) THE
AR & NEE BETH

BecHUBI Yol FRXL T

Yol Ay o] A2} N Table 694 Lyeld 1}
oF el A EE g7l ol didA i HlE
£ ZAF3 A7) HBP%(0.858), PGDF(0.634), ALB®(0.825),

GCF(0.927), A1B¥(0.998) tiFFAA7T & Hx== &
#Z=9lem ES Fele ESPSL 47l o] tig#-4=E & ES'
0.881)7} 7M1 #2 ¥EE Btk ® TF &Y+
TFPFLFZHIOR 6ol DfFR-ARE TF(0.346), TF®
(0.319), TFX0.184)7} && HIEE BYor Pl &9
PIFCILIZSTUN g7} o] t) -2 215 PIM0.479), PIN(0.214),
PI'0.116) BEH-AA7T g2 viEs AFAFHA,

Heterozygosity, PIC, PE #4f
YUY 9 Aol fAR HTd 72
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Table 7. Heterozygosity, PIC value and PE of blood
markers in Thoroughbred horse

System Heterozygosity PIC PE

A 0.3301 0.2841 0.1473
C 0.3553 0.2922 0.1461
D 0.7834 0.7492 0.5740
K 0.0544 0.0530 0.0265
P 0.4492 0.4015 0.2317
Q 0.5427 0.3675 0.2613
U 0.4998 0.3749 0.1875
ALB 0.2888 0.2471 0.1235
AlB 0.0040 0.0040 0.0020
ES 0.2167 0.2056 0.1111
GC 0.1353 0.1262 0.0631
HB 0.2440 0.2147 0.1063
PI 0.7036 0.6707 0.4942
PGD 0.4641 0.3564 0.1782
TF 0.7362 0.6925 0.5040
Mean 0.3899 0.3375 0.9813

3}9] heterozygosity, PIC, 28]3 PEE 4§ ZAne
Table 7914 R uie}l vl AP 78989 hetero-
zygosity®} PICE ZHz} 0.0544~0.7834(8 7 0.4307),
0.0530~0.7492(%4 & 0.3603)>2A EAHl & & 00040~
0.7362(% 7 0.3491), 0.0040~0.6925(8 7 03147)H T} &
Al Vebstth. =3 PEE A8 7498 D A 2%(0.5740),
Al dd TF 29](0.5040), PI #](04942) 0.2
EA Jebdon 38739y YAk Ay e 23
Al 0981322 #EAFYc}

2 &

SAXOE He|BAFe X3 2o Yy s
Me Be A7t SR oy Folae ofA g A
Zhshe DAIRA 48] R Yotk FuoA T
o] HAg e Egig 5T o]8% AL B3 gy
ol 2do| Eof FUldME HeBaE T At
F57t 7k A we] Aat 7hARe] HolR L e A
L 2A 3 2AYele] 9 FE T Qi)

o] FYE UYL 7)ol FF A4 A ) &
3R} 19399 Lehner’t #1202 WA E 0|88
olff BAle TF Ex olEWY S ol &% U3}
A& AR HYTHYY L AR & Ade] &
Aol FE3ted 312181 8-8-313 Ut} Bowling#
Clak’s 7559 42 Aoz FE7gA3 ] 417
HIEE ZAF 23 Thoroughbred Eoll4 A AlAEe

Aadf(0.849), Aadg(0.001), Ab(0.010), Ac(0.007), A-(0.134),
C AJ&E2 Ca(0.588), C-(0.412), D A8 & Ddk(0.326),
Dd(0.022), Ddgh(0.063), Dde(0.031), Ddfk(0.031), Dbc
(0.205), Dcg(0.214), Dcegi(0.107), K A128-& Ka(0.025),
K-(0.975), P A|28& Pa(0.192), Pb(0.080), P-(0.728), Q
A| 28 Qabe(0.613), Qb(0.011), Qc(0.022), Q-(0.355),
U A&H-& Ua(0.094), U-(0.906) 522 P A =}e]
HEE BT & B AFre Ag78d3
FA2 NEE AR 29 HE7IAP A A AH
2 Aa(0.285), Aab(0.091), Ab(0.128), Abc(0.041), Ac
(0.169), A-(0.287), C Al&=8"]-& Ca(0.827), C-(0.173), D
A1=¥) 2 Dad(0.102), Dadn(0.103), Dbcm(0.158), Deefgm
(0.007), Dcegimn(0.007), Dcgm(0.136), Dd(0.021), Ddek

- (0.007), Dde(0.191), Ddfk(0.014), Ddghm(0.226), Ddk

(0.021), Ddn(0.007), K Al =%2 Ka(0.015), K-(0.985), P
Al &% 2 Pa(0.358), Pb(0.316), P-(0.326), Q A=W -&
Qabc(0.037), Qac(0.030), Qb(0.108), Qc(0.494), Q<0.331),
U A28 Ua(0471), U«0.529) 522 thg-f-axky
He g Hug b giok

7hEel Fquiy gdyd #§ A3 19559
Smithies”} & A H7]9FHE NLe ol Y 3
7o) dedat F49 F48 o] i3t ol
o FFHL o 2 AxAAE o] 83 genetic
marker24] o8- 3 it} WolAl2] HHThmAY e
FTHAE ) tEo] MY FEH YESEA F2 )
AAE 2 e L BEHoF o) & Yr}2
Bowling# Clark'e 7559 &g tjyog gz
Fe #AA BEE =A% A3} Thoroughbred F-&
A1BX(0.980), ALB?(0.805), ES'(0.905), GCF(0.939), HB®?
(0.802), PGDF(0.648), TF"(0.320), PI(0.450) T &-R{-A =}
N FL FAA NIEE Ryslgon & e A
nke] PN Y-S 2AG A3 AIB¥(0.986), ALBB
(0.616), AP5(1.000), ES(0.479), ESF(0.274), GC(0.938),
GPI'(0.856), HBP'(0.685), PGD(0.993), PGM5(0.753),
TF?(0.404), TF(0.397) AP-F-AA A 2L 37} ¥l
& B9, AIBF, PGMY, AFF, TFF'P3HI ESS @8
AAA FA2 %7 000002 ARGty B
Eid: 1=

HEEE 112558 e s AET394d 2 ¥
iAol FAA MEE 2AE B @7 HY
TEYE Aaf(0.796), Ca(0.769), Ddk(0.266), Dcgm
(0.261), Dbem(0.211), K-(0.972), P-(0.710), Qabc(0.565),
Q-(0.368), Ua(0.509) tHy-f-HAte} b ad yBB?
(0.858), PGDF(0.634), ALB®(0.825), GCF(0.927), AIB¥
(0.998), ES'(0.881), TF'(0.346), TF(0.319), TF%(0.184),
PI“(0.479), P¥(0.214), PIY(0.116) HE-R-H A =2
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Y= 2 ##= o] Bowling Clark’e] B3 A a=
FAFIE o 2 51890 B AlFete] PAY A3
e v Zolzt 1A ERAT By AYFHLE HA
E S3NEE Ao 28hkgo] Waslee LYy
Al Had WA Az} ArtA sl whE w|okgt ke
o Fo& 71 &eiof 39} $3uks-9) D Al&E HA
Dde, Ddn Eg-#F-22te] W5l 53] f2)3lojof & A
o2 Algdr}

AY7AE L YA ge] fAx lxd /)&
8l heterozygosity, PIC, 28] PEE 4% A
heterozygosity$} PICE HE 7498 D Al&dor z
7} 0.7834, 0.7492, AHNAY TF0.7362, 0.6925) 3}
$1} PI(0.7036, 0.6707) I A BFA=o] 434
tde] & AoE ERIHY o B g7 Ha
heterozygosity”7} 0.3899% L}E}} Bowling®} Ryder®7} B
2% v BEFY HF heterozygosity 0.3130 Bk
ta w7 SEERY. AEFYAY S gt g g
PEE %3 A 09813241 Y &2] Kakoi er alf’o) &
AF3E microsatellitel] 2%k PE 0.9999%8 1t} W& Ao
2 el ole thE FEo] ToA Y HAA
heterozygosity, PIC, PE7} &8 H A3 28 Agg
Ae 43 AEE 48 5 g Aok 23 A=
of Ay 77 AN A= AL microsatellites] 2]
T FAAHDNAYE Q] AL 719 A F HAlRoke
oS g 2] g MAAEY §48 Y 3
& A2 U= 7|Ee] Ay Ak} HEsle A
ARl don 2k et tlejEel o] 3xER)
2 A A o) gE oz AlgHL)

i B

o] JiH4PE R S BFoE ey ¢
L1255 gt AE-r49y 2 gdurid ool ¥
3 Byol AR} NI E RAN A o2 e A
A2 A9t

AY7LLE A, CK P QU Al&HoAM Y Aaf
(91.7%), Ca(94.7%), K-(94.5%), Ua(75.9%), P-(50.6%),
Qabc(82.6%)1 ¥ £XE Velllon] AY 739y
D Al&8l9] §3218-2 Degm/dk(16.9%), Dbem/cgm
(13.6%), Dbcm/dk(11.9%), Deegmn/cegmn(10.0%), Degm/
cgm(8.7%) £2.2 & Wz FAAHo] A S]
ot o 87l #4lelA= ALB-BB(67.7%), GC-
FF(92.7%), A1B-KK(99.6%), ES-II(77.9%), TF-DF1
(23.6%), PI-LL(23.2%), HB-B2B2(73.6%), PGD-FS(45.4%)
oM L RHE BXE ¥ on, AIB-FK(04%), ES-
IL02%)% Eo|3tA A= AT

HAETAEYe] KA =g FAS A3} Aaf
(0.796), Ca(0.769), Ddk(0.266), Dcgm(0.261), Dbcm
(0.211), K«0.972), P-(0.710), Qabc(0.565), Q-(0.368), Ua
(0.509) Y FAANA L HIEE BEHoo, dlghy
AY o] f-AA W= HBP(0.858), PGDF(0.634), ALB?
(0.825), GCF(0.927), A1B¥(0.998), ES%0.881), TF!
(0.346), TF?(0.319), TF%0.184), PI*(0.479), PIN(0.214),
PIYQ.116)7} 2 ¥lx 2 #atEdc)

Y8989 heterozygosity®} PICE 242} 0.0544~
0.7834(B 2 0.4307), 0.0530~0.7492(8F 0.3603)2.24
A3  0.0040~07362(F 7 0.3491), 0.0040~
0.6925(3 ¢ 031478t} ¥4 velwth =3 PEE J
7YY D A2H(0.5740), AN AY TF 29
(0.5040), PI #91(04942) =22 ¥4 Jeldew Ay
TEAYI A EYL A 0981322 BEE
At
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