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The polymorphism of Theileria buffeli major surface protein
associate with their clinical signs in holstein in Korea
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Abstract : Theileria (1)) buffeli (formerly 7. sergenti/l. orientalis) is the major hemo-protozoan
distributed in the Far East Asian countries such as Korea, China and Japan. It is responsible for the
clinical symptoms of anorexia, ateliosis, anemia, fever and icterus. It also causes abortion and sudden
death under severe cases, resulting in economic losses for many livestock farms. The objective of this
study was to analyze the genetic diversity of the major surface protein (Msp) gene in 1. buffeli in
Holstein in Korea, and we characterized the association of the diversification of the Msp gene and
its relationship with the pathogenicity of 7Theileria. For this, complete blood counts and 7heileria PCR
sequence analysis were performed from 57 Holstein in Jeju Island. A total of 26 PCR positive Holstein
(16 anemic and 10 non-anemic) were then randomly selected based on 18s rRNA sequence typing of
the Theileria Msp gene. The DNA sequence of the 7 buffeli Msp gene in Holstein showed 99.0%,
99.2%., 99.9%, 99.5%, 98.7%, 98.4% and 98.4% homology with 7. sergenti, Theileria spp., 1. sergenti,
Theileria spp., Theileria spp., Theileria spp. and Theileria spp., respectively. The result showed a genetic
variation of 57.7% (type 1), 3.8% (type 1I), 15.4% (type 1lI), 7.7% (type 1V), 13.5% (type V) and
1.9% (type VI). Type I is the most frequent type in both anemic and non-anemic Holstein while type
II was found in only non-anemic Holstein. This results of our study help confirm the diversity of Msp
gene types and demonstrate that the gene type distribution of Msp genes varies among Theileria-infected
Holstein in Jeju Island.

Keywords : anemia, Antigenic diversity, Korean indigenous cattle, Major surface protein gene, Theileria
buffeli (sergenti/orientalis)
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Theileria’= 429 738 Wig=5-5o] WY 2]85% wg

g 59 dASAFE HolA dta, 2EY Y g §

ol U AS AL TSR3, 2 A 24
O

< 71AaL AT [3, 21, 29].

Theileria®] ZEE A, 4 52 gened] T3FAHS
BA4517] YJste] B 7] 5 7oA Theileria major
surface protein(MSP) genes 32-, 33-, 34-kDa genes %
#3to] WL k= PCR 719& ARt e (1, 12,
13, 16, 34], ©|= Theileria®] MSP7} major target antigen
L g 3] e systemell &Jste] Q1A|H 7] wEolth
[13, 20]. MSP2] 33 kDax= 7. sergentif]o|A] -2 H-9
£ ek O EA 7P Ageie]l 52 FHE
&1 9t} 2] 3L Shirakata 5 [26]2 Theileria®] MSP
7} AFe] FHe A E ASE Tt B
T} [13, 28]. 3}, Kawazu 5 [121& MSPe] 33 kDas}
34kDa% WY -25-9)9] TS Hsg

HaAdol vnd e Theileria spp.= MSP gene®]
alleleel] A3 Holx= 5719] EFY =, lkeda type(Z
sergenti), Chitose type(1. sergenti), Bufteli(1" buffeli) typel,
Buffeli type2, Thai type(Theileria spp.)S-Z w53t A+
AF}E BEoe] T} [7, 13, 17, 18, 20]. &H, &=,
A&, T, tiuh, 35, 23 FH] €5 F7RECA
MSP allele gene®] -F-3AF& 0] EUE HASUrh= A
T4z BaEoe] St} [7, 11, 13, 18, 24, 27, 32]. ¥
E) A non-pathogenic Theileria MSP gene type type
I, C, Bl, B27F Barso] Qlar, S, tivk, SoA e
type C, B1o] X =%t} [17, 18, 32].

3F=19] gene type2 EE isolatedl A type IS X35}
AL AL, type 19} type Co| EHAAolEhE Bavt
o} [11]. AEL] Ao BESIL = T sergenti]
73-%- Tkeda, Chitose, 2] 3L Buffeli Type 5 Al 7FA] type
o] T3P ol L, T UK Korean isolated| A E type
B13} type B27F A& =H71% k3Tt [15].

2 theileriosis?] FL& Y3532 AT g9 9%
Hdo|x T, & 38 #AEd A-ole a7t
AR et} [27]. B8 Theileria®l 7r30] Solx A8 1
Yo| Ftvl= &7t e WA, ¥1¥o] FUEA 2
& ARA7F AR FAEE &% EAg [15].
AF7HA U] A Theileria MSP genex} #HASE A+
AN = Theileria MSP2] 3473 18 3}e] kA ol
gk AtE AL o] FoAA] L Q= AAolt). whEk
A & Ao e Sl BAaolA Theileria®l 84240l
Aot = MSPO thdet S EAEIR A, H1
o] el gt vl A4S st} st

Mz ¥

SA| S X HASE HAL

WE IFE AREHI e AFE 2A 57579 4A
W (jugular vein)oll A 8 (blood)yS #F 3t EDTA
Y& 3§ AFLR o]Fte] YHAHCBC) ¥ DNA
FEot=d AFESITE HAae 2~7dH e dAREH
A AAFAFHAeH 18F(7Y), 207(928), 1957(1198)
2 ZF 5770 A Qo mRY AP §4& 5
7 3led (hemavet 950; Drew Science, USA) L A3}ES
anemic groupZ} non-anemic groupl & WFATH(71E: F
AT &4 30%).

Theileria B3| TE & ¥7| ML 24

Theileria 7+3 15 Theileria 18S tRNA gene2
FEaANEgE o R FF 3§ sequencingste] <18t
4t Genomic DNAE 9 © ZH-E] GENE ALL Blood
Total DNA Purification kit(General bio system, Korea)=
o] g-3te] FE3t] THEAAATS(PCR)E Hlsl At
|=Art.

18S IRNA gene %< 913 SHELAMNESS &
3rol2 2x Green GoTaq Reaction Buffer{(pH 8.5), 400
WM dATP, 400 uM dGTP, 400 uM dCTP, 400 uM dTTP,
23 3mM MgCl, Green GoTaq(Promega, USA)}<},
7}7}e] primer {THE(S"-AAA CTG CGA ATG GCT CAT-
3)9} THR(5'-ACA TCC TTG GCA AAT GCT-3)}, =L
2] 300~400 ng®] genomic DNA 1 pLE 7}z £33k
%, nuclease free waters 3 7Fste] HE E3hE9] ol
20pL7F HEE 3t FF AlHT % 2712 95°C,
3 min denaturation ¥ 95°C 1 min, 58°C 1 min, 72°C 1 min
30sece] 712 FF WHg(35cycle), LB AL 72°Coll A
7 min®] post-extension W3- 2 Y33t o] ZE 7}
- PTC-200 Thermal cycler(MJ Research, USAYZH| &
3l AUt FHFAEL 1.2% agarose gel ol A
120 VE 4027 H719Fe F, ethidium bromide
(0.5 pg/mL; Sigma, USA)Z @3t UV trans-
illuminator(Gel-Doc 2000; Bio-Rad, USA)E &3l 53%-%
FAAE s

Fgoz ElH 18S rRNA gene PCR productse total
volume 100 pL7} =5 3k] GFX PCR DNA & Gel
Band Purification Kit(GE Healthcare, UK)S A}-& &}
PCR DNA W'H o2 A A8} (purification) # % 40 uL
o] AEE Ak o] WHoE de FTEEL direct
sequencing®l] AH&-3to] F- 2} 4714 E& &1, GenBank
database®] -f-A} Theileria 18S TRNA gene(Table 1)53}
H]wakgi T,
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Table 1. 18S rRNA gene sequences of Theileria (1) spp.

in GenBank
Name Origin GenBank acces-

sion number

T sergenti USA AY661514

1. sergenti Japan AB016074

1. buffeli USA AY661512

1. buffeli Netherlands AF236094

T buffeli South Africa TB18SRRN

Theileria spp. USA TSU97047

Theileria spp. China DQ104610

Theileria MSP gene= target2= St= nested PCR
= 4 A7 MY BN

Theileria 18S TRNA 21k AL A FdS RSl sample
% anemic L5 3 A 1659} non-anemic L35
&3 A4 1055 T2 E A st Theileria MSP gene
o2 {FHAAE TE35 sequence Aol AME-3IA T
Primer= 3 WA 5 primer 3 % {MSP P* gene?l
Ts-U(5"-CAC GCT ATG TTG TCC AAG AG-3"), Ts-
R(5"-TGT GAG ACT CAA TGC GCC TA-3") [30]} 3
nested PCR primer & % {MSP P*, P**(F: 5'-TAT GIT
GTC CAA GAG ATC GI=3", R: 5'-TGA GAC TCA GTG
CGC CTA GA) [12}2.2 AN, wex12 35
cycle94 94°C 1 min, 58°C 1 min, 72°C 1 min®.& - 72°C
oA 4% post-extension®.Z. T4 5}

S Ao gl 919 W vV R deE
Atk TF HB E SFH A I, 2 HE A
Al 42 9ot YA At Bt geksk |7
AE gl flsl BAE 5% 2HES gene cloning and
nucleotide sequencing 3 S AR =dl, A JFES
pGEM-T vector2} 7 DHS competent celloll A3k
ampicillin(100 mg/mL), X-gal(2%), IPTG(20 mg/mL)°] 3
7Hel LB plate®ll Al 37°C, overnight %32 wj a3t} o]
%, cloning¥d .2 ¥ == white colonyTHs €3}t
o] LB brothol| Al &7 A1l % plasmid DNARHS: &5
3HAl FE 3 TH(Wizard Plus SV Minipreps DNA
Purification System, Promega, USA). Transformation &5-
+ EcoR-I(BeamsBio, Korea) enzyme digestion(37°C, 1 h)
S 53l Felstdh. MSP genee & sampled S 7112
colonyE 813} sequencingS AAI3F3A T

Z3%% MSP gene DNA®] 97|52 SP62} T7 primer
£ o] &3l sequencing(Genotech, Korea)2 <=3 &} 3,
Data Collection software(ver. 2.1; ABI Prism, USA),
Sequence analysis software(ver. 2.1.1; ABI Prism, USA),

Z12]3  Chromas software(ver. 2.3; Technelysium,

Table 2. MSP gene sequences of 7. buffeli-like parasites

. GenBank
Name Origin .
accession number
T sergenti Japan (Ikeda) D11046
1. sergenti Japan (Aomori) D50304
1. sergenti Japan (Chitose) D12689
1. sergenti Japan (Fukushima) AB016280
Theileria spp. Japan (Okinawa) AB218442
Theileria spp.  Japan (Okushiri) D87205
Theileria spp.  China (Macheng) EU584238
1. sergenti China DQ078264
Theileria spp.  Thailand AB081329
1. buffeli Australia (Warwic) D11047
T orientalis England (Essex) AB008369
Theileria spp. leju D87198
Theileria spp. USA AB010702
1. annulata Netherland AF214834

Australia) & ©]&3to 3, 24T 3 Bio-
technology Information(NCBI, USA), BLAST network
service(NCBI, USAYE &3t FARSE 971 M E<] &4
ARE FAF 2 E1 5 TH(Table 2).

orO[:=ih MAL & &Hald 24

DNA sequenceZH-E A E = ofwxAl 7] Mg
o] #4A]2 Sequence Manipulation Suite(JavaScript
program)E ©]-8-3t¢] 483} %15, antigenicity analysis
+= DNASTAR software package(DNASTAR, USA)E- ©]
ate] et FAd FAE 55 samplegS
U3 typel & L T 7} typede] FAF sequence®
< S5 FHE AEE BEUR B Ay 5%
F MSP gene2] DNA sequence®} GenBank database®l]
J A& FA} strain sequenceE ] Ao]E B FA
3193 ). Multiple sequence alignment ¥ sequence identity
A4k Multalin - sofiware(INRA,  France)9} ALIGN
(GenStream, France)S ©|-&-3l3ith. HEZ o2 fJollA]
EAE (85 EUE dle] MSP gene sequence data}
CBC data$} W3 48 AA|5H%

>

2 o

ol Z{AL Z3t

o] AT §4 A& EUZE NS 259 FA4
IROE o] £ A3t 7del AT FA8F)
2% 8 aFo g Yelgy, Her 484 8% (packed
cell volume, PCV)°] 21.14.3%°] S th. 28y 918 25
o] HF PCVE 990l 28.62.3%(n=13), 118°] 29.71.7%
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Table 3. The mean Packed Cell Volumes data of Holstein
in Jeju island

No. of anemic sample / Anemic Non-anemic

Months .

No. of non-anemic samples group group
July 18/0 21.14.3% 0
September 13/7 28.62.3% 33.92.1%
November 8/11 29.71.7% 36.52.5%
Total 39/18 25.44.3% 35.52.1%

Table 4. Detection of Theileria 18S rRNA gene by PCR
from cattle in Jeju island

No. of PCR positive / No. of tested samples

Months %)
July 18 / 18 (100)
September 19720 (95)
November 19 /19 (100)
Total 56 /57 (98)

(n=8)°Uth. A 27 (7)Y Ho PCVeE 99, 1Y
ol ZFz} 33.92.1%(n =7), 36.52.5%(n = 11)°]THTable 3).

PCR ¥X HEE Z3

790l AET F 1852 FAolM B Theileria PCR

2SS B 99olE 205 5 157 FANSS
How 11 19F AN Pt By F 57%F
Z, 56771 FHOE 98%2] THES VERITH(Table 4).
23 49 A sample T 1719 sample2 F-2H9]
2 A8t §HA; 4 (sequencingyS AAl, AT A1
MEEF vaste] 2 A, F3% A2 Theileria 18S
RNA gene2] F-2 A dld 4 i)

ofo|-it AL X EAMo| [MHE type =7
PCRRIHN &8t Theileria ¥ B4 &, T2 26
FE A3t Theileria MSP genef-AAZE SEAZ]
%, % 527112 MSP gene sequenceE A THcloningA]
17k]d 270 colonyE Al®isto] Wk HAeeds). 2
A3 B AgoA SHE 3 A DNA sequence= |
amino acid sequence2} 95% ©1°49] FAMIS YERA T
F 49l MSP gene sequencei= 517~571bp <]
variation®] 7P AISFA L, TdF HAALE ol Ak Mg
A4kt GenBank database®l|X] =3¢l strain®] 7
F-25 v 4T AATHEE 1), AFTHoR
olZA EAH antigenicity 22 Z2] TIYA S EUE
MSP gene sequence 5271 6709] type(I~VDO 2 &5/
B th(Fig. 2). ©] %, type IV] A% sequence homology

oo o

173 190
D11046 NFKVKKVMFEEKDVGDSN
DQ078264 KX X IR AR I E XA R LR X Kk
HC 25-1 KX X IR AR AT R AR LR X Kk
AB218442 IREEEE R R EE RN
HC 1-1 IREEEE R R EE R INN
D87205 IREEEEE R E L LN
HC 242 IREEEEE YR EEE L NN
HC 1922 AR E RS R L L N
AB016280 Tk pR kR Rk g kw0
HC 16-2 Tk odk pR kK kg R E
AB081329 HERIGERIREI IR YFKHIRS
HC 2-1 HERIGERIREIXRYVIKIRS
EU584237 ISEEETED CE AR AEED D ¢
HC 14-1 ISEEETED CEEA R AEED D ¢

Fig. 1. Comparison of the partial amino acid sequences
from translated DNA sequence of Holstein in Jeju and
translated MSP genes of Theileria parasites sequence from
the GenBank database. lkeda, japan (D11046); China
(DQO78264); Okinawa, Japan (AB218442); Okushiri,
Japan (D87205); Fukushima, Japan (AB016280); Thailand
(ABO081329); Macheng, China (EU584237); HC: 1-1, 2-1,
14-1, 16-2, 19-2, 24-2, 25-1-Theileria isolate from Holstein
cattle in Jeju.

ol 2Ast wHe oh-EYP o EHEAT

% 527119] colony% anemic group®ll 3= colony
327l ] 3L, non-anemic group 2071 Atk Typeol| W
7] MLQEA A3} type I, type 11, type 111, type V-1,
type IV-2, type V L2 3L type VI®] Z+Z} Macheng,
China(99.5%, EUS84237), China(99.0%, DQO78264),
Thailand(99.2%, AB081329; Thai type), Okinawa, Japan
(98.7%, AB218442), Okushiri, Japan(98.4%, D87205),
Fukushima, Japan(99.9%, AB016280), —22] 32 Okushiri,
Japan(98.4%, D87205)3% ¥& FAMIS YelSlt
vhol] Australia Warwick®] 7. buffeliD11047, Bl type)e}t
96.7%, England Essex®] T, orientalis(AB008369, B2 type)
<} type 1°] 96.7%, Japan®] lkeda strain®! 7. sergenti
(D11046, 1 type)e} type 117} 99.0%, Aomori2] 1 sergenti
(D50304)} type 1117} 99.2%, Japan2] Chitose strain®] 7.
sergenti(D12689, C type), Korea Jeju Theileria spp.
(D87198)%} type 99.9%, 98.8%2] homologyS }EFH
At

B Aol M SZH sequenceEZF USA East Texas]
Theileria spp.(AB010702)%}= 72.3~75.5%%] homology
£, Netherland®] T, annulata(AF214834)9}+= 60.3~62.3%
o] w2 homologys WERN ATHFig. 3).
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Al ioa Theilert B
3 Type [ :China Theileria sp. | o 9
!Type 1I: China T. sergenti

3
© 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 281
Aminoacid

D L'l\'pe IV-1: Okinawa Japan Theileria sp.

Aminoscid

3
© 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 2707

Aminoacid

E Jﬂ Type IV-2: Okushiri Japan Theileria sp. F

I;lype V : Fukushima Japan T sergenti

10 20 30 40 50 60 70 B0 G0 100 110 120 130 140 150 160 170 180 100 200 210 220 230 240 250 260 270 281
‘‘‘‘‘‘‘‘‘ a
© 1020 30 40 50 60 70 S0 G0 100 110 120 130 140 150 160 170 180 190 200 210 220 230 290 250 260 270 2

G |;1-ype VI: Okushiri Japan Theileria sp.

10 20 30 9 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 290 250 260 270 2.

Fig. 2. Antigenicity analysis for Holstein cattle. The results of MSP gene sequence, translated amino acid sequence and
antigenicity analysis were sorted into 6 types. A: Type 1, similar to Theileria spp. (China; EU584237) with 99.5% homology;
B: Type 1II, similar to 7 sergenti (China; DQ078264) with 99.0% homology; C: similar to Theileria spp. (Thailand;
ABO081329) with 99.2% homology; D: IV-1, similar to 7heileria spp. (Japan; AB218442) with 98.7% homology; E: 1V-
2, similar to 7Theileria spp. (Japan; D87205) with 98.4% homology; F: type V, similar to 7. sergenti (Japan; AB016280)
with 99.9% homology; G: type VI, similar to Theileria spp. (Japan; D87205) with 98.4% homology.

Table 5. The number of sample according to the type in seasonal change in Holstein

Months Type 1 Type 11 Type 111 Type IV Type V Type VI Total
July 10 0 2 3 1 0 16
September 10 0 3 0 5 0 18
November 10 2 3 1 1 1 18
Total 30 2 8 4 7 1 52
MSP gene2| CiAITL H2lA0] 2HsH | o] 10, type II°] 2, type IV7} 3, 2B type V7| 1&

o EX A3 HlEFo] AlY B 7€l type | el 99l type I°] 10, type 1] 3, type V7T 5
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Lol ]

T. Annulata Netherland

T. sergenti Ikeda Japan

T sergenti China :| Type II
JejuHC 25-1
Theileria spp. Thailand

] Type I
JejuHC 2-1
T sergenti Fukukshima Japan

:| Type V
JejuHC 16-2
Theileria spp. Macheng China

Type I

JejuHC14-1 ] ype

T buffeli Warwick Australia
T. orientalis Essex England

Theileria spp. Okinawa Japan

] TypelV-1

TypelV-2

] Type VI

JejuHC 1-1
Theileria spp. Okushiri Japan
JejuHC 24-2

JejuHC 19-2

Fig 3. Phylogenic tree based on Theileria MSP gene sequences. the sorted MSP gene sequences of Holstein cattle I-type, Il-type, III-
type, IV_1-type, IV_2-type, V-type and VI-type were similar to that of Theileria spp. GenBank accession numbers of the MSP sequences
are: 7. anmulata (AF214834), T parva (Z48740), Tkeda, Japan (D11046), China (DQO078264), Thailand (AB081329), Fukushima, Japan
(AB016280), Okushiri, Japan (D87205), Macheng, China (EU584237), Warwick, Australia (D11047), Essex, England (AB008369), and

Okinawa, Japan (AB218442).

Table 6. The number of sample according to the type in anemic and non-anemic group in Holstein (%)

Type 1 Type 11 Type 111 Type IV Type V Type VI Total
Anemic 20 (62.5) 0 (0.0) 4 (12.5) 3094 4 (12.5) 13.1) 32
Non-Anemic 10 (50.0) 2 (10.0) 4 (20.0) 1(5.0) 3 (15.0) 0 (0.0) 20
Total 30 (57.7) 2(3.8) 8 (15.4) 4 (7.7) 7 (13.5) 1(1.9) 52

£ Ueldoy 119dde type B2 742 10, 2, 3, 1, 1,
15 YERAATHTable 5). 2=, type I~VIo] ztz}
20(62.5%), 0(0.0%), 4(12.5%), 3(3.1%), 4(12.5%), 1(3.1%)
Z YEFSA non-anemic ZLFONA= type I~VIe] Z}7;
10(50.0%), 2(10.0%), 4(20.0%), 1(5.0%), 3(15.0%), 0
(0.0%)S Z}A 8t TH(Table 6).

i =

=to] AAH Q] AP o R B u sbo] BiL L
53 7)% EQo7 Qs R=r|7t Bol M 9l
3 olo)] W AoAe] F=y] wiyfd AWE e A
o8 IHA AUt} o|F T sergenti®] 75 A X 4
2 -2 Aol A= o] Tk [9, 10]. WEkA] 1 sergenti

P

of gk Xt & A= g=ollA] Bol M =oile #
o7 Fst g AxAv| A A A2 (3], T sergentizA|
E-0] DNA probeE ©]-8-8+ Southern blot hybridization [4]
T sergenti DNATHAS EolF o7 ZX3lo] Hdksh=
FTHEAAHNES [5] T ATE AAIS dE7t 2l
o} ol2] gk WY FollA PCR 719& o] 8-k Fehiio]
hybridization "'Hol| o]t TR TR= AL ¢ 5ol
HollA B8 a3 ol mE A Wo] Jgdd 4
= WHoR Ay, B AFANXNE Theileria®] t g
2 PCR W& o]&3tsith
¥ BXE BH 7,9, 1199 A3 sampleci A
98%°] AE&S JeRIAE. olE 100%0] TH&S
Lee 5 [19]8] Ao} vl5gh g HATh &
3], B Axle] ou] A A3, 59 € sample

O

=



=) B oA Theileria buffeli 2 %™ &

oM 55%9 ¥ AFES UERid=, ok X
=] &0 SsiX e 790 1€ dHE0] =
L Zlog AlgHT)

Non-pathogenic Theileria= =, Y&, BlAlo}, S
T FEAY Utk s ExEgle [6, 21, 31],
oo &gk Ayt &Ee] HfEL AAE V= AY
= AR G2 F S B¥ @150t [12, 15, 28, 33].

53] A& A§-, Theileria 18S gene} B89 Theileria
MSP"“ 3k vy 43S 3% immunodominant piro-
plasmin surface protein ¢! P*¥**9] allelic formS 3}
AT} [11, 13, 23, 34]. Onuma 5 [22]& YR= Ikeda
type(I), Chitoshi type(C), Buffeli type(B1, B2)°] <4t
T}l A& =8 non-pathogenic Theileria?t 35| o]
U 7S o] &F BHES Bol w2 vk A&

£-9] Taiwan isolate®] 4] MSP gene PCR testS 2 A&}
=t C type, Bl typeTt HEE 3L 1 type SIAL [32]
Australian cattle®] 73-%- B13Z} C type©] HAEH Ao
[17], Turkeyoll A= 5 7119] allelic MPSP type(B<} C type)
S FASIHTA BEAT) [2]. o9kl Italian cattlee]]
A Ao & C typed Lbuffeli/orientalis®] EFIE B
37F AT [25].

gk=2o] Ag-ol= Kakuda 5 [11]°] =& samplecl]A]
I typee] AZEL 1 typeS FHESE C type, Bl, B2 type
o] Jrtar BisAE, HZ Ko 5 [1519] Aol w
21 3 A% Black cattle?| A1 1 typelth= C type
o] o A& AL, B typell A= Bl typeo] B2
AES B9 YA E BI+B2 typedl B3-S BT}
3 RIS B AAE B 34 A s Bl
type(57.7%)°] 7Hd Wol AE= AL Thai type(15.4%)
o] HE o|eH C type, B2, I type=C & ZAZHAh
o= RE sampleol A 1 typeo] HEE S th= Kakuda 5
[11]9) B9t 23 C typeo] 7S 415 HslTh
£ Ko & [15]¢] BALetsE 2po]7} Qlt). TRt B sample

A T typee] AEFHA &2 A3} B typedl A Bl type
o] Wo] A&EHE A Ko 5 [15]°] A3t YA}t
Kakuda & [11]¢] 3% Sample AFH 3 A|Fo] AXE, 7
2 AEE AFEEH £F) FO08 BE Sample A

]

FrolA £33 2 A= ofhe] A GAtelrt IS
4= 3L, Ko 5 [15]1ZR= Jeju Black cattles} &7+2] =}

o], AL PCVX| 9] zto] wl ol ofzhe] xpHste 2

I7F JE F JokaL 2t
ol A3 F 52719] sequenceE A EH olE
Thai type®-Z ®-F3F=t °l& types} A}
HA % % sequence”} Sl & AgHHQL W] loiA 9
= & WHOE A sequenceE HF3FATH

amino acidE EUIE antigenicity ¥24]-2 AL o]

0§ Thpy 24 113

antigenicityoﬂ ZAste] o AFolA AL sequence=
< VIl type_i ro] AL #AEsT L C, B,
Thai type 919 BEE Kim 5 (1412 Zakimi 5 [34]2]
sequence ¥4 & A=t —“ﬁ: A XA
EFEHE e Al

ofnt oft

% o

=
r

gz

o r?L'
M

ft

o R

¥ antigenicity 4] 7
=3t

m 5 [14]9] sequence?] type 13} & AFNA Z=Z

H sequence?] type V, 9.3~99.7%2] &2 homologyE L+

ERAATE. 28] 32 Kim 5 [14]2] type 4(D87205, Okushiri,

Japan)o} £ A3 2] type IV-22] sequenceEo] =2

homology(Z 4: 85.6~99. 6%)—§ YR 2;13} 9] type

5(D87198, Jeju, Korea) 52 80%t2] w2 homologyS
HERH AT
Zakimi 5 [34]°] 738 type 1, 2, 3, 4, 72 B A

ol Z¥zt type V, I, 1, IV, TI&F 90% ©]4+e] FAIES
YeR Ao, type 59 type 62 717} 80%, 70%2]
AtEE HERAATE & dEdX = HEE MSP gene
type 59} type 6= AFE ZAoM = HEHA &3hc)
o] ol thallM= F712Q AE o] Fasiriar A7 ).

o H AFA MSP genes T3317] ¢I3te] Add
18S gene ¥/ <1 245 717} anemic group2} non-anemic
groupl & o] BIWE 3T Anemic group?l 735
g PCV X7} 23.3 +5.7%, non-anemic group®l 7
- H PCV 217} 37.5 £ L.6%A A Z | YeRfA]
249k2). non-anemic group®l|A] PCV 4|7} normal range
o A= B3l ZE sampledll A A wH-g-o] L}
Elth Ko % [15]1¢] AtelME 2-& Axrt vpebyt
<l o|2H F AEEH Fhe] EAFTE As ¥
Atk [27].

T sergenti/buffeli/orientalis’}°12] ¥4 FE A=
A 8k3] Bhex|x] AUAITE, type = type C9F BRU ¥
dde] Aatthar ke A77F ATk BT FeelMe
Tkeda stock< Fukushima stock Xt} ¥g/do] 738t &=
£ Theileria isolates7} type 10]92 w] ZolA A3 <
s etk Bat Sl (1] & Oq:rhcq]k]

I} RAe] B9olE Bl typedt FAMIS 7L §
type 1] 7Fg B3E32(30 of 52) T2 2 Chitose typealr
AR type V(7 of 52)0] B2 Ao& Yepstt)

o] & A|&3}3sle] anemic 2} non-anemicOZ W] 3}
Hok& W anemic groupoll Al type 1o] 7HE Bol HE
H 320 of 32) type 119] AF 0AE 7| 53IH o
Thai typed} F-AFSH type 11} type V| A9 2+t 44
A et

4 249 B9 FoA de AFE 4A Zsivie
o o= WA AZF ¥ sequenced] g EAR
FolR AL AR A+ T2 s XS A, 2L
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G E AAFH S sample T EYA T AFo] s A
o2 yzhdry

3k sample & F 71<] colonyE A3} sequence
S AN EE 22 sampledl A 42 F 79
sequence= A2 72 typedl] &3te] S wle A 2
22 45 W= ATk o)|ZH-E shte] A ThFet
ZF° MSP genotypee] EAES & 5 Utk & 714
% (parasite)2] mixed population2 T} FF2] MSP
genotype2] 23} (combination)& XYL ATk & 4= )
S Aot} [16, 22, 25].
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T buffeli(T. sergenti/T. orientalis)= <F e
5ol FEoMol Aol Ex3I e FHYFOEA
a7 A& Ast, B F3, WE, 2
T B dASEE v,
Atell o]27] ste] FEETtel B2 AAIA £2E 7A
I e HYAleth # A= =Y Holtein 4l 7
Hxlo] Sle etddlelote] 2 3w A (major surface
protein) F-AAe] ThRd-& A8 HiAl £ E AT
Wol7k MSP -2 Akl T d 3 etd @l el o] B/
o] BAE A48T ol& fste] & 57vhEe] A
G ol FAMBE ARE-sto] DeZIALS} 18S tRNA
& ¥4 or ste PCRE 8t 2§, gy
o} 18S rRNAC A9l 26md](R18E: 16, FdE: 10)
£ FA92 Adste] MSPRA] 97 AMEE whE
sto] BA 8T & 527 e] 71 E Adks vhad B
Slell wheh 2 type 1914 type VIZHA] 6714 FE|=
v g dsl=d, ole AR (GenBank)ll 5=
o] A& thol FAAEF} 984% o LA SATHL
sergenti(China; DQO078264), Theileria spp.(Thailand;
ABO081329), T sergenti(Fukushimastrain, Japan; AB016280),
Theileria spp.(China; EU584237), Theileria spp.(Okinawa
strain, Japan; AB218442) Theileria spp.(Okushiri strain,
Japan; D87205), Theileria spp.(Okushiri strain, Japan;
D87205)]. = EEZE type 0] 307 (57.7%), type 17}
271(3.8%), type 117} 874 (15.4%), type IVZ7F 47(7.7%),
type V7} 77(13.5%), 28] 3 type VIZ} 17(1.9%)S 2b
Aetieh. 22| oAt MEE EUE 3 U &
A3} sample®] PCV +X¢ke] A H|ZL 243 AR
74 W82 v-HlEw BEelA type [o] $AIEHA
ERstTh o o] Aol MEE d=e] Ao AHE
Theileriax= =1 MSP gene®] typeo] thFalAl A3t
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