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ﬁﬁi’mQ‘Uszaaf-ﬁtﬁaﬁﬂmmwwmﬂmmamaﬁuﬁqﬂssmaaﬁa Theileria spp. finsvanuludnfineases
Tnsnunuiegudondn iineandesfidandsios fifinsusdnine: antuguamdaiuiend e
Fugnslsausdnludonseninanoudamay - Suiiau 2556 Faflshedradendinude Theileria spp.
avisidentealandoudsiuau 101 daeee wuadudedrudenanla 86 fied1s nszle 13 Heogns
Laznseiia 2 0819 wazillonnaeudaeds PCR A5mngdody MPSP wuinlWnauindiuau 72
Mag19 IgNuLaUANTINUTINTINUUIA 815 Alud MntuduigUUREs I 26 fege W
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N1-N3 Gsragnefidnusianunineglungude Theileria spp. linalsnsuuss (benign theileriosis) wa
wuInegednagly Type 3 (2/26), 6 (16/26), 7 (7/26) wag N1 (1/26) NaN15IATIZVAIANUARIEARIUDS
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UNn

lsalniaesleda (Theileriosis) iAnandelusladilniaeise (Theileria spp.) dneglunsna

Theileriidae (Juwidavunanuaziigusie (shape) uansneiuld wu nay (round) Ul (oval) §u

Y
[

ADNIN (comma) uargUuvie (rod) snerdeludindenvesdniifegnietihuulasanizdnifensos
mmia%’mﬂfjm%a Theileria spp. 9 2 Ngu fia ﬂfjm%aﬁdammqmm (malignant lymphoproliferative
theileriosis) ¢ Theileria annulata wag T. parva AelAnsnsnismeuazsnsnistiegailesain
defimafiuuiinalusomiivdes neudngszuulvadeuladin Taewunisundszuraluiiuiiuensng
LLazﬂfjmL%@ﬁiﬂﬁaﬂamqut,lm (benign theileriosis) lawA T. sergenti/buffeli/orientalis WUNITLWS
SEURLULUALELTY RdlnslaY LavsalTe (Uilenberg, 1981; Fujisaki et al., 1994; Chansiri et al.,
1999) Tnendoris 2 nguiifiviudunmedidouddslinsuuidninduduriale lusemelneing
ATIINULT Theileria spp. ASausiud w.e. 2514 Tnewuidelulatuiiomneneld @ey, 2514) sioan

A51gununlulaunluninnans (@S wasai155a, 2531) wazlaiudlasaniawile BnSwa way

[%
a =)

ALY, 2532) Tnevhludn iiRndolulsemealnesinliuansonnisilswiuds WANITAALID DN VYA
qunndniuasinlugennugydomaassgianiuunld Wesnnisiadeludnifegluansadonnie
TudwianeiugiudosiniliAnenisthosuuss lnsnueins ieaims 1dge sewnds vuwan
lanansguussagyilidadnele (Aparna et al.,, 2011)

nsasaitadelsaiinlglaenisasianide Theileria spp. ludendniseitdontoslas
ffoud (stained blood smean) usiilasanguswwesusAnludadonuadunsynailfidnuasadrondsty
AULLAINITOIMUNIUALA FIRDIBNFEANYULVDILTA WALITUININGLUNITINLUNILA (UUN, 2545)
foufndoudazsiadiaruadieadstuun uiainnsinsmsdaluaena nudndowmaiiany
vanvangmaiugnssd lnsfuifeylfidueiomngliananisiugnssu (molecular marker) fio Bu
finuAun"3a$1e major piroplasm surface protein (MPSP) 6'??&LﬁuﬁuﬁLLamaaﬂiuiwzﬁL%@@gﬂmﬁ@
Foauas (RBC stage) Tumsfinwmeszuminendeiluanauasanumainvaismaiusnisuveaito
Theileria spp. Wensld allele-specific PCR amplification #U31873N304USSNYENRUTNITUVD
o Theileria spp. seniu 5 nd (Type) léun Buffeli type (B1 waz B2 type), Chitose type (C
type), lkeda type (I type), uae Thai type (Kawazu et al., 1992; Matsuba et al., 1993; Kubota et al.,
1996; Sarataphan et al, 1999; Inoue et al, 2001) siosnladinsAneiasizvarsuiiindlelnauas
phylogenetic tree ¥838ULABINU Wudwawmwsa%’mﬂﬁjulﬁ?@iﬁﬁq 8 type lon Type 1-8 Jeong et al.,
2010; Yokoyama et al,, 2011) warnsanu oy 9 i wuiansauen Theileria spp. diudn 3
type 0 Type N1-N3 (Altangerel et al, 2011; Bawm et al,, 2014; Sivakumar et al,, 2014) Tuuseinea
11/1aﬁﬂwsﬁﬂmﬁﬂwmwNﬂ’uqﬂismmLﬁ“ga Theileria  spp. lasa1fudu MPSP  1ag small  subunit

ribosomal RNA (ssrRNA) wuiwie Theileria spp. firnslna@iniuiielungy T. sergenti/buffeli/orientalis
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%QLﬂumjuﬁhjdaIm?uLLiﬁ (Kakuda et al., 1998; Sarataphan et al, 1999) WazaInn1sANYIVES
Kakuda et al. (1998) wuindeiinulutssmalneddnuasmeiugnssulaiduiusiudodiuenldan
Uselnrlulazanigelasni saun Sarataphan et al. (1999) V‘hmﬁﬁﬂmEanmzquﬂ’uqﬂiimmaaL%ja
Theileria  spp.  31nlalago1ABEU MPSP mau%aiumjm benien  Theileria wuingeiidnvaznia
Wugnssuwilouiu Bl type, C type wae Thai type 9Nty Sarataphan et al. (2003) vin13@nw
é’ﬂwmzmqﬂ’uﬁqmﬁmauﬁa Theileria spp. mlanaznszlolavendefuiientu nuindeiignvas
TnalAesiu C type way Thai type 1oy C type Viwuﬁé’ﬂwmmﬂﬁuqﬂsmﬁﬂﬁwEJf“fUL%amﬂﬁuﬁﬁwuiu
Uspnadulaiideannnindssmadiu Tuligiudshififeyainie Theileria spp. insaanululseing
Inefdnvasyeiugnssuddsusasunnidunielsl drunsinwadsiiingussasdifionsiamans
ﬁuqf]ﬁiﬁU’eNL%a Theileria spp. Fnsranuludniideusedussniafoudeonay - fuaaL 2556 uas
ﬁﬂmé’ﬂwmgmmé’mﬁuﬁ‘uazmwméﬁmﬁqﬁ’umﬂﬁuﬁqﬂiimwdwﬁa Theileria spp. inuluuseina

InenasigeiinuainUszmedu 9 Wadunisihsziadenisszsuiaivendsuanasell

aunsaluazisnig

f298191890 (Blood samples)

fhegadentasdniifvndesiidminnatugnslsaiinguusinine aniugunmdniwiend
sywiaieudena — Suneu 2556 SwsianuLde Theileria spp. 1n&35 stained blood smear 21
dau 101 fMegs Tnswdadufediadonanladiuiu 86 Mege nszleduiu 13 Megs uay

ASEVNINUIU 2 A8

N13enAE1578UENTIU (DNA extraction)
afinansugnssd (DNA) INFIBEINA0ANNTIAN UGS Theileria spp. A8y Genomic
DNA Mini Kit (Geneaid, Taiwan) mufuuzivesusevingn wasiulingamall -20°C auni

P leau

nsiinySuE1IWUgNTH (DNA amplification)

\fiud3unes DNA woade Theileria spp. meUfnsenaniglndwesisa (polymerase chain
reaction, PCR) #afnutasunannizues Kakuda et al. (1998) Tngldlnsies (primen) fifinnusunie
ARBU MPSP Usznausie forward primer 5-CACGCTATGTTGTCCAAGAG-3' U@y reverse primer 5
GCAAGTGGTGAGAACTTGTCGAC-3 3slvinanan PCR (PCR product) 1uin 815 bp ftuneulasteiie

WlgNdIUNANYRIUNTY PCR FeUsznousne 10x buffer (Qiagen, Germany), dNTPs (Qiagen) 2 mM,
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forward Wag reverse primer 98798 0.5 uM, Tag DNA polymerase (HotStarTaqTM, Qiagen) 2.5 unit
waziiy distilled water auAsUY3IAT 18 pl 9ntiufis DNA template 2 pl thaunauiildluvi

Ufn3en PCR TneldinToadinumnamsiugnssude Thermo Scientific™ §u Px2 Thermal Cycler
(Thermo Scientific™, USA) Ingllf PCR condition #ail initial denaturation # 95°C wiu 5 wift Ay
¢ denaturation 71 95°C Wy 1 w7l annealing 71 59°C W 1 w7l uay extension 7 72°C w1

W7l $119u 40 50U audae final extension A 72°C wu 10 undl 1 PCR product fildluuandae
1.5% agarose gel electrophoresis Waagou ethidium bromide Wiodmsgiuunnves PCR product

Meldias UV iWisuiieuiufmuauuiniaay

n19aauLUa (DNA sequencing)

dumogsilvinauande PCR avhmsiiisdiinas DNA  TasusuuSinasvesdiunanves
Ufnsedu 40 pl #u3s PCR 419w niusin agarose gel fiiwau PCR product (wunn 815 bp)
wagvirlsiusandlagld GenepHlow™ Gel/PCR Kit (Geneaid) muduuzthwes3snguan antum
awutaralelng (direct sequencing) Ingld BigDye v3.1 Terminator cycle sequencing kit (Applied
Biosystems, USA) feLA30s Applied Biosystems Prism 3130X1 genetic analyzer (Applied

Biosystems)

NSAATIEHAIRULUALAZAMNTUNUSITIITIAUINIS (Phylogenetic analysis)
Anrziaiuinedlolvdvesiy  MPSP  wesfiegnsidnudielusunsy  Blastn  (httpy/
www.ncbi.nlm.nih.gov/blastn) azissaiisuaduindlelvaluuuuu (multiple sequence alignment)
ﬁ’ué’aaéwﬁlumﬂgm%ga GenBank (http://www.ncbi.nlm.nih.gov) fauanslu Table 1 aelusunsuy
Muscle (Edgar, 2004) @519uazitasneyt phylogenetic tree 1ngis Maximum likelihood wazvagey
mudeiuves phylogenetic tree 835 bootstrap 911U 1,000 ﬂ%’jﬂ lnedl T. annulata wag T. parva
Jusuenngu (outgroup) wazmAIAuAdIanaaiy (Percent similarity) vosdisiu dandlolvduay
nsmezdluniglusunsy MEGA 6 version 6.06 (Tamura et al,, 2013) S8 AgULUUVUIULAZIATIEH

Ly

arunsaeziilusiglusensy BioEdit version 7.2.5 (Hall, 1999)
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Table 1. Theileria MPSP gene sequences used in this study.

Type GenBank accession no. Host Country

1 D12689 Cattle Japan
AB571978 Cattle China
AB016279 Water buffalo Russia
AB560819 Cattle Vietnam
AB571938 Cattle Mongolia
AB562544 Cattle Thailand
AB016280 Cattle Japan
JN648696 Tick Korea
AB871339 Cattle Myanmar

2 D87190 Cattle Korea
D11046 Cattle Japan
DQO78264 - China
JN648700 Tick Korea

3 AB701456 Cattle Sri Lanka
AB571893 Cattle Mongolia
AB562541 Cattle Thailand
AB562579 Water buffalo Thailand
D87189 Cattle Australia
D87207 Cattle Taiwan
AB008369 Cattle UK
AB871349 Cattle Myanmar

4 AB562561 Water buffalo Thailand
AB871316 Cattle Myanmar

5 AB701448 Cattle Sri Lanka
AB602383 Tick Mongolia
AB562552 Cattle Thailand
AB560827 Cattle Vietnam
AB491347 Cattle Japan
AB571967 Cattle China
D87198 - Korea
AB871347 Cattle Myanmar

6 AB010702 Cattle USA
AF236093 Cattle China
GQ180192 Yak China
AB010703 Cattle Thailand (Kamphaeng saen)

7 AB701452 Cattle Sri Lanka
AB562533 Cattle Thailand
AB218430 Cattle Japan (Okinawa)
AB571887 Cattle Mongolia
AB560823 Cattle Vietnam
AB562581 Water buffalo Thailand
AF102500 Cattle Indonesia
AB081329 Cattle Thailand (Narathiwat)
AB871368 Cattle Myanmar
HQ444179 Cattle India

8 D50304 Cattle Japan
D87191 Cattle Korea
D87205 Cattle Japan

N1 AB845491 Water buffalo Sri Lanka
AB560833 Sheep Vietnam
AB016277 Water buffalo Vietnam

N2 AB560829 Water Buffalo Vietnam
AB562566 Water buffalo Thailand

N3 AB571901 Cattle Mongolia
AB562532 Cattle Thailand
AB562560 Water buffalo Thailand
AB571884 Cattle Vietham

- = no data
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NANISANEI

Nnfodadeniomn 101 fege wuidfedilinauinsetiu MPSP #aedE PCR
(MPSP-PCR assay) 52141U2U 72 fae4 (Table 2) Usznausiesioguasnlaindaniniiu 91uiu
47 fegne  megiudenlaandmindsiusduau 6 fegn  Medrndenainngaunnuvinuasdule
WU 16 M9E1 nsxUeduiu 1 Mgl LezfegdenniziiandaminlszaiuAstusdnuau 2

fregns TneBuiidueseildlivuin 815 bp (Figure 1)

Table 2. Summary results of PCR, sequencing and phylogenetic analyses.

Number of samples in

) Number of ~ Number of PCR  Sequenced
Province Host - each MPSP type
samples  positive samples  samples

6 7 N1
Nan Cattle 51 ar 11 0 11 0 0
Lopburi Water buffalo 12 0 0 - - - -
Singburi Cattle 6 6 5 2 0 3 0
Bangkok Cattle 29 16 7 0 3 a4 0

Water buffalo 1 1 1 0 0 0 1

Prachuapkhirikhan Gaur 2 2 2 0 2 0 0
Total 101 72 26 2 16 7 1

M PN12 3 456 7 8 9 1011121314151617 18 19 20 21 22

Figure 1. Example of PCR amplification products (815 bp) in ethidium bromide-stained agarose
gel. Lane M: 100 bp DNA ladder; lane P: Positive control; lane N: Negative control; lane 1-22:
Theileria DNA samples.

HANSANYIANUFUNUSIN Taunsvesanuilardlolnavesdiu MPSP waw@ip8 iANwILGaY
NNgIudeya GenBank laun13as1a phylogenetic tree (Figure 2) wudnanansadanguvesaneindlolng
16 11 type (Type 1-8 uaz N1-N3) uaghanainngy outgroup Lheg1edniau (bootstrap 100%) lny

Megrandnydneglu Type 3 91w3u 2 fIeg1e (Singburi-3 wag 5) Type 6 MU 16 0819

6
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(Prachuapkhirikhan-1 wag 2; Nan-4, 6, 11, 13, 19, 22, 24, 26, 29, 42 uag 47; Bangkok-4, 21 way
22) Type 7 97U 7 A79879 (Singburi-1, 2 way 4; Bangkok-7, 10, 14 way 24) wag Type N1 91u7u
1 #9819 (Bangkok-30) waznuindiAanuraisadsiusesainuiindlolng (nucleotide similarity)
vosegfiAnuiaunegluta 58.1-100% (iuansdeya) Weusnusas Type wuiiiegieiifne
Tu Type 3, 6, uag 7 deanuadeadaiuniglungy 99.2%, 97.4-100% wag 96.4-100% AuEIRU
(Table 3 A-Q) uwawiilovhdognsiifnuuniinnesisuiudegaaingudoya GenBank wuiingu
mogalu Type 3, 6, 7 waz N1 deanuaaiendaiueglugig 98.3-99.9%, 87.9-100%, 95.1-100%
wae 96.8-98.4% nuasU (Table 3 A-D)
PnmsAnwlaeiiaedinilolnavesiedenensialuaensaesiilundiiunssafisuiu
WUUTLUAUMRE199INgIuTeLA GenBank Tuusiay Type (Figure 3) wuinluusag Type Tl
Hudnwasamsunnsinaiu (specific site of amino acid) a8 Type 3 WU 8 suwnus (Frunsit 9,
42, 60, 91, 131, 157, 174 uaz 213) Type 6 WU 15 Suaus (Fumiadi 12, 22, 24, 29-31, 38, 53,
97, 104, 126, 138-163, 176, 188, 199, 234-235 way 246) Type 7 WU 8 fuvits (Fuvisii 94, 139,
144, 148, 164, 173, 183 uaz 185-186) waz Type N1 WU 10 shuwntls (fumiadl 12, 37, 39, 43, 57,
165, 190, 192, 212 way 246) \erfunuiiegawesas Type NTIATITRANUASIEAGI T8

duanonsnezilu (amino acid similarity) wuiieglutas 65.7-100% (Table 4) lnonguiiegnsdiod

Y

Tu Type 3, 6, 7 uaz N1 dApnuadeadaiueglugie 97.2-99.2%, 88.7-100%, 96.4-100% uay

94.8% MUANU
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s5r Singburi-3, Cattle, Thailand
Singburi-5, Cattle, Thailand
7 I AB701456 T. orientalis, Cattle, Sri Lanka
AB871349 Theileria sp., Cattle, Myanmar
100/~ AB571893 T. orientalis, Cattle, Mongolia
D87189 T. buffeli, Cattle, Australia
ABO008369 T. orientalis, Cattle, UK
g [ D87207 T. buffeli, Cattle, Taiwan
AB562541 T. orientalis, Cattle, Thailand
8 ' AB562579 T. orientalis, Water buffalo, Thailand i
AB571967 T. orientalis, Cattle, China
D87198 Theileria sp., Korea
AB491347 T. orientalis, Cattle, Japan
AB701448 T. orientalis, Cattle, Sri Lanka
AB871347 Theileria sp., Cattle, Myanmar
57r AB560827 T. orientalis, Cattle, Vietnam
95{ AB602383 T. orientalis, Tick, Mongolia
90' AB562552 T. orientalis, Cattle, Thailand
AB562561 T. orientalis, Water buffalo, Thailand
100 'AB871316 Theileria sp., Cattle, Myanmar
D87191 Theileria sp., Cattle, Korea
99| D50304 T. sergenti, Cattle, Japan Type 8
83 D87205 Theileria sp., Cattle, Japan J
AB571901 T. orientalis, Cattle, Mongolia
AB571884 T. orientalis, Cattle, Vietnam
AB562532 T. orientalis, Cattle, Thailand
AB562560 T. orientalis, Water buffalo, Thailand J
AB562544 T. orientalis, Cattle, Thailand
AB871339 Theileria sp., Cattle, Myanmar
AB571938 T. orientalis, Cattle, Mongolia
100 [ AB560819 T. orientalis, Cattle, Vietnam
AB016279 T. sergenti, Water buffalo, Russia Type 1
JN648696 T. sergenti, Tick, Korea
68| 94 AB016280 T. sergenti, Cattle, Japan
65|D12689 T. sergenti, Cattle, Japan
67 AB571978 T. orientalis, Cattle, China J
D87190 T. sergenti, Cattle, Korea
100/ D11046 T. sergenti, Cattle, Japan
DQO078264 T. sergenti, China
JN648700 T. sergenti, Tick, Korea i
89y AB560823 T. orientalis, Cattle, Vietnam
3 I AB562581 T. orientalis, Water buffalo, Thailand
99 64 | AB571887 T. orientalis, Cattle, Mongolia
AF102500 T. orientalis, Cattle, Indonesia
Singburi-2, Cattle, Thailand
_70| 64{ AB701452 T. orientalis, Cattle, Sri Lanka

Type 3

©
N

79

Type 5

Type 4

J L

59 Type N3

Type 2

©

AB562533 T. orientalis, Cattle, Thailand
AB218430 Theileria sp., Cattle, Japan
_LBangkok-lO, Cattle, Thailand Type 7
= Singburi-1, Cattle, Thailand
Bangkok-24, Cattle, Thailand
HQ444179 T. orientalis, Cattle, India
100 AB871368 Theileria sp., Cattle, Myanmar
171 singburi-4, Cattle, Thailand
Bangkok-7, Cattle, Thailand
AB081329 Theileria sp., Cattle, Thailand (Narathiwat)
Bangkok-14, Cattle, Thailand i
AB560829 T. orientalis, Water Buffalo, Vietnam }Type N2
100 ~AB562566 T. orientalis, Water buffalo, Thailand

AB016277 Theileria sp., Water buffalo, Vietnam 7
— 100 Bangkok-30, Water buffalo, Thailand
62 ABB845491 T. orientalis, Water buffalo, Sri Lanka
14 - AB560833 T. orientalis, Sheep, Vietnam i

100 AF236093 Theileria sp., Cattle, China

100

©

©
>

Type N1

GQ180192 T. sinensis, Yak, China
AB010702 Theileria sp., Cattle, USA
98 | Prachuapkhirikhan-1, Gaur, Thailand
581! Prachuapkhirikhan-2, Gaur, Thailand
100 AB010703 Theileria sp., Cattle, Thailand (Kamphaeng Saen)
Nan-6, Cattle, Thailand
Nan-4, Cattle, Thailand
Nan-11, Cattle, Thailand
99 | [ Nan-13, Cattle, Thailand
Nan-19, Cattle, Thailand
Nan-22, Cattle, Thailand
Nan-24, Cattle, Thailand
99 | Nan-26, Cattle, Thailand
Nan-29, Cattle, Thailand
Nan-42, Cattle, Thailand
Nan-47, Cattle, Thailand
Bangkok-21, Cattle, Thailand
Bangkok-22, Cattle, Thailand
Bangkok-4, Cattle, Thailand J
——————————U22888 T. annulata, Tams1
100 —————— 748740 T. parva, Tpms1

Type 6

—
0.05

Figure 2. Phylogenetic tree of Theileria parasites based on MPSP gene. MPSP gene sequences
determined in this study (shown in red) and published sequences from the GenBank database were

used to construct the phylogram. Bootstrap values are indicated at each branch.
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Table 3. Similarity analysis of Theileria nuclectide sequences for Type 3 (A), Type 6 (B), Type 7 (O)

and Type N1 (D) from this study (shown in red) compared with sequences available in GenBank.

A) Type 3
1 2 3 4 5 6 7 8 9 10
1 3-AB701456 98.4 98.6 98.4 98.6 98.4 98.4 98.8 98.8 99.1
2 3-AB571893 98.6 98.4 98.6 98.4 98.4 98.3 98.8 99.1
3 3-AB562541 99.9 99.7 99.6 99.6 98.6 99.1 99.2
4 3-AB562579 99.6 99.5 99.5 98.4 99.0 99.1
5 3-D87189 99.6 99.6 98.6 99.1 99.2
6 3-D87207 99.6 98.4 99.0 99.1
7 3-AB008369 98.4 99.0 99.1
8 3-Singburi-3 99.2 99.0
9 3-Singburi-5 99.5
10 3-AB871349
B) Type 6
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 6-AB010702 100 100 88.2 88.2 88.2 88.1 88.0 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 87.9
2 6-AF236093 100 88.2 88.6 88.6 88.5 88.3 88.5 88.5 88.5 88.5 88.5 88.5 88.5 838.5 88.5 88.5 88.5 87.9
3 6-GQ180192 88.2 88.2 88.2 88.5 88.3 88.5 88.5 838.5 88.5 88.5 838.5 88.5 88.5 88.5 88.5 88.5 87.9
4 6-AB010703 98.8 98.8 97.3 97.2 97.3 97.3 97.3 97.3 97.3 97.3 97.3 97.3 97.3 97.3 97.3 97.2
5 6-Prachuapkhirikhan-1 100 97.5 97.4 97.5 97.5 97.5 97.5 97.5 97.5 97.5 97.5 97.5 97.5 97.5 97.4
6 6-Prachuapkhirikhan-2 97.5 97.4 975 975 97.5 975 97.5 975 97.5 975 97.5 975 97.5 97.4
7 6-Nan-4 100 100 100 100 100 100 100 100 100 100 100 100 100
8 6-Nan-6 100 100 100 100 100 100 100 100 100 100 100 100
9 6-Nan-11 100 100 100 100 100 100 100 100 100 100 100
10 6-Nan-13 100 100 100 100 100 100 100 100 100 100
11 6-Nan-19 100 100 100 100 100 100 100 100 100
12 6-Nan-22 100 100 100 100 100 100 100 100
13 6-Nan-24 100 100 100 100 100 100 100
14 6-Nan-26 100 100 100 100 100 100
15 6-Nan-29 100 100 100 100 100
16 6-Nan-42 100 100 100 100
17 6-Nan-47 100 100 100
18 6-Bangkok-21 100 100
19 6-Bangkok-22 100
20 6-Bangkok-4
Q) Type 7
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 T7-AB701452 99.2 98.9 96.4 96.1 95.7 95.5 99.1 99.2 98.0 99.2 98.8 99.2 97.5 96.8 99.1 98.8
2 T7-AB562533 99.3 97.1 96.8 96.4 96.2 99.4 99.5 98.3 99.5 99.1 99.5 97.9 97.5 99.4 99.1
3 7-AB218430 96.3 96.1 95.6 95.5 99.0 99.2 97.9 99.2 98.9 99.2 97.7 96.8 99.0 98.8
4 T7-AB571887 99.2 98.8 97.8 96.8 96.9 96.0 96.9 96.5 96.9 96.7 99.1 96.8 96.5
5 T7-AB560823 99.1 97.8 96.5 96.7 95.7 96.7 96.2 96.7 96.4 99.1 96.5 96.2
6 T7-AB562581 97.4 96.1 96.2 95.6 96.2 95.8 96.2 96.0 98.7 96.1 95.8
7 T7-AF102500 96.0 96.1 95.1 96.1 95.7 96.1 96.1 98.4 96.0 95.7
8 T7-AB081329 99.9 98.7 99.9 99.5 99.9 97.9 97.2 99.7 99.5
9 7-Bangkok-7 98.8 100 99.6 100 98.0 97.3 99.9 99.6
10 7-Bangkok-10 98.8 98.7 98.8 98.4 96.4 98.7 98.4
11 7-Bangkok-14 99.6 100 98.0 97.3 99.9 99.6
12 7-Bangkok-24 99.6 97.6 96.9 99.5 99.2
13 7-Singburi-4 98.0 97.3 99.9 99.6
14 7-Singburi-1 97.1 979 97.8
15 7-Singburi-2 97.2 96.9
16 7-AB871368 99.5
17 7-HQ444179
D) Type N1
1 2 3 [
1 N1-AB845491 97.6 96.8 97.2
2 N1-AB560833 98.0 98.4
3 NI1-AB016277 97.9
4 N1-Bangkok-30
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Figure 3. Multiple alignments of deduced MPSP amino acid sequences of Theileria spp. isolated in this

study (shown in red) and published sequences retrieved from GenBank database.



Table 4. Similarity analysis of Theileria deduced MPSP amino acid sequences from this study (shown

in red) compared with sequences available

in GenBank.

1 2 3 q 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
1 1-AB562544 100 84.5 84.9 87.2 86.3 88.1 85.4 85.4 86.3 86.8 72.8 72.1 72.1 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.4 85.4 85.8 84.0 85.8 85.4 85.8 84.9 86.3 89.8 89.4 81.3 76.3 84.5 84.1 86.8 86.8
2 1-AB871339 84.5 84.9 87.2 86.3 88.1 85.4 85.4 86.3 86.8 72.8 72.1 72.1 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.8 79.4 85.4 85.8 84.0 85.8 85.4 85.8 84.9 86.3 89.8 89.4 81.3 76.3 84.5 84.1 86.8 86.8
3 2-D11046 99.6 81.7 82.2 82.6 81.7 81.7 78.8 79.3 68,5 68.4 68.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.0 86.3 86.8 85.4 86.8 86.3 86.8 85.4 86.8 86.7 86.7 80.8 76.3 86.2 86.3 85.4 85.4
4 2-JN648700 82.2 82.6 83.1 82.2 82.2 79.3 79.8 68.0 679 67.9 759 759 759 759 759 759 759 759 759 759 759 759 759 75.5 86.8 87.2 85.9 87.2 86.8 87.2 85.9 87.2 87.1 87.1 81.3 76.8 86.6 86.7 85.8 85.8
5 3-Singburi-3 97.2 99.2 88.9 88.9 86.3 86.8 68.0 67.4 67.4 749 749 749 749 749 749 749 749 749 749 749 749 749 745 83.1 83.5 82.2 83.5 83.1 835 82.2 83.1 88.5 88.1 80.4 75.3 83.5 83.2 86.8 86.8
6  3-Singburi-5 98.0 86.3 86.3 859 86.3 68.0 67.4 67.4 749 749 749 749 749 749 749 749 749 749 749 749 749 745 81.2 81.7 80.3 81.7 81.2 81.7 81.2 82.2 87.2 86.8 79.4 74.3 83.1 82.7 86.3 86.3
7  3-AB871349 88.1 88.1 86.3 86.8 69.1 68.4 68.4 759 759 759 759 759 759 759 759 759 759 759 759 759 75.5 83.1 83.5 82.2 83.5 83.1 83.5 83.1 84.0 88.5 88.1 81.3 76.3 84.5 84.1 86.8 86.8
8 4-AB562561 100 87.2 87.6 70.2 69.5 69.5 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.0 82.6 83.1 81.2 83.1 82.6 83.1 81.2 82.2 88.1 88.1 81.3 75.8 84.5 84.5 84.1 84.1
9 4-AB871316 87.2 87.6 70.2 69.5 69.5 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.4 76.0 82.6 83.1 81.2 83.1 82.6 83.1 81.2 82.2 88.1 88.1 81.3 75.8 84.5 84.5 84.1 84.1
10 5-AB491347 99.6 71.8 71.1 71.1 779 779 779 779 779 779 779 779 779 779 779 779 779 77.5 83.1 83.5 81.7 83.5 83.1 83.5 81.7 82.6 85.9 85.9 79.4 74.3 80.3 80.4 82.7 82.7
11 5-AB571967 723 716 71.6 78.4 78.4 78.4 78.4 78.4 78.4 78.4 78.4 78.4 78.4 78.4 78.4 78.4 78.0 83.5 84.0 82.2 84.0 83.5 84.0 82.2 83.1 86.3 86.3 78.9 73.8 80.8 80.8 83.2 83.2
12 6-AB010703 98.4 98.4 89.2 89.2 89.2 89.2 89.2 89.2 89.2 89.2 89.2 89.2 89.2 89.2 89.2 88.7 72.3 72.8 72.3 72.8 72.3 72.8 72.3 72.8 70.7 70.7 70.3 67.0 71.1 70.7 66.3 66.3
13 6-Prachuapkhirikhan-1 100 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.0 71.6 72.1 71.6 72.1 71.6 72.1 71.6 72.1 70.6 70.6 69.7 65.7 70.4 70.0 65.7 65.7
14 6-Prachuapkhirikhan-2 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.5 89.0 71.6 72.1 71.6 72.1 71.6 72.1 71.6 72.1 70.6 70.6 69.7 65.7 70.4 70.0 65.7 65.7
15 6-Nan-4 100 100 100 100 100 100 100 100 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 769 765 73.4 77.8 77.4 724 724
16 6-Nan-6 100 100 100 100 100 100 100 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 788 78.4 79.3 76.9 76.9 76.5 73.4 778 77.4 72.4 72.4
17 6-Nan-11 100 100 100 100 100 100 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 76.9 76.5 73.4 77.8 77.4 72.4 72.4
18 6-Nan-13 100 100 100 100 100 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 769 76.9 76.5 73.4 77.8 77.4 72.4 72.4
19 6-Nan-19 100 100 100 100 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 76.9 76.5 73.4 77.8 77.4 72.4 72.4
20 6-Nan-22 100 100 100 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 769 765 73.4 77.8 77.4 724 724
21 6-Nan-24 100 100 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 76.9 76.5 73.4 77.8 77.4 72.4 72.4
22 6-Nan-26 100 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 76.9 76.5 73.4 77.8 77.4 72.4 72.4
23 6-Nan-29 100 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 76.9 76.5 73.4 778 77.4 72.4 72.4
24 6-Nan-42 100 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 76.9 76.5 73.4 77.8 77.4 72.4 72.4
25 6-Nan-47 100 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 769 769 76.5 73.4 77.8 77.4 72.4 72.4
26 6-Bangkok-21 100 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 76.9 76.5 73.4 77.8 77.4 72.4 72.4
27 6-Bangkok-22 99.6 78.4 78.8 78.4 78.8 78.4 78.8 78.4 79.3 76.9 76.9 76.5 73.4 778 77.4 72.4 72.4
28 6-Bangkok-4 78.0 785 78.0 78.5 78.0 78.5 78.0 789 76.5 76.5 76.1 73.4 77.4 77.0 72.0 72.0
29 T7-AB081329 99.6 98.0 99.6 99.2 99.6 97.2 96.9 82.6 82.6 81.3 76.3 82.5 82.6 81.2 81.2
30 7-Bangkok-7 98.4 100 99.6 100 97.6 97.2 83.1 83.1 81.8 76.8 83.0 83.1 81.7 81.7
31 7-Bangkok-10 98.4 98.0 98.4 98.4 96.4 81.7 81.7 80.4 75.3 81.1 81.2 80.3 80.3
32 T7-Bangkok-14 99.6 100 97.6 97.2 83.1 83.1 81.8 76.8 83.0 83.1 81.7 81.7
33 T7-Bangkok-24 99.6 97.2 96.9 82.6 82.6 81.3 76.3 82.5 82.6 81.2 81.2
34 7-Singburi-4 97.6 97.2 83.1 83.1 81.8 76.8 83.0 83.1 81.7 81.7
35 7-Singburi-1 97.2 82.6 82.6 80.8 75.8 82.1 82.2 81.2 81.2
36 7-Singburi-2 83.1 83.1 81.8 77.3 83.0 83.1 81.7 81.7
37 8-D87191 99.2 80.4 75.3 86.7 86.3 92.8 92.8
38 8-D87205 80.4 75.3 86.3 85.9 92.8 92.8
39 N1-AB016277 94.8 79.8 79.9 78,5 78.5
40 N1-Bangkok-30 74.7 748 733 733
41 N2-AB560829 99.2 84.9 84.9
42 N2-AB562566 84.5 84.5
43 N3-AB571901 100

44 N3-AB562532

)
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Tunsanwndaiildihiegnadesludniiieadesiinsianuide Theileria spp. #2633 stained
blood smear mmwmmiﬁuqﬂsimaqﬁa Theileria spp. lagld MPSP-PCR assay WU11d14150
paanuasitugnssuludenvesdniifenses Iiud Ta nsedle uasnsefis 91n 4 Savda Andudosas
71.29 (72/101) Tegldanunsansranuaisiugnssulumegindenlandminuiudiuig ¢ @819
fhegradennszdenmunaniminanyd uazdeadonlannnzunmamiuasiiuog 13 fegs
E)’H]L‘ﬁlﬁ]\‘m’ﬁﬂﬂﬂ’JW@J‘ViaWﬂﬁaﬂﬂﬂﬂﬂﬁuqﬂﬁuﬂ’e}u%’@ ATHliadenunsdani (packed cell
volume; PCV) Snuidiousanluidon (level of parasitemia) uayMIaRAaIUNITH T9019dINasHe
mmmmscﬂ,umimiaaM1313ﬁuqﬂﬁﬁumaaL%@‘Lué]’aaemlﬁam (detection limit) ¥83 MPSP-PCR assay
(Eamens et al., 2013)

NNsANY phylogenetic tree Ingldanefindlolndvasdu MPSP 21ndegnsfilvimauIn
o MPSP-PCR assay wazfiegaingiudeya GenBank ausadnnaulaidu 11 type aenndasiiv
Msfnwves Altangerel et al. (2011) FwhnmsAnwilushegnaudenaniauasnsedolulsandlng
MsAnwIves Bawm et al. (2014) FwihmsAnwlusiesradenlalulssmanil uagn1s@nwves
Sivakumar et al. (2014) whmsAnulushegradonnsedelulsvmenidan wenaniidaansonen
nausegsiiAnmeanINngutaTinelsaguuss (U22888 way Z48740) aenrdasiunsfinuinounti
iBswuindo Theileria spp. fnululsamalneiidnwasnetugnssueglunduitoiiinelsasuuss Ao
T. sergenti/buffeli/orientalis (Kakuda et al., 1998; Sarataphan et al,, 1999; Altangerel et al, 2011)
Tnsnsfnwaainuindogadenladneglu 3 type (Type 3, 6 way 7) duiegradenanszisineg
lu Type 6 uagmag1afannszlodneglu uag Type N1 Fanuswau Type tosnitnsfinwneunth
fuas Altangerel et al. (2011) #ivmsAnuishetadesla siuu 200 feghe uavfeduden
nsxde $wau 255 feghe aniuil 3 Swielunamidenar 5 SwrielunansSusenduanile
PSR Sewuinde Theileria spp. finululauaznszdeludssmndlneti Inaglu 5 type (Type 1, 3,
5, 7 wag N3) uaz 7 type (Type 1, 3, 4, 5, 7, N2 ag N3) suansu

fheganmsinunseiide Theileria spp. dilvi) (16/26) dnnguegu Type 6 Fadusegn
deslafiinandmimituuaznganmvemuas Tadsogadennseiandminyszauaiiug Tnowui
fhoghavaniiimanuadieadeiunelungugedy 97.4-100% (Table 38) uaziimnulnddntusegis
Foalannniunauay (ABO10703) snsanwneuntiilag Sarataphan et al. (1999) f#75 allele-
specific PCR WU’j’lnge)EJ'NLaaﬁﬂmﬂﬂﬁWLLWQLLauﬁ{]JﬂE)%ﬂu Thai type wonainidanuinniely Type 6
TegeanUsemeay (AF236093 way GQ180192) wavansigeisni (AB010702) Fauonoonidufs
gogae19maY  (bootstrap  99%) denndasiumsinuneuntidesenuindeinuludsymelng

(AB010703) HAIUUANAINAINGNWULNINRUGNTTUTDMS 2 Useine (Kakuda et al,, 1998) dmsulu
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Type 7 wudedwesnisinunisiuay 7 fegn  dadusesnadenlanndmindeiyiuas
nynnEmuAs deanueaerdunelunguadis 96.4-100% (Table 30) lnesetndnlvgjdnaglu
nauRefiuiegINUsTimAduAY  (HQ444179)  Usewmman  (AB871368)  wavdeaninusn§na
(AB081329) uardidhednadonlanndmindniyisinn 1 dedeiidiarllnddatudeiinuain
Uszinadulaili@y (AF102500) @0nndednUN1SAN®IY8Y Sarataphan et al. (2003) #2875 allele-
specific PCR ﬁiwamu'jwé’ﬂwmzmwﬁ’uqﬂ3imaaL%a Theileria spp. mrﬂlﬂLLazﬂﬁsﬁaﬁWU%ﬁmagﬂu C
type 1y fdnwarneiugnssuiindrendstudeinululsamedulaiide (AF102500) daushegnaiiny
Tu Type 3 d1au 2 fegn Wuiedadenlrandmindsiui Tranuaiendeiugads 99.2%

1 =

(Table 3A) AsanmsAineves Altangerel et al. (2011) fisrea1uitlu Type 3 wushogradontaan
nﬂﬁuﬁﬁﬁwmsﬁﬂwﬂumﬂmﬁaLLazmﬂmi’uaaﬂLﬁ&Jamﬁamaanzmﬂm uanNifmusiegng
Lﬁamﬂizﬁa%ﬁmagﬂu Type N1 wWuiiienfunsdinenves Sivakumar et al. (2014) Fa518nunuideain
megrudennselennUsemaniainiuazdnegly Type N1 uag N2 Tumemssdunsanenrountl
Tutszwelnelag Altangerel et al. (2011) ndunuindegadonnszlodneglu Type N2 uaz N3 ogslsh
aailunsanuedailldnushedsly Type 2 Wuieatunsinndeuniilulssmelng (Sarataphan
et al,, 1999; Sarataphan et al., 2003; Altangerel et al., 2011) uaﬂﬁ]’m‘ﬁmamiﬁﬂw’mﬁzﬁﬁﬁ'ﬁiﬁlﬁu
dwLma'qﬁ'msuaaﬁaasthJﬁmmé’mﬂ’uﬁ‘ﬁ’umﬁmmﬂmaﬁ phylogenetic tree
Gefnwiddunsnesilunuitlusias Type Truwmisveanseesiiiufisimeunnsnaiy Tng
Type 3 WU 8 MUY Type 6 WU 15 @Lue Type 7 WU 8 AU wag Type N1 WU 10 #Luig (Figure
3) wazidefiarsanddunsaezdluly Type 6 lnslowizngy Tha type wuddlArmLANA1aUYDS
nanovilufiiums 138-163 amnsautadesliidu 2 ndu fe nquiedradonnseiians 2 foehadl
nsnerfilufiwiloutusegdaaniunauay  (AB010703) uavnausegnadonlnaindminuiuuas
NIMNIYNLAT Bedenadesiudnuazues phylogenetic tree uariiiauadendaiuresnsnozily
sewina 2 ndusegseglutag 89.0-89.5% (Table 4) Famsfinureunthiwuidhegidlasniunuay
(ABO10703) uwazanUszmesuiimnuunnssvesadunsaesilufisumiafioadiduiy (Kakuda et
al, 1998) uazanmsAnwmuwesnsnezilufismnzvendelunsias Type vewsvmmninalyd
2012 wuidinmswusuwanseeziiluitsimnadfistuand 2010 (Kang et al, 2012) Fldduindeiing
Wasua W TugnIIIREAABALAN Femainsfinndnuasmsiugnssuveade Theileria spp.

s

Tudssmelveagnwaiiios uenanidsfisenumui T orientalis Wuavmuesmemevedaiuggnuan
TumnweuldivesUssmaBud (HQ444179) FadefinrulndiAedussdudaluanatusogaandm
U NEveIUsEIWAlNY (AB081329) wazdegsanUseimasuladi@y (AF102500) (Aparna et al,
2011) yddienunugtinisaivende T orientalis aeiuglvlulsseosansdefiinanns

nangugviiieaunsanelsnuLsWuskasiinn1sseuInlunateiuil (Kamau et al., 2011)
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[V 757

PNMSANASINTIATUINTe Theileria spp. Anuluussndlnetuiinnunainuralenis
wugnssuluegaunn - Snvisdilivsufanmeiiiwesialognsdoau  Jepsfnuwiiiulaeia
Snulssnnsdninanenasiiufmegsanuainuateiuil - SwdanreidouazhuInisnisinge

dgj ﬁl L2 U ! dgj 1
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Abstract

Theileriosis is a haemoparasitic disease caused by Theileria spp., which is commonly
detected in ruminants in Thailand. The Theileria infection has an impact on animal health and
economic. The objective of this study was to determine the genetic diversity of Theileria spp.
found in ruminants. Among the ruminant blood samples submitted to Parasitology Section,
National Institute of Animal Health during August — December 2013, 101 samples including 86
cattle blood samples, 13 water buffalo blood samples and 2 gaur blood samples were positive
for Theileria spp. by stained blood smear. When using PCR method to detect MPSP gene of
Theileria spp., 72 out of 101 samples were positive showing the expected band of 815 bp.
Twenty-six PCR product samples were simple randomly selected and successfully sequenced.
The MPSP gene sequences were then analyzed by phylogenetic tree construction along with
other Theileria sequences retrieved from GenBank. The phylogram formed 11 types containing
Type 1-8 and N1-N3. All of MPSP gene sequences obtained in this study clustered with the
benign Theileria sequences and found in Type 3 (2/26), 6 (16/26), 7 (7/26), and N1 (1/26). The
sample sequences demonstrated nucleotide similarity of 58.1-100%. Multiple alignments of
deduced amino acid sequences showed specific amino acid sites of each type: 8, 15, 8 and 10
for Type 3, 6, 7 and N1, respectively. The overall similarity of MPSP sequences was 65.7-100%.
These findings revealed that Theileria spp. circulating in ruminants in Thailand have high levels

of genetic diversity.
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