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APPENDICES

Appendix A: A comparison of the results obtained from the identification of Theileria spp. of
buffalo and cattle by the RLB, 18S qPCR, and modified cox III gPCR assays. Highlighted

areas indicate areas where data is not available.
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18SRT-PCR |FRET RT-PCR

Samples IRLB Results

IT. parva Others T. parva !T. parva Others

|

!
' !
R e
oV | 4 R
OVIgNT } T/B catchall probe { + { +  |T. mutans
oVt + { + 4
VI8 | 3 Vot (T mutans
KZNbov | T sp (sable), T velifera, T. mutans, T, taurotragi |
ABGP/S9 | - |T. bufll | | T, bufll
AEGPIB3 | - |T. bufel ! : T, bufel
ABGPIG4 | - |T. bufll ! i T bufll
ABGPIS 1 - |T. buffel i i T. bufel
AEGPI6S | - |T.buflel i i T, bufel
AEGPIT | - |T. buflel i i T, bufel |
AEGPIO | - |T buflel i i T, bufel ‘
AEGPIO 1 - |T bufel i | T, buflel
ABGPM 1 - [T buflel ! i T, bufel
ABGP/T3 | - [T bugel ! | T, buflel
ABGP/14 | - |T. buffl ! { T. buffl
ABGPS | - (T bufel ! | T buffeli
ABGPT6 | - |T. buffl I I T bufli
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18S ¢PCR  jcox Il gPCR

I T. parva . Others 1 T. parva Others
KNPBI 1+ -
KNPBS |+ |Tomuans | S
KNPBIL + | B 17
KNPBIS |+ - : + o+
KNPB17 |+  |T. mutans, T. velifera ) : + b+
KNPB20 | - |T/Beatchallprobe | - |t
KNPB22 |+ |T. sp(buffalo), T. mutans, T. velifera | + |+ |T.sp (buffalo)
KNPIC2 |+ |T sp (buffalo), T.mutans, T.velifera |+ | + |T.sp(buffalo) }
KNP/IC5 |+ T mutans i - I+ |T.sp (buffalo)
KNP/C8 i - T velifera, T. mutans E + E + T. mutans , Non-specific
KNP/C11 1+ ) I + I+
[KNP/C14 i + T. mutans, T. velifera
KNP/C16 } + |T. mutans, T. velifera B ! + o+
KNP/C18 } + T. mutans, T. velifera I + I+
KNP/C21 | - T/B catchall probe o
'KNP/C24 ! + T. mutans ! + o+
[KNP/(;2_6{ - T. mutans, T. velifera | + |+ |Non-specific
' KNP/E2 : T. mutans, T. velifera ! - o Non-specific
KNP/E3 | - T/B catchall probe + T. taurotragi
KNPES | - T. mutans, T. velifera i + Pt Non-specific
‘KNP/E7 i - T. mutans i + e Non-specific
KNP/EIO | - |T. mutans i - I - |Non-specific
'KNP/E13 : - T. mutans, T. velifera { - ; - Non-specific
KNP/EIS | - |T. mutans i + |+ |7 sp (buffalo)
KNP/E20 ! - T. mutans, T. velifera } + : +  |Non-specific
KNP/E23 } - T. velifera } + l +  [Non-specific
KNP/Gl |+ |T mutans, T. velifera ! + b+
KNP/IG2 !+ |T mutans ! + |+
KNP/GS | - |Tmutans, T. velifera ! + | +  |Non-specific
KNP/G6 | +  |Tmutans ] + I+
KNP/G8 |+ T. sp (buffalo), T.mutans, T.velifera | + I T sp (buffalo); Non-specific
'KNP/G10 : - T.mutans, T. velifera : + } + Non-specific
KNP/GI1 | + T. mutans, T. velifera | + s
5KNP/G12 i + T. mutans, T. velifera i + I+
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Sample (RLBassay 1 I8SqPCR icoxIlIgPCR
‘ 1 T. parva Others I 1 T. parva | Others
— i ; ’
KNP/G14 |l - |T. mutans, T. velifera I ot ] ] i
KNPAL § - |T.mutans, T. velifera ! + e Non-specific

KNP L+ T mutans, T velfera R

KNPJ7 | - |T/B catchall probe - + T taurotragi »
KNPAIO | - |T. mutans; T. velifera o + |T. taurotragi
KNP/KI L+ (T mutans, T, velifera i + i+  [Non-specific
KNP/K4 J - |T. mutans I - i+ |T tawonagi |
‘ISN_P@§I - |T. mutans - - k 1 + |T. taurotragi

KNP/K10 T - |T. mutans, T. velifera I + I+  |Non-specific

KNPQ4 |+ [T sp(ouffao)Tmutans 1 o+ 1+

KNPQ7 1 - |T. mutans | + I+ |T.sp(buffalo)

KNP/Q13 ! Negative [ - i" _+ _|T. sp (buffalo)

KNPQIS |+ |, sp (buffalo) | *

KNPQI8 |+ |T. sp (buffalo), T.mutans ! + |+ |T. taurotragi, Non-specific
KNPQ22 |+ |T sp (buffalo), T. mutans 4 I+ |T.sp(buffalo)

KNP/VI : + |T. sp (buffalo), T. mutans { + } + |T. sp (buffalo)

KNPV2 |+ [T sp (buffalo) ! + I+ |T. sp (buffalo)

:KNP/V3 : + |T. sp (buffalo), T. mutans | + . T. sp (buffalo)

KNPV4 |+ |T. mutans | + |+ |T.sp (buffalo)

KNPV6 | - T. sp (buffalo) i - |- T. sp (buffalo)

KNPVT | - |T sp (buffab) i - |+ |T.sp(buffalo)

KNPV8 |+ [T sp (buffalo), T, mutans I T

'KNP/V9 r - |T. mutans IT - -
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Samples |RLB Results 18S RT-PCR |FRET RT-PCR

T
I
!' T. parva ‘Others 1| T. parva !T. parva |Others
HIP/A2 1 - |7 sp (buffalo), T. buffeli _ | - |+ _|T_sp (buffalo) :
Hib/iad 3 % |T sp (buffalo), T buffeli T velifera -}~ + 1+ |T. sp (buffalo) !
HIP/AS 1+ |T. sp (buffalo), T. buffeli, T. velifera, T. mutans ! + '+ |T.sp (buffalo)
HIP/A6 |+ |T. sp (buffalo), T buffeli, T. mutans ! + I+ |T.sp (buffalo)
HIP/ALL |+ [T sp (buffalo), T. buffeli, T. mutans, T. velifera | + L+ T. sp (buffalo) :
HIP/AL2 j  +  |T. sp (buffalo) T bufleli T.mutans  §  + |+ |T.sp(buffalo)
HIP/A13 : - T. sp (buffalo), T. buffeli, T. mutans | - b T. sp (buffalo) ;
HIP/Al4 | + |T sp (buffalo), T. buffeli, T. velifera | + I+ |7 sp (buffalo)
HIP/AL7 | - |T sp(buffalo), T buffeli i - | T. sp (buffalo)
HIP/AI9 @+ |T sp (buffalo), T. buffeli, T. velifera [ + i+ |T.sp (buffalo)
HIP/A2L 1 - |T. sp (buffalo) (aint signal) R
HIPA22 |+ |T sp (buffabo), 7. buffel, T. velifera ! + |+ |T.sp (buffalo) !
HIP/A2S | - |T.sp(bulfelo) Tomtans 4+ I+ [T sp(ouffao) §
HIP/A27 |  + T. sp (buffalo), T. buffeli, T. velifera ! + o+ T. sp (buffalo)
HIP/A28 |+ |T. sp (buffalo), T buffeli T. velifera 1~ + i |T.sp (buffalo)
HIP/A29 |+ |T. sp (buffalo), T buffeli, T. velifera ! ~+ 1+ |T.sp (buffalo) |
HIP/A30 | - |T. sp (buffalo), T. buffeli, T. velifera 1 + |+ |T.sp (buffalo)
HIP/A33 |+ |T. sp (buffalo), T. buffeli, T. velifera 1 + |+ |T.sp (buffalo)
HIP/A34 | - [T sp (buffalo), T. buffeli, T. velifera ! + '+ |T.sp (buffalo)
HIP/A36 | - |T buffeli | + i+ |T.sp (buffalo)
HIP/A38 | T. sp (buffalo), T. buffeli i .t i+ T. sp (buffalo)
HIP/A4l |+ |T sp (buffalo), T. buffeli i + i+ |T.sp (buffalo)
HIP/A45 | T/B catchall probe only | + | + |T. sp (buffalo)
HIP/B7 b Negative - o ,'_, - Ir +
HIPBIL - T/B catchall probe only ! + [ T. sp (buffalo)
\HIPB20 | |Negative 447
HIP/B31 | - |T/B catchall probe only ! + |+
HIPB32 | + |T. sp (buffalo), T. buffeli, T. mutans, T. velifera | + I+ |T.sp (buffalo)
HIPB44 | - |T.sp (buffalo) T buffeli T.velifera  _ _ { __*+ 1+ _|T.sp(buffalo)
HIPB46 | - |- ! A bt
HLP/B48{ ~+ T buffeli, T. velifera : + | _+ T sp (buifalo)
HIPB4 | + |T. buffeli I + I+ |T. sp (buffalo)
HIP/BS2 | - |T. sp(buffalo), T buffeli i + |+ |T.sp (buffalo)
HIP/B56 | T. sp (buffalo), T. buffeli, T. mutans i + i+ |T.sp (buffalo)
HIP/BS8 |+ |T. sp (buffalo), T. buffeli, T.mut, T. vel ] + |+ |T.sp (buffalo)
HIP/B60 i - T. sp (buffalo), T. buffeli i + i + T. sp (buffalo)
HIPB62 | - |T buffeli e F o+ (T sp (buffalo)
HIPB64 |+ |T. sp (buffalo), T. mutans, T. velifera L + . T. sp (buffalo)
HIP/B65 |+  |T. sp (buffalo), T. buffeli, T. mutans ! + !+ |T.sp (buffalo)
HIP/B66 | + ! + |+ |7 sp(buffal)
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‘Samples |RLB Results S :185RT1_’_CR |FRET RT-PCR )
|T parva . Others |r T. parva |T parva ‘Others

PRSI+ | b+ b+ Iop(eufflo)

HIPB70 § - |Negatve | -} f  [T.spluffo)

HIPBTS | |Negative L - 47t )

HIP/BTT | |Negative B T S

HIP/B78 |+ |T sp (buffalo), T. buffeli, T. velzfera : + |+ |T.sp(buffabo)

H]P/B79 \+ | buffeli T. mutans, T. velifera : + |+ |T.sp(buffalo) ]

HPIC2 | - | sp (buflao), T buflli, T, velifera |+ |+ |T.sp (buffalo) |

iAP'Iﬁer/C4 ,,J - |T/B catchall probe only ]| I |+ |T.sp (buffalo)

HPCS |+ [T sp (buffalo), T. buflli, T. velifera | + |+ |T.sp (buffalo)

HPIC8 |+ | sp(ouffio) 7. bufeli Tvelifera |+ |+ |T.p (buffa)

HIP/C9 d. +  \T. sp (buffalo), T. buffeli, T. mutans, T. vel{ -+ I+ T. sp (buffalo)

HIPCLL 1 - |T. buffel ! + |+ |T.sp (buffabo)

HIP/C13 Voo T buffeli o + I+ _|T.sp(buffalo)

HIP/C15 ' - |T. buffeli ! + I+ |T.sp (buffalo)

HP/CI9 | - |T. buffi o + 4+ |T.sp(buffio)

HIPC23 | - T bufeli ; ot {_t _|T.sp (buffalo)

HIP/H24 | Negative 1 + I+

HIPIC2T | - T buffei | + |

HIPH6 | T/B catchall probe only l o J _+ T taurotragi

HPHI6 | [Negative ] B

HIPHIS |+ |T. sp (buffalo), T. buffeli | - |+ |T. sp (buffalo)

HIPHI9 i - |T. sp (buffalo), T. buffeli { + |+ |T.sp (buffio)

HIP/H21 | _|Negative I - I+ |T.sp (buffalo)

HPH2 |+ |T buffl ] v |+ |T.sp (buffao)

HIPH2S | - T buffeli I + I+ |T.sp (buffalo)

HIPH2T | Negative _ R

HIPH30 | Negative ] + I+ |T.sp(buffalo)

HIP/H32 |+ |T. sp (buffabo) T. bufleli oot i * |T.sp(buffalo)

HIPH33 | - (T buffeli : + |+ |T.sp(buffalo)

HIPH3S | |Negative : - |+ |T.sp (buffalo)

-HIP/H36 I Negative : - P+ T sp (buffalo)

HPHAL | - [T buffli l T I+ |7 sp (buffalo)
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Sample |RLB Results | 18SRT-PCR |FRET RT-PCR

iT. parva |Others : T. parva iT. parva |Others
‘GLTP/2 [ +  |Theileria sp. (buffalo), T. velifera, T. mutans ! + ! +

1§LTP/3 I + |T velifera, T. mutans : + : +

GLTP/4 '+ | T mutans Loy

GLTP/S |+ |T velifera, T. mutans : + '+ |Theileria sp. (buffalo)
GLTP/6 |+ ; + E

GLTP/7 |+ |T velifera, T. mutans | I+

GLTP/8 I T. velifera, T. mutans I I Non-specific
GLTP/9 | + |Theileria sp. (buffalo), T. mutans ! I

GLTP/101 + |T. mutans i L+

GLTP/11 | T. mutans i i Theileria sp. (buffalo)
GLTP/12 : T. mutans : I +  [Non-specific
GLTP/ 131 + i ¥ K

GLTP/ 141+ [T velifera i + I

GLTP/15!  + i ¥ I

GLTP/16!  + [ ¥ I

GLTP/17)  + ! I+ |Non-specific
GLTP/19] + } + L+

GLTP/20| +  |Theileria sp. (buffalo) ! + T

fGLTP/ 23 I Theileria sp. (buffalo) I : +

GLTP/25 | Theileria sp. (buffalo) | i Non-specific
GLTP/26 | Theileria sp. (buffalo) i B Non-specific
GLTP/28 : Negative : : +  [Non-specific
GLTP/29 : +  |Theileria sp. (buffalo) i + : +

GLTP/341 + i + e

GLTP/36! + |Theileria sp. (buffalo) | + I

GLTP/38! + i + i Theileria sp. (buffalo)
GLTP/39! + i n I

GLTP/40!  + ! + I

GLTP/ 42!+ |T mutans ! + |+

GLTH/#4) + : ¥ Ly

GLTP/46| + : + L+

GLTP/47]  + | ]+

GLTP/ 4| + |7 mutans i + |+
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Appendix B: Phylogenetic trees showing the relationship of the T. mutans, Theileria sp. (strain
MSD) and T. velifera 18S rRNA gene sequence variants identified in this study with other
Theileria and Babesia species as indicated by (a) neighor-joining, (b) maximum likelihood
and (c) bayesian analyses. Bootstrap values indicate the degree of support for each cluster.
The trees were outgroup rooted using Prorocentrum micans, Sarcocystis muris and

Toxoplasma gondii.
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(a) Neighbor joining tree
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——KNP/VB/d (JN572692)
B3 KNP/B22/a (JN572698)

—KNP/C21/a (FJ213585) 1

o —————KNP/C21/b (JN572699
24 HIP/A21e/(JN572693)
—KNP/C11/b (JN5726824) ) 3
99 ———HIPH22b/(UN572695)
H/241/b(FJ213568)
a9 P/Q15d/(JN572696) :I 2
ﬂp/ee/a (Ns72807) ) _/
4B7|—:KNP/B1513 (JN572700)
7.sp (strain MSD ) (AF078816)
74 7. mutans Intona (AF078815)
T. velifera(AF097893)
73 HIPMH22/d (JN572702)
‘ IP/A4/d (JN572703) T. velifera
— 452|———';0vtkzn/d (JN572705)
——HIP/H4/a (JN572701)
82 ——KNP/Q15/a (JN572704)
7.sp NT white tailed deer (AY735137)
488:[ parva(AF013418)
7. parva (HQB840566)
T. sp (buffalo) (DQB41286)
g8 _E:T. annuiata(M 84243)
87 T. lestoquardkAF081135)
50 T. taurotragiLL19082)
_l.ﬂﬂ.:r buffel{ AF236087)
71 T. sergert{AF081137)
{T.sp (China) cattle (AF036336)
59 100 T.sinensis(EU277003)
T. hwenshunAY262118)
T. uilenbergk AY262121)
67 B. cabalii (Z15104)
8. bigemina(X59805)
100 8. canis(L18079)
B. divergens(Z4B751)
Prorocentrummicans (M 14849)
100 {TOXQOI&SWL{XBBSH)
100 Sarcocystismuris(MB4244)
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(b) Maximum likelihood tree

T. uilenbergfAY262121)
HIP/A21/e (JN572693) ~
KNP/C21/b (JN572693)
—HKNP/C21/a (FJ213585)

_::PNWd (JN572682)
P/B22fa (JN572635) T. mutans-like group
[——KNP/C11/ (JN§72684) 7] 4
——HIPH22/b (JN572685) ]

—_

'H/2411b (FJ213586)
_:mP/mSId(JNSHBBB) } 2
P/GB/a (JN5T2697) J -/

T. mutans Intona (AF078819)

| omisa unsT2nn) ] Theikria sp. (strain MSD)
T.sp str MSD AF078816

T.sp NT white tailed deer (AY735137)

H22d (JN572702)

T. velifera(AF097993)

_:HIPIM/d (UN572703) Theileria velfiera
Bov/kzn/d (JN572705)

——HIPM4/a (JN572701)

L——KNP/Q15/a (JN572704)
T. wenshunkAY 262118)

_|:T‘ buffel{ AF236097)
T. sergentfAF081137)
_|:T. sp (China) cattle (AF036336)
T. sinensis{EU277003)
T. tauwrotragiL19082)
T.sp (buffalo) (DQB4128)

_|:T. parva(AF013418)

T parva(HQBB40566)
—T. annuiata(MB4243)

L7 lestoquardi AF0B1135)

. caballi { 215104)

. bigemina(X59605)

. canis(L19078)
_:g. divergens(Z48751)

——Provocertrummicans (M 14649)

ToxoplasmagonaifX68523)
_:Sarcocysb;snvnls(M 84244)
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(c) Bayesian tree

KNP/V8/d (JN572692) ™
KNP/B22/a (JN572698)
KNP/C21/a (FJ213585) | 1
KNP/C21/b (JN572699)
HIP/A21/e (JN572693) T. mutans-like group
- KNP/C11/b (JN572694)
KNP/H22/b (JN572695)
9‘ l H/241/b (FJ213586)
8 1bq Pf(l\:ql;//(lcgsld (JN572695)] ),
! 8/a (JN572695)
| KNP/B15/a (JN572695) J Theileria sp. (strain MSD)
1 T. sp (strain MSD) (AF078816
100 [ T. mutans Intona (AF078815)
|
|

-

T. velifera (AF097993)

HIP/H22/d (JN572702)

i 64~ HIP/A4/d (JN572703)
i 10 Bov/kzn/d (JN572705)

93 HIP/H4/a (JN572701)
80 KNP/Q15/a (UJN572704

— T. sp NT white tailed deer (AY735137)

| T. parva (AF013418)
100 T. parva( HQ6840566)
T. annulata (M64243)

Theilenavelifera

95

T. lestoquardi (AF081135)
67 T. sp (buffalo) (DQ64126)
“— T. taurotragi (L.19082)
[ T. buffeli (AF236097)
TS 100 T. sergenti (AF081137)
8| | T. sp (China) cattle (AF 0363360)
86| | o7 o& T. sinensis (EU277003)
% T. luwenshuni (AY262118)
Lo T. uilenbergi (AY262121)
i ~~~~~~~~~~ B. caballi (Z15104)
_Ed B. bigemina (X59605)
| 1007 B. canis (L19079)
a — B. divergens (Z48751)
r— Toxoplasmagondii (X68523)
| 100— Sarcocystismuris (M64244)
1 Prorocentrummicans (M14649)
ey
0.02
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