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Abstract: Small subunit ribosomal RNA (55U rRNA) gene nucleotide sequences of
bovine Theileria isolates from Korea (KLS and KCB) and Japan (JHS) were determnined. The
genes from each isolate were amplified by the polymerase chain reaction and the approxi-
mately 1.8 kb product cloned and sequenced by a modified dideoxynucleotide method.
Overlapping gene segments produced with a series of primers were sequenced, resulting in
a complete DNA sequence for both forward and reverse strands of the S5U rRNA genes of
each isolate. SSU rRNA gene sequences (termed Type A) were identical among the bovine
Theileria isolates from Korea and the isolate from Japan. A GenBank data library homolo-
gy search showed the sequence to be the same as that listed as Theileria buffeli isolated

from cattle in Marula, Kenya.
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INTRODUCTION

The phylum Apicomplexa includes numer-
ous and diverse hemoprotozoan parasites of
vertebrates (Levine, 1988) including the tick-
borne piroplasms, Theileria and Babesia,
which cause economic losses in domestic and
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wild animals throughout the world (Brown et
al., 1990). While classification techniques of
microorganisms by life cycle observations and
microscopic, ultrastructural, and/or antigenic
analyses have allowed some piroplasms- to be
assigned binomens as species within the
Theileria or Babesia genera, the taxonomic
status of other isolates remains equivocal.

The taxonomic relationships among the col-
lective members of the Theileria orientalis/ser-
genti/buffeli group are particularly unclear at
present. Theileria sergenti, a moderately patho-
genic organism. was originally isolated from
cattle in eastern Siberia and was the first of
the group to be described (Yakimoff and
Dekhtereff, 1930). Theileria orientalis (Yakimoff
and Soudatschenkoff, 1931) was also isolated
from cattle in Siberia, and was thought to be
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different from T. sergenti. Theileria buffeli was
first described from the Asiatic buffalo,
Bubalus bubalis (Neveu-Lemaire, 1912). The
name T. buffeli has since been applied to
apparently non-pathogenic bovine Theileria
isolates in Australia, Africa, Indonesia and
China. Uilenberg et al. (1985) recommended
the name T. orientalis for the three species
known as T. sergenti, T. orientalis and T. buffeli
based on morphological and serologic exami-
nation and experimental tick transmission.

Rather than relying on morphologic criteria
alone, polypeptide or nucleotide sequence
comparisons offer additional means of evaluat-
ing phylogenetic relationships among lower
organisms (Willson et al., 1977). A unique tool
for phylogenetic comparisons is provided by
the sequence structure of ribosomal RNA
which encodes a comprehensive record of evo-
lutionary history (Pace et al., 1986:; Gajadhar
et al., 1991). Phylogenetic relationships among
a number of Theileria species based on the
nucleotide sequence of the small subunit ribo-
somal RNA (55U rRNA) gene have been report-
ed (Ellis et al, 1992; Allsopp et al., 1993 &
1994) but the relatively benign bovine Theileria
spp.. presumptively identified as T. sergenti or
T. orientalis. were not included.

Recently, we sequenced the V4 variable
region fragment of the SSU rRNA genes of
bovine Theileria isolates from Korea, Japan,
and USA (Chae el al., 1997). We found five
sequence types. one of which (designated Type
A) was identical to the SSU rRNA gene
sequence reported for T. buffeli (Marula,
Kenya. GenBank Accession No. Z15106). In
the current study, we sequenced representa-
tive S5U rRNA genes in the previously reported
Korean and Japanese bovine Theileria isolates
to determine if the Type A V4 fragments repre-
sent genes identical in total sequence to the T.
buffeli SSU rRNA gene.

MATERIALS AND METHODS

Parasites and preparation of DNA
The bovine Theileria isolates used in this
study have been previously described (Chae et
al., 1994 & 1996). Included were Korea labora-
tory stock (KLS) from Changsu-gun in
Chonbuk, a field isolate from Kimje-gun in

Chonbuk, Korea (KCB), and Japanese stock
from Shintoku in Hokkaido (JHS). Each blood
sample was collected from single bovine host.
Purified parasites of KIS and JHS were collect-
ed by banding in 40-60% Percoll solution
(Sugimoto et al., 1991) and the DNA extracted
from the purified parasites by standard proce-
dures (Sambrook et al., 1989). KCB piroplasm
DNA was extracted from infected blood follow-
ing the method of Allsopp et al. (1989).

PCR amplification of SSU rRNA genes

SSU rRNA genes were amplified from 5-50
ng of purified Theileria DNA using primers A
and B (Sogin, 1990). PCR conditions were as
previously described with an annealing tem-
perature of 60°C (Allsopp et al., 1989), except
that the 72°C extension step was progressively
inecreased by 30 sec with each cycle (auto-
extension) for a total of 30 cycles in a pro-
grammed heating block (MJ Research,
Watertown, Massachusetts, USA). The PCR
products were visualized by electrophoresis
through a 1% agarose gel stained with ethidi-
um bromide,

Cloning and sequence analysis
The amplicons were ligated into the plasmid
vector pCR™ II, and INV ¢ F" One Shot™ com-
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Fig. 1. Agarose gel stained with 2% ethidium bro-
mide of amplified small subunit ribosomal RNA
(185 rRNA) genes from a bovine Theileria labora-
tory stock from Changsu-gun Chonbuk. Korea
(KLS), a bovine Theileria sp. from Kimje-gun
Chonbuk, Korea (KCB). and a bovine Theileria sp.
from Shintoku in Hokkaido, Japan (JHS). The
first lane contains a 1 kb DNA ladder marker
(Gibco-BRL).
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Fig. 2. Sequence alignment of the Type A small subunit ribosomal RNA gene sequence (GenBank
Accession No. U97047) from the Korean (KLS and KCB) and Japanese (JHS) Theileria isolates with the

corresponding gene sequence from Thelleria buffeli from the GenBank database (GenBank Accession No.
'Z151086).



petent cells were then transformed following
manufacturer’s protocols (TA Cloning Kit;
InVitrogen®, San Diego, California, USA).
Transformed clones were color-selected and
each colony subjected to amplification with
primers A and B to ensure that the correct-
sized insert was present as follows. A portion
of each selected colony was mixed in 5 ul
ddH,0 and amplified in a 25 pl reaction vol-
ume as above (without auto-extension]). Two
clones for each isolate, identified as KLS4,
KLS6, KCB9, KCB11, JHS1 and JHS2, were
chosen to sequence the forward and reverse
strands. Small scale preparations of plasmid
DNA for sequencing were made by a meodified
alkaline lysis protocol (Sambrook et al., 1989).

Sequencing reactions (Cyclist™ Exo Pfu
DNA Sequencing Kit; Stratagene®, La Jolla,
California, USA) with a T7 primer complemen-
tary to the promotor region of the plasmid vec-
tor (Stratagene®) and a series of previously
described internal primers (Elwood et al.,
1985} were used to sequence the complete for-
ward and reverse strands. A GenBank data-
base BLAST search (National Center for
Biotechnology Information) was conducted
with the obtained sequence.

RESULTS

The amplified SSU rRNA gene was visualized
by agarose gel electrophoresis as a prominent
single band of about 1.8 kb for each of the
three Theileria isolates from Korea and Japan
(KLS, KCB and JHS) (Fig. 1). An identical
nucleotide sequence (termed Type A) was
found in all three isolates. This sequence was
identical to the SSU rRNA gene sequence
reported for T. buffeli (GenBank Accession No.
Z15106) (Allsopp et al., 1994) isolated from
cattle in Marula, Kenya (Fig. 2). The sequences
were aligned by overlapping and determined to
be 1,740 nucleotides in length. The nucleotide
sequences obtained in this study have been
submitted to the GenBank database
{Accession No. U97047).

DISCUSSION

Complete nucleotide sequences of S5U rRNA
genes from three geographic isolates of bovine

Theileria from Korea and Japan were identical
to that of the Marula, Kenya, isolate of T. buf
feli (GenBank Accession No. Z15106) (Allsopp
et al., 1994). High homology (99.5% identity by

the ALIGN program) was also found between

this sequence (termed Type A in our study)
and that of T. buffeli Warwick stock (GenBank
Accession No. AB000272). However, lesser
homology (98.3% identity) was seen when T.
buffeli Marula sequence was compared with
that of T. sergenti Ikeda (GenBank Accession
No. AB000271). Other genetic analysis, togeth-
er with some antigenic analysis, also suggests
dissimilarities between T. sergenti lkeda and T.
buffeli Warwick (Kawazu et al., 1992a & 1995).

T. buffeli, considered nonpathogenic, is
prevalent in Australia, Indonesia, and
Indochina (Uilenberg et al., 1985). Stocks of
benign Theileria isolates from cattle in Japan,
Australia, Great Britain, Iran, and the United
States, representing the T. sergenti/buffeli/ori-
entalis group, are serologically and morpholog-
ically indistinguishable from a more pathogen-
ic stock in Korea (Uilenberg et al., 1985).
Uilenberg and others have proposed the union
of these isolates into one species, T. orientalis
(1985). Our results based on SSU rRNA gene
sequence analyses show that these Korean
(KLS and KCB) and Japanese (JHS) Theileria
parasites are also very closely related to T. buf-
feliMarula.

The identification of identical SSU rRNA
gene sequences of the Theileria isolates from
Korea (KLS and KCB) and Japan (JHS) appear
in conflict with the genomic dissimilarities
found among some isolates by Southern blot
analysis (Chae et al.,, 1996). Onuma (1996)
reported that many cattle from Eastern Asia
were infected with a mixed population of
bovine Theileria parasites, and classified 6
types based on the p32/34 gene sequence.
‘Our previous study indicated the probability of
mixed infections since multiple SSU rRNA
gene sequence types based.on the V4 variable
region were reported among Korean and
Japanese bovine Theileria isolates (Chae et al.,
1997). Work is now underway to sequence the
entire gene of each type identified. In this
study, Theileria parasite DNA from KLS, KCB
and JHS isolates was analysed based on the
Type A 53U rRNA gene V4 region sequence,



and more sequence analysis is required to
show the presence of multiple S5U rRNA gene
sequence types in mixed infections.

Serologic methods and sequence analysis of
genes encoding the immunodominant surface
proteins showed distinction between T, sergen-
ti Ikeda and T. buffeli Warwick (Kawazu et al.,
1992a, b & c). However, Ngumi et al. (1994)
indicated that the Marula isolate could not be
clearly identified as T. buffeli using serologic
methods. These differences may be explained
by isolate or strain variation, or, possibly, the
presence of mixed genotypes in a parasite pop-
ulation (isolate). This is supported by the SSU
IrRNA gene variable region sequence differ-
ences found within isolates of bovine Theileria
(Chae et al., 1997). Also intraspecific sequence
diversity in genomic DNA among isolates of T.
parva has been documented (Allsopp et al.,
1988}).

Clearly, the taxonomy of the cosmopolitan
benign Theileria spp. remains unresolved.
Fundamental to understanding the relation-
ships at the molecular level among these piro-
plasms will be the identification and charac-
terization of multiple defined isolates from
similar geographic locales as well as different
stocks from diverse geographic locations. An
understanding of the evolutionary relation-
ships among different piroplasms within
Apicomplexa will significantly aid the intensive
studies currently aimed at the development of
efficacious recombinant vaccines against eco-
nomically important members of these genera.
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