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ABSTRACT

Considering increasing reports of bovine tropical theileriosis from various parts of

northern India and the impact of this disease to sustainable livestock production, the
present study was carried out with the objective of understanding the genetic
characterization of Theileria annulata based on Tamsl gene sequence analysis. Six
different isolates of T. annulata from four districts of northern India namely Nainital (two
isolates- Nainital 31 and Nainital_255), UdhamSinghNagar (two isolates-
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UdhamSinghNagar_1 and UdhamSinghNagar_314) and one isolate each from Dehradun,
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and Pithoragarh were included in the study. The sequence analysis of the partial Tamsl
Accepted: gene obtained from different regions selected for the study revealed high level of diversity
20 February 2018 between regions and within the region. The partial Tamsl gene sequences of different
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isolates when subjected to phylogenetic analysis revealed that the UdhamSinghNagar_314
10 March 2018

and Pithoragarh isolates originated from similar ancestor whereas Dehradun and

UdahmSinghNagar_1 had a different ancestral lineage.

Introduction

Haemoprotozoan parasites like Babesia,
Theileria and Trypanosoma often present a
challenge to successful livestock farming.
Bovine tropical theileriosis (BTT) caused by
Theileria annulata occurs in different parts of
India (Acharya et al., 2017, Sudan et al.,
2017) including sub-Himalyan region of
northern India (Rialch et al., 2013, Kohli et
al., 2014a). In India, the disease affects
imported high grade/ cross-bred cattle and
young indigenous calves (Acharya et al.,
2017) in which theileriosis is a severe and
often lethal disease. These factors impose

serious constraints upon livestock production.
In India, around 10 million cattle are at risk
for tropical theileriosis with an annual
economic loss of US $ 384.3 million per
annum (Minjauw and Mcleod, 2003). Round
the year, prevalence of infective ticks in the
surroundings and transplacental transmission
of T. annulata from dam to foetus cause per
acute and fatal disease, especially in the semi-
arid regions of India (Godara et al., 2009).

Molecular diagnostic based assays have been
developed which have proven to be effective
in detecting theilerial infection in carrier
animals. PCR based assay for species-specific
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molecular diagnosis is considered to be
superior in terms of the sensitivity and
specificity to microscopic methods (Mosqueda
et al., 2012). Genes which are normally being
targeted for species specific detection of T.
annulata are, STRNA gene (Georges et al., et
al., 2001), Tamsl gene (D’Oliveria et al.,
1995), Heat shock protein 70 (HSP70) gene
(Shayan et al., 1998), B tubulin gene (Caccio
et al., 2000) and Cytochrome b gene (Bilgic et
al., 2010). However, the gene coding for an
immunodominant major merozoite/piroplasm
surface antigen of T. annulata (Tamsl) is
commonly used for PCR based assay.

Considering increasing reports of bovine
tropical theileriosis from various parts of
northern India and the impact of this disease to
sustainable livestock production, the present
study was carried out with the objective of
understanding the genetic characterization of
T. annulata based on Tamsl gene sequence
analysis.

Materials and Methods

Sample collection and DNA isolation from
blood

Blood samples (1 ml aliquot) were collected in
clean sterile vacutainer, coated with EDTA
anticoagulant, from the jugular vein of earlier
confirmed  cross-bred  cows  (through
microscopic observation of blood smears). Six
different isolates of Theileria annulata from
four districts of northern India namely Nainital
(two isolates- Nainital 31 and Nainital_255),
UdhamSinghNagar (two isolates- Udham
SinghNagar_1 and UdhamSinghNagar_314)
and one isolate each from Dehradun, and
Pithoragarh were included in the study.
District Udham Singh Nagar (U.S. Nagar)
(28.97°N and 79°.41'E; 550mt above sea
level) and Dehradun (30°.318" N and
78°.029'E; 435mt above sea level) constituted
the tarai zone while two districts namely

Nainital (29°.23'N and 79°.27'E; 1938 mt
above sea level) and Pithoragarh (30.00°.58'N
and 80°.33'E; 1650 mt from sea level)
constituted the hill zone.

DNA extraction

DNA from whole blood sample was extracted
using modified protocol of Sambrook et al.,
(1989). Briefly, 300 ul of whole blood sample
along with 700 pl of lysis buffer (1 M Tris-Cl,
5 M NaCl, 0.5 M EDTA, 10% SDS), 5 ul
Proteinase K (Genei, Banglore. 20mg/ml) and
2 ul of RNase A were added and mixed
thoroughly in a micro-centrifuge tube of 2ml
capacity by vortexing to form a homogenous
mixture. This homogenous mixture was
incubated overnight at 56°C in a shaker
incubator (New  Brunswick Eppendorf,
Germany). To the Ilysed mixture, Tris
saturated phenol was added in equal volume
(1 ml) and mixed thoroughly by vortexing.
Mixture was then centrifuged at 2,000 rpm for
15 minutes. Supernatant was transferred to a
fresh sterile micro-centrifuge tube of 2ml
capacity and equal volume of phenol:
chloroform: isoamylalcohol (25:24:1) was
added and mixed thoroughly by vortexing.
The mixture was then centrifuged at 12,000
rpm for 10 minutes. The upper aqueous phase
was transferred to a new  sterile
microcentrifuge tube of 2ml capacity and to it
was added equal volume of chloroform:
isoamylalcohol (24:1) and mixed thoroughly
by vortexing. The mixture was centrifuged at
12,000 rpm for 10 minutes. Upper aqueous
phase was transferred to a new sterile micro-
centrifuge tube of 2ml capacity. Chilled
isopropyl alcohol (double the volume) was
added to the agqueous phase to precipitate the
DNA followed by centrifugation at 10,000
rom for 1 minute. The DNA pellet thus
obtained was washed twice with 70% chilled
molecular grade ethanol. DNA pellet was air
dried by keeping at 37°C for few minutes and
finally 50ul nuclease free water was added to
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resuspend the DNA. The extracted DNA was
analysed using agarose gel electrophoresis
(Figure 1).

Allele-specific polymerase chain reaction
(AS-PCR) assay

Amplification of Tamsl gene of Theileria
annulata

Tamsl gene was amplified as per the method
described by Kirvar et al., (2000) using the
following oligonucleotide primers:

Forward primer:
5'- ATGCTGCAAATGAGGAT-3

Reverse primer:
5'- GGACTGATGAGAAGACGATGAG-3

PCR was carried out in thin walled 0.2ml PCR
tubes in 25ul reaction volume. Genomic DNA
isolated from various blood samples were used
as templates. The PCR mixture consisted of
5ul of DNA template, 2.5ul of 10X PCR
buffer (without MgCly), 1.5ul of 25mM
MgCl,, 0.2mM of each dNTP (Genei,
Banglore), 10 pmol of each primer (forward
and reverse) and 1U of Tag Polymerase
(Genei, Banglore).

The volume of reaction mixture was made up
to 25ul by nuclease free water. PCR was
performed in an automated EP-Gradient S
thermocycler (Eppendorf, Germany)
programmed for the following conditions:

The cycling conditions consisted of 1 cycle of
initial denaturation at 94°C for 5 min followed
by 35 cycles, each consisting of denaturation
at 94°C for 1 min, annealing at 60°C for 1 min
and elongation at 72 °C for 1 min. followed by
a final extension step at 72°C for 10 min. The
PCR product was analysed using agarose gel
electrophoresis. The rest of the PCR product
was kept at -20°C until further use.

Nucleotide sequencing

The PCR products of Tamsl gene
amplification from blood samples of different
agro climatic areas were sent to Sci Genom
Labs Pvt. Ltd., Cochin, Kerala for sequencing
(double pass analysis using forward and
reverse primer). 100 pul of PCR product was
purified using Himedia PCR purification kit.
Purification was done as described by the
manufacturer. Sequence analysis was done
using an automated ABI 3100 Genetic
Analyser (Applied Biosystems, Germany)
which uses ABI’'s AmpliTaq FS dye
terminator cycle sequencing chemistry which
is based on Sanger’s sequencing method.

Correct sequences for all the PCR products
were determined individually from the
chromatogram and sequence data obtained
using both forward and reverse primers.
Alignments of the sequence of different
regions were done with the programme
BioEdit available in Mega 5 software. The
sequenced partial Tamsl gene from different
agro climatic regions were compared and
analysed with that of already published gene
sequence available in the Gene Bank. After
alignment of these genes, their nucleotide
variability and amino acid variability were
studied.

Phylogenetic analysis

The nucleotide sequences were compared and
phylogenetic analysis was done using the
sequence data available in GenBank and the
sequence data obtained from the present study.
The sequence data was aligned using the
software Mega 5 with Clustal W multiple
sequence alignment.

Percent similarity/percent divergence and
phylogenetic trees were derived by using
BioEdit programme available in Mega 5
software.
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Results and Discussion

Amplification of partial Tamsl gene using
AS-PCR assay yielded a gene of length 785bp
in all cases (Figure 2).

Sequence analysis of Tamsl gene

The Tamsl gene sequences received were
compared with available sequence of Tamsl
gene in GenBank using the nucleotide BLAST
analysis available in the NCBI website
(www.ncbi.nlm.nih.gov).

Partial Tamsl gene sequence obtained from
Dehradun isolate showed 98% identitiy with
08#05 Isolate and 93% with Tamil Nadu and
tH4 isolate. Pithoragarh isolate exhibited 96%
identitiy with 80#05 isolate and 95% with
Tamil Nadu and tH4 isolate. Two isolates
from UdhamSinghNagar were studied namely,
UdhamSinghNagar_1  (Accession  number
KMO061795) and UdhamSinghNagar 314
(Accession number KM061796.1).
UdhamSinghNagar_1 showed 92% and 93%
identity with tH4 and 08#05 isolates,
respectively.

Whereas UdhamSinghNagar_314 had 95%
and 94% identity with tH4 and 08#05 isolates,
respectively. In Nainital district two isolates

were  sequenced  namely  Nainital 31
(Accession  number KMO061797.1) and
Nainital_255 (Accession number

KMO061798.2) showing an identity of 94% and
95% with tH4 isolate, respectively.
Nainital_31 showed 97% and 93% identity
with 08#05 isolate and Tamil Nadu isolate
respectively.

The nucleotide sequences of different isolates
of Tamsl genes of present study and Hissar
strain  (Accession number AF214843.1)
sequences were translated to amino acid
sequences for comparison. The sequence
analysis of the partial Tamsl gene obtained

from different regions selected for the study
revealed high level of polymorphism between
regions and within the region. In Dehradun
isolate (Accession number KM061794.1) the
nucleotide variations in the Tamsl gene
sequence as compared to Hissar strain resulted
in change in the translated amino acid
sequence at 23 sites. These changes are in
correspondence with the change in nucleotide
sequence. At position 41(Leucine instead of
Threonine), position 42 (Alanine instead of
Leucine), position 49 (Valine instead of
Threonine), position 50 (Phenylalanine instead
of Serine), position 51 (Histidine instead of
Lycine) position 52 (Threonine instead of
Aspargine), position 53 (Arginine instead of
Valine), position 55 (Serine instead of
Proline), position 61 (Leucine instead of
Threonine), position 103 (Lysine instead of
Arginine), position 108 (Proline instead of
Alanine), position 152 (Alanine instead of
Proline), position 171 (Glutamate instead of
Aspartate), position 178 (Threonine instead of
Leucine), position 180 and 183 (Aspartate
instead of Glutamate), position 187 (Alanine
instead of Proline), position 188 (Aspartate
instead of Aspargine), position 189 (Lycine
instead of Aspargine), position 194
(Glutamate instead of Aspartate), position 198
(Tyrosine instead of Phenylalanine), position
237 (Serine instead of Alanine), and position
252 (Arginine instead of Histidine).

In two Nainital isolates, Nainital 31 and
Nainital_255 amino acids were observed to be
changed at 10 positions. This change in amino
acid were not at same sites in both the isolates
I.e. changes in six positions were same but the
rest four sites were different. Six sites at
which same changes were found were at
position 125 (Phenylalanine instead of
Valine), position 152 (Alanine instead of
Proline), position 171 (Glutamate instead of
Aspartate), position 178 (Threonine instead of
Leucine), position 180 and 183 (Aspartate
instead of Glutamate).
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Lane M: 100 bp DNA Ladder
Lane 1: U S Nagar

Lane 2: U S Nagar

Lane 3: Dehradun
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Lane 5: Nainital

Lane 6: Nainital
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Fig.1 Purified genomic DNA

Fig.2 Amplified partial Tams1 gene
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Fig.3 Phylogenetic tree based on a comparison of partial Tams1 isolates obtained from different
agro-climatic zones of Uttarakhand to other GeneBank sequences.
The lineages are shown on the tree
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Fig.4 Percent identity and divergence between six isolates and ten published
sequences of Tams1 gene
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Fig.5 Phylogenetic tree based on a comparison of partial Tams1 isolates obtained from Nainital
district of Uttarakhand to other GeneBank sequences. The lineages are shown on the tree
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In case of Nainital 31 isolate other than these
six common changes, four more changes were
noted i.e. 164 position (Arginine instead of
Lycine), position 187 (Alanine instead of
Proline), position 188 (Aspartate instead of
Asparagine) and 189 position (Lysine instead
of Asparagine). Likewise in Nainital 255 at
153 and 237 position it was Alanine instead of
serine, 251 position it was Valine, 252"
position it was a stop codon instead of
Histidine.

In Pithoragarh isolate (Accession number
KMO061799) amino acids were found to be
changed at 14 locations, position 50 (Leucine
instead of Serine), position 51 (Asparagine
instead of Lysine), position 52 (Threonine
instead of Asparagine), position 103 (Lysine
instead of Arginine), position 108 (Proline
instead of Alanine), position 152 (Threonine
instead of Proline), position 164 (Arginine
instead of Lysine), position 180 (Aspartate
instead of Glutamate), position 194
(Glutamate instead of Aspartate), position 201

(Serine instead of Alanine), position 206
(Phenylalanine instead of Valine), position
208 (Lycine instead of Arginine), position
210 (Tyrosine instead of Aspartate) and
position 245 (Leucine instead of Arginine).

In UdhamSinghNagar isolates, US Nagar_1
and US Nagar_314, it was found that amino
acids sequences were changed in 31 and 20
positions, respectively. Of these changes 7
were at same sites, position 50 (Serine instead
of Phenylalanine), position 51(Aspartate
instead of Lycine), position 52 (Threonine
instead of Asparagine), position 53 (Arginine
instead of Valine), position 103 (Lysine
instead of Arginine), position 108 (Proline
instead of Alanine) and position 152 (Alanine
instead of Proline).

In US Nagar_1 there were 24 amino acid
changes other than above mentioned ones;
they were at positions 42 (Alanine instead of
Leucine), 27 (Leucine instead of Glutamate),
28 (Argenine instead of Lysine), 57 (Alanine
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instead of Threonine), 58 (Valine instead of
Threonine), 59 (Valine instead of Glutamate),
90 (Lysine instead of Glutamine), 92 (Valine
instead of Phenylalanine), 105 (Leucine
instead of Asparagine), 125 (Serine instead of
Valine), 153 (Serine instead of Alanine), 159
(Threonine instead of Alanine), 162 (Serine
instead of Threonine), 170 (Asparagine
instead of Lysine) 171 (Glutamate instead of
Aspartate), 178 (Threonine instead of
Leucine), 180 and 183 (Aspartate instead of

Glutamate), 198 (Tyrosine instead of
Phenylalanine), 237 (Serine instead of
Alanine), 252 (Tryptophan instead of

Histidine) and 256 (Lysine).

In Nainital_255 there were 13 sites showing
amino acid changes other than the common
changes among the isolates. They were
position 57 (Serine instead of Threonine), 63
(Alanine instead of Lysine), 105 (Aspartate
instead of Asparagine), 125 (Phenylalanine
instead of Valine), 157 (Serine instead of
Proline), 164 (Argenine instead of Lysine),
194 (Glutamate instead of Aspartate), 201
(Serine instead of Alanine), 210 (Tyrosine
instead of Aspartate), 245 (Leucine instead of
Aspargine), 247 (Glutamate instead of
Glycine), 250 (Glutamate instead of
Asparagine) and 252 (Proline instead of
Histidine). Tamsl polypeptide is an
immunodominant major merozoite piroplasm
surface antigen of T. annulata which could be
used as a marker for epidemiological studies
and phylogenetic analysis (Wang et al.,
2014). The Tamsl-encoding gene has been
developed for PCR-based assays to detect T.
annulata infections in bovines.

Phylogenetic analysis of the partial Tamsl
gene obtained from different agro-climatic
zones of Uttarakhand

The partial Tamsl gene sequences of different
isolates  (Dehradun,  Pithoragarh, and
UdhamSinghNagar) in this study were

subjected to phylogenetic analysis with 26
GeneBank sequences. The sequences were
aligned by Clustal W multiple alignment
program and the phylogenetic tree was made
using neighbour-joining method with 2000
bootstrap in Mega 6 software. The result of
phylogenetic analysis generated in
phylogenetic tree ((Figure 3) points out origin
and evolution of various isolates in this study.
In case of Nainital isolates (Nainital 31 and
Nainital_255), sequences were short (411bp
and 449bp) to form a phylogenetic tree with
available GeneBank sequences. Twelve
available GeneBank sequences were aligned
with Nainital isolates and trimmed to approx
450bp with the help of Segman program in
DNASTAR 6 computer software. After this a
phylogenetic tree was made as mentioned
above ((Figure 4). Percent identity and
divergence between six isolates and ten
published sequences of Tams1 gene was made
with Megalign program in DNASTAR 6
computer software (Figure 5).

The phylogenetic tree revealed that the
UdhamSinghNagar_314 and  Pithoragarh
isolates originated from similar ancestor
whereas Dehradun and UdahmSinghNagar_1
had a different ancestral lineage. Genetic
analysis of parasite populations can provide
important information about the epidemiology
of disease and may facilitate the development
of rational control approaches (Al-Hamidi et
al., 2016). Tamsl gene of T.annulata is
antigenically diverse (Dickson and Shiels,
1993) and T.annulata may generate novel
antigenic Tamsl types by differential
glycosylation (Katzer et al., 1998). The high
diversity of antigen genes Tamslin T.
annulata confers a selective advantage to
parasite genotypes by facilitating evasion
from a protective immune response (Wang et
al., 2014) thus promoting a more widespread
distribution and survival of this species. The
phylogenetic  variability and molecular
genetic characterization of Tams1 will help in
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understanding the relationship between the
molecular  evolutionary  history  of T.
annulata and the emergence and spread of
new ones in the area under study.
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