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Abstract Bovine leukemia virus (BLV) is the etiological
agent of enzootic bovine leukosis, which is the most
common neoplastic disease of cattle. BLV infects cattle
worldwide and affects both health status and productivity.
However, no studies have examined the distribution of
BLV in Myanmar, and the genetic characteristics of
Myanmar BLV strains are unknown. Therefore, the aim of
this study was to detect BLV infection in Myanmar and
examine genetic variability. Blood samples were obtained
from 66 cattle from different farms in four townships of the
Nay Pyi Taw Union Territory of central Myanmar. BLV
provirus was detected by nested PCR and real-time PCR
targeting BLV long terminal repeats. Results were con-
firmed by nested PCR targeting the BLV env-gp51 gene
and real-time PCR targeting the BLV tax gene. Out of 66
samples, six (9.1 %) were positive for BLV provirus. A
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phylogenetic tree, constructed using five distinct partial and
complete env-gp51 sequences from BLV strains isolated
from three different townships, indicated that Myanmar
strains were genotype-10. A phylogenetic tree constructed
from whole genome sequences obtained by sequencing
cloned, overlapping PCR products from two Myanmar
strains confirmed the existence of genotype-10 in Myan-
mar. Comparative analysis of complete genome sequences
identified genotype-10-specific amino acid substitutions in
both structural and non-structural genes, thereby distin-
guishing genotype-10 strains from other known genotypes.
This study provides information regarding BLV infection
levels in Myanmar and confirms that genotype-10 is cir-
culating in Myanmar.

Introduction

Species Bovine leukemia virus belongs to family Retro-
viridae, is an oncogenic member of genus Deltaretrovirus,
and its isolates are a model of pathogenesis for human T
cell leukemia virus type 1 (HTLV-1) [1]. Bovine leukemia
virus (BLV) is the causative agent of enzootic bovine
leukosis (EBL), the most common neoplastic disease of
cattle [2, 3]. Symptoms/signs of lymphoma caused by BLV
infection depend on the site of the tumors, but include
digestive disturbance, loss of appetite, weight loss, weak-
ness, reduction of milk production or general debility, and
various neurological manifestations [4]. The complete
BLYV genome comprises structural and enzymatic gag, pro,
pol, and env genes, regulatory genes fax and rex, and
accessory genes R3 and G4 [2, 3]. The BLV gag gene
encodes structural proteins that play a key role in viral
assembly and genome packaging [5]. The BLV pro and pol
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genes encode proteases (PRT) p14, and p80 (RT/IN) which
has reverse transcriptase (RT), RNAse H and integrase
activity (IN), respectively [3]. The regulatory gene fax
encodes the Tax protein, which plays an essential role in
transformation during BLV-induced leukemogenesis [6]
and regulates viral expression at the transcriptional level
[3]. Another regulatory gene, rex, encodes the Rex protein,
which is responsible for nuclear export of viral RNA and
accelerates cytoplasmic accumulation and translation of
viral messenger RNA (mRNA) in BLV-infected cells [7].
The R3 and G4 proteins help to maintain a high viral load
[8, 9].

Like other structural genes, the BLV env gene is nec-
essary for the synthesis of virions. The env gene is tran-
scribed as a 5.1 kb mRNA encoding the pr72°" precursor
[10, 11], which is then cleaved to yield the extracellular
gp51 and transmembrane gp30 proteins. Among the Env
glycoproteins, gp51 plays an essential role in the viral life
cycle [12-14] and is required for cell entry; it is also the
target of neutralizing antibodies [12, 14, 15]. The N-ter-
minal half of BLV gp51 contains three conformational
epitopes, F, G, and H [16], and plays an important role in
viral infectivity and syncytium formation [15, 16], while
the C-terminal half contains the linear epitopes A, B, D,
and E [10, 16]. Therefore, the gp51 region is widely used
for BLV genotyping studies.

Previous phylogenetic studies of this region from viral
strains isolated worldwide demonstrate that BLV can be
classified into at least eight genotypes [17-28]. Further-
more, a recent study that focused on the genetic variability
of BLV strains in South America by analyzing full genome
sequences revealed the existence of a novel genotype
(genotype-9) in Bolivia, indicating that BLV is more
diverse than previously thought [29]. A very recent study
of the molecular epidemiology and serology of BLV
infection in Thailand identified another novel BLV geno-
type, named genotype-10, indicating that at least ten dif-
ferent genotypes of BLV are circulating worldwide [30].

Myanmar is the largest country in mainland Southeast
Asia. Its economy is based on agriculture. Among all
livestock in Myanmar, cattle comprise the main population,
although there are no beef cattle. Since Myanmar is an
agro-based country, draught cattle (beasts of burden) are
accorded the highest priority in the livestock program.
Dairy cattle play a secondary role in ruminant production,
although their use has increased due to demand for milk
and milk products by urban populations and improved
nutritional standards and quality of the life of the rural
population [31]. A variety of BLV genotypes have been
detected in different parts of Asia: genotype-1, -2, and -3 in
Japan [23, 32], genotype-1 and -6 in the Philippines [26],
genotype-1, and -3 in Korea [27], genotype-1, -4, and -7 in
Mongolia [28], and genotype-1, -6, and -10 in Thailand
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[30]. However, the prevalence of BLV infection and the
existence of EBL in this region are unknown [4].

Here, we examined the distribution and molecular
characteristics of BLV strains in Myanmar and compared
them with those of other BLV strains worldwide. First,
we tested blood samples obtained from 66 cattle in
Myanmar using two methods that target the BLV long
terminal repeat (LTR) region, namely, nested polymerase
chain reaction (PCR) and real-time PCR (specifically,
BLV-CoCoMo-qPCR-2). The results were confirmed
using nested PCR targeting the BLV env-gp51 region and
real-time PCR targeting the BLV tax gene. Second, the
partial and full-length env-gp51 sequences of five Myan-
mar BLV strains were used for phylogenetic analysis and
compared with isolates from other geographical locations
worldwide. Third, the full genome sequences of two
Myanmar BLV strains were obtained and their genetic
variability and genotype were analyzed together with
those of 27 BLV whole genome sequences from the
NCBI database. In summary, this study aimed to examine
the prevalence and molecular characteristics of BLV
genotypes in Myanmar.

Materials and methods
Sample collection and extraction of genomic DNA

Blood samples were obtained from 66 cattle on 23 farms in
four townships of the Nay Pyi Taw Union Territory in
central Myanmar, namely, Zeyar thiri Township, Tatkone
Township, Pyinmana Township, and Lewe Township
(Table 1). These cattle are of Pyar Sein breed, Friesian,
Jersey and Pyar Ni breeds, with ages ranging from the
youngest cattle, three-months old, to the oldest, 11-years
old. All of the farms are small-holding farms, having less
than 10 cattle in each farm. Genomic DNA was extracted
from the buffy coat separated from whole blood using the
standard phenol-chloroform method [33].

Detection of BLV provirus by nested PCR and real
time-PCR targeting BLV LTR regions

BLV LTR regions were detected by nested PCR [26, 29]
and BLV-CoCoMo-qPCR-2 [26, 34-36], as described
previously.

Detection of BLV provirus by real-time PCR
targeting the BLV tax gene

The BLV rax gene was detected using the Cycleave PCR
BLYV detection kit (Takara Bio Inc., Otsu, Japan), accord-
ing to the manufacturer’s instructions. The kit amplifies the
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Table 1 BLV-detection in R N ]

Myanmar by: nested PCR and Sampling place LTR tax gpSi Final result

CoCoMo-qPCR-2 targeting the Nested PCR CoCoMo-gPCR-2  Real time-PCR  Nested PCR

LTR; nested PCR targeting

gp51; and real time PCR Lewe Township 2/35% 2/35% 1/2% 2/2° 2/35° (5.7)°

targeting fax Zeyar thiri township ~ 0/7 0r7 0/0 0/0 0/7 (0)
Tatkone township 3/4 3/4 1/3 2/3 3/4 (75.0)
Pyinmana township  0/20 1/20 1/1 1/1 1/20 (5.0)

* Number of BLV-positive animals/number of tested animals

> Number of BLV-positive samples/number of animals testing positive by nested PCR and CoCoMo-

qPCR-2

¢ Number of BLV-positive samples detected by at least two method/total number of samples

4 (%): percentage positive animals

BLYV fax gene and detects it with a FAM-labeled Cycleave
probe.

Detection of BLV provirus by nested PCR targeting
the BLV env-gp51 region

The BLV env-gp51 region was detected by nested PCR, as
described previously [26, 29].

PCR amplification and sequencing of the partial
BLYV env-gp51 gene

Only samples that were positive by env-gp51 nested PCR
method (L1, L2, S3, S5 and p60, but not S1) were used for
further analysis in terms of successful amplification of
BLV env-gp51. The partial BLV env-gp51 gene was
amplified from five BLV-positive samples by nested PCR
using PrimeSTAR GXL DNA Polymerase (Takara Bio
Inc.) as described for the nested PCR targeting the BLV
env-gp51 region [26, 29]. Positive second-round PCR
products were purified using Exo-SAP IT (USB Corp.,
Cleveland, OH) and sequenced on an ABI3730xl DNA
Analyzer using an ABI PRISM Big Dye Terminator v 3.1
Ready Reaction Cycle Sequencing Kit (Applied Biosys-
tems, Foster City, CA). Sequences included a 475 bp
sequence (without primers) of the env-gp51 gene, corre-
sponding to nucleotides 5090-5564 of the whole genome
sequence of the FLK-BLV subclone pBLV913 (GenBank
accession number EF600696) [37]. Editing, alignment, and
identification of the nucleotide sequences were performed
using MEGA 5.1 software [38].

PCR amplification, cloning of the PCR products,
and sequencing of the complete env-gp51 gene

Complete BLV env-gp51 genes were amplified using KOD
FX Neo (TOYOBO Co., Ltd., Osaka, Japan) and the fol-
lowing  primer  pairs:  forward, pBLV-FO  5'-

AGATGGGAGCTACACCATTCA-3' and reverse, pBLV-
OR 5'-GTCTGTAGAGACTCTTTGCGAG-3'. The reac-
tion mixture contained 12.5 pl of 2x PCR Buffer for KOD
FX Neo, 5 pl of 2 mM dNTP mix, 0.5 pl of KOD FX Neo
Polymerase (TOYOBO Co., Ltd.), 1 ul of each primer (10
uM), and 2 pl of distilled water (to yield a final reaction
volume of 25 pl). The PCR amplification conditions were
as follows: 94 °C for 2 min, followed by 30 cycles of
denaturation at 98 °C for 10 sec, annealing at 60 °C for 30
sec, and extension at 68 °C for 45 sec. Successful ampli-
fication resulted in a 1465 bp DNA fragment. PCR
amplicons were purified using Centri-Sep Columns
(Princeton Separations, Inc. Adelphia, NJ).

Because of the blunt-ended DNA termini produced by
KOD FX New, the purified PCR products derived from the
complete env gene were treated at 70 °C for 15 min with
rTag polymerase (TOYOBO Co., Ltd.) to add a single 3’-A
overhang at both ends and then purified again using Centri-
Sep Columns (Princeton Separations, Inc.), according to
the manufacturer’s instructions. The rTaq treated and
purified PCR products were then ligated into the pGEM-T
easy vector using T4 ligase (Promega Corporation, Madi-
son, WI), according to the manufacturer’s instructions. An
aliquot of the ligation mixture (10 pl) was then transformed
into E. coli XL10-Gold Ultracompetent cells (Agilent
Technologies Co., Ltd. Adelphia, NJ) and incubated at
37 °C for 90 min. Next, the transformed E. coli were
spread on agar plates containing 100 mg/ml ampicillin, 100
mM IPTG, and 20 mg/ml X-Gal. At least 20 white colonies
were selected to obtain positive clones. The FastGene
plasmid mini kit (Nippon Genetics Co., Ltd., Tokyo, Japan)
was used for plasmid DNA extraction.

Three positive plasmids were confirmed by sequencing
on an ABI3730x1 DNA Analyzer using an ABI PRISM Big
Dye Terminator v 3.1 Ready Reaction Cycle Sequencing
Kit (Applied Biosystems) and the following sequencing
primers: pBLV-FO plus pBLV-OR and gp51-R-5639 (5'-
AWCAACAACCTCTGGGAAGGGT-3') and pBLV-FI
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(5'-TCAGAGACTCACCTCCCTG-3'). Sequences of 1230
bp (including the leader peptide, full-length gp51, and the
N-terminal region of gp30) corresponding to nucleotide
positions 4826-6054 of the whole genome sequence of the
FLK-BLV subclone pBLV913 (GenBank accession num-
ber EF600696) [37] were obtained and deposited in the
DNA Data Bank of Japan (DDBJ) database under acces-
sion numbers LC154064-LC154067.

PCR amplification, cloning of PCR products
and sequencing of the complete BLV provirus
genome

Because strains showed homology to each other, based on
full-length env-gp51 analysis, we chose two distinctive
BLV strains for subsequent sequencing. Complete BLV
genome sequences from two Myanmar strains were
obtained by PCR amplification of overlapping genomic
fragments using PrimeSTAR GXL DNA Polymerase
(Takara Bio Inc.) and specific primers (Life Technologies
Japan Ltd, Tokyo, Japan) (Additional file 1: Figure S1).
The final reaction mixture (25 upl) contained 5 pl of 5x
PrimerSTAR GXL Buffer, 2 pl of 2.5 mM dNTP mix, 1 pl
of each primer (each at 10 pmol), 2 pl of template (30 ng/
pl), and 0.5 pl of PrimerSTAR GXL DNA Polymerase.
PCR amplification was performed as follows: 98 °C for 2
min, followed by 33 cycles of denaturation at 98 °C for 15
sec, annealing at 60 °C for 15 sec, and extension at 68 °C
for 1 min/kb (1 min per kilobase). The PCR products were
purified using a FastGene Gel/PCR extraction kit (Nippon
Genetics Co., Ltd., Tokyo, Japan), according to the man-
ufacturer’s instructions.

The PCR amplicons were cloned as described for the
complete BLV env-gp51 gene. Three positive plasmids
were confirmed by sequencing on an ABI3730x]1 DNA
Analyzer using an ABI PRISM Big Dye Terminator v 3.1
Ready Reaction Cycle Sequencing Kit (Applied
Biosystems).

Construction of the phylogenetic tree

The partial and complete BLV env-gp51 sequences from
the Myanmar samples were aligned with 102 partial or 98
complete BLV env-gp51 sequences from GenBank (rep-
resentative of the ten known BLV genotypes) using MEGA
5.1 software. Phylogenetic analyses of a partial (475 bp)
and a complete (807 bp) sequence of the env-gp51 gene
were conducted using MEGA 5.1. For robust and accurate
phylogenetic analysis of the BLV env-gp51 sequences, the
“find best DNA/Protein models” tool of MEGA 5.1 soft-
ware was used to choose the best fit model. The Kimura-2
parameter model with gamma distribution (K2+G) was
chosen as the model with the best fit to analyze the BLV
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env-gp51 sequences with the smallest Akaike Information
Criterion value (AICc). Phylogenetic trees were con-
structed using the maximum likelihood (ML) algorithm
with the K24+G model of nucleotide substitution [39] in
Mega 5.1. The reliability of the phylogenetic relationships
was evaluated by nonparametric bootstrap analysis with
1000 replicates. The complete genome sequences of
Myanmar BLV strains were aligned with 27 complete BLV
sequences, including previously known sequences in the
NCBI database and previously identified South American
strains [29], using MAFFT v.7.0 [40]. The ML tree based
on BLV complete genome sequences was constructed by
Mega 5.1. Deduction of protein sequences through trans-
lation of nucleotide to amino acid sequences was per-
formed using MEGA.

Results
The spread of BLV infection in Myanmar

To investigate the spread of BLV infection in Myanmar,
we collected 66 blood samples from cattle in different
farms in four regions of Nay Pyi Taw Union Territory of
central Myanmar. Genomic DNA isolated from these
samples was first screened for BLV infection by nested
PCR and BLV-CoCoMo-qPCR-2 targeting the BLV LTRs
(two copies of which are present in each individual BLV
genome) (Table 1). BLV-CoCoMo-qPCR-2 identified 6
out of 66 samples as positive for BLV provirus, whereas
nested PCR identified five. To confirm whether the six
positive animals were BLV-infected, all six samples were
analyzed using PCR methods targeting the BLV tax and
env-gp51 genes (Table 1). Real-time PCR targeting the rax
gene identified three of the six as positive for BLV pro-
virus, whereas nested PCR for the env-gp51 gene identified
five. Only two of the six samples were positive according
to all four methods. Thus, we determined that samples that
were positive in at least two assays were “BLV positive”,
establishing 6 out of the 66 animals as being infected.

Samples from Zeyathiri Township were all negative.
Three cattle samples out of four from Tatkone Township
were positive. Of the 20 samples collected from different
farms in Pyinmana Township, only one sample (5.0 %)
was positive. Two out of thirty-five (5.7 %) samples col-
lected from Lewe Township were positive.

Phylogenetic analysis based on partial and complete
sequences of env-gp51 of Myanmar strains

Since the partial env-gp51 region is commonly used for
BLV genotyping studies [17-27], we used partial and
complete env-gp51 sequences from five of the six BLV-
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positive samples for phylogenetic analysis. After direct
sequencing, we aligned the partial (475 bp) env-gp51
nucleotide sequences of these five field strains (corre-
sponding to nucleotide positions 5090-5564 of the whole
genome sequence of the FLK-BLV subclone pBLV913)
(GenBank accession number EF600696) [37] with 102
reference sequences corresponding to known BLV geno-
types. A phylogenetic tree was then constructed using the
Kimura-2 model of nucleotide substitution with gamma
distribution (K2+4-G) (Fig. 1). The ML phylogenetic tree
showed congruent topologies, supported by moderate to
high bootstrap values. As shown, the results were similar to
those published in previous studies, in that the BLV strains
were divided into nine genotypes [23-25, 29, 41] plus a
new genotype-10, which was recently found only in
Thailand [30]. Unexpectedly, all five Myanmar BLV
strains grouped closely together with genotype-10 strains
from Thailand.

To clarify whether the Myanmar BLV strains belonged
to genotype-10, we constructed a ML phylogenetic tree
based on the complete (807 bp) env-gp51 sequences of the
Myanmar strains and 98 references strains (corresponding
to nucleotide positions 4925-5731 of the whole genome
sequence of the FLK-BLV subclone pBLV913). Because
strain p60 showed homology to L1, we used four out of the
five strains for complete env-gp51 sequences analysis. As
shown in Fig. 2, the phylogenetic tree was consistent with
that for the partial env-gp51 sequences, i.e., the Myanmar
BLYV strains were classified as genotype-10.

Nucleotide and amino acid sequence analyses
of the partial env-gp51 region of BLV strains
in Myanmar

Fourteen partial (475 bp) env-gp51 nucleotide sequences
from the five Myanmar BLV strains and nine Thailand
BLYV strains were aligned with that of FLK-BLV subclone
pBLVI913 (Fig. 3A). The nucleotide sequence similarity of
the 475 bp env-gp51 sequences from the five Myanmar
BLV strains ranged from 98.15 % to 100 %. These five
sequences were 93.08 % to 99.32 % similar to sequences
corresponding to all ten genotypes. The Myanmar strains
shared 13 nucleotide substitutions (nucleotides 317, 410,
431, 483, 525, 529, 552, 555, 561, 609, 615, 619, and 717)
with the nine genotype-10 strains from Thailand and four
nucleotide mutations (nucleotides 282, 405, 428, and 564)
with some of them (Fig. 3A). Six other point mutations
were also observed in the Myanmar strains.

To gain further insight into the amino acid changes
observed in the Myanmar BLV strains, we aligned the
deduced amino acid sequences of the five partial env-gp51
sequences with representative genotype-10 strain sequen-
ces from Thailand. As shown in Fig. 3B, amino acid

changes occurred mainly in the middle region of gp51,
encompassing amino acid positions 89-246 of FLK-BLV
subclone pBLV913. As expected, the Myanmar strains had
five amino acid substitutions in common with the Thai
BLYV strains, and all were located in functional domains.
For example, valine was replaced by alanine at residue 106
(V > A), which is located in both the first neutralizing
domain (I** ND) and the CD4" epitope region. Three
amino acid substitutions, serine to phenylalanine at residue
137 (S > F), glutamine to arginine at residue 143 (Q > R),
and isoleucine to threonine at residue 144 (I > T), were
located in the 2"! ND. The last common amino acid sub-
stitution, proline to serine at residue 177 (P > S), was
located in the CD8" epitope and E epitope regions. In
addition, three other mutations were observed in the
Myanmar strains: Arginine was replaced by histidine at
residue 121 (R > H), which is located in the G epitope;
glutamine was replaced by arginine at residue 181 (Q > R)
in the E epitope region, and glutamic acid was replaced by
aspartic acid at residue 225 (E >D) in the 3 ND.

ML phylogenetic tree based on BLYV full genome
sequences

To examine the complete genome sequence diversity of the
Myanmar BLV strains, the complete BLV genome
sequences of two Myanmar strains, L1 and S3, were
obtained by clone-sequencing. The complete genome
sequences showed highest similarity (96.06 %) with
genotype-6 BLV strains (LCO080657/Paraguay), while
being only 94.66 % similar to genotype-2 BLV strains
(F1914764/Argentina).

A ML phylogenetic tree was constructed using sequen-
ces of Myanmar strains L1 and S3 and 27 previously
reported BLV whole genome sequences (genotype-1, -2,
-4, -6, and -9); the whole genome sequences of genotype-3,
-5, -7, and -8 are unavailable (Fig. 4). The phylogenetic
tree was consistent with the previous trees regarding the
clustering of BLV genotypes, including genotype-1, -2, -4,
-6, and -9 [29]. Interestingly, the two Myanmar BLV
strains were located on separate branches (bootstrap values
100 % for every clade), confirming that genotype-10 is
present in Myanmar.

BLYV genotype-10-specific mutations

To identify features that distinguish genotype-10 Myanmar
BLYV strains from previously known BLV strains belonging
to genotype-1, -2, -4, -6, and -9, we aligned the deduced
amino acid sequences of each BLV structural (gag, pro,
pol, and env) and non-structural (fax, rex, R3, and G4) gene
from two genotype-10 Myanmar BLV strains with that of
27 previously reported BLV whole genome sequences: the
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Fig. 1 Maximum likelihood
(ML) phylogenetic tree based
on partial BLV env-gp51
sequences from different
geographical locations
worldwide. A ML phylogenetic
tree was constructed from
partial (475 bp) BLV env-gp51
sequences from five Myanmar
BLYV strains and 102 sequences
from known BLV strains
representing the ten different
BLYV genotypes. These 102
nucleotide sequences were
obtained from the GenBank
nucleotide sequence database.
The Myanmar BLV strains
identified in this study are
indicated by their sample ID and
country name (Myanmar). Other
isolates are indicated by
accession number and country
of origin. The Myanmar BLV
strains identified in this study
are marked as @. Genotypes are
indicated by numbers to the
right of the figure. Genotype-10
(G-10) is highlighted in gray.
The bar at the bottom of the
figure denotes evolutionary
distance
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<«Fig. 2 Maximum likelihood (ML) phylogenetic tree showing com-

plete BLV env-gp51 sequences from different geographical locations
worldwide. The ML phylogenetic tree was constructed from complete
(807 bp) BLV env-gp51 sequences from Myanmar BLV strains
(submitted to the GenBank nucleotide sequence database and
assigned accession numbers LC154064-L.C154067) and 98 sequences
from known BLYV strains (representing ten different BLV genotypes
from different locations). These reference sequences were obtained
from the GenBank nucleotide sequence database. The Myanmar BLV
strains identified in this study are indicated by sample ID and country
name (Myanmar). Other isolates are indicated by accession number
and country of origin. The Myanmar BLV strains identified in this
study are marked as @. Genotypes are indicated by numbers to the
right of the figure. Genotype-10 (G-10) is highlighted in gray. The bar
at the bottom of the figure denotes evolutionary distance

FLK-BLYV subclone pBLV913 [37], strains LS1-LS3 from
Uruguay [42], strains Arg4l and Arg38 from Argentina
[43, 44], two strains from Japan [45] and the USA, and 16
strains from Peru, Paraguay, and Bolivia [29]. As sum-
marized in Fig. 5, 22 unique amino acid substitutions were
observed in Myanmar BLV strains L1 and S3. These
included mutations (1) in the structural gene-encoded
proteins: two substitutions (T38A and T366A) in Gag; one
substitution (S52F) in Pro; four substitutions (V205L,
1409V, P480S, and A826V) in Pol; and four substitutions
(V106A, S137F, Q143R, and P177S) in Env; (2) in the
regulatory proteins: six substitutions (N140K, V142E,
1152T, D18IN, E229D, and L273F) in Tax, three substi-
tutions (S103F, L140P, and T156N) in Rex; and (3) in the
accessory proteins: one substitution (K27N) in R3, and one
substitution (L66P) in the G4 protein. We also demon-
strated that each genotype harbored genotype-specific
mutations that distinguished it from the others. These
amino acid comparisons clearly showed that Myanmar
BLV strains were significantly different from the other
genotypes, further supporting the results generated by the
full genome ML phylogenetic tree.

Discussion

We draw four major conclusions from the results of this
study. The first relates to the distribution of BLV in
Myanmar. The 66 samples collected from Myanmar
revealed a relatively low level of BLV infection. Second,
and most important, phylogenetic analysis based on partial
and complete env-gp51 sequences revealed that Myanmar
BLV strains clustered with genotype-10. Third, the ML
phylogenetic tree based on complete BLV genome
sequences clearly showed that Myanmar BLV strains
separated from other known genotypes to form a genotype-
10 clade, confirming the existence of this BLV genotype in
Southeast Asia (Myanmar and Thailand). Fourth, a number
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Fig. 3 Alignment of the nucleotide and deduced amino acid
sequences of the partial BLV env-gp51 gene. Nucleotide sequences
(A) and deduced amino acid sequences (B) of five Myanmar BLV
strains were aligned with nine sequences of genotype-10 BLV strains
from Thailand. The Myanmar BLV strains identified in this study are
indicated by sample ID and country name (Myanmar) and are located
in the lower part of the alignment. The Thailand isolates are indicated
by accession number and country of origin. The genotype is indicated

of nucleotide and amino acid substitutions were found in
the full BLV genome sequences and in the gp5/ gene
sequences of the Myanmar strains. Twenty-two BLV
genotype-10-specific amino acid substitutions were
observed in structural and non-structural genes from
Myanmar BLV strains. Regarding the amino acid substi-
tutions in the partial env-gp51 region, all were located in
epitope regions (the CD4™ T cell epitope, 2™ ND, CD8* T
cell epitope, and G, B, and E epitope regions). Finally,
most of the nucleotide substitutions were silent
substitutions.

BLV is transmitted both horizontally and vertically
[3, 46] via biological fluids, including infected cells in
blood and milk [3, 35, 46, 47], as well as nasal secre-
tions and saliva [36], and also by physical contact
[35, 48] and sucking insects [49-51]. Iatrogenic routes
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start and end of each domain. The first, second, and third neutralizing
domains (ND) as well as other epitopes are shown at the top of the
alignment. Dots indicate identity with the FLK-BLV subclone
pBLVO13, which was used as the reference sequence

include blood-contaminated dehorning devices [52, 53]
and the common use of needles [53, 54] and plastic
sleeves for rectal palpation [55], all of which make a
substantial contribution to viral transmission. Regarding
the presence of BLV in Myanmar cattle, multiple
potential risk factors are associated with the BLV-posi-
tive results obtained in the current study. These include
the breeding strategy used to develop draught and dairy
cattle and to upgrade local breeds: cattle from most of
the townships in Myanmar are crossed with many exotic
breeds such as Holstein Frisian, Jersey, Shindi, and Thari
[31]. Introduction of such breeds is highly associated
with BLV infection in Japan [56] and other countries.
Therefore, the introduction of infected cattle to Myanmar
and the transfer of infected cattle from farm to farm
within Myanmar, coupled with hybridizing or crossing of
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Fig. 4 Maximum likelihood (ML) phylogenetic tree constructed
from complete BLV genomic sequences. The ML phylogenetic tree
was constructed using the complete BLV genomic sequences from
two Myanmar BLV strains (submitted to GenBank nucleotide

sequence database and assigned accession numbers LCl1

LC154849), together with 27 reference sequences obtained from the
GenBank nucleotide sequence database. One thousand replications

local breeds with imported breeds, might be a

driver of BLV infection in Myanmar [31]. In addition,

embryo transfer technology is practiced in My

[31]. Furthermore, special bulls are kept for breeding
purposes in some areas of Myanmar; these bulls are part

of a paid-for selective breeding program [31].
physical contact through breeding may be another

of transmission. Even though 9.1 % (6/66) of the sam-
ples examined herein were BLV-positive, the risk factors
listed above lead us to hypothesize that BLV infection
might be widespread in Myanmar, not only in the test

areas, but also in other townships and territories.

100 - LC080658/Paraguay

were performed to calculate bootstrap values (indicated on the tree).
The strains identified in this study are indicated by the sample ID and
country name (Myanmar). Reference sequences are indicated by
accession number and country of origin. Genotypes are indicated by
numbers to the right of the figure. Genotype-10 (G-10) is highlighted
in gray. The bar at the bottom of the figure denotes evolutionary
distance

54848

major Moratorio et al. (2010) [57] reported that phylogenetic
analysis obtained using partial env-gp51 sequences was
suitable for the quick assignment and establishment of
phylogenetic relationships among BLV strains by com-
paring phylogenetic analysis obtained using partial or
complete env-gp51 sequences. Indeed, our results are in
agreement with this [57]. The phylogenetic analyses based
on both partial and complete env-gp51 sequences support
previous data indicating that BLV has ten genotypes [30];
we determined that the Myanmar BLV strains are geno-
type-10, along with the Thai strains. We thought it par-
ticularly interesting that the results of phylogenetic

anmar

Thus,
route
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Fig. 5 Summary of amino acid substitutions in the whole genome
sequences of two Myanmar BLV strains when compared to 27 known
BLV strains. Amino acid substitutions identified in at least two
samples are shown. Genotypes are indicated by numbers to the far left
of the figure. Each structural and regulatory gene-encoded glycopro-
tein is shown at the top of the figure. Numbers above the deduced

analyses based on partial or complete env-gp51 sequences
clearly agreed with those based on phylogenetic analysis of
whole BLV genome sequences from Myanmar strains. The
phylogenetic results were confirmed by a ML phylogenetic
tree based on the whole genome sequences of two novel
Myanmar BLV strains and 27 previously reported strains
(Fig. 4). The results were further confirmed by the dis-
covery of BLV genotype-10-specific mutations within
structural and non-structural BLV proteins (Fig. 5). Nota-
bly, the bootstrap value for the genotype-10 cluster was
supported by a value of 100 in the ML phylogenetic tree

@ Springer

amino acid sequence refer to the positions of amino acid substitutions.
Genotype-10 (G-10) and genotype-10-specific mutations detected in
both Myanmar BLV strains are highlighted in gray. Dots indicate
identity with FLK-BLV subclone pBLV913, which was used as the
reference

constructed from whole BLV genome sequences. The
genotype-10 Myanmar BLV strains showed a close genetic
relationship; they are also related (albeit more distantly) to
other previously reported genotypes.

Lee et al. suggest that BLV env-gp51 sequences derived
from different geographical isolates show conservation of
specific motifs depending on the genotype [27]. Our results
support Lee et al. that even though nucleotide sequences
show great variability (Fig. 3A), conservation of deduced
amino acid sequences is strictly genotype dependent
(Fig. 3B). Alignment of partial env-gp51 regions revealed
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a number of nucleotide and amino acid substitutions that
were unique to genotype-10 (Fig. 3). All amino acid sub-
stitutions were located in functional epitopes or NDs, in
agreement with previous molecular evolutionary analyses
[12, 15, 41, 58]. Even though the biological functions of
these substitutions are not clear, substitutions of S137F,
Q143R and 1144T were located in the 2" ND which is
involved in the interaction between gp51 and a receptor
expressed on host cell membranes, suggesting that these
substitutions could affect viral fusion and infectivity in vivo
[13, 59]. In addition one mutation at residue 106 (V > A)
was located in both the 1 ND and the CD4* epitope, and
one mutation at residue 177 (P > S) was located in the
CDS8" and E epitope region. We found it interesting that
the two Myanmar strains (S3 and S5/Myanmar) harbored a
substitution at residue 121 (R > H) in the G epitope; this
was previously described in genotype-4 BLV strains from
Eastern Europe [25] and Chile [41, 57]. This epitope is
both a conformational epitope and a target for MAbs that
induce neutralization and inhibit syncytium formation
[60, 61]. Likewise, two out of the 22 BLV genotype-10-
specific amino acid substitutions were located in functional
domains within structural and non-structural BLV proteins:
aspartic acid to asparagine at residue 181 (D > N) in the
leucine-rich domain [62] of Tax; and leucine to proline at
residue 66 (L > P) within the arginine-rich nucleus region
of G4 which is an RNA-binding domain [63].

As previously explained, Holstein, Frisian, Jersey,
Shindi, and Thari breeds are imported to Myanmar to
improve the local breeding stock [31]. Genotype-10 BLV
strains were first detected in Thailand [30]. Therefore, we
hypothesize that these exotic breeds might have been
infected by BLV outside Myanmar and then subsequently
transmitted the virus to cattle in Myanmar. This is sup-
ported by our detection of BLV in Friesian (sample ID: S1,
S3, S5, L1, and L2) and Pyar Sein (p60) breeds. In addition
five out of six BLV positive cattle were dairy cattle (sample
ID: S1, S3, S5, L1, and L2), while Pyar Sein cattle (p60)
was the only double-purpose breed (diary and drought
cattle). As far as the farms and age of BLV positive cattle
are concerned, cattle S1, S3 and S5 were 9-10 years old
from the same farm, while L1 and L2 are 3-year old cattle
from the same small-holding farm. Lastly, p60 was only
the one positive cattle in another farm and was 2 years old.
However, the exact geographical origin of Myanmar BLV
genotype-10 strains remains uncertain. Further studies are
needed to examine the diversity of BLV circulating in
Myanmar, along with the BLV genotypes circulating in
neighboring countries, including Laos, Bangladesh, Bhu-
tan, India, and China. Since the samples tested in this study
were collected from central Myanmar and their number
was limited, we only detected genotype-10 strains.

However, more genotypes might be detected if nationwide
samples were obtained.

In conclusion, the present study provides evidence of the
prevalence of BLV infection among cattle in Myanmar.
Phylogenetic analysis demonstrated that BLV genotype-10
is present in Myanmar cattle. These results provide
important information about the prevalence of BLV
infection and will enable the implementation of appropriate
cattle management policies and facilitate the development
of more effective methods of BLV eradication.
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