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Abstract
In this study the sequences of the long terminal repeat (LTR) of field isolates of the bovine leukaemia virus (BLV) were
analysed. These isolates came from emerging cases of BLV infection in cattle from herds having BLV-free status. We found
several sequence variations within regulatory motifs in the LTRs like GRE, DAS and interferon binding site. These mutations
can possibly affect transcriptional activity of the virus, leading to its silencing.
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Introduction
Bovine leukaemia virus (BLV) belongs to
Deltaretrovirus in the Retroviridae family and is an
etiological agent of enzootic bovine leukosis (EBL).
Most of BLV-infected cattle remain asymptomatic, but
one-third of them suffer from persistent lymphocytosis
and around 5%-10% develop lymphoid tumours (12).
BLV genome, as all retroviruses, consist of gag, pro,
pol, and env structural genes. In addition, a region X
contains the open reading frames (orfs) for Tax, Rex,
R3, and G4 as the regulatory proteins (9, 18). Whole
BLV proviral DNA is flanked by two identical long
terminal repeat (LTR) fragments divided into the U3,
R, and U5 regions. Transcription of the virus initiates at
the promoter located in 5’LTR. The U3 region
possesses the following motifs associated with
transcriptional upregulation: three a 21 bp sequence of
Tax response elements (TREs) containing an E box and
cyclic-AMP responsive element (CRE) (1); the
promoter CAAT and TATA boxes and a poly (A)
signal (PAS) (5); a glucocorticoid responsive element
(GRE) (14), and a PU.1/Spi-B site (4). Additionally,
BLV expression is regulated by a downstream activator
sequence (DAS) (R region) (11) and an interferon
regulatory factor (IRF)-binding site (U5 region) (10).
BLV infection is distributed worldwide. Nevertheless
most EU countries are now free of the disease (8). An

official BLV control programme has been applied
intensively in Poland since 2006 and consequently
more than 90% of districts have already obtained BLVfree status. However, in some herds officially free from
BLV emerging infections were noted. This can be
linked to the late seroconversion caused by a low level
of virus replication. Like in other retroviruses genetic
variability of LTR might influence interactions with
cellular transcription factors and affect virus replication
(2, 15, 16). Therefore, the aim of our study was
a genetic characterisation of several BLV LTR
sequences, representing virus isolates from emerging
cases of BLV infection in herds recognised as
BLV-free.

Material and Methods
DNA extraction. Blood samples were collected
from five cows, coming from herds located in
geographically distinct regions of Poland, in which
a new infection with BLV was identified. This
infection was confirmed by serological testing (IDEXX
Leukosis Blocking Ab ELISA Test, Montpellier,
France). Peripheral blood leukocytes (PBLs) were
isolated from 10 mL of blood by centrifugation at
1500 g for 25 min. Erythrocytes were haemolysed by
osmotic shock with H2O and 4.5% NaCl. Afterwards,
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the PBLs were washed twice with PBS, aliquoted
(5 × 106 cells), and stored as pellet at -80ºC until DNA
extraction. Genomic DNA was extracted using DNeasy
Blood & Tissue Kit (Qiagen), following manufacturer's
instructions. For each sample, genomic DNA quantities
were measured using IMPLEN Nanophotometer and
the samples were stored at – 20ºC until examination.
PCR amplification. Six different primers (Table 1)
were used for the amplification of full-length LTR
region, according to a model described by Zhao et al.
(17). The primers amplifying LTR were designed based
on conserved regions shared by major BLV genotypes
(Fig. 1). LTR region was amplified by two separate
semi-nested PCRs conducted to obtain two fragments
of LTR region: 5’LTR fragment (P3) and 3’LTR
fragment (P1) respectively. The amplification was
carried out in a 50 μL volume. The mixture contained:
5 μL of buffer (10 x), 1 μL of dNTP solutions (10 μM),
1 μL (2 U) of Taq polymerase (DyNAzyme II DNA),
1 μL of MgCl2 (25 mM), 1 μL of each of the primers
(10 μM) (Genomed, Poland), and 500 ng of DNA
template. The reaction was performed by initial
denaturation for 3 min at 94ºC followed by 30 cycles
(I round) or 42 cycles (II round) consisting of

denaturation for 30 s at 94ºC, annealing for 30 s
at 68ºC, and extension for 2 min at 72ºC Final
extension was performed for 7 min at 72ºC. A volume
of 4 μL of the first round PCR mixture was used as
a template in the second PCR which was performed
under the same condition for the P1 and P3 fragments.
The semi-nested PCR products, 5 μL mixed with 1 μL
of loading buffer, were visualised by electrophoresis
(data not shown).
DNA sequencing and sequence characterisation.
PCR products were purified using the NucleoSpin Gel
and PCR Clean-up (Macherey-Nagel). The samples
were sequenced using 3730xl DNA Analyzer (Applied
Biosystems) with the Big Dye Terminator v3.1 Cycle
Sequencing Kit (Genomed, Poland). Sequence
chromatograms of P1 and P3 fragments of LTR were
analysed and subsequently assembled to reconstruct
full-length LTR region using the Geneious Alignment
module. The whole LTR nucleotide sequences were
compared using the ClustalW alignment algorithm in
Geneious. BLV LTR sequences obtained in this study
were compared to the reference sequence, FLK-BLV
subclone pBLV913 (NCBI, EF600696), for the
evaluation of genetic variability.

Table 1. Sequences of the primers used in two semi-nested PCRs and sequencing
Primer name

Primer sequence (5’ → 3’)

Positions (nt)

P1out5

CATTATCGGGCACG

7628–7642

P1outin3

AGGGGAAGTTGGGGAGGTA

8310–8292

P3out5

TGTATGAAAGATCATGCCGA

1–20

P3outin3

GTTAGGGTTCCGGGGTGATC

571–552

P1in5

TCGATACCCTCCTTGTGGACC

7736–7756

P3in5

TAGGAGCCGCCACCGC

23–38

I round PCR
II round PCR

Fig. 1. Scheme of the two-step PCR procedure. The two-step PCR method was adapted and modified from
Zhao et al. (17)
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FLK-BLV
Cattle 1
Cattle 2
Cattle 3
Cattle 4
Cattle 5

FLK-BLV
Cattle 1
Cattle 2
Cattle 3
Cattle 4
Cattle 5

FLK-BLV
Cattle 1
Cattle 2
Cattle 3
Cattle 4
Cattle 5

FLK-BLV
Cattle 1
Cattle 2
Cattle 3
Cattle 4
Cattle 5

FLK-BLV
Cattle 1
Cattle 2
Cattle 3
Cattle 4
Cattle 5
FLK-BLV
Cattle 1
Cattle 2
Cattle 3
Cattle 4
Cattle 5

Fig. 2. Alignment of full length LTR region representing five field isolates of BLV and reference strain. FLK-BLV sequence is fully shown for
comparison. Only the nucleotides different from BLV-FLK are indicated, while those identical to reference sequence are reported as (.). Dashes
(-) denote deletions. The U3, R and U5 ”domains” are indicated on top of the alignment. The TxRE enhancer regions, IRF, PAS, CAP SITE, and
DAS are shown in dark and light grey respectively. CRE and CAT Box are underlined. E-Box, GRE, and PU.1/Spi-B sequences are indicated in
black rectangle

Results
Semi-nested PCRs were used for the amplification
of 531bp LTR region of BLV. DNA from PBLs of all
five cattle used in this study gave positive PCR
amplification of both fragments of LTR region. Next,
these fragments were subsequently subjected to
sequencing and the resulting LTR sequences were
aligned to each other, and to a well-known FLK-BLV
subclone sequence. The respective results were shown
in Fig. 2. In total, 18 different mutations were detected,
dispersed mainly along U3 and U5 “domains” of the
LTR. The observed nucleotide changes were
predominantly point mutations, such as transitions
between A and G, C and T, and two deletions. Some of
the mutations were detected in one isolate only while
some of them were found in other isolates. Out of 18
mutations, found in this study, only four namely A20G,
C399T, T400C and T449C, have been already
described (6, 7, 17). Six mutations were located in
regulatory elements: at glucocorticoid responsive
element (T147C), interferon regulatory factor-binding
site (T465C, C473T), and three substitutions T- > C,
C -> T (T393C, C399T, T400C) were found in

downstream activator sequence. In comparison to the
reference FLK-BLV strain, two deletions in position
201(CAP SITE) and 529 were characteristic for isolates
from cattle 1 and 4, respectively.

Discussion
Emerging cases of BLV infection were identified
in cattle, from herds having BLV-free status, by
serological testing and PCR examination. The problem
of the recurrence of BLV infection in disease-free herds
was pointed out by Lorenz and Straub (13) and most
likely it was a consequence of a latent infection
reactivation. We hypothesized that BLV isolates
analysed in this study could represent genetic variants
which were silenced and they had diminished
transcriptional activity. Since the sequences that
regulate viral transcription are located in the LTR, we
investigated the genetic diversity of this region. We
found several variations which were localised within
BLV LTR regulatory sites. Although three Tax
response elements, fundamental for regulation of BLV
transcription, remained unchanged, the mutation

450

A. Pluta et al./Bull Vet Inst Pulawy/59 (2015) 447-450

T147C (cattle 3, 4 and 5) placed just upstream TRE3 in glucocorticoid responsive element (GRE) (14)
seemed to be interesting. This mutation could
potentially affect responsiveness to dexamethasone,
which upregulated BLV transcription in the presence of
Tax. Other variations noted in DAS region C399T and
T400C were also observed for three isolates (cattle 1, 2
and 3), but probably did not influence BLV replication,
as was already described for BLV strains from
Argentina (6, 7). However, another unique mutation
T393C (cattle 2), also localised in DAS region, though
near E box, could modify binding transcription factors
USF1 and USF2, and the regulation of the LTR
promoter as a result (3). Two successive mutations:
T465C (cattle 3) and C473C (cattle 4) were found in
U5 region, where IRF-1 and IRF-2 interact with
interferon binding site and then stimulate Tax
independent expression of BLV.
In conclusion, future study will focus on
clarification whether natural deletions or insertions
observed in multiple isolates would result in changing
viral transcription using reporter-based assay in vitro.
Furthermore, it is important to possibly extend these
observations to a higher number of field isolates.
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