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INTRODUCTION 

The viruses, containing RNA in their gene, are char-
acterized by a high rate of the variability of nucleo-
tide sequence and related considerable lability of 
the genetic material structure [1–3]. Similar to other 
RNA-containing viruses, the genomes of retroviruses 
are highly variable due to mutations, occurring in the 
process of matrix replication and possible genetic re-
combinations.

One of the representatives of retroviruses is the caus-
ative agent of BLV – bovine enzootic leukosis virus. 
The bovine enzootic leukosis virus is phylogenetically 
related to the viruses of the human T-lymphotropic virus 
type, HTLV-1 and HTLV-2, which explains a number 
of common clinical signs of disease, caused by these 
viruses. In particular, all of them are characterized by 
neoblastic processes, accompanying the immunosup-
pression and immunode  ciency state [4].

The genome of the causative agent contains both 
variable and conservative fragments. The hypervari-
able sites of the viral genome are genes pol and tax, 
the divergence of which is in the same range – up to 
12 15 %. These genes encode the non-structural viral 
proteins. The study of their nucleotide structure gives 

the idea about the evolution of the causative agent and 
its origin.

As for Ukrainian isolates of BLV, previous studies 
comprised some molecular and epizootic investiga-
tions of the genetic structure of the sequences of gene 
env, which is the classical target during the genotyping 
of the causative agent.

The materials presented illustrate the data of the phy-
logenic analysis of three isolates of BLV, identi  ed in 
the farms of the Eastern Ukraine, which are not BLV-
free.

MATERIALS AND METHODS

The blood samples of cattle, stabilized with 5 % solu-
tion of sodium citrate, that had been taken from three 
farms in the Eastern Ukraine, which are not BLV-free, 
were used in the polymerase chain reaction (PCR) and 
the method of genome sequencing.

The method of af  ne sorption was used to extract the 
total DNA, which also contained probable BLV pro-
viral DNA. The standard method, modi  ed at NSC 
“IECVM” was used to isolate the nucleic acids.

The extracted DNA samples were used during the 
PCR to obtain variable fragments of the gene pol of 
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BLV. The BLV3 primer system, elaborated by NSC 
“IECVM”, which is  anking the 440 bp long gene re-
gion, as well as the basic reagents for PCR (Fermen-
tas, Lithuania) were used in the work. DNA-extracts 
obtained after the cultivation of FLK-BLV cell culture 
were used as a control sample.

The PCR products obtained were visualized in 
1.5 % agarose gel after horizontal electrophoretic 
separation and staining with ethidium bromide. Spe-
ci  c monofragments were cut out of gel and extract-
ed using Rapid Gel DNA extraction kit (Fermentas, 
Lithuania).

Chemical sequencing and DNA-analysis were con-
ducted on the basis of SSI the State Center for In-
novative Biotechnologies using the ampli  cation 
equipment (Biorad, USA) and Beckman Coulter 
DNA-analyzer (Great Britain). DNA-analytes were 
obtained using GenomeLab™ DTCS Quick Start Kit 
(Beckman Coulter) for sequencing. The samples ob-
tained were puri  ed by precipitation and washed with 
ethanol. Then they were analyzed by their separation 
in the capillaries of the DNA-analyzer,  lled with 
polyacrylamide gel.

The sequences (BLVNSC – BLV clone, NSC “IECVM”; 
BLVKH2 and BLVKH1 – isolate from Kharkiv Re-
gion; BLVSU – isolate from Sumy Region) were ob-
tained and the sequences of the pol gene of virus iso-
lates from the GenBank (AF257515, BLVCG, D00647, 
NC_001414 and AF033818) were transferred into 

FASTA format, with subsequent analysis using BioEdit 
(correction and multiple alignment) and MEGA 5.1 
(neighbor-joining tree and its analysis).

RESULTS AND DISCUSSION

According to the ampli  cation, the DNA fragments 
of speci  c length (440 bp) were identi  ed in 4 out of 16 
samples, obtained from farm 1 (Kharkiv Region), 8 out 
of 12 samples, obtained from farm 2 (Kharkiv Region), 
and 6 out of 10 samples – from farm 3 (Sumy Region). 
In addition, the fragment of speci  c length was formed 
in the course of studying the sample, extracted from 
FLK-BLV culture, which testi  es to the success of the 
reaction.

After the corresponding correction and alignment 
there were four consensus sequences, 280–440 bp long, 
which, according to the results of on-line analysis using 
blastn algorithm in BLAST program, corresponded to 
the sequences of BLV matrices.

The analysis of sequences demonstrated that conven-
tionally they form three variants: 1) isolates, identi  ed 
in the territory of Kharkiv Region (indicated Kh1 and 
Kh2); 2) isolate from Sumy Region (Su), and 3) sample 
of proviral DNA from FLK-BLV culture.

Further phylogenic analysis involved obtaining the 
sequences of the gene pol of virus isolates from the 
GenBank nucleotide sequence database, identi  ed in 
the territory of Europe (PL, RU, BE, IT, ES) and South 
America (BR). These were studied using the multiple 

Fig. 1. Multiple alignment of the sequences of the gene pol of Ukrainian and European isolates of BLV: 8r – BLV clone 
IECVM; 5r – Kh2; 7r – Su; 3r – Kh1
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alignment method, which allowed identifying several 
insertions in the sequences of the gene pol (Fig. 1). 

The repetition indices, demonstrating the share of to-
pology repetitions during the multiple analysis of the 
calculated phylogenetic trees, were used as a criterion 
for the reliability of the dendrogram of the obtained to-
pologies.

The dendrogram demonstrates the presence of two 
main clusters in the viral population according to the 
phylogenic distribution of the sequences of the gene 
pol (Fig. 2). The  rst one comprises the Russian iso-
late of BLV which is a typical representative of the 
subpopulation of the causative agent, which circulates 
in the European part of the Russian Federation. The 
isolates, identi  ed in the farms of Kharkiv Region, 
demonstrated the identity to the abovementioned iso-
late. The divergence amid the group was less than 1% 
(Fig. 2).

The second branch proved to be more variable, as it 
contained two clades: South-European isolates and the 
isolates from the Central Europe. The divergence amid 
the clades was 0–0.6 % and between the groups – up to 
4%. Isolate Su, which is a part of this group, was phylo-
genetically the closest to the causative agents from Po-
land and Belgium (the level of nucleotide differences 
< 0.01 %).

The sequence of the gene pol from the culture of FLK 
BLV cells had 0.7% divergence relative to these isolates.

CONCLUSIONS

The phylogenic analysis of the gene pol of the bovine 
enzootic leukosis virus isolates revealed their similar-

ity to the Russian strains of the virus, the divergence 
between the sequences of the analyzed gene was from 
0.01 to 0.8 %. The studies will be continued with the 
purpose of extending the spectrum of the analyzed iso-
lates and involving the sequences of other BLV genes 
in the comparison.
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