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As a representative of RNA-containing viruses, the causative agent of bovine leukemia (BLV) is characterized
by the signi¿cant level of genetic variability which results in considerable information content of phylogenic
studies of its populations. Aim. This study is aimed at exploring the sequence of 440 bp long fragment of the
pol gene of BLV in three farms in the Eastern Ukraine. Methods. The polymerase chain reaction, sequencing
and standard methods of isolating nucleic acids have been used. Results. The sequencing and the sequence
analysis of the pol gene demonstrated the presence of three variants of sequences, corresponding to the isolates,
identi¿ed in Kharkiv and Sumy regions and the sample of the proviral DNA from the FLK-BLV culture. Conclusions. The genetic homology of the sequences of the characterized isolates to the populations of viruses,
circulating in the territory of Europe and the European part of the Russian Federation, has been established.
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INTRODUCTION
The viruses, containing RNA in their gene, are characterized by a high rate of the variability of nucleotide 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 recombinations.
One of the representatives of retroviruses is the causative 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 immunosuppression and immunode¿ciency state [4].

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 investigations 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 phylogenic analysis of three isolates of BLV, identi¿ed in
the farms of the Eastern Ukraine, which are not BLVfree.
MATERIALS AND METHODS
The blood samples of cattle, stabilized with 5 % solution 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 genome of the causative agent contains both
variable and conservative fragments. The hypervariable sites of the viral genome are genes pol and tax,
the divergence of which is in the same range – up to
12í15 %. These genes encode the non-structural viral
proteins. The study of their nucleotide structure gives

The method of af¿ne sorption was used to extract the
total DNA, which also contained probable BLV proviral DNA. The standard method, modi¿ed at NSC
“IECVM” was used to isolate the nucleic acids.
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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 Àanking the 440 bp long gene region, as well as the basic reagents for PCR (Fermentas, 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. Speci¿c monofragments were cut out of gel and extracted using Rapid Gel DNA extraction kit (Fermentas,
Lithuania).
Chemical sequencing and DNA-analysis were conducted on the basis of SSI the State Center for Innovative 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 obtained 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 Region; BLVSU – isolate from Sumy Region) were obtained and the sequences of the pol gene of virus isolates 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 conventionally 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
AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 3 2014

23

GERILOVYCH et al.

Fig. 2. The phylogenic relations of ¿eld BLV isolates according to the sequences of the gene pol (źí identi¿cation mark of
the Ukrainian isolates)

alignment method, which allowed identifying several
insertions in the sequences of the gene pol (Fig. 1).
The repetition indices, demonstrating the share of topology repetitions during the multiple analysis of the
calculated phylogenetic trees, were used as a criterion
for the reliability of the dendrogram of the obtained topologies.
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 isolate 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 isolate. The divergence amid the group was less than 1%
(Fig. 2).

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 isolates and involving the sequences of other BLV genes
in the comparison.
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The phylogenic analysis of the gene pol of the bovine
enzootic leukosis virus isolates revealed their similar-

ȼɨɡɛɭɞɢɬɟɥɶ ɥɟɣɤɨɡɚ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ (ɄɊɋ)
ɤɚɤ ɩɪɟɞɫɬɚɜɢɬɟɥɶ ɊɇɄ-ɫɨɞɟɪɠɚɳɢɯ ɜɢɪɭɫɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɭɪɨɜɧɟɦ ɝɟɧɟɬɢɱɟɫɤɨɣ ɜɚɪɢɚɛɟɥɶɧɨɫɬɢ, ɱɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɟɝɨ ɩɨɩɭɥɹɰɢɣ. ɐɟɥɶ. ɂɡɭɱɢɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɚ pol
ɜɢɪɭɫɚ ɥɟɣɤɨɡɚ ɄɊɋ ɢɡ ɬɪɟɯ ɯɨɡɹɣɫɬɜ ȼɨɫɬɨɱɧɨɝɨ ɪɟɝɢɨɧɚ ɍɤɪɚɢɧɵ ɞɥɢɧɨɣ 440 ɩ. ɧ. Ɇɟɬɨɞɵ. ɂɫɩɨɥɶɡɨɜɚɧɵ ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ, ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ɢ
ɫɬɚɧɞɚɪɬɧɵɟ ɦɟɬɨɞɵ ɜɵɞɟɥɟɧɢɹ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ.
Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɨɜɟɞɟɧɧɨɟ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɚ pol ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɨ ɧɚɥɢɱɢɟ ɬɪɟɯ ɜɚɪɢɚɧɬɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɡɨɥɹɬɚɦ, ɜɵɹɜɥɟɧɧɵɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɏɚɪɶɤɨɜɫɤɨɣ, ɋɭɦɫɤɨɣ ɨɛɥɚɫɬɟɣ, ɢ ɨɛɪɚɡɰɭ ɩɪɨɜɢɪɭɫɧɨɣ ȾɇɄ
ɢɡ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ FLK-BLV. ȼɵɜɨɞɵ. ɍɫɬɚɧɨɜɥɟɧɨ
ɝɟɧɟɬɢɱɟɫɤɭɸ ɝɨɦɨɥɨɝɢɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɯ ɢɡɨɥɹɬɨɜ ɫ ɩɨɩɭɥɹɰɢɹɦɢ ɜɢɪɭɫɨɜ, ɰɢɪɤɭ-
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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 phylogenetically the closest to the causative agents from Poland 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
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ɥɢɪɭɸɳɢɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ȿɜɪɨɩɵ ɢ ɟɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɢɪɭɫ ɥɟɣɤɨɡɚ ɄɊɋ, ȾɇɄ, ɩɨɥɢɦɨɪɮɢɡɦ, ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ, ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ.

ɜɿɪɭɫɧɨʀ ȾɇɄ ɡ ɤɭɥɶɬɭɪɢ FLK-BLV. ȼɢɫɧɨɜɤɢ. ȼɫɬɚɧɨɜɥɟɧɨ ɝɟɧɟɬɢɱɧɭ ɝɨɦɨɥɨɝɿɸ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɢɯ ɿɡɨɥɹɬɿɜ ɡ ɩɨɩɭɥɹɰɿɹɦɢ ɜɿɪɭɫɿɜ, ɹɤɿ ɰɢɪɤɭɥɸɸɬɶ ɧɚ ɬɟɪɢɬɨɪɿʀ ȯɜɪɨɩɢ ɬɚ ɽɜɪɨɩɟɣɫɶɤɨʀ ɱɚɫɬɢɧɢ
Ɋɨɫɿɣɫɶɤɨʀ Ɏɟɞɟɪɚɰɿʀ.

ɉɨɥɿɦɨɪɮɿɡɦ ɝɟɧɚ pol ɜɿɪɭɫɭ ɥɟɣɤɨɡɭ
ɜɟɥɢɤɨʀ ɪɨɝɚɬɨʀ ɯɭɞɨɛɢ

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɜɿɪɭɫ ɥɟɣɤɨɡɭ ȼɊɏ, ȾɇɄ, ɩɨɥɿɦɨɪɮɿɡɦ,
ɫɟɤɜɟɧɭɜɚɧɧɹ, ɮɿɥɨɝɟɧɟɬɢɱɧɢɣ ɚɧɚɥɿɡ.
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