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As a representative of RNA-containing viruses, the causative agent of bovine leukemia (BLV) is characterized
by the significant 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 po/ gene demonstrated the presence of three variants of sequences, corresponding to the isolates,
identified in Kharkiv and Sumy regions and the sample of the proviral DNA from the FLK-BLV culture. Con-
clusions. 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 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 immunodeficiency state [4].

The genome of the causative agent contains both
variable and conservative fragments. The hypervari-
able sites of the viral genome are genes po/ 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
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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, identified 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 affine sorption was used to extract the
total DNA, which also contained probable BLV pro-

viral DNA. The standard method, modified at NSC
“TECVM” was used to isolate the nucleic acids.

The extracted DNA samples were used during the
PCR to obtain variable fragments of the gene po/ of
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BLV. The BLV3 primer system, elaborated by NSC
“IECVM”, which is flanking 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-
cific 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 amplification
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 purified by precipitation and washed with
ethanol. Then they were analyzed by their separation
in the capillaries of the DNA-analyzer, filled with
polyacrylamide gel.

The sequences (BLVNSC — BLV clone, NSC “IECVM”;
BLVKH2 and BLVKHI1 - 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 amplification, the DNA fragments
of specific length (440 bp) were identified 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 specific length was formed
in the course of studying the sample, extracted from
FLK-BLV culture, which testifies 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, identified
in the territory of Kharkiv Region (indicated Khl 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, identified in
the territory of Europe (PL, RU, BE, IT, ES) and South
America (BR). These were studied using the multiple

4805 4815 4825 4835 4845 4855
BLVNSC TGGGTTCCCT GGCGTTTGCTGG AAAGCCTTCT AAATGCCCAA  AGAACGACGG TCTCGAAGAC
BLVKH2 TGGGTTCCCT GGCGTTTGCTA  AAAGCCTTC AAATGCCCAA  AGAACGACGG TCTCGAAGAC
BLVSU TG TGGAGC  GGCGATTAGAG ATAACCCAAA  CATCCCCCGC  AAGACGGCGG  TCTCGAAGAC
BLVKH1 TG TCGAGT CGTGCT GCTGT ACANATTATT  CGGTGCTTAC CTGTCCGGCGG TCTCGTAGAC
AF257515 TGGGTTCCCT GGCGTTTGTT  GAAAGCCTTC  AAATGCCCAA AGAACGACGG TCCCGAAGAC
BLVCG TGGGTTCCCT GGCGTTTGCT  GAAAGCCTTC  AAATGCCTAA AGAACGACGG TCCCGAAGAC
D00647 TGGGTTCCCT GGCGTTTGCT  GAAGGCCTTC  AAATGCCTAA AGAACGACGG TCCCGAAGAC
NC_001414 TGGGTTCCCT GGCGTTTGCT  AAAAGCCTTC  AAATGCCCAA AGAACGACGG TCCCGAAGAC
AF033818 TGGGTTCCCT GGCGTTTGCT  AAAAGCCTTC  AAATGCCCAA  AGAACGACGG TCCCGAAGAC

Fig. 1. Multiple alignment of the sequences of the gene pol of Ukrainian and European isolates of BLV:

IECVM; 5r — Kh2; 7r — Su; 3r — Khl
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Fig. 2. The phylogenic relations of field BLV isolates according to the sequences of the gene po/ (¥ — identification mark of

the Ukrainian isolates)

alignment method, which allowed identifying several
insertions in the sequences of the gene po!/ (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 first 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, identified 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 po/ 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-
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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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BosOynutens neiiko3a kpymHoro poraroro ckora (KPC)
kak mnpexacrasurens PHK-comepikamux BupycoB Xapakx-
TEpU3yeTcsl CYIIECTBCHHBIM YPOBHEM TI'€HETHUECKOH Ba-
pradenbHOCTH, YTO OOYCIIOBIMBACT 3HAYUTEIBHYIO HH-
(hopMaTHBHOCTH (PUITOTEHETHYECKUX MCCIIEIOBAaHHUH €T0 T0-
nymsiiuid. Hleas. V3yunts nocnenoBarenbHOCTH TeHa pol
Bupyca neiikoza KPC u3 Tpex xo3zsiictB Boctounoro pe-
ruoHa Ykpawsbl JuHOH 440 m. H. Metoabl. Vcmonb3o-
BaHbI MONMMEpa3Hasl LEIHAs PEaKIus, CEKBEHUPOBAHHUE U
CTaHAAPTHBIE METOIBl BBIACICHUS HYKJICHHOBBIX KHCIOT.
Pe3yabratel. [IpoBeieHHOE CEKBEHUPOBAHNE U AHAIIH3 T10-
CJIE/IOBATEIBHOCTEH TeHa pol MPOIEeMOHCTPUPOBAIO HAJHU-
YHpe TPEeX BapUaHTOB I0CIE]OBATEIbHOCTEH, COOTBETCTBY-
IOLMX M30JI5TaM, BBIABJIECHHBIM Ha TEPPUTOPUU XapbKOB-
ckoit, Cymckoif obmacteit, u obpasiry mpoBupycHoit JTHK
n3 KynsTypel kierok FLK-BLV. BeiBoabl. YcTaHOBIIEHO
TEHETHYIECKYIO TOMOJIOTHIO MOCIIEA0BATEIBHOCTEH OXapak-
TEPU30BAHHBIX M30JSITOB C MOIMYISIUSIMUA BUPYCOB, ITUPKY-
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JIMPYIOLMX Ha TeppUTOpUM EBpomnbl U eBponeickoi yactu
Poccuiickoit ®enepanuu.

KuaroueBble cioBa: Bupyc jeiikoza KPC, THK, momumop-
(u3M, cCeKBEeHHPOBaHNE, (PHIOTCHETHYSCKUN aHAJIH3.
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HarionanpHUIT HayKOBHI TIEHTP
«IHCTHTYT eKCIIEPIMEHTAIEHOL
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30ynHuK Jeiiko3y Bennkoi poraroi xynoou (BPX) sk npen-
craBuuk PHK-BMicHHX BipyciB Mae iCTOTHI piBHI T'€HETUYHOL
BapiabesIbHOCTI, IO 3YMOBIIOE 3HAYHY IH(OPMATHUBHICTH
(biTOreHeTHYHMX TOCIIPKEHb Horo momysisiiii. Mera. Bus-
YUTH TOCHIJOBHOCTI TeHa pol Bipycy mneiikosy BPX 3
TppOX TrocmomapctB CXiIHOTO perioHy YKpaiHH TOBXKH-
HOrO 440 m. H. Metomn. BukopumcraHo momiMepasHy
JIAHIIOTOBY PEaKIlilo, CEKBCHYBAaHHS Ta CTaHIApTHI Me-
TOAM BUJUICHHS HyKJeiHOBuX kucior. Pesyawsrarm. Ilpo-
BC/ICHC CEKBCHYBAHHS Ta aHAJi3 TOCTIIOBHOCTCH TeHA
pol TPOJEMOHCTPYBaB HAsBHICTh TPHOX BapiaHTIB IMOCIi-
JIOBHOCTEH, IO BIAMOBIZAIOTH 130JIATAM, BHUSBJIEHUM Ha
Tepuropii XapkiBcbkoi, CyMcBKOi oOmacTeid, i 3pa3ka mpo-
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BipycHoi JIHK 3 xymerypm FLK-BLV. BucuoBku. Bcra-
HOBJICHO TCHETHYHY TOMOJIOTiIO MOCIHITOBHOCTEH OXapak-
TEPU30BAHMUX 130JIATIB 3 MOMYJSLISIMH BIpYCiB, SKi LHp-
KyJIIOIOTh Ha TepUTOpii €Bpony Ta €BPOINEHCHKOT YaCTHHH
Pociiicbkoi deneparrii.

Karouosi caoBa: Bipyc neiikosy BPX, JIHK, nonimopdism,
CEKBEHYBaHHsI, ()IIOTEHETUYHUI aHai3.
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