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Abstract

The Avian leukemia virus (ALV) belongs to the genus Alpharetrovirus (Retroviridae). The
genome of the virus is a single-stranded RNA of more than 7,000 nucleotides in length. The ALV
subgroups A, B, C, D, J, K and E are specific viruses of chicken. ALV classification is based on the
type-specific envelope protein antigens, GP85. ALV is widely spread all over the world, causes vari-
ous diseases, reduces productivity and leads to huge damage to poultry industry. The viruses of sub-
group K were first discovered in Asian countries. Studies of the prevalence of ALV of subgroup K are
few and have not been conducted in Russia before. Our goal was to study the spread of the ALV of
this subgroup to the chickens of Russian poultry farms using a test system designed to identify the
genome of the ALV subgroup K by real-time PCR and analysis of the properties of the ALV of sub-
group K. The test of the real-time PCR test system was carried out on 5292 DNA samples of chick-
ens of domestic broiler meat type of one of the farms in the Moscow Province and in chickens of
meat and egg breeds from various regions of Russia. The ALV-K-specific gene gp§5 sequences were
found in 177 (3.3 %) broilers of one of the farms in the Moscow Province. Sequencing of gp8&5 gene
fragments revealed the presence of two groups of different ALV subgroup K in the chickens of this
farm: one had 96 % similarity to the ALV subgroup K strains Oki 009, GDFX0601, GDFX0602,
GDFX0603, Km_5845 etc., and the other - up to 100 % similar to ALV subgroup K strain TW-
3593. Using the reference sequence of the ALV subgroup K strain GD14LZ (KU605774), 22 full-
length genomic sequences, belonging to ALV subgroup K, with 95 to 100 % similarity to the
GDI14LZ gp85 gene sequences were detected in GenBank. The construction of phylogenetic trees
based on the gp85 gene sequences showed that subgroup K viruses form a separate group, distinct
from the rest of the viruses, which can be divided into four clusters based on differences in long ter-
minal repeats. The subgroup K viruses have a set of four different 3"UTR sequences belonging to
both the pathogenic ALV subgroup J and the less pathogenic ALV subgroup E, and there are also
ALV K and Oki, the ALV-K-specific 3"UTRs. In addition to the Moscow region, ALV subgroup K
was found in the Kaliningrad, Leningrad, Sverdlovsk, and Novgorod regions of Russia. Thus, the



distribution of ALV subgroup K is not limited to the countries of Asia. Scientific publications show
that ALV subgroup K can cause gliomas and myocarditis. Literature data allows us to say that ALV
subgroup K can be pathogenic and theses viruses need a control program, because even the subclini-
cal form of exogenous and endogenous ALV can lead to large economic losses.

Keywords: avian leukosis virus subgroup K, real time PCR, ALV subgroup K detection

Avian leukosis virus (ALV) belongs to the Alpharetrovirus genus of the
Retroviridae family. The virus genome has the form of a single-stranded RNA of
more than 7000 nucleotides in length. The A, B, C, D, J, K and E subgroups of
ALV are specific for chickens. These subgroups differ with their antigenic regions
of the GP85 coat protein [1-3]. ALV can cause not only lymphoid and myeloid
leukosis, but also neoplasms of other tissues [4-6] including gliomas and neurofi-
brosarcomas [7, 8]. The virus subgroup can be identified basing on the analysis
of the nucleotide sequence of the GP85 coat protein gene [3, 9, 10]. Depending
on the way of infecting the host cells, ALV is divided into exogenous [1, 4] and
endogenous viruses. The viruses of A, B, C, D, J and K subgroups belong to ex-
ogenous ones and are more pathogenic than the endogenous virus of E subgroup
which has no or weak pathogenicity. The genome of endogenous viruses is inte-
grated into the host’s genome and is transmitted vertically like the rest genes of
the host. Exogenous viruses are able to spread congenitally by infecting hens and
the embryos form infected hens (a form of vertical transmission). Endogenous
ALV can sometimes behave as exogenous ones infecting chickens horizontally.
Usually, the chicken mortality caused by ALV infection does not exceed a few
percent, but for active form of infection, the mortality rate may amount to more
than 20% [9]. ALV is widely spread all over the world and can cause various pa-
thologies, reducing bids’ performance and leading to huge damage to commer-
cial poultry.

The ALV of K subgroup was recently found in Asia, i.e. in China [3, 10,
11], Japan [8], and Taiwan [12]. The pathogenicity of these isolates is unclear.
There is a danger of recombination of the K subgroup ALVs with the viruses of
other subgroups, in particular with ALV-J that may lead to the emergence of a
new subgroup of ALV with higher pathogenicity [10, 11]. The studies focusing
the prevalence of the K subgroup of ALV are few and have not been conducted
in Russia before [13].

This article reports the first identification of the K subtype of ALV in
Russian industrial populations of chickens and presents the results of its molecu-
lar-genetic studies.

Our goal was to detect the K subgroup of ALV in poultry farms in Rus-
sia with using the developed testing system based on the real-time PCR (q-PCR)
and the subsequent analysis of the properties of the K subgroup of ALV.

Techniques. The primers and probe for the RT-PCR and Sanger se-
quencing were synthesized in the Syntol LLC. They were selected so as to am-
plify the DNA of K subgroup ALVs without amplifying the known endoviruses.
The carboxyfluorescein (6FAM) was used as a fluorescent tag, BHQ-1 dye was a
fluorescence quencher, and phosphate (p) was used for the 3" terminal modifi-
cation of the probe.

The following primers and probe were used to identify the K subtype of
ALYV by the RT-PCR method:

ALVKF (5'—3") — CGGAGCATTGACACGCTTTCAGA,

ALVKR (5'—=3") — GTGGTTGCGGCGGAGGAGGA,

KPL (5"—3") — (6FAM)CCACCTCGTGAG(dT-BHQ-1)TGCGGCC-p.
The length of the synthesized amplicon is 72 bp, the fragment is a part of the
gp85 gene encoding the GP85 coat protein.

The primers which have been used for PCR and sequencing the DNA of



the K subtype of ALV:

ALVKF (5'—3") — CGGAGCATTGACAAGCTTTCAGA,

SEQA-KR (5"—3") — CGCGATCCCCACAAATGAGGAAA.

The length of the amplification product (part of the gp&5 gene encoding the
GP85 coat protein) is 466 bp.

Typing of 3" terminal fragments of gp&5 genes and of the variants of long
terminal repeats (LTRs) has been performed using three reverse primers and
SEQKEF universal primer:

SEQKF (5'—3") — GGCCGTTCATTTGCTGAAAGGA,

SEQKRKm (5’—3") — CAGGCTAGGCACTTAAGTACAACA,

SEQKRJ (5'—3") — GGGCACTTAAATACAGTATCTCTG,

SEQKROKI (5'—3") — CAATCAGCATGCGCCACGATGAA.

To amplify the 3” terminal fragments of the gp&5 gene and of the LTRs
similar to those of the endovirus, we used the special pair of primers which pre-
clude the amplification of the sequences of DNA of the E subgroup of ALV:

SEQKFI12 (5"—»3") — GTGGCTCCTCCTCCGCCGCAA,

SEQKREV (5'—3") — GCAGCTTATATAATCGTGCATAGC.

The tryout of the testing system was performed on 5292 DNA samples of
chickens of broiler-type meat cross from a farm of the Moscow region.

DNA was extracted from feathers using M-Sorb kit (Syntol LLC, Russia,
a Savraska-02 robotized complex for molecular-genetic researches, Syntol LLC,
Russia). A 0.3-0.5 cm fragment of feather was put in a 1.5 ml test tube, then 400
ul of the lysing solution was added and incubated at 60 °C for 20 min with mix-
ing. The lysate was precipitated in the high-speed Cyclotemp-902 microcentri-
fuge (Cyclotemp CJSC, Russia) for 3 min at 13000 rpm. The supernatant was
transferred to a 1.5 ml test tube and the extraction was continued according to
the standard protocol for the M-Sorb Kkit.

The mode for the PCR performing was universal, 1.5 ul of the extract-
ed DNA was taken for the reaction. The primers concentration in the reaction
mixture was 450 nM, the probe concentration was 150 nM. RT-PCR (detec-
tion channel FAM) was performed (an ANK-48 device, Analytical Instrumen-
tation Institute RAS, Russia) according to the following program (45 cycles):
denaturation at 93 °C for 10 s, annealing at 60 °C for 30 s. To amplify DNA,
the reaction mixture (10 ul) for the RT-PCR was used (Cat. No. M-428, Syn-
thol LLC, Russia).

The specificity of RT-PCR was confirmed by sequencing of the amplifi-
cation products obtained with ALVKF and SEQA-KR primers (Nanofor 05 ge-
netic analyzer, Analytical Instrumentation Institute RAS, Russia).

In phylogenetic analysis and selection of the specific DNA regions for
typing the K subgroup of ALV and sequencing, the genomic sequences of ALV
strains of different subgroups were used: A subgroup — MQNCSU-A
(DQ365814); B subgroup — Schmidt-Ruppin B (AF052428); C subgroup —
Prague C (J02342.1); D subgroup — Schmidt-Ruppin D (D10652); E subgroup —
ev-1 (AY013303); J subgroup — HPRS103 J (Z46390); K subgroup — Km_6222
(AB764103), Km 5943 (AB669897), Km_5845 (AB670314), Km 5844
(AB670312), Km 6202 (AB764101), Km_5892 (AB682778), Km 6181
(AB764100), Km 6349 (AB764106), Km_ 6249 (AB764104), Km 6343
(AB764105), Sp-53 (AB617820), SD110503R (KF738251), Sp-40 (AB617819),
JS14CZ02 (KY490696), GDFX0601 (KP686142), GDFX0602 (KP686143), TW-
3593 (HM582658), GD14LZ (KU605774), JS11C1 (KF746200), GDFX0603
(KP686144), JS14CZ01 (KY490695), Oki 009 (AB669433) (in the parenthe-
ses are the numbers of the GenBank). The conservative regions of the ALV ge-
nome, which are specific for the K subgroup, were detected (ClustallW and BLAST



http://www.genome.jp/tools-bin/clustalw and http://www.ncbi.nlm.nih.gov/BLAST
software was used). The phylogenetic trees for the ALVs of different subgroups were
constructed with ClustallW by Rooted phylogenetic tree (UPGMA) algorithm.

Results. The selected regions of the ALV genome, which are specific for
the K subgroup, have been used for the amplifying and sequencing the DNA.
When designing of the system, the synthetic fragment of DNA corresponding
to the estimated amplicon for the ALV of K subgroup was the positive control.
The analytical sensitivity of the system was evaluated in the test with dilutions
of the positive control. It amounted to 100 copies of the ALV genome of K
subgroup or approximately 70 genome equivalents per 1 ul of the initial sam-
ple. The solution not containing the dilutions of the synthetic amplicon was
the negative control.

Using the developed testing system, 5292 DNA samples from broilers of
a farm in the Moscow region have been examined. The specific sequences of the
gp85 gene of the K subgroup ALVs were found in 177 birds that amounted to
3.3% of the total number. The samples collected in other regions of Russia have
been also analyzed. As the result, the genomic sequences of the K subgroup
ALVs were also found in Kaliningrad region (3 samples), Leningrad region (2
samples), Sverdlovsk region (5 samples) and Novgorod region (3 samples). Con-
sidering the fact that the poultry of one of the poultry farms of the Kaliningrad
region, where the ALVs of K subgroups have been detected, has been supplied
from Germany, the geography of distribution of this ALV type in Europe is
probably not limited to Russia.

To confirm the specificity of the testing system, the fragments of gp&5
gene were sequenced using the ALVKF and SEQA-KR primers and DNA of 12
chickens from a farm of the Moscow region. The analysis revealed two variants
of genomic sequences of the K subgroup ALV. In the first group, the virus had
96% similarity with the Oki 009, GDFX0601, GDFX0602, GDFX0603,
Km_5845 and other ALYV strains, in the second group the similarity was up to
100% with the TW-3593 strain. The sequencing showed that both variants of ex-
amined ALV have the LTRs similar to those of the E subgroup of ALV.

In analysis of geographic prevalence and relation of K subgroup ALV
with the chicken diseases, we used the KU605774 sequence of the GD14LZ iso-
late genome of the K subgroup ALV as the reference sequence based on the
GenBank data [3]. The presence of sequences similar to the GD14LZ genome
has revealed the countries in which the ALV of K subgroup is widespread. A
number of full-length genomic sequences of ALV with 95-100% similarity of the
gp85 gene sequences with the gp§5 gene sequence of the GD14LZ isolate has
been found in the GenBank database. The variability of the viral genome of the
J subgroup ALV is very high and may reach 94.9% within one organism [14].
The pool consisting of 22 full-length genomic sequences of ALV, which presum-
ably belong to the K subgroup, was formed and analyzed (Table, Fig.).

The construction of phylogenetic trees based on the nucleotide sequenc-
es of gp&5 gene fragments showed that the ALV K subgroup forms a separate
group which is different from the rest viruses (see Fig., A). The analysis of the
3’-UTR sequences of ALV K subgroup demonstrates viral heterogeneity and the
fact that the K subgroup can be divided into four clusters (see Fig., B). The ALV
K subgroup has four different 3"-UTR regions (see Table) similar to 3"-UTR of
both the pathogenic strains of ALV J subgroup and less pathogenic E subgroup.
There are also 3’-UTRs specific for the K subgroup (ALV K and Oki).

Different 3’-UTRs could be obtained as the result of recombination with
other viruses, for example, the virus carrying gp&5 gene from the ALV A sub-
group and the LTR from ALV J subgroup is known [15]. The ALV J subgroup



presumably results from recombination between endogenous and exogenous
forms of the virus [16]..

Pathogenic properties and prevalence of K subgroup avian leukosis virus isolates de-
scribed in the literature and represented in the GenBank (NCBI)

Isolate (area) \No. in GenBank \ Author (reference) \Type of 3'-UTR\ Pathology

SD110503R (China) KF738251 Chen J. n.p. ALV ] Unknown
Sp-40 (Japan) AB617819 Nakamura S. et al. [8] ALV ] Glioma
Sp-53 (Japan) AB617820 Nakamura S. et al. [8] ALV ] Glioma
Km_6222 (Japan) AB764103 Nakamura S. n.p. ALV K Unknown
Km_6343 (Japan) AB764105 Nakamura S. n.p. ALV K Unknown
Km_6181 (Japan) AB764100 Nakamura S. n.p. ALV K Unknown
Km_5892 (Japan) AB682778 Nakamura S. et al. [17] ALV K Myocarditis
Km_6249 (Japan) AB764104 Nakamura S. n.p. ALV K Unknown
Km_6349 (Japan) AB764106 Nakamura S. n.p. ALV K Unknown
Km_6222 (Japan) AB764103 Nakamura S. n.p. ALV K Unknown
Km_5844 (Japan) AB670312 Ochi A. et al. [18] ALV K Glioma
Km_5845 (Japan) AB670314 Ochi A. et al. [18] ALV K Astrocyte proliferation
Km_5943 (Japan) AB669897 Ochi A. et al. [18] ALV K Unknown
JS11C1 (China) KF746200 Cui N. et al. [10] ALV K Unknown
JS14CZ01 (China) KY490695 Shao H. et al. [11] ALV E Unknown
TW-3593 (Taiwan) HM582658 Chang S.W. et al. [12] ALV E Unknown
GDFX0601 (China) KP686142 Jianyong H. n.p. ALV E Unknown
GDFX0602 (China) KP686143 Jianyong H. n.p. ALV E Unknown
GDFX0603 (China) KP686144 Jianyong H. n.p. ALV E Unknown
JS14CZ02 (China) KY490696 Shao H. et al. [11] ALV E Unknown
GDI14LZ (China) KU605774 Li X. et al. [3] ALV E Unknown
Oki 009 (Japan) AB669433 Ochi A. et al. [18] Oki Unknown

N ote. “n.p.” means the unpublished data (deposited in the GenBank).

The analysis of the literature shows that the ALV K subgroup can cause
gliomas and myocarditis [8, 17, 18] which are atypical for the ALV pathology.
In the case of avian leukosis virus, the mechanism of pathogenesis is not fully
studied. It is assumed that the high variability of retroviruses may contribute to
their virulence and pathogenesis [19]. In the LTR areas of some ALV strains,
there is the E element which is not an oncogene but increases the pathogenicity
of the viruses [20]. Some of the studied sequences of the ALV K subgroup have
a similarity to the E element. The example is SD110503R (KF738251) strain
from China (nothing is known about the pathogenicity of this strain because on-
ly the genomic sequence in the GenBank has been published). Two ALV strains
causing glioma are described in Japan, these are Sp-40 (AB617819) and Sp-53
(AB617820). Their genomes contain a small fragment of 27 nucleotides in length
which is similar to the E element [8] (see Table). Insertional mutagenesis is a
mechanism in infection by avian leukosis virus [21, 22]. Also, the expression of
the host cell genes may change due to additional transcription of ALV LTR [23,
24]. Much in the infection expression mechanism is still unclear because the
spectrum of diseases caused by ALV is quite wide. For example, it is assumed
that in the hemangiomas progression the leading role belongs to the insertion
mutagenesis with changing of the met gene expression [21], other authors point
out the importance of the participation of GP85 coat protein in the disease pro-
gression [24]. There is the evidence that the coat protein is the main determi-
nant when lymphoid and myeloid leukosis [25]. It may be assumed that the
presence of ALVK subgroup reduces the productive performance of poultry.
Thus, it is believed that the ALVs having the LTRs similar to the LTRs of the
ALV E subgroup do not have any noticeable pathogenicity. However, the meta-
genomic analysis of the possible infectious agent which has caused up to 20%
loss of the chicken population [26] showed that the nucleotide sequences of this
virus express 100% similarity with the gp85 gene and the LTR of the ALV strain
TW-3593 which has the LTR of the ALV E subgroup.



[~ Schmidt-Ruppin B

HPRS103 J

L Schmidt-Ruppin D SD110503R
GDFX0601 Sp-40
GDFX0602 Sp-53
GDFX0603 Prague C
JS14CZ02 Schmidt-Ruppin D
Km_5943 Schmidt-Ruppin B
Km 5845 MQNCSU-A
Km_ 5844 Km 6202
TW-3593 Km 6343
GDI14LZ Km_6181
J811C1 Km_ 5892
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[Sp-53 TW-3593
Sp-40 GDFX0602
Oki 009 1S14CZ02
ev-1 GDFX0601
Prague C GDFX0603
MQNCSU-A GDI4LZ
HPRS103 J Oki 009

Phylogenetic trees constructed for the sequences of gp85 gene of coat protein (A) and 3'-UTRs (B) of
strains of different avian leukosis virus subtypes from the GenBank. See the description of these
strains in the Techniques section

The exogenous and endogenous avian leukosis viruses may cause large eco-
nomic losses even in subclinical infection [6, 27]. To study the pathogenic properties
of the ALV K subgroup which we have found in the broiler-type meat cross, 123 in-
fected birds at the age of 58 days were isolated from the main herd. We have not
detected any neoplastic processes in 6 birds died at the age of 156 days.

So, the real-time PCR testing system has been developed for detecting
the avian leucosis virus of K subgroup. Using this test we have detected the virus
of this subgroup in Russia. Thus, the prevalence of the ALV K subgroup is not
limited to Asian countries. The analysis of the literature data indicates possible
pathogenicity of the K subgroup ALV, therefore, the program for its monitoring
and control is needed.

REFERENCES

1. Lloyd Spencer J. Progress towards eradication of lymphoid leukosis viruses — a review. Avian
Pathol., 1984, 13(4): 599-619 (doi: 10.1080/03079458408418560).

2. Payne L.N., Brown S.R., Bumstead N., Howes K., Frazier J.A., Thouless M.E. A novel sub-
group of exogenous avian leukosis virus in chickens. J. Gen. Virol., 1991, 72: 801-807 (doi:
10.1099/0022-1317-72-4-801).

3. Li X., Lin W., Chang S., Zhao P., Zhang X., Liu Y., Chen W., Li B., Shu D., Zhang H.,
Chen F., Xie Q. Isolation, identification and evolution analysis of a novel subgroup of avian
leukosis virus isolated from a local Chinese yellow broiler in South China. Arch. Virol., 2016,
161(10): 2717-2725 (doi: 10.1007/s00705-016-2965-x).

4. Crittenden L.B. Exogenous and endogenous leukosis virus genes — A review. Avian Pathol.,
1981, 10(2): 101-112 (doi: 10.1080/03079458108418464).

5. Payne L.N., Fadly A.M. Leukosis/sarcoma group. In: Diseases of poultry. B.W. Calnek, H.J. Bar-
nes, C.W. Beard, L.R. Mc Dougald, Y.M. Saif (eds.). lowa, 1997, V. 10: 414-466.

6. Payne L.N. Retrovirus-induced disease in poultry. Poultry Sci., 1998, 77(8): 1204-1212 (doi:
10.1093/ps/77.8.1204).

7.  Ochi A., Ochiai K., Nakamura S., Kobara A., Sunden Y., Umemura T. Molecular characteris-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

tics and pathogenicity of an avian leukosis virus isolated from avian neurofibrosarcoma. Avian
Dis., 2012, 56(1): 35-43 (doi: 10.1637/9830-060711-Reg.1).

Nakamura S., Ochiai K., Hatai H., Ochi A., Sunden U., Umemura T. Pathogenicity of avian
leukosis viruses related to fowl glioma-inducing virus. Avian_Pathol., 2011, 40(5): 499-505 (doi:
10.1080/03079457.2011.605783).

Gao L., Qin L. T., Pan W., Wang Y.Q., Lee Qi.X., Gao H.L., Wang X.M. Avian leukosis virus
subgroup J in layer chickens, China. Emerg. Infect. Dis., 2010, 16(10): 1637-1638 (doi:
10.3201/eid1610.100780).

Cui N., Su S., Chen Z., Zhao X., Cui Z. Genomic sequence analysis and biological character-
istics of a rescued clone of avian leukosis virus strain JS11Cl1, isolated from indigenous chick-
ens. J. Gen. Virol., 2014, 95(Pt 11): 2512-2522 (doi: 10.1099/vir.0.067264-0).

Shao H., Wang L., Sang J., Li T., Liu Y., Wan Z., Qian K., Qin A., Ye A. Novel avian leukosis
viruses from domestic chicken breeds in mainland China. Arch. Virol., 2017, 162(7): 2073-2076
(doi: 10.1007/s00705-017-3344-y).

Chang S.W., Hsu M.F., Wang C.H. Gene detection, virus isolation, and sequence analysis of
avian leukosis viruses in Taiwan country chickens. Avian Dis., 2013, 57(2): 172-177 (doi:
10.1637/10387-092612-Reg.1).

Plotnikov V.A., Grebennikova T.V. Dudnikova E.K., SHul'pin M.I., Lazareva S.P., Nikonova
Z.B., Men'shchikova A.E., Norkina S.N., Aliper T.I. About spreading the avian leukosis viruses
in poultry farms in the Russian Federation. Sel’skokhozyaistvennaya Biologiya | Agricultural Biolo-
gy, 2013, 6: 36-42 (doi: 10.15389/agrobiology.2013.6.36eng) (in Russ.).

Meng F., Li X, Fang J., Gao Y., Zhu L., Xing G., Tian F., Gao Y., Dong X., Chang S., Zhao P.,
Cui Z., Liu Z. Genomic diversity of the Avian leukosis virus subgroup J gp85 gene in different or-
gans of an infected chicken. J. Vet. Sci., 2016, 17(4): 497-503 (doi: 10.4142/jvs.2016.17.4.497).
Lupiani B., Hunt H., Silva R., Fadly A. Identification and characterization of recombinant sub-
group J avian leukosis viruses (ALV) expressing subgroup A ALV envelope. Virology, 2000,
276(1): 37-43 (doi: 10.1006/vir0.2000.0539).

Bai J., Payne L.N., Skinner M.A. HPRS-103 (exogenous avian leukosis virus, subgroup J) has
an env gene related to those of endogenous elements EAV-0 and E51 and an E element found
previously only in sarcoma viruses. J. Virol, 1995, 69(2): 779-84 (doi: 10.1128/JVI.75.2.726-
737.2001).

Nakamura S., Ochiai K., Ochi A., Yabushita H., Abe A., Kishi S., Sunden Y., Umemura T.
Cardiac pathology and molecular epidemiology by avian leukosis viruses in Japan. PLoS ONE,
2014, 9(1): 86546 (doi: 10.1371/journal.pone.0086546).

Ochi A., Ochiai K., Kobara A., Nakamura S., Hatai H., Handharyani E., Tiemann I., Tanaka I.B.
3rd, Toyoda T., Abe A., Seok S.H., Sunden Y., Torralba N.C., Park J.H., Hafez H.M.,
Umemura T. Epidemiological study of fowl glioma-inducing virus in chickens in Asia and Ger-
many. Avian. Pathol., 2012, 41(3): 299-309 (doi: 10.1080/03079457.2012.684373).

Mansky L.M. Retrovirus mutation rates and their role in genetic variation. J. Gen. Virol., 1998,
79: 1337-1345 (doi: 10.1099/0022-1317-79-6-1337).

Chesters P.M., Smith L.P., Nair V. E (XSR) element contributes to the oncogenicity of Avian
leukosis virus (subgroup J). J. Gen. Virol., 2006, 87(9): 2685-2692 (doi 10.1099/vir.0.81884-0).
Justice J. 4th, Malhotra S., Ruano M., Li Y., Zavala G., Lee N., Morgan R., Beemon K. The
MET gene is a common integration target in avian leukosis virus subgroup J-induced chicken
hemangiomas. J. Virol., 2015, 89(9): 4712-4719 (doi: 10.1128/JVI1.03225-14).

Hayward W.S., Neel B.G., Astrin S.M. Activation of a cellular onc gene by promoter insertion
in ALV-induced lymphoid leukosis. Nature, 1981, 290(5806): 475-480 (doi: 10.1038/290475a0).
Laimins L.A., Tsichlis P., Khoury G. Multiple enhancer domains in the 3" terminus of the Pra-
gue strain of Rous sarcoma virus. Nucleic Acids Res., 1984, 12(16): 6427-6442.

Maeda N., Fan H., Yoshikai Y. Oncogenesis by retroviruses: old and new paradigms. Rev. Med.
Virol., 2008, 18(6): 387-405 (doi: 10.1002/rmv.592).

Chesters P.M., Howes K., Petherbridge L., Evans S., Payne L.N., Venugopal K. The viral en-
velope is a major determinant for the induction of lymphoid and myeloid tumours by avian leu-
kosis virus subgroups A and J, respectively. J. Gen. Virol., 2002, 83: 2553-2561 (doi:
10.1099/0022-1317-83-10-2553).

Bande F., Arshad S.S., Omar A.R. Isolation and metagenomic identification of avian leukosis
virus associated with mortality in broiler chicken. Adv. Virol., 2016, 2016: Article ID 9058403
(doi: 10.1155/2016/9058403).

Bacon L.D., Fulton J.E., Kulkarni G.B. Methods for evaluating and developing commercial
chicken strains free of endogenous subgroup E avian leukosis virus. Avian Pathol., 2004, 33(2):
233-243 (doi: 10.1080/0307943042000195731).




