
ORIGINAL 
ARTICLE 

 Veterinary Research Forum. 2023; 14 (10) 531 - 539 

doi: 10.30466/vrf.2022.552748.3454 

  

  Journal Homepage: vrf.iranjournals.ir   

  

Differences in CpG island distribution between exogenous and endogenous 
jaagsiekte sheep retrovirus strains 

Qiang Liu*, Yue-Yang Yu, Huai-Yu Wang 

Department of Agricultural Science and Technology, Nanchong Vocational and Technical College, Nanchong, China. 

  

 Article Info  Abstract  

 Article history: 
 
 Received: 28 April 2022 
 Accepted: 16 October 2022 
 Available online: 15 October 2023 

 The jaagsiekte sheep retrovirus (JSRV), belonging to the betaretrovirus genus of the 
retroviridae family, includes both exogenous and endogenous jaagsiekte sheep retroviruses 
(exJSRV and enJSRV, respectively). At the proviral genome level, exJSRV and enJSRV strains 
have a high degree of similarity with their main variation regions being the LTR, gag, and env 
genes. In this study, for the first time, we investigated and compared the distribution of CpG 
islands between these enJSRV and exJSRV strains. Specifically, we analyzed a total of 42 full-
length JSRV genomic sequences obtained from the GenBank® database to identify CpG islands 
in the exJSRV and enJSRV genomes using the MethPrimer software. Our results showed that 
the CpG islands in the two JSRV strains were mainly distributed in the LTR, gag, and env 
genes. In exJSRVs, 66.66% (6/9), 33.33% (3/9), and 100% (9/9) of the sequences presented 
at least one CpG island in LTR, gag, env genes, respectively, and for enJSRVs, 84.84% (28/33), 
57.57% (19/33), and 96.96% (32/33) of the sequences presented at least one CpG island in 
the LTR, gag, and env genes. These findings suggested that the distribution, length, and 
genetic traits of CpG islands were different for the exJSRV and enJSRV strains. In future, it 
would be necessary to demonstrate the biological significance of CpG islands within these 
genes in exJSRV and enJSRV genomes. This will enhance understanding regarding the 
potential role of CpG islands in epigenetic regulation. 

© 2023 Urmia University. All rights reserved. 
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Introduction 
 

Ovine pulmonary adenocarcinoma (OPA) is a chronic, 
progressive and contagious pulmonary tumor disease in 
sheep caused by jaagsiekte sheep retrovirus (JSRV).1 The 
disease is characterized by dyspnea, cough, emaciation, the 
discharge of large amounts of serous nasal fluid and 
neoplastic hyperplasia of type II alveolar epithelial cells 
and non-ciliated bronchiolar epithelial cells.1 It has also 
been observed in goats2 and was first reported in South 
Africa in the 19th century.1,3 Subsequently, it was reported 
in the United Kingdom, Germany, France, the United 
States, Mexico, Canada, Ireland and other countries.1 
Presently, OPA exists in almost all countries and regions 
with a developed sheep industry except for Australia, New 
Zealand, and Iceland.1,4,5 Further, in China, OPA was first 
reported in 1951, with Xinjiang and Inner Mongolia being 
the most affected endemic areas.6-8  

On the one hand, exogenous JSRV (exJSRV), which is an 
etiological agent for naturally occurring and experimentally  
 

 induced OPA in sheep, belongs to the betaretrovirus genus 
of the family retroviridae and is phylogenetically related to 
the enzootic nasal tumor virus (ENTV), the causative agent 
of enzootic nasal adenocarcinoma, a contagious tumor of 
the mucosal nasal glands in sheep and goats.1 On the other 
hand, endogenous jaagsiekte sheep retrovirus (enJSRV), 
highly related to exJSRV/ENTV and is present in sheep and 
goats, is derived from the integration of exJSRV in host 
genomes followed by genetic stabilization via the 
accumulation of mutations.8 Both exJSRV and enJSRV have 
a similar gene structure comprising a linear, single- and 
positive-stranded RNA with a total length of 
approximately 7,500 bp.4,9,10 The RNA-coding regions of 
these strains is mainly composed of four overlapping viral 
structural proteins encoded by the gag, pro, pol, and env 
genes.4,9,10 Further, at the 3′ end of the pol gene there is a 
special open reading frame (ORF), the overlapping region 
ORF-X, which is approximately 500 bp long.4,9,10 
Additionally, two repetitive (R) regions are located at both 
ends of the genome4,9,10 and the 5′ and 3′ ends of the R  
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region are the U3 region (U3-R) and U5 region (R-U5), 
respectively, both of which constitute the non-coding 
region.4,9,10 When JSRV enters susceptible ovine cells such 
as bronchial epithelial cells, under the action of virus-
encoded reverse transcriptase, its RNA is used as a 
template for DNA synthesis.4,9,10 The synthesized DNA is 
then integrated into the infected ovine cells causing the 
rapid proliferation of ovine Type II alveolar epithelial cells 
and non-ciliated bronchiolar epithelial cells resulting in 
the formation of small adenomas.4,9,10 Additionally, JSRV 
exists temporarily or long-term in the sheep genome in the 
form of proviral DNA "LTR-gag-pro-pol(orf-x)-env-LTR".9,10 

Studies have confirmed that some retroviruses 
including avian myeloblastosis virus, Rous sarcoma virus, 
murine leukemia virus, bovine leukemia virus and 
human T cell lymphotropic virus have tumorigenic 
effects in humans and animals.11-15 Specifically, a study 
showed that JSRV has a tumorigenic effect and that JSRV 
envelope (Env) protein plays a similar viral oncogenic 
role.16,17 It has also been reported that three signal 
transduction pathways are mainly involved in cell 
transformation mediated by JSRV Env.18-20 Additionally, 
approximately 30 copies of enJSRV sequences that be 
closely related to exJSRV are present in all studied 
normal sheep and goat genomes.21 It has also been 
suggested that enJSRV plays a crucial role in pregnancy 
and placenta formation and may be involved in local 
immune regulation during pregnancy mediating cell-to-
cell interactions to prevent fetal infection with 
exJSRV.22,23 

The DNA methylation is induced by DNA methyl-
transferase which transfers a methyl group from S-
adenosylmethionine to cytosine position 5 thereby 
forming 5-methylcytosine which is involved in gene 
expression regulation and cell differentiation.24,25 
Further, DNA methylation sites predominantly include 
CpG islands or regions rich in CpG islands26,27 which are 
primarily located in the gene promoter region and partly 
in the first exon. It has also been observed that CpG island 
methylation can directly lead to the epigenetic silencing 
of related genes.26 This regulatory effect mainly 
represses gene expression at the transcriptional level.28 
Also, several studies have confirmed that DNA 
methylation is involved in the occurrence and 
development of tumors, e.g., the methylation status of 
tumor suppressor genes can lead to tumor suppressor 
gene inactivation.29 However, it is still unclear whether 
there is methylation in the JSRV genome especially in the 
env gene that may contribute to JSRV pathogenicity such 
as tumorigenicity. Therefore, the aim of this study was to 
analyze the number, distribution and length of CpG 
islands within and between exJSRV and enJSRV provirus 
sequences. The results obtained may help clarify the viral 
characteristics of these two JSRV strains from an 
epigenetic perspective. 

 Materials and Methods 
 

Sequence sources. The nucleotide sequences of 
exJSRV and enJSRV strain genomes were searched up to 
March 09,2022 in GenBank® database of National Center 
for Bio-technology Information, using "Jaagsiekte sheep 
retrovirus" and "complete genome" as search terms. 
Complete genomes with sizes in the range 2,494 - 7,989 
bp were included. 

CpG island analysis. The identified genomic 
sequences of exJSRV and enJSRV were then analyzed as 
shown in Table 1. Further, MethPrimer software 
(http:// www.urogene.org/cgi-bin/methprimer/meth 
primer.cgi) was used to the locate CpG islands in the 
gene sequences of the JSRV strains. Specifically, the CpG 
islands were located by measuring the GC contents and 
observed-to-expected CpG dinucleotide ratios of the 
strains over a sequence window. The standard settings 
for CpG islands were: sequence window length ≥ 100 
bases, GC content ≥ 50.00% and observed-to-expected 
CpG ratio ≥ 60.00%. 

 

Results 
 

Phylogenetic analysis based on the complete 
genome sequences of exJSRV and enJSRV strains. 
Phylogenetic analysis of known exJSRVs and enJSRVs 
(Table 1) with sequences in the GenBank® database was 
performed using the neighbor-joining method in MEGA 
Software (version 5.0; Biodesign Institute, Tempe, USA). 
In the phylogenetic tree constructed using complete 
genome sequences, all the exJSRV strains (except strains 
KX817296 and DQ838494) were clustered in an 
independent clade (Fig. 1), while all the enJSRV strains 
predominantly clustered into two clades. Among the 
enJSRVs strains, the EF680311, EF680309, EF680305, 
EF680319, EF680307, EF680315, EF680312, and 
EF680314 strains were clustered into one clade (Clade A, 
which represents the oldest provirus clade as previously 
reported),21 while the DQ838493, AF136224, AF136225, 
AF153615, MF175067, MF175068, MF175069, 
MF175070, MF175071, EF680310, EF680317, 
EF680298, EF680306, EF680316, EF680303, EF680296, 
EF680308, EF680299, EF680300, EF680301, EF680304, 
EF680302, EF680313, EF680318, and EF680297 strains 
clustered into a different clade (Clade B as reported in a 
previous study) in the phylogenetic tree based on the 
complete genome sequences of known enJSRVs.21 
Further, strains KX817296 and DQ838494 which were 
recognized as exogenous viral strains in a previous study, 
shared the closest genetic relationship with enJSRV 
strains in Clades A and B, respectively.6,21 Additionally, 
the AF136225 cluster in an independent clade in the 
phylogenetic tree was constructed using complete 
genome sequences. 
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Characteristics of CpG islands in exJSRV strains. In 
this study, the number, location, length and distribution 
characteristics of the CpG islands of the proviruses of 
different exJSRV strains were determined using the 
MethPrimer software. The results obtained in this regard 
showed that the A7 provirus of the exJSRV strain had four 
CpG islands located in the LTR (1), gag (2), and pol/env (1) 
genes, with lengths 104, 114, 108 and 170 bp, respectively. 
The A2 and A5 proviruses each had three CpG islands, 
each located in the LTR, gag, and pol/env genes with 
lengths 119, 113 and 269 bp (A2) and 134, 114, and 205 
bp (A5), respectively. Further, the A4, A6, A8 and A9 
proviruses each had two CpG islands located in the LTR  
 

 and pol/env genes with lengths 122 and 205 bp (A4), 120 
and 205 bp (A6) 122 and 205 bp (A8), and 120 and 205 bp 
(A9), respectively. Proviruses A1 and A3 each had only one 
CpG island located in the pol/env gene with lengths 183 
and 170 bp, respectively (Table 2). 

Characteristics of CpG islands in enJSRV strains. 
The results confirmed that the B11 provirus of the enJSRV 
strain had four CpG islands, located in the LTR (1), gag (1), 
and pol/env (2) genes with lengths 133, 108, 169, and 100 
bp, respectively. The B2, B5–B9, B16, B17, B20, B22–B24, 
B26, B27 and B33 proviruses each had three CpG islands 
each located in the LTR, gag, and pol/env genes with 
varying lengths in the range 104–200 bp.  

 
Table 1. JSRV strains used for sequence analyses. 
Group Strains Year Accession No. Length (bp) Origin 
Exogenous JSRV 
A1 Jaagsiekte sheep retrovirus isolate HH13 2013 KX817296 6,943 China 
A2 Jaagsiekte sheep retrovirus isolate sheep/C1/China/2013/G1 2013 KP691837 7,456 China 
A3 Jaagsiekte sheep retrovirus 2006 DQ838494 7,430 China 
A4 Ovine pulmonary adenocarcinoma virus JSRV21 1998 AF105220 7,455 UK 
A5 JS7 2001 AF357971 11,791 (7,841) UK 
A6 Jaagsiekte sheep retrovirus 1992 M80216 7,462 South Africa 
A7 Jaagsiekte sheep retrovirus strain DL37 2017 MN161849 7,460 India 
A8 Patent WO2004104032 2004 CQ964469 7,455 USA 
A9 JSRV-USA 2000 NC001494 7,462 USA 
Endogenous JSRV 
B1 Ovis aries endogenous virus Jaagsiekte sheep retrovirus 2000 DQ838493 7,942 China 
B2 enJSRV 5f16 2000 AF136224 6,916 South Africa 
B3 enJSRV 5.9A1 2000 AF136225 6,696 South Africa 
B4 enJSRV 5.6A1 2000 AF153615 7,940 South Africa 
B5 Ovis aries isolate HamJ1 endogenous virus Jaagsiekte sheep retrovirus 2017 MF175067 7,941 USA 
B6 Ovis aries isolate HamJ2 endogenous virus Jaagsiekte sheep retrovirus 2017 MF175068 7,941 USA 
B7 Ovis aries isolate HamM endogenous virus Jaagsiekte sheep retrovirus 2017 MF175069 7,941 USA 
B8 Ovis aries isolate KarJ endogenous virus Jaagsiekte sheep retrovirus 2017 MF175070 7,941 USA 
B9 Ovis aries isolate KarM endogenous virus Jaagsiekte sheep retrovirus 2017 MF175071 7,941 USA 
B10 Ovis aries strain enJSRV-1 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680311 7,989 USA 
B11 Ovis aries strain enJSRV-2 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680310 7,937 USA 
B12 Ovis aries strain enJSRV-3 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680309 7,835 USA 
B13 Ovis aries strain enJSRV-4 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680317 3,294 USA 
B14 Ovis aries strain enJSRV-5 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680305 7,921 USA 
B15 Ovis aries strain enJSRV-6 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680319 5,914 USA 
B16 Ovis aries strain enJSRV-7 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680298 7,941 USA 
B17 Ovis aries strain enJSRV-8 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680306 7,942 USA 
B18 Ovis aries strain enJSRV-9 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680316 5,593 USA 
B19 Ovis aries strain enJSRV-10 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680307 7,934 USA 
B20 Ovis aries strain enJSRV-11 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680303 7,945 USA 
B21 Ovis aries strain enJSRV-13 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680296 7,939 USA 
B22 Ovis aries strain enJSRV-14 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680308 7,946 USA 
B23 Ovis aries strain enJSRV-15 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680299 7,943 USA 
B24 Ovis aries strain enJSRV-16 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680300 7,941 USA 
B25 Ovis aries strain enJSRV-17 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680315 3,973 USA 
B26 Ovis aries strain enJSRV-18 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680301 7,941 USA 
B27 Ovis aries strain enJSRV-19 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680304 7,936 USA 
B28 Ovis aries strain enJSRV-20 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680302 7,941 USA 
B29 Ovis aries strain enJSRV-21 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680312 7,936 USA 
B30 Ovis aries strain enJSRV-23 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680313 7,549 USA 
B31 Ovis aries strain enJSRV-24 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680318 2,494 USA 
B32 Ovis aries strain enJSRV-25 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680314 7,581 USA 
B33 Ovis aries strain enJSRV-26 endogenous virus Jaagsiekte sheep retrovirus 2007 EF680297 7,875 USA 
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Further, the B14, B19 and B32 proviruses each had 
three CpG islands each located in the LTR, gag/pol, and env 
genes, with varying lengths in the range 100–203 bp. 
Furthermore, the B1, B3, B4, B10, B15, B18, B21, B28 and 
B29 proviruses each had two CpG islands located in the 
LTR and pol/env genes with varying lengths in the range 
105–183 bp. Our analysis also showed that the B12 and 
B30 proviruses each had two CpG islands located in the 
gag and pol/env genes with varying lengths in the range 
107–164 bp and the B13, B25, and B31 proviruses each 
had only one CpG island located in the env, gag, and env 
genes, respectively, with lengths 162, 164, and 200 bp, 
respectively (Table 3). 
 
Discussion  
 

Based on the genetic evolutionary tree analysis in this 
study, as previously described, the DQ838494 strain and 
enJSRVs belonged to the same branch suggesting a close 
relationship between them.21 However, the typical ScaI 
restriction site in the upstream U5 and downstream U3 
regions of the LTR region has been identified as an 
infectious exJSRV-specific enzyme cleavage map feature.30 
Additionally, it has been reported that the transmembrane 
(TM) region encoded by the env gene has a specific 
"YXXM" motif, which is a unique sequence of infectious 
exJSRV.31 Therefore, the DQ838494 strain was classified as 
an exogenous virus based on the molecular features of its 
proviral genome. Phylogenetic analysis also showed that 
strain KX817296 from Heilongjiang Province in China was 
closely related to enJSRVs in Clade A, however, it contained 
the “LHMKYXXM” motif, but not the ScaI enzyme site, 
indicating that it could be an exogenous virus.6 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 In this study, we also observed that the CpG islands in 

the two types of strains were primarily distributed in the 
LTR, gag, and env genes. At the proviral genome level, the 
exJSRV and enJSRV strains are very similar.2,32 Their two 
variable regions (VRs) are mainly located in the U3 regions 
of the LTR, gag (including two variable regions, VR1\VR2), 
and env genes.32,33 In particular, it has been reported that 
the env gene encodes the TM region (VR3) of proteins.32 
Further, we observed that nucleotide variation at the 
genome level explained the difference in the number and 
location of CpG islands between exJSRV and enJSRV strains 
to some extent. Reportedly, enJSRVs, which according to a 
previous study,21 represent the oldest proviruses, was 
clustered into clade A, and most of them except for B25 
(only 3,973 bp long) showed a defect in the CpG island 
within the gag gene. Additionally, abnormal DNA 
methylation is closely related to genomic abnormalities 
such as gene mutation and deletion.34  

A possible explanation for this observation is that 
methylation leads to gene instability.35-37 Particularly, 
previous studies have shown that DNA methylation 
increases gene mutation rate and that 5-methylcytosine 
can spontaneously deaminate to form thymine. 38 This 
process is more frequent than cytosine conversion to 
thymine.38 In addition, the types and active states of 
infected cells (e.g., clone expansion) and the chromatin 
environment (e.g., spatial structure, gene density, GC 
content, and repetitive elements) near the retroviral 
integration sites in the host genome may also be 
considered to influence differences in the number and 
location of CpG islands between the exJSRV and enJSRV 
strains.39,40 This can be further investigated in future in 
vitro and in vivo epigenetic experiments. 

Fig. 1. Evolutionary relationships of exJSRV and enJSRV strains. Phylogenetic analysis based on 42 nucleotide sequences of previously 
published exJSRV and enJSRV proviruses was conducted using the neighbor-joining method (MEGA 5.0). The tree is drawn to scale with 
branch lengths provided in the same units as the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances 
were computed using the maximum composite likelihood method. Further, bootstrap values were estimated for 1,000 replicates. 
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The number of CpG islands located in the LTR region 
and gag gene (especially the latter) differ among exJSRV 
strains. The study has confirmed that the U3 region of the 
LTR and env proteins of JSRV are synergistically 
responsible for this unique tissue tropism.41 Notably, the 
LTRs of JSRVs contain viral promoter and enhancer 
elements are needed to drive transcription and numerous 
studies have demonstrated several enhancer elements in 
the LTR of JSRVs.42,43 The difference in the number of CpG 
islands among exJSRV strains may influence the 
transcriptional specificity of exJSRV LTRs in viral infected 
cells and thereafter determine their pathogenicity and 
disease specificity. The gag gene encodes several 
structural proteins including nucleocapsid, matrix and 
capsid which is required to encapsulate the viral RNA 
genome and form the viral particle core.43 Our study 
showed that the gag gene of some exJSRV strains had one 
to two CpG islands. Further, the difference between the 
exJSRV strains with respect to the number of CpG islands 
within the gag gene possibly affected the synthesis of 
structural proteins which contributed to the assembly of 
progeny viral particles. In future studies, it would be 
necessary to investigate whether DNA methylation is 
involved in the regulation of JSRV LTR transcriptional 
activity and the synthesis of gag-encoded proteins, 
thereby, affecting the pathogenicity of the virus. 

The env protein of exJSRVs is a major factor for 
inducing cell transformation and OPA tumorigenesis in 
vitro.44,45 In this study, our analysis revealed that all exJSRV 
and enJSRV strains had at least one CpG island within the 
env gene. It has also been observed that the env gene 
encodes the viral Env protein, a glycoprotein containing 
approximately 615 amino acids that can be cleaved into 
surface and a TM protein by cellular furin protease.1 
Further, exJSRV TM proteins contain a 45-amino acid 
cytoplasmic tail (CT) region comprising the "LHMKYXXM" 
motif, where "YXXM" is required for exJSRV-induced cell 
transformation. Furthermore, no enJSRV env protein 
contains the "LHMKYXXM" motif in the CT region of the 
TM protein.6 Previous studies have shown that oncogene 
activation and tumor suppressor gene inactivation are 
mainly mediated by changes in DNA sequences caused by 
gene mutation and deletion.46 However, tumor research, 
mutations or deletions have not yet been detected in many 
important tumor genes and it is generally considered that 
abnormal gene expression primarily results from DNA 
methylation.47,48 Whether DNA methylation is involved in 
cell transformation induced by the exJSRV Env protein 
remains to be further verified. 
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