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A new subgroup of avian leukosis virus (ALV), designated subgroup J, was identified recently. Viruses of this
subgroup do not cross-interfere with viruses of the avian A, B, C, D, and E subgroups, are not neutralized by
antisera raised against the other virus subgroups, and have a broader host range than the A to E subgroups.
Sequence comparisons reveal that while the subgroup J envelope gene includes some regions that are related
to those found in env genes of the A to E subgroups, the majority of the subgroup J gene is composed of se-
quences either that are more similar to those of a member (E51) of the ancient endogenous avian virus (EAV)
family of proviruses or that appear unique to subgroup J viruses. These data led to the suggestion that the
ALV-J env gene might have arisen by multiple recombination events between one or more endogenous and
exogenous viruses. We initiated studies to investigate the origin of the subgroup J envelope gene and in
particular to determine the identity of endogenous sequences that may have contributed to its generation. Here
we report the identification of a novel family of avian endogenous viruses that include env coding sequences that
are over 95% identical to both the gp85 and gp37 coding regions of subgroup J viruses. We call these viruses
the ev/J family. We also report the isolation of ev/J-encoded cDNAs, indicating that at least some members of
this family are expressed. These data support the hypothesis that the subgroup J envelope gene was acquired
by recombination with expressed endogenous sequences and are consistent with acquisition of this gene by only

one recombination event.

In 1991, Payne and colleagues reported the isolation of new
nonacute transforming avian retroviruses that exhibited a nov-
el subgroup specificity designated subgroup J (1, 4, 5, 32-35).
Biological assays revealed that subgroup J viruses differed from
the previously characterized avian A to E virus subgroups in
terms of patterns of viral interference, cross-neutralization,
and host range (4, 34). The subgroup specificity of avian ret-
roviruses is determined by the surface (SU) envelope protein
gp85 (4, 9, 10, 17, 34). The second protein encoded by env is
the transmembrane (TM) protein, or gp37, which serves to an-
chor gp85 to the membrane (reviewed in reference 28). Se-
quence comparisons of env genes of the prototype avian leu-
kosis virus subgroup J (ALV-J) strain HPRS-103 as well as
additional ALV-J isolates revealed that the subgroup J gp85
protein, which is the primary determinant of subgroup speci-
ficity, showed only a 40% overall level of identity to the gp85
genes of the subgroup A to E viruses (4, 5, 7, 42). This is in
contrast to the A to E subgroups, which are over 85% identical
to each other, differing primarily in hypervariable and variable
regions that determine subgroup specificity and neutralization
patterns (9, 10, 17, 41). As reported several years ago, however,
the subgroup J env gene does include sequences that are highly
related to a member of the ancient endogenous avian virus
(EAV) family called E51 (11, 12, 18), as well as other regions
that appear unique to subgroup J viruses. These data led to the
suggestion that the subgroup J envelope gene might have been
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generated by multiple recombination events between one or
more exogenous and endogenous viruses. Studies in this report
were therefore initiated to investigate the origin of the sub-
group J envelope gene and particularly to define the potential
endogenous virus parent(s) that might have contributed to this
gene.

Three major families of endogenous viruses have been iden-
tified in chickens. The best characterized are the evs (endog-
enous viruses). Twenty-one of these proviruses have been iden-
tified and characterized in White Leghorn chickens (3, 14, 27,
38). Some of the evs, such as ev-3 and ev-6, are expressed and
produce functional envelope glycoproteins, while others, such
as ev-1, are classified as transcriptionally silent (6, 23, 24). In
addition, several nondefective evs such as ev-2 have been iden-
tified that can give rise to infectious virus. All evs that include
an env gene exhibit a common subgroup specificity designated
E. Sequence comparisons reveal that the E subgroup is as
highly related to the A to D subgroups of exogenous viruses as
these exogenous virus subgroups are to each other, showing an
overall level of identity of 85 to 90%. While most lines of
chickens contain several evs, animals have been bred to lack all
copies of this family of endogenous viruses (2). These animals
are referred to as ev-0 lines.

The second class of endogenous viruses are the ancient
EAVs (11, 12, 18). These proviruses were originally identified
by low-stringency hybridization of ev-0 cell DNA with avian
leukosis-sarcoma virus (ALSV) probes which revealed the
presence of approximately 50 copies of EAV per genome in
many avians, including the domestic White Leghorn chicken as
well as the progenitor of the domestic chicken, red jungle fowl.
The EAV family has not been fully characterized, but appears
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to be diverse. Sequence comparisons of different members of
this family (which include EAV-0 proviruses and ES1-related
proviruses) reveal variability in long terminal repeat (LTR)
length and sequence composition. Although diverse, all of the
EAYV proviruses that have been characterized are defective. In
fact, only one member, called E51, contains what appears to be
an intact env gene; all others include deletions of part or all of
SU. Although grossly intact, sequence analysis of ES1 demon-
strated that it contains deletions and point mutations through-
out env. Thus, even though some EAVs are expressed, there is
no evidence that they give rise to functional viral envelope
proteins, and their subgroup specificity is therefore unknown.

The third class of endogenous avian viruses are the avian
retrotransposons (ART-CH) (22, 30). These elements, also pres-
ent at approximately 50 copies per genome, are relatively small
elements (about 3 kbp in length) that include short regions that
show similarity to the ALSV genome. The ART-CH elements
are transcriptionally active and include a potentially translated
portion of the gag gene, although no protein product encoded
by these elements has been described.

To investigate the potential endogenous virus origin of the
subgroup J envelope gene, we generated probes specific for the
2p85 and gp37 regions of env by using an infectious molecular
clone of a U.S. field isolate of a subgroup J virus (ADOL-R5-4)
(7,19, 20). These probes allowed us to isolate and characterize
members of a novel family of avian endogenous viruses that we
call the ev/J viruses that show over 95% identity to the sub-
group J envelope gene in infectious ALV-J isolates. We also
report the isolation of ev/J-encoded cDNAs. Based on these
data, we propose that the subgroup J envelope gene was ac-
quired entirely from these novel endogenous sequences.

MATERIALS AND METHODS

Oligonucleotide primers, PCRs, and cloning PCR products. One set of prim-
ers was generated to amplify sequences within the transmembrane portion of the
ALV-J gp37 gene that is unique to the subgroup J env gene. This region is de-
fined by residues 6796 and 7015 in the published HPRS-103 ALV-J sequence (4).
The sequences of the upstream and downstream oligonucleotides are 5'-ccctc
2agTTTACGCGCACGTTTG-3" and 5'-cgctcgagCCCGTCACATCGCGTTC,
respectively. The sequences in lowercase represent additional nucleotides added
to the 5’ ends of each oligonucleotide that included an Xhol site to facilitate
subcloning final PCR products. The SU-specific primers (which also included the
terminal Xhol site) were bounded by sequences 6013 and 6182 in the HPRS-103
sequence and were 5'-ccctcgagTTCACCAGTAACGAG-3" and 5'-cgetcgaGTA
AACCCATATG-3'. Another set of primers were designed to amplify intact
proviruses that included ALV-J-related envelope genes. These oligonucleotides
were synthesized based on partial sequence analysis of the LTRs of cDNA clones
described below and included NorI restriction sites on their 5’ ends. The up-
stream and downstream LTR primer sequences were 5'-atgcggeccgcTTCGTGA
TTGGAGGAAACACTTG-3' and 5'-atgeggecgcGTTACACTTGGCACACAA
AGGTGGCATAAC-3', respectively.

The TM and SU primers described above were used in PCRs with either the
cloned ALV-J isolate (ADOL-R5-4) (7, 19, 20) as a template (to generate probes
for Southern blot analysis) or with genomic DNA from ev-0 chicken cells (to clone
regions of the ev/J proviruses). Reactions were conducted under similar condi-
tions, included 20 pmol of each primer and 100 ng of purified template DNA,
and were conducted according to the manufacturers’ recommendations. The cy-
cle conditions were 95°C for 5 min, followed by 20 to 40 cycles of 94°C for 1 min,
55°C for 1 min, and 72°C for 1 min, after which time samples were incubated at
72°C for 5 min before holding at 4°C. In all cases, PCR products were gel purified
before further manipulations. In the case of the TM and SU probes for Southern
blot analysis, PCR products were digested with Xhol, self-ligated, and labeled by
nick translation as described previously (16). For subcloning, PCR products were
digested with X#ol and cloned into the Xhol site of pBluescript. Subsequent
propagation and sequencing were conducted essentially as described previously.

The LTR primers were used in PCRs with ev-0 genomic DNA to obtain
products that included intact ev/J proviruses. The reaction conditions for this
assay were 95°C for 5 min, followed by 40 cycles of 95°C for 1 min, 60°C for 1 min,
and 72°C for 12 min, after which time samples were incubated at 72°C for 10 min
before being held at 4°C. PCR products were then digested with NotI, gel
purified, ligated into the NotI site of pBluescript (Stratagene), and sequenced.
The env gene sequence of one clone (4-1) is included in Fig. 4.
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FIG. 1. The SU and TM proteins of ALV-J include regions that are unique,
regions that are similar to those of an ancient endogenous virus (E51), and
regions related to those of other ALVs. The diagrams depict the predicted amino
acid sequence of the gp85/SU (A) and gp37/TM (B) proteins of ALV-J com-
pared with those of the ancient endogenous virus E51 and of the ALV A to E
subgroups. White boxes depict regions that are common (over 80% identity)
between all three env proteins, black boxes depict regions that are at least 90%
identical between E51 and ALV-J Env, and shaded boxes depict regions that are
less than 80% identical between any of the virus types.

Southern blot analysis of ev-0 DNA. Three samples of ev-0 DNA were ob-
tained for genomic Southern blot analysis. One of these DNAs was purified from
a continuous line of ev-0 fibroblasts (DF-1) cells, kindly provided by Doug
Foster, University of Minnesota. The other two ev-0 DNAs were obtained from
erythrocyte DNA of two White Leghorn chickens maintained at the Poultry
Research Facility at the University of Minnesota. Isolation, restriction digestion,
and Southern blot analysis of genomic DNA were performed essentially as de-
scribed previously (15).

Identification and isolation of ev/J genomic and ¢cDNA clones. To identify
genomic sequences that included potential ev/J proviruses, a chicken genomic
library (15) was screened with an ALV-J SU-specific probe generated with the
SU primers described above. Of 4 X 10° plaques screened, 19 positive clones
were detected and plaque purified. Preliminary characterization of DNA purified
from these clones indicates they include at least two categories of proviruses that
differ in length. The env gene of one of these clones (1C) was completely
sequenced and is shown in Fig. 4. As indicated, it includes a deletion of the
amino-terminal end of SU.

To isolate ev/J-encoded cDNAs, we obtained a cDNA library from Sharon
Soodeen-Karamath and Ann Gibbins at the University of Guelph that had been
constructed from RNA isolated from 48-h-old White Leghorn chicken embryos.
Of approximately 10° plaques screened with the 220 ALV-J-specific TM probe,
3 positive clones were obtained, purified, and sequenced. None of the clones
analyzed contained a full-length env coding region, and although virtually iden-
tical in sequence, each clone ended at different locations within env. The se-
quence of the longest of these clones (18-112) is shown in Fig. 4.

The conditions for generation and cloning of the ev/J proviruses from PCR
products are described above. The sequence of the most complete product,
which includes an intact SU and TM coding region (4-1) is included in Fig. 4.

Nucleotide seq e accessi ber. The GenBank accession no. for the
sequences presented here are AF082078 (ev/J clone 1C), AF082079 (ev/J clone
4-1), and AF082080 (ev/J cDNA clone 18-112).

RESULTS

Comparison of the subgroup J envelope gene with those of
other virus subgroups. The line drawing in Fig. 1 depicts the
ALV-J gp85 (Fig. 1A) and gp37 (Fig. 1B) proteins and the
percent identity of discrete regions of these proteins relative to
those of previously identified ALSV Env proteins. As shown,
the ALV-J gp85 protein is similar to the gp85 proteins of the
subgroup A to E viruses only in the amino-terminal 43 amino
acids where it shows 84% identity and in two regions near the
carboxy terminus which show 81 and 48% identity; other re-
gions of the subgroup J gp85 protein are unrelated to subgroup
A to E env proteins as judged by both nucleotide and amino
acid-based search programs (4, 5, 7, 42). This is in contrast to
the A to E gp85 proteins, which show approximately 85%
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similarity to each other. The ALV-J gp37 (TM) protein shows
an overall identity of approximately 65% to those of the A to
E subgroups. However, sequence alignments reveal that this
identity is not evenly distributed throughout the protein. Instead,
a high degree of identity (84%) between the ALV-J and sub-
group A to E TM proteins is evident in the central portion of
the protein, while the amino-terminal end and the carboxy-
terminal end (which encodes the transmembrane portion of
the protein) exhibit 67 and 32% identity, respectively. Thus,
while discrete regions of the subgroup J gp85 and gp37 pro-
teins are clearly related to those of the common A to E virus
subgroups, the subgroup J proteins are composed largely of
sequences unrelated to these previously characterized env
genes.

These data are in contrast to results obtained when the gp85
protein of ALV-J is compared with the predicted amino acid
sequence of gp85 encoded by the ancient EAV ES51 (11, 12,
18). The E51 provirus is the only member of the ancient family
of EAVs that includes a full-length env gene (11). The sub-
group specificity of the E51 env gene is unknown, however,
since it contains small deletions and stop codons and is there-
fore unable to encode a functional envelope glycoprotein. Our
comparisons demonstrate that there are seven discrete regions
within gp85 of between 6 and 28 amino acids that show 90%
or more identity between ALV-J and ES51 (this alignment
requires correction of the several stop codons and small dele-
tions in the E51 coding region). These regions of high homol-
ogy, however, are interspersed with regions that show signifi-
cantly less similarity to E51 (between 25 and 79% identity [Fig.
1]). Similarly, while the central portion of the subgroup J gp37
protein shows an 83% level of identity to E51, the amino and
transmembrane portions of the protein are only approximately
40% identical to the ancient EAV sequence (Fig. 1B). Togeth-
er, these data demonstrate that the subgroup J env gene in-
cludes sequences related to those of other subgroups of
ALSVs, regions that are highly related to E51, and still other
regions that appear unique to the ALV-J env gene. These data
suggest either that the ALV-J env gene might have been gen-
erated by multiple recombination events between one or more
endogenous and exogenous viruses, at least one of which has
yet to be identified, or that it was acquired from one currently
unidentified source.

Detection of endogenous ALV-]J env-specific sequences by
Southern blot hybridization. A previous report demonstrated
the presence of ALV-J-related sequences in the chicken ge-
nome by Southern blot hybridization with a relatively large
probe from the SU portion of the ALV-J env gene (5). To
further explore the origin of the ALV-J env gene and to iden-
tify the potential endogenous virus component that might have
contributed to its generation, we probed the chicken genome
for ALV-J env gene-related sequences, concentrating initially
on sequences within the transmembrane portion of the ALV-J
gp37 TM coding region. As reported previously (5), this por-
tion of the ALV-J TM coding protein (nucleotides 6796 to
7015 of the published HPRS-103 sequence) is composed of
sequences that are unique to ALV-J; they show no homology
to any sequence in the database at the nucleotide level and
only an approximate 30 to 40% level of identity to other ret-
roviral TM proteins at the amino acid level. We therefore
reasoned that this sequence would be a useful reagent to iden-
tify J-related endogenous sequences. Subgroup J TM-specific
primers were generated and used to amplify a DNA fragment
corresponding to the transmembrane domain coding region by
using the cloned ADOL-R5-4 isolate of ALV-J (7, 19, 20) as a
template as described in Materials and Methods. The resultant
220-bp fragment was then purified, labeled, and used to probe
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Southern blots of EcoRI-digested genomic DNA. Results ob-
tained by using DNA from three different ev-0 animals are
shown in Fig. 2. As shown, between six and eight EcoRI bands
were detected in each sample; additional, higher-molecular-
weight bands were also variably present. Some bands were
present in all three samples, while others were not. This variability
is frequently seen with endogenous virus sequences in the genome
and indicates the sequences are segregating in the population.
Since the sequences used to probe this blot show no significant
homology at the nucleotide level to any previously identified
sequence in the database, these data suggest the presence of a
novel family of avian endogenous viruses that might have been
the source of at least a portion of the subgroup J env gene.

To determine whether portions of the SU coding region
might also detect this or another class of endogenous se-
quences, primers were used to generate a PCR product (span-
ning the region between positions 6013 and 6182 of the pub-
lished HPRS-103 sequence [primers depicted as underlined
sequences in Fig. 3B]) from the SU region of the ADOL-R5-4
cloned isolate of ALV-J (7, 19, 20) as described in Materials
and Methods. This probe would not be expected to detect the
ES1 provirus, since it has only approximately 70% homology to
ES51, and this level of identity would not allow efficient hybrid-
ization under the stringent conditions used in these studies.
Figure 2B shows the results obtained when the ALV-J SU
probe was used as a hybridization probe against the same blot
as shown in panel A. As shown, a virtually identical pattern of
hybridizing bands was obtained; the only exception was the
appearance of one additional band with the SU probe. This
finding indicates that the ALV-J-related env sequences within
the chicken genome include at least portions of both the TM
and SU coding region. Together, these data support the hy-
pothesis that the restriction fragments detected by the SU and
TM probes identify a novel class of endogenous viruses in the
chicken genome that are related to the ALV-J env gene.

Analysis of subgroup J SU- and TM-related endogenous
sequences. The data shown above indicate that there are at
least six different copies of the ALV-J env-related endogenous
viruses in the chicken genome. However, Southern blot hybrid-
ization does not provide a detailed picture of the relationship
between these endogenous sequences and the ALV-J env gene.
In addition, the Southern blotting approach provides only a
lower limit of the copy number of ALV-J env-related se-
quences, since if these sequences include conserved EcoRI
sites, then multiple copies could give rise to a common-size
restriction fragment. Therefore, to verify that these sequences
represent a novel class of ALV-J env-related sequences and to
utilize a different approach to estimate their copy number, the
same TM- and SU-specific primers described above were used
to directly amplify sequences from ev-0 chicken genomic DNA
as described in Materials and Methods. The results obtained
are shown in Fig. 3. As shown, 12 clones obtained after am-
plification with the TM primers were sequenced, 10 of which
were unique (Fig. 3A). We believe that variations in these
clones reflect variations in the genomic templates and are not
due to PCR-induced mutations, since sequencing the product
of a control amplification with the cloned ADOL-R5-4 isolate
of ALV-J as a template yielded a product identical to the
original cloned isolate (pTM-6 [Fig. 3A]). Comparison of these
endogenous clones to the ALV-J env gene sequences shows
that they are at least 97% identical to the TM domain of
ALV-J env gene. This is in contrast to the ES1 provirus, which
shows only a 51% match to ALV-J within this region. Figure
3B shows that similar results were obtained with clones ob-
tained after amplification with SU-specific primers. In this
case, eight distinct sequences were obtained from sequencing a
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FIG. 2. ALV-J-specific SU and TM probes detect endogenous sequences in Southern blots of ev-0 chicken genomic DNAs. Total genomic DNA isolated from three
different ev-0 samples was purified, digested with EcoRI, and subjected to electrophoresis in 1% agarose gels. After Southern blotting, the filter was hybridized with
probes generated by PCR by using the cloned isolate of ALV-J (ADOL-RS5-4) as a template as described in Materials and Methods. (A) Results obtained with the
220-bp probe generated from the TM portion of the env gene. (B) Results obtained with the SU-specific probe. The filter was stripped between hybridizations and
monitored to verify that the signal seen with the TM probe was removed before rehybridization with the SU probe. Lane 1, DF-1 DNA; lanes 2 and 3, erythrocyte DNA
from two White Leghorn ev-0 chickens. As shown in panel A, the TM probe detects six clearly distinct EcoRI bands below 9.4 kbp in each sample; higher-molecular-
weight fragments are variably present. Some bands are common to all samples, while others are unique to one sample. As shown in panel B, the SU probe detects the
same fragments as were seen with the TM probe in addition to one unique fragment, marked by an asterisk. Numbers on the left are size markers in kilobase pairs.

total of 11 clones. These clones showed at least 95% identity to
the ALV-J env gene, while the E51 provirus shows only a 74%
identity over the same region. Together, these data strongly
support the hypothesis that at least the portions of the ALV-J
env gene examined in these analyses are derived from a novel
class of endogenous viruses that are over 95% identical to the
ALV-J env genes of infectious viruses and that these endoge-
nous sequences are present in approximately 10 copies in the
avian virus genome.

Isolation and sequence analysis of intact endogenous sub-
group J-related env genes. Sequence analyses of the ancient
EAVs revealed that most members contain large deletions
within env; ES1 was the only provirus identified that included
the entire SU and TM coding regions (11). However, the E51
env gene is unable to encode a functional protein, since it
contains stop codons and small deletions. To determine the
content of the ALV-J env-related sequences, we cloned and
sequenced endogenous ALV-J env-related sequences by three
approaches as described in Materials and Methods. The first
two approaches involved isolating phage clones that included
ALV-J env-related sequences from a chicken genomic library
and from a chicken cDNA library. Through characterization
of the cDNA clones, we identified sequences specific for the
LTRs of these ALV-J-related proviruses and used this informa-
tion to generate primers to amplify intact proviral sequences
from the genome by using PCR (a full description of these pro-
viruses and the LTR sequences is in preparation). The results
of sequencing the env genes obtained from each of these sources
are shown in Fig. 4. Clone 1C represents a genomic clone iso-
lated from a phage library; this clone contains a large deletion
in the amino-terminal portion of SU, a feature shared by other

clones obtained by this approach (data not shown). Clone 4-1
was obtained by PCR amplification of ev-0 DNA by using LTR
primers; this clone includes intact SU and TM coding regions.
Finally, the 18-112 clone represents a cDNA clone that in-
cludes an intact TM portion of the env gene and a partial copy
of the SU region; the SU coding region includes a 10-amino-
acid in-frame deletion. Although each of the clones analyzed
has an overall distinct content, sequence analysis demonstrates
that they all represent sequences with extremely high conserva-
tion to the ALV-J env gene. For example, the clones show only
between a 2.5% (1C and 4-1) and a 4.1% (18-112) variation from
the ALV-J env gene within the TM sequence, while all clones
showed under a 4% variation within the SU sequence. These data
clearly demonstrate that the ALV-J env gene present in infectious
virus isolates likely arose from these endogenous sequences and
could have in fact been acquired in one round of recombination.

DISCUSSION

The data presented in this report document the presence of
a novel family of avian endogenous viruses that exhibit a high
degree of sequence identity to the subgroup J envelope gene of
infectious ALV-J virus isolates. Based on this similarity, we have
designated these proviruses as the ev/J family. Our preliminary
characterization of this family indicates that there are between
6 and 10 copies of ev/J proviruses per genome and that at least
some of these elements are segregating in the population. The
isolation of an ev/J-encoded cDNA indicates that at least some
members of this family are expressed. We are currently con-
ducting additional analyses to quantitate the number of these
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FIG. 3. Sequence of endogenous ALV-J SU- and TM-related products amplified from ev-0 DNA. TM (A) and SU (B) sequences were amplified from DF-1 DNA
by using the ALV-J-specific primers, cloned, and sequenced as described in Materials and Methods. The pTM6 clone is a subclone of the ADOL-R5-4 TM portion
of the env gene that was amplified along with genomic DNA; the sequence obtained was identical to that of the original plasmid. Brackets indicate regions that were
not sequenced, and dashes indicate sequence identity with the HPRS-103 sequence. Numbers above the HPRS-103 sequence are from reference 5. The underlined

sequences define the oligonucleotides used in amplification reactions.

elements and to determine their diversity in terms of structure
and sequence variability.

Analyses of the EAV family of endogenous viruses have
demonstrated that the majority of proviruses contained large
deletions in env that included most of the SU portion of the env
gene (11). While the env gene of one EAV provirus (E51)
appeared to be intact, sequence analysis demonstrated that it
was also defective, since it contained multiple stop codons and
small deletions. These results are in contrast to our data with
the ev/J family. Southern blot hybridization analysis indicated
that all EcoRI fragments that were detected with the ALV-J-

specific TM probe were also detected by the ALV-J-specific
SU probe, demonstrating that all env genes detected by this
technique included at least a portion of SU sequence. In ad-
dition, of the 19 genomic phage clones that were originally
detected with the SU probe, 17 also scored positive for the TM
region, supporting the hypothesis that most of the ev/J env
genes include both SU and TM regions (data not shown).
Finally, sequence analysis of the 4-1 PCR clone demonstrated
that this provirus contained an intact env gene, extending
through both the SU and TM coding sequences. The predicted
amino acid sequence of this gene differs in only 15 amino acids
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FIG. 4. Predicted amino acid sequences of the ALV and ev/J env gene products. Endogenous env genes were sequenced from a phage clone isolated from a genomic
library (1-C), a PCR product generated with ev/J-specific LTR primers (clone 4-1), and a c-DNA clone (18-112). The methods used to obtain each type of clone are
described in Materials and Methods. The gap in the sequence denotes the boundary between gp85 and gp37. Dashes indicate identity with the ALV-J sequence, brackets
define the boundary of sequenced regions, and dots indicate deletions in clones relative to ALV-J.

from that of the ALV-J env gene (an approximate 3% varia-
tion); 5 of these changes are conservative changes and 4 more
are changes that are also seen in either the genomic phage env
gene isolate or in the cDNA clone. While we have not yet
isolated an intact cDNA clone, the finding that at least one of
the ev/J family members appears to be expressed, together with
the finding that at least one member (4-1) contains an intact
eny gene, supports the hypothesis that the subgroup J envelope
gene could have been acquired by an exogenous virus in one
recombination event.

The discovery of the ev/J family of proviruses is of interest
for several reasons. The first is based on reports that subgroup
J viruses, during the course of infection, give rise to antigeni-
cally distinct variants that exhibit differences in neutralization
properties (35, 42). One mechanism that could give rise to this
variation is continued recombination with different members
of the ev/J family. While the degree of identity between env
genes of infectious isolates and the different ev/J proviruses
analyzed to date is high, it is possible that minor differences in
eny gene sequences between proviruses could affect the bio-
logical properties of the protein. Alternatively, it is possible
that subgroup J env genes could be efficient substrates for
recombination with expressed members of the EAV family of
viruses, since they are highly homologous in specific portions of
env. This mechanism has been described with feline leukemia

virus (FeLV), where env gene variants are generated by re-
combination of exogenous virus with endogenous FeLV-re-
lated sequences (8, 13, 31, 36). Similarly, experiments with the
murine system have demonstrated that recombination between
ecotropic virus and endogenous sequences can generate virus
with an extended host range that is often found in leukemic
tissues (reviewed in reference 21). ALV-J provides an inter-
esting system with which to investigate generation of genetic
diversity, since it is undergoing high rates of change as it
spreads through commercial chicken stocks. In addition, the
availability of relatively homogeneous chicken lines that in-
clude only a limited number of endogenous ALV-J-related
sequences provides an experimental system amenable to pre-
cise analyses.

The hypotheses that the ev/J family of proviruses provided
the original subgroup J envelope gene by recombination and
that these proviruses might be continuing to provide genetic
variation to infectious virus by recombination requires that the
ev/J proviruses be expressed and that their transcript(s) include
packaging signals that mediate efficient incorporation into viri-
ons. These features are required, since recombination between
retroviruses necessitates that the genomes of the different vi-
ruses be copackaged in one virion to generate a heterozygous
particle (25, 26, 40). The finding of ev/J-encoded cDNAs indi-
cates that these elements are expressed, at least in early em-
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bryo tissues, from which the cDNA library used in our analyses
was constructed. However, we have not yet been able to con-
vincingly demonstrate the presence of ev/J-encoded transcripts
in RNA isolated from a chicken fibroblast cell line (DF-1 cells)
by Northern analysis. This finding suggests that these provi-
ruses are expressed at low levels in the DF-1 cells and/or that
these transcripts are not efficiently polyadenylated; we are cur-
rently pursuing these possibilities. The failure to detect ev/J-
encoded transcripts by Northern blotting analysis does not
alter their potential importance as recombination substrates,
however, since the ev-1 provirus, which is expressed at under
one copy per cell in fibroblasts (6, 23, 24) has been shown to
give rise to easily detectable recombinants with exogenous
viruses (14).

In addition to providing a potential source of genetic diver-
sity to infecting ALV-J, the presence of ALV-J-related endoge-
nous envelope sequences could impact ALV-J-induced patho-
genicity in additional ways. Most pathogenesis studies with
ALV-J have been conducted with the prototype English strain
HPRS-103 (32, 35, 37) and have demonstrated that this virus
induces a high incidence of myeloid tumors in some lines of
chickens. The finding that ALV-J can replicate in cultured cells
from animals that are resistant to ALV-J-induced disease (4,
34) demonstrates that resistance to ALV-J in vivo is not ex-
plained by the absence of a viral receptor in resistant animals.
Similar results have been obtained with lines of animals resis-
tant to ALV-induced bursal tumors. Further analyses of lines
of animals that are susceptible and resistant to ALV-J lym-
phomagenesis has demonstrated that resistant lines are able to
mount an effective immune response to the virus; they have
high titers of circulating neutralizing antibody and are able to
clear the virus (32, 35, 37). In contrast, susceptible animals lack
significant levels of circulating antibody and develop a persis-
tent viremia and late-onset myeloid tumors (32, 35, 37). It is
therefore possible that the expression of endogenous viruses in
different lines of animals might affect disease progression, sim-
ilar to results obtained in other systems. For example, endog-
enous expression of a functional envelope glycoprotein can be
at least partially protective to superinfection by a virus of the
same subgroup due to receptor blockage (16, 29). Alternative-
ly, it has been suggested that the endogenous expression of
even a truncated envelope protein could induce tolerance and
thereby result in increased susceptibility to lymphomagenesis
by infecting exogenous virus (39). Ongoing studies are being
conducted to investigate ALV-J-induced pathogenesis and a
potential role for ev/J sequences in this process.
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