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Avian Endogenous Viral Genes

Uco G. RovIGATTI* AND SUSAN M. ASTRIN*
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1 Introduction

Endogenous viruses are defined as germline gencs that code for the components of a
retrovirus, These genes are present in all cells of all tissues of an animal and are inherited
by progeny in a Mendelian manner. Two gencral methods have been used to detect the
presence of endogenous viral scquences in DNA of a given specics. First, scquence
homology with the genome of a known retrovirus can be demonstrated for the
chromosomal DNA. Second, production of viral particles or viral components can be
demonstrated for cells of the species. The first evidence for the existence of endogenous
viruses came from studies on spontancous leukemia in the murine system (for review see
Gross 1958a). There it was also shown that in lymphoid tumors induced by X rays, a
murine lcukemia virus was produced which caused similar tumors when injected into
unirradiated mice (Gross 1958b; Lieberman and Kaplan 1959). Endogenous viral genes
have now been shown to be essentially ubiquitous in vertebrate species including man.
The purpose of this article will be to describe and discuss the current state of information
with respect to the endogenous viral genes of the domestic chicken, Gallus gallus. We

* Institute for Cancer Research, Fox Chase Cancer Center, 7701 Burholme Avenuc, Philadelphia,
PA 19111, USA



2 U.G. Rovigatti and S.M. Astrin

will discuss DNA structure, gene products, and some current ideas about the relationship
between endogenous viral genes and disease.

Anavian retroviral particle contains an RNA genome composed of two indentical 8-
kilobase subunits, which are complexed with reverse transeriptase (a 154000-dalton pro-
tein composed of a and  suburuts of 92000 and 62000 daltons, respectively). Four other
proteins, termed group-specific antigens (gs), are internal to the viral particle (for reviews
see Vogrand Hu1977; Eisenmanand Vogr1978). The molecular weights of the four gs anti-
gens are 27000, 19000, 15000, and 12000 daltons, and they are processed from a precursor
of 76000 daltons. The viral envelope contains glycoproieins of 85000 daltons and 37000
daltons. In the avian system the envelope glycoprotein, which is the product of endo-
genous viral genes, is often termed chf or chick helper factor because production of
envelope protein by cells complements or helps the production of the envelope-defective
Bryan strain of Rous sarcoma virus ( Weiss 1969; H. Hanafusa et al. 1970).

Upon infection of a susceptible cell, the viral RNA is transcribed into a double-
stranded DNA provirus, which integrates into the host genome and serves as a template
for the synthesis of messenger RNA and RNA to be encapsulated into virions. When
such proviral sequences are present in DNA oi the germ cells of a species, they are term-
ed endogenous viral genes.

Endogenous viral genes were first demonstrated to be present in chicken cells in the
60s. A complement-fixation assay showed gs antigens to be present in uninfected cells
from chicken embryos (Dougherty and DiStefano 1966). Subsequently, gs expression was
shown 10 segregate as an autosomal dominant gene in crosses between a line which
produced the gs antigen and a line which lacked the antigen (Payne and Chubb 1968).
Another endogenous viral gene product, viral envelope or chf, was also identified in
embryo cells and could be rescued by infection and reccmbination with sarcoma or
leukosis viruses (H. Hanafusa et al. 1970; Weiss and Payne1971). Both gs and chf antigen
appeared to be present in several different flocks of white leghorn chickens and also in
wild jungle fowls ( Weiss and Biggs 1972). It was proposed that these antigens were the
products of defective viral genomes which resided in the cellular DNA. However, it soon
became clear that celis could also carry intact viral genomes, and that, in certain instan-
ces, viral particles could be reicased spontaneously or after induction by chemical and
physical agents. A virus with a distinctive envelope and host range was shown to be the
productof endogenous viral genes (7. Hanafusa etal. 1970; Vogtand Friis1971). This virus
was called RAV-0and later shown to be encoded by a specific genetic locus, ev 2(Astrinet
al. 1980a). A similar virus could be induced from normal chicken cells after treatment
with ionizing radiation or chemical carcinogens or mutagens ( Weiss et al. 1971).

Additional evidence for the presence of endogenous viral genes came from
biochemical data that indicated several copies of viral DNA were present in the cellular
genomes of cells expressing gs antigens (gs+ cells), as well as of cells lacking these anti-
gens (gs~ celis) (Rosenthal et al. 1971; Baluda 1972; Varmus et al. 1972; Neiman 1973).
However, RN As specific for the gs and chf antigens were present only in gs+ chf* cells,
suggesting a transcriptional regulation over the expression of these genes (Hayward and
Hanafusa 1973; Wang et al. 1977). However, gs and chf were not always coordinately
regulated (7. Hanafusa et al. 1972). Another viral function, which does not appear to be
expressed in a coordinate fashion with other viral genes, is the reverse transcriptase
(Weissbach etal. 1972; Eisenman et al. 1978). The genetics of the induction and spread of
RAV-0virus have been studied extensively (Critrenden et al. 1974,1977). RAV-0 propaga-
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tion and horizontal transmission are complicated by the fact that the cells of only a very
few lines of chickens are susceptidle to its infection. The possibility of control by two
different loci, one spe~‘fving the receptors for RAV-0 and the other acting as an epistatic
inhibitor of its infectivity, has been studied (Crittenden et al. 1974), and recently elucidat-
ed (Robinson et al. 1981). It had been speculated that the genes controlliry expression of
gs, chf, and RAV-0 production were regulatory, rather than structural genes (for review
see Tooze1973). That this is not the case has been shown only recently (Astrin 1978; Astrin
et al. 1980b).

2 The ev Loci

With the advent of restriction endonucleases and the Southern b'ot (Southern 1975), it
first became possible to look at the structure of a set of unique sequences in a eucaryotic
genome, providing one had a probe. Using radiolabeled avian leukosis or sarcoma virus
genomic RNA or radiolabeled cDNA (complementary DNA made by reverse transcrip-
tion), several groups began to look at the structure of the endogenous viral sequences in
chickens of different phenotypes. It was immediately ebvious that the situation was very
complicated. The standard enzymes gave very complex patterns, often containing five or
more bands, even with DNA from gs— chf~ chickens, and there did not appear to be
obvious correlations of pattern with phenotype. The situation was eventualiy elucidated
by a combination of both a biochemical and a genetic approach. Using several restriction
enzymes to screen a group of more than 150 birds of various phenotypes, Astrin (1978)
clearly demonstrated that certain gs—chf- birds gave the most simple pattern of bands
(three bands with EcoR1, BamHI, or Hindlll). In addition, these bands were included in
the pattern of all the other birds, and it was clear from the molecular weights that these
fragments represented internal fragments of the viral genome, as weli as junction frag-
ments containing viral and cellular sequences. On the assumption that the DN A vielding
the simple three-band pattern contained only a single endogenous provirus, more than 20
enzymes were screened and an enzyme, Sacl, was found which gave but a single band
with the test DNA. When Sacl was used to cleave the other DNAs, simplified patterns
emerged although, in most cases, multiple bands were still present, It was not clear
whether each and every band represented an individual provirus, or whether some pro-
viruses yield more than one fragment. However, it was possible at this stage to correlate
individual bands with certain phenotypes, and it was also clear that virtuaily all the DNAs
tested contained a common proviral element (4strin 1978).

Further clarification of the situation required a genetic approach. Matings were set
up in which homozvgous gs—chf- birds were mated with birds homozygous for the
gs*chf*, V+, or gs—chf* phenotypes. and the F, progeny were backcrossed to the gs—chf~
parent. The phenotypes and genotypes (DNA restriction patterns) of the parents’ F, pro-
geny and backcross progeny were determined (Astrin et al. 1980b). From these ex-
periments several major conclusions were possible. First, it was apparent that each Sacl
fragment represented a separate genetic locus for endogenous viral sequences. In
addition, there was an unexpectedly large number (> 10) of such loci, and one locus,
designated ev 1, was common to all the white leghomns tested. Finally, it was possible to
get an absolute correlation between segregation of a particular band (endogenous virus
locus) and segregation of a particular phenotype. Thus, a good case could be made for the
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Table 2. Associated phenotypes and identifying restriction fragments for 12 ev loci

Locus Phenotype Size of major Size of characteristic
Ssil fragment BamHI fragment -~~~
(kilobase pairs)® (kilobase pairs)®

evl none 94 5.2

ev2 v+ 6.0 8.2

ev3 gstchf* 6.3 7.3

evd none 8.7 73

evs none 190 13.0

evb gs~chl* 21.0 . 44

el v+ 130 = 7.6

evl none 180 230

a9 gs—chf* 230 11.0

el0 v+ 21.0 14.0

evll \'Ad 13.0 NI¢

evl2 v+ 8.1 NI¢

* This fragment is the right-hand virus cell junction fragment (see the restriction map for ev 1 in
Fig. 1). It contains the majority of the proviral sequences as well as cellular sequences adjacent to the
3 end of the provirus; ® This fragment is also the right-hand virus cell junction fragment (see the
ev1map in Fig. 1). [tcontains the proviral envsequences as well as cellular sequences adjacent to the
3" end of the provirus; ¢ Not identified

proposal thata particular locus coded for the proteins characteristic of a particular pheno-
type. Studies on the genetic content of the DNAs and RN As associated with each locus
(Hayward et al. 1980) strengthened these correlations, and it is now accepted that each of
the genetic loci identified by the above approach does indeed code for a specific pheno-
type of endogenous viral gene expression. The individual genetic loci have been
designated ev loci and numbered sequentially (Astrin 1978; Astrin et al. 1980b). Table 1
gives the frequency and distribution of the loci in flocks of white leghorns (data from
Tereba and Astrin 1980). Table 2 gives the associated phenotypes and identifying restric-
tion fragments associated with each locus (data from Astrin 1978; Astrinetal. 1980b). The
biochemical and genetic properties of the loci are discussed in detail below.

21evl

ev | has been reported to be present in 506 out of 508 white leghorn embryos examined
(Tereba and Astrin 1980). Since this locus is present in gs—chf— embryos (Astrin 1978), it
apparently does not express detectable viral protein products. The structure and tran-
scriptional products of ev] are shown in Fig. 1 (data from Hayward et al. 1980; Hughes et al.
1981a; Baker et al. 1981). As can be seen in the figure, the structure has no gross defects,
The gag, pol, and env genes appear intact, and the genes are flanked by a terminal repeat
0f 250 nucleotides (Skalka et al. 1979; Hishinuma et al. 1981). Transcriptional activity of ey
lis very low, however. Anapparently normal 35S (8 kilobase) message containing 5, gag,
pol, env, and 3’ sequences is produced, but in extremely low abundance (0.3-0.6 copies
per cell). Likewise, 2 normal 21S (3 kilobase) message containing §', env, and 3’ se-
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LOCusS STRUCTURE TRANSCRIPTS
- PER CELL
LTR gag pol env LTR
ﬂ 9 PO £ a— A O R OO
909 pol env
| o + + + 348 RNA 20- 60
—" 4+ @ 21S RNA  60-150

Fig. 1. Structure and transcriptional products forev], ev2, ev3, ev4, ev5, ev6,and ev9.C3 , cellular se-
quences; T8, long terminal repeat (LTR), composed of unique 3’ sequences (1 U3) and unique §'
sequences (B US3); cp, cellular promoter sequence. Restriction sites for Sst 1 (S) and Bam H1 (B) are
indicated for ev 1. The 5.2- and 9.4-kb fragments are the identifying fragments listed for ev 1 in
Table 2

quences is also produced in small quantities (0.1-0.3 copies per cell). Both messages have
been found in nuclei and cytoplasm (Hayward et al. 1980; Baker et al. 1981). Recent work
strongly suggests that methylation is in part responsible for the low level of expression of
ev 1. An embryo has been identified which spontaneously expresses ev 1. Cells of this
embryo produce a noninfectious particle containing gag polypeptides but lacking reverse
transcriptase and envelope antigen (Conklinetal. to be published). In addition, other e-1-
containing embryos can be induced to express such particles by treatment with 5-azacy-
tidine, an inhibitor of DNA methylation. The induced phenotype is stable for many
generations in culture. The appearance of DNase-I-hypersensitive sites in the chromatin
domain of ev 1 is correlated with its expression after S-azacytidine treatment (Groudineet
al. 1981). These results imply that the association of a gs—chf- phenotype with ev1is a
result of lack of efficient expression at the RNA level, due at least in part to methylation,
as well as to probable structural defects in the pol and env genes. .

The ev 1 provirus and flanking cellular sequences have been cloned using recom-
oinant DNA techniques (Hishinuma et al. 1981). Using these clones, a comparison has
been made between the structure of endogenous viral sequences and the structure of an
exogenously acquired provirus. As mentioned above, the basic structure of the two types

- of provirus is very similar. The following common features are found. First, long terminal
repeats (LTRs) flank the viral genes. The repeats flanking ev 1 are shorter than any other
LTRs studied so far - only 273 base pairs, as compared to 325-1300 base pairs for other
viruses, However, the ev 1 LTRs contain most of the regulatory sequences known to be
present in other viral LTRs, such as a tRNA'” primer binding site, an AT-rich region
similar to the Hogness box consensus sequence 32 nucleotides before the 5* capsite,and
polyadenylation signals about 20 nuclectides upstream from a CA dinucleotide. A se-
cond common feature is that a 6-base-pair sequence, present only once in the cellular
DNA lacking ev1, is repeated once at either end of the provirus in DNA containing ev 1.
Such a repeat flanks exogenously acquired proviruses, as well as procaryotic and eu-
caryotic transposable elements. Itis by virtue of these common structural features (LTRs
and a repeat of flanking host sequences) that transposable elements and endogenous and
exogenous retroviruses have been proposed to share a common origin and a common
integration mechanism (Hishinuma et al. 1981; Ju and Skalka 1980; Shimotohno et al.
1980; Dhar et al. 1980; Majors and Varius 1981; Roeder et al. 1980; Dunsmuir et al. 1980;
Levis et al. 1980).
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By the use of in situ hybridization techniques, ev 1 has been localized to the long arm
of chromosome 1(Tereba et al. 1979; Tereba and Astrin 1980). This result agrees with the
results of studies using chromosome fractionation (Padgett et al. 1977). More recently,
five other endogenous loci (ev 4, ev 5, ev 6, ev 8, and ev 13) have been localized to
chromosome 1. Common structural features of these loci have led to the proposal that
they have been generated by duplication and transposition of ev1 sequences (7ereba 1981;
Tereba and Astrin 1982). Cloning and sequencing studies now in progress should provide
additional data with which to evaluate this interesting hypothesis.

22ev2

Locus ev2 has been found exclusively in RPRL lines 7, and 100 {Astrin 1978; Tereba and
Astrin 1980). Genetic studies have demonstrated that this locus codes for RAV
produced by these lines (A4strin et al. 1980a). The proviral structure and transcriptional
products for ev 2 are shown in Fig. 1. The locus appears structurally complete (Hayward et
al. 1980; Hughes et al. 1981a), but is associated with an extremely low transcriptional
activity. Between 0.1 and 0.5 copies per cell of apparently normal 35S and 21S messages
are produced (Hayward et al. 1980). This leads to the production of extremely small quan-
tities of RAV-0 virus. In the cultures of line 7, embryos, the cells of which lack receptors
for subgroup E virus and therefore cannot be infected by the RA V-0 they produce, no
additional virus is obtained. However, in cultures of embryos such as line 100, which by
virtue of being susceptible to infection acquire additional RAV-0 proviruses derived
from ev2, the quantity of virus produced is 10’ to 10"-fold greater (Robinson 1978; Critten-
den et al. 1979). Thus, although ev2 is extremely poor in transcriptional activity, the virus
it produces forms transcriptionally active proviruses. Several proposals have been made
to account for this phenomenon.

Early studies using a transfection assay to analyze infectivity of DNA from high and
low producers of RAV-0 indicated that DNA infectivity parallels virus production. It was
proposed that cis-acting regulatory sequences inhibited transcription of the ev2 locus, but
not of other RAV-0 proviruses acquired by virus infection of susceptible cells (Cooper
and Temin 1976). These conclusions were supported by the observation that infectivity of
the ev2 locus could be increased by shearing the cellular DNA to approximately the size
of the provirus (Cooper and Silverman 1978). In further experiments, clones of cells con-
taining ev 2 as well as exogenously acquired RAV-) proviruses were investigated for sites
of proviral integration, DNA infectivity, and expression of RNA and virus (Jenkins and
Cooper 1980; Humphries et al. 1979, 1981). Each exogenously acquired provirus had a dif-
ferentsite of integration; RNA expression, virus production, and DN A infectivity varied
30- to 100-fold when different clones were compared. It was concluded that differences
in flanking cellular sequences and/or in modifications such as methylation of proviral
DNAs were responsible for the observed differences in expression. The methylation hy-
pothesis is supported by recent experiments in which the ev 2 locus has been shown to be
activated by 5-azacytidine to produce high levels of RAV-0 virus (Eisenman et al. to be
published). The activation was shown to correlate with decreased methylation of the lo-
cus.

In situ hybridization to metaphase chromosomes has indicated that ev 2 is located
near the middle of the long arm of chromosome 2 ( Tereba et al. 1981). Thus far, ev2is the
only endogenous viral locus localized to chromosome 2.
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The genome of RAV-0, the gene product of the ev 2 locus, has been compared with
the genomes of Rous sarcoma virus (RSV), the avian leukosis viruses (ALV), and other
exogenous retroviruses of the avian system. The major techniques used in these com-
parisons have been oligonucleotide maps of the RNA genomes and restriction enzyme
maps and sequencing studies of cloned proviral DNA. Of course, the acute transforming
viruses such as RSV contain a gene which codes for a transforming protein. These trans-
forming gencs are not present in the genomes of the leukosis viruses, such as RAV-2, or
of RAV-0 and other endogenous viruses. Comparison of the gagand pol regions reveals
a strong homology for all the viruses (Shank et al. 1981). However, in the env region and
the U3 region of the LTR, considerable divergence occurs between the cndogenousand
exogenous viruses (Skalka etal. 1979; Tsichlisand Coffin 1980; Hishinumaet al. 1981). The
envelope glycoproteins of the exogenous viruses have been classified as A, B, C, or D by
genetic and biocheémical assays. RA V-0 and all other endogenous chicken virusesisolated
to date have a subgroup E cnvelope (for review see Vogt 1969). Oligonucleotide and res-
triction enzyme maps show a corresponding divergence in the envelope regions of the
genome. A second diflerence occurs in the region of the viral LTR, termed U3. This
region corresponds to several hundred nucleotides at the 3‘ end of the viral RNA and has
also been called the C, or constant region. Whereas the U3 or C regions of all the exo-
genous retroviruses show a close homology, the C region of RAV-0 and other endo-
genous viruses is distinctly different from that of the exogenous viruses (7sichlisand Caof-
Jin 1980). The sequence difference manifests itself biologically in two significant ways.
First, the difference in C has been observed to be the major determinant for a difference
in growth rate between RAV-0, which grows comparatively slowly, and the exogenous
viruses which show a more rapid growth ( Tsichlis and Coffin 1980). Second, the difference
in C region has been implicated in the failure of the endogenous viruses to cause disease,
whereas the exogenous viruses cause a wide variety of acute as well as long latent period
ncoplasms (Crittenden ct al. 1980; Robinson ct al. 1980). Acute diseasc is caused by the
presence of transforming gencs such as myc, sre, erb, and myb, genes which are not
present in the leukosis viruses or the endogenous viruses. However, the long latent
period neoplasms, such as bursal lymphoma, are readily induced by the leukosis viruses
and also hy transformation-delective sarcoma viruses, bul are never seen in connection
with infection by RAV-0 or any other endogenous virus. This striking difference has
been shown Lo be correlated with the difference in the C regions of the viruses (Critrenden
ctal. 1980; Robinson etal. 1980). Since the U3 region encodes 2 promoter for transcription
by RNA polymerase 11, it is possible to explain both the inefficient growth of RAV-0 and
the lack of discase-producing capability by postulating that the RAV-0 promoter is
markedly less efficient than that of the exogenous viruses. This hypothesis is made very
plausible by the finding that diseases such as bursal lymphoma, which are associated with
infection with leukosis viruses, are a result of activation of a cellular oncogene by inser-
tion of the viral promoter sequences (Neel et al. 1981; Payne et al. 1981; Hayward et al.
1981). If the RAV-0 promoter were inefficient, it might lack the capacity to activate cellu-
lar oncogene expression to a level suitable for tumor formation.

23ev3

ev 3 codes for the proteins characteristic of the gs+chf *'phenotype (expressing gag and
env). ev 3 was originally identified as being present in more than 60 gs+chf* birds from



10 U.G. Rovigatti and S.M. Astrin

four different flocks (Astrin 1978). Genetic experiments using RPRL line 6; and Kimber
line K16, both of which are homozygous for ev 3, were used to analyze segregation of ev3
and of the gs*chf* phenotype (Astrin et al. 1979b; Astrin and Robinson 1979). F, progeny
of a cross between a line 6; or K16 parent and a gs—chf~ parent were backcrossed to the
gs—chf- parent. Seventy-nine progeny of the backcross matings were analyzed, and an
exact correlation between the segregation of ev 3 and of the gs+chf+ phenotype was
observed.

The proviral structure and transcriptional products of ev 2 are shown in Fig. 1. The ev3
provirus is defective, lacking part of the gag region, as well as a portion of the pol region
(Hayward et al. 1980; Hughes et al. 1981a). A 31S (6.5 kilobase) transcript is produced at
levels of 50-150 copies per cell and is found in both nuclei and cytoplasm (Hayward et al.
1980; Bakeret al. 1981). This transcript contains an internal deletion in the gag-poi region,
This defect correlates with the fact that ev3 cells do not contain the normal 180 000-dalton
gag-pol precursor protein, but instead contain a 120000-dalton polyprotein which lacks
the gag determinants specific for P15, as well as some polymerase determinants. The
120000-dalton polyprotein is not cleaved to yield functional P27, P19, and P12 gag com-
ponents or functional reverse transcriptase (Eisenman et al. 1978). A second transcript of
3 kilobases (21S) is also found in e-3-containing cells. This transcript appears identical to
a normal env message, and is present at a level of 30-80 copies per cell in both nuclei and
cytoplasm. A 198 (2.3 kilobase) transcript containing gag sequences is present at 10-30
copies per cell, but is restricted to t}2 nucleus and may represent a residual product of
processing of the env message (Hayward et al.-1980; Bacer et al. 1981).

- Work on the chromatin structure of the ev 3 locus (Groudine et al. 1981) has demon-
strated that the ev 3 sequences are under-methylated as compared to ev | sequences. In
addition, the locus is preferentially sensitive to DNAse 1 digestion, and contains nu-
clease-hypersensitive sites in each of its two LTRs. These features correlate nicely with
the transcriptional activity of er 3.

In situ hybridization experiments using metaphase chromosomes from line 6; have
indicated that ev 3 is located on a microchromosome (Tereba 1981).

24 evd,evS,and ev 8

Each of these three loci has been found in gs—chf~ cells (Astrin 1978), an indication that
they do not express detectable viral protein products. Structures for the proviruses are
shown in Fig. 1. No transcriptional products have been detected for ev4 or ev 5 (Hayward
etal. 1980). Lack of transcriptional activity of ev4 and ev 5 is not surprising, since each lo-
cus has a deletion of 5’ sequences and lacks the 5" LTR, the putative promoter for viral
transcription (Hayward et al. 1980; Hughes et al. 1981a; Baker et al. 1981). No information
on transcriptional activity or proviral defectiveness has been reported for ev 8.

ev4 and ev 5 have been shown to be genetically linked in mating experiments where
recombination between the two loci could be analyzed (4 strin et al. 1979b). Results of in
situ hybridization experiments confirm this linkage and indicate that the two loci lie in
proximity on the long arm of chromosome 1(Tereba 1981; Terebaand Astrin 1982). As has
been alluded to above, ev4, ev 5, ev 6, ev 8, and ev 13 have all been localized to chromo-
some 1 by in situ hybridization. This finding has served as a basis for the hypothesis that
ev4, ev 5, ev 6 and ev 8 have been generated by multiple duplications of ev 1. Structural
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similarities between retroviral proviruses, ev 1 included, and transposable elements lend
this model a certain credence.

25ev6

ev 6 was originally identified in 14 birds of the gs—chf* phenotype (expressing eny but not
gag) (Astrin 1978). It is one of two loci which code for this phenotype, the other being ev9.
Genetic experiments using Kimber line K18, which expresses the phenotype, have been
used to analyze segregation of chf expression and ev 6. An examination of more than 30
progeny of backcross matings which were segregating for the expression of chf revealed
an exact correlation between the segregation of ev 6 and segregation of the gs—chf*
phenotype (Astrin et al. 1980b).

The proviral structure and transcriptional products of ev 6 are shown in Fig. 1. The
structure of the ev 6 provirus, like that of ev4 and ev 5, is defective. ev 6 Incks both the 5’
LTR and gag sequences (Hayward et al. 1980; Hughes etal. 1981a). Surprisingly, although
this locus lacks the viral promoter sequences present in the 5 LTR, transcriptional
products are observed. A low level (0.5-1.5 copies per cell) of a 28S (5.3 kilobase) RNA-
containing pol, env, and U3 sequence is observed in the nucleus, and a moderately high
level (25-100 copies per cell) of a 21S (RNA-containing envand U3 sequence is observed
in both nucleus and cytoplasm (Hayward et al. 1980; Bakeretal. 1981). The 21S RN A most
likely serves as message for the production of env protein characteristic of ev-6-containing
cells. Neither of these RNAs contains viral US sequences (Hayward et al. 1980; Baker et
al. 1981). This finding is further evidence that the RN As are not transcribed from a viral
promoter. It has been proposed that the ev-6-encoded 21S envmessage is initiated withina
cellular promoter located adjacent to the left end of the ev 6 provirus. Initiation within the
cellular promoter and transcription of adjacent cellular sequences followed by transcrip-
tion of viral sequences might provide a message which contains a cellular leader se-
quence covalently linked to viral information (Hayward et al. 1980; Baker et al. 1981).
Further experimentation will be required to confirm this attractive hypothesis.

As mentioned above, ev 6 has been localized to chromosome 1 of the chicken by in
situ hybridization (Tereba 1981; Tereba and Astrin 1982),

26 ev7

ev 7 was originally identified in 15 embryos of RPRL line 15, (A4strin 1978). This line of
chickens has an interesting phenotype. Cells grown in the presence of bromodeoxyii-
dine are induced to express a noninfectious avian leukosis virus. The virus is detected as
particles containing reverse transcriptase activity (Robinson et al. 1976; Robinsox'1978).
ev 7 segregates with this phenotype in backcross matings and apparently codes for the
particles produced by line 15, cells (Robinson et al. 1979b).

The ev 7 provirus does not appear to contain any gross deletions (Baker ¢t al. 1981).
No analysis of transcriptionai products has been reported.

The genetic information of ev 7 has been reported to undergo recombinztion with ev1
genetic information to produce infectious subgroup E virus. These viruses were shown to
have P27 and P19 components which were characteristic of RAV-0 (Robinson et al.
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1979a). This finding supports the conclusion that the viruses are formed by recom-
bination of endogenous viral genetic information. The parents of the recombinant
viruses were postulated to be the e~7-encoded virus particies and ev-i-encoded RNA.

Genetic experiments utilizing line 15, in crosses with lines 7, and 6; have shown that
ev 7 segregates with the male (z) chromosome (Smithand Crittenden 1981). independent
experiments using in situ hybridization methods have also localized ev 7 1o the z
chromosome (7ereba ct al. 1981). Thus far, ev7 is the only endogenous provirus to be lo-
calized to the z chromosome.

27 ev9

ev9 is one of two loci, the other being ev 6, that code for envelope protein produced in
gs—chf* cells. ev 9 was first identified in several embryos of this phenotype and later
observed to segregate with the phenotype in backcross matings (A strin 1978; Astrinet al.
1980b).

The proviral structure and transcriptional products of ev 9 are shown in Fig. |. The
provirus has no apparent deletions; however, a 34S transcript is observed (Hayward et al.
1980). This size is slightly smaller than the transcript of an intact provirus which is 358.
The 348 transcript contains US, gag, pol, env, and U3 sequences; is present in 20-60
copies per cell; but is confined to the nuleus (Baker et al. 1981). A second transcript of 3
kilobases (21S) contains US, env, and U3 sequences; is present in 60-150 copies per cell;
and is found in both nuclei and cytoplasm. This transcript is most likely the message for
the production of envelope protein characteristic of e~9-containing cells.

28 ev10, ev 11, and ev 12

These three loci each code for a distinct subgroup E virus produced by a particular line of
inbred white leghorn chickens (Astrinctal. 1980b). ev 10 is presentin lines C, 1514, and 1515
(Terebaand Astrin 1980). It has been shown to segregatc with the ability to produce infec-
tious subgroup E virus (V* phenotype) in an analysis of 48 progeny of 4 backcross mating
of line 151 chickens (Crittenden and Astrin 1981). ev 1l is presentin line 151 and 1515 7ere-
baand Astrin 1980), and has similarly been shown to segregate with the V+ phenotype in
backcross matings (Crittenden and Astrin unpublished results). ev 12 is presentin RPRL
line 15, (Tereba and Astrin1980), and has been shown io segregate with the V+ phenotype
in matings of line 15, chickens (Smith and Crittenden 1981).

ev10, evll,and ev12, like ev2, produce only very small amounts of virus spontancous-
ly. However, if the producer cells have receptors for subgroup.E virus, additional
proviruses are accumulated through infection, and much larger quantities of virus are
produced. Itis likely that the control mechanisms regulating expression of ev2 (QV) are
also operating in the cases of ev 10, ev 11, and ev 12.

29 ev13, evld4, ev 15, and ev 16
ev 13 is a locus which was identified in gs—chf- cells, and shown by in situ hybridization to

be present on chromosome 1 in a unique location (7ereba 1981; Tereba and Astrin 1982).
No information other than its chromosomal location is available.



