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ABSTRACT Fujinami sarcoma virus (FSV) of chickens does
not contain nucleotide sequences related to the src gene of Rous
sarcoma virus, but it carries unique sequences of at least 3000
bases, which are likely to code for the transforming protein of
this virus. Using radioactive DNA complementary to FSV-
unique sequences, we investigated the relatedness of FSV to
other sarcoma-leukemia retroviruses in vertebrates. Under
conditions of moderate stringency, no cross-hybridization was
detected between FSV.cDNA and RNAs of Rous sarcoma virus,
Y73 avian sarcoma virus, several representative avian acute
leukemia viruses, or Abelson murine leukemia virus. This cDNA,
however, did hybridize with RNA of PRCII sarcoma virus of
chickens to the extent of 56%. In addition, FSV cDNA was
found to hybridize with RNAs of Gardner-Arnstein and Sny-
der-Theilen strains of feline sarcoma virus to the extent of 27%
and 19%, respectively, but not with RNA of McDonough feline
sarcoma virus. Studies on thermal denaturation of hybrids
showed that the melting temperatures of the heteroduplexes of
the FSV cDNA with RNAs of PRCII and Gardner-Arstein fe-
line sarcoma virus were 7°C and 12°C lower, respectively,
compared with the melting temperature of the homologous
hybrid of FSV, and suggested less than 10% mismatching in
both heteroduplexes. These results indicate that nucleotide se-
quences closely related to at least a art of FSV-unique se-
quences are present in the genomes ofother sarcoma viruses
obtained in chickens and in cats.

In the avian system, RNA tumor viruses have been classified
into three main groups: (i) sarcoma viruses, (ii) acute leukemia
viruses, and (iii) lymphoid leukosis viruses (1). Fujinami sar-
coma virus (FSV) (2) is a recently characterized, potent sar-
coma-forming virus in chickens (3, 4). FSV is defective in its
replication and carries unique sequences of at least 3000 nu-
cleotides in the middle of the genome flanked with helper viral
sequences at both the 5' and 3' ends. Fujinami viral RNA was
shown to be unrelated to src sequences of Rous sarcoma virus
(RSV) by RNA fingerprinting and by hybridization experiments
with DNA complementary to src (3, 4). pp60src, a phospho-
protein of 60,000 daltons coded by the src gene of RSV (5, 6),
was not detectable in FSV-transformed cells; however, a unique
protein of 140,000 daltons was precipitable from these cells by
antisera against viral structural proteins coded by the gag gene
of avian retroviruses. This gag-related polyprotein, p140,
suggested to be responsible for transforming capacity of this
virus, has an associated protein kinase activity that phosphor-
ylates tyrosine residues on immunoglobulin heavy chain, casein,
and p140 itself (7).

In this paper we report the preparation of DNA comple-
mentary to FSV-specific nucleotide sequences and the distri-
bution of these sequences among avian and mammalian re-
troviruses. The results indicate that RNAs of PRCII sarcoma
virus (8) of chickens, and of Gardner-Arnstein (GA) (9) and
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Snyder-Theilen (ST) (10) sarcoma viruses of cats are cross-
hybridizable with the probe specific to FSV.

MATERIALS AND METHODS
Cells and Viruses. Chicken embryo fibroblasts negative for

both chicken helper factor and viral group-specific antigen
(Spafas, Norwich, CT) were used. The preparations of FSV and
Fujinami-associated virus (FAV) used in this study were re-
ported previously (3). Another stock of FSV (FSV-T) was a gift
from H. Temin (University of Wisconsin). PRCII sarcoma virus
in chickens, which was isolated in Scotland in 1958 (8), was
supplied by P. K. Vogt (University of Southern California,
School of Medicine). Y73 sarcoma virus, obtained from a
spontaneous chicken tumor in Japan in 1973 (11), was provided
by K. Toyoshima (Institute of Medical Science, University of
Tokyo). RNAs of acute leukemia viruses in chickens were
supplied by W. S. Hayward. Abelson murine leukemia virus
(Ab-MuLV) and GA feline sarcoma virus (FeSV) (9) were
prepared as pseudotypes of 4070-A strain of murine leukemia
virus as described (12, 13). Feline leukemia virus (FeLV)
pseudotypes of ST- (10) and McDonough (SM) strains (14, 15)
of FeSV were prepared by superinfection of nonproductively
transformed CCL64 mink cells with FeLV subgroup B.

Preparation of DNA Complementary to Viral RNA. Pu-
rification of virus particles and extraction of viral RNAs were
essentially the same procedure as reported previously (16).
DNA complementary to FSV-unique sequences (cDNAFSV u)

was prepared as follows. FSV 28S genomic RNA (3) was par-
tially purified from heat-denatured 50-70S RNA of FSV(FAV)
by a 10-25% sucrose density gradient centrifugation (16).
[3H]DNA complementary to 28S FSV RNA was synthesized
by an exogenous reverse transcriptase (RNA-dependent DNA
polymerase) reaction. The reaction mixture contained the
following components in a final volume of 0.2 ml; 50 mM
Tris-HCI (pH 8.0), 6mM MgCl2, 10mM dithiothreitol, 50mM
NaCl, 18 Mg of actinomycin D, 0.1 mM each dGTP, dATP, and
dCTP, 21 MM [3H]dTTP (47 mCi/,mol; 1 Ci = 3.7 X 1010
becquerels), 150 Mg of calf thymus DNA primer (17), 200 units
of avian myeloblastosis virus reverse transcriptase (provided
by J. Beard, Life Sciences, St. Petersburg, FL, through the
courtesy of J. Gruber, the Resource Program, National Cancer
Institute), and 10 Mg of 28S FSV RNA as a template.
The reaction mixture was incubated at 41°C for 60 min,

Abbreviations: FSV, Fujinami sarcoma virus; FAV, Fujinarni-associated
virus; RSV, Rous sarcoma virus; SR-B RSV, Schmidt-Ruppin (subgroup
B) strain of RSV; RAV, Rous-associated virus; FeSV, feline sarcoma
virus; FeLV, feline leukemia virus; GA-, ST-, and SM-FeSV, Gard-
ner-Arnstein, Snyder-Theilen, and McDonough strains of FeSV;
Ab-MuLV, Abelson murine leukemia virus; cDNAFsv-u, DNA com-
plementary to FSV-unique sequences; Crt, product of RNA concen-
tration in moles of nucleotide per liter and incubation time in sec-
onds.
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followed by addition of 400 ,l of a stop-solution containing 30
mM NaEDTA, 0.75% NaDodSO4, and 60 tg of proteinase K.

After incubation for 15 min at 37°C, the sample was extracted
twice with phenol/chloroform/isoamyl alcohol (1:1:0.01,
vol/vol) containing 0.05% 8-hydroxyquinoline, and once with
chloroform containing 1% isoamyl alcohol. The sample was
treated with 0.3 M NaOH at 370C for 3 hr to degrade RNA,
neutralized, and passed through a Sephadex G-50 column. Void
volume fractions were collected. DNA was cleaved by depur-
ination to average fragment length of about 150 nucleotides (16)
and precipitated with ethanol.

About 1 Mg of cDNA thus obtained (2 X 107 cpm) was hy-
bridized with 5 ,g of total FAV virion RNA under conditions
of moderate stringency (see below) in order to absorb cDNA
sequences hybridizable with helper viral RNA. After the hy-
bridization reaction reached a Crt value (product of RNA
concentration in moles of nucleotide per liter and incubation
time in seconds) of 42 mol-sec/liter, the nonhybridizable portion
of cDNA was separated from RNA-cDNA hybrid on a hy-
droxylapatite column at 60°C by eluting with 0.1 M sodium
phosphate, pH 7.0, in the presence of 0.6 M NaCl. This con-

centration of salt is reported to stabilize the hybrid molecules
between RNA and cDNA (18). The nonhybridizable fraction
was then hybridized with 1.5 Mug of 28S FSV RNA. At a Crt of
5.4 mol-sec/liter, the sample was loaded onto a hydroxylapatite
column at 60°C, and the column was extensively washed with
a 0.10-0.16 M linear gradient of sodium phosphate buffer
containing 0.6 M NaCI. RNA-cDNA hybrid fractions were
eluted with 0.4 M sodium phosphate buffer/0.6 M NaCl and
passed through a Sephadex G-50 column to remove sodium
phosphate. The sample was treated with 0.3 M NaOH at 370C
for 2 hr, neutralized, and stored at -200C. This probe is des-
ignated cDNAFsv-u.
cDNAFAv was prepared by essentially the same procedure

as above, except that 35S FAV genomic RNA (3) was used as
a template RNA in place of 28S FSV RNA. 35S FAV RNA was
purified from 70S FAV RNA after heat denaturation. To ana-
lyze the respresentativeness of cDNAFAv, approximately 1.9
Mug of [3H]cDNAFAV synthesized was hybridized to 1.2 ,g of
35S FAV RNA to a Crt of 5 mol-sec/liter, and the sample was
then fractionated by hydroxylapatite column chromatography;
1.1 Mg of cDNAFAV eluted in the fraction of RNA-cDNA hy-
brid, indicating that cDNAFAv hybridized with FAV RNA at
a ratio of 0.9 to 1 (wt/wt). Thus, cDNAFAV appears to be a
relatively uniform transcript of 35S FAV RNA. This hybrid
fraction between cDNAFAV and FAV RNA was treated with
0.3 M NaOH, neutralized, and used as the cDNAFAV probe in
these experiments.

32P-Labeled DNA (CDNASR-B) complementary to RNA of
the Schmidt-Ruppin subgroup B strain (SR-B) of RSV was

supplied by W. S. Hayward. This cDNASR-B was not a repre-

sentative probe for the entire SR-B genome because it was

synthesized from a template that had been enriched for the 3'
end of viral RNA.

Nucleic Acid Hybridization. Hybridization was performed
under conditions of moderate stringency [50°C in 30% (vol/vol)
formamide/0.45 M NaCl/0.045 M sodium citrate/5 mM
NaEDTA/0.1% NaDodSO4J (19) and the extent of hybridiza-
tion was determined by SI nuclease digestion (16).
Thermal Denaturation of RNA-DNA Hybrids. Approxi-

mately 3000 cpm of [3H]cDNAFsv-u was hybridized with
50-70S viral RNA or total virion RNA under the same condition
as above. At a Crt of 2 mol-sec/liter for transforming viral RNA,
incubation was stopped and the sample was mixed with a hy-
brid between [32P]cDNASR-B and SR-B 70S RNA (2000 cpm)
as an internal standard. The portion of RNA-cDNA hybrid in

the mixture was purified by hydroxylapatite column chroma-
tography (eluted with 0.4 M sodium phosphate, pH 6.8 at
500C), and this hybrid fraction was diluted to 0.12 M sodium
phosphate and loaded onto a hydroxylapatite column (0.6 X
3 cm) at 50'C. The column was washed four times (5 ml each)
with 0.14 M sodium phosphate buffer (pH 6.8), and then the
temperature of the water circulating the column jacket was
raised stepwise in 4VC increments. After the water temperature
was equilibrated at each step, the column was washed with 5
ml of 0.14 M sodium phosphate buffer. Acid-insoluble radio-
active material in each fraction was collected on a Millipore
filter and quantified in a liquid scintillation counter.

RESULTS
Preparation and Specificity of cDNAFsv.,. FSV is defective

in replication (3, 4), and most FSV(FAV) preparations contain
helper virus at least several fold more abundant than trans-
forming virus. In order to obtain a good template RNA for the
preparation of FSV cDNA, we partially purified 28S FSV
genomic RNA from 35S RNA of the helper virus FAV by a
sucrose density gradient centrifugation. Single-stranded DNA
complementary to the 28S RNA fraction was then synthesized
with the reverse transcriptase reaction, using calf thymus DNA
primer, and the cDNA was fractionated by sequential hy-
bridizations with FAV and FSV RNAs (see Materials and
Methods). About 3% of the starting cDNA was recovered as
cDNAFSV-u.

As shown in Fig. 1A, cDNAFsv-u hybridized to FSV(FAV)
RNA to an extent of 90%, but failed to hybridize with FAV
RNA even at a Crt value of 10 mol-sec/liter. On the other hand,
cDNAFAv hybridized with both RNAs of FSV(FAV) and FAV
with almost identical kinetics (Fig. 1B). These results indicate
that cDNAFsV-u contains very little cDNA hybridizable with
the FAV genome, and thus represents cDNA specific to
FSV-unique sequences. Because RNA containing only FSV-
unique sequences was not available, we did not check the
genomic complexity of cDNAFvN-u. However, cDNAFAV, which
was synthesized under almost identical conditions, was shown
to contain a relatively uniform representation of its template,
FAV RNA (see Materials and Methods).
The difference in Crtl/2 values for the hybridization of

FSV(FAV) RNA with cDNAFsv-u (Crtl/2 = 0.09 mol sec/liter)
and with cDNAFAV (Crtl/2 = 0.02 molksec/liter) indicates that
this viral RNA preparation contains RNAs of FAV and FSV at
a molar ratio of 4.5:1.

Another stock of FSV, FSV-T (supplied by H. Temin) was
shown to be fully crossreactive with both probes of cDNAFsv-u
and cDNAFAv described above (Table 1).

N

,0

U6

16- 160- 10-' 100 i6-3 102

Crt, mol sec/Jiter
16-' i6o

FIG. 1. Hybridization of cDNAFSvU (A) and cDNAFAv (B) with
50-70S RNA ofFSV(FAV) (-) and 70S RNA ofFAV (0). About 500
cpm of [3H]cDNAFsv-u or [3H]cDNAFAV was mixed with 0.07 ng to
1 ,ug of viral RNA in a solution of 30 Al containing 30%o formamide, 0.45
M NaCl, 0.045 M sodium citrate, 5mM NaEDTA, and 0.1% NaDod-
S04 and incubated at 50°C for 20 hr. Extent of hybridization was

measured by hydrolysis with S1 nuclease (16).
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Table 1. Homology between the unique sequences of FSV and
avian or mammalian retrovirus RNAs

Extent of hybridization, %
Viral RNA* cDNAFSV-u cDNAFAV

FSV(FAV)
FSV-T
FAV
SR-B
PR-B
RAV-2
AEV
AMV
MC29
PRCII
Y73
GA-FeSV
ST-FeSV
SM-FeSV
Ab-MuLV

90 (100)
87 (96)
1 (1)
1 (1)
1 (1)
1 (1)
1 (1)
.1 (1)
0 (0)

50 (56)
1 (1)

24 (27)
17 (19)
1 (1)
1 (1)

84 (94)
87 (98)
89 (100)
58 (65)
66 (74)
62 (70)
65 (73)
66 (74)
67 (75)
76 (85)
72 (81)
3 (3)
4 (4)
4 (4)
3 (3)

Various amounts (0.05-5 gg) of viral RNAs were mixed with
[3H]cDNAFsv u (400 cpm) or [3H]cDNAFAv (600 cpm) and hybridized
under the same conditions as in Fig. 1 at 50°C for 20 hr. Saturation
level of hybridization was obtained from at least three different ex-
periments at Crt values of 1-100 mol-sec/liter. The figures in the pa-
rentheses are normalized to those obtained for cDNAFSVWu hybrid-
ization with FSV(FAV) RNA (90%) or cDNAFAv hybridization with
FAV RNA (89%).
* PR-B, Prague (subgroup B) strain of RSV; AEV, avian erythro-
blastosis virus; AMV, avian myeloblastosis virus; MC29, avian
myelocytomatosis virus MC29. Except for the four viruses FAV,
SR-B, PR-B, and RAV-2, these viruses are associated with helper
viruses.

Nucleotide Sequences of cDNAFSV, in Other Strains of
RNA Tumor Viruses. Using cDNAFSv-u as a probe we inves-
tigated the relatedness of Fujinami unique sequences to a va-
riety of RNA tumor viruses from both the avian and the
mammalian systems. Hanafusa et al. (3) showed that FSV
genomic RNA did not cross-hybridize with DNA comple-
mentary to src sequences in RSV. Consistent with this obser-
vation, no significant crossreaction of cDNAnv-wu was observed
with RNAs of SR-B or Prague (subgroup B) strain of RSV (Table
1). Furthermore cDNAFSvWu did not cross-hybridize with RNAs
of RAV-2, avian erythroblastosis virus, avian myeloblastosis
virus, avaian myelocytomatosis virus MC29, Y73 avian sarcoma
virus, or Ab-MuLV (Table 1).
On the other hand, the genomic RNA of PRCII avaian sar-

coma virus (8), which was recently characterized to be defective
and to have a nucleotide sequence coding for a gag-related
polyprotein (20, 21), was able to hybridize with cDNAFsv-u to
an extent of 56% (Table 1, Fig. 2A). The lower plateau value
and the decrease in tm (melting temperature) of the hybrid (see
below) suggest that the PRCII genome carries a nucleotide se-
quence very similar, but not identical, to FSV-unique se-
quences. In addition, the level of cross-hybridization between
cDNAFAv and PRCII RNA was 10-15% less than the level of
homologous duplexes between cDNAFAv and FAV RNA (Table
1, Fig. 2A). This result indicates that helper virus(es) naturally
present in PRCII stocks may be different from FAV in the FSV
stock.
The most striking finding, however, was the cross-hybrid-

ization of cDNAFSV-u with GA- and ST- strains of FeSV (Table
1, Fig. 2B). The extent of cross-hybridization, 27% to GA-FeSV
and 19% to ST-FeSV, was clearly significant compared with
the level of background (less than 2%). The genome of SM-FeSV
did not show any detectable cross-hybridization with
cDNAFsv-u (Fig. 2B). The difference in plateau levels between
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FIG. 2. (A) Hybridization of cDNAFsv (0) and cDNAFAv (0)
with PRCH viral RNA; (B) hybridization of cDNAnFsvw with GA- (0),
ST- (i), and SM- (o) FeSV RNAs and Ab-MuLV RNA (X).
cDNAFsv-w or cDNAFAv and 4 ng to 5 ,ug of total viral RNA were
mixed under the same conditions as in Fig. 1 and incubated for 20 hr
(A) or 170 hr (B). The results were normalized to values obtained with
cDNAFsv-u hybridization to FSV(FAV) viral RNA (90%) or cDNAFAv
hybridization to FAV viral RNA (89%).

GA- and ST-FeSV in cross-hybridization could reflect either
the presence of different lengths of FSV-related nucleotide
sequences or differences in homology of the unique sequences
of these two FeSV genomes.
Thermal Denaturation of Duplexes Between cDNAFsv,

and Viral RNAs. We analyzed the degree of mismatching in
duplexes between 3H-labeled cDNAFsv-u and viral RNA by
measurement of the thermal stabilities of the duplexes on hy-
droxylapatite column (Fig. 3). Duplexes between [32p]-
cDNASR-B and SR-B RNA were added to each sample to stan-
dardize internally the assay for thermal stabilities. The tm value
for the hybrid of [32P]cDNASR-B with SR-B RNA was 79-800C
and highly constant. This tm was slightly lower than that of
homologous duplexes between cDNAFsV-u and FSV RNA. This
may be due to the nature of this cDNASR-B (see Materials and
Methods), but because they were used just as an internal stan-
dard, we did not investigate this any further.

Duplexes between cDNAFSV-u and FSV(FAV) RNA and
duplexes between cDNAFSv-u and FSV-T RNA showed almost
the same tm values of 85°C (Fig. 3 A and B). This observation
and the data on cross-hybridization (Table 1) support the idea
that these two FSV stocks were derived from an identical iso-
late.
The tm of the duplexes between cDNAFsv-u and PRCII RNA

(780C) was 7°C lower than that of homologous hybrids between
cDNAFsv-u and FSV RNA (Fig. 3C). Ullman and McCarthy
(22) have shown that incorrect base pairing in a nucleic acid
duplex results in a depression in the melting temperature of
approximately 1.5°C per 1% mismatching. Thus, a 70C re-
duction in tm indicates about 4-5% mismatching. The duplexes
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FIG. 3. Thermal denaturation of duplexes formed between
cDNAFsv-u and viral RNAs. Viral RNAs (0.25-88,g) were incubated
with [3H]cDNAFsv-u (3000 cpm) in 100,ul (except for 16Il for FeSV
RNA) of the same hybridization solution as in the legend of Fig. 1 at
500C for 40 hr (except for 130 hr for FeSV RNA). After hybridization
reached a Crt value of 2 mol-sec/liter for transforming viral RNA,
thermal stabilities of the duplexes were analyzed by hydroxylapatite
column chromatography. Arrows indicate tis. Denaturation exper-

iments were standardized internally by the addition of duplexes
formed between [32P]cDNAsR-B (2000 cpm) and SR-B RNA (0).
RNAs in duplexes formed with cDNAFsv-u (0) are: (A) FSV(FAV)
RNA (5 Mg); (B) FSV-T RNA (8 ,g); (C) PRCII RNA (3 Mtg); (D)
GA-FeSV RNA (0.25 ,g).

between cDNAFSv-u and GA-FeSV RNA were less stable, and
the tm (730C) was 120C lower than that of homologous duplexes
(Fig. 3D), corresponding to 8% mismatching in the duplexes.
Therefore a nucleotide sequence quite similar to at least a part
of the FSV-unique sequences seems to be present in the ge-

nomes of GA-FeSV as well as PRCII sarcoma virus.

DISCUSSION
In the present study we prepared cDNA highly specific to the
unique sequences in the FSV genome, which are unrelated to

src sequences in RSV. Using cDNAFsvwu, we demonstrated that
PRCII sarcoma virus from chickens and GA- and ST-FeSVs
from mammals contained nucleotide sequences closely related
to FSV unique sequences. Several independent isolates of RNA
tumor viruses obtained in the same species of animals have been
reported to share homologous transforming sequences with each
other. For example, RSV and Bratislava 77 avian sarcoma virus
from chickens contain src sequences in their genomes (18), and
Kirsten and Harvey murine sarcoma viruses carry homologous
unique sequences (23). Therefore, the homology between FSV
and PRCII is considered to be a case similar to these examples.
The homology between FSV and two strains of FeSV is, how-
ever, unexpected because these viruses are of different verte-

brate species.
About 60% hybridization between cDNAFsv-u and PRCII

RNA might reflect a difference in the length of the unique

sequences of PRCII and FSV, because the gag-related poly-
protein of 105,000 daltons, p105, in PRCII-transformed cells
(20, 21) is significantly smaller than the polyprotein of 140,000

daltons, p40, detectable in FSV-transformed cells (3, 4). More
recently, p105 was shown to carry protein kinase activity that
phosphorylates tyrosine residues similar to p140- associated
protein kinase (. C. Neil, personal communication). A similarity
was also found in the tryptic fingerprints of the sarcoma-specific
portion of p105 and p140 (. C. Neil, personal communication).
These observations further support the idea that these two
sarcoma viruses bear quite similar unique sequences.
On the other hand, the genome of Y73, another chicken

sarcoma virus, did not hybridize with the cDNAFSv-u (Table
1). This genome was shown to be unrelated to the src gene of
RSV but to code for a gag-related polyprotein (24). Thus, Y73
belongs to another group of avian sarcoma viruses, which
contains a transforming gene different from the genes of FSV
and RSV.

In addition to the extensive homology between FSV and
PRCII in the avian system, we found a cross-relationship be-
tween FSV and mammalian sarcoma viruses, the GA and ST
strains of FeSV. The genome of ST-FeSV was shown to possess
gag-linked unique sequences flanked with nucleotide sequences
derived from FeLV at both the 5' and 3' ends (25). Similar
genomic structures have been suggested for the GA and SM
strains of FeSV (26-28). FeLV was a common helper virus for
ST and SM strains of FeSV used in this study. Because
cDNAFsv-u hybridized with the ST strain but not with the SM
strain of FeSV, it is unlikely that cDNAFSvWu was crossreactive
with the regions in the FeSV genome derived from FeLV nu-
cleotide sequences. Instead, this observation strongly suggests
that FSV and GA- and ST-FeSVs share similar nucleotide se-
quences at least in part of their unique sequences, which are
considered to be responsible for the trasnforming activity of
these viruses.

Cross-hybridization between cDNAFSv-u and GA- and ST-
FeSV genomes was limited (approximately 20%). However, the
length of unique sequences in ST-FeSV genome has been cal-
culated to be 1500 nucleotides upon the basis of analysis of the
molecularly cloned ST-FeSV genomic DNA (25). This corre-
sponds to about 50% of the length of FSV unique sequences,
which are estimated to be at least 3000 nucleotides (3). Thus,
if cDNAFsv-u represents uniformly the region of unique se-
quences in FSV genome (see Materials and Methods), our re-
sults indicate that nearly half of the ST-FeSV unique sequences
are cross-hybridizable with cDNAFSv-u even under the condi-
tion of moderate stringency (19).

Frankel et al. (28) reported that DNA compolementary to
the unique sequences in ST-FeSV extensively hybridized with
the genome of GA-FeSV but not with that of SM-FeSV. Fur-
thermore, Barbacid et al. (26) and Van de Ven et al. (27) re-
vealed that the sarcoma-specific regions of the GA- and ST-
FeSV polyproteins are immunologically crossreactive and ex-
hibit common methionine-containing peptides. Our findings
on the close relationship between FSV and GA- and ST-FeSV,
but not with SM-FeSV, are consistent with these observations.
More recently, the GA-FeSV polyprotein was reported to carry
an enzymatic activity for protein kinase (29) similar to the one
found in p140 of FSV.

Recent studies on retroviruses indicate that sarcoma and
acute leukemia viruses in vertebrates acquired their trans-
forming ability as a result of recombination between retrovirus
and cellular sequences (refs. 28 and 30-36; unpublished data).
The original functions in normal cell metabolism of these cel-
lular sequences remain unknown, but the wide distribution of
these sequences in vertebrates and the high degree of conser-
vation (28, 30, 33-35) suggest that each set of unique sequences
codes for definite and important functions.
A hypothesis has been proposed that these cellular genes
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when inserted into the viral genome would be expressed at a
much higher rate as a part of the provirus, and thus the'over-
production of the product of this normal cellular gene could be
responsible for the altered metabolism in infected cells that
leads to cell transformation (32, 37, 38). However, it is not en-

tirely clear whether or not the cellular sequences related to viral
transforming genes need some modification in order to be in-
corporated into the viral genome and to become an active
transforming gene.
Our preliminary results on hybridization between cDNAFsv-u

and cell DNA showed that normal chicken cell DNA contains
at least a part of the nucleotide sequences related to FSV-unique
sequences with one or a few copies per haploid genome (data
not shown). Therefore it is highly conceivable that FSV and
PRCII are independent isolates from chickens in which retro-
viruses incorporated the same or related cellular sequences into
their genomes. Likewise, the FSV-related cellular gene in cats
is considered to have been incorporated into the feline leukemia
virus to generate the two strains of feline sarcoma virus.
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