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DNA fragments containing the integrated viral DNA present in the simian
virus 40 (SV40)-transformed rat cell lines SVRE9 and SVRE17 were cloned in
procaryotic vectors, and the DNA sequences linking SV40 and cell DNA were
determined. Comparison of the DNA sequences at the SV40-cell junctions in
SVRE9 and SVRE17 cells with those of a previously characterized viral insertion
from SV14B cells shows that no specific viral or cellular sequences occur at SV40-
cell junctions and that the cellular DNA sequences adjacent to integrated SV40
DNA do not display the direct repeat structure characteristic of transposons and

retrovirus proviruses.

Transformation of cells by simian virus 40
(SV40) is stabilized by integration of all or part
of the viral genome into that of the cell. Previous
studies (4, 5, 7, 14), in which the sizes of restric-
tion endonuclease fragments bearing SV40 DNA
were determined by Southern blot analysis of
DNA extracted from a variety of rat and mouse
transformed cell lines, have shown that integra-
tion of SV40 DNA is nonspecific with respect to
the position on the SV40 genome at which viral
DNA is linked to cellular DNA. These studies
also suggested that SV40 DNA does not inte-
grate at specific sites in the cellular genome.
However, this conclusion is subject to two ca-
veats. First, short stretches of specific cellular
DNA sequence could border viral insertions and
not be detected by restriction endonuclease
analysis. Second, cellular DNA could be altered
upon SV40 DNA integration. Thus, integration
at the same site in the cellular genome could
give rise to restriction fragments of various sizes
if different alterations occurred in the surround-
ing cellular DNA in different cell lines. This
possibility gains credence from recent experi-
ments in which molecular cloning was used to
isolate a DNA fragment which contains the viral
insertion and flanking cellular sequences in cell
line SV14B (3, 21). Analysis of the cloned DNA
fragment revealed that in SV14B cells a rear-
rangement of cellular sequences had occurred at
the site of SV40 insertion.

In the study reported here, I cloned the SV40
DNA insertions present in the genomes of two
transformed rat cell lines, SVRE9 and SVRE17,
and have analyzed these insertions by restriction
endonuclease digestion and DNA sequencing.
The results of these experiments, combined with
those obtained with the cell line SV14B referred
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to above, show that integrated SV40 DNA can
be linked to cellular DNA at numerous positions
on the viral genome without sequence specific-
ity. The cellular DNA sequences adjacent to
integrated SV40 DNA are also nonspecific and
do not display the repeat structures character-
istic of transposons or retrovirus proviruses.

MATERIALS AND METHODS

Cell lines. The SVRE9 and SVREL17 cell lines were
first isolated by Pollack et al. (19) after infection of
primary cultures of Fisher rat embryo cells with viri-
ons of a thrice plaque-purified stock of SV40 strain
776. SV14B cells were obtained by infecting a contin-
uous line of Fisher rat cells with SV40 DNA (4).

DNA cloning. The lambda phage AgtWESAB has
been described by Leder et al. (15). The phage was
modified to accept SstI fragments as follows.
AgtWESAB DNA was digested with restriction endo-
nuclease EcoRI, and the large terminal fragments (A-
arms) were prepared by sucrose density centrifugation
as described by Maniatis et al. (16). A short DNA
fragment containing A DNA from the SstI site at 53.9
map units to the EcoRI site at 54.3 map units of the
A genome was isolated by polyacrylamide gel electro-
phoresis and used as a linker between the EcoRI
termini of the A-arms and DNA fragments produced
by cleavage with Sstl. A mixture of WESB A-arms,
SstI-RI linkers, and Sstl-digested Charon 4A was li-
gated, and the ligation products were packed in vitro
as described by Blattner et al. (2) and Maniatis et al.
(16). A resultant phage was plaque purified, propa-
gated, and used to prepare A-arms with SstI termini
by the method of Maniatis et al. (16). Cellular DNA
was prepared as described previously (4). DNA frag-
ments bearing SV40 sequences were cloned from trans-
formed cell DNA by ligation of SstI digests of total
cell DNA to SstI-terminal A-arms, followed by pack-
aging in vitro and screening for SV40 by the method
of Benton and Davis (1).

Restriction endonuclease analysis. Restriction
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endonucleases were purchased from either Bethesda
Research Laboratories, Inc., Rockville, Md., or New
England Biolabs, Inc., Beverly, Mass., and DNA diges-
tions were done under the conditions specified by the
enzyme supplier. Samples of digested DNA were elec-
trophoresed on agarose gels and transferred to nitro-
cellulose by the method of Southern (24). SV40 DNA
sequences were detected by hybridization to radioac-
tive SV40 DNA followed by radioautography as de-
scribed previously (4).

DNA sequencing. DNA sequences were deter-
mined by the method of either Maxam and Gilbert
(18) or Sanger et al. (22). Both SV40-cell junctions in
SVRE9 were analyzed by the Maxam and Gilbert
method. The junction at nucleotide 2320 (see Fig. 3)
was sequenced from the SV40 Haelll site at nucleotide
2242 (SV40 sequence numbers are by Buchman et al,;
see reference 25). The SVREY junction at nucleotide
475 was sequenced from a cellular HindIlI site within
15 base pairs of the joint. The SVRE17 junction at
nucleotide 1502 in Fig. 3 was sequenced by the Maxam
and Gilbert technique. DNA was labeled at a Hinfl
site in the cell DNA. The other junction in SVRE17
was sequenced by the chain termination method of
Sanger et al. (22). ASst-17 DNA was digested with
exonuclease III and annealed to an SV40 DNA primer,
consisting of SV40 sequences from nucleotide 418 to
nucleotide 453. The primer was extended by the Kle-
now fragment of DNA polymerase I from Escherichia
coli in the presence of different dideoxynucleotide
triphosphates, and the products were separated by
thin-gel electrophoresis.

RESULTS

Molecular cloning of the viral insertions
present in SVRE9 and SVRE17 cells. Both
SVRE9 and SVRE17 contain a single insertion
of SV40 DNA. A Southern blot analysis of the
DNA fragments produced by digestion of total
DNA from these lines with the restriction en-
donuclease Sstl is shown in Fig. 1. In each case,
asingle DNA fragment hybridized to radioactive
SV40 DNA. The SstlI DNA fragments which
contain the viral insertions were cloned by ligat-
ing Sstl-digested samples of total cellular DNAs
to a modified A\gtWESAB phage vector which
would accept SstI fragments. Recombinant
phage were screened for the presence of SV40
DNA sequences by hybridization with radioac-
tive SV40 DNA. The cloned DNA - fragments
obtained from the recombinant phage comi-
grated on agarose gels with the SV40-containing
Sstl fragments detected in DNA from SVRE9
and SVREL17 cells (Fig. 1).

Arrangement of the integrated SV40
DNA in SVRE9 cells and SVRE17 cells.
Physical maps of the DNA fragments cloned
from SVRE9 and SVRE17 cells were determined
by restriction endonuclease digestion, followed
by agarose gel electrophoresis, Southern blot-
ting, and hybridization to radioactive SV40

J. VIROL.

F1G. 1. Detection of DNA fragments containing
SV40 sequences in cell lines SVRE17 and SVRE9
and their identity with fragments cloned from these
cells. Ten micrograms of total cellular DNA was
digested with Sstl. The fragments were separated by
electrophoresis through 0.7% agarose, and the viral
sequences were detected by blotting and hybridiza-
tion as described by Southern (24). A 100-pg amount
of recombinant \-phage DNAs bearing the SV40
DNA sequences cloned from cell lines SVRE17 and
SVREY were digested with SstI and run in parallel
with cellular DNA samples. The cloned DNA frag-
ments comigrated with the fragments in total cellular
DNA which hybridize to SV40 DNA. The low mobility
bands in the \-phage reconstruction migrate with the
A vector arm fragments and are partial digestion
products. Tracks: (1) SVRE17 DNA digested with
SstI; (2) Sstl digest of a recombinant phage bearing
the SV40 DNA insertion from SVREI17 cells; (3)
SVRE9 DNA digested with SstI; (4) SstI digest of a
recombinant phage bearing the SV40 DNA insertion
from SVRE9 cells.

DNA. The results of some of these experiments
are shown in Fig. 2, and structures of the viral
insertions are diagrammed in Fig. 3. All num-
bering of SV40 sequences is by Buchman et al.;
see reference 25.

The SV40 insertion in SVRE cells is a partial
tandem repeat of viral sequences. This structure
was deduced from the following observations.
Digestion of the DNA from the A-clone carrying
SVRE9 sequences (ASst-9) with EcoRI pro-
duced three DNA fragments which hybridized
to SV40 DNA (Fig. 2A). The largest of these
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Fic. 2. Electrophoretic patterns of DNA fragments produced by restriction endonuclease digestion of
recombinant lambda phages A\Sst-9 and ASst-17. (A) DNA from ASst-9 and SV40 DNA were digested with the
indicated enzymes, electrophoresed on 1.0% agarose, stained with ethidium bromide, transferred to nitrocel-
lulose and hybridized to radioactive SV40 DNA to reveal the DNA fragments containing SV40 sequences.
SV40 DNA markers are in tracks 3, 5, 7, 11, and 13. White on black gels are ethidium stained. Black on white
gels are autoradiograms of Southern blots of the same gels. (B) DNA from a recombinant pBR322 plasmid
containing the largest and smallest EcoRI fragments present in ASst-9 DNA (A; track 2). Tracks 1, 3, 5, 7, and
9 are digests of the recombinant plasmid DNA, and tracks 2, 4, 6, 8, and 10 are SV40 DNA fragments. (C)
DNA from a recombinant pBR322 which contains the second largest EcoRI fragment in ASst-9 DNA. Track
1 is SV40 DNA; track 2 is recombinant plasmid DNA. (D) DNA from a recombinant pBR322 which contains
the smallest EcoRI fragment in ASst-9 DNA. Track 1 is plasmid DNA, and track 2 is SV40 DNA. (E) DNA
from ASst-17 and SV40 DNA were digested with the indicated enzymes and treated as described for (A).
Tracks 1, 2, 4, 6, 8 and 10 are ASst-17 DNA, and tracks 3, 5, 7, 9, and 11 are SV40 DNA.

fragments comigrated with form III SV40 DNA,
suggesting that the EcoRI site in circular SV40
DNA was present twice in the linear array of
SV40 DNA in ASst-9. The SV40 form III DNA
marker in Fig. 2A, track 3 migrated a little faster
than the largest SV40-containing band from
ASst-9 DNA shown in track 2. This apparent
size difference is not real, but is probably due to
the large amount of A-phage vector DNA present
in the ASst-9 DNA sample. When a mixture of

form III SV40 DNA and EcoRI-digested ASst-9
DNA was electrophoresed through an agarose
gel, there was no difference in the mobilities of
form III SV40 DNA and the largest SV40-con-
taining EcoRI fragment in ASst-9 DNA (data
not shown). Corroborating evidence for a tan-
dem repeat arrangement was the presence (in
ASst-9) of all the SV40 DNA fragments produced
by HindIll, Puull, Hpal, and Hhal (Fig. 2A).
Confirmation that the largest EcoRI fragment
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Fi6. 3. Physical maps of SV40 DNA and of the DNA fragments cloned from SVREY, SVRE17, and SV14B
cells. (A) restriction endonuclease map of SV40 DNA. (B) DNA. fragments cloned from transformed cells.
Open bars repr t SV40 sequences and are drawn to scale. Lines represent flanking cellular sequences-and
are not drawn to scale. The numbers at the SV40-cell junctions indicate the nucleotide numbers in the SV40
DNA sequence at which the viral genomes join cellular DNA. The numbering is by Buchman et al. (see
reference 25). The structure of the SV14B viral insertion is reproduced from Botchan et al. (3). The viral
insertion in SV14B consists of two segments of viral DNA which are separated by 40 nucleotides of nonviral
sequence. The position of this junction is indicated by the indentation in the open bar. The endpoints of viral
sequences separated by the 40 nucleotides of nonviral DNA are indicated by the numbers below the

indentation.

from ASst-9 is identical to form III SV40 DNA
was obtained by subcloning this fragment into
the plasmid pBR322. Double digestions of this
plasmid with EcoRI and either Hpal, Pvull, or
HindIII showed the identity of the subcloned
fragment with SV40 DNA linearized with EcoRI
(Fig. 2B). The plasmid DNA used in the exper-
iments shown in Fig. 2B contained both the
largest and smallest EcoRI fragments from ASst-
9 DNA. The smallest ASst-9 EcoRI fragment is

visible in each of the tracks containing recom-
binant plasmid DNA. This fragment was not
digested with either Hpal, Puull, or HindIII,
and its presence did not interfere with the inter-
pretation of these experiments. ‘

The extent to which the viral insertion extends
beyond the two EcoRI sites in ASst-9 DNA was
estimated by restriction endonuclease analysis
of the two EcoRI fragments which migrated
faster than form III SV40 DNA (see Fig. 2A,



VoL. 38,1981

track 2). Each of these two fragments was sub-
cloned in pBR322 and analyzed as shown in Fig.
2C and D. Digestion of the larger subcloned
EcoRI fragment with RI and Hpal together
generated a single fragment which hybridized to
SV40 DNA and comigrated with the 1,263-base-
pair DNA fragment, corresponding to viral DNA
between the Hpal site at nucleotide 502 and the
EcoRI site at nucleotide 1765 (Fig. 2C). The
absence of a second detectable SV40-containing
DNA fragment of novel size indicated that viral
sequences did not continue much past the Hpal
site at nucleotide 502. Therefore, one endpoint
of the viral insertion in ASst-9 DNA is close to
the Hpal site at nucleotide 502. That the other
endpoint of the viral insertion in ASst-9 extends
beyond the Pst site at nucleotide 1971 was in-
dicated by the fact that digestion of the small
EcoRI subcloned fragment with EcoRI and Pst
together produced two DNA fragments contain-
ing the SV40 sequence: one which comigrated
with the SV40 marker DNA corresponding to
the viral sequence from the EcoRI site to the
Pst site at nucleotide 1971 and another larger
fragment of novel size (Fig. 2D). The viral inser-
tion must end before the BamHI site at nucleo-
tide 2516 because digestion of ASst-9 DNA with
BamHI did not produce a fragment the size of
linear SV40 DNA (Fig. 2A, track 8).

The arrangement of the viral sequences in the
DNA fragment cloned from SVRE17 cells (ASst-
17) was deduced from the data shown in Fig. 2E.
Digestion of ASst-17 DNA with EcoRI produced
two SV40-containing DNA fragments of novel
size, indicating that a single EcoRI site is present
in the viral insertion. The largest stretch of SV40
DNA sequence present in ASst-17 DNA is the
3,790 base pairs between the Hpall site at nu-
cleotide 329 and the EcoRI site at nucleotide
1765. Digestions with Hhal, Hpal, and HindIIl
localized the endpoints of the viral insertion as
follows. The presence of the SV40 HindIII frag-
ment A and absence of the HindIIlI fragments
C, E, and F (Fig. 2E) indicated that viral se-
quences continue past the EcoRI site at least as
far as the HindlIll site at nucleotide 1691 but
end before the next HindIII site at nucleotide
1476. The other end of the SV40 insertion was
positioned between the Hhal site at nucleotide
816 and the Hpal site at 482. As shown in Fig.
2E, ASst-17 does not contain the small Hhal
fragment of SV40 but does contain the viral
Hpal fragment B.

DNA sequences linking SV40 and cellular
genomes in SVRE9 and SVRE17 cells. The
DNA sequences which link viral and cellular
DNA were determined either by the method of
Maxam and Gilbert (17) or by the chain termi-
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nation technique of Sanger et al. (22). Each viral
insertion ends at a different point on the SV40
map. In Fig. 3 the SV40 nucleotide numbers at
which viral sequences are joined to cellular DNA
are shown. The sequences at the four virus-cell
junctions in SVRE9 and SVRE17 cells are
shown in Fig. 4 together with the SV40-cell
junctions in line SV14B, as previously described
by Botchan et al. (3). In Fig. 4A is shown the
sequence of one DNA strand of each insertion
running left to right from cell sequence into viral
sequence and back out to cell sequence in 5’ to
3’ polarity. The cellular DNA sequences which
abut the SV40 insertions are all different, and
they are not repeated in either direct or inverse
orientation. Fig. 4A also shows that different
SV40 sequences occur at the end of each inser-
tion. This is more visible in Fig. 4B, in which all
of the virus-cell junctions are displayed in align-
ment and in the same polarity. Four junction
sequences for cell line SV14B are shown in Fig.
4B. The first two lines of SV14B sequence cor-
respond to those at the ends of the complete
viral insertion. The next two lines of SV14B
sequence are those found interposed at the junc-
tion of the two tracts of SV40 DNA which com-
prise the complete viral insertion in these cells
(see the legend to Fig. 3 and reference 3).

If the sequences linking viral and cellular
DNA in these cell lines are the direct result of
the primary integration event, then SV40 DNA
does not integrate at a specific sequence in either
the viral or cellular DNA. The question arises
as to whether there are other, less specific se-
quence factors, such as unusual nucleotide base
composition or repetitious sequence organiza-
tion, which are common to the sequences of
virus-cell recombinant joints. The compositions
of the first 12 nucleotide bases on either side of
recombinant junctions are shown in Fig. 4C. The
average base composition of SV40 DNA is 59.3%
adenine plus thymine (A+T) (11). A+T nucleo-
tide residues occur more frequently than this in
the SV40 sequences adjacent to recombinant
joints in five of six cases. However, A+T richness
is generally not a feature of the adjoining cellular
sequences or the SV40 sequences which may
have participated in the recombination event.

Two virus-cell junctions show strikingly un-
usual DNA sequence organization. The junction
sequences shown in lines 1 and 4 of Fig. 4B are
both composed of a simplified set of nucleotides.
The SVRE17 junction shown in line 4 of Fig. 4B
has 27 cytosines and thymidines in a row; the
SVRES9 junction shown in line 1 of Fig. 4B has
22 consecutive cytosines and adenosines. Within
these stretches of simplified base composition
there are direct sequence repeats. In SVRE17,
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(A)

5! CELL SsV40 Sv40 CELL 3!
AAGCTTGTAGAGCA[CAGAAAGGTTAA.. . TTCTGGAACACAICACACACACACCAAC swmES

GAAAGAAGAGGAAGIAAGAAAAGGAAG.. . ACTGGTAAGTTTICCAGCTTCTGGCTAT swReL?

TAGGATGTCTGGCT/ACTAAAAAATCT .. .TTTAAATCCTCACTTCAGGGGTAAGAG gngp

(B) 5 SV40 CELL 3t
TTCTGGAACACA|CACACACACACCAACAGCCTTGCA

TTAACCTTTCTGTGCTCTACAAGCTT °
ACTGGTAAGTTTICCAGCTTCTGGCTATTATAAATAA
CTTCCTTTTCTTICTTCCTCTTCTTTCTAAATTATTG
AGATTTTTTAGTIAGCCAGACATCCTAGAATGTGAAG
TTTAAATCCTCAICTTCAGGGGTAAGAGTTTCATTCT
AACTTTGTGATCTTTGCAATCCCACAGATTGCAGCA
CTTTGCACAAGGACAGGCAAGCCTGGTATGCTGCAA

17

14B

( C ) Sv40 CELL

$ A+T 5 5V30 sVi0 3 § A+T
s TTCTGGAACACACACACACACACCAACAGCCTTIGCA a2
TTCTGGAACACAIGCAGTGGAAGGGACTTCCCAGATA a2

9
6 TTAACCTTTCTGTGCTCTACAAGCTT 50
TTAACCTTTCTGGTTTTTTGCGTTTC 50
. ACTGGTAAGTTTICCAGCTTCTGGCTATTATAAATAA 3
ACTGGTAAGTTTAGTCTITTTIGTCTITITATTTICAGG &

17
& CTTCCTTITTICTICITCCTICTITICTITITCTAAATIATIG 58
CTTCCTTTTCTTTTTGTTGGGGCCATCTTCATAAGC a2
o AGATTTTITTAGTAGCCAGACATCCTAGAATGTGAAG a2
AGATTTTTTAGTIGACTGGGATCACAAAGTTTICTACT 3

14B
2 TTTAAATCCTCACTICAGGGGTAAGAGTTITCATICT 58
TTTAAATCCTCAARATGGGCAATCCTGATGAACATCA 67

Fic. 4. DNA sequences linking SV40 DNA to cellular DNA. (A) Sequences of one strand of DNA from each
insertion running from cellular sequences into the viral insertion, through the viral sequences and back into
cell DNA in 5 to & orientation. (B) Six SV40-cell junctions written in the same polarity. There are two
Jjunctions from SVRES, two from SVREI17, and four from SV14B. The top two SVI14B junctions are those
which bound the complete viral insertion; the bottom two lines of SV14B sequence are those at the junction of
the two segments of SV40 DNA which comprise the whole SV14B insertion (see Fig. 3 and reference 3).
Sequences overscored with lines are directly repeated on either side of the SV40-cell junction. (C) Sequences
at SV40-cell junctions compared with SV40 sequences which would have participated in the integration event.
The top line of each doublet is the sequence of the SV40-cell junction; the bottom lines are the parental SV40
sequences. Possible remnants of parental SV40 sequences are overscored with lines and the putative donor
sequences are underscored. The percentage of adenosines and thymidines in the parental SV40 sequences
and the cell sequences adjacent to SV40 insertions are indicated in the margins. These numbers were
calculated for the 12 proximal residues on either side of each junction.
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the terminal SV40 sequences, CTTCCT and
TTCTT, are directly repeated in the adjacent
cellular DNA. In SVRESY, the sequence ACACA
is repeated on either side of the virus-cell junc-
tion. Whether or not these repeat structures are
significant is unknown, but it is interesting that
in immunoglobulin gene rearrangements, recom-
bination occurs near blocks of repeated hepta-
mers (20).

The question of the role of base pairing in
SV40 integration is not directly addressed by the
data presented here because the sequences of
parental cellular DNAs which took part in re-
combination are still unknown. However, some
clues may be found by comparing the cellular
sequences which flank SV40 insertions with the
SV40 sequences which could have taken part in
partially mismatched base pairing at the site of
integration. It is possible that during integration,
cellular and viral DNA sequences sharing partial
sequence homology form partially mismatched
heteroduplexes. Mismatches in the heteroduplex
region could be repaired randomly, sometimes
conserving DNA sequences of SV40 origin and
sometimes copying cellular sequences. This
process would be expected to leave remnants of
SV40 sequences interspersed with nonviral se-
quences in the DNA proximal to the cell-virus
junction. Sequences which may be vestigial
SV40 DNA are present in various amounts in
the DNA adjacent to several virus-cell joints
(Fig. 4C). However, the presence of such puta-
tive remnants of viral DNA sequence is not
common to all virus-cel DNA junctions se-
quenced.

DISCUSSION

My analysis of DNA fragments cloned from
cell lines SVRE9 and SVREL17, coupled with the
work of Botchan et al. (3) on SV14B cells, shows
that no specific viral or cellular sequences occur
at the SV40-cell junctions of three different
SV40 insertions. These findings extend to the
level of DNA sequence the conclusion that SV40
integration is not site specific on the viral ge-
nome and provide the first unambiguous evi-
dence that no single DNA sequence in the cel-
lular genome serves as an obligatory integration
site for SV40 DNA. The DNA sequences which
occur at the recombinant junctions between
SV40 and cell DNA show structural similarities
in some cases, but there is no structural feature
common to all of the junctions. There is some
preference for A+T richness in the SV40 se-
quences at the termini of viral insertions, but
adjacent cell sequences are not generally rich in
A+T residues. Two SV40-cell junctions are
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striking in that DNA sequences are repeated on
either side of the joint. However, these repeat
structures are not present at every SV40-cell
junction sequenced.

SV40-cell junctions are quite nondescript
compared with the junctions of retrovirus pro-
viruses (8, 23), copia elements in Drosophila
species (9), and Ty! elements in yeast cells (10,
12). These elements all have specific sites in
their DNA sequence at which they attach to cell
DNA, whereas SV40 insertions show no such
specificity. Retroviruses, copia elements, and
Tyl elements can insert at multiple sites in cell
DNA, but their insertion is accompanied by
duplication of a short sequence which preexisted
in the cell DNA at the integration site, generat-
ing a short repeat of host sequences flanking the
DNA insertion. Integrated SV40 DNA is not
flanked by direct repeats of cell DNA. Trans-
position and retrovirus integration do not per-
turb host DNA sequences beyond generation of
the short duplications at the site of insertion (6).
Integration of SV40 DNA can result in extensive
changes in the host genome. Botchan et al. (3)
have shown that a rearrangement of cell DNA
occurs at the site of SV40 insertion in SV14B
cells. Preliminary results indicate that the same
is true in SVRE9 and SVRE17 cells (J. R.
Stringer, manuscript in preparation).

Clearly, the mechanism of SV40 integration is
quite different from those acting in transposition
and in integration of retrovirus proviruses. It is
probable that SV40 DNA integrates via the
function of some generalized cellular recombi-
nation system which can rather indiscriminantly
integrate heterologous DNAs. Cultured cells ap-
parently possess a mechanism which can incor-
porate any foreign DNA introduced to the cell
(26). Because integration is a general phenom-
ena not unique to viral genomes, the function of
SV40 gene products is probably not required for
integration, although SV40 proteins may en-
hance the action of a cellular recombination
system. It is of course possible that the nucleo-
tide sequences of the cell-virus recombinant
junctions analyzed in this work are the result of
secondary rearrangements after integration and
that SV40 integration may proceed via a trans-
position-like mechanism. For this to be true,
SV40 insertions would have to (i) be very unsta-
ble after the original insertion event and then,
after rearrangement, become very stable struc-
tures and (ii) still be different from movable
genetic elements and retroviruses by virtue of
this temporary structural instability.

Whatever the mechanism of SV40 integration,
it is similar to that which mediates the formation
of defective variants of SV40 which are substi-
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tuted with cellular DNA (13). The recombina-
tion sites in these variants are similar to those
found linking integrated SV40 DNA to the cel-
lular genome in that (i) they are not sequence
specific; (ii) they often occur in regions of the
SV40 genome which are rich in adenosine and
thymidine; and (iii) putative remnants of SV40
sequence occur in cellular sequences of some of
the recombinants, suggesting that the DNA
strands participating in the recombination event
sometimes share patches of sequence homology.

These characteristics are suggestive of a
mechanism of recombination which does not
require perfect DNA sequence homologies be-
tween parental DNA strands. Of course to re-
solve fully whether or not DNA sequence ho-
mologies contribute to integrative recombina-
tion, it will be necessary to use the flanking
cellular sequences in the DNA clones described
here as probes to clone cellular DNA fragments
containing the viral integration sites in untrans-
formed rat cells. The sequences of both parental
DNAs, viral and cellular, could then be directly
compared with each other and with the DNA
sequences at the virus-cell junctions. Two stud-
ies of other SV40-recombinants have been re-
ported in which both parental DNA sequences
were determined and compared with those of
the recombinant. Zain and Roberts (27) analyzed
an adenovirus-SV40 recombinant and found no
sequence homology between the regions of ade-
novirus DNA and SV40 DNA involved in the
recombination event. Gutai studied the nucleo-
tide sequences at viral-viral recombinant joints
in naturally arising defective variants of SV40
and found some instances of patchy homology
between parental DNA sequences, but other
recombinants showed little or no such homology.
(M. W. Gutai, Virology, in press).

The studies cited above and others have
shown that eucaryotic cells have the ability to
recombine DNA illegitimately, i.e., without the
mediation of extensive DNA sequence homol-
ogy. It will be particularly interesting to deter-
mine whether DNA sequence homology is in-
volved in integration in SVRE9 and SVRE17
cells. The directly repeated DNA sequences on
either side of the virus-cell DNA joints in these
two insertions (Fig. 4B) must have presented the
cell with regions of homology which could have
been used in the recombination reaction if DNA
homology were important in the mechanism. If
SV40 DNA did integrate in these cells via ille-
gitimate recombination, it was not for lack of
sequence homologies between proximal cellular
and viral DNAs.
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