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The leftmost 7 kilobase pairs of unique sequence L-DNA of herpesvirus saimiri was found to be highly
variable among different strains as determined by restriction endonuclease analysis and blot hybridization.
This region in one group of viruses (group A) showed only very weak hybridization with the DNA of two other
groups. Similarly, a fragment of group B hybridized to DNA of its own group much more strongly than to
group A. No homology was detected within a 1.2-kilobase-pair region between strain 11 (group A virus) and
strain SMHI (group B) even under reduced stringency, and the adjacent 5.5-kilobase-pair segment of the
region showed only a very weak intergroup hybridization. DNA of a third group of viruses (non-A, non-B) did
not hybridize significantly with cloned fragments representing the leftmost 7-kilobase-pair region of either
group A or group B. Since sequences in the highly variable region are required for the oncogenicity of the virus,
these results raise interesting questions regarding the origin and function of this region of the genome.

Herpesvirus saimiri can be readily isolated from appar-
ently healthy squirrel monkeys (Saimiri sciureus); the virus
causes acute lymphomas and leukemias in other New World
primates and also in at least two strains of rabbits (6, 26, 27,
29). The viral genome (M-DNA) is composed of unique
sequence L-DNA (110 kilobase pairs [kbp]) flanked by
multiple tandem repeats (H-DNA) (2, 15). The length of the
genome is about 160 kbp as determined by electron micros-
copy (17). Comparison of virion DNA from different strains
of herpesvirus saimiri by hybridization in solution has not
revealed significant differences in nucleotide sequence (B.
Fleckenstein, M. D. Daniel, C. Mulder, N. Berthelot, and P.
Sheldrick, Abstr. Intl. Herpesvirus Workshop, Cambridge,
United Kingdom, 1978, p. 48). However, with restriction
endonucleases, DNA polymorphisms can be demonstrated
easily (11, 16). This variability of restriction endonuclease
sites within the genome has been presumed to represent
random strain differences.
Nononcogenic variants of strains 11 and SMHI (11-att and

SMHI-att, respectively) have been isolated (7, 28, 33).
Detailed analysis of DNA from 11-att has revealed deletion
of the leftmost 1.6 kbp of L-DNA (23), and a larger deletion
has been found in the same region of SMHI-att (7). In vitro
deletion of sequences in this area leads to loss of oncogenic
potential of the virus (9; R. C. Desrosiers, A. Bakker, J.
Kamine, R. D. Hunt, and N. W. King, submitted for
publication). These results suggest strongly that left-terminal
sequences of L-DNA are directly involved in oncogenesis,
although they are not required for lytic growth or for
establishment of latency in vivo (12, 14).

In this study, we show that the DNA region required for
oncogenesis is hypervariable among different strains. Twenty
strains of herpesvirus saimiri can be divided into three
groups (A, B, and non-A, non-B) on the basis of DNA
homology of this 7-kbp fragment. The leftmost 1.2-kbp
segment does not show any detectable intergroup cross-hy-
bridization, and the adjacent 5.5-kbp segment shows very
weak hybridization between viruses of groups A and B.

* Corresponding author.

MATERIALS AND METHODS

Cells, viruses, and virion DNA. Owl monkey kidney (OMK)
cells were grown in minimal essential medium supplemented
with 10% fetal calf serum and antibiotics. Strains S295C and
SMHI were obtained from M. D. Daniel, strain 11 was from
B. Fleckenstein, and strain 11-att was from L. Falk. Other
strains were isolated from peripheral blood of healthy squir-
rel monkeys of the New England Regional Primate Research
Center colony (11). Viruses were propagated on OMK cells
and purified as described previously (17). The viral DNA was
extracted and purified from virions as published previously
(24).

Molecular cloning. The construction of recombinant clones
of strain 11 with pBR322 as the cloning vector has been
described elsewhere (9). In this study three subclones of the
leftmost 7 kbp of L-DNA were used. The map positions (Fig.
1) in the L-DNA of these viral DNA fragments cloned in
pBR322 are as follows: pHpl.4, 0.1 to 1.5 kbp; pHp3.1, 1.5
to 4.6 kbp; pHp2.5, 4.6 to 7.1 kbp. (Map position 0 is the
lefthand junction between H- and L-DNA.)
The leftmost 5.1-kbp fragment of L-DNA of strain SMHI

(Fig. 1) was obtained by cleavage of the viral DNA with
XmaI followed by a partial digestion with HindIlI. The viral
DNA was ligated into the XmaI-HindIII-cleaved and
phosphatase-treated plasmid vector pNG2004 (provided by
Nigel Grinther). Since XmaI (SmiaI) cleaves only in herpes-
virus saimiri H-DNA, and HindIlI cleaves only in L-DNA,
only H-DNA-to-L-DNA junction fragments can be effi-
ciently ligated into the XmaI-HindIII-cleaved plasmid. Re-
combinant clones were selected by colony hybridization
with the purified AosI C fragment as a probe. A clone
designated pSXH5.1 (Fig. 1) was selected and found (by
mapping and Southern hybridization) to contain a 5.1-kbp
insert of the leftmost segment from L-DNA plus a 0.2-kbp
fragment of H-DNA; pSXH5.1 contained four HindIII frag-
ments of L-DNA. The H-DNA-to-L-DNA junction XmaI-
HindIII fragment was obtained by digestion of pSXH5.1
with HindIll followed by ligation. The resulting plasmid
pSXH1.5 thus contained pNG2004 with a 1.5-kbp XmaI-
HindIII insert.
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FIG. 1. Structure of herpesvirus saimiri DNA and the origin of
recombinant plasmids used in this study.

The leftmost 0.2 to 5.1-kbp sequences of SMHI L-DNA
were subcloned from pSXH5.1 by SmaI cleavage followed
by partial BAL 31 digestion and ligation. One clone
(pSBH4.9, Fig. 1) selected on the basis of its hybridization
with L-DNA and non-reactivity with H-DNA was found to
contain herpesvirus saimiri DNA sequences between 0.2 and
5.1 kbp.
The leftmost 0.3- to 1.5-kbp sequences of SMHI L-DNA

were obtained by digestion of pSXH1.5 with SmaI followed
by partial BAL 31 digestion. Clones were selected by colony
hybridization to viral L- and H-DNA. One clone, pSBH1.2,
was selected on the basis of its hybridization to L-DNA and
lack of hybridization to H-DNA; pSBH1.2 was found to
contain DNA sequences between 0.3 and 1.5 kbp on the
herpesvirus saimiri SMHI L-DNA physical map (Fig. 1).
For large-scale preparation of cloned plasmid DNA, 1-liter

cultures of Escherichia coli HB101 containing the appropri-
ate plasmid were grown in LB medium, and plasmid DNA
was prepared (9). The DNA was further purified in cesium
chloride-ethidium bromide gradients. After the ethidium
bromide was removed by isoamyl alcohol, the DNA was
precipitated with ethanol, suspended in 10 mM Tris-hydro-
chloride (pH 7.6)-i mM EDTA, and stored at 4°C.

Restriction endonucleases, gel electrophoresis, and blot
hybridization. Restriction endonucleases were obtained from
Promega-Biotec (Madison, Wis.), except AosI, which was a
generous gift from A. de Waard. Cleavage conditions were
according to recommendations of the manufacturer. DNA
fragments were subjected to electrophoresis through vertical
agarose slab gels, stained in 1 ,ug of ethidium bromide per
ml, and photographed over UV light. Lambda phage DNA
digested with HindIII was used as a molecular size marker.
DNA fragments in agarose gels were transferred to diazo-
benzyloxymethyl (DBM) papers (1) or nitrocellulose filters
(35). Labeled DNA probes were obtained by nick repair (31)
with 32P-labeled dATP or dCTP (New England Nuclear
Corp. or Amersham Corp.). Specific activities greater than
107 cpm/,lg of DNA were usually obtained. Filters were
hybridized in the presence of 50% formamide, 5 x SSC (1 x
SSC is 0.15 M NaCl-0.015 M sodium citrate), 20 mM sodium
phosphate buffer (pH 6.5), 10% dextran sulfate, 200 jig of
calf thymus DNA per ml, Denhardt solution (0.02% bovine
serum albumin, 0.02% Ficoll 500, and 0.02% polyvinylpyr-
rolidone), and 105 cpm of probe per ml at 42°C for 14 to 24 h.
For low-stringency experiments, the formamide concentra-

tion was lowered to 30%, and the temperature was lowered
to 20°C. After hybridization, filters were washed in several
changes of 0.1% sodium dodecyl sulfate-0.lx SSC solution
at 50°C; for lower-stringency washes, filters were washed
under conditions identical to those used for their respective
hybridization. For autoradiography, filters were exposed to
Kodak X-Omat films and Du Pont intensifying screens. For
sequential hybridizations of DBM papers, after hybridiza-
tion and autoradiography, the first probe was removed by
0.5 N NaOH (4 h under gentle rocking at room temperature)
followed by neutralization in four changes of 50 mM sodium
phosphate buffer (pH 6.5). For sequential hybridizations, the
original hybrids were removed from nitrocellulose filters by
soaking in 70% formamide containing 10 mM sodium phos-
phate buffer (pH 6.5) and 0.1% sodium dodecyl sulfate at
70°C for 15 min, followed by a 1-min rinse in 0.1% sodium
dodecyl sulfate-0.1x SSC. Filters were then prehybridized
and hybridized as described above.

Dot-blot hybridization. The dot-blot hybridization method
of Brandsma and Miller (4) was modified as follows: M-DNA
of different strains in 5 p.l of 10 mM Tris-hydrochloride-1
mM EDTA (pH 7.6) was spotted on nitrocellulose sheets.
The filters were placed onto Whatman no. 3 filter papers
saturated with 0.5 N NaOH-1.5 N NaCl for 5 min, twice on
1.5 M NaCl-0.5 M Tris (pH 7.0) for 1 minute each, and once
on 3x SSC for 2 min. After baking at 80°C for 1 h, the filter
was incubated under pre-hybridization conditions, and the
bound DNA was hybridized as described above.

RESULTS
Localization of a variable DNA fragment in strains 11 and

SMHI. Physical maps of strains 11 and SMHI are available
for several restriction endonucleases including SmaI and
AosI. SmaI cleaves each H-DNA unit several times, but
does not cleave within L-DNA (2, 16). The available maps
revealed some DNA polymorphism between strains in re-
striction endonuclease sites, and the strains were further
compared by blot hybridization (Fig. 2). Virion M-DNA was
cleaved with SmaI (to digest the repetitive H-DNA) fol-
lowed by AosI. DNA fragments were subjected to electropho-
resis, transferred to DBM paper, and hybridized to probes as
indicated in Fig. 2. AosI-C of SMHI hybridized to M-DNA
of strain 11 considerably less than did the other AosI
fragments of SMHI (Fig. 2A). AosI-C (15 kbp) is located at
the left end of SMHI L-DNA (Fig. 3). After autoradio-
graphy, the probe was removed by NaOH, and the filter was
rehybridized with 32P-labeled SMHI M-DNA. As expected,
all SMHI bands hybridized in proportion to their sizes (Fig.
2B). However, SMHI M-DNA hybridized only very weakly
to AosI fragment F of strain 11 compared with, e.g., the
slightly smaller AosI-G of strain 11. AosI-F is the leftmost
7-kbp fragment of strain 11 L-DNA (Fig. 3). Some other
bands, e.g., AosI-A, appeared to hybridize somewhat more
strongly with homologous probe than with the heterologous
one (Fig. 2). This could indicate that, in addition to the
left-terminal 7 kbp of L-DNA, some slight sequence diver-
gency occurs in some other regions of the genome too,
although to a much lower degree than at the left end. We
have compared these strains by cross-hybridization using
restriction endonucleases EcoRI, Sacl, KpnI, and BamHI,
but no substantial sequence divergence was found in the
genome, except at the lefthand end of the L-DNA (data not
shown).

Hybridization of DNA from new isolates to left-end frag-
ments of strains 11 and SMHI. Since strains 11 and SMHI
had been in culture for a considerable time, and could thus
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FIG 2. Hybridization of AosI DNA fragments of strains 11 and

SMHI with homologous and heterologous M-DNA probes. M-DNA
(50 ng) of strains 11 and SMHI was successively cleaved with SmaI
and AosI and subjected to electrophoresis through a 0.7% agarose
gel. After electrophoresis, the gel was stained with ethidium bro-
mide, photographed over UV light, and transferred to DBM paper.
(A) The filter was hybridized with 32P-labeled strain 11 M-DNA and
subjected to autoradiography. (B) The probe was removed with 0.5
N NaOH, and the filter was hybridized with 32P-labeled M-DNA of
strain SMHI.

have undergone rearrangements in vitro, we examined a
number of recent isolates of herpesvirus saimiri to investi-
gate whether the variations in nucleotide sequence observed
between strains 11 and SMHI did also occur in strains
freshly isolated from animals.

A. r bt,ri B. Probe =U AosF
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DNA from 11 strains of herpesvirus saimiri was sequen-
tially cleaved with SmaI and AosI (AosI cleaved all strains
within the left 20% of their L-DNA and not in H-DNA). A
considerable size heterogeneity was observed among AosI
fragments of different strains (Fig. 3A). The DNA fragments
were transferred to DBM paper and hybridized with AosI
fragment F of strain 11. As shown in Fig. 3B, the fragment
hybridized strongly to bands of only six strains, which we
will call group A viruses. After long exposures, the five other
strains also showed a very weak hybridization (data not
shown). The probe was eluted from the filter with NaOH,
and the same filter was then rehybridized with SMHI AosI-C
fragment representing the leftmost 15 kbp of SMHI L-DNA.
No hybridization was observed between SMHI AosI-C

and those fragments that had shown strong hybridization to
AosI-F of strain 11 (Fig. 3B and C, lanes 3, 4, 5, 6, 7, and 10),
although after prolonged exposure, a very weak hybridiza-
tion was observed (data not shown). On the other hand,
SMHI AosI-C hybridized strongly to a fragment from all
other viruses (Fig. 3C, lanes 1, 2, 8, 9, and 11) and also to a
fragment of all group A viruses which comigrated with
AosI-C of strain 11. This fragment, 11 AosI-C, mapped
between 7 and 15 kbp (Fig. 2). These results indicated that
diverged sequences were clustered within the first 7 kbp of
L-DNA; all strains appear to have homologous sequences
between 7 and 15 kbp.

Unfortunately, the transfer of DNA of this gel was not
very efficient; a gradient of transfer efficiency was observed
from left to right, especially in regard to the larger frag-
ments. This resulted in bands of the leftmost lanes hybrid-
izing significantly less than bands elsewhere, especially the
rightmost lanes. This was observed both with the AosI
fragments used as probes (Fig. 3B and C) and with probes of
other parts of the genome where no sequence divergence
was observed (data not shown). This poor efficiency, how-
ever, did not effect the main conclusion of this experiment;
the small left-terminal fragments of the DNA of group A
strains do not appear to have homology to AosI-C of strain
SMHI.
A great deal of variation was found in the sizes of

left-terminal AosI fragments, even within group A (Fig. 3B).
We concluded that these fragments are indeed at the left
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FIG. 3. Hybridization of AosI DNA fragments of recent isolates of herpesvirus saimiri with left-end fragments of strains 11 and SMHI.

M-DNA from 11 different strains was cleaved with SmaI and AosI, the DNA fragments were separated on a 0.7% agarose gel (A) and
transferred to DBM paper. The filter was hybridized with AosI fragment F of strain 11 (B), the probe was removed, and the filter was
rehybridized with AosI-C of strain SMHI (C).
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FIG. 4. Serial hybridization of Sacl, SinI, Hinfl, and TaqI DNA
fragments of strains 11 and SMEIl with various probes. M-DNA (50
ng) from strains 11 and SMHI was digested with Sacl, SinI, Hinfl,
or TaqI as indicated. The DNA fragments were separated on a 1.2%
agarose gel, transferred to a nitrocellulose filter, and hybridized with
32P-labeled plasmids as indicated, under conditions of low strin-
gency (Tm, -50°C). After autoradiography the probe was removed
and hybridized (Tm, -50°C) with the following probes: A, pSBH1.2
(strain SMHI); B, pHpl.4 (strain 11); C, pHp3.1 (strain 11); D,
pHp2.5 (strain 11).

junction from H- to L-DNA, since (i) they hybridized to the
left junction fragment of strain 11, and (ii) they did not
migrate as a distinct band when the DNA was cleaved with
AosI alone; the two terminal fragments of L-DNA were then
linked to H-DNA of variable length (1.4 to ca. 50 kbp) and
visible only as a smear in the gel (data not shown).

Since the weak hybridization observed between the AosI
F fragment of strain 11 and the terminal fragments of the
genome of the other five viruses could be explained by a
small segment of H DNA attached to the SmaI-cleaved
L-DNA, or by a weak homology in the terminal segment of
L-DNA, or both, we further compared the DNA strains 11
and SMHI.

Detailed analysis of heterologous regions of strains 11 and
SMHI. To further map the extent of divergence within these
leftmost sequences, M-DNA of strains 11 and SMHI was
digested with restriction endonucleases known to cleave
L-DNA frequently (Sacl, SinI [Avall], Hinfl, and TaqI).

After electrophoresis, DNA fragments were transferred to
nitrocellulose filters and sequentially hybridized with dif-
ferent DNA probes under low stringency (Tm, about -50°C).
After autoradiography, the filters were washed under more
stringent conditions (Tm, -20°C), followed by another auto-
radiography. Before hybridization with the next probe, the
old probe was removed with 70% formamide at 70°C.
pSBH1.2 hybridized strongly to SMHI fragments (Fig.

4A), but failed to show any hybridization to fragments of
strain 11 at low stringency hybridization (Tm, -50°C). Even
highly overexposed films did not show any hybridization to
bands of strain 11, and further decrease of stringency during
hybridization resulted in unacceptable background (data not
shown). In the reciprocal experiment, pHpl.4 (0.1 to 1.5 kbp
of strain 11) strongly hybridized to DNA fragments of strain
11, but not to fragments of SMHI (Fig. 4B). Weak bands
showing homology to pHpl.4 were identified as H-DNA by
subsequent hybridization with 32P-labeled H-DNA (data not
shown); we have identified sequences with homology to
H-DNA present in the first 0.2 kbp of L-DNA (unpublished
results).
Cloned strain 11 fragments pHp3.1 and pHp2.5 (Fig. 4C

and D) hybridized to DNA fragments of both strains, but the
intensities of hybridization to bands of strain 11 were esti-
mated to be 5 to 20 times stronger than to fragments of
SMHI. By increasing the stringency of washes (Tm, -20°C),
we were able to melt offthe hybrids from SMHI bands, using
conditions that did not affect the hybrids with strain 11 DNA
fragments (data not shown).
We did not detect any heterogeneity between strains 11

and SMHI beyond the leftmost 7-kbp segment within the
adjacent segment of L-DNA, as determined by hybridization
to cloned KpnI fragment B of strain 11, which maps between
1.5 and 15 kbp (data not shown).

Dot-blot hybridization of DNA from new isolates. The
dot-blot hybridization results showed that the first 7-kbp
segment of L-DNA was highly variable. To analyze the
extent of homology more extensively, we employed dot-blot
hybridizations of dilutions of DNA from 19 virus strains;
most of these were freshly isolated from squirrel monkeys.
These filters (Fig. 5) contained duplicate dot-blots with a
known amount of purified M-DNA from each strain and five
dot-blots with serial twofold dilutions of DNA from strains
11 and SMHI. The filters were sequentially hybridized to
various cloned DNA fragments from strains 11 and SMHI.
The extent of homology was estimated by comparing the
intensities of spots of each strain to those of spots of the
dilutions of DNA from strains 11 and SMHI on the auto-
radiogram.
DNA from five strains (Fig. SC and D, slots 2, 3, 8, 10, and

16) hybridized at least as strongly to pHp2.5 and pHp3.1 as
the spots containing a fourfold dilution of strain 11 DNA. We
classified these strains as group A viruses. We also include
strain OMI (Fig. 5 C and D, slot 4) in this group. In this
experiment strain OMI showed only moderate homology to
the strain 11 fragments. However, in other experiments (Fig.
3B and data not shown) OMI showed strong homology to
strain 11. All other strains hybridized much more weakly
and to variable extent to these two plasmids. Overexposure
of these autoradiograms indicated that all strains have a very
weak homology to these cloned fragments representing the
genome of strain 11 between positions 1.5 and 7.0 kbp (data
not shown).
Another set of four strains (Fig. SA, slots 1, 5, 9, and 19)

hybridized to SMHI fragment pSBH1.2 to more than 50% of
the extent of hybridization of SMHI DNA. These strains
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were classified as group B viruses. One strain (Fig. 5A, slot
6) hybridized much more weakly to pSBH1.2 and was
tentatively classified as a group B virus. All other strains
showed no homology to pSBH1.2

All B group viruses hybridized strongly to pSBH4.9 as
expected (Fig. SB, slots 1, 5, 9, and 19). Some other strains
(group A viruses) also hybridized weakly to this fragment;
these strains had not shown any hybridization with pSBH1.2
(Fig. 5A and B, slots 2, 3, 8, 10, and 16). pSBH4.9 contained
a larger SMHI L-DNA fragment that included the viral
sequences in pSBH1.2; therefore, we concluded that there
was a weak homology between different groups in the region
mapping between positions 1.5 and 5.1 kbp.
DNA from seven strains (Fig. 5A, B, C, and D, slots 7, 12,

13, 14, 15, 17, and 18) hybridized so weakly to the cloned
fragments mentioned above that this could only be detected
on highly overexposed autoradiograms. Thus, these strains
could not be placed into groups A or B. We do not know yet
whether these seven viruses show intergroup homology in
this region of the genome; therefore, we tentatively classify
these strains as non-A, non-B viruses, and we conclude that
there are at least three groups of herpesvirus saimiri based
on the homology of the left-terminal region of their L-DNA.
The observed variations in DNA homology was not due to

loss of DNA from the filter, since all strains hybridized to
about equal extent to KpnI-E, a fragment from the right end
of the L-DNA of strain 11 (data not shown).
The results of Fig. 5 and other similar experiments are

summarized in Table 1, which shows the approximate extent
of homology of all strains to the left-terminal fragments of
strains 11 and SMHI.

No conserved cellular DNA sequences in the heterologous
region. Three characteristics of the leftmost 1.2-kbp segment
of L-DNA suggest a possible analogy to retroviral onco-
genes: (i) no homology is observed between three groups of
virus strains, (ii) the segment is dispensable for growth,
atleast in strains 11 and SMHI, and (iii) the region is
essential for oncogenesis. Therefore, we investigated
whether this region might be derived from cellular DNA
sequences, analogous to retroviral oncogenes. We hybrid-
ized DNA from a number of species including human,
squirrel monkey, owl monkey, mouse, etc., to cloned frag-
ments of strains 11 and SMHI by Southern hybridization.
No homology was found to cellular DNA even under nons-
tringent conditions in a sensitive hybridization system, where
a 1-kbp single-copy gene would easily have been detected.

DISCUSSION
We have shown that the leftmost segment of L-DNA of

herpesvirus saimiri strains is highly variable both in size and
nucleotide sequences. This extremely variable segment is
about 7 kbp in the four strains studied in greater detail
(strains 11, OMI, SMHI, and S295C). In many other strains
the size of the variable region appears to be larger, as judged
by the variability in size of fragments that show homology to
only one group of viruses. Based on hybridization to frag-
ments derived from these segments of the genome, all strains
tested could be divided into three groups, A, B, and non-A,
non-B (Table 1). The latter group is not yet characterized
well, and it is possible that the strains in this group may still
have to be subdivided; thus, there could be even more than
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TABLE 1. Classification of herpesvirus saimiri strains

Extent of hybrid-
ization' to left-

Strain Reference Origin' end fragments Group
of:

SMHI 11

11 13 NK <6 100 A
11-att 33 NK <6 100 A
4322 14 NK <6 100 A
OMI 20 NK <6 50 A
254-71 11 Peru <6 >50 A
417-78 11 NK 12 >50 A
494-77 11 Colombia 6 >50 A
483-77 11 Colombia <6 25 A
SMHI 26 NK 100 <6 B
S295C 27 NK 100 <6 B
24-76 11 Bolivia 100 12 B
302-78 11 NK 100 6 B
29-76 11 Bolivia 12 <6 B
197-71 11 Guyana <1 <6 N'
484-77 11 Colombia <1 <1 N
487-77 11 Colombia <1 <1 N
487-80 11 Bolivia <1 <1 N
488-77 11 Colombia <1 <6 N
505-77 11 Colombia <1 <1 N
637-71 11 Peru <1 <1 N

a NK, Not known.
b The approximate extent of hybridization is derived from the results of

several experiments such as that shown in Fig. 5.
' N, Non-A, non-B virus.

three groups of herpesvirus saimiri strains based on homol-
ogy in this region. No homology was found at all between
cloned fragments representing the leftmost 1.2 kbp of strain
11, a group A virus, and SMHI, a group B strain, and only
very weak homology was found in the adjacent 5.5-kbp
segment. Only sequencing the appropriate segments of the
genomes will inform us whether the leftmost 1.2-kbp seg-
ments of the three groups of viruses are at all related.

Variability in restriction endonuclease cleavage sites ap-
pears to be a common feature of all herpesviruses. In herpes
simplex virus DNA heterogeneity in restriction endonucle-
ase sites appears to be mainly clustered in small regions (hot
spots) of the genome, but those variable regions still display
tight homology by hybridization (5). Similar DNA polymor-
phisms have been described for Epstein-Barr virus (3, 18,
32), equine herpesvirus (36), cytomegalovirus (19), varicella-
zoster virus (30), and herpesvirus tamarinus (10). In herpes-
virus saimiri, the extent of DNA polymorphisms appears to
be considerably higher than in the other herpesviruses
mentioned; all epidemiologically unrelated strains examined
show multiple variations in the ca. 200 recognition sites
tested; e.g., we have not yet found two such strains with
identical SacI or HpaII fragment patterns (11, 16). As shown
in this study, despite these DNA polymorphisms, the right-
most 93% of the L-DNA is nearly completely homologous
among all strains. However, contrary to all other herpes-
viruses known, a sizable segment of the herpesvirus saimiri
genome, ca. 7% of the unique sequences, has little or no
homology among three groups of strains; this large differ-
ence in nucleotide sequences and even large deletions in this
region have no apparent effect on the in vitro propagation of
the virus (7, 9, 23) or the in vivo establishment of latency (12,
14). Such properties have not been demonstrated in any other
herpesvirus.

Several experiments strongly suggest that the highly var-
iable left end of herpesvirus saimiri is required for the

oncogenic property of the virus. Deletion ofDNA sequences
in this region was found in two nononcogenic variants, 11-att
and SMHI-att (7, 23). Deletion of sequences in vitro in the
same region also resulted in loss of oncogenicity (9; Desrosi-
ers et al., submitted for publication). In different cell lines
derived from tumor-bearing animals, DNA sequences of the
left terminal 15 kbp as well as the right terminal 15 kbp have
been found always preserved, but parts of the central 80-kbp
segment of the L-DNA region are often deleted (8, 21, 34).
Therefore, this central 80-kbp region of the genome appears
nonessential for maintenance of the transformed state.

It is not clear what the origin of this variable segment is. It
does not represent a contiguous stretch of cellular DNA,
since we have not found evidence for homology to cellular
DNA. It cannot be excluded that in multiple recombinational
events different virus strains would have incorporated dif-
ferent mosaics of short stretches of cellular DNA. This
possibility, although very unlikely, cannot be ruled out,
since our preliminary results indicate a very weak homology
under nonstringent hybridization conditions between both
pSXH4.9 and pHpl.5 on the one hand and squirrel monkey
DNA on the other hand. These cellular sequences probably
represent moderately repeated sequences. No such homol-
ogy was found to DNA from other species including owl
monkeys, a related monkey species. A more plausible ex-
planation for the great sequence variability of this segment
could be an extreme divergence from a common ancestral
viral sequence, a sequence which is apparently not required
for lytic viral infection and, therefore, is possibly not con-
served. However, this would not explain why (i) the virus
retained the sequence at all, and (ii) this seemingly freely
diverged sequence has retained its oncogenic function.
There appears to be a correlation between virus groups

and geographical origins of animals from which some of the
recent virus isolates have been obtained. As shown in Table
1, all B group virus strains with known origin are isolated
from Bolivian squirrel monkeys; all such A group viruses are
derived from animals from Colombia and Peru (two coun-
tries with a long common border). These data, however,
should be interpreted with caution, since we have no good
records of the origins of more than one-third of the monkeys
used in this study.
A difference in oncogenic potential between two strains of

group A viruses (strains 11 and OMI) versus two strains of
group B viruses (strains SMHI and S295C) has been ob-
served by several investigators in at least three monkey
species, cottontopped and common marmosets and owl
monkeys. For example, strains 11 and OMI cause tumors in
common marmosets, whereas strains SMHI and S295C have
been reported to be nononcogenic for these animals (25, 37).
At this stage, we have no evidence to link this biological
difference to the differences in nucleotide sequences be-
tween group A and B viruses; several other explanations for
differences in oncogenicity cannot be excluded, e.g., these
four viruses have been isolated many years ago and have
been passaged in tissue culture for a long period and thus
could have become slightly attenuated.
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