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Baboon endogenous virus (BaEV) is present in multiple copies in many Old World monkey species. BaEV
proviruses may contain open reading frames for all major genes, as is indicated by the rescue of infectious virus
particles from baboon and gelada tissues after cocultivation with permissive cells. We have analyzed full-length
BaEV proviral structures in a baboon (Papio cynocephalus) genomic library and found no evidence for the rear-
rangements or large deletions commonly observed in endogenous virus genomes from other mammalian species.
The two proviruses studied were integrated next to or nearby long interspersed repeat sequence (LINE) transpos-
able elements. Additionally, isolated dispersed fragments with 100% and approximately 77% homology, respectively,
to part of the BaEV reverse transcriptase gene were detected. These presumed retroelements were present in an
~10-fold excess compared with the full-length proviral genomes. PCR amplification and sequencing of BaEV
reverse transcriptase and env fragments from the lambda clones and from the genomic DNA of other baboon
species showed that there is little sequence variation present in BaEV DNA in the baboon genome.

A substantial part (estimated to be 0.1 to 0.6% in humans)
of the eukaryotic genome consists of retroviral and retrovirus-
related sequences. Several of these sequences are results of
ancient retroviral infections and are inherited as stable Men-
delian genes. In contrast to horizontally transmitted exogenous
retroviruses, endogenous retroviral elements are present in the
genome of every cell of all individuals of a species. Copy
numbers, however, sometimes vary between individuals, as was
observed for endogenous feline leukemia virus (FeLV)-related
sequences in domestic cats and endogenous murine leukemia
virus (MuLV) in mice (16, 34). Also, polymorphism of different
classes of MuLV proviruses has been detected in mouse strains
(37). Occasionally, endogenous viral particles have been ob-
served in primates as well as in rodents (reference 7 and ref-
erences therein). A possible involvement of endogenous vi-
ruses in cancer pathogenesis has been implicated (for a review,
see reference 18). Besides, endogenous viruses can act as
sources with which exogenous retroviruses can exchange se-
quence information. In that way, endogenous viruses could
contribute substantially to outbreaks of exogenous viral activ-
ity, which are observed from time to time in vertebrates.

Type C endogenous oncoviruses have been reported in ro-
dents, reptiles, birds, pigs, cats, and primates (reference 29 and
references therein). For primates, four endogenous type C
viruses have been isolated from Old World monkeys so far.
Two endogenous viruses originate from macaques: MAC-1
from the stump-tailed macaque (Macaca arctoides) and
MMC-1 from the rhesus monkey (Macaca mulatta) (27, 38).
MAC-1 and MMC-1 are closely related, and are possibly dif-
ferent isolates of the same virus. A third type C virus, CPC-1,
was isolated from a Colobus polykomos (30). DNA hybridiza-
tion showed that CPC-1 sequences can be detected in other
Old World monkeys and are present in approximately 50 to 70
copies per diploid genome. The fourth and best-characterized
type C virus is baboon endogenous virus (BaEV), which was
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originally isolated from baboon tissue by cocultivation with
permissive cell lines (2, 40). However, BaEV appears to be
chimeric, containing a type D env gene (17). Normally, BaEV
is not expressed in baboons, although viral particles and RNA
can be detected in placental tissue (2, 39). The complete nu-
cleotide sequence of the M7 baboon isolate of BaEV has been
determined (17). DNA hybridization, Southern blotting, and
PCR amplification have shown that BaEV is present in many
Old World monkey species (1, 4, 8, 31). Although BaEV ge-
nomes are estimated to be present in 50 to 100 copies per cell
(31), many of the integrated genomes are probably defective.
The baboon embryo fibroblast cell strain BEF-3, enriched
in BaEV sequences, releases infectious BaEV particles upon
transfection of permissive cells. BEF-3 provirus cloning showed
that only one out of four clones was nondefective (13). Re-
striction-site heterogeneity was observed between different
BaEV genomes (11, 13). PCR amplification of a small fragment
of the BaEV reverse transcriptase (RT) gene showed that limited
sequence variation both in and between species exists (31).
There is no conclusive evidence showing that BaEV integra-
tions in humans and apes exist. A complete BaEV probe gave
only a low level of hybridization with human, gibbon, and
orangutan genomic DNA (6). More significant values were
reached with chimpanzee and gorilla DNA. Using PCR, Shih
et al. (31) were not able to detect BaEV RT fragments in
human DNA, but they did detect amplification products with
chimpanzee and gorilla DNA. Human ERV-1 and ERV-3
sequences have moderate homology with type C viruses, in-
cluding BaEV, but ERV-1 and ERV-3 are defective single-
copy sequences located on chromosomes 18 and 7, respectively
(12). BaEV can also not be detected in New World monkeys
(1), suggesting that the virus entered the germ line after the
Old World-New World monkey split (approximately 30 to 40
million years ago). In cat species originating from the Medi-
terranean basin, an endogenous virus (RD114) with strong
homology to BaEV was detected by DNA hybridization (3).
This finding could be explained by the possible infection of a
Mediterranean cat ancestor with the primate virus, as cat spe-
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TABLE 1. Primers used to amplify BaEV sequences

BaEV Primer Position (nt)*

Sequence

LTR1 upstream 38 to 62 and 7990 to 8014
LTR2 downstream
RT1 upstream

RT2 downstream
ENV1 upstream
ENV2 upstream®
ENV3 downstream”
ENV4 downstream

3505 to 3524
3852 to 3871
6210 to 6234
6282 to 6301
6469 to 6488
6611 to 6634

530 to 555 and 8483 to 8507

5" GGTTCTGTTTGTTCGTGGCGCAGGC 3’
5" GATGTTAGAATCACGTTCCTTAGGG 3’
5" TGGACTCGACTTCCCCAGGG 3’

5" CAGTTCCCAGGAATTCACGC 3’

5" GCAGTAACCCCTCATATAGTCCAAG 3’
5" CTACGCGGGGTTTGACGACC 3’

5" GGCCCGCTTGGGGAGGTGTC 3’

5" CTTGTACATCACTGGTGCCCCCAG 3’

“ Nucleotide numbering according to the published BaEV sequence of Kato et al. (17).
b env primers ENV2 and ENV3 amplify a 167-bp fragment located inside the 377-bp fragment generated by the primer set ENV1/ENV4,

cies from the New World and Asia and the larger African cats
lack homologous virus sequences.

Little is known about the structure and evolution of BaEV in
the baboon genome. For the related type C endogenous ret-
roviruses RD114, FeL'V, and MuLV, different evolutionary
patterns do exist. RD114, present in approximately 20 copies in
the cellular genome of the domestic cat, has a relatively con-
served gag-pol region but has many substitutions and deletions
in env (28). Another pattern is present in endogenous FeL'V, in
which integrated copies have large deletions in gag-pol and
shorter ones in the env gene, compared with exogenous FeLV
(34). Many endogenous MuLV proviruses have lost all or al-
most all of their env genes, while others contain deletions in gag
or pol or both (36). The present study was designed to gain
insight into the molecular genetic organization of BaEV in the
baboon genome. A baboon genomic library in the lambda
DASHFXII vector, constructed from kidney tissue of a normal
18-year-old male Papio cynocephalus, was obtained from Strat-
agene (La Jolla, Calif.) and screened with probes homologous
to BaEV long terminal repeat (LTR), RT, and env sequences.
The products of PCR amplifications of Papio ursinus DNA
with appropriate sets (LTR1/LTR2, RT1/RT2, and ENV1/
ENV4) of BaEV-specific primers (Table 1) were cloned with
the TA cloning system from Invitrogen (San Diego, Calif.), and
these plasmids were used to generate >?P-labelled specific
probes. LTR1/LTR2 amplifies 467 bp of the BaEV LTR, RT1/
RT?2 amplifies 327 bp of the BaEV RT gene, and ENV1I/ENV4
amplifies 377 bp of the env gene.

Serum samples were obtained from the following baboon
species: Papio anubis (olive baboon), P. cynocephalus (yellow
baboon), and Papio hamadryas (hamadryas or sacred baboon).
Additionally, blood cells were obtained from P. ursinus (chacma
baboon). The origins of the samples were as published before
(41). DNA from gelada baboons (Theropithecus gelada) was a
gift from Todd Disotell (University of New York, New York).
Total DNA was extracted from the samples by a procedure
with silica and guanidinium thiocyanate (9), and RT and env
fragments were amplified from the DNA (with primer sets
RT1/RT2 and ENV1/ENV4), cloned into the TA vector, and
sequenced. All PCR amplifications were performed according
to the following protocol: denaturation, 5 min 95°C; amplifi-
cation, 35 cycles of 1 min 95°C, 1 min 55°C, 2 min 72°C;
extension, 10 min 72°C. Sequencing was done with an Applied
Biosystems 373A automated sequencer, following the manu-
facturer’s protocols.

Initially, approximately 36,000 plaques of the baboon library
were screened with a BaEV env probe. Five positive plaques
were obtained (named 12.1, 12.2, 23.1, 25.1, and 25.2) and
purified. After a second screening with BaEV LTR and BaEV
RT probes, with duplicate filters containing approximately
26,000 plaques, 10 additional clones were isolated. Only 1

plaque (31.1) of these 10 reacted with both probes; the other 9
hybridized only to the RT probe. Of these 9, 4 (30.1, 33.1, 36.1,
and 37.1) were (partly) characterized. Lambda DNA was iso-
lated from purified positive plaques with the Wizard Lambda
Preps DNA purification system from Promega (Madison,
Wis.). Inserts were first characterized by PCR with BaEV-
specific primer sets for the LTR, RT, and env gene. Results of
the PCRs are shown in Table 2. For three clones (12.1, 12.2,
and 31.1), correct PCR fragments were obtained with all three
sets (LTR, RT, and the env outer primer set ENV1/ENV4),
while one clone (25.1) was positive for LTR, RT, and the
ENV1/ENV3 primer set. This suggested that clones 12.1, 12.2,
and 31.1 possibly contained full-length viruses, although the
presence of only one LTR can be confirmed by PCR. A rec-
ognition site for the enzyme Sau3A (used to construct the
genomic library) is present between primers ENV3 and ENV4
in the reference sequence, which could explain the PCR result
for clone 25.1, assuming it to be an artificially truncated viral
sequence. The enzyme NotI was used to determine the size of
the lambda clone insert, which was found to be approximately
16 to 22 kb in all clones. Subsequently, the clones were char-
acterized by digestion with the restriction enzymes BamHI,
EcoRI, Notl, Stul, and Xhol and several others (all from Boehr-
inger GmbH, Mannheim, Germany); separation on 0.5% aga-
rose gels; Southern blotting (with 20X SSC [1X SSCis 0.15 M
NaCl plus 0.015 M sodium citrate] and positively charged ny-
lon membranes [Boehringer]); and hybridization with biotin-
labelled LTR, RT, and env probes, with the nonradioactive

TABLE 2. PCR results for lambda clone inserts

Primer set”

Clone Probe

LTR RT env
12.1 eny LTR1/LTR2 RT1/RT2 ENV1/ENV4¢
12.2 eny LTR1/LTR2 RT1/RT2 ENVI1/ENV4©
25.1 eny LTR1/LTR2 RT1/RT2 ENVI1/ENV3
31.1 RT/LTR LTR1/LTR2 RT1/RT2 ENVI1/ENV4¢
23.1 eny LTR1/LTR2¢ ENV2/ENV3¢
25.2 env LTR1/LTR2¢ ENV2/ENV3°
30.1 RT RT1/RT2
33.1 RT RT1/RT2
36.1 RT RT1/RT2
37.1 RT RT1/RT2

“ Probe initially used to screen the baboon library.

b Primer sets which gave a positive PCR signal are shown.
¢ Outer primer set.

9 The fragment obtained was not of the correct size.

¢ Inner primer set.
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FIG. 1. Characterization of four baboon genomic lambda clones containing
BaEV sequences. The complete BaEV genome is 8,507 nt in size (17) and is
shown in the upper part of the figure. Viral fragments used for PCR and
hybridization are indicated. The pol fragment is located within the RT part of the
gene. Each individual clone contains an insert of approximately 18 to 22 kb of
baboon genomic DNA. Sequences flanking the viral information are indicated by
dashed lines, and the approximate positions of EcoRI (E) sites relative to the
BaEV sequences are shown. Each viral clone contains an additional X#ol (X) site
at the 3’ end of the pol gene relative to the reference sequence. For clone 12.2,
the utmost left EcoRI site shown is the one present in the lambda Dash®II
vector, and the orientation of the insert has been determined to be 3’ to 5’ with
respect to the vector sequences. B, BamHI; S, Stul.

detection system from Boehringer. The probes were prepared
by PCR amplification (with biotin-dCTP) of plasmids contain-
ing appropriate BaEV fragments, which had been used previ-
ously to screen the genomic library. These procedures con-
firmed that clones 12.2 and 31.1 contain full-length viruses with
no apparent deletions or insertions, while the BaEV sequence
of clone 25.1 had been artificially terminated in the env gene
downstream of the probe used. This was also the case for clone
12.1, although for this clone a Sau3A site more downstream in
the env gene was used (probably at position 7125 or at position
7397, as the Stul site at position 7430 was no longer present).
A schematic representation of the obtained BaEV clones is
shown in Fig. 1. Sequencing of the RT and env fragments
amplified from the four lambda clones (Fig. 2 and 3) showed
that they were highly homologous to each other and to the
BaEV reference sequence. Because there is no 3’ integration
site present in two of the four obtained BaEV clones because
of Sau3A digestion of the proviral DNA, we have investigated
only the 5’ viral integration site sequences in all four clones.
For clones 12.1 and 25.1, each containing a single LTR, the
sequencing was done directly from the lambda DNA with the
reverse complement of primer LTR1 (5" GCCTGCGCCACG
AACAAACAGAACCZ3'). In the case of clones 12.2 and 31.1, 5’
integration sites were subcloned as EcoRI-Xhol fragments into
plasmid pSP73 (Promega) digested with EcoRI and X#hol, and
the sites were sequenced with the T7 sequencing primer. The
sequences adjoining the 5" LTR are shown in Fig. 4. It is clear
that all proviruses obtained have integrated in a different part
of the baboon genome, confirming that no two clones are the
same. The sequence adjoining the viral 5’ LTR of clone 12.1
was shown to be part of a long interspersed repeat sequence
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(LINE) L1 repeat (showing 83 to 89% homology with human
LINE repeats), while the upstream sequences in the other
three clones could not be identified (with EMBL release 37). A
second LINE repeat was accidentally subcloned and se-
quenced from the lambda DNA of clone 12.2 (result not
shown), indicating that this provirus is located in the proximity
of such an element, or vice versa. LINE copy numbers are
sufficiently high in the primate genome to detect these repeats
in a certain part of the genome by chance, but it could also be
possible that both retroviruses and retroelements prefer the
same genomic location, explaining why we found LINE repeats
in at least two out of four lambda clones, while it is also
believed that LINE repeats can still be inserted de novo (for a
review, see reference 33). The integration of retroviral DNA
into the host genome has been found to be dependent upon
several factors, e.g., the particular target sequence (containing
a small [4- to 6-bp] direct repeat), the tertiary structure of the
DNA (like that of intrinsically bent DNA), and the presence of
DNA binding proteins (14, 21, 26, 32). The viral integration
machinery prefers transcribed DNA regions (23) and nucleo-
somal DNA (26), while acceptor sites are DNase I-hypersen-
sitive regions (42). For BaEV, a highly preferred integration
locus, termed BEVI, was found on human chromosome 6 (10,
20). The locus is characterized by the presence of multiple PstI
sites, which were found to be present at the 3’ ends of the de
novo integrated viruses. At the 5’ end of clone 12.1, we de-
tected a PstI site located at a single-nucleotide distance from
the viral LTR, which should be regarded as a mere coinci-
dence, considering the absence of further sequence informa-
tion on the BEVI locus. Interestingly, in the two full-length
clones 12.2 and 31.1, the two 5’ nucleotides of the viral LTR
are missing, as expected in retroviral integration (15), but clone
12.1 apparently contains the complete LTR, while three nucle-
otides are lacking in clone 25.1. Possibly the extra nucleotides
observed in clone 12.1 were contributed by the host genome,
and the nucleotide apparently missing in clone 25.1 could have
been mutated from A to C in the course of time. Another
explanation could be that the viral integration machinery is
sometimes defective.

Clones 23.1 and 25.2, which did not amplify with RT primers
and did not amplify correctly with LTR primers, also did not
hybridize to the corresponding probes and hybridized only
weakly to the env probe on a Southern blot. Sequencing of the
fragments amplified from these clones with ENV2/ENV3
showed that although they have strong homology to the env
gene of BaEV (approximately 80% at the nucleotide and
amino acid level), they are quite different from all BaEV se-
quences obtained so far (Fig. 3). Both sequences are closely
related but not identical to each other. It must be noted that
although primers LTR1 and LTR2 did not correctly amplify a
product from these clones, an approximately 700-nucleotide
(nt) fragment was obtained in each case. These PCR products
have probably no other homology with BaEV than (part of) the
primer sequences, as no hybridization of the digested lambda
DNA was observed with a BaEV LTR fragment, even after
prolonged exposure. Sequence analysis should clarify whether
the 700-nt fragment has LTR-like features. Sequence results
obtained with the reverse complement of primer ENV2
showed that upstream of primer ENV2 both clones also have
a strong homology to each other, but any homology to BaEV
was completely lost, and similarity to any other known (retro)
virus could also not be found (unpublished observation). The
predicted BaEV signal peptide-GP70 boundary is located in
the ENV2 primer sequence, suggesting that a completely dif-
ferent signal peptide is present in these two putative env genes.
PCR amplification with the primer set ENV2/ENV4 gave a
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80 90 100 110
BaEV pol TTCAAAAACTCTCCCACTCTCTTCGATGAGGCTCTCCACAGGGACCTCACCGACTTCCGGACCCAGCA. TCCAGAAGTGACCCTGCTCCAGTATGTAGATGACCTCCTCT
P.ursinus 1 .

P.cyno 1
2
P.anubis 1
3
4
P.hamadry 1

3
T.gelada 1
2

12.1 RT
12.2 RT
25.1 RT
31.1 RT
30.1 RT
33.1 RT
36.1 RT  =---- e A--eemeee- A----- A----T--TC-A----~ L AA-A-----memnnn L o P
37.1RT  ----- Gom=evoon A--------- A----- A----T--TC-A--=--- Go------mmmecmnaan AA-A-----mmmnnn TT--A---=vv-memmmmamaacanann-
P.hamadry 4 Ce<-<Ge=vvvvo---oocmoocmomonmooonon T--TC-A-+T--GG------------=--= AA- . ------ G---=----- A-=--- P c
120 130 140 150 160 170 180 190 200 210 220
BaEV pol 1 TGGCGGCCCCCACAAAGAAAGCCTGCACGCAAGGTACTAGGCATCTACTCCAGGAACTAGGTGAGAAAGGATACCGGGCATCTGCCAAGAAGGCACAAATTTGTCAGACC
P.ursinus 1 ~----------------- G
2 mmeeeeeemeeeinees G
3 -e-memmeemeeeee- G
b m-mecesmeeemoo--- G
5 eeescecceieciioen G
- BEEEEEEELEEEEEEEEEE G
T o=mmmmeeemmee-e- G
8 ----eieememeeeee- G
9 mmeememeeece-e- G
10 -------nmmccnone- G
P.cyno I ittt Lttty UpR Py Ay g R g
2 meesmesmmessenee- G
P.anubis 1 ---------c--o--o- G
2 seecmeesee-n-e-- G
3 meeeevesosseeeens G
b --eeciemeemmeoee- G
P.hamadry 1 ---T-=----=vc---- G
2 emsesesooii-oo--- G
3 eeeseeoeieeoee- G
T.getada 1 ----------c-coeen G
2 esmmsessmeeeeees G
12.1 RT  ===-----mccmceea- G
12.2 RT  ==se-oomoommmeme- G
5.1 RT  -----moemomoeeeee G
31U RT —-mmemmmmmmeeee G
30.1 RT  ~------cm-mmeme- G
331 RT ---mmmmmmeemeees G
36.1 RT SEEE) CEPTE A-seen- G
37.1 RT ERbbl LRt T------ G
P.hamadry 4 ----T----- T------ G

FIG. 2. RT sequences amplified from total DNA of four baboon species (P. ursinus, P. cynocephalus [P.cyno], P. anubis, P. hamadryas [P.hamadry]) and the gelada
baboon (T. gelada), from four BaEV clones (12.1, 12.2, 25.1, and 31.1), and from four lambda clones (30.1, 33.1, 36.1, and 37.1) detected with a BaEV RT probe are
shown. The BaEV sequence (nt 3526 to 3849) of Kato et al. (17) is shown in the upper line. Identical nucleotides are indicated by dashes; gaps introduced for optimal
alignment are indicated by dots.

positive signal for clone 25.2 but not for 23.1 (result not viruses with BaEV-like env genes and probably do not repre-
shown), indicating that the downstream homology to BaEV sent BaEV genomes with multiple substitutions, as we have
has not disappeared altogether. Possibly, these two clones rep- sequenced endogenous virus clones from other species of Af-
resent endogenous retroviral elements belonging to a family of rican monkeys with high-level identity to the BaEV env frag-
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270 280 290 300 310 320
AAGGTAACTTACCTGGGGTACATACTGAGTGAGGGAAAAAGGTGGCTCACCCCTGGGCGCATAGAGACTGTGGCTCGCATTCCACCGCCCCGGAATCCCAGAGAG

FIG. 2—Continued.

ments from baboons (unpublished observation). These species
included monkeys of the Papionini tribe (which includes ba-
boons, mandrills, mangabeys, and geladas), but homologous
sequences were also amplified from the more distantly related
Cercopithecus aethiops (African green monkey). The finding of
these homologous env clones also questions the proposed type
C/type D chimeric descent of BaEV. Extensive homology be-
tween BaEV, RD114, and the simian type D viruses, which all
share the same cellular receptor (35), is predominantly located
at the 3’ end of the env gene. This part putatively encodes the
transmembrane protein P20E in BaEV and probably has the
same function in the other viruses. However, until now no virus
showed extensive homology with the GP70 env region of BaEV.

In an initial filter screening, several clones obtained from the
baboon genomic library hybridized only to the RT probe of
BaEV and not to an LTR probe. Four of these were isolated
and tested by PCR. The results (Table 2) show that the four
clones (30.1, 33.1, 36.1, and 37.1) amplify only with RT prim-
ers, although very weak large double bands were obtained with
the primer set LTR1/LTR2 (not shown). Sequence analysis of
individual clones of the RT1/RT2 PCR products produced a
surprising result, as two different but highly related RT se-
quences were present in the four lambda clones (Fig. 2). The
RT sequences of two clones (30.1 and 33.1) were identical to
BaEV RT (from nt 3505 to 3871), while the other two (36.1
and 37.1) were more divergent (showing approximately 77%
homology to BaEV). Sequences 36.1 RT and 37.1 RT were
almost identical to each other. Compared with the relative
amounts of clones hybridizing to other parts of the BaEV
genome (env or LTR), the clones exclusively positive for BaEV
RT are present in an ~10-fold excess. Restriction analysis of
two of these clones (36.1 and 37.1; result not shown) indicated
that they are not identical and that each contains at least a
small, but possibly the same, part of a BaEV-like RT gene
(estimated size between 366 and 945 nt), while the complete

pol gene of BaEV is 3,590 nt long (protease, nt 2575 to 2958 of
the BaEV reference sequence; RT, nt 2959 to 4989; integrase,
nt 4990 to 6165). Preliminary sequencing results (not shown)
indicate that clone 36.1 contains 620 nt of BaEV-like RT
sequence (nt 3311 to 3926), flanked by a mosaic of sequences
with homology (ranging from 73 to 92%) to BaEV gag-pol
fragments. It is known that solitary LTRs derived from the
endogenous type B virus HERV-K are dispersed in the human
genome in approximately 5,000 to 25,000 copies (19, 24). Ho-
mology between these sequences and the putative ancestor
virus is 70 to 90%.

To estimate the level of sequence divergence in the BaEV
RT gene for individual animals and between different baboon
species, RT sequences were PCR amplified from total DNA
with the primer set RT1/RT2 and were sequenced (Fig. 2).
Very few sequence differences were present for single individ-
uals and between the baboon species examined, including the
more distantly related gelada baboon (7. gelada). Sequence
25.1 RT was identical to sequence P.ursinus 3, while sequences
12.1 RT, 31.1 RT, P.hamadry 2, P.hamadry 4, and P.anubis 3
were all identical. Sequence 12.2 RT was most closely related
to P.hamadry 1 and P.hamadry 4. Sequences differing in a
single nucleotide could be amplified from the same allele by
Tag polymerase. Only once (in a P. hamadryas DNA sample)
was a sequence (P.hamadry 4) with homology to the divergent
sequences 36.1 RT and 37.1 RT found. This suggests that the
primer sequences are not completely conserved in this se-
quence and that the divergent RT is amplified with low effi-
ciency. No substitutions were observed in any sequence in the
conserved RT domain YXDD (25), where X is V in BaEV (nt
92-103 in Fig. 2).

To estimate the level of sequence divergence for the BaEV
eny gene for individual animals and between different baboon
species, env sequences were PCR amplified from total DNA
with the primer set ENV1/ENV4 and were sequenced (Fig. 3).
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20 30 40 50 60 70 80 90 100 110
BaEV env ATGGGATTCACAACAAAGATAATCTTCTTATACAACCTAGTACTGGTCTACGCGGGGTTTGACGACCCTCGCAAAGCCATAGAACTAGTACAAAAGCGATATGGCCGACC
P.ursinus 1 ---A
2 ---A
3 ---A
4 ---A
5 ---A
6 ---A
P.cyno 1 ---A
2 ---A
3 ---A
P.anubis 1 ---A
2 ---A
3 ---A
P.anubis &4 ---A
5 ---A
6 ---A
P.hamadry 1 ---A
2 ---A
3 ---A
T.gelada 1 C----------c--ccccccccccccmcccnecree e cmcccccccecmceccaccceecccccccccce oo
2 ---A
3 ---A
12.1 env ---A
12.2 env ---A
31.1 env ---A
25.1 env ---A
23.1 env ====T==v--G-G----T--A---G---A-A---C----AG--
25.2 env mewaTeman= A--------- A---G----- A-C-CT---AG--
120 130 140 150 160 170 180 190 200 210 220
BaEV env 1 ATGCGATTGCAGCGGAGGACAAGTGTCCGAGCCCCCGTCAGACAGGGTCAGTCAAGTGACTTGCTCAGGCAAGACAGCTTACTTAATGCCCGACCAAAGATGGAAATGTA
P.ursinus 1 =------------ L . B A e bbb bbb AR R R L L EEEE R EEEEERET: c-
A R D anth e c-
3 eceveeecae-. (R e e D e e c-
L e c-
R e R L ek c-
I e e et LR e ettt c-
P.cyno Lt e R L R L e Ry C-
A R D D c-
K e e L T c-
P.anubis 1 ----------sssecceoenicooooooo L e bbbttt e R b bbb bbbttt Cc-
2 emeeemmceece-- R et e D R R e At L c-
K e e e e e L L PP c-
P.anubis & m-mmmmmmmmmommem oo oo e e o e e e e e e eeemeececoecnoa- c-
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FIG. 3. env sequences amplified from total DNA of four baboon species (P. ursinus, P. cynocephalus [P.cyno), P. anubis, and P. hamadryas [P.hamadry]) and the
gelada baboon (T. gelada) and from six lambda clones, obtained after screening a baboon genomic library with a BaEV env probe, are shown. The BaEV sequence (nt
6235 to 6609) of Kato et al. (17) is shown in the upper line. P. anubis sequences were amplified from two animals. Identical nucleotides are indicated by dashes.

The sequence shown starts with the start codon (ATG) of the
env gene. The first 60 nt encode a putative signal peptide, while
the GP70 coding sequence presumably starts at nt 61. All
sequences obtained (including those for the four BaEV
genomic clones) were found to differ in three positions from
the BaEV reference sequence. The open reading frame was
never disturbed by the introduction of stop codons nor by
insertions and/or deletions, although in the sequence T.gelada
1 the ATG start codon of env was mutated to CTG. Also, in the
divergent clones 23.1 and 25.2 the open reading frame was not
interrupted in the fragment sequenced. Remarkably few nu-

cleotide differences were present among all BaEV sequences.
Sequences 12.1 env and 31.1 env were identical to each other
and to sequences P.anubis 6 and P.hamadry 2. Sequences gen-
erated from total baboon DNA with heterogeneity only in a
single position could have been amplified from the same allele
by Taq polymerase. There was no clear association of sequence
clusters with baboon species.

BaEV proviruses have been calculated to be present in ap-
proximately 50 to 100 copies in the haploid baboon genome.
This estimation was based upon Southern blotting of baboon
genomic DNA and detection of BaEV with an RT fragment as
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FIG. 3—Continued.

probe (31). We have shown here that this method is unreliable
because BaEV-like RT fragments are present as retroelements
in multiple copies in the baboon genome. Part of this RT
sequence was used as probe by Shih et al. (31). Besides, BaEV
RT and BaEV env sequences (and probably other parts of the
genome as well) hybridize efficiently to genomic DNA se-
quences more distantly related to the virus, making Southern
blot quantification with other probes or quantitative PCR
methods difficult. We estimate that the number of BaEV pro-
viral genomes is ~10-fold lower than the number calculated by
Shih et al. for baboons, which would be more in accordance
with the 5 to 15 integrations per haploid baboon genome pre-
sented by Benveniste and Todaro (5).

In conclusion, screening a baboon (P. cynocephalus) geno-
mic library with probes specific for BaEV led to the isolation of
four BaEV clones, two lambda clones containing apparently
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AGTCAATTCCAAAAGACACCTCCCCAAGCGGGCCACTCCAAGAGTGCCCCTGTAATTCTTACCAGTCCTCAGTACACAGTTCTTGTTATACCTCATACCAACAATGCAGA
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full-length proviruses and two others containing provirus
clones terminating in the env gene as a consequence of the
construction method of the library. In contrast to endogenous
type C viruses of other mammalian species, e.g., endogenous
MuLV and endogenous FeLV and RD114 of cats, there are no
strong indications for the existence of defective BaEV ge-
nomes in the baboon, although the homologous RT-containing
elements could be defined as proviruses with large genomic

12.2 5 integration site

5 TGTGTGTCTGGATGTGTGGATGTGGATGTGGATGTGGATGTGTGTGGACRAAAAATAAAG
=120 =110 =100 =90 -80 =70
GCCCTTATAATAAACCTCNAGGAATTTATTGTCCATTGGCCATTAAATCTGTTTTAATTT
=60 =50 =40 =30 =20 =10
CCCTCTATGAAAAGTAAAACTTTTAGGCCCTCCCCGAAAT 3/
+1 +10 +20 +30

31.

-

5’ integration site

5/ ACCAACAAACCCGTTTGACCAAAAAGCCAAACTGTAAAATATTTAAAGAGGTTTATTCTG
-150 =140 -130 =120 -110 =100
AGCTAGTATGAGTGACCATGGCCTGAGGAACAGCCTCAAGAGATTCTAAGAAAATGTGTC
=90 -80 - =60 =50 =40
CTATGTGGACAGGTTGTAGCTTCGTCTTATATGAAAAGTAAAACTTTTAGGCCCTCCCCG
=30 =20 -10 +1 +10 +30

TAAAT 37

12.1 5 integration site
5f/ CCCTCACCCCTGGACAGGCCCCAGTGTGTGATGTTCCCCTCCCTGTGTCCATGTGTTCTC
=300 =290 -280 =270 -260 -250
ATTGTTCAACTCCCACTTATGACTGAGAATATGCAGTGTTTGGTTTTGTGTTCCCGTGTT
=240 =230 =220 -210 -200 -1%0
AGTTTGCTGAGAATGGTGGTTTCCAGCTTCATCCATGTCCCTGTGAAGGACATGAACTCA
-180 -170 -160 -150 =140 ~130
TCCTTTTTTACAGCTACATCGTATTCCATGGTGTATATGTGCCACATTTTCTTTATCCTG
=120 -110 =100 -90 -80 -70
TTAGTCATTGATGGGCATTTGGGTTGGTTCCAAGTCTTTGCTATTGTGAATAGTGCTGCA
-60 =50 -40 -30 =20 -
GTAAATGAAAAGTAAAACTTTTAGGCCCTCCCCGTAAAT 3/
+1 +10 +20 +30

25.1 5’ integration site

5/ CTAACCACTGGGTGGGTGTGGGAAAAGTATGTGTCACTCTTGACCGCCTGTTATCTCATG

=140 =130 =120 -110 =100 -390
GCCATTGCCACAGCCTTTTCAGTGCACAAAGCATTCAGACCACTAATTGGAAGAGTCAGC
-80 =70 ~60 -50 =40 -30
AAAAAGTTGTTGGAGTTGGTCIGAAAAGTAAAACTTTTAGGCCCTCCCCGTAAAT 3/
=20 =10 +1 +10 +20 +30

FIG. 4. Sequences of 5' integration sites of four obtained BaEV genomic
clones. Part of the viral 5’'LTR is underlined. A PsI site located next to the viral
LTR is indicated in boldface for clone 12.1.
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deletions. However, the methods used for identification of the
BaEV sequences (Southern blotting and PCR amplification)
cannot exclude the existence of small insertions, deletions, or
stop codons in the clones obtained. The low amount of se-
quence variation present between the BaEV clones, as ob-
served in PCR fragments from the RT and env genes, was
illustrative of BaEV variation in baboons as demonstrated by
random amplification of these fragments from total DNA of
four different baboon species and the more distantly related
gelada baboon. Because all BaEV lambda clones could be
amplified with RT and env primer sets, we think it is unlikely
that we missed BaEV provirus variation because of primer
mismatch or the PCR protocol used. Besides, more divergent
clones, detected by Southern blotting, were more distantly
related to BaEV. This lack of variation is not expected for
endogenous viruses, which are supposed to act as pseudogenes,
the latter supposedly having a relatively high mutation fre-
quency (5 X 10~? substitution/site/year [22]), although a sim-
ilar lack of variation has been observed for endogenous MuLV
env genes (36). This lack of variation could be attributed to a
relatively short history of BaEV in the baboon, which could
also explain the existence of active proviruses in this species.
The amount of substitutions observed in the RT fragments of
clones 36.1 and 37.1 is more in accordance with the mutation
rate calculated for pseudogenes than that observed with com-
plete BaEV proviruses.

This study was funded in part by the Institute of Virus Evolution and
the Environment.
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