Hybrid Origin of SIV in Chimpanzees
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The ancestry of HIV-1 (human immunodefi-
ciency virus—1) has been traced to SIVcpz (sim-
ian immunodeficiency virus) infecting chim-
panzees (Pan troglodytes)] in west central Af-
rica (/), but the origin of SIVcpz itself remains
unknown. Species- specific strains of SIV have
been identified in more than 20 species of Af-
rican primates (2), but all, except SIVcpz, infect
monkeys. Here, we present evidence that
SIVepz arose through successive cross-species
transmission and recombination events of SIVs
infecting monkeys on which chimpanzees prey.

The known strains of SIV cluster into six
distinct major lineages (2), whose order of di-
vergence has been difficult to disentangle.
SIVcpz forms a deep branch within the primate
lentivirus tree and could reflect an ancient in-
fection. However, SIVcpz has only been found
in central (P. ¢. troglodytes) and eastern (P. t.
schweinfurthii) subspecies (/-3), whereas
members of a third, western subspecies (P. t.
verus) appear not to be infected. Thus, chim-
panzees more likely acquired SIV recently, sub-
sequent to the split between subspecies.

SIV phylogeny is complicated by a number
of viruses that occupy different positions in the
evolutionary tree dependent on the region of
genome analyzed, indicative of recombination
events among viruses from different major
lineages. Two recently characterized viruses,
SIVrem (4), from red-capped mangabeys
(Cercocebus torquatus), and SIVgsn (5),
from greater spot-nosed monkeys (Cerco-
pithecus nictitans), are most closely related to
SIVcpz, but only in certain genomic re-
gions, and so both have been interpreted as
recombinant viruses (4, 5). However, these
regions do not seem to overlap, and it is
possible that SIVcpz, rather than SIVrem or
SIVgsn, is the recombinant.

To investigate this, we have conducted ex-
tensive phylogenetic analyses on different sub-
sets of SIV strains, comparing the topologies
among four regions of the proteome: Gag,
Pol(PR-RT), Pol(IN), and Env. Strong discor-
dance among the topologies from different re-
gions would be evidence of recombination.
Representatives of eight clades of SIV for
which full-length sequences are available were
analyzed: the six previously defined, approxi-
mately equidistant lineages (2, 6) and the two
putatively recombinant lineages (SIVrem and
SIVgsn). We examined all 70 possible combi-
nations of four lineages (“tetrads”) selected
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from these eight, and we compared the likeli-
hoods of the three possible (unrooted) topolo-
gies, asking which was the best topology and
whether the other topologies could be rejected
statistically. By restricting the individual anal-
yses to four lineages at one time, we aimed to
identify at least a subset of nonrecombinant
lineages that did not produce conflicting topol-
ogies for different regions.

Only 11 of the 70 tetrads yielded the same
maximum likelihood topology for all four pro-
teome regions (table S1), indicative of the diffi-
culty in resolving the basal divergences among
SIV lineages. None of the 35 tetrads including
SIVcpz were among these 11. However, in
many cases, the likelihood for the best topol-
ogy was not significantly greater than that of
an alternative. SIVcpz was the only lineage
that gave rise to significant discordance
among tree topologies for different regions in
more than half of the tetrads in which it was
included. Exclusion of SIVcpz yielded evi-
dence of significant discordance in only 3 of
the 35 different tetrads. In contrast, with ex-
clusion of either SIVgsn or SIVrem, 15 or 16
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Fig. 1. (A) Diversity plot comparing SIVcpz (strain
US) to seven other SIV lineages, across concate-
nated Gag, Pol, and Env protein sequence align-
ments. (B) Maximum likelihood phylogenies of
primate lentivirus Pol and Env sequences. Internal
branches found in at least 70% and 95% of
bootstrap replicates are indicated by + and *,
respectively (6).
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discordant tetrads remained. Thus, among the
eight lineages analyzed, SIVcpz was the most
clearly recombinant.

Diversity plots across concatenated Gag,
Pol, and Env sequences identified one clear
breakpoint in SIVcpz between Pol and Env
(Fig. 1A). In phylogenetic analyses, SIVcpz
clustered closely with SIVrem in Pol, but
closely with SIVgsn in Env, whereas other
features of the topologies did not differ sig-
nificantly (Fig. 1B). This is consistent with a
more recent origin of SIVepz by recombination
between ancestors of SIVs infecting red-capped
mangabeys and greater spot-nosed monkeys,
the ranges of which overlap with P. . troglo-
dytes in west central Africa. Because chimpan-
zees are known to hunt smaller monkey species,
the simplest explanation appears to be that both
SIVrem and SIVgsn have been acquired by
chimpanzees and recombined in that host. The
other SIV-infected subspecies, P. t. schwein-
furthii, is thought to have arisen recently due to
eastward expansion from P. t. troglodytes (7);
whether they were already infected by SIVcpz,
or whether the virus followed later, is unclear.

The finding of a hybrid origin of SIV in
chimpanzees has important implications. First, it
provides evidence that, in addition to humans,
another ape species acquired SIV by cross-spe-
cies transmission under natural conditions. Sec-
ond, the endemic infection of two chimpanzee
subspecies (3) indicates substantial secondary
spread of the initial hybrid. Third, the recombi-
nant chimpanzee virus was capable of spreading
to humans (2). It will be important to examine
whether chimpanzee predation on monkeys has
led to other SIV acquisitions and whether the
resulting chimpanzee-adapted SIVs are more
likely to infect humans.
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