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Abstract Studies examining positive selection on acces-
sory proteins of HIV are rare, although these proteins play
an important role in pathogenesis in vivo. Moreover,
despite the biological relevance of analyses of molecular
adaptation after viral transmission between species, the
issue is still poorly studied. Here we present evidence that
accessory proteins are subjected to positive selective forces
exclusively in HIV. This scenario suggests that accessory
protein genes are under adaptive evolution in HIV clades,
while in SIVcpz such a phenomenon could not be detected.
As a result, we show that comparative studies are critical to
carry out functional investigation of positively selected
protein sites, as they might help to achieve a better com-
prehension of the biology of HIV pathogenesis.

Keywords Human immunodeficiency virus -
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Introduction

The human immunodeficiency virus (HIV) is divided into
two types, 1 and 2, according to its phylogenetic
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relatedness to simian immunodeficiency viruses (SIV).
HIV-1 is responsible for the majority of worldwide infec-
tions and is further divided into three groups of
independent origins: M, N, and O (Corbet et al. 2000; Gao
et al. 1999; Simon et al. 1998). Groups M and N are
descendants of the SIV that circulates in chimpanzees in
West Africa (SIVcepz) (Sharp et al. 2005). Group O has
been recently associated with SIV found in wild gorillas
(Van Heuverswyn et al. 2006). Differently, HIV-2 evolved
from the SIV found in sooty mangabeys (SIVsm) (Gao
et al. 1992; Hirsch et al. 1989).

The genomes of HIV are composed of nine genes, which
encode three structural, two regulatory, and four accessory
proteins. The structural genes gag, pol and env are also found
in other retroviral lineages, as well as the fat and rev regu-
latory genes. The accessory genes of both SIVcepz and HIV-1
consist of nef, vif, vpr, and vpu, while in HIV-2 the vpu gene
is absent and the vpx gene is found (Tristem et al. 1992).

The interspecies transmission events that gave rise to
HIV epidemics were estimated to have occurred relatively
recently (Korber et al. 2000). After crossing the species
barrier, genomes of SIV lineages probably underwent
adaptive changes to the newly infected human host (Sharp
et al. 2005; Wain et al. 2007). These changes may reveal
sites relevant to the understanding of the biology of HIV
pathogenesis. Moreover, the use of antiretroviral drug
therapies also prepared the ground for selection of resistant
viral variants. Such scenarios have motivated many
investigations of adaptive molecular evolution of HIV
genomes, which have focused mainly on structural and
regulatory proteins (Choisy et al. 2004; Pan et al. 2007;
Wain et al. 2007; Yang et al. 2003).

Studies conducting evolutionary analyses of the acces-
sory proteins Nef, Vif, Vpr, and Vpu are uncommon,
although authors have reported that the nef gene is under
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positive selective pressure in HIV-1 (de Oliveira et al. 2004;
Yang et al. 2003; Zanotto et al. 1999). Furthermore, only
diversifying selection within lineages is typically investi-
gated, while directional selection is rarely considered.

Accessory proteins are unusual because, although they
might not be necessary to in vitro replication, they play
pivotal roles in pathogenesis in vivo (Le Rouzic and Be-
nichou 2005; Seelamgari et al. 2004), and thus, evolutionary
studies of these proteins are potentially interesting. For
example, the Vif protein is necessary to escape the host
intracellular antiviral factor APOBEC3G (Marin et al.
2003). Nef downregulates the cell surface expression of
CD4, disturbs T cell activation, and stimulates HIV infec-
tivity (Stoddart et al. 2003). Therefore, accessory proteins
are good candidates for adaptive evolutionary changes.

The present work analyzes positive selection in HIV and
SIVepz genomes in order to unveil adaptive changes that
occurred in accessory proteins after interspecies transmis-
sions of SIV to humans (HIV). We report that the HIV
lineages studied present sites under positive selection in
nef, vif, vpr, vpu, and vpx. On the other hand, no accessory
protein gene in SIVcpz was inferred to have undergone
diversifying selection. Our results point to a scenario of
ongoing molecular adaptation of accessory proteins after
interspecies transmission.

Materials and Methods
Sequences and Alignments

All data used in this work were retrieved from the Los Ala-
mos National Laboratory HIV Sequence Database (LANL;
http://www.hiv-web.lanl.gov). Three HIV lineages were
studied to investigate differences in selective pressures on
accessory proteins after interspecies transmission: HIV-1M,
HIV-10, and HIV-2. The number of sequences used for each
gene on the three lineages is reported in Table 1. HIV-10,
HIV-2, and SIVcpz data consisted of the entire number of
sequences available at LANL for the genes under study. For
HIV-1M, we sampled the most geographically diverse

Table 1 Number of sequences analyzed in this study, all retrieved
from the Los Alamos National Laboratory HIV database: numbers in
parentheses indicate the sum of branch lengths of the tree in substi-
tutions/codon

nef vif vpr vpu vpx
HIV-IM  35(84) 39(59) 4188 20(6.6) na
HIV-1 O 20 (4.8) 41(5.7) 43@7 20(6.0) na
HIV-2 24 (9.8) 18(53) 12(43) na 19 (5.9)
SIVcpz 18 (8.0) 11 (6.4) 9 (6.4) na na

Note: na, not applicable

sequences, avoiding circulating recombinant forms. We also
calculated pairwise genetic distances to exclude closely
related sequences from the data set.

Some sequence sets, which were potentially relevant to
our study, had to be eliminated from the analyses. SIVsm
sequences were discarded because the majority of available
sequences in LANL were obtained from a single individ-
ual. The number of sequences available for the SIVcpz vpu
gene is small, and inferences based on this set would not be
robust. All sites containing gaps were excluded from
analyses and sites that were present in only a few
sequences (<40%) were also discarded.

Alignments were conducted for each gene in each lineage
independently. Nucleotide sequences were aligned via their
translated amino acid sequences in MEGA 3.1 using CLU-
STALW (Thompson et al. 1994). All stop codons were
eliminated. HIV-1 and SIVcpz site numbering follows the
HIV-1 HXB2 reference, while HIV-2 follows SIV SMM239.
Alignments of joint samples of HIV-1 M, HIV-1 O, and
SIVcpz were also obtained for the nef, vif, and vpr genes for
further analyses of selection acting on branches of the phy-
logeny. In this case, data sets were reduced to 25 sequences
for each gene for computer feasibility of the analyses.

Phylogenetic Analysis

Phylogenetic trees of the alignments investigated were
inferred by means of the maximum likelihood method
using the heuristic search algorithm available in PAUP
4b10 with default settings (Swofford 2003). The model of
sequence evolution used in PAUP was estimated by the
likelihood ratio test (LRT) in MODELTEST 3.6 (Posada
and Crandall 1998) with the significance level set at 1%.

Detection of Recombination Breakpoints

Recombination is known to affect inference of positive
selection (Anisimova et al. 2003), and thus, we used the
GARD method (Pond etal. 2006) available at the
http://www.DataMonkey.org server to search for recom-
bination breakpoints. The HKY85 model was used in
GARD analyses and rate variation was implemented via a
general discrete distribution with three rate classes (Pond
and Frost 2005b).

Test of Synonymous Rate Heterogeneity

Accessory protein genes present partially overlapping
reading frames, which results in variation of synonymous
rates (Hughes et al. 2001). To make inference of adaptive
molecular evolution more conservative, we tested whether
models that permit variation of synonymous rates would fit
the data better than models that fix synonymous rate at 1
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(e.g.,Yang et al. 2000). The test is implemented in the
HyPhy package (Pond et al. 2005) by comparing the log-
likelihoods of the nonsynonymous and dual models (GDD
3 x 3) via LRT with 4 degrees of freedom (df) and a
significance level of 5% (Pond and Muse 2005).

Analysis of Adaptive Molecular Evolution

Analyses of positive selection on data sets were conducted
in a maximum likelihood framework in two steps: (i) test of
occurrence of positive selection and (ii) analysis of lineage-
specific adaptive molecular evolution. The existence of
positive selection on gene alignments was investigated by
two methodological approaches: the widely used tests
available in the PAML 4 package (Yang 2007) and the
recently proposed modification of PAML’s M1a-M2a test,
which incorporates partitioning of data and variation of
synonymous substitution rates (Scheffler et al. 2006),
available in the HyPhy package.

First, three pairs of nested codon evolutionary models
(M1a-M2a, M7-M8, and M8-M8a) were used to test against
the null hypothesis of no positive selection (Swanson et al.
2003; Wong et al. 2004; Yang et al. 2000) in the Codeml
program of the PAML. In each group, maximum likelihood
tree topologies obtained in PAUP were entered in Codeml
and log-likelihoods of the one-rate (M0) model were esti-
mated for each alignment. Data sets in which the M1a model
was significantly better than MO were subjected to selection
investigation. The null hypothesis of the M1a-M2a and M7-
MBS tests were rejected if the likelihood ratio statistic was
significant at %% (o« = 0.05). The M8-M8a likelihood ratio
statistic was compared with a 50:50 mixture of point mass 0
and 121 (o = 0.05) (Swanson et al. 2003). Samples in which
positive selection could be assumed by the three tests were
considered for further analysis of adaptive molecular evo-
lution at protein sites. A site was admitted as positively
selected when the posterior probability of a codon in
belonging to the w > 1 class was >95% using the Bayes
Empirical Bayes approach (Yang et al. 2005). In Codeml, we
considered to be under adaptive molecular evolution the
consensus of all three model comparisons.

The second test of positive selection was implemented
by the PARRIS algorithm applied to the results of the

GARD analyses to permit partitioning of data, which
controls the rate of false positives (Scheffler et al. 2006).
The MG94 x HKY85 model of codon evolution was used.
Heterogeneity of synonymous rates along sequences was
implemented by using a dual general discrete distribution
(GDD) with three bins each for synonymous and nonsyn-
onymous rates (Pond and Muse 2005). The null hypothesis
of no w > 1 class was rejected if the likelihood ratio sta-
tistic was significant at o = 0.05. Positively selected sites
were identified at a posterior probability cutoff of 95%.
Finally, adaptive molecular evolution on branches of the
phylogeny (item ii above) was investigated by means of the
genetic algorithm of Pond and Frost (2005a) implemented
in the GABranch application of the DataMonkey.org ser-
ver, also using the MG94 x HKY85 model.

Results

Recombination analyses in GARD detected single break-
points in several gene alignments. In the nef gene, HIV-1M
presented a breakpoint at nucleotide site 202; in HIV-10, a
breakpoint was detected in nef site 124; in HIV-2, at site
450; and in SIVcpz at site 186. Recombination was also
inferred in vif of HIV-2 (nucleotide site 479) and SIVcpz
(72), as well as in vpx of HIV-2 (521). No breakpoints were
found in vpr and vpu. All tests of synonymous rate varia-
tion (nonsynonymous vs dual GDD 3 x 3 models) along
codon sites were significant at p < 0.01. All M0-Mla
comparisons rejected the null hypothesis of only one w rate
along codons in accessory protein genes (p < 0.01).

The nef gene of both HIV-1 lineages presented sites
under positive selection in Codeml and HyPhy (Table 2).
The M2a and M8 models of codon evolution fit the data
significantly better than the M1la and M7 models, respec-
tively, as well as the M8-MS8a test (p < 0.01 for HIV-1M
and HIV-10). HIV-2 nef was also inferred to have posi-
tively selected sites in both Codeml and HyPhy. Sites that
underwent adaptive molecular evolution could not be
found in the nef gene of SIVcpz with either methodological
approach, since models Mla and M7 presented the same
log-likelihoods as models M2a and MS, respectively.
Therefore, models M2a and M8 were essentially reduced to

Table 2 Likelihood ratio statistics (2Af) for M1a-M2a, M7-M8, M8-M8a, and PARRIS tests of accessory protein genes in each lineage

nef vif

vpr vpu vpx

HIV-1M  49.7, 51.1, 33.6, 30.8*
HIV-1 O 37.7, 36.8, 33.5, 15.9
HIV-2
SIVepz

284,320,252, 8.6
138.1, 133.4, 122.0, 53.6
70, 127,95,3.9

0.0,24, 15,00

407,435, 36.5,349 na

41.7, 40.7, 36.7, 7.5 0.0, 2.1, 0.9, 2.2 na
6,51,49,106 138,263, 174,72
0, 0.6, 0.0, 0.1 na na

Note: na, not applicable. Values underlined are significant at p < 0.05

? Mla-M2a, M7-M8, M8-M8a, and PARRIS 2A/, respectively
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models M1a and M7 with the positive selection category w
close to one. The log-likelihood of the modified M2a
model in PARRIS was also identical to the null model,
thus, no positive selection was inferred.

A similar pattern was found in the vif gene. HIV-1M and
HIV-10 had significantly higher log-likelihoods under
models M2a and M8 of Codeml and model M2a of PAR-
RIS (p < 0.01) (Table 2). The positive selection models
also explained data better than Codeml’s models M1a and
M7 in the HIV-2 data set. In HyPhy, however, the modified
M1a-M2a comparison was not significant in HIV-2. In the
SIVcpz sample, no statistical evidence of positive selection
was found by any test. In Codeml, log-likelihoods of the
MIla and M2a models were identical and the LRT was not
significant for the M7-M8 and M8-M8a comparisons. The
same occurred in HyPhy’s PARRIS.

In the vpr gene, adaptive molecular evolution could be
detected on HIV-1M and HIV-10 by Codeml and HyPhy.
Both samples presented significant differences in log-
likelihoods between model Mla and model M2a
(p < 0.01). In Codeml, the comparison of models Mla-
M2a and M8-M8a in HIV-2 were significant, although the
log-likelihood of model M8 was not significantly higher
than that of M7. In PARRIS, the null hypothesis of no
positive selection in HIV-2 could be rejected (p < 0.01).
Again, SIVcpz did not present sites under positive Dar-
winian selection in either Codeml or HyPhy. Models M1a
and M7 could not be discarded in favor of M2a or M8,
since log-likelihoods were almost identical.

The vpu gene of HIV-IM was subjected to positive
selection in all model comparisons independent of the

method used. However, there was no statistical evidence
for sites in the w > 1 category in HIV-10 in either algo-
rithm. The vpx gene, which is exclusive of HIV-2, was
inferred to presented sites belonging to the positive selec-
tion category of models M2a and M8 of Codeml and
modified model M2a of HyPhy (p < 0.01).

The consensus sites of Codeml analyses reveal that the
Nef protein of HIV-1 M has five sites detected as being
under positive selection with posterior probabilities >95%
(sites 11, 22, 130, 148, and 185), while one site was
detected in HIV-10 (site) and two sites in HIV-2 (sites 32
and 75) (Table 3). The Vif protein of HIV-1M has two sites
under positive selection (sites 31 and 39), while HIV-10
has six sites (sites 35, 39, 46, 61, 63, and 136). In HIV-2
only one site was detected under positive selection (site
107). HIV-IM and HIV-10 vif share the same codon 39
under positive selection. vpr presents two positively
selected sites in HIV-1M (sites 84 and 86) and four sites in
HIV-10 (sites 23, 37, 41, and 72). No positively selected
codon was found in Codeml consensus for HIV-2 and
SIVcpz. HIV-1M and HIV-10 sites were not coincident.
HIV-1M was the only HIV lineage to present codons under
positive selection in the vpu gene (sites 2, 3, 5, and 7).
Finally, Codeml consensus of HIV-2 sites resulted in only
one codon of vpx under positive selection (site 64).

In HyPhy, the PARRIS method detected four sites under
positive selection in the HIV-1M Nef protein (sites 11, 22,
130, and 185), with strikingly similar results to Codeml
(Table 4). On the other hand, in the HIV-1M Vif protein
analysis, nine sites (nos. 31, 36, 37, 39, 47, 63, 155, 159, and
167) were found to be under positive selection, and those

Table 3 Positively selected sites on HIV and SIV accessory proteins; consensus of all model comparisons performed in Codeml

nef vif vpr vpu vpx
HIV-1 M 11, 22, 130, 148, 185 31, 39 84, 86 2,3,5,7 na
HIV-1 O 170 35, 39, 46, 61, 63, 136 22,37,41,72 - na
HIV-2 32,75 107 - na 64
SIVepz - - - na na

Note: na, not applicable. Sites in boldface have posterior probabilities >99%; otherwise, 95% < p < 99%. Site numbering follows reference
sequences from LANL: HXB2CG (accession no. K03455) for HIV-1 and SMM239 (accession no. M33262) for HIV-2

Table 4 Positively selected sites on HIV and SIV accessory proteins obtained in HyPhy software, using the PARRIS method with rate variation

modeled by a 3 x 3 GDD, MG94xHKY85

nef vif vpr vpu vpx
HIV-1 M 11, 22, 130, 185 31, 36, 37, 39, 47, 63, 155, 159, 167 28, 84, 86 2,5,7 na
HIV-10 24, 28, 170 20, 37, 39, 46, 61, 63 36 - na
HIV-2 31, 33, 75, 81, 110, 182, 222, 227, 228 - 83 na 64
SIVcepz - - - na na

Note: na, not applicable. Site numbering follows reference sequences from LANL: HXB2CG (accession no. K03455) for HIV-1 and SMM239

(accession no. M33262) or HIV-2
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Table 5 Consensus of Codeml and HyPhy positively selected sites

nef vif vpr vpu vpx

HIV-1 M 11, 22, 130, 185 31, 39 28, 84,86 2,5,7 na

HIV-1 0 170 39, 46, 61, 63 — - na
HIV-2 75 - - na 64
SIVepz - - - na na

Note: na, not applicable

were not duplicated in Codeml. The HIV-1M Vpr protein
yielded three positively selected codons when recombina-
tion and synonymous rate heterogeneity were considered
(nos. 24, 84, and 86), versus two sites in Codeml (nos. 84 and
86). The Vpu protein had three sites detected as belonging to
the o >1 class (sites 2, 5, and 7), while Codeml additionally
detected codon position 3. Sites 24, 28, and 170 were
detected in the HIV-10 Nef protein, while Vif had six sites
under positive selection (sites 20, 37, 39, 46, 61, and 63).
Only one site was detected to be under positive selection in
HIV-10 Vpr (site 36) and no site was inferred in the vpu
gene. HIV-2 had several sites detected by the PARRIS
method (sites 31, 33, 75, 81, 110, 182, 222, 227, and 228),
while Codeml detected only two sites in this same protein.
No codon was inferred as positively selected in the Vif
protein, and only one site was detected in the HIV-2 Vpr (no.
83) and Vpx (no. 64) proteins.

The consensus codon sites of the two methodological
approaches used resulted in several matches (Table 5). In
nef, codons 11, 22, 130, and 185 in HIV-1M, site 170 in
HIV-10, and codon 75 in HIV-2 were inferred under
adaptive molecular evolution in all analyses conducted. In
vif, HIV-1M (sites 31 and 39) and HIV1-O (sites 39, 46, 61,
and 63) presented corresponding sites in both methods
applied. These were also found in the HIV-1M vpr (sites
28, 84, and 86) and vpu (sites 2, 5, and 7) genes, as well as
in the vpu gene of HIV-2 (site 64).

The GABranch analysis, which searched for episodes of
adaptive evolution along the phylogeny of the lineages,
revealed that several branches could be assigned to dn/ds
values > 1 (see Supplementary Material). In nef, positive
selection episodes (dn/ds = 2.0) were found within the
HIV-1M, HIV-10, and SIVcpz clades, but not between
lineages. A similar result was found in vif, but with a lower
inferred dy/ds value (1.2). In vpr, however, the genetic
algorithm could not associate any branch with dy/ds > 1,
since such class was not estimated from the data.

Discussion
In contrast with earlier works (Yang et al. 2003; Zanotto

et al. 1999), we broadened the study of accessory proteins
analyzing various HIV subtypes, including sequences from
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a worldwide perspective to avoid patterns of evolution from
a single population. We also separated each major group of
HIV, considering their different phylogenetic histories, and
compared them to SIVcpz to shed light on the evolution of
those proteins. Additionally, we applied a test of positive
selection that deals with issues relevant to the genes studied,
such as data partitioning (caused by recombination) and
heterogeneous synonymous rates along genes.

Our results show the absence of positive selection in
SIVcpz, while it occurs in all lineages of HIV. Since SIVcpz
is closely related to HIV-1 and the chimpanzee (Pan trog-
lodytes troglodytes) is the natural reservoir of HIV-1 (Keele
et al. 2006), we would expect SIVcpz to be under the same
selective regime as HIV, but this was not the case. Other
authors have also pointed out that the simian viruses that
were transmitted to humans by cross-species events expe-
rienced a series of changes that helped HIV-1 and 2 to
successfully infect the new host (Heeney et al. 2006).

The absence of positive selection on samples of SIVcpz
accessory proteins may have biological and technical
explanations. Biologically, differences between SIV and
HIV are also found in the structuring of the genetic vari-
ation in natural populations. Moreover, the SIVcpz
infection is asymptomatic in chimpanzees, probably due to
a long period of exposure of the chimpanzee populations to
the virus, which led to an equilibrium state between the
virus and the host.

Technically, the small sample sizes of SIVcpz data sets
could reduce the power of selection analyses. However, the
sums of branch lengths of SIVcpz gene trees (see Table 1)
are adequate to such investigations as indicated by simu-
lation studies (Anisimova et al. 2001; Anisimova et al.
2002). Nevertheless, in order to check the power of the
tests, all HIV analyses were repeated utilizing reduced
samples sizes of 10 sequences. This task was performed to
verify reproducibility of results. Even with reduced sample
sizes, HIV genes under positive selection maintained
similar patterns, with significant log-likelihood differences
between M1a-M2a, M7-M8, and M8-M8a Codeml models
(Table 6). In PARRIS, however, small samples have
indeed reduced the power of the tests.

We noticed that when samples were reduced, the GARD
algorithm found a significantly higher number of recom-
bination breakpoints. For example, in the nef gene of HIV-
2, when 24 sequences were used, only one breakpoint was
inferred. When downsized to 10 sequences, four break-
points were estimated. We suppose that this has greatly
reduced the power of the PARRIS test, which could not
reject the null hypothesis of no positive selection category
in small data sets. Actually, this fact has already been
reported by Scheffler et al. (2006). We believe that PAR-
RIS results for the small data sets do not invalidate our
conclusions because the SIVcpz samples used presented
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Table 6 Likelihood ratio statistics (2A¢) for M1a-M2a, M7-M8, M8-M8a, and PARRIS test of reduced samples (10 sequences) of accessory

protein genes in each lineage

nef vif vpr Vpu vpx
HIV-1 M 7.5,9.2,56, 13" 2.6, 6.9, 3.0,2.8 66, 10.6, 9.4, 9.0 17.1, 25.6, 18.0, 5.8 na
HIV-1 O 16.9, 17.3, 16.8, 13.8 229,238,162, 154 6.2,9.6,79, 1.7 6.0, 84, 6.9, 3.0 na
HIV-2 32.1, 40.6, 34.3, 1. 17.3, 17.0, 15.7, 0.0 7,1.3,08, 05 na 37,104, 5.4, 2.4

Note: na, not applicable. Values underlined are significant at p < 0.05
? Mla-M2a, M7-M8, M8-M8a, and PARRIS 2A/, respectively

adequate levels of diversity. The LRT rejected the null
hypothesis in samples where the number of sequences and
the sum of branch lengths were lower than in SIVcpz. For
example, the HIV-2 vpx sample was composed of 19
sequences and a tree length of 5.9 and presented a signif-
icant likelihood ratio statistic, while the SIVcpz nef set
contained 20 sequences and one of the highest tree lengths
(8.0); nevertheless, all methods were unable to reject the
null hypothesis of no positive selection.

The GABranch method could not assert basal branches
of the HIV and SIVcpz lineages to dy/ds > 1 categories.
Therefore, directional selection leading to adaptive chan-
ges after interspecies transmission was not corroborated.
Hence, the most likely explanation for the sites under
positive selection within HIV lineages is diversifying
selection on proteins. For instance, the positively selected
sites inferred may account for different responses of the
immunodeficiency virus to the immune system of their
hosts, especially the cytotoxic T lymphocyte (CTL)
response.

Some of the sites identified play roles in the HIV life
cycle that were already described. For example, the N-
terminal portion of HIV Vif (sites 1-64) binds to the viral
RNA. This bound can be undone by interaction with Gag
protein and is supposedly a mechanism of interaction
between the viral RNA and Gag and, also, a way to
maintain its correct folding and preserve it from cell
inhibitors (Zhang et al. 2000). It is also essential to the
packaging of Vif into virions, as part of the viral nucleo-
protein complex (Khan et al. 2001). We found several sites
in this part of the protein to be under positive selection
(sites 36, 46, 61, and 63). Our analyses also confirmed
positive selective pressures in the N-terminal (transmem-
brane) domain of the HIV-1M Vpu protein, which have
been correlated with the efficiency of virus particle release
from the plasma membrane of infected cells (Schubert
et al. 1996).

It is noteworthy that some codons from HIV accessory
genes inferred by our study have also been evidenced by
Yang et al. (2003), such as codons 31 and 39 in HIV-1M
vif and codon 84 in HIV-1M vpr. The consistency of the
results from our study and that of Yang and collaborators
strengthens the reliability of our estimates.

As stated previously, although accessory proteins are not
structural, they interact with several cellular pathways.
Substitutions in these genes, particularly in sites under
positive selection, might be governing keys to viral infec-
tion and onset of disease in different species. This reason
reinforces the need to understand accessory proteins under
a comparative scenario, as their evolution and response to
selective pressures are probably unique from the HIV
perspective. The knowledge of the differences between
immune system responses in both HIV and SIV hosts might
lead us to a better understanding of the success of viral
pathogenesis of HIV in humans and why chimpanzees do
not develop AIDS.
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