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ABStRACt. In spite of the remarkable diversity of HIV-1 env genes, 
several amino acids are extremely conserved, probably due to functional 
constraints. One example is the proline found at the second position of 
the GPGR motif. Several viruses, however, bear substitutions at this site, 
for instance, GWGR subtype B variant. GWGR viruses are described 
in Brazil since the beginning of the epidemics, but the extent of their 
dispersion or the geographical origin of the variant remains unknown. In 
the present study, phylogenetic trees were constructed in order to study 
the origin and spread of this variant. All GWGR sequences as well as a 
subset of subtype B sequences available were included in the analyses. 
Analyses of differential selection were also performed on GWGR and 
non-GWGR sequences in order to unveil evolutionary novelties due to 
the action of positive selection. Although the GWGR variant was found 
at least in 23 countries, its expansion probably has a single origin, and 
Brazil is the epicenter.

Key words: HIV-1; Subtype B; GWGR variant; Molecular evolution; 
Origin; Selective pressure
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IntRoduCtIon

A remarkable feature of the HIV-1 is their great genetic diversity. This unexpect-
edly high variability is due to the instability of their RNA genomes. From all the protein-
encoding genes, the most variable is the env gene. The env gene encodes for the envelope 
proteins associated with the host cell-HIV interaction (Shioda et al., 1991). Nevertheless, 
due to their functional relevance, several amino acid residues are extremely conserved 
among HIV-1 variants. Indeed, the vast majority of HIV-1 sequences, and their putative 
common SIVcpz ancestor, have the GPGX signature pattern (motif) at the central portion 
of the V3 loop of the env gene (Kuiken et al., 2000).

The well-conserved motif in a variable region suggests a strong purifying selection 
pressure. Some lineages, however, have been found worldwide with alternate signature 
patterns, such as the GWGR subtype B variant in which the proline residue is substituted 
by a tryptophan (Potts et al., 1993; Desgranges et al., 1998; Tanuri et al., 1999). This vari-
ant was first recorded in Japan in the early 1990’s (Shimizu et al., 1992), but a serologic 
study suggests its presence in Brazil since 1983 (Hendry et al., 1996).

Although rarely described worldwide, GWGR viruses seem to account for a rela-
tively early and important proportion of subtype B infections in Brazil. Changes in this 
highly conserved residue provide an interesting case of study to test whether selective 
pressure was altered with the substitution. Therefore, the aim of the present study was to 
determine the origin and spread of the GWGR variant in the world and possible differ-
ences in selective pressures on lineages and along the codons.

MAtERIAl And MEthodS

The presence of other subtype B variants in the course of the pandemic has been 
previously shown. Subtype B’, found in Thailand (Ou, 1993) and other Asian countries 
(Brown et al., 1996; Cassol et al., 1996; Kusagawa et al., 1998; Chen et al., 1999), for 
instance, has the subtype B signature pattern GPGR preserved or, alternatively, the GPGQ 
motif. Another variant, described in Trinidad and Tobago, is characterized by a threonine 
deletion, terminal to the crown of the V3 loop, and the replacement of the fourth-position 
arginine by other amino acid residues (Cleghorn et al., 2000). Finally, a third variant, found 
in Korea, has the unusual GPGS motif at the crown of the V3 loop (Kim et al., 1999).

In order to ascertain the origin and the spread of the GWGR subtype B variant 
in the world, two sets of available subtype B sequences were carefully assembled to be 
included in the phylogenetic analysis: the GWGR motif set and a sample that included 
GPGR and other sequence variants of subtype B.

GWGR sequences

On account of the large number of sequences available in GenBank, the search of 
GWGR sequences was carried out using Perl scripts. The script searched for the CX(n)
GWGRX(n)C pattern along the HIV sequences, in which letters correspond to amino 
acids. The two bordering C’s represent the two cysteines that flank the V3 loop and X(n) 
is any particular amino acid residues repeated n times. To improve sensitivity, variations 
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in the basic pattern were created to identify sequences with expected amino acid substitu-
tions at the 1st, 3rd, or 4th sites, substituting X by the corresponding letter, namely G, G 
or R. Clones and non-B sequences were excluded.

Whenever sequence subtype was unavailable, the subtyping was performed by phy-
logenetic analysis using the reference sequences from the Los Alamos National Laboratory 
database (http://hiv-web.lanl.gov). A total of 116 subtype B sequences with W at the crown of 
the V3 loop were found circulating in 23 countries (Table 1) from Latin America (Argentina, 
Bolivia, Brazil, Chile, and Paraguay), Central and North America (Canada, Cuba, Mexico, and 
the USA), Western and Eastern Europe (Czech Republic, Denmark, France, Germany, Italy, 
Lithuania, The Netherlands, Spain, Switzerland, and United Kingdom), Asia (China, Japan 
and Philippines) and Africa (Reunion Islands). As mentioned previously, however, the major-
ity of sequences (67%) were found in Brazil (Table 1).

Country Amino acid  Country Amino acid

  Any Trp (W)  Any Trp (W)

Angola 1 No Italy 3 1
Argentina 3 3 Ivory Coast 1 No
Australia 9 No Japan 4 1
Barbados 2 No Lebanon 1 No
Belgium 2 No Lithuania 1 1
Bolivia 2 2 Malaysia 1 No
Brazil 16 78 Martinique 1 No
Cameroon 4 No Mexico 1 1
Canada 4 1 Myanmar 4 No
Chile  No 2 The Netherlands 10 2
China  6 1 New Zealand 1 No
Colombia 1 No Paraguay No 1
Congo 1 No Peru 1 No
Cuba  2 2 Philippines No 3
Cyprus 1 No Portugal 2 No
Czech Republic 1 2 Puerto Rico 1 No
Denmark 1 1 Reunion Islands 1 1
Ecuador 1 No Russian Federation 2 No
Egypt  1 No Senegal 2 No
Estonia 1 No Singapore 2 No
Ethiopia 1 No South Africa 10 No
Finland 1 No Spain 7 4
France 12 4 Sudan 1 No
French Guiana 1 No Sweden 4 No
Gabon 1 No Switzerland 1 2
Gambia 1 No Taiwan 1 No
Germany 2 1 Thailand 11 No
Greece 2 No Trinidad Tobago 2 No
Guinea-Bissau   1 No UK 9 1
Haiti  3 No Ukraine 1 No
Honduras 1 No Uruguay 2 No
Hungary 1 No USA 38 1
India  3 No Venezuela 3 No
Indonesia 2 No Vietnam 1 No
Israel  1 No Total 222 116

table 1. Distribution of the subtype B sequences used to construct the phylogenetic tree on Figure 1 according 
to their country of origin and amino acid displayed at the second position of the GXGX motif.
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Subtype B sample 

Our sample of subtype B sequences was obtained as follows. First, all HIV-1 se-
quences classified as subtype B were downloaded from the Los Alamos National Labora-
tory database. Pseudogenes (as noted in GenBank), clones and sequences with less than 
300 bp were excluded from the following analyses. Sequences were ordered according 
to their country of origin and, then, to their GenBank accession number. Also, due to the 
large number of sequences, for each country subset, only the first sequence submitted to 
the databank was selected.

The subtype B sample subset comprised 222 sequences, of which 211 had a proline 
at the V3 loop motif. The remaining 11 sequences had any other amino acid. No GWGR 
sequence was included in this subset. The geographic distribution of the sequences is also 
shown in Table 1.

Evolutionary analyses

The final set included the 338 subtype B sequences described and two non-B sequences, 
accession numbers AF268919 (subtype F) and AF069670 (subtype A), which were used as out-
groups. The 340 sequences were aligned using the ClustalW algorithm (Higgins et al., 1996). Af-
ter visual inspection, utmost care was taken in the manual adjustment of insertions and deletions 
with the BioEdit program. This was a particularly difficult task due to the extreme variability of 
the region. The final alignment was 486 bp long and it is presented as supplemental information. 
After the alignment, the MEGA2 program was used to run all phylogenetic analyses. The mean 
p-distance value and the transition/transversion ratio (R) were 0.133 and 1.576, respectively 
(pairwise deletion). The average nucleotide compositions were 23.9% (T), 14.7% (C), 42.2% 
(A), and 19.1% (G). A neighbor-joining (NJ) tree (Saitou and Nei, 1987) was constructed using 
the Jukes-Cantor substitution model. The statistical support for each interior branch of the phy-
logenetic tree was performed with the interior branch test (Sitnikova et al., 1995).

We have also performed an evolutionary pathway analysis on the origin of the GWGR 
variant from a GPGR ancestor. For this analysis, sequences with putative intermediary substitu-
tions were downloaded from databanks and our strategy was as follows. A secondary databank 
was created with the phpMyAdmin program in which env sequences were downloaded in FASTA 
format from the GenBank. For the download, the following key words were used “HIV-1 AND 
env NOT HIV-2 NOT SIV”. Whenever available, the subtype classification and the geographic 
origin of the sequences were also included for our records. Third, sequences were aligned together 
with the V3 fragment of the RF subtype B reference sequence using the ClustalX program in order 
to exclude those that did not span the V3 region. Finally, signature patterns of the V3 sequences 
were identified using a set of Perl scripts in which the central X of the CX(n)GXGRX(n)C expres-
sion was substituted by any other amino acid, except proline and tryptophan (sequences with these 
amino acids were previously identified as described above).

Analysis of differential selection

Also, we aimed to investigate whether GWGR and GPGR sequences were submit-
ted to differential selective pressures. In this case, heterogeneity of selective pressures 
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within groups and along the sequences was analyzed by inferring the non-synonymous 
to synonymous rate ratio (dN/dS, also dubbed ω). This statistic offers a measure of how 
much non-synonymous substitutions (amino acid-changing) accumulated compared to 
synonymous (silent) substitutions. Since only amino acid-changing substitutions are vis-
ible to natural selection, an ω ratio >1 indicates that substitutions that effectively changed 
the protein sequence were maintained in the virus population at a rate above the random 
background expectation (synonymous substitutions). Such phenomenon is known as posi-
tive (or diversifying) selection because the new molecule has escaped the selective sieve 
and was kept in the population. On the other hand, if the ω ratio is <1, substitutions that 
modified the protein sequence were eliminated, clearly indicating that there is a selective 
force to hold protein structure unchanged. When new molecules are swept from the popu-
lation, this is called negative (or purifying) selection. Finally, we may theoretically realize 
what biological phenomenon is represented when ω = 1. This occurs when both rates are 
approximately equal, i.e., all substitutions are maintained in the population without any 
noticeable preference. Such kind of accumulation of substitutions is known as neutral 
evolution.

The dN/dS ratios were studied using maximum likelihood (ML) methods, available 
in the PAML 3.15 program (Yang, 1997), that estimate lineage-specific ω (Yang, 1998) and 
codon-specific ω (Yang et al., 2000). To investigate dN/dS ratios on lineages, sequences were 
separated into two groups - GWGR and non-GWGR. Since ML algorithms are time-consum-
ing, we reduced the original sample to obtain 21 and 22 sequences of GWGR and non-GWGR 
groups, respectively. The choice of sequences was made to maximize the number of codons 
analyzed and to obtain a global genetic diversity in which ML methods have both power and 
accuracy (Anisimova et al., 2002).

To infer lineage-specific ω's, we constructed the NJ tree of all 43 sequences using 
the Jukes Cantor model. An average ω was then estimated for the whole topology using the 
CODEML program (available in the PAML package). This null hypothesis was tested against 
the alternative hypothesis in which the GWGR clade was allowed to have its own separate ω 
value. If the log-likelihood (lnL) of the alternative hypothesis is significantly higher than H0, 
the scenario of two distinct, lineage-specific ω’s, is accepted. The test was performed via the 
likelihood ratio test (LRT), in which twice the difference of lnL is compared with the signifi-
cance level from a χ2 distribution with one degree of freedom.

In codon-specific analyses, each group was analyzed independently to test if ω hetero-
geneity along codons differed in each set. NJ trees were estimated for GWGR and non-GWGR 
sequences separately, and each topology was entered on CODEML together with sequence 
alignments. The Yang et al. (2000) method tests between two nested models of ω evolution - 
the nearly neutral and positive selection. In the nearly neutral model, codons are allowed to 
belong to an ω < 1 category or to a neutral (ω = 1) category. In the positive selection model, 
a third category is created for positively selected codons (ω > 1). Again, LRT is used to de-
cide if the lnL increase in the parameter-richer model (positive selection) is significant. If so, 
codons that were assigned to the ω > 1 category with posterior probability >95% (a = 5%) are 
considered to be under positive selection. Moreover, in the positive selection model, posterior 
probabilities for codon assignment are calculated for all three categories, ω < 1, ω = 1 and ω > 
1. Thus, it is possible to estimate an average ω for a given codon by summing up the products 
of posterior probabilities and inferred ω:
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(Equation 1)

where  is the posterior probability that codon i belongs to class K. There are three 
classes (negative selection, neutral evolution and positive selection) of codon assignment. 
This mean ω for a codon allows the overall heterogeneity along codons between groups 
to be tested via the Wilcoxon rank sum test (Choisy et al., 2004), in which the null hy-
pothesis is that the overall shift of ω values between pairs is equal to zero. Also, we can 
estimate how well mean ω's correlate between groups with the Pearson product-moment 
correlation.

RESultS

the origin of GWGR

The phylogenetic analysis of the subtype B sequences is shown in Figure 1. Interest-
ingly, all but three GWGR sequences were clustered in a single interior branch with an 82% 
confidence probability (CP), regardless of their geographic origin. This branch will be referred 
henceforth as the “GWGR branch”. The three remaining GWGR sequences clustered with 
other GPGR sequence branches and will be considered in the following.

A few hypotheses would explain the position of these three sequences. The first 
is the phylogenetic instability of the interior branches between the lineages they were 
inserted and the GWGR branch. These sequences, however, did not cluster close to the 
GWGR branch and the branches that do separate them from the main GWGR cluster are 
occasionally very well supported, indicating their consistent position outside the branch.

The second hypothesis would consider that the three outcast sequences are intra-
subtype recombinants. In this case, the V3 regions were inherited from GWGR parental 
viruses, whereas the remaining fragments were derived from GPGR ancestors. In order 
to test this hypothesis, a recombination test was applied to the largest GWGR fragment 
that clustered outside the GWGR branch.

The selected query sequence is 882 bp long and it derives from Mexico (accession 
#AF200859). It was aligned using the BioEdit program along with 16 GPGR sequences 
from the branch the query was clustered, four GWGR sequences that clustered in the 
GWGR branch, four subtype B reference sequences, and a GPGR Mexican sequence. An 
analysis performed with the RDP and Bootscan methods implemented in the RDP pro-
gram (http://darwin.uvigo.es/rdp/rdp.html; Martin and Rybicki, 2000) found no evidence 
for recombination in the query sequence (alignment and analysis parameters used are 
available upon request). This hypothesis, however, could not be completely ruled out due 
to the small extension of the sequence alignment analyzed.

Finally, a third hypothesis that explains the three GWGR sequences that were posi-
tioned outside the GWR branch predicts that these sequences are, in fact, representatives of 
distinct evolutionary origins for the GWGR viruses. In this case, GWGR viruses have evolved 
at least four times in the course of the HIV-1 epidemics. If it were the case, however, there 
would be evidence supporting that their world expansion resulted from a single common an-
cestor that circulated in Brazil before 1983, as discussed below (Hendry et al., 1996).
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GPGR to GWGR

In spite of the outcast sequences, the GWGR branch clearly demonstrates that 
the vast majority of worldwide GWGR sequences had a single origin (Figure 1). Interest-
ingly, this branch also includes sequences in which tryptophan at the GWGR motif was 
substituted by glycine (G), methionine (M), phenylalanine (F), and leucine (L). This high 
motif diversity clustered within the GWGR branch suggests a longstanding presence of 
GWGR in the course of the epidemics. Not surprisingly, 70% of sequences with amino 
acids other than tryptophan in the GWGR branch came from Brazil (Table 2), where 
the virus seems to have circulated at least since 1983 (Hendry et al., 1996). Conversely, 
sequences with amino acids for which the codons are close to the proline (codon CCA), 
that is, glutamine (GQGX motif, codon CAA for Q), alanine (GAGX, codon GCA for A) 
and leucine (GLGX, codon CTA for L) that most probably had GPGX ancestors, clustered 
outside the GWGR branch.

Figure 1. Neighbor-joining tree constructed with the Jukes-Cantor model. The tree includes all available GWGR 
sequences and a subset of subtype B sequences. Subtypes F and A were used as outgroups (accession numbers 
AF268919 and AF069670).
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      Amino acids

 Ala (A) Arg (R) Phe (F) Gln (Q) Gly (G) Leu (L) Met (M) Ser (S)

  GCA CGG CGA/CGG TTT/TTC CAG CAG/CAA GGG GGA/GGC TTG CTA/CTG ATG TCA/TCG

  W P W P W P W P W P W P W P W P

Argentina 1     1    1    1
Australia         1     2 1    1
Belgium    1
Brazil    2  12      7  2 3
Canada         3     1
China          1         1
Cuba     1
Cyprus             1
Czech Republic         1     2
France     1     1    2  1
Germany             1
Haiti           1
Hungary    1
India          1
Israel          1
Italy          1     4     2
Japan              1     1
Korea          1
Myanmar         6     1
The Netherlands      1   3   1  8     1
South Africa         2
Spain     1  1   1 1    2
Switzerland             2
Taiwan         1     1
Thailand  1     1 11     6
Trinidad Tobago  1
UK          2     1
Uruguay   1             
USA   3  1  3   4  1  11  2   6
Unknown             1    
Total  1 5 3 6 13 5 1 40 3 2 8 49 5 3  12

table 2. Geographic distribution of the subtype B sequences with amino acids other than proline and tryptophan 
at the second position of the GXGX motif. 

All these sequences were included in the phylogenetic tree constructed in order to study the evolutionary pathway 
proposed for the GWGR variant origin. Columns W and P for each amino acid represented the mean position of the 
sequences in the tree, that is, inside (W) or outside (P) the GWGR branch.

Regardless of the number of times the GWGR variant appeared in the pandemics’ 
course, any proline-to-tryptophan substitution is the result of, at least, one substitution in each 
position of the ancestral CCA. This is because tryptophan is only coded by TGG (Kuiken et 
al., 2000). The most parsimonious evolutionary pathway for the GWGR variant origin, that is, 
the one with the least number of substitution events, is shown in Figure 2.

In this hypothetical pathway, the first step would be the CCA→CCG synonymous 
substitution (substitution at the third position of any codon is much more frequent than at the 
two other positions). In the following there would be non-synonymous substitutions at the 
first or second positions of CCG, generating TCG or CGG, respectively. The third step is the 
substitution of cytosine (TCG or CGG) by guanine or thymine to generate TGG that codes for 
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tryptophan. If this hypothesis holds, sequences with serine (TCG) or arginine (CGG) at the 
second position of the tetrapeptide motif would represent intermediary steps in the GPGR to 
GWGR evolutionary pathway. Since the set of sequences in the phylogenetic tree (Figure 1) 
included no GRGR and no GSGR sequences, a second tree was constructed in order to inves-
tigate this possibility.

Figure 2. The most parsimonious evolutionary pathway proposed for the GWGR variant origin. The first step is a 
synonymous substitution at the third base of CCA, generating the codon CCG. Next, non-synonymous substitutions 
might have occurred at the first or second nucleotide sites generating codons TCG or CGG for serine and arginine, 
respectively. The third step is the substitution of C (TCG or CGG) by G or T to form codon TGG for proline.

In this case, all available subtype B sequences with GRGR and GSGR motifs were 
identified in the database created with the phpMyAdmin program as previously described. 
All sequences with GAGR, GFGR, GGGR, GLGR, GMGR, and GQGR motifs were also 
included, in order to investigate their evolutionary relationship with the GWGR branch. This 
new subset included 145 sequences. The initial 340 (Figure 1) plus the 145 new sequences 
(485 sequences in total) were aligned with the BioEdit program. An NJ tree was constructed 
with the Jukes Cantor distance model and is available upon request.

Schematically, Table 2 shows the distribution of sequences in the new phylogenetic 
tree. Sequences that clustered into the GWGR branch were distributed along the W columns, 
according to the codon for the amino acid found at the second position of the GXGR motif and 
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their country of origin. On the other hand, sequences that clustered with the GPGX sequences 
were located in the P columns. As may be seen, three of the nine GRGR sequences were found 
clustered with GWGR variants. For all three sequences, arginine residues (GRGX motif) were 
coded by CGG, one of the putative intermediates for the GWGR viruses. These sequences 
were found in Brazil (N = 2) and in Uruguay (N = 1) during the 1990s. Conversely, no GSGR 
sequence clustered inside the GWGR branch. Table 2 also shows that the majority non-GWGR 
variants (GFGX, GLGX and GMGX) that probably have GWGR sequences, as ancestors (see 
Figure 2) came from Brazil. 

differential selection on lineages and codons

The dN/dS value estimated for the full topology was 0.55 and the lnL of this null 
hypothesis was -12555.14. When the GWGR lineage was allowed to have its own ω, it was 
inferred at 0.54 against a background ω of 0.55 for the remaining branches of the tree. The 
lnL of the alternative hypothesis was -12555.13, resulting in an LRT statistic of 0.03, which 
forbids the exclusion of the null hypothesis with a P value close to 1.

Although average ω values for groups were not significantly different, there were differ-
ences in codon sites assigned to the positive selection category within lineages. As Tables 3 and 4 
show, in both groups analyzed, the positive selection was the model that best explained the data, 
because lnL values were significantly increased in this model (P < 1%). GWGR sequences showed 
8 codon sites under diversifying selection, while non-GWGR sequences were inferred to have 15 
sites. Codons 77, 100, 104, and 124 were assigned to the ω > 1 category in both groups.

Model lnL ɷ estimates PSS

Single ɷ -2676.35    ɷ = 0.54 NA
Nearly neutral -2591.55   ɷ0 = 0.13 NA
   ɷ1 = 1.0
Positive selection -2567.82   ɷ0 = 0.12 27, 29, 77, 96, 99, 100, 104, 124
   ɷ1 = 1.0
     ɷ2 = 3.97

table 3. Codon-specific omega (ω) values  under different evolutionary models for GWGR sequences and their 
respective log-likelihoods (lnL). 

PSS = positively selected sites: NA = not applicable. Sites in bold have posterior probability >99% of being assigned 
to the ω > 1 (ω2) category, otherwise >95%.

Model lnL ɷ estimates PSS

Single ɷ -2997.65    ɷ = 0.55 NA
Nearly neutral -2871.00   ɷ0 = 0.10 NA
   ɷ1 = 1.0 
Positive selection -2840.92   ɷ0 = 0.12 25, 60, 72, 77, 92, 94, 95, 100, 103, 104, 106, 107, 116, 124, 156
   ɷ1 = 1.0
     ɷ2 = 3.26 

table 4. Codon-specific omega (ω) values under different evolutionary models for`non-GWGR sequences and 
their respective log-likelihoods (lnL).

PSS = positively selected sites, NA = not applicable. Sites in bold have posterior probability >99% of being assigned 
to the ω > 1 (ω2) category, otherwise >95%.
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Parametric estimates for ω’s were very similar in both groups. We also observed 
that the overall distribution of mean dN/dS in sites demonstrated the same trends in both 
sets (Figure 3). Such scenario was confirmed by the Wilcoxon test, which could not find a 
significant difference in the overall distribution of mean ω along sequences in both groups 
(P = 0.36), i.e., none of the groups had a tendency to possess higher mean dN/dS along the 
sequence (Figure 4).

Figure 3. Histogram of dN/dS ratios inferred from GWGR (gray bars and lines) and non-GWGR sequences (dark 
lines and shading).

Figure 4. Distribution of dN/dS ratios along codons in GWGR (squares) and non-GWGR sequences (triangles).
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The majority of codon sites had a mean dN/dS smaller than one. There is also a signifi-
cant proportion of sites with mean ω slightly above neutrality, indicating possible false positives. 
However, in both lineages, many sites under positive selection were inferred to have ω higher than 
3.0, which is clearly observed in Figure 3. Mean dN/dS values for codon sites in GWGR and non-
GWGR sequences were significantly correlated (P < 1%), with a coefficient of 60.5%.

dISCuSSIon

Our results showed that the GWGX motif at the crown of the V3 loop of the env gene 
evolved relatively fast in Brazil since 1983. Moreover, the results suggest that its longstand-
ing presence in the country probably favored expansion of other variants, mainly GLGR and 
GFGR. Our results strongly indicate that the epidemics of GWGR viruses have a single origin 
and that they probably evolved in Brazil. The distribution of GPGX sequences into several 
branches along the phylogenetic tree (Figure 1), on the other hand, characterizes multiple 
introductions of the ancestral subtype B viruses in each country. In this scenario, it would be 
expected that GWGR viruses may only account for a small proportion of the Brazilian epi-
demics, which does not occur.

Several authors have systematically studied the presence of GWGR viruses in Brazil. 
Curiously, two independent studies suggested that GWGR viruses are associated with a slower 
progression of the immunodeficiency when compared to the GPGR subtype B infections (San-
toro-Lopes et al., 2000; Casseb et al., 2002). A slower progression toward immunodeficiency 
itself would mean higher fitness, due to a longer non-symptomatic period for the GWGR vari-
ant. In this case, longer periods of silent infections would mean greater chances for the viruses 
to infect new hosts and, thus, survive and reproduce.

If this were the case, we would expect the frequency of GWGR (or GPGR/GWGR 
ratio) in HIV-1 subtype B viruses in Brazil to be increasing along the course of pandemics. 
Nevertheless, this is not what we have found in the literature. Serological studies have report-
ed an almost 50% GPGR/GWGR ratio in Brazil since the 1980s. Yet, if GWGR viruses were 
somewhat restricted to Brazil, we would expect their frequency naturally to diminish along the 
course of pandemics. This is because we would expect new introductions of HIV-1 subtype B 
in Brazil to be GPGR, common worldwide.

From the analyses of differential selection, we learn that GWGR and non-GWGR 
sequences show statistically indistinguishable lineage-specific dN/dS ratios. Also, when codon-
specific dN/dS are compared, there is a general pattern of many codons under purifying selec-
tion and a small proportion of sites under diversifying selection with ω ranging from 3.0 to 4.0. 
The occurrence of false positives could explain the difference found in the sites inferred under 
positive selection, especially when a large number of codon sites were near the neutrality 
cutoff. This does not seem to be the case here, as all sites assigned to the ω > 1 category had a 
mean dN/dS ratio higher than 3.0. Actually, codons with dN/dS close to 1 did not show posterior 
probabilities >95% of being positively selected.

Another feasible explanation for the difference in codon compositions under positive 
selection is that GWGR sequences did not contain enough information to reveal the large num-
ber of sites inferred in non-GWGR sequences. If this were true, we would expect that codon 
sites that were estimated under diversifying selection exclusively in non-GWGR sequences to 
have posterior probabilities close to the cutoff of 95% used. This may be the case for codons 
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103 and 107 which displayed posterior probabilities of 75 and 71% to be in the ω > 1 category 
in GWGR sequences. Conversely, codon sites 29 and 96 had posterior probabilities of 84 and 
94%, respectively, to be assigned to the ω > 1 class in non-GWGR sequences. The remaining 
differences are probably due to biological factors instead of statistical artifacts.

We were prompted to investigate the amino acid variation found in exclusive sites un-
der positive selection in GWGR and non-GWGR sequences. Curiously, codon site 27, which 
was assigned to the ω > 1 category in GWGR sequences is monomorphic (phenylalanine) in 
non-GWGR sequences. The same is found in codon 25, which is under positive selection with 
99.6% probability in non-GWGR sequences and is fixed for glutamic acid in GWGR. Again, 
it is unlikely that sampling or statistical artifacts caused such discrepancy.

In this sense, if the ratio remains the same, it may possibly indicate a weak form of 
selection that our tests were not powerful enough to detect. Other studies on syndrome pro-
gression and more powerful selection tests may be able to put this hypothesis of GWGR high 
fitness due to a slower progression toward immunodeficiency to rest. 
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