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Evolutionary trends have been examined in 146 HIV-1 forms (2662 copies, 2311 iso-
lates) polymorphic for the TATA box using the “DNA sequence→affinity for TBP”
regression (TBP is the TATA binding protein). As a result, a statistically significant
excess of low-affinity TATA box HIV-1 variants corresponding to a low level of both
basal and TAT-dependent expression and, consequently, slow replication of HIV-1 have
been detected. A detailed analysis revealed that the excess of slowly replicating HIV-1 is
associated with the subtype E-associated TATA box core sequence “CATAAAA”. Prin-
cipal Component Analysis performed on 2662 HIV-1 TATA box copies in 70 countries
revealed the presence of two principal components, PC1 (75.7% of the variance) and
PC2 (23.3% of the variance). They indicate that each of these countries is specifically
associated with one of the following trends in HIV-1 evolution: neutral drift around
the normal TATA box; neutral drift around the slowly replicating TATA box core
sequence (phylogenetic inertia); an adaptive increase in the frequency of the slowly
replicating form.

Keywords: TATA box; TATA binding protein (TBP); TBP/TATA-affinity; prediction;
HIV-1; SNP.

1. Introduction

The evolution of HIV-1 has been intensively studied ever since this virus was iden-
tified as one of the main causative agents of AIDS. The phylogeny of HIV-1, its
relationships with other lentiviruses and the waves of the AIDS pandemic have
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been reconstructed.1−4 The most likely ancestor of HIV-1 is simian immunodefi-
ciency virus of chimpanzee (SIVcpz), from which independently came dominant
group M and minor group N. The involvement of simian immunodeficiency virus of
gorilla (SIVgor, minor group ) is possible too.5 A retrospective study of the AIDS
history and molecular phylogeny reconstruction1 demonstrated that the virus (HIV-
1 group M) was first transmitted to man in the first decade of the 20th century in
Congo and/or Cameroon.6,7 The initial pesthole of the AIDS epidemic appeared in
part due to enhanced migration which followed the division of the German colonies
and later the break-up of the colonial system. This break-up was followed by re-
emigration of the Haitians from Congo3 and the emergence of a persistent pesthole
in Haiti in the 1960s, whence the pandemic reached the USA and Western Euro-
pean countries.8 Later, HIV-1 was disseminated both from persistent pestholes and
directly from Africa. Repeated import of HIV-1 gave rise to a lot of recombinant
forms.9−11

HIV-1 is one of the most variable viruses. This is because revertase has a high
error rate (∼1 substitution per genome replication), the virus has high reproduc-
tive rates (∼1010 virions a day per patient), a complex life cycle including a DNA
and an RNA stage, and AIDS has a prolonged symptom-free period, which all
together promote co-infection and recombination. Group M, which is dominant
in the pandemic, includes nine subtypes (subtypes A and F have subsubtypes),
dozens of recombinant forms, both circulating (CRFs are the forms isolated from
two or more patients) and unique (URF). This phylogeny was inferred from an
analysis of protein-coding RNA (first of all, the env gene, which encodes the pro-
tein gp120; later this phylogeny was improved using the pol, gag, vif genes and
others).5,12,13

The diversity of non-coding regulatory RNA is given much less consideration. At
the DNA stage, HIV-1 transcription is initiated by the only TATA box, which has an
imperfect copy in the central part of each 5′- and 4′-half of the long terminal repeats
(LTRs).14,15 Upstream of the TATA box are NF-κB16 and Sp117 binding sites,
which modulate transcription; the TATA box is immediately flanked by E boxes,15

which bind the transcription factor AP-4.18 Downstream of the transcription start
site is the RNA-enhancer TAR (transactivation response RNA). To enable HIV-1
expression, it is required that the TATA-binding protein (TBP) be bound to the
TATA box, and this binding initiates the assembly of the preinitiation complex
(PIC).17,19 The viral protein Tat activates this process in at least three ways. First,
by binding to the protein complex P-TEFb, which forms part of the PIC and
eventually20,21 allows TBP to carry on without TAFs (TBP-associated factors,
which mediate the activation of expression by Sp1.22,23 Secondly, by enhancing
PIC elongation, which it does by binding to the viral RNA of the TAR.19 Finally,
by changing the density of DNA packaging into nucleosomes.24,25

In this paper, we used the TATA box as a marker of global evolutionary trends.
Not associated with any particular function of HIV-1, but affecting any and all of
them through transcription, with a readily recognizable sequence, the TATA box
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fits in well with the criterion of being a diagnostic charactera; however, because
their small sizes increase the risk of sequence convergence, molecular phylogeny
methods are of little help. We examined 146 HIV-1 forms (2662 copies, 2311 iso-
lates) polymorphic for the TATA box using the “DNA sequence→affinity for TBP”
regression27 and found a statistically significant excess of variants with low affinity
for human TBP.

2. Materials and Methods

2.1. Sampling HIV-1

HIV-1 sequences were retrieved from Genbank and aligned using Mauve 2.0, a free
multiple genome alignment system.28 2662 sequence of 2311 HIV-1 isolates aligned
with respect to the promoter region gave 146 forms polymorphic for the TATA
box (Table 1). The “agatgctgCATATAAgcagctgcttt” variant found in 1567 of 2662
copies (59%), which is five times as frequent as the second-most frequently occurring
variantb, was taken as a normal HIV-1 TATA box sequence, S0.

2.2. In silico analysis of TBP/TATA affinity

The TATA box and their flanking sequences were examined. The total length of the
sequences was set at 26 base pairs (bp) based on our previous works demonstrat-
ing a good agreement between the in silico predicted and experimentally mea-
sured affinity of TBP for the TATA box.27,30,31 For each TATA box sequence
S = {si−12. . . si−1sisi+1. . . si+13}, the −ln[KD,TATA(S)] estimate is the affinity for
human TBP in natural logarithmic units (ln-unit). This affinity was measured using
a precise equilibrium equation for TBP/TATA binding in four subsequent steps27:
(1) binding of the TBP to non-specific DNA32; (2) sliding along DNA33; (3) recog-
nition of the TATA box34 and the assembly of the TBP/TATA complex35; (4)
stabilization of the TBP/TATA complex by endothermic rearrangement36 which
includes DNA bending35:

− Ln[KD,TATA(S)] = 10.90 + 0.15 × PWMTATA(S) − 0.20

×Ln[KD,ssDNA](S) − 0.23 × Ln[KD,dsDNA](S); (1)

where 10.90 is the non-specific affinity of TBP for DNA (≈10−5 mol after Hahn’s
experiment32); PWMTATA(S) is the maximum of Bucher’s criterion34 of the TATA
box with the weight matrix fX(i) built for the sliding window (ξ−1, . . . ξ+13) of 15 bp

a The widely used examples of a diagnostic character in molecular phylogeny are the genes for
transferring 18S rRNA.26
b agatgctgCATAAAAgcagccgcttt: the core “CATAAAA” is associated with HIV-1 subtype E and
its CRFs.29
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in length for all positions of the sequence S and the complementary strand S$:

PWMTATA(ξ−1...ξ13) =
∑

X∈{A,T,G,C}

13∑
i=−1

fX(i) × ∆(X = ξi); (1a)

−Ln[KD,ssDNA](S) is the average affinity of TBP for strands S and S$ in the win-
dow (ζ−2, . . . , ζ+12) of 15 bp in length with the given weights,37 FWR, of WR
dinucleotides38 and the weights, FTV, of TV dinucleotides38 at position ζ0 of the
maximum of Bucher’s criterion34 of the TATA box:

− LnKD,ssDNA(ζ−2 · · · ζ12) = 14.5 +
11∑

i=−2

{0.9FWR(i + 2) × ∆(WR = ζiζi+1)

+ 2.5FTV(i + 2) × ∆(TV = ζiζi+1)}; (1b)

−Ln[KD,dsDNA](S) is the average affinity of TBP for double-stranded DNA in
the window (Ψ−5, . . . Ψ+9) of 15-bp in length with the minor groove width39 in
angstroms, h, taken from a database31 and with the given weights,31 FTA, of TA
dinucleotides; this affinity was calculated along the strand given the maximum of
Bucher’s criterion34 of the TATA box:

− LnKD,dsDNA(Ψ−5...Ψ9) = −35.1 + 3.4
2∑

i=0

h(ΨIΨi+1) −

−0.8
9∑

i=−5

FTA(i + 5) × ∆(TA = ψiψi+1); (1c)

0.15± 0.05, 0.20± 0.09 and 0.23± 0.09 are the stoichiometric coefficients of the
stages of TBP searching for the TATA box which are proportional to the num-
bers of DNA atoms involved into each stage, being assessed by the ratio of the
TATA box length (15-bp) to that of the examined sequence S length (26-bp) and,
also normalized to the total number (3) of these stages,27 i.e. (15/26)/3=0.19.
This three-step TBP/TATA-binding mechanism in solution has been just confirmed
experimentally.40

2.3. The 95% confidence boundary for the TBP/TATA affinity

calculated (Eq. 1)

The 95% confidence boundary for −Ln[KD,TATA(S)], which is the TBP/TATA affin-
ity estimate obtained using Eq. (1) for the sequence S 26-bp in length, was estimated
using all the 3×26=78 single nucleotide substitutions {S#

i,1, S#
i,2, S#

i,3}1≤i≤26 that
can occur in it. Because these are the smallest possible changes to S, we tested the
hypothesis that “H0: −Ln[KD,TATA(S)]=−Ln[KD,TATA(S#

i,k)]”, which is that these
changes are too small for Formula (1) to help tell the affinity of the mutant sequences
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from the affinity of the normal sequence; here 1≤k≤3. Given these assumptions,
we heuristically41 estimated the confidence boundaries ±δ95% by using Student’s
t-criterion with ν degrees of freedom:

± δ95%(S) = tα<0.05,υ=78−1=77

×
√∑26

i=1

∑3
k=1 (−Ln[KD,TATA(S#

i,k)] − {−Ln[KD,TATA(S)]})2
3 × 26 × (3 × 26 − 1)

. (2)

The frequency of 146 HIV-1 TATA box variants in each particular country was
calculated using the standard software program package STATISTICA.

3. Results

3.1. TATA box and 3′-flanking E-box form a composite element

A composite element is a regulatory unit composed of two overlapping or closely
spaced binding sites, which function as a whole.42 The 26-bp TATA-containing
sequences with flanking E-boxes were taken in analysis; the binding of the tran-
scription factor AP-4 to the 3′E-box inhibits basal expression.18 Measuring the
basal expression,18 we came to the conclusion that TBP affinity is affected
by mutations in the TATA box rather than in E-boxes. Upon analyzing the
same sequences (Eq. 1), we demonstrated that the decrease in −ln[KD,TATA(S)]
for E-box mutants correlates well with (r = 0.884 at α < 0.005) with the
decrease in the level of expression observed18 (Table 2). Therefore, the 3′E-
box and TATA box form a composite element, function cooperatively and must
coevolve. This is consistent with the Imai-Okamoto’s model,43 which assumes
that the proteins AP-4 and TBP interact both directly and involving chromatin
proteins.

Table 2. Predicted TBP affinity, −ln[KD,TATA(S)], for HIV-1 TATA box variants correlates
with the level of induction, ln(A/AWT), of reporter gene expression.18

Experiment18 Prediction, Eq. (1)

Probe name DNA sequence, S Ln(A/AWT) −Ln[KD,TATA(S)]

WT tcagatgctgCATATAAgcagctgct 0.00 19.01
SV40 tcagatgctgCATATTTAgcagctgc −1.50 19.12
NTATA tcagatgctgCAgcgAAgcagctgct −3.56 15.42
TATA 5′ HLH(-) tTCgatgctgCATATAAgcagctgct −0.12 19.01
TATA 3′ HLH(-) tcagatgctgCATATAAgTCgctgct −1.44 18.94
TATA 5′/3′ HLH(-) tTCgatgctgCATATAAgTCgctgct −1.58 18.94
5′/3′ E3 TATA tCCCGGGcAgGGTATAAgcaCctgct −1.44 18.36
5′/3′ E3 NTATA tCCCGGGcAgGGgcgAAgcaCctgct −3.47 14.82

Linear correlation coefficient, r 0.884
Statistical significance, α < 0.005
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3.2. Low TBP/TATA affinity excess pin-points the slowly

replicating HIV-1 forms

For the agatgctgCATATAAgcagctgcttt variant found in 1567 out of 2662 HIV-1
copies (59%) and taken as a normal sequence, S0, −Ln[KD,TATA(S0)]=19.52
ln-units calculated by Eq. (1) with the confidence boundaries ±δ5% = 0.10 cal-
culated by Eq. (2) for statistically significant (α <0.05) mutational deviations,
∆ = −Ln[KD,TATA(S#)]−{−Ln[KD,TATA(S0)]}, of the remaining 145 TATA box
variants, S#’s, 63 gave significant mutational deviations ∆ from S0 (Table 1, aster-
isked). TBP/TATA affinity estimates were above normal (∆ > +δ95%) for nine out
of 145 TATA box variants and below normal (∆ < −δ95%) for 54 out of 145 variants.
This directly implies that the low-affinity TATA boxes outnumber the high-affinity
TATA boxes by six to one (54/9=6). According to Struhl,44 a mutational decrease
in TBP affinity for the TATA box in a gene corresponds to a decrease in the level
of expression of this gene, which allows us to interpret this obvious excess of low-
affinity TATA boxes as a case of the slowly replicating HIV-1 forms.

For a detailed analysis of this excess, we built the histogram ∆ (Fig. 1) of
commonly accepted 12 equal-sized classes (122 <145<132).

In Fig. 1, there are two peaks above the 1/12×100% level of equiprobable devia-
tions. The major peak, ∆ = 0, corresponds to the normal sequence S0 with the core
sequence “CATATAA”. The minor peak, ∆ = −0.5, corresponds to the second-most
frequent TATA box variant “agatgctgCATAAAAgcagccgcttt” (Table 1, 294 iso-
lates). The minor peak TATA box core sequence “CATAAAA” is associated5,11,29

with HIV-1 subtype E. Because we found the minor peak, ∆ = −0.5, associated

%, Histogram of 12 classes (122<145<132)
CATATAA
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Fig. 1. A histogram of differences between 145 TATA box variants, S#, and the normal TATA box
sequence, S0, (∆ = −ln[KD,TATA(S#)]−{−ln[KD,TATA(S0)]}). The histogram is built up from 12
equal-sized classes in accordance with the number of variants, 122 <145<132. It has two peaks
above the 1/12×100% level of equiprobable deviations (broken line). The major peak, ∆ = 0,
corresponds to the normal sequence S0 with the core sequence “CATATAA”. The minor peak,
∆ = −0.5, corresponds to the second most frequent TATA box variant “agatgctgCATAAAAgcagc-
cgcttt” (Table 1, 294 isolates). The minor peak TATA box core sequence “CATAAAA” is
asscoiated5,11,29 with HIV-1 subtype E.
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with the HIV-1 subtype that is the marker for HIV-1 migration, we wanted to look
at the geographic distribution of 2662 HIV-1 TATA box variants: the frequency
of occurrence, P0, of the normal variant, S0; the frequency of occurrence, P1, of
non-S0 variants with the affinity as S0 has; the frequency of occurrence, P2, of
high-affinity sequences at α <0.05; the frequency of occurrence, P3, of low-affinity
sequences at α <0.05 and the subtype E-associated HIV-1 TATA box core sequence
“CATAAAA”; and the frequency of occurrence, P4, of the other 146 TATA box
variants (Table 3).

3.3. Analysis of the frequencies of occurrence of HIV-1 TATA box

variants in 70 countries

The set of frequencies, {P0, P1, P2, P3, P4}, for each of the 70 countries (Table 3)
was weighted by the number, n, of the associated sequences (Table 3) and sub-
jected to Principal Component Analysis (PCA) without normalization of the covari-
ance matrix using the standard software program package STATISTICA. This
procedure resulted in the observation of two principal components, PC1 (75.7%
of the variance) and PC2 (23.3% of the variance). They significantly account for
75.7%+23.3% = 99% of the variance. In Fig. 2, the names of the countries with
n<10 are typed in plain; those with 10≤n<99, in italics; those with n≥100, in bold.
In the diagram presented in Fig. 2, all the countries fall within a triangle with the
vertices P0 = 1 (to the right below), P1 = 1 (above) and P3=1 (to the left below)
and the sides P0=0 (to the right above), P1=0 (below) and P3=0 (to the right
above).

Europe (excluding France), North America and South America (excluding
Cuba), Sub-Saharan West Africa and the former British African colonies lie close to
the side P3 = 0 (any TATA box with normal affinity). This placement corresponds
to the major peak (∆=0) in the histogram (Fig. 1), which suggests that neutral
drift around the normal HIV-1 TATA box prevails here.

Caribbean countries (excluding Antilles), France and its former colonies in West,
Central and Equatorial Africa (the place of HIV-1 origin) lie close to the sides P0 =0
and P1 = 0. This placement corresponds to the minor peak (∆=−0.5) (Fig. 1). Con-
sequently, advantage is being gained by the viruses with slowly replicating TATA
box variants. A lot of such variants (see Table 1) may have emerged due to neutral
drift around the core sequence “CATAAAA” (phylogenetic inertia) in the place of
HIV-1 origin and repeated export to France45 and Caribbean countries.3

Finally, South-East Asian countries distribute quite evenly within the triangle
along the line from the vertex P3 =1 to the side P3 = 0 (Fig. 2, broken line), that
is, between two alternatives: “TATA box variants with low affinity at α <0.05 and
the subtype E-associated HIV-1 core “CATAAAA” or “any TATA box variant with
normal affinity”. Because there is heavy migration between these countries, their
lying between the two extremes may reflect the current state of some ongoing evo-
lutionary process. For example, it is possible that slowly replicating HIV-1 variants



June 7, 2010 15:35 WSPC/185-JBCB 00467

SNPs in the HIV-1 TATA Box and the AIDS Pandemic 617

Fig. 2. Analysis of frequencies of 146 TATA box variants across each particular country (Table 2)
revealed two principal components: PC1 (75.7% of the variance) and PC2 (23.3% of the variance).
P0, P1, P3 - see Table 2. The names of the countries with n<10 are typed in plain; those with
10≤n<99, in italics; those with n≥100, in bold. All the countries fall within a triangle with the
vertices P0=1 (to the right below), P1=1 (above) and P3=1 (to the left below) and the sides P0=0
(to the right above), P1=0 (below) and P3=0 (to the right above). The broken line corresponds to
the linear regression for the South-East Asian countries from the vertex P3=1 to the side P3=0.

are gaining advantage over both S0 and non-S0 variants – or the reverse may be
true. The data contained in GenBank is too general to help in in silico identifi-
cation of where that evolutionary process leads. However, literature data indicate
that in South Asia, the prevalence of subtype E and its CRF (slowly replicating
HIV-1 variants, as implied by our data) is growing.5,46,47 What we can do is discuss
various scenarios and compare them with literature data on the dynamics of the
epidemic caused by HIV-1, primarily in South-East Asian countries.

4. Discussion

Ever since Wilson’s classic work,48 a growing body of molecular evidence strongly
suggests that evolution has levels or tiers: microevolution and idioadaptation are
associated with changes to the structural part of the genome, while long-term
evolutionary trends and aromorphoses are associated with the evolution of reg-
ulatory genes (transcription factors, miRNA, etc.) and non-coding regulatory
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Table 3. The frequencies of 146 HIV-1 TATA box variants (P0 − P4) in 70 countries and PCA
results.

Country n P0 P1 P2 P3 P4 PC1 PC2

USA 411 0.664 0.129 0.092 0.090 0.024 0.112 −0.063
South Africa 296 0.774 0.203 0.007 0.003 0.014 0.250 −0.012
Japan 244 0.139 0.057 0.000 0.795 0.008 −0.762 −0.174
Tanzania 142 0.831 0.148 0.007 0.000 0.014 0.291 −0.080
Zambia 91 0.813 0.165 0.000 0.011 0.011 0.271 −0.063
Botswana 83 0.783 0.120 0.012 0.012 0.072 0.249 −0.088
South Korea 83 0.181 0.169 0.000 0.651 0.000 −0.628 −0.044
Canada 82 0.659 0.280 0.024 0.000 0.037 0.174 0.100
Thailand 82 0.085 0.049 0.000 0.829 0.037 −0.824 −0.172
Uganda 78 0.705 0.282 0.000 0.013 0.000 0.196 0.078
Ghana 56 0.071 0.821 0.000 0.107 0.000 −0.305 0.749
Mozambique 53 0.736 0.264 0.000 0.000 0.000 0.226 0.056
Italy 50 0.440 0.480 0.040 0.000 0.040 0.025 0.355
Spain 50 0.720 0.280 0.000 0.000 0.000 0.216 0.075
China 48 0.438 0.021 0.021 0.500 0.021 −0.343 −0.215
India 45 0.911 0.044 0.000 0.000 0.044 0.345 −0.199
Australia 42 0.881 0.071 0.000 0.024 0.024 0.308 −0.173
Brazil 28 0.679 0.321 0.000 0.000 0.000 0.187 0.127
Venezuela 28 0.821 0.179 0.000 0.000 0.000 0.285 −0.050

Cameroon 26 0.154 0.654 0.000 0.154 0.038 −0.283 0.558
Ukraine 23 0.957 0.043 0.000 0.000 0.000 −0.343 −0.215
Netherlands 22 0.545 0.409 0.000 0.000 0.045 0.096 0.253
Sweden 22 0.500 0.364 0.000 0.136 0.000 −0.034 0.183
Argentina 21 0.429 0.571 0.000 0.000 0.000 0.017 0.436
Congo 21 0.381 0.619 0.000 0.000 0.000 −0.015 0.495
Taiwan 21 0.714 0.095 0.000 0.143 0.048 0.107 −0.130
Kenya 16 0.875 0.125 0.000 0.000 0.000 0.321 −0.117
Rwanda 16 0.625 0.375 0.000 0.000 0.000 0.151 0.193
Honduras 15 0.800 0.200 0.000 0.000 0.000 0.270 −0.024
Ethiopia 14 0.786 0.143 0.000 0.000 0.071 0.260 −0.066
Cote-d’Ivoire 13 0.000 0.846 0.000 0.154 0.000 −0.387 0.781
Birma 11 0.455 0.273 0.000 0.273 0.000 −0.165 0.074
Senegal 11 0.091 0.636 0.000 0.273 0.000 −0.413 0.525
Russia 10 0.800 0.000 0.000 0.200 0.000 0.124 −0.266
Cuba 8 0.125 0.625 0.000 0.250 0.000 −0.373 0.510
Malaysia 8 0.000 0.000 0.000 1.000 0.000 −1.007 −0.242
Niger 8 0.000 0.500 0.000 0.500 0.000 −0.641 0.362
Central African Republic 7 0.143 0.000 0.000 0.857 0.000 −0.805 −0.247
Cyprus 7 0.143 0.571 0.000 0.286 0.000 −0.387 0.445
France 7 0.000 0.286 0.000 0.714 0.000 −0.798 0.103
Uruguay 7 0.286 0.714 0.000 0.000 0.000 −0.080 0.613
Zimbabwe 7 0.857 0.143 0.000 0.000 0.000 0.309 −0.094
Belarus 6 1.000 0.000 0.000 0.000 0.000 0.406 −0.271
Greece 5 0.000 0.400 0.000 0.600 0.000 −0.714 0.241
Estonia 4 0.000 0.000 0.000 0.750 0.250 −0.826 −0.150
Gambia 4 0.000 0.500 0.000 0.500 0.000 −0.641 0.362
Angola 3 0.333 0.667 0.000 0.000 0.000 −0.048 0.554
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Table 3. (Continued )

Country n P0 P1 P2 P3 P4 PC1 PC2

Finland 3 0.000 1.000 0.000 0.000 0.000 −0.275 0.967
Liberia 3 0.000 1.000 0.000 0.000 0.000 −0.275 0.967
Norway 3 1.000 0.000 0.000 0.000 0.000 0.406 −0.271
Romania 3 1.000 0.000 0.000 0.000 0.000 0.406 −0.271
Somalia 3 1.000 0.000 0.000 0.000 0.000 0.406 −0.271
West Africa 3 0.000 0.333 0.000 0.667 0.000 −0.763 0.161
Antilles 2 1.000 0.500 0.000 0.000 0.000 0.406 −0.271
Belgium 2 0.500 0.500 0.000 0.000 0.000 0.066 0.348
Bolivia 2 0.500 0.500 0.000 0.000 0.000 0.066 0.348
Burkina Faso 2 0.000 0.000 0.000 1.000 0.000 −1.007 −0.242
Caribbean 2 0.000 1.000 0.000 0.000 0.000 −0.275 0.967
Djibouti 2 0.000 1.000 0.000 0.000 0.000 −0.275 0.967
Malawi 2 1.000 0.000 0.000 0.000 0.000 0.406 −0.271
Nigeria 2 0.000 0.500 0.000 0.500 0.000 −0.641 0.362
Portugal 2 0.000 1.000 0.000 0.000 0.000 −0.275 0.967
Suriname 2 0.500 0.500 0.000 0.000 0.000 0.066 0.348
UK 2 0.500 0.500 0.000 0.000 0.000 0.066 0.348
Gabon 1 0.000 0.000 0.000 1.000 0.000 −1.007 −0.242
Hong-Kong 1 0.000 0.000 0.000 1.000 0.000 −1.007 −0.242
Israel 1 1.000 0.000 0.000 0.000 0.000 0.406 −0.271
Mali 1 0.000 0.000 0.000 1.000 0.000 −1.007 −0.242
Morocco 1 1.000 0.000 0.000 0.000 0.000 0.406 −0.271
Tunisia 1 0.000 1.000 0.000 0.000 0.000 −0.275 0.967

Unknown 281 0.793 0.168 0.007 0.029 0.004 0.244 −0.058

Note: n, occurrence. Frequencies: P0, normal S0; P1, non-S0 with affinity as in S0;
P2, any with high affinity at α <0.05; P3, any with low affinity at α <0.05 and
the subtype E associated HIV-1 TATA box core sequence “CATAAAA”; P4, the
remaining 146 TATA box variants (Table 1); Principal components PC1 and PC2
correspond to 75.7% and 23.3% of the variance.

sequences.49 Over the past 25 years, the evolution of the structural part of the
HIV-1 genome has been studied especially well (primarily because of its impor-
tance for vaccine development). Meanwhile, the search of subtypes for adaptive
advantages other than being able to survive the immune attack yields inconsistent
results.5,13,46,50,51 One of the few well-substantiated observations is the dynamics of
subtypes in South-East Asia: subtypes other than B (for example, C, E and F) either
reduced the share of subtype or formed CRFs with it, which is commonly associated
with the adaptation of non-B subtypes to heterosexual transmission.5,46,47

As HIV-1 progresses through its life cycle, it has to adequately respond to dif-
ferent evolutionary challenges. In a host organism, the virus is supposed to survive
the immune attack and, here, selection acts so as to increase diversity.12 A par-
ticular type of transmission (homosexual, heterosexual, whatever) limits diversity
to the most adaptive genotypes and selection acts so as to decrease diversity.52

Finally, at a population level, selection rates life strategies rather than diversity.
A low transmissibility is compensated for by a prolonged latent stage of disease,
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which favors the emergence of pestholes in loose host populations, where separate
small groups of people (ingroups) are totally infected.12 On the other hand, rapid
frequent transmissions take the virus away from the immune attack and thus ease
the requirements for generating diversity.53

Faced with controversial challenges, the virus has to respond with either special-
ization or wide adaptation, that is, to make expression regulation more flexible. The
latter evolutionary trend should be long-lasting, not associated with the local evo-
lution of separate proteins in a very limited number of proteins that the virus pos-
sesses. Homosexual or IDU-associated transmission, rapid and frequent, promotes
specialization. Natural heterosexual transmission promotes flexible regulation.12

The first decade of the AIDS pandemic was caused by rapid transmission within
various risk groups, that is, was associated with specialization.5,9,12,54 We hypoth-
esize that this specialization resulted in the emergence, at the earlier stages of the
pandemics, of high-affinity S0’s (the major peak in ∆ =0, Fig. 1). We propose that
the side P3 =0 (any TATA box variant with normal affinity) is where the cases of
this specialization distributed by neutral drift between the vertices P0=1 and P1=1
lie along (Fig. 2).

In the second decade, the vector of selection changed its direction in some
countries,5,9,47 and this change corresponds to the broken line in Fig. 2, which
reveals the only case of correspondence between the evolution of subtypes (subtype
E in South-East Asia) and the TATA box variants possessing the core sequence
TATAAA. We hypothesize that the observed excess of low-affinity variants reflects
an evolutionary trend towards reduction in HIV-1 replication rates, which is consis-
tent with the comparison of the directly measured replication status of “elder” (iso-
lated in the 1980s) and “younger” (isolated in the XXI century) HIV-1 strains55−57

and the studies of the life strategies of simian and feline immunodeficiency viruses.4

The presence of TATA box variants other than those in subtype E within the tri-
angle (Fig. 2) in addition to their presence on the vertex P3 =1 and the sides P0=0
and P1 =0 suggests that evolution is going on not only in the core sequence of
the TATA box but also in its flanks, thus optimizing all the three TBP/TATA-
recognition steps27,40 and the interactions in the TATA/AP-4 composite elements
alike.18

In Fig. 2, the vertex P3 =1 and the side P0 =0 contain the place of HIV-1 ori-
gin, where natural heterosexual transmission in semi-isolated ingroups has had an
important role all the way throughout the pandemic.58,59 We propose that the pres-
ence of France on the side P0 =0 is due to its close relationships with its former
African colonies, whose immigrants formed ingroups in the former mother coun-
try and retained the natural type of transmission.45 In our opinion, the evolution
of slowly replicating HIV-1 TATA box variants in these countries is most possibly
phylogenetic inertia. These ingroups, now not so well-delineated,60 yield low-affinity
variants, which regulate HIV-1 replication rates by way of the TATA/AP-4 com-
posite element, and high-affinity non-S0 variants, which reduce HIV-1 replication
rates, possibly by way of TAR.
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