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The known universe of HIV-1 viruses is divided into twyooups, a major “M” group and an
outlier “O” group, (reviewed in [9]). HIV-Isubtypesare clusters of sequences within the M group that
are defined by phylogenetic analysis [6, 12]. Inithenan Retroviruses and AIDS 1986mpendium,
areference set of HIV-1 sequences representing the different subtypes was proposed. Since thatissue of
the compendium, many more full length sequences from the various HIV-1 M group subtypes have been
produced. Partly as a consequence of the availability of these new sequences, and partly due to further
analysis of pre-existing data, new information has been accumulating concerning subtyping and HIV-1
alignments and hybrid genomes [3, 6, 8, 14]. In response we are updating the proposed list of reference
sequences that appeared in Table 1 page llI-38whan Retroviruses and AIDS 199%/e anticipate
updating this table and the accompanying alignments on a regular basis in the future as a service to the
scientific community, particularly since new submissions are likely to include a considerable number
of complex mosaic genomes.

Table 1 lists reference sequences for 9 group M subtypes in major coding regiommgd.eol,
envandnef The criteria for inclusion of a reference sequence have changed since 1996, with a shift in
emphasis to using full length HIV genomic sequences to serve as representatives for the subtypes, when
such sequences are available. These are supplemented with sequences spanning intact coding regions,
or else the longest gene fragments currently available. Table 1A summarizes a basic list of reference
sequences for international variation and subtyping efforts; Table 1B provides additional information,
including GenBank accession numbers, citations describing the respective sequence, sampling year, and
the country where the virus was collected. Protein and nucleotide sequence alignments are available
from the HIV database for each of the four coding regions on the web site at http://hiv-web.lanl.gov.
These alignments also contain the HIV-1 O group sequences ANT70 and MVP5180 and chimpanzee
viral sequences CPZ-GAB and CPZ-ANT. Full length nucleotide genome alignments are also available
in Part | of this volume. The alignments were generated using first a hidden Markov model [4] at the
nucleotide level, and then manually corrected at the amino acid level to keep open reading frames in
frame, and finally back-translated into nucleotides. We include here maximum likelihood trees [5, 15]
showing the phylogenetic relationships of the representative sequences selectedyémy i, env
andnef Trees for V3 and pl17 sequences are also included, because: 1) these genomic regions are
commonly sequenced; 2) sequences are available for all of the selected reference strains, including the
shorter fragments; and 3) the organization of the V3 region tree is somewhat altered relative to the full
lengthenvtree.

Some of the HIV-1 subtypes are more clearly defined than others. Each subtype A, B, C, D, F,
and H, contains at least one full length, apparently non-recombinant genome available as a reference
sequence, as well as multiple additional full lengttvandgag sequences. Non-recombinant means
there are no identified conflicting subtype associations in different regions of the sequence. Our current
database and methods, however, have limitations, and additional sequences and analyses in the future
may change our current understanding of subtype relationships. Short fragments of genes are unreli-
able for subtyping a sequence. For example, while the full-length representative subtype H sequence
is essentially subtype H throughout the genome (see trees), phylogenetic analyses of V3 sequences
occasionally produce trees that show a close association of subtype H and A sequences. Since this
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discordance is not always observed but depends on the particular alignments and programs used, it
is not sufficient evidence for recombination. Nevertheless, the fact that it can occur, underscores the
possibility that ambiguities can arise with subtyping efforts, particularly those focused on short regions
of the genome.

All full length representatives of subtypes E and G that have been sequenced to date represent
mosaic genomes, with parts of the viral genome clustering with the A subtype in phylogenetic analysis,
and parts of the genome forming the two clearly distinguishable clades designated either E or G. The
E subtype is clearly “E” in envelope, appears to be an A/E mosaic in the regulatory regions, and is
essentially A-associated gagandpol [3, 8]. All of the longer subtype G sequences available to date
have stretches of subtype A-associated sequence interspersed. In contrast to the A/E mosaics, however,
these A/G mosaic sequences have many different patterns of A-like sequence, suggesting that they
resulted from independent recombination events [6, 13, 14]. Subtype | sequences [10] have also been
reanalyzed [7, 16] and there is now evidence from analysis of a complete genome that they are multiply
mosaic and composed of 3 (or of possibly 4) subtypes [7]. Further analysis is necessary to determine
the potential they have to represent a distinct subtype. Only fragments of sul@gpantigaggenes
are available at this time [11], so further work is needed in this case as well to fully characterize these
strains. Nevertheless, these sequences are included as reference sequences to assist in identification of
possible J subtype related strains in the future. In addition to the two subtype J sequences listed in the
table, three other sequences (GM4, GM5, GM7) have been found to cluster close to this subtype over
theenvVa3 region [1]. However, the sequence of GM4 is suggested to be a G/?/C recombinant [2],
where the question mark represents&00 bp section that includes the J-like V3 region.
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Table 1A Updated Proposal of Reference Sequences of HIV-1 Genetic Subtypes

Subtype gag pol env nef
A U455 U455 U455 U455
92UG037.1 92UG037.1 92UG037.1 92UG037.1
K89 K89(KENYA)
V132 SF170
B HXB2 HXB2 HXB2 HXB2
JRFL JRFL JRFL JRFL
oI ovI ovI ovI
RF RF RF RF
C ETH2220 ETH2220 ETH2220 ETH2220
92BR025.8 92BR025.8 92BR025.8 92BR025.8
uG268 uG268
ZAM18 ZAM18
D NDK NDK NDK NDK
7276 7276 7276 7276
ELI ELI ELI ELI
94UG114.1 94UG114.1 94UG114.1 94UG114.1
E2 CM240
TN235
90CR402.1
93TH253.3
F 93BR020.1 93BR020.1 93BR020.1 93BR020.1
BZ162 BZ163
V169 BZ126
VI174 RJIO3
G? 92NG003.1 92NG003.1 92NG003.1
92NG083.2 92NG083.2 92NG083.2 92NG083.2
SE6163 SE6163 92UG975.10
92RU131.9
H 90CF056.1 90CF056.1 90CF056.1 90CF056.1
VI557° VI557°
CA13
J SE7022 SE7022
SE7887 SE7887

! The sequence 94UG114.1 is the most distant complete genome D subtype sequence
(see trees), tending to branch off closest to the B/D root in most analyses. In some
subgenomic regions, it may even move outside the B/D cluster.

2 E in most ofeny, A in gagandpol , mixture d A & E in regulatory genes [3, 8, 14].

3 The G reference sequences may show resemblance to subtype A in regioharad

vif, see also footnote 4.

4 92NG003.1 is a full length sequence, but is not included irptii@lignment because

of A-like regions in this gene [6].

5 Full length gene sequencesgsg pol, or envare not yet available, see Table 1B.
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D-94UG114
D-NDK
C-92BR025 p.EL| B-RF B-HXB2
GAG C-ZAM18 B-OVI POL BRFL  \B-RF DoAUGILA
B-JRFL - D-ELI
C-uG268 B-HXB2 F-93BR020 D-2276
C-ETH2220 D-NDK
EVIEo H-90CF056
G-92NG003 F-V1174
G-92NG083 C-92BR025
H-90CF056 F-938R020 C-ETH2220 G-92NG083
A-U455
A-92UG037
A-K89
A-92UG037
G-92NG003
G-92NG083 G-92UG975 C-92BRO25 H-90CF056
G-92RU131
3 3 C-ETH2220
ENV E-93TH253 E-TN235 F-93BR020 FF?EZ;%EEG NEF A-UdS5
E-CM240
E-90CR402 A-92UG037 F-93BR020
B-RF
B-OVI
G-92NG003

A-92UG037 B-JRFL
A-K89

D-ELI
D-Z276
D-NDK

G-92NG083

A-SF170 D-ND!
D-z276 D-94UG114
D-ELI
H-90CFO056 D-94UG114 B-HXB2
i B-JRFL
B-RF
c-uc2eg | ' C:ZAM18 B-OYI
C-92BRO25 C-ETH2220
H-CA13
A-U455
V3 JSET887 17 F-VI174 F'gsBRO%(_’RF B-JRFL
JSE7022 P F-V169 B-OYI
BHXBY, savci14
H-90CF056 A-SFLT0 Feziez
i C-92BR025 D-Z276
A-92UG037
C-ZAM18
A-K89 D-NDK
H-VI557
cuGze8 JSET022
B-93TH253 & gocra02 C-ETH2220 JSET887
B-RF E-CM240 A-92UG037 N G-92NG083
B-HXB2 E-TN235 A-K89 G-92NG003
B-JRFL A-VI32 H-VI557
H-90CF056
B-ovl G-92RU131 A-U455
G-92UG975
CUG268 G-92NG083
D-7276 G-92NG003
D-94UG114 C-ETH2220
D-NDK C-ZAM18 0.1
D-ELI C-92BR025
Unrooted phylogenetic trees calculated with maximum likelihood methods [5, 15]. The alignments for the
various subgenomic regions are derived from the complete genome alignment, as presented in the HIV
F-BZ163 data base 1997. Each of the alignments are available from the HIV database at http://hiv-web.lanl.gov. All
aligments were globally gapstripped for the generation of the trees to 1398 sites for the gag gene; 2994
sites for the pol gene; 2250 sites for the env gene; 282 sites for the nef gene; 426 sites for the p17gag
F-BZ126 fragment; and 213 sites for the env V3 fragment. All trees, except the nef tree, were constructed using the
program DNAML under the F84 substitution model [5] where nucleotide frequencies were derived from the
datasets and the transition/transversion parameter was set to 3.0 for the gag gene, 2.0 for the pol gene,
F-93BRO20. 1.5 for the env gene, 3.0 for the p17 fragment, and 1.42 for the V3 fragment. The nef gene tree was

calculated with the programs fastDNAmI and DNArates [15], to allow for different substitution rates across
sites. This proved to be important for the topology of this gene tree in resolving subtypes B and D. Athough
G subtype sequences in the trees shown cluster separate from subtype A, they cluster in subtype A in
some subgene regions [6]. Subtypes B and D are generally close to each other in all analyses, but with the
nef gene it may be difficult to completely resolve them from each other. All trees are drawn to the same
scale, thereby indicating the relative information density in the different regions.
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