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INTRODUCTION 

This compendium and the accompanying floppy diskettes are the result of an effort to compile 
and rapidly publish all relevant molecular data concerning the human immunodeficiency viruses (HIV) 
and related retroviruses. The scope of the compendium and database is best summarized by the five 
parts that it comprises: Q) Nucleic Acid Alignments and Sequences; (IIJ Amino Acid Alignments; (III) 
Analysis; (IV) Related Sequences; and (V) Database Communications. Information within all the parts 
is updated throughout the year on the Web site, http://hiv-web.Zanl.gov. 

While this publication could take the form of a review or sequence monograph, it is not so 
conceived. Instead, the literature from which the database is derived has simply been summarized 
and some elementary computational analyses have been performed upon the data. Interpretation and 
commentary have been avoided insofar as possible so that the reader can form his or her own judgments 
concerning the complex information. In addition to the general descriptions below of the parts of the 
compendium, the user should read the individual introductions for each part. 

Part I. Nucleic Acid Alignments and Sequences. Annotated nucleic acid sequences of certain 
HIVs and SIVs are presented in a form close to that of the GenBank Sequence Library. Our few 
modifications of standard GenBank format were instituted to better serve the particular community 
for which this database is intended. Beginning in 1995, most sequences are not presented but rather 
are catalogued, in order to conserve space; the full formatted GenBank entries of these sequences are 
located on the Web site (http://hiv-web.ZanZ.gov) and the database FIT server. 

The LOCUS name or identifier of an entry may differ slightly from that found in the GenBank or 
EMBL libraries, but the ACCESSION numbers are identical for entries in all (four) nucelotide sequence 
databases. Thus each entry is universally and uniquely traceable. Sequences may also be described by 
COMMON NAMES.The SOURCE line provides information, when available, about the infectivity or 
biological activity of the molecular clone from which a sequence has been derived. REFERENCES 
are limited to literature or personal communications having authority for the original sequence data; 
references that review sequence information, or that shed light upon the function or variation of coding 
and regulatory sequences, are listed in Part V. 

Entries in Part I are annotated within the sequence, while their GenBank or EMBL-formatted 
versions on the floppy diskettes make use of FEATURES tables. The hard-copy annotation includes 
coding regions, regulatory structures, splice sites, and other features of functional significance. The 
authority for this annotation is largely invariance, the recurrence of patterns such as TATAA and AATAAA. 
Although our practice has been to conservatively annotate, we caution the user against docility: sequence 
information regarding transcripts, for example, is far from certain or complete at this time. Part I is 
sometimes divided into three subsections, A, B, and C, concerned with HIV-ls, HIV-2/SIVs, and 
SIVAGMs, SIVMND and SIVSYK. 

Part II. Amino Acid Alignments. This section contains in alignment the amino acid sequences 
(mostly full-length) of all known coding regions and open reading frames of HIV-1, HIV-2, and SIVs. 
In 1996, large alignments are presented in terms of representative primate immunodeficiency viral 
types and subtypes. Consensus sequences for HIV-1 subtypes have also been aligned in this release. 
Other alignments are available on the Web site. Protein processing sites are annotated when known. 
The reader should consult the introduction to Part I1 for further explanation of the presentation and 
annotation of the amino acid sequences. 

Part III. Analysis. This section is open-ended with the constraint that the sequence analyses 
and compilations be basic and of interest to the diversity of users. In 1996, analyses and curatorial 
contributions include tables of mutations relating to drug resistance, sections on Tat and VpU, analyses 
of sequence alignment and structure prediction, discussions of HIV-1 subtypes, etc. 
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Introduction 

Part IV. Related Sequences. Heretofore, this section of the compendium has featured HIV related 
viral sequences-of nonprimate lentiviruses and the human T-cell lymphotropic viruses. Beginning in 
1993, Part N entries include, with greater emphasis, coding sequences for cellular proteins involved 
with HIV pathogenesis. In 1996, there are articles summarizing cellular factors and viral mimicry. 

Part V. Database Communications. This part contains a printed supplemental reference list for 
citations in 1995 and 1996. It also provides diskettes of sequences and information about accessing 
sequences through Internet. The floppy diskettes contain new nucleic acid sequences from Part I 
(especially those found in alignments) and Part IV and their translated amino acid sequences. For the 
most current information regarding database files, see the REL4Ll.m file on each diskette. Nucleotide 
entries are presented in GenBank format for North American users and in EMBL format for European 
users (unless otherwise requested). Similarly, amino acid sequences are in either PIR or Swiss-Prot 
format. The diskettes themselves are either 3.5” IBM-DOS format or 3.5” Macintosh format, depending 
upon what has been requested. If there is any trouble using these files with software designed to work 
with the format we have sent, please let us know the name of the program you are using and the file that 
it could not handle. 

A comprehensive compilation of the nucleic acid and protein sequences published in the Human 
Retroviruses and AIDS Database since 1987 is available through our Web site, http://hiv-web.lanlgov 
and on our FTP Server, as described in Part V. 

We are prepared to quickly enter both protein and nucleotide sequences into the Human Retro- 
viruses and A I D S  database, and in the case of nucleotide sequences, oversee their entry into the large 
gene libraries. Submission of unpublished sequences is invited and encouraged. Sequence data or 
inquiries regarding the database should be addressed to 

Gerald Myers 
Theoretical Division 
T-10, MS K710 
LANL 
Los Alamos, NM 87545 

(505)-665-0480; fax (505)-665-3493 
e-mail: gIm@tlO.lanl.gov 

A short glossary follows. 
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Glossary 

HIV/SIV PROTEINS 
NAME SIZE FUNCTION LOCALIZATION 
Gag MA P17 membrane anchoring; env interac- virion 

tion; nuclear transport of viral core. 
(myristylated protein) 

CA P24 core capsid virion 
NC P7 nucleocapsid, binds RNA virion 

P6 binds Vpr virion 
Protease (PR) p15 gag/pol cleavage and maturation virion 

Reverse tran- p66 reverse transcription, RNase H virion 
scriptase (RT), p51 activity 
RNase H (heterodimer) 
Integrase (IN) DNA provirus integration virion 
Env gp120/gp41 external viral glycoproteins bind to plasma membrane, virion enve- 

Tat p16/p14 viral trancriptional transactivator primarily in nucleolus/nucleus 

CD4 receptor lope 

Rev PI9 RNA transport, stability and utiliza- primarily in nucleolus/nucleus 
tion factor (phosphoprotein) shuttling between nucleolus and 

cytoplasm 
Vlf P23 promotes virion maturation and in- cytoplasm (cytosol, membranes) 

VPr p10-15 promotes nuclear localization of virion, nucleus (nuclear mem- 
fectivity virion 

preintegration complex, inhibits cell brane?) 
division, arrests infected cells at 
G2/M 

VPU PI6 promotes extracellular release of integral membrane protein 
viral particles; degrades CD4 in the 
ER; (phosphoprotein only in HIV-1 
and SIVcpz) 

Nef p27-p25 CD4 downregulation (myristylated plasma membrane, cytoplasm 
protein) (virion?) 

VPX p12-16 vpr homolog? (not in HIV-1, only virion (nucleus?) 
in HIV-2 and SIV) 

Tev P28 tripartite tat-env-rev protein (also primarily in nucleolus/nucleus 
named Tnv) 
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Landmarks 

LANDMARKS: 

HIV GENOMIC STRUCTURAL ELEMENTS 

LTR Long terminal repeat, the DNA sequence flanking the genome of integrated proviruses. It contains 
important regulatory regions, especially those for transcription initiation and polyadenylation. 

TAR Target sequence for viral transactivation, the binding site for Tat protein and for cellular proteins; 
consists of approximately the first 45 nucleotides of the viral mRNAs in HIV-1 (or the first 100 
nucleotides in HIV-2 and SIV.) TAR RNA forms a hairpin stem-loop structure with a side bulge; 
the bulge is necessary for Tat binding and function. 

RRE Rev responsive element, an RNA element encoded within the env region of HIV-1. It consists 
of approximately 200 nucleotides (positions 7327 to 7530 from the start of transcription in 
HIV-1.) The RRE is necessary for Rev function; it contains a high affinity site for Rev; in all, 
approximately seven binding sites for Rev exist within the RRE RNA. Other lentiviruses (HIV-2, 
SIV, visna, CAEV) have similar RRE elements in similar locations within env, while HTLVs 
have an analogous RNA element (RXRE) serving the same purpose within their LTR; RRE is the 
binding site for Rev protein, while RXRE is the binding site for Rex protein. RRE (and RXRE) 
form complex secondary structures, necessary for specific protein binding. 

CRS cis-acting repressive sequences postulated to inhibit structural protein expression in the absence 
of Rev. One such site was mapped within the pol region of HIV-1. The exact function has not 
been defined; splice sites have been postulated to act as CRS sequences. 

INS InhibitoryAnstability RNA sequences found within the structural genes of HIV-1 and of other 
complex retroviruses. Multiple INS elements exist within the genome and can act indepefidently; 
one of the best characterized elements spans nucleotides 414 to 631 in the gag region of HIV-1. 
The INS elements have been defined by functional assays as elements that inhibit expression 
posttranscriptionally. Mutation of the RNA elements was shown to lead to INS inactivation and 
up regulation of gene expression. 

GENES AND GENE PRODUCTS 

GAG genomic region encoding the capsid proteins (group specific antigens). The precursor is the p55 
myristylated protein, which is processed to p17 (MAtrix), p24 (CApsid), p7 (Nucleocapsid), 
and p6 proteins, by the viral protease. Gag associates with the plasma membrane where the virus 
assembly takes place. The 55 kDa Gag precursor is called assemblin to indicate its role in viral 
assembly. 

POL the genomic region encoding the viral enzymes protease, reverse transcriptase and integrase. 
These enzymes are produced as a Gag-pol precursor polyprotein, which is processed by the viral 
protease; the Gag-pol precursor is produced by ribosome frameshifting at the C-terminus of gag. 

ENV viral glycoproteins produced as a precursor (gp160) and processed to the external glycoprotein 
gp120 and the transmembrane glycoprotein gp41. The mature proteins are held together by 
non-covalent interactions; as a result, a substantial amount of gp120 is released in the medium. 
gp120 contains the binding site for the CD4 receptor. 

TAT Transactivator of HIV gene expression. One of the two necessary viral regulatory factors (Tat and 
Rev) for HIV gene expression. Two forms are known, Tat-lexon (minor form) of 72 amino acids 
and Tat-2exon (major form) of 86 amino acids. The electrophoretic mobility of these two forms 
in SDS gels is anomalous, with apparent sizes of approximately 16 kD and 14 kD for Tat- 2exon 
and Tat-lexon, respectively. Low levels of both proteins are found in persistently infected cells. 
Tat has been localized primarily in the nucleolus/nucleus by immunofluorescence. It acts by 
binding to the TAR RNA element and activating transcription initiation andor elongation from 
the LTR promoter. It is the first eukaryotic transcription factor known to interact with RNA rather 
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Landmarks 

than DNA and may have similarities with prokaryotic anti- termination factors. Extracellular 
Tat can be found and can be taken up by cells in culture. 

REV The second necessary regulatory factor for HIV expression. A 19 kD phosphoprotein, localized 
primarily in the nucleolus/nucleus, Rev acts by binding to RRE and promoting the nuclear 
export, stabilization and utilization of the viral mRNAs containing RRE. Rev is considered the 
most functionally conserved regulatory protein of lentiviruses. Rev cycles rapidly between the 
nucleus and the cytoplasm. 

VIF Viral infectivity factor, typically 23 kD. Promotes the infectivity but not the production of viral 
particles. In the absence of Vif the produced viral particles are defective, while the cell-to-cell 
transmission of virus is not affected significantly. Found in almost all lentiviruses, Vif is a cyto- 
plasmic protein, existing in both a soluble cytosolic form and a membrane-associated form. The 
latter form of Vif is a peripheral membrane protein that is tightly associated with the cytoplasmic 
side of cellular membranes. Some recent observations suggest that Vif is incorporated in the 
virion. 

VPR Vpr (viral protein R) is a 96-amino acid (14 kd) protein, which is incorporated into the virion. It 
interacts with the p6gag part of the Pr55gag precursor. Vpr detected in the cell is localized to the 
nucleus. Proposed functions for Vpr include the nuclear import of preintegration complexes, cell 
growth arrest, transactivation of cellular genes, and induction of cellular differentiation. Found 
in HIV-1, HIV-2, SIVmac and SIVmnd. It is homologous to VPX of SIVagm. 

VPU Vpu (viral protein U) is unique to HIV-1 and SIVcpz, a close relative of HIV-1. There is no 
similar gene in HIV-2 or SIV. Vpu is a 16-kd (81-amino acid) type I integral membrane protein 
with at least two different biological functions: (a) degradation of CD4 in the endoplasmic 
reticulum, and (b) enhancement of virion release from the plasma membrane of HIV-1-infected 
cells. Vpu probably possesses an N-terminal hydrophobic membrane anchor and a hydrophilic 
moiety. It is phosphorylated by casein kinase 11 at positions Ser52 and Ser56. Vpu is involved 
in env maturation; not found in the virion. 

NEF (previously named 3’ ORF) is an approximately 27-kd myristylated protein produced by an 
ORF located at the 3’ end of the primate lentiviruses. Other forms of Nef are known, including 
nonmyristylated variants. Nef is predominantly cytoplasmic and associated with the plasma 
membrane via the myristyl residue linked to the conserved second amino acid (Gly). Nef has also 
been identified in the nucleus and found associated with the cytoskeleton in some experiments. 
Its association with the virion is suspected but not proven. One of the first HIV proteins to 
be produced in infected cells, it is the most immunogenic of the accessory proteins. Initially 
thought to be a negative factor, Nef was found to be important for viral replication in vivo. The 
nef genes of HIV and SIV are dispensable in vitro, but are essential for efficient viral spread 
and disease progression in vivo. Nef is necessary for the maintenance of high virus loads and 
for the development of AIDS in macaques. Nef downregulates CD4, the primary viral receptor, 
and is also proposed to increase viral infectivity. Nef contains PxxP motifs that bind to SH3 
domains of a subset of Src kinases and are required for the enhanced growth of HIV but not for 
the downregulation of CD4. 

VPX Virion protein of 12 kD found only in HIV-2/SIVagm and not in HIV-1 or SIVmnd. Vpx 
function in relation to Vpr is not fully elucidated. Vpx is necessary for efficient replication of 
SIV in PBMCs. Some studies indicate that Vpx and Vpr proteins may be functionally distinct. 
Progression to AIDS and death in SIV-infected animals can occur in the absence of Vpr or 
Vpx. Double mutant virus lacking both vpr and vpx was severely attenuated, whereas the single 
mutants were not, suggesting a redundancy in the function of Vpr and Vpx related to virus 
pathogenicity. 

TEV (also named tnv) tripartite 28 kD viral phosphoprotein produced by some HIV-1 strains. Found 
primarily in the nucleolus/nucleus. Tev contains the first exon of Tat, a small part of Env and 
the second exon of Rev. It exhibits both Tat and Rev functions and can functionally replace both 
essential regulatory proteins of HIV-1. It is produced very early in infection. 
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Landmarks 

STRUCTURAL PROTEINSMRAL ENZYMES The products of gag, pol and env genes, which are 
essential components of the retroviral particle. 
REGULATORY PROTEINS Tat and Rev proteins of HIV/STv and Tax and Rex proteins of HTLVs. 
They modulate transcriptional and posttranscriptional steps of virus gene expression and are essential 
for virus propagation. 
ACCESSORY OR AUXILIARY PROTEINS additional virion and non-virion- associated proteins 
produced by HIV/SIV retroviruses: Vif, Vpr, Vpu, Vpx, Nef. Although the accessory proteins are in 
general not necessary for viral propagation in tissue culture, they have been conserved in the different 
isolates; this conservation and experimental observations suggest that their role in vivo is very important. 
COMPLEX RETROVIRUSES Retroviruses regulating their expression via viral factors and express- 
ing additional proteins (regulatory and accessory) essential for their life cycle. 

X 
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I 
Nucleic Acid 

Alignments and Sequences 

Nucleotide sequence alignments were generated in the 1996 compendium by two different ap- 
proaches: On the one hand, a Hidden Markov Method (HMM) was used as described in Part 111 (Myers 
and Farmer). For simplicity, only representative P N s  are shown; in some cases, hundreds of sequences 
contributed to the alignment. A simple consensus over just the representative sequences was deduced 
using MASE. On the other hand, new HIV-1 subtype sequences were added to previous alignments 
generated using the PIMA and MASE tools, as in earlier compendiums. Alignments of subtype con- 
sensus are presented. Mixed case consensus sequences are used as the reference sequences for each 
alignment. Upper case letters indicate 100% conservation of nucleotide bases in a given position of 
the alignment, and lower case letters represent bases conserved in at least 50% of the sequences. The 
symbol “?“ indicates no consensus at a position. 

With few exceptions, only full-length coding sequences were included in these alignments. Tables 
of information pertaining to each sequence in an alignment are provided. The common names given 
to sequences in alignment and in the accompanying tables were selected on several grounds: for 
sequences corresponding to samples provided by the NIAID repository, WHO and DADS conventions 
are employed for the names; for other sequences, the name given by the authors of the paper reporting the 
sequence are usually utilized. We wish to thank many sequencers for providing data prior to publication. 

Prior to the 1992 database compendium, HIV-1 sequences had been roughly classified as ‘U.S.’ 
and ‘African.’ In light of many new HIV-1 gag and env sequences, it became more useful, starting with 
the 1992 compendium, to categorize HIV-1 sequences into five sequence subtypes, depending upon the 
coding sequence. HIV-1 subtypes now number ten (A through J). Collectively, these are called group M 
sequences, as they are significantly distinct from group 0 sequences. The bases for this classification, 
discussed at greater length in Part III of this compendium, are: 

i) subtypes are approximately equidistant from one another in env ( a “star phylogeny”); 
ii) the env phylogenetic tree is for the most part congruent with gag phylogenetic trees; 

iii) two or more samples are required to define a sequence subtype. 
Subtype naming problems have arisen for several reasons. A small but not insignificant number of 

viral sequences are hybrid, clustering with one sequence subtype in gag and another sequence subtype 
in env, for example; or, to take another example, clustering over different stretches with two or more 
subtypes in env. All subtype E sequences based on env have gag sequences that align with subtype A 
sequences; and, moreover, the 3‘ half of the gp41 cds of E and subtype G env sequences align with 
subtype A sequences (Gao et al, J. Virol. 70:1651,1996). Given the homogeneity of G and E subtype 
sequences, these are handled as subtypes and not as hybrids in the following alignments. It remains to 
be discovered whether these states have arisen from recombination or lack of divergence. 

Several analyses of mosaic molecules were presented in Part 111 of the 1995 compendium. Naming 
also becomes problematic when highly divergent forms of a given subtype arise: such forms are 
sometimes designated A’, B’, F’ , etc. It is increasingly necessary to have sequence data from both gag 
and env coding sequences when a new form or subtype is being claimed. 

The authority for some of the annotation is limited largely to invariance-therecurrence of patterns 
such as AATAAA, for example. The reader should be cautious in drawing upon this information. Due to 
space limitations, only certain sequences are reported as entries in this section. Beginning in 1995, most 
sequences are cataloged in Part Iusingjust the headers of GenBankentries; to gain the full entry including 
the sequence itself, users should go to the HIV Sequence Database WWW site (http..//hiv-web.lanLgov), 
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the FTP site (also described in Part V of this compendium) or any of the large gene libraries . Sequences 
used in alignments are provided on the accompanying diskettes. and the alignments themselves are on 
the WWW site . Sequence entries from previous years are presented in the 1990-1994 compendiums . 

Contents Part I 1996 

PART I HIV Nucleic Acid Sequences 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 

Contents(l996) . . . . . . . . . . . . . . . . . . . . . . . . .  1-2 

HIV-1 HMMER Alignments and Consensus Sequence Alignments 
Alignment of HIV-1 LTR consensus sequences . . . . . . . . . . . .  
Nucleotide HMh$ R alignments of HIV-1 gag . . . . . . . . . . .  
Alignment of H -1 gag consensus sequences . . . . . . . . . . . .  
Nucleotide HMMER alignments of HIV-1 pol . . . . . . . . . . . .  
Alignment of HIV-1 pol consensus sequences . . . . . . . . . . . .  
Nucleotide HMMER alignments of HIV-1 vif . . . . . . . . . . . .  
Alignment of HIV-1 vif consensus sequences 
Nucleotide HMMER alignments of HIV-1 vpr . . . . . . . . . . . .  
Alignment of HIV- 1 vpr consensus sequences . . . . . . . . . . . .  
Nucleotide HMMER alignments of HIV-1 tat . . . . . . . . . . . .  
Alignment of HIV-1 tat consensus sequences 
Nucleotide HMMER alignments of HIV-1 rev . . . . . . . . . . . .  
Alignment of HIV- 1 rev consensus sequences . . . . . . . . . . . .  
Nucleotide HMMER alignments of HIV-1 vpu 
Alignment of HIV- 1 vpu consensus sequences . . . . . . . . . . . .  
Nucleotide HMMER alignments of HIV-1 env . . . . . . . . . . . .  

Nucleotide HMMER alignments of HIV-1 nef . . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . .  

Alignment of HIV-1 env consensus sequences . . . . . . . . . . . .  
Alignment of HIV-1 nef consensus sequences . . . . . . . . . . . .  

New Sequences and Sequence Sets in 1996 
Complete genomic sequence of 93TH253 . . . . . . . . . . . . .  
Complete genomic sequence of CM240 . . . . . . . . . . . . . .  
Complete genomic sequence of ETH2220 . . . . . . . . . . . . .  
Complete genomic sequence of 90CR402 . . . . . . . . . . . . .  
Complete genomic sequence of 92UG037 . . . . . . . . . . . . .  
HIV-1 gag Sequence Summaries . . . . . . . . . . . . . . . . .  
HIV- 1 pol Sequence Summaries . . . . . . . . . . . . . . . . .  
HN- 1 Central Region Sequence Summaries . . . . . . . . . . . .  
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HIVl LTR CONSENSUS 

-- 

1-3 
DEC 96 

70 
70 
68 
64 
59 
70 

13 9 
13 9 
137 
126 
119 
139 

197 
199 
196 
176 
167 
199 

260 
264 
257 
222 
221 
264 

323 
327 
319 
269 ~ . .  
272 
328 

354 
358 ~~~ 

350 
281 
303 
379 

404 
408 
400 
337 
346 
429 

TAR CORE 
463 
467 
459 
391 
401 
488 

529 
535 
527 
459 
465 
555 



HIVl LTR CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

--> psi locus (continues 34 nucleotides into gag cds) -> 
gag cds --> 

CONSENSUS-A ?.GACTAGCGGAG ...... GCTAGAAGGAGAGA?A 
G-? C0NSENSUS-B -_----------- ...... 
G- CONSENSUS-D . . 

CONSENSUS-0 ... G--G----T-GCCAGAC----GG-A--G-CG-AGTCTCTAGGGGAGG.AAG 
G CONSENSUS-U . . 

CONSENSUS-CPZ -??G----???T-???A??C----?G-A--G?CG-AGTCTCTAGG???AG?~G 

-------------- 
-------------- ...... _________-- 
-------------- ...... ----------- 
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593 
602 
594 
521 
532 
623 

644 
655 
646 
574 
584 
674 

684 
698 
690 
621 
648 
692 

743 
761 
753 
679 
708 
731 

769 
788 
780 
729 
734 
768 



HIVl GAG 

HMMER Sequences in the Gag Alignment 

A-U455 
B-HXB2R 
C-UG268 
D-ELI 
F-BZ163B 
G-LBV2 17 
H-VI557 
o_ANT7oc 
CPZANT 
CPZGAB 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TM-AGM17 
SAB-SAB 1C 
SYK-SYK 

m 4 5 5  
HIVHXB2R 
HNuG268 
HIVELI 
HIVlBZ163B 
HIVLBV217 
m 5 5 7  
HIVANT7OC 
SIVCPZANT 
SIVCPZGAB 
HIV2ROD 
HIV2EHOA 
SIvMM25 1 
SrVSTM 
SIVAGM3 
SIVAGM677 
SIVAGM17 
SIVSAB 1C 
SIVSYK 

M62320 
KO3455 
L11799 
KO3454 
SO585 
L11778 
L11793 
L20587 
U42720 
X52154 
M15390 
U27200 
M19499 
M83293 
M30931 
M66437 
L19250 
U04005 
LO6042 
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HiVl GAG 

GAG-CONSENSUS ??a?gc??gcct?tTaGaaacaaaaGAaGG?tgtcaaaAaat??t???agt?tTa?a?cCatt?gt?ccg 
A-U4 5 5 TA-CC-n;----T---------GC------A-----GC---- AC-GGG-CAA---C-A---GCTC-C-A- 
B-HXBZR 
C-UG2 6 8 
D-ELI 
F-BZ163B 
G-LBV2 17 
H-VI557 
O-ANT7OC 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-F07 8 4 
SD-MMZ 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-sm1c 
SYK-SYK 

1-6 
DEC 96 

65 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
70 

126 
137 
137 
137 
137 
137 
137 
137 
137 
137 
137 
137 
137 
27 
27 
137 
137 
137 
137 
137 
137 
140 

179 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 

97 
97 
207 
207 
207 
207 
207 
207 
210 



HIVl GAG 

GAG-CONSENSUS 
AJ455 
B-HXB2R 
C-UG2 6 8 
D-ELI 
F-BZ163B 
G-LBV217 
H-VI 5 5 7 
0-ANT7OC 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-F07 8 4 
SD-MM251 
STM-STM 
VER-AGM3 
GRIAGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

INS-1 -> 
GAG-CONSENSUS aagT?aaagAcAC?gAggaagc??taga?aaa???????????????????tagag????????????ga -- -..........- A----- -‘P-- A--------CA-------TT--A-T---. ..........-...... A-U4 5 5 
BIHXB2R 
C-UG2 6 8 
D-ELI 
F-BZ163 B 
G-LBV217 
H-VI 5 57 
O A T 7  OC 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
(2-2238 
D-F07 8 4 
SD-MM251 
STM-STM 
VER-AGM3 
GRX-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

~~ ~~ ~ - - -  _. . -- .....--..... -GA-A--------CA-------TT----C--G................... A----- 
A----- ---- ACG------CA-------CT----C--G ................... 

-T--A--------CA-------TT----A--G..............-... A-G---.... ........ 
-G--A--G-----CA-------TT----C--G.................. C----- 
GG--A--------CA-A-----TC----GG-- .................. G-G--A............A- 
-T--A--------CA-------TT----G--G..............-... -- A-TGG---T--GC--C-G--AA--C-A--G .............--..- T--A--... ......... 
CT--AG------- AC--A----TC----AC-GCTAAAG ...... CGGCATCAT-GA ............ 
-GA-A-------- A--AC----CG-TA-A-C- ............ GTGAAAA-GA-A ............- T 
---- G-----T--T--A-G---AAA-C-A-T-GTGCGG ...... AGACATC---T- ............- C 
---- G-----T--T--------AAA- ...-- G.... .............. A---CACAGCGA...CAT. . ---- G---C-T--A------CGAAAC--GGT-GTAGAG ...... AGACATC---C-... .........- C ---- G--------T----G---AAA-C-G-T-GTGCAG ...... AGACATC---T-.... ........- T 
---- G---C----T--------AAA-C-G-T-GTGCAG ...... AGACACC---T- ............- T ---- G---C-T--T--------AC-AGTGGTAAAG ...... AGACATC-T-T-........ ....- T ---- G--------A--A-----AG---CA-T-GTAAGACAATGCn;CCATC---T- ............ 
----G--------A-------- TG---TA-C-. ................. G-TA--CAACACTACCAT.. 
----G-------- A--------TG---TA-T-GTAAAACAACACTGCCATC---T-..... ....... 
---- G-----T--A--------AAA--CG---GTAAAA ...... GAGGAAG-GCCA ............- C 
---- AG-------T---C----AAA-C-G--- .................. G--A-A ............ 

-- ....-....... -- 
-- ............ 
-- ............ T--A-- 
-- -- 

-- 
-- 
-- 

GAG-CONSENSUS ...................................................................... 
A-U4 5 5 
B-HXB2R 
CJG2 6 8 
D-ELI 
F-BZ163B 
G-LBV217 
H-VI 5 5 7 
OJNT70C 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
(2-2238 
D-F07 8 4 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

......................................................................... ..................................................................... ...................................................................... ..................................................................... ...................................................................... 

- 
- 
G........ .............................................................. 
........................... ........................................... ........................................................................ ...................................................................... ......................................................................... ..................................__._.............._............_.... ....................................................................... ...................................................................... 
- 

G............. ........................................................ 
G.............. ....................................................... 
GAAAGAAAGA.............. .............................................. ........................................................................ 
...................................................................... .................................................................... ..................................................................... 
- 
- 
- G C A T G T A A T T G G A A A G A T G A C C C A C C A G C G A C A T C n ; G n G  

1-7 
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234 
277 

277 
277 
277 
277 
277 
277 
277 
277 

277 

280 

268 
317 
317 
317 

317 
3 17 

219 
219 

335 
329 
320 

269 
318 
318 
318 

318 
318 
330 
324 
330 
321 
220 
220 
330 
330 
345 
327 
336 
330 
390 



HlV1 GAG 

GAG-CONSENSUS.??????gaa??aaa?aa?a??gag???a?a? 
A34 5 5 ...... An;CA...T..G.ACA..CAA.GG . 
B HXB2R ...... .. GCA...C..A.GTA..AAA.A. . 
CIUG2 6 8 
D-ELI 
F-BZ163B 
G-LBV2 17 
H-VI5 57 
0-ANT7 OC 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-F07 8 4 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAt-AGM17 
SAB-SABlC 
SYK-SYK 

...................................... ................................ CA-- GC ............................... GCA-- GC ...... ---CA---C--G-TTC--CA-A- . ................................ CA .... ......-- GCA---C--A-GTA--AAA-AG ................................ GCA-- GC ......--- CA---C--A-GTC--CA-AG ........ .......................... CAA-GC ...... AGGCA---G--C-GTC--CAA-A- .................................. TA-- GC ......- C-CA---C--A-GCC--AAC-GG .................................. CA-- GC ......- T-ATGGGG-GC-GGA-- ... TCT ................................. GCGG-CG ...... C--CAG-GC--A-CT--A ...- GTAACTCAGGAAGCCG T. ..... GAAGGGGGAGCC-GT--AG ...... ATGCAG-CAC-AGCA--A ...- C-GGA................. .......... AGT-GC--AA ......--- AC-GGA-CTGCA--- ...- A-.................................-T G-CAA ...... CT-GC-GCGG-C-CA--A ...- A-.......................... .......- TG-CAG ......--- ACT--A--TGCA--A ...- A-.................................-T G-CAG ......--- AC-GGA-CTGCA--C ...- A-.......................... .......- TG-CAT ......--- AC-GGA-CAGCA--A ...- CT.................................-T G-CAA ......-- GACTGGA-CTGCAA-C ...- A-....................... ..........- TG-CTG 
AATGCA--- AG---T-CA-CA---ACATCT ....... ........................... GTGGAC ...... CT-GTGG-C--A-.AT---AC- ................................. GCTA-AA ...... A--GA---A-CTGCA-CA ...- CGCCATCTGGTGGC ............ CAAFLAGCAA-ATT-CA ......--- An;-CAG-A-GT-CC ...- C-GCGACATCTAGTGGCCATAAGGAACTGCAGGCAA -AA 
GCTAGT--GAC-TCT-GTGGCC-AAAGGT- ................................. GTA-- GC 

GAG-CONSENSUS a?gca??????a??g???c?acagga?????????????c?????????????????????????????? 
A-U455 -G--- ...... GCA.CTAAC...-.. ............................................ 
B-HXB2R -A- . . ...... GCA.CTGAC......CAC ......... AGC.................... ......... 
C-UG2 6 8 
D-ELI 
F-BZ163B 
G-LBV2 17 
H-VI5 57 
0-ANT7 OC 
CPZGAB 

. CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-F07 84 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

... A. .......CA. CTGAC.A........... ..................................... 
-A- . . ...... GCA.CTGAC......AAC ......... AAC ............................. 
.A..G ...... GCA.CTGAC.A...G.................... ........................ 
-G--- ............ GAT.A....GAC ......... AAC.... ......................... 
-G--- .......CA . GTGAT.A....AAT ......... GGC.... ......................... 
CC..T ....... AG.AAGAC...A.C............G.A..... ........................ 
GC..T ....... GT.CCT.TG.T.. C. ........................................... 
CC... ....... GCAGAGGC.TGCTTCT G. ........ CGGCTGCTCCTGTTAAACAAGTGGTGTCA 
GCA.. ....... GTAGAC-A----C-CCA ......... T-T ............................. 
CTATG ....... GTAAAC.A.GTAA.CCA.........A.T...... ....................... 
CCA.. ....... GTAGAC.A....CTCCA.........T.T...... ....................... 
CAA-G ....... GTAGAC.A....C.CCA ......... C.T...... ....................... 
.AA.. ....... GTAGAC.A....C.CCA ......... T.T...... ....................... 
CCA.. ....... GTAGAC.A....C.CCA......... C.T ............................. 
.AAAG ....... AAFLATGAC.AG... ... GTAACAGTGC.A.................... ......... 
.GAA. ....... AT.AGA.A....CGCCA ......... C.T...................... ....... 
.CA.. ...... GCT.CGC.AC.T..C......... ................................... 
.GAA. ....... AT.AGC.A....TGACA.. ....... ................................ 
.G.A.AAACAA.AG.CAG.A...CCGCCA ......... C.T..... ........................ 

A-U4 5 5 
B-HXB2R 
C-UG2 6 8 
D-ELI 
F-BZ163B 
G-LBV2 17 
H-VI5 57 
O-ANT70C 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-F07 8 4 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

.......... -ATCAG-TCA-C-A---------TA-A--G--G--CA-CC-G--G--AAT---A--T--- ............. AAG-TCA-T-A------T--TA-A--G--G---C-CC-A--G--AAT---A------ .......... ..CCAG.TCA.C.A......T..TA.A..G..G..CC.AC.G..G..AAT...A..T... ................ -TCA-T-A---------TA-A--A--G---C-TC-G--A--AAT---A--T--- .......... ..CCAA.TCA.C.A......T..TA.A..G..G....CAC.A..G..AAT...A...... .......... -ACAAGATCA-T-A------T--TA-A--A--A----CCC-A--A--GCC---A------ .......... ..GCAG.CGG.T.A.........TA.A..ATCA....CGC.G..A..AAT...A..T... 

................ ATTA-TG----------CC-C--A--A----CTC-A--G--GAT---G--T--- 
GCGACATCTT..n;GC.AAG.GA..........CA.CA.AGTGG...CAGGA..AATAG.GG..T... .......... .. CGAGAAGG-AG----------A ..... G..AC....AGGC..CA.C.ACACC.. TATA ............ C ...... C.C.T.GC...T..A.....G..GC.AA.AGCT..CA.T.ATTCC.... T. .......... ..n;GC.GCA.AG..........A . .. ..G..GC.A..AGCA..CA.T.AT..C..... T 

............ CGGCAGAG.AG..........A ..... A..AC.AA.AGGT..TA.C.AT..C.... T. ............ TGGCAGAG.AG..........A ..... A..GC.A..AGGC..CA.T.AT..C.... TA .......... CCTGGT.GCA.T.A.....T...A .... CA..AC.ACAGGGAAATGCA.G.A.A..n; T. .......... G.TGGC.AATCAA..........A ..... AGTA...CAGA.TAATGCC.G...A...... ............. GGTAATCATG.......... T ..... AGTAC-ACAGA-TAAC--G-G---G--TACA .......... ..n;GT.GCTCG...........CA.T..C ....G...TA.TAAT..A.G...C...... 

............ A ......... GL ...C..T.. AC-GC-CAGA---CCTC-A--G-G-A-T--TACA 

.......... ..n;ACAGAG.AA..........A .....G..GC.A..CGGC..AA.T.AT..C.... TA 
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286 
349 
349 
345 
349 
349 
349 
349 
346 
385 
358 
358 
349 
248 
248 
358 
358 
382 
358 
385 
391 
427 

300 
369 
375 
363 
375 
369 
369 
375 
369 
405 
413 
384 
375 
274 
274 
384 
384 
414 
384 
405 
417 
459 

340 
423 
435 
420 
435 
423 
429 
435 
429 
459 
483 
441 
426 
331 
331 
441 
441 
471 
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459 
474 
510 
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GAG-CONSENSUS ?GaaCAtCAaGcaGCcaTgCAaaT??TaAaaGA?at?ATcAATGAgGAaGc?Gcaga?TgGGAtagg??a 
ALU455 
BzHXB2R 
C-UG2 6 8 
D-ELI 
F-BZ163B 
G-LBV2 17 
H-VI557 
0-ANT7 OC 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
DLF07 84 

TAN3GM17 
SAB-SABlC 
SYK-SYK 

1-9 
DEC 96 

HIVl GAG 

403 
493 
505 
490 
505 
493 
499 
505 
499 
529 
553 
511 
496 
401 
401 
511 
511 
541 
511 
529 
544 
580 

461 
563 
575 
560 
575 
563 
569 
575 
569 
599 
623 
581 
566 
471 
471 
581 
581 
611 
581 
599 
614 
650 

522 
633 
645 
630 
645 
633 
639 
645 
639 
669 
693 
651 
636 
541 
541 
651 
651 
681 
651 
669 
684 
720 



HIVl GAG 

1-10 
DEC 96 

577 
700 
712 
697 
712 
700 . .. 

706 
712 
706 
736 
760 
715 
700 
605 
605 
712 
718 
748 
718 
73 6 
751 
787 

629 
761 
773 
758 
773 
761 
767 
773 
770 
797 
830 
779 
764 
669 
669 
776 
782 
812 
782 
800 
815 
851 

689 
831 
843 
828 
843 
831 
837 
843 
840 
867 
900 
849 
834 
73 9 
739 
846 
852 
882 
852 
870 
885 
921 
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HIVl GAG 

757 
901 
913 
898 
913 
901 
907 
913 
910 
937 
970 
919 
904 
781 
781 
916 
922 
952 
922 
940 
955 
991 

822 
971 
983 
968 
983 
971 
977 
983 
980 

1007 
1040 
989 
974 
986 
992 

1022 
992 
1010 
1025 
1061 

880 
1041 
1053 
1038 
1053 
1014 
1047 
1053 
1050 
1077 
1110 
1059 
1044 
1056 
1062 
1092 
1062 
1080 
1095 
1128 



HIVl GAG 

1-12 
DEC 96 

933 
1104 
1119 
1101 
1120 
1114 
1119 
1117 
1144 
1177 

1125 
1143 
1165 
1191 

954 
1136 
1151 
1133 
1154 
1148 
1151 
1163 
1181 
1217 

1160 
1184 
1151 
1190 
1217 
1220 

1005 
1191 

1221 
1239 

1212 
1215 
1245 
1209 



1-13 
DEC 96 

HIVl GAG 

1074 
1261 
1279 
1261 
1282 
1276 
1279 
1291 
1309 
1345 
1276 
1270 
1282 
1285 
1315 
1279 
1309 
1357 
1345 

1110 
1304 
1322 
1304 
1325 
1319 
1322 
1337 
1352 
1397 
1317 
1311 
1323 
1326 
1355 
1322 
1352 
1397 
1415 

1132 
1329 
1347 
1329 
1350 
1344 
1347 
1362 
1377 
1425 
1344 
1374 
1350 
1353 
1377 
1344 
1377 
1419 
1440 



HIVl GAG 

GAG-CONSENSUS ?????????????????????caga?cagacca???????????????gagCCaaCaGCcCCaCCag?a? 
C- . ----G------- A-U455 ..................... 
A- . ----G------- B-HXB2R ..................... 

----G------- ............... --A----------------C-G C-UG2 6 8 ..................... 
C- . --A-G------- D-ELI ..................... 

----A------- G-LBV217 ..................... 
C- . ----G---G--- H-VI5 57 ..................... ---- , C-C---T----------GATG. 0-ANT7 OC ..................... GACC-G-- ............... 

CPZGAB ..................... ----A----A-- .....-......... --A-----G-------- GAT-. 

------------------- ............... ------------------- ............... 
------------------- ............... 
------T----------C-C- ............... ------------------- ............... 

CPZANT ............... CAGAAGG--GAAGT-GTG ............... -----------T-----CAT- ............... CAAGTT-C-CAGG-G-TG. .............. ACA--------A--C----TG. 
B-EHOA AACCCAGCATTCGGCATGACA-CTCAGG-TG-G ............... ATT---T-T--A--C--T-C-. 
SD-MM2 5 1 ............... CAAGTG--TCAGG-G-TG............... AC------T--T--C----AG. 
STM-STM ............... CAAATA-CTCAGG-G-TG............... AC------T-----T----A- 

A-ROD 

VER-AGM3 ............... GCCGCTACTCTTG-GGTG ............... ----- --- T--G--C--TCC-C 
GRI-AGM677 ....................... ATA----GG-GACACAGTTGGTCTG--A----------- C---ATGG 
TAN-AGM17 .................. GAG--AGGAG--G-C ...............- TT--G--G--T--C--GATCG 

...................... T--C-TCCATC ............... AGA-------- T--C---ATGG 
SYK-SYK ........................ GTG--GAGC............:.. ------ T-T--T--C--TCTGG 
SAB-SABlC 

GAG-CONSENSUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A-U4 5 5 ...................................................................... 
B-HXB2R ...................................................................... 
C-UG26 8 AGCCAACAGCC ........................................................... 
D-ELI ...................................................................... 
G-LBV2 17 ...................................................................... 
H-VI5 57 ...................................................................... 
0-ANT7 OC ...................................................................... 
CPZGAB ...................................................................... 
CPZANT ...................................................................... 
A-ROD ...................................................................... 
B-EHOA ...................................................................... 
SD-MM2 5 1 ...................................................................... 
STM-STM ...................................................................... 
VER-AGM3 CGAGT.................. ............................................... 
GRI-AGM677 AAACA....... .......................................................... 
TAN-AGM17 CCGCGCATGGATTCCCCACAGGT ............................................... 
SAB-SABlC AACGGGATTACAGCAGGCCGGAGGAAAATTGGTAT.............. ..................... 
SYK-SYK AGGACATCGAAGATGGGCCATGGCTCACATGGTCATGGTCAGCACAGATGAGCCAACAAGCACAAGCGAAGGCACA 

GAG-CONSENSUS ????????????????????????????????????????????????????GAga??g??g?g?a???g 
A-U4 5 5 ...................................................... A-TCTTT-G-ATGGG- 
B-HXB2R .................................................... GCTTCAG-TCTGG- 
C-UG2 6 8 ........................................... CCACCGGCA----GCTTCAG-TTC ... 
D-ELI .................................................... GCTTC-G-TTTGG- 
G-LBV2 17 .................................................... GCCTC-G-TTCGG- 
H-VI557 .................................................... GCTTC-G-TTTGGA 
0-ANT7 OC ....................................................... GAG-AA-T-A-GGGA 
CPZGAB .................................................... GTTAT-G-T-CCA- 
CPZANT .................................................... TCTATCA-G-G ... 
A-ROD ....................................................... TCCA-CA-T-G-TCTA 
B-EHOA ...................................................... TCCA-CA-A-G-GAT- 
SD-MM251 ...................................................... CCCA-CT-T-G-TCT- 
STM-STM ...................................................... CCCA-CT-C-G-TCT- 
VER-AGM3 .............................................. CCATAC--CCCT-CAAA-A-GCTC 
GRI-AGM677 .............................................. GCTTAC--TCCA-CAAA-A-GCTC 
TAN-AGM17 ........................... :...CCGCCAGTTGCAGGAGCCTAC--TCCA-CCAA-AGACTC 
SAI-SABlC ................ GCAGACAGACCTCCGACCAGAGGACCAGGGCCAGAC--TCCA-CAACAGCCCT- 
SYK-SYK GAACTCTCCCTCGAAGAAACCCCCCACCAACAGGGAAGTGCTCTCGCCGAAG----GCAGT-G-A-G... 

GAG-CONSENSUS g?ggag?a????a?????c??gg??agaagcag???gagcaga?aga?a?g??????????????????? 
A-U4 5 5 -AAA--......- TGACCTCCCCTGC---A--- ...---- T--A---C-G- .....-............. 
B-HXB2R -TA---ACA...-CAACT-CCCCTC--------...----C--T---C-A-................... 
C-UG2 6 8 -A--G- ......- CAACT-CCCCTCC-------...----C--A---C-G- ................... ...... -TAACC-CCTCTC-A--A---...-------A---C-A- ................... D-ELI -W--- 
G-LBV2 17 -A---- ......- TAGCC-CCTCCCC-------...----CA ......- A-................... 

......- TGACC-CCCCTCCA--A--- ...--- AG--AG--TGCA .......... -........ 
0-ANT7 OC CA----A-T ..................... ...-- A----A--GGGGCCCGAAC.... ......... 
CPZGAB -A---A ............... -AGA---GC---...---A---A---GGGA................... 
CPZANT -A-C-CA-GAGG-CTCAGAAG--TCTC---GG-...---G-- ............................ 
A-ROD CT----A-ATAT-TGCAG-A--GA-A-GA---AGA-------G---G-GACCATACAAGGAAGTGACAG 
B-EHOA CTAA--A-CTAC-TGCAA-TA--GA--------AAG---A-C-G---G-GACCCTACAAG...... .... 
SD-MM251 CTAA--A-CTAC-TGCAGTTG--CA--C-----AGA--AAGC-G---G-A-CCTTACAAG.......... 
STM-STM CT-AGAAGTTAC-TGCAG-TG--CA--------AGA---AGC-GGA-G-CACCCTACAAG......... . 
VER-AGM3 CT-C--C-ATATGCAGACAAG--GA--C--TT-AGG--A--A-GGA-A-AACCACCAGCAGTGAAT.... 
GRI-AGM677 CTCC--C-GTATGCAGAGA--AC--CGC-T-AGA---G---G---ACA-ACAAGGAAACAG ....... 
TAN-AGM17 CT--G-C-GTATGCAAAAAAA--AG-CC-A-TAAGGAG---A-A---G-A-.... ............... 
SAB-SABlC TTAA--C-GTATGCTGTT-AG--GA-ACG---- ........................ AAACAGCAGTGGC 
SYK-SYK -A----ACC.......................................-A-................... 

---- 
---- 
---- 
---- 
---- 
---- 

H-VI5 57 -A- - -A 
--- 

1-14 
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13 63 
1383 
1377 
1380 
1395 
1410 
1464 
1383 
1428 

1414 
1453 
1471 

1377 
1380 
1395 

1389 
1392 
1422 

1541 

1172 
1380 

1398 
1413 
1428 ~~~~ 

1479 
1401 
1446 
1407 
1410 
1446 
1422 
1476 
1542 
1608 

1202 
1422 

1431 
1440 
1446 
1461 

1467 
1470 
1512 

1620 



HIVl GAG 

GAG CONSENSUS ...................................................................... 
A-UZ5 5 ........................................................... CA-AC-C-TTT 
B-HXB2R ......................... .................................. CT-T--C-TTT 
C-UG2 6 8 ................................................................... 
D-ELI --- CT-T--C-TTT 
G-LBV217 .................................................... G ...... CTAT--C-T.. 
H-VI 5 57 .............................................................. T-T .. 
0-ANT7 OC .................................................... G ...... CTCT-- C-GTT 
CPZGAB .................................................... GAGCAGTCTAT-- C-ACC 
CPZANT --- CTACC-C-CTC 
A-ROD AGGACTTACTGCACCTCGAGCAGGGGGAGACACCATACAG- ...... GA-G-CTTGCT 
B-EHOA ............................................ GAGGTGAC- ...... GA-G-- TTGCT 
SD-MM2 5 1 ............................................ GAGGTGAC- ...... GA-G-- TTGCT 
STM-STM ............................................ GAGGTGAC- ...... GA-G-- TTGCT 
VER-AGM3 ...................................... CCCGATTGGACA--G ...... GGAT--T-T.. 
GRI-AGM677 ......................................... AAGGAGAAA---GTG ... GA-G--GTT.. 
TAN-AGM17 ..................................................... CTG ... GA-G-- TAT .. 
SAB-SABlC AAAACC~C .................. TCGCCACAACAGAGCCCCTACGAG--G ...... GCTT-CAGC.. 
SYK-SYK .................................................. AGT ...... CTCT--C-C .. 

--- 
........................................................ 

--- 

........................................................ 

GAG-CONSENSUS ????tccctcaa?TC?cTctttgg??aa?????????gaccaa 
A-U4 5 5 AGTT--------A--A--------CA-CGACCCCTTGTCA-- G 
B-HXB2R AACT-------GG--A--------CA-CGACCCCTCGTCA--- 
C-UG268 .... C--T-A-TT--C--- .................. A-AT C- 
G-LBV2 17 ....... T-A-CT--C--- .................. A-AT C- 
H-VI 5 57 .... C-TT-A-CT--C--- .................. A-ATC- 
0-ANT7 OC TGCC--------A--C--------GAC- ......... ------ 
CPZGAB AACC--------A--A--------CAGCGACCCCTCATC--- G 
CPZANT GTAT-----G--A--C--------CA-- ......... ------ 

G G CA ------T--T--------AA-- ----- A-ROD ......... 
G B-EHOA G ...CA------T--T-------- AG-- ......... 
G SDJM251 G CA ------T--T--------AG G- ......... ----- 
G STM-STM G CA ------T--T--------AG-- ......... ----- 

T-G--C--C--------AG-- ------ VER-AGM3 ....... ......... 
GRI-AGM677 .... --- T-G-GC--C--------AGG- ......... 
TAN-AG M 17 .............-- CT-G .................. AGTTCC .... -------GG--T--------AG-- ------ SAB-SABlC ......... .... --T----GC--T--------AG-- ------ SYK-SYK ......... 

D-ELI AACT--------A--A--------CA-CGACCCCTTGTCG--- 

... 
----- ... ... 
------ 

1209 
1436 
1457 
1443 
1457 
1443 
1446 
1460 
1481 
1532 
1535 
1526 
1487 
1490 
1536 
1509 
1542 
1632 
1632 

1235 
1479 
1500 
1464 
1500 
1461 
1467 
1494 

1557 
1518 

1662 
1662 
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HIvl GAG CONSENSUS 

P17 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

70 
70 
70 
70 
70 
66 
66 
65 
48 

13 9 
140 
140 
140 
139 
130 
130 
129 
93 

209 
210 
210 
210 
209 
194 
193 
192 
129 

277 
280 
279 
279 
279 
254 
259 
250 
168 

339 
340 
341 
341 
341 
314 
308 
304 
203 

379 
382 
374 
383 
370 
347 
342 
336 
212 
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HIVl GAG CONSENSUS 

vpr binding (minor) \ /  vpr binding p6 terminus 
'Pl' \ /  p6 /<-->/ \ /  (minor) /<- ->/ / (80%) 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

506 
510 
502 
510 
497 
471 
463 
457 
293 

576 
580 
572 
580 
567 
540 
529 
514 
347 

645 
650 
642 
650 
637 
610 
596 
578 
408 

715 
720 
710 
720 
707 
678 
664 
642 
462 

776 
781 
771 
780 
768 
738 
722 
694 
502 

846 
851 
841 
850 
838 
808 
790 
762 
552 

916 
921 
911 
919 
908 
824 
855 
827 
609 

986 
991 
981 
988 
978 
824 
918 
889 
660 
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HIVl GAG CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CEZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 
CONSENSUS-A ..................... GAgCCaaCAGCcCCACcaGCAGAg ..................... a?Ct ............ 777777777 ........................ . . . . . . . . . . . . . . . . . . . . . . g . .  CONSENSUS-B ??????... 
C0NSENSUS-C ...................................................................... 

-G-- CONSENSUS-D ..................... ..................... 
g-- CONSENSUS-F ..................... ...................... 

- - - - - -?-- - - - - - - - -7- - - - -3  ...................... ?-?? CONSENSUS-G ..................... _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _  -G-- CONSENSUS-H ..................... ..................... 
CONSENSUS-0 ....................... 77C---T----------?ATG---. ........................ 

--7-----7--7----- ?AT----........ --?- CONSENSUS-CPZ ...................... . .  ............. 

........................ 

........................ 

CONSENSUS-A tt???gGgatgggggaagagataacc ... tCctct 
CONSENSUS-B -C...a--T-t----------c---aactc----- 
CONSENSUS-C -C...a--T-C...--G----C---- ... C--g-- 
C0NSENSUS-D -C...---T-t-----g--------- ... C----- 
C0NSENSUS-F -c...---T-C?-a--G--------- ... C----- 
CONSENSUS-G ?? ... ?????????--G------?--...?----? 
C0NSENSUS-H -?...---T- 3--A--G--?--G---...C--?-- 
CONSENSUS-0 ..............-- G-?AG-G-AG...G?ACA? 
CONSENSUS-CPZ A- ... ??????CA---G--??A?-AG...AG???? 

1-18 
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......... 
????????? ......... ......... ......... ......... ......... ......... ......... 

1055 
1061 
1051 
1057 
1048 
824 
982 
951 
717 

1112 
1117 
1109 
1114 
1101 
824 

1031 
1012 
753 

1167 
1180 
1167 
1176 
1163 
871 
1086 
1068 
790 

1237 
1250 
1237 
1245 
1233 
940 

1152 
1134 
843 

1298 
1311 
1297 
1306 
1294 
997 

1208 
1194 
884 

1344 
1357 
1343 
1351 
1337 
1039 
1250 
1236 
914 

1371 
1385 
1371 
1379 
1365 
1060 
1278 
1257 
936 

1421 
1438 
1418 
1429 
1413 
1088 
1317 
1289 
959 



CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-CPZ 

HIVl GAG CONSENSUS 
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HIvl POL 

_ _ _ ~  

HMMER Sequences in the Pol Alignment 

A-U455 
B-HXB2R 
D-ELI 
0-ANT7oc 
O-MW5 180 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-h4M25 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TM-AGMT17 
SAB-SABlC 
SY K-SY K 

m 4 5 5  
HIVHX32R 
HIVELI 
HIvANT7oc 
HIVMVP5 180 
SIVCPZGAB 
SIVCPZANT 
HIV2ROD 
HIV2EHOA 
SIVMM25 1 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVAGMT17 
SIVSABlC 
SIVSYK 

M62320 
KO3455 
KO3454 
L20587 
L2057 1 
X52154 
U42720 
M15390 
U27200 
M19499 
M83293 
M3093 1 
M66437 
L19254 
U04005 
LO6042 

Oram,J.D. 
Starcich,B. 
Alizon,M. 
Vanden HaeseveIde,M. 
Gurt1er;L.G. 
Huet,T. 
Vanden Haesevelde,M. 
Clave1,F. 
Rey-Cuille,M.A. 
Franchini,G. 
Novembre,F. J. 
Baier,M. 
Fomsgaard,A. 
Hirsch,V.M. 
Jin,M.J. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,484 (1985) 
Cell 46,63 (1986) 
JVI 68,1586 (1994) 
JVI 68,1581 (1994) 
Nature 345,356 (1990) 
Virology 221,346 (1996) 
Nature 324,691 (1986) 
Viology 202,47 1 (1994) 
Nature 328,539 (1994) 
Viology 186,783 (1992) 
Virology 176,216 (1990) 
Virology 182,397 (1991) 
Viology 197,426 (1993) 
EMBO J. 13,2935 (1994) 
JVI 67,1517 (1993) 
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The following alignment was generated using the HMMER program as described in the 
introduction to this Part and in Part 111. For simplicity, only representative types 
and subtypes are shown. An ordinary consensus sequence (lowercase signifies majority, 
uppercase signifies 50% or greater) was constructed from these representatives using 
MASE; this is not a "most likely sequence" derived from the HMMER model (Part 11). 
Annotation is based on HIV-ls, therefore the user should be cautious about its 
applicability to other PIV sequences. 

POL-CONSENSUS A??????AGaag???gagatgttgg~atgtGgacA????g?a??????????????????????????? 
GCAA-G-CA 

ACAG-GCCA 

B-EHOA ---GCA-G----C-------------- ......................... 
SDJfM251 GT-TTG--AT---G----GGAG-----CTCT-C-AGGCAATGCAGAGCCCmGAAGACAG 

VER-AGM3 -CC...A----AGAT------C-T--------- GA- ... ACC-GG ......................... STM-STM -GGCCCG-----ACAAG-T----------------- ......................... 
GRI-AGM677 GT-CGGC-A-AT-G-CC-TAn;-C-A- .................................. 
POL CONSENSUS ?????????????????????????????????atggca~atgcccagaa?GACAGGc?ggTTTTTTAg 

B-HXB2 R 
D-ELI -------- 
O A T 7  OC 
0-MVP5 18 0 
CPZGAB -------- 
CPZANT 
A-ROD ------A---------- 
B-EHOA 

A-Uz5 5 --______ - - - - - - - - 
- - - - - - - - - - - - - - - - 
- - - - - - - - 

............................. CATC---T--------------A-------G---------- 
SD-Mt4251 GGATGCTGGAAATGTGGAAAAAn;GACCATGTT-----C-----------CA-------G---------- 
STM-STM ............................. TCAG-----C------------A------TG------------ 
VERAGM3 ............................. GCATT-A------ GATTGCAG-G------TAILA---------- 
GRI-AGM677 ...................................... -G-C---AAGA-TG-------AAA----------- 
TANAGMT17 --G-G-------m------- A 
SAB-SABlC 
SYK-SYK 

- - - - - - - - 
- - - - - - - - 

POL-CONSENSUS Ggaa????ggccgg???????????gggaag???ga?~cc?agcaattt????????????????????? 
AJ455 ---- ... AATTT--CCTTCCAACAA---G-- .... CCAGGG-ATTT ........................ 
B-HXB 2 R ---- ... GAT-T--CCTTCCTACAA------ .... CCAGGG-ATTT... ..................... 
P E L 1  ---G ... AATTT--CCTTCCCACAA------ .... CC-GGG-A-TT.. ...................... 
O A T 7 0 C  -c-- ... ATA-T--CCTCC ... GGG---C-C...--G---AG------A ..................... 
O-IWP5 1 8 0 ---- ... GTA-T--CCTCC...GGG---C-C...--G--- AG------A.... ................. 
CPZGAB ---- ... A--TT--CCTTCCCGCAGC--G-- .... CCAGGC-A-TT.. ...................... 
CPZANT ---- ACCGAC--CCACGTG ... GTG---GT- ... C-GA--AG-G--C--TGTGCA.... ........... 

A...--A--- CC----C--CCCCGT A-ROD -ACT...G----CTTG......... ----- 
B-EHOA .. TT...C----CCTG. ............. A...--A--- TC _ _ _ _ _ _ _  CCCCGTCCAGGCACCCCAGGG 
SD-MM2 5 1 -CCT...T--T-CATG......... ----- A... --A---CC------- CCCCAT............... 
STM-STM -CTT...T----CATG......... ----- A...--A--- CCA---C--CCCCAT.. ............. 
VERAGM3 --T- ... T --____ TGGAT .......... GC...--AA--C--A----- TCCCGC...... ......... 
GRIAGM677 --T- ... T---- ATTG......... ---- G-AGC--AA--A--A-----TGTGCAATACAG ......... 
TANAGMT17 ---G ... AATG-CCGCACCCTAAGGTTCC-A .... CC--GC-ATTT---AGAGCAAGGA GG......... 
SAB-SABlC .. TT...T----CCTGGGG... ... CA--G-...--AA--C--G----- ..................... 
SYK-SYK ---- ... A--AT--GGGGT ... CTCCA-G-- .... CCC--AGC---C--CCCAGTGAGGAGCGAGCCATC 
POL-CONSENSUS ...................................................................... 

............... 

- A-U455 ..................................................................... 
B-HXB2 R ..................................................................... 
D-ELI ..................................................................... 
O A T 7  OC ..................................................................... 
OJWP5180 ...................................................................... 
CPZGAB ...................................................................... 

- 
- 
- 

CPZANT ............................................................ GAAGGAGGAA 
A-ROD ............................................................ GGCCCAAGT- 
B-EHOA GATAGTGCCATC............ ............ TGCGCCCCCGATGAACCCAGCATTCGGCATGACA 
SD-MM2 51 ............................................................ GGCTCAAGTG 
STM-STM ............................................................ GGCCCAAATA 
VER-AGM3 CGCTACTCT- 
GRI-AGM677 .........................................................AGGAGACACAG T. 
TAN-AGMT17 ......................................................... AGCCGTTCCGACG 

SYK-SYK TGCTCCCCCTCTGGAGGACATCGAAGATGGGCCATGGGCCATGGCTCACATGGTCAGCACAGATGAGCCAAC~GCA 

............................................................ 
SAB-SABlC ..................................................................... c 

HIVl POL 

29 
36 
61 
45 
39 
27 

64 
8 
8 
8 
8 
8 
8 
8 

17 
77 
131 
86 
80 
59 
23 
8 
8 

93 
48 
48 
48 
48 
48 
48 
57 
57 

132 
171 
126 
123 
108 
78 
45 
69 

94 
49 
49 
49 
49 
49 
49 
67 
67 

178 
181 
13 6 
133 
121 
91 
46 
139 
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H N 1  POL 

POL-CONSENSUS c?tcagag?????????gccaacagcccc?ccag?agag???g?tg??????????gga???g???aa?? 
A-U4 5 5 -C------CAGACCAGA------------A----C---AATCTT--GGAT...GGG---AAA-ATG-C.. 
B-HXB2R -T _ _ _ _ _ _  CAGACCAGA------------ A----A----AGCTTCAGGTC...TGG--TAGA-ACA-CAA 
D-ELI -TC--A--CAGACCAGA------------A----C----AGCTTC-GGTT...TGG---AGA-ATA-C.. 

O-MVP5180 GTG----AACAAGTGTCC---T-------A---ATG---GAG-CA-T .........- A-GGAACAAG-GA 
CPZGAB GTG----ACAGAACAGAA-----G-----A--GAT----AGTTA--GGTACCAGGA---AGA ........ 
CPZANT GTAGT-GA ......... - - - - - - - - - T--A--CAT----ATCTA-CA .........--. GGA-CAC--.. 
A-ROD .CG...G. ... GCTGACA--....--A..C.--.TG.-TCCA.CA-T .........-.. TCTACTGG-.. 
B-EHOA 
SD-MM2 5 1 

0-ANT7OC GTG-----ACCAGCACAC---T-------A--GATG---GAG-AA-T ....................... 

-C---.G- ... TGCGATT...T.T..A-.C..T-C...TCCA.CA-A ............ GAT.CTA--.. 
-A....G- ... GCTGAC.-.---T--T.-C---.AG--CCCA-C--T .........--- TCT-CTA-. .. 

STM-STM 
VER-AGM3 
GRI-AGM677 

-C----G- ... GCTGAC------T-----T----A---CCCA-C--C ...........- TCT-CTG-G.. 
GGGGT-GA ......... ------ T--G--C--TCC-CC-AGTCCATA ......... C--CCCTGCA--.. 
GG--T-GA. ........ A----------- C---ATG--AACA-C-TA ......... C--TCCAGCA--.. 

TAN-AGMT17 GC--CCCCGATCGCCGC--ATGG-TT---CA---GTCC-CCA-T--C ......... A-GAGCCTACG-TC 
SAB-SABlC -C--T--CCTCCATCAGA-------- T--C---ATG--ACGG-A-TA. ...................... 
SYK-SYK -AAGC--A .................................................. CACA-AACTC.. 

POL-CONSENSUS ????c???a?gcagcagga?aa?????????????????????????????????????????????gca 
A-U4 5 5 

D-ELI .CCC-TCTCAAA-A--.-- ................................................ 
.CTC-CCTGC.A-A----- .................................................. T 

B-HXB2R CTCC-CCTCA-A-------.. ...................... .......................... C 

0-ANT70C ....... G-A-GGA-----G--TCA ....................................... GGAA-- 
O-MVPS 18 0 ATCAGAGTCA-A--GG--- ................................................ T-- 
CPZGAB ....... G-A-AGC-----G-- .......................................... GAAAG- 
CPZANT .GAGGACTCA-A.-GGTCT ................................................ C A- 
A-ROD .GAAATAT-T---.-.A.GG-- .......................................... AAGA-. 

SD-MM2 5 1 .GAA-TAC-T---.TT--GC-. .......................................... GCA--- 

VER-AGM3 .GAAGCTCCT..----AT- ................................................... 
TAN-AGMTl7 CAGC-AAG-GA-TC-T--GGC-GTATGC~GG ............... AGACCAACTAAGGAG--- 
SAB-SABlC .... -AGC.G-.C-G.---A-- .......................................... TTG. T- 
SYK-SYK .TCC-TCG-A-A-A.CCCCC-CCAACAGGGA ........................... AGTGCTCTC-- C 

--- 

B-EHOA .GAA.TAC-T..-A-TA.GG-- .......................................... GAA--- 

STM-STM .AAGTTAC-T-----T-.GC-- .......................................... GAA-.. 

GRI-AGM677 .GAAGCTCCTC------T-TCAGAGAAGGGACAGCGCCTGAGAGAGGAGAGAG~~AGACAAGG~-- 

POL-CONSENSUS gaaaGa??????cag???g?aac??????????????????????????????????????????????? . . . . . . . . .  --- .G.--A .............................................. AJJ4 5 5 .......- A.. .- G---T 
D-ELI ------ ......-- A...-G---T... ........................................... 
0-ANT7 OC ----- GGGGCCCG-A...CG-G-T .............................................. 
O-MVP5 18 0 .G----GCT ............................................................. 
CPZGAB -GG.-- ...... G-- ... CAGT-T...... ........................................ 
CPZANT -GGG--......GGA...-G---T .............................................. 
A-ROD -- G---GCA ... G--AGA-AG--CATACAAGGAAGTGACAGAGGACTTACTGCACCTCGA .......... 
B-EHOA --- G--G AA...--- AGA-AG--CCTACAAGGA ..................................... 
SD-MM2 5 1 -- G---AAG...---AGA-A-G-CTTACAAGGA.. ................................... 
STM-STM -- G---GAG.. .--- GAA-AC--CCTACAAGGA. .................................... 
VER-AGM3 TGC--- ......-- AGGG-A-G-AGTTGAGGGAAC~GGAAAAAACCACC ................... 
GRI-AGM677 ---G-- ...... G-A...AG--GT.. ............................................ 
TAN-AGMT17 A----- ...... G-A. ..- G---T .............................................. 
SAB-SABlC TGC--- ......-.-... ACCT-CGACCAGAGGACCAGGGCCAGACGATCCAGCAACAGCCCTGTT~G 
SYK-SYK ---G-- ...... G--...CAGTGGGAAGGAGGA ..................................... 

------ 
B-HXB2R --T--- .............................................. 

POL-CONSENSUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AJJ4 5 5 ...................................................................... 
B-HXB2R ...................................................................... 
D-ELI ...................................................................... 
0-ANT7 OC ...................................................................... 
O-MVP5 18 0 ...................................................................... 
CPZGAB ...................................................................... 
CPZANT ...................................................................... 
A-ROD ...................................... GCAGGGGGAGACACCATACAGGGAGCCACCAA 

SD-MM2 5 1 ................................................................. GGTGA 
STM-STM GGTGA 

GRI-AGM677 ...................................................................... 
TAN-AGMT17 ...................................................................... 
SAB-SABlC CAGTATGCTGTTCAGGGGAGGCAGAAACAGCAGCAGTGG~~CCACTCGCCACAACAGAGCCCCTACG 
SYK-SYK GACCA 

B-EHOA ................................................................. GGTGA 

VER-AGM3 .................................................. AGCAGTGAATCCCGATTGGA 
................................................................. 

................................................................. 

1-22 
DEC 96 

13 0 
114 
116 
114 
96 

110 
111 
117 
123 
234 
237 
192 
183 
171 
152 
93 

159 

135 
120 
132 

264 
219 
201 
240 
207 
117 
201 

159 
150 
153 
150 
141 
141 
147 
153 
207 

255 
222 
17 8 
225 

159 
150 
153 
150 
141 
141 
147 
153 
239 
296 
299 ~. . 
254 
266 
255 
222 
248 
230 



HIV1 POL 

1-23 
DEC 96 

217 
219 
222 
219 
210 
210 
216 
222 
309 
366 
369 
324 
333 
321 
243 
318 
300 

261 
280 
283 
280 
268 
268 
214 
280 
3 61 
424 
421 
382 
397 
391 
316 
364 

327 
344 
341 
344 
335 
335 
341 
347 
434 
491 
494 
449 
464 
458 
443 
431 

312 
399 
402 
399 
390 
390 
396 
402 
489 
546 
549 
504 
519 
513 
498 
501 



HIvl POL 

POL-CONSENSU 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7OC 
0-MVP5180 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 

SYK-SYK 
SAB-SABlC 

prot \ /  1166, 11.51 
430 

POL-CONSENSUS 
A-U4 5 5 
B-HXB2R 
D-ELI 
O-ANT7OC 
0-MVP5180 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

POL-CONSENSUS 
A-U455 
B-HXB2R 
D-ELI 
0-ANT7 OC 
0-MVPS 18 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

POL-CONSENSUS 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 OC 
O-MVP5 1 8 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYI-SYK 

1-24 
DEC 96 

469 
472 
469 
460 
460 
466 
472 
559 
616 
619 
574 
589 
583 
568 
571 

485 
530 
533 
530 
521 
521 
527 
533 
620 
677 
680 
635 
656 
650 
629 
632 

551 
600 
6 03 
600 
591 
591 
597 
603 
690 
747 

705 
726 
720 
699 
702 

614 
670 
673 
670 
661 
661 
667 
673 
760 
817 
820 
775 
796 
790 
769 
772 

750 



HIVl POL 

680 
740 
743 
740 
731 

830 
887 
890 
845 
866 
860 
839 
842 

740 
810 
813 

801 
807 

960 
915 
936 
930 
909 
909 

883 
880 
871 
871 
877 
883 
970 
1027 
1030 
985 
1006 
1000 
979 
97 9 

865 
950 
953 
950 
941 
941 
947 
953 .~~ 
1040 
1097 
1100 
1055 
1076 
1070 
1049 
1049 

1-25 
DEC 96 



HIVl POL 

1-26 
DEC 96 

923 
1020 
1023 
1020 
1011 
1011 
1017 
1023 
1110 
1167 
1170 
1125 
1146 
1140 
1119 
1119 

971 
1087 
1090 
1087 
1078 
1078 
1084 
1090 
1177 
1234 

1192 
1213 
1207 
1186 
1186 

1237 

1032 
1157 
1160 
1157 
1148 
1148 
1154 ~~~ ~ 

1160 
1247 
1304 
1307 
1262 
1283 
1277 
1256 
1256 

1086 
1221 
1224 
1221 
1212 
1212 
1218 
1224 
1311 
1368 ~~ ~ ~ 

1371 
1326 
1347 
1344 
1320 
1323 



1-27 
DEC 96 

HIVl POL 

1154 
1291 
1294 
1291 
1282 
1282 
1288 
1294 
1381 
1438 
1441 
1396 
1417 
1414 
1390 
1393 

1213 
1358 
1361 
1358 
1349 
1349 
1355 
13 61 
1448 
1505 
1508 
1463 
1484 
1481 
1457 
1460 

1262 
1416 
1419 
1416 
1407 
1407 
1413 
1428 
1506 
1563 
1566 
1521 
1542 
1539 
1515 
1518 

1318 
1486 
1489 
1486 
1477 
1477 
1483 
1498 
1576 
1633 
1636 
1591 
1612 
1609 
1585 
1588 



HIvl POL 

1-28 
DEC 96 

1370 
1553 
1556 
1553 
1544 
1544 
1550 
1565 
1640 
1697 
1700 
1655 
1676 
1673 
1652 
1658 

1429 
1623 
1626 
1623 
1614 
1614 
1620 
1635 
1710 
1767 
1770 
1725 
1746 
1743 
1722 
1728 

1489 
1693 
1696 
1693 
1684 
1684 
1690 
1705 
1780 
1837 
1840 
1795 
1816 
1813 
1792 
1798 

1553 
1763 
1766 
1763 
1754 
1754 
1760 
1775 
1850 
1907 
1910 
1865 
1886 
1883 
1862 
1868 



HIVl POL 

1-29 
DEC 96 

1617 
1833 
1836 
1833 
1824 
1824 
1830 
1845 ~~ ~- 
1920 
1977 
1980 
1935 
1956 
1953 
1932 
1938 

1673 
1903 
1906 
1903 
1894 
1894 
1900 
1915 
1990 
2047 
2050 
2005 
2026 
2023 
2002 
2008 

1734 
1973 
1976 
1973 
1964 
1964 ~. . ~ 

1970 
1985 
2060 
2117 
2120 
2075 
2096 
2093 
2072 
2078 

1792 
2043 
2046 
2043 
2034 
2034 
2040 
2055 
2130 
2187 
2190 ~~~ ~ 

2145 
2166 
2163 
2142 
2148 



HIVl POL 

POL-CONSENSI 
A-U455 
B-HXB2 R 
D-ELI 
0-ANT7 OC 
O-MVP5 18 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

POL-CONSENSI 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 OC 
0-MVP5 18 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

POL-CONSENSI 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 OC 
O-MVP5 18 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

POL-CONSENSUS 
AJJ455 
B-HXB2R 
D-ELI 
0-ANT7 OC . 
O-MVP5 18 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

I30 
DEC 96 

1855 
2113 
2116 
2113 
2104 
2104 
2110 
2125 
2200 
2257 
2260 
2215 
2236 
2233 
2212 
2218 

1918 
2183 
2186 
2183 
2174 
2174 
2180 
2195 
2270 
2327 
2330 
2285 
2306 
2303 
2282 
2288 

1917 
2253 
2256 
2253 
2244 
2244 
2250 
2265 
2340 
2397 
2400 
2355 
2376 
2373 
2352 
2358 

2036 
2323 
2326 
2323 
2314 
2314 
2320 
2335 
2410 
2467 
2470 
2425 
2446 
2443 
2422 
2428 



HIVl POL 

2103 
2393 
2396 
2393 
2384 
2384 
2390 
2405 
2480 
2537 
2540 
2495 
2516 
2513 
2492 
2498 

2167 
2463 
2466 
2463 
2454 
2454 
2460 
2475 
2550 
2607 
2610 
2565 
2586 
2583 
2562 
2568 

2225 
2533 
2536 
2533 
2524 
2524 
2530 
2545 
2620 
2677 
2680 
2635 
2656 
2653 
2632 
2638 

2289 
2603 
2606 
2603 - ~ ._ 

2594 
2594 
2600 
2615 
2690 
2747 
2750 
2705 
2726 
2723 
2702 
2708 

1-31 
DEC 96 



HN1 POL 

1-32 
DEC 96 

2350 
2673 
2676 
2673 
2664 
2664 
2670 
2685 
2760 
2817 
2820 
2775 
2796 
2793 
2772 
2778 

2417 ~ ~- 
2743 
2746 
2743 
2734 
2734 
2740 
2755 
2830 
2887 
2890 
2845 
2866 
2863 
2842 
2848 

2478 
2810 
2813 
2810 
2790 
2801 
2807 
2822 
2897 
2954 
2957 
2912 
2933 
2930 
2909 
2912 

2544 
2880 
2883 
2880 
2871 
2877 
2892 
2967 
3024 
3 027 
2982 
3003 
3000 
2979 
2979 



HIVl POL 

2605 
2947 
2950 
2947 
2938 
2944 
2907 
3034 
3091 
3094 
3049 .... 
3070 
3067 
3046 
3049 

2650 
3002 
3005 
3002 
2993 
2999 
3101 
3158 
3161 
3116 
3134 
3137 
3110 
3101 

2669 
3006 
3009 ’ 
3006 
3027 
3003 
3108 
3174 
3168 
3123 
3138 
3171 
3117 
3108 

1-33 
DEC 96 



HIVl POL CONSENSUS 

gag -> 
CONSENSUS-A TTTTTTAGGGAA. .. AATTTGGCCTTCCA?CAAGGGGAGGCCAGG?AATTT.. ................. 
C0NSENSUS-B _____---____ ... g--C---------ca------a--------g-----??????????????????? 
C0NSENSUS-D _ _ _ _ _ _ _ - _ _ _ _  ... g------------CA------A-----G--G--c-- ................... 
CONSENSUS-0 ---------?-- .... ’TAC------C-GGGGGGCAC---------C----A... ................ 
C0NSENSUS-U _ _ _ _ _ _ _ _ _ _ _ _  -------------CA------A--------G----- ................... 
CONSENSUS-CPZ ------------ ???????????-?-???G??G??-?--?--------C--. .................. 
CONSENSUS-A ................. TCCTCAGAG. ..... CAGACC?GA?CCAACAGC?CCACCAGCAGA?A?CTTTG 
CONSENSUS-B ?????????????????--t------ ...... ------A--g--------c-------a---G-G---Ca 
CONSENSUS-D --T ___--- ...... ------A--G--------C-----------G-G---C- 
CONSENSUS-0 ................. -GTG----?...... AC?-G?-??C---T----C-----?AT.. ......... 
CONSENSUS-U ................. C-T------...... ------A--G--------C-----------G-G---C- 
CONSENSUS-CPZ ................. -GTG----A?????????-??---------?-------- ?AT- - -G- - ?-A- ? 

... 

................. 

CONSENSUS-A GGATGGGGGAA?AGAT??C??? ... CTC?CC ......... ?????A?CAGGA?C?GA??GA... ... CA? 
CONSENSUS-B -- T-t------G---caa-AaCTCC---T-A?????????---GA-G-----g-c--tA-- ......-- A 
CONSENSUS-D --T-T------G---- ... AACCCC---T-A..... ....... gA-A-----G-A--AA-- ......-- A 
CONSENSUS-0 ....-- A---GG?AG-G AA ............... GG?ACA-GAGA-T---??--A--A--GGG??C?G?A 
CONSENSUS-U -- T-T-----GG----AAA...ACC---T-A... ......... GA-A-----G-A--AA-- ......-- A 
CONSENSUS-CPZ ?-?A??A-?-?--???GA?---??????-??. ........... --?-?????-?-??--?????????-- 

\ /  protease 

1-34 
DEC 96 

46 
48 
48 
46 
48 
29 

88 
95 
95 
75 
95 
63 

122 
147 
144 
115 
144 
72 

c- gag cds 
174 
208 
205 
171 
205 
110 

237 
278 
275 
230 
275 
163 

304 
348 
345 
293 
345 
212 

370 
418 
415 
359 
415 
261 

438 
488 
4 85 
423 
485 
310 

504 
558 
555 
490 
555 
363 

570 
628 
625 
553 
625 
409 

636 
698 
695 
617 
695 
469 

. .  

_ .  



HIVl POL CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 

694 
768 
765 
678 
765 
526 

758 
837 
835 
743 
835 
580 

818 
907 
905 
809 
905 
63 6 

880 
977 
975 
873 
975 
687 

941 
1047 
1045 
933 

1045 
738 

999 
1117 
1115 
995 

1115 
783 

1065 
1187 
1185 
1059 
1185 
840 

1130 
1257 
1255 
1121 
1255 
889 

1196 
1327 
1325 
1185 
1325 
944 

1256 
1391 
1389 
1242 
1389 
989 

1317 
1458 
1456 
1295 
1456 
1025 



FDVl POL CONSENSUS 

1-36 
DEC 96 

1385 
1528 
1526 
1356 
1526 
1068 

1444 
1598 
1596 
1424 
1596 
1112 

1509 
1668 
1666 
1485 
1666 
1161 

1578 

1738 
1736 
1551 
1736 
1215 

1642 

1808 
1806 
1612 
1806 
1264 

1710 

1878 
1875 
1675 
1876 
1306 

1777 

1948 _. .. 
1945 
1734 
1946 
1355 

1844 

2018 
2015 
1798 
2016 
1401 

1911 

1455 

1976 
2158 
2155 
1930 
2156 
1510 

2037 
2228 
2225 
1995 
2226 
1557 



H N 1  POL CONSENSUS 

1-37 
DEC 96 

2098 
2298 
2295 
2058 
2296 
1612 

2160 
2368 
2365 
2119 
2366 
1671 

2229 
2438 
2435 
2183 
2436 
1723 

2297 
2508 
2505 
2246 
2506 
1781 

2355 
2578 
2575 
2307 
2576 
1839 

2417 
2648 
2645 
2375 
2646 
1894 

2486 
2718 
2715 
2441 
2716 
1958 

2551 
2788 
2785 
2505 
2786 
2016 

2618 
2858 
2855 
2569 
2856 
2076 

2687 
2928 
2925 
2634 
2926 
2139 

2755 
2998 
2995 
2700 
2996 
2209 



HIVl POL CONSENSUS 

CONSENSUS-A GGATGA?GAT 
CONSENSUS-B ------ G- - -TAG 
CONSENSUS-D ------G--- 
CONSENSUS-0 -ACA--AAG-GAAAGC?TGGAACAGCCT?GTGAAATACCA 
CONSENSUS-U ------G--- 
CONSENSUS-CPZ -A----G--- 

1-38 
DEC 96 

2764 

3006 
2219 



HIVl VIF 

HMMER Sequences in the Vif Alignment 

A-U455 
B-HXB2R 
D-ELI 
0-ANT7oc 
0-MVP5 180 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

m u 4 5 5  
HIVHXB2R 
HIVELI 
HIvANT7oc 
HIVMVP5 180 
SIVCPZGAB 
SIVCPZANT 
HIV2ROD 
HIv2EHOA 
SIVMM25 1 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVSABlC 
SIVSYK 

M62320 
KO3455 
KO3454 
L20587 
L2057 1 
X52154 
U42720 
M15390 
U27200 
M19499 
M83293 
M3093 1 
M66437 
U04005 
LO6042 

Oram,J.D. 
Starcich,B. 
Alizon,M. 
Vanden Haesevelde,M. 
Gurtler,L.G. 
Huet,T. 
Vanden Haesevelde,M. 
Clave1,F. 
Rey-Cuille,M.A. 
Franchini,G. 
Novembre,F. J. 
Baier,M. 
Fomsgaard,A. 
Jin,M. J. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,538 (1985) 
Cell 46,63 (1986) 
JVI 68,1586 (1994) 
JVI 68,1581 (1994) 
Nature 345,356 (1990) 
Viology 221,346 (1996) 
Nature 324,691 (1986) 
Virology 202,471 (1994) 
Nature 328,539 (1994) 
Virology 186,783 (1992) 
Virology 176,216 (1990) 
Virology 182,397 (1991) 
EMBO J. 13,2935 (1994) 
JVI 67,1517 (1993) 

1-39 
DEC 96 



The following.alignment was generated using the HMMER program as described in the introduction 
to this Part and in Part 111. For simplicity, only representative types and subtypes are 
shown. An ordinary consensus sequence (lowercase signifies majority, uppercase signifies 
50% or greater) was created from these using MASE; this is not a "most likely sequence" 
based on an HMM model (Part 11). Annotation is based on HIV-ls, therefore the useer should 
be cautious about its applicability to other PIV sequences. 

VIF-CONSENSU 
A-U455 
B-HXB2R 
D-ELI 
O-MVP5 18 0 
0-ANT70C 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

VIF-CONSENSI 
A34 5 5 
B-HXB2R 
D-ELI 
O-MVP~ 18 0 
O-ANT7 OC 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

VIF-CONSENSUS 
A-U4 5 5 
B-HXB2R 
D-ELI 
O-MVP5 1 8 0 
0-ANT7 OC 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

1-40 
DEC 96 

50 
64 
64 
64 
64 
64 
64 
64 
67 
67 
67 
67 
70 
70 
64 
64 

102 
131 
131 
131 
131 
131 
131 
13 1 
137 
137 
137 
137 
131 
131 
134 
131 

141 
192 
192 
192 
192 
192 
195 
198 
201 
201 
201 
201 
198 
198 
198 
195 

196 
262 
262 
262 
262 
262 
265 
268 
268 
268 
268 
268 
265 
265 
265 
262 



HIVl VIF 

1-41 
DEC 96 

236 
320 
320 
320 
320 ~~. 

320 
323 
326 
326 
326 
326 
326 
332 
326 
323 
320 

292 
390 ~~ ~ 

390 
390 
390 
390 
393 ~ . _  

396 
396 
396 
396 
396 
402 
396 
393 
390 

340 
448 
448 
448 
448 
448 
451 
454 
457 
457 
457 
457 
466 
454 
457 
445 

365 
488 
488 
488 
488 
488 
491 
506 
518 
521 
515 
515 
533 
521 
506 
488 



HIVl VIF 

VIF-CONSENSUS ...................................................................... 
A-U455 G..T... ............................................................... 
B-HXB2 R G--T--- ............................................................... 
D-ELI G--T--- ............................................................... 
O-MVP5180 A--C--- ............................................................... 
0-ANT7 OC .............................................................. A--C--- . 

A--T--- CPZGAB ............................................................... 
CPZANT C--T--- ............................................................... 
A-ROD AAG-GAC ............................................................... 
B-EHOA AAG--AC ............................................................... 

AAG-GAC ............................................................... SD-MM251 
STM-STM AAG-G-C ................................................................ 
VER-AGM3 GGG-TT- ............................................................... 
GRI-AGM677 GGG-TC- ............................................................... 
SAB-SABlC GGG-TCCTCCCAAGGATCCCCCCAAGAATCCCAGAGAAGAGATACCAGGATGGCTAGAAACATGGGATTT 
SYK-SYK C---GCA ............................................................... 

vpR -> 
VIF-CONSENSUS ????????????gtt??g????????????aga?tg???acaga?~at??tagatg?aa?aAa????g?? 
A-U455 ............ ---AA- ............ -A-T-A ...-----G--- ... ----- G--C--G ....... 
B-HXB2R ............-- YAC- ............ -A-C-- ...-----G---. .. ----- G--C-- G ....... 
D-ELI ............ --- AG- .. ..........- AGC-A .. .-----A--- ... ----- G--C--G ....... 
O-MVP5 18 0 ............-- CCA- ............--- T-A ...----- A--- ... ----- G--C--G ....... 
0-ANT7 OC ............-- CCA- .. ..........- A-T-A .. .-----A--- ... ----- G--C--G ....... ............-- CGCC ............ -A-T-A ...-----G--- ... ----- G--C--G ....... 
CPZANT ............ C-GTCT ............ -TCT-A ...-----A--- ... ----- G--C-- G ....... CPZGAB 

A-ROD ............ TA-CG-AGAGGC ... CTTC-CC--GCT-A-C-G--CAG----A-CC-T---CAGA-~ 
B-EHOA ............ AG-AG-AGAGGC ... ATTC--A--GCT-G---CA-CAT----ACATCTC--CAG A-TA 
SD-MM2 5 1 ............AA - AG-AGAGGC ... CTTC--A--GCT-A-C-GA-CAG----G-AG-T---CAG A-AG 
STM-STM ............AA - AGAGGAAGC ... ATTC--G--GCT---C-GA-CGG----G-AC-T---CCG A-AG 
VER-AGM3 ............- AGCA-GGAGCCGTGGGAC--A--GCT-AGAGAC--GC----A-AT-TC--TCAG-AA 
GRI-AGM677 ............ AGACA-GGAGCCATGGGAC--A--GCT---AGAC--GC-CAGG-ATCT---CGAA-AA 
SAB-SABlC GCCCAGAGAGCC--- CGA ............ C--A--GCTC-GAGAC--GT--C-G-ACCTC--TTC A-AG 
SYK-SYK . . . . . . . . . . . .TG - GCA ............-- GAAC ...-- CATG-T-CT-CAT-CC--G---TGTA-AG 
VIF-CONSENSUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A-U455 ...................................................................... 
B-HXB2R ...................................................................... 
D-ELI ...................................................................... 
0-MVP5180 ....................................................................... 
0-ANT7 OC ...................................................................... 
CPZGAB ...................................................................... 
CPZANT ...................................................................... 
A-ROD GC .................................................................... 
B-EHOA GC ............................................. : ...................... 
SD-MM251 GC .................................................................... 
STM-STM GC .................................................................... 
VER AGM3 GCCAAGATGCATTTTGGGCG .................................................. ~~~ ~ ~ .... ~~ .... 
GRIrAGM677 GCCAGAAGGCACTT ........................................................ 
SAB-SABlC GCCCAGTGCCACTTCCC ..................................................... 
SYK-SYK TTGACCCCAAACGTGATCAGTCACTGTAAAGGCAGAACTGGTAGTGACAGAAGCATCCAAGCATTTTA 

VIF-CONSENSUS ????????????????????????????cc?c??a?ga??ag?g???a?aga???ggg??????agccat 
G- 
C 

A-U4 5 5 
B-HXB2R 

.... .............................. C.AG.A--CC-.G.GCC-C.-. .. .--- ...... .............................. C-AG-A-.CC-AG-GCC-C--- ....-....... 
D-ELI . .............................. C-AGCA.-CC--G.GCC-C--. . ..---...... .............................. CTGG-AA-TC--G-ACC-GCT- ....-....... ............................. AC-TG.GA-TC--G-ACC-GCT- ...AA-...... C- 0-ANT7 OC ............................. AC-AG.G-.CC-AG.TCC.CCA- .. .- A- ...... CPZGAB 
CPZANT .............................. C-GC-G--TG--G-GCC-C--- ...- A- ...... 
A-ROD ...................... AGTGAAT-A-CT-CCCCG--AACTT-TTTTCCA--TG TG ... GCAG-G 
B-EHOA ...................... AGTCAAT-A-TTGCCCAGG-AACTT-TTTTCCA--TC TG ... GCAG-A 
SD-MM251 ...................... AGTAAA--A.CT.CC-AGG.A-CTG-TTTTCCA.- TT TG ... GCAA-G 
STM-STM ...................... AGTAAA-.ATCT.CCGAGG-AACTG-TTTTCCA-- TC TG ... GCGA-G 
VER-AGM3 ....... CGAGCTCCTGTTCCAAGTATGGAA-TATT-TCAG-A-GAGGG---AAG-AA~CGCACTC---- 
GRI-AGM617 .......... TGGAATGAACATGCTAAT-.GAGT.T.GAATTACTGn;T--. ...-- A ...... G-GA-G 
SAB-SABlC .......... AAGGAATCTCCTTTTCCGT-TTn;GT-GAATATTGTGGA--- ... ACC ...... 
SYK-SYK CTCCTCAAGAAATATATGGAGTTTGGAAT-AATCCTT-AAC-AAGAGGC--GGAC 

---.. 
...--- ------ O-MVP5 18 0 -.-- 
-A--T- 
-A---A 

------ 

371 
495 
495 
495 
495 
4 95 
498 
513 
525 
528 
522 
522 
540 
528 
57 6 
495 

400 
528 
528 
528 
528 
528 
531 _ ~ _  
546 
580 
583 
577 
577. 
598 
586 ... 

634 
538 

400 
528 
528 
528 
528 
528 
531 
546 
582 
585 
579 
579 
618 
600 
651 
608 

422 
561 
561 
561 
561 
561 
564 
579 
627 
630 
624 
624 
681 ~ .. 
651 
702 
663 

1-42 
DEC 96 



VIF-CONSENSUS ????c?a?gaat???????????????gggca? 
A3455 ... A.GCT.... ............... A.... T 
B-HXB2R ... 
D-ELI ... A.A.T.... ............... T 
O-MVP5 1 8 0 ... ............... 
0-ANT7 OC ... T-A-T---- ............... C 
CPZGAB ... A.C.G.... ............... T 
A-ROD GTCCTGGA..TA ............... CT-GCA 
B-EHOA GTCTTGGGC.TA ............... TT-GCG 
SD-MM251 GTCTTGGGA.TA ............... CT-GCA 
STM-STM GTCTTGGGA.TA ............. ..C T.GCA 
VER-AGM3 ... G-T-GA--G ................. CTTA 
GRI-AGM677 GAGA-A 
SAB-SABlC TGAT.A ...... TGGGCAAACCAGGCT.. AAGG 

A.A.T.... ............... ..A.. C 
..... 

T.A.T.... ..A.. C 
..... 
..... 

HIVl VIF 

433 
576 
576 
576 
576 
576 
579 
645 
648 
642 
642 
696 
657 
729 

1-43 
DEC 96 



HIVl VIF CONSENSUS 

1-44 
DEC 96 

7 0  
7 0  
69 
67 
43 

139 
140 
138 
126 

83 
203 
204 
201 
173 
119 
2 i 3  
274 
270 
237 
163 
343 
344 
340 
303 
207 

413 
414 
406 
364 
245 

470 
472 
463 
412 
275 

540 
541 
531 
474 
324 
576 
577 
564 
506 
352 



H N 1  W R  

HMMER Sequences in the Vpr Alignment 

A-U455 m 4 5 5  M62320 
B-HXBZR HMMB2R KO3455 
D-ELI HIVELI KO3454 
O-ANT7OC HNANT7OC L20587 
O-MVp5180 HIVMVP5180 L20571 
CPZGAB SNCPZGAB X52154 
CPZANT SIVCPZANT U42720 
VER-AGM3 SNAGM3 M3093 1 
GRI-AGM677 SIVAGM677 M66437 
SAB-SABlC SIVSABlC U04005 

Oram,J.D. 
Starcich,B. 
Alizon,M. 
Vanden Haesevelde,M. 
Gurtler,L.G. 
Huet,T. 
Vanden Haesevelde,M. 
Baier,M. 
Fomsgaard,A. 
Jin,M.J. 

~- 

ARHR 6,1073 (1990) 
Science 227,538 (1985) 
Cell 46,63 (1986) 
M 68,1586 (1994) 
M 68,1581 (1994) 
Nature 345,356 (1990) 
Virology 221,346 (1996) 
Virology 176,216 (1990) 
Virology 182,397 (1991) 
EMBO J. 13,2935 (1994) 

1-45 
DEC 96 



HIVl VPR 

The following alignment was generated using the HMMER program as described in the introduction 
to this Part and in Part I11 . For simplicity. only representative types and subtypes are 
shown . An ordinary consensus sequence (lowercase signifies majority. uppercase signifies 
50% or greater) was created from these sequences using MASE; this is not a "most likely 
sequence" based on an HMM model (Part II) . Annotation is not attempted for this alignment 
of paralogous sequences . 
VPR-VPX-CONSENSUS 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 OC 
O-MVP5 180 
CPZGAB 
CPZANT 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 

VPR-VPX-CONSENSUS 
A-U455 
B-HXB2R 
D-ELI 
0-ANT7 OC 
0-MVP5180 
CPZGAB 
CPZANT 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 

VPR-VPX-CONSENSUS 
A-U4 5 5 
B-HXB2R 
D-ELI 
0 ANT70C 
OIMVP5 18 0 
CPZGAB 
CPZANT 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 

VPR-VPX-CONSENSUS 
A-U455 
B-HXB2R 
D-ELI 
0-ANT7 OC 
O-MVP5 1 8 0 
CPZGAB 
CPZANT 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 

VPR-VPX-CONSENSUS 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 OC 
0-MVP 5 18 0 
CPZGAB 
CPZANT 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
z 
VPR-VPX-CONSENSUS 
A34 5 5 
B-HXB2R 
D-ELI 
0-ANT7 OC 
0-MVP5180 
CPZGAB 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 

ATGGaacaAGcc???????????????????????????????????????????????????Cca???g .... ..-------..- ...................................................... ...................................................... ...................................................... 
--. . ---.-....--. 
.-- - ..________-. 

A T.... .................................................... TG ...- 
A ..................................................... G C 

--.. CCTC.. G.AGA ............................................. GAT..CAG A. 
..-- C-TC--GAAGA ............................................. GAT---AG A- 
_-.- CCTC..GAGGGTGGCTCCCACCAGTAGGAGGGGATCCTCCCAAGGATCCCCCCAAGAAT..CAG A- 

___._.-.._- ..................................................... 
..--------.- 

.... __________-  ...................................................... 
-.-------.-. ... 

aa??? .. .ga?cagGGg??????????????????ccaca?AggGAgCCat? c. . .aatGAaTgG?c a. . ...... .................. ----.G-.-.---. G.A- GC-----A.G.-.. .. c --.-.- 
...... --C--A--. ...-.G--....--.CA- . .. --....--- A.- . . 

c- ......-- c---..- .................. .---.G.--.-.---. A- ....-------- G-- . . 
.G ...... A-T-----A .................. -..GCT.AA.----C.T. ......-..--. G.. .. 
-- ...... A-T---.-A .................. .-.GCT.---------T- ....----.... A.- . . 
.G ......-. C-.A-.T .................. -..-CA--A--A--T-A- ...C-G-----.G-. .. 

.---. G.-A--A..-ATG ...-.--. G---TTG .. .G ...... .- TG-...- .................. 
.. GCA ... AGA-C----GAACTAGAAATATGGGATGGGATGGGATTTGAGC--------G-GG ... G.C-.----CT. .. 
-. CCT ... TTA-CA--ATGGCTGGAAATCTGGGAT-T-G-C----------GG ... G.C...---CT. .. 
-.GAG ... ATA-CA--ATGGCTAGAGGATGGGATTTG-CC--A-----G-T- ... G-C------CTC .. 
.... ctA ... GAgat?tTagaaGAgcT?AAC??atGAaGc?gtaagaCAtTT? ... cctaggc?ttggcT? 
....T.....-..T.G-.......--- T--GC-...-.AT..T...-.-.-T ...-.-.--. AG.-- - . C . . . . . . .  _ _ _  ---C-T-----G-----T--GA-------T--T--------T.-.------AT------ C ... .T.. ......C.T....-G.---- T--GAG.-...-T.-T.---.---T ...-....-ATA----. C . . . . . . .  --- ---c-c----..--... A-.AGCA----.A---------.- c -------c..---- A . . . . . . .  _.- --.C-CC.G.------.G.-AG.A--.--A-----.-----C ...-.-----C---- T.A 
.. ..T--...----CC--G--.--AT.A-.AA-------A----------- c ... ----- A-CA---T-G .. ..T.....--A.CT-..----.AA-A-.AA--...-G.-A---.------- C ... -.ACA-.C-ACA T.A 
.... AG- ...-. C-.GC----.--TA.C-.TC.G-----CAAG.TG-..-- T ... GGGC-CGAGCTC--G ..... A- ..... C..GC.CAGG..T--A.-CG.A.-..-CAG-..G.-C-- T ... GGA-T-AACAT---A 
ca?cgcttagg??????????caatatatttatgAg????????????acttatggggatac???????t 
--TG.A.---- A ......... -.- C---.C---A.C ............ .-c-----.-.--- T ..... .- ............ T ..... .- .-TG------- G ......... --- C-...C--.--A 

c .- -..C---------. A ._______._.... --TA--.---- A ......... ............ ..... 
C--T ......- ----.c...-...-- ______._-__ -. CGC---G.- A ......... ............ 

A-.C--T ......- ..G..C--..----- ----- --. -- AGC-.GT-- G ......... ............ 
A...-.A ......- --T.AA.----A .........-.-.TC-.--.... c ............ 

-- A-A---G-AAATTGGGTATATGC-A---ACG--- ............- T.C.--.A--GGAG . .....- 
TTC-AAG--T-G ......... A-C---TG-C-G---GAGGGA ... GAA.GGA--C-CAC.C.CATG ... C 
ATC--AG-. T-G ......... A-T--CTG-GTA---GAGGGA ....... GGAGACATA---- CCCATGGA 
TTC.-TC-TT.G ......... TGGA-----GTG-.AGAACCAGCCATTGA-C----.C-A.. CAGG ... C 

gggaaggagtt ............ ?a?gc?at?ataAgAaT??Tg ... CAAcAatt?cTgTTTat?CAT?? 
..-.G-----. ............G-A-.T------.--- T T-. ...--...-.-A-.-.----T--- .. 
---C---.-. G ............ G-A .-C..A-----.-.TC.- ...-.----C.G-------. C.-- %% 

---T.....-- ............ ATG ..A.-T-------.CT.A ....-------G------- cc.-- . . 
-.-------.- ............ATG--A--T....--.-CT-A...-.---- C- A....... cc..- . . 
---T------ A ............G.G..C..C.---..--CT-A...--... C-.G.-----..C--- .. 
-CAGGTTT 
TA---A.G. C. ............ T-TAAATATTAT-A-T-GG-- ...--- A..GCT--C..-G.G--- .. 
AT..GAT.- GC ............ T-CAAGTACTAT-----TG-T ...--- A-G.CTA----.G.A--- .. 
T.----- CTGG ............ T-TAAATATTGT-----TC-- ...--- A.GGCTT.A...G.G--- .. 

... -- 
.................. -. 

... 

....- G- ...-- C-.G.--C.G.-C..C..TTCA-.G--CCAGT-C-.C-. C ....- A---AA.CTC-. T 

__._.._.___--_ 

. - - - - - - - 

..-T------- ............ G-A -.T--A------.-AC-. ...--------A-.--...-T--... 

?ttcagaatTgG?TGccaacatAg?????????????????????????????????????aGaatagg? 
C ------.----G--.-------. c; ................................... 
C .----------G--T-------- c .................................... 
A -AT--------A----------- T .................................... 
A -AT--------A----------- T .................................... 
C -.T...C.--.G-----G-..-. C ___._-.. 

.--- C-GTG---A----GCAGA--ACAACCCCTTTG~CCA ......... TACGAAGAAAGG-.GGAT-- A 
.----- TG--- T--TAG-AGG.- AGGACCTTTTTCCCCT ......... TACGAACGAGAGG----AT-- A 
.A-G-A-GG-A-A-.T ... TG..AGCCAAAGACTCACCCTGCGTATGGACCAGGAGCAGGA G.CCCGCCC 

----- -.. 
T--.--.----. G.-T.G..- -------- 

--.----- 
..---.-- 

.................................... 

1-46 
DEC 96 

16 
16 
16 
16 
16 
16 
16 
16 
25 
25 
70 

53 
57 
57 
57 
57 
57 
57 
57 
87 
87 
132 

105 
117 
117 
117 
117 
117 
117 
117 
147 
147 
192 

145 
160 
160 
160 
160 
160 
160 
169 
202 
202 
250 

190 
213 
213 
213 
213 
213 
213 
177 
255 
255 
303 

220 
246 
234 
246 
246 
246 
246 
315 
315 
369 



HIVl VPR 

VPR-VPX-CONSENSUS att????????????a??????gAgga ... aga?gA?????????ggaag?aatggatCcagtagatcc 
AJ455 --- ............. TT...CC---G...---A-- ......... --C--G------G----------- 
QELI --- ............. TT...C--CAG. ..---A-- ......... -C---A------------------ 
0-ANT7 OC --- ............ -ACCCAA-----...---G-- ......... A----A------------------ 
0-MVP5180 ... CTCCCATCTAAC-CA...A-- ... ---G-- .........A....A.................. 
CPZGAB .. C............CTC...CC-CA-...---A-- ......... A--TCC----------A------- ... 
VER-AGM3 
GRIAGM6 7 7 
SAB-SABlC 

CAA... ......... GGG...G----- ... C--GC- ........... GC-CGTACC-C-AG-ACTTGAT 
CAA ............ GGA...G..... ... GCCCC- ............ CCCCC-CCTC-AG-ACTT 
CCA ............ GGTCTGG----- ... GCTTC-GGAGGAGCT-C-TCGGCC-CTC-AG-CCTG 

1-47 
DEC 96 

257 
288 
288 
291 
300 
288 
3 57 
351 
420 



Hn71 W R  CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

1-48 
DEC 96 

264 
290 
283 
266 
288 
167 



1-49 
DEC 96 

HTvl TAT 

HMMER Sequences in the Tat Alignment 

A-U455 
B-HXB2R 
C-UG268A2 
D-ELI 
F-BZI 63A 
0-ANT7oc 
O-MVP5 180 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SABSAB IC 
SYK-SYK 

m 4 5 5  
HIVHXB2R 
HIWG268A2 
HIVELI 
HIVlBZ163A 
HIVANT7oc 
HIVMVP5180 
SIVCPZGAB 
SIVCPZANT 
HIv2ROD 
HIV2EHOA 
SIVMM251 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVSAB 1C 
SIVSYK 

M62320 
KO3455 
L22948 
KO3454 
L22085 
L20587 
L2057 1 
X52154 
U42720 
M15390 
U27200 
M19499 
M83293 
M3093 1 
M66437 
U04005 
LO6042 

Oram, J.D. 
Starcich,B. 
Louwagie,J.J. 
Alizon,M. 
Louwagie , J. J. 
Vanden Haesevelde,M. 
Gurtler,L.G. 
Huet,T. 
Vanden Haesevelde,M. 
Clave1,F. 
Rey-Cuille,M.A. 
Franchini,G. 
Novembre,F. J. 
Baier,M. 
Fomsgaard ,A. 
Jin,M.J. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,484 (1985) 
M 6 9 , 2 6 3  (1995) 
Cell 46,63 (1986) 
ARHR 10,561 (1994) 
M 68,1586 (1994) 
M 68,1581 (1994) 
Nature 345,356 (1990) 
Virology 221,346 (1996) 
Nature 324,691 (1986) 
Virology 202,471 (1994) 
Nature 328,539 (1994) 
Virology 186,783 (1992) 
Virology 176,216 (1990) 
Virology 182,397 (1991) 
EMBO J. 13,2935 (1994) 
M 67,1517 (1993) 



HIVl TAT 

The following alignment was generated using the HMMER program as described in the introduction 
to this Part and in Part 111. For simplicity, only representative types and subtypes are 
shown. A n  ordinary consensus sequence (lowercase signifies majority, uppercase signifies 
50% or better) was created from these representative sequences using MASE; this is not 
a "most likely sequence" generated from a HMMER model (Part 11). Annotation is based on 
HIV-ls, therefore the user should be cautious about its applicability to other PIV 
sequences. Putative splice sites are designated by I \ / # .  

TAT-CONSENSUS 
A-U4 5 5 
B-HXBZR 
C-UGZ 6 8A2 
D-ELI 
F-BZ163A 
0-ANT7 OC 
O-MVP5 18 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGMC 7 7 
SAB-SABlC 
S K S Y K  

c- vpR end 
ATGga?cca?taga?cc?gag?????????????tagagccctggaacca?cc????????????????? ----- G---G----T--TA-C....... ..... C------------- A--C--GGGAAGT. ......... ----- G---G----T--TAGA..... ....... C-------------G--T--AGGAAGT.. ........ 

%-AGGAAGT..... ..... 
----- T---G----T--TA-C.... ........ C---------------- T--AGGAAGT. . . . . . . . . . 
----- G-T-G----T--TA-C....... ..... T---- T-----------T--AGGAAGC. ......... 
-----T---G----T--T--- ............ G-GCCC--T---C----C--TGGAAGT.......... 
-----T---G----T--T--- ............ A-GCCC--T---C-T--C--TGGGAGC .......... 

T---A----T--T--C....... ..... C-G----------- A--C--AGGCAGT. ......... 
----- C--CG----CG-T--A ............ AC-CCT--A---TTA--C--TCCTGCT .......... 
----- GA--CCCTTGAAG-C-CCAGAGAGCTCAT--A--T----C---G-G--CTTTTCACGCACTTCAG 
----- AAT-CCCTTGAAG---CAGGAGAGCTCAT--A-CT---CC-G-GGG-ACTCTTCCTCCACTTCAG 
----- GA--CCCTTGAGG---CAGGAGAACTCAT----AT---CC---G-G-GCTCTTCATGCATTTTAG 
----- GA--CCCTTGAAG---CAGGAGAGCTCAT--AGAT---CC-G-G-G--CTCTTCATGCACTTCAG 
--- .........-- CAAG-G-.. .......... GAG--CGAGCA-GG-GCGTACCACCAG.......... 
--- ...- ..... -- CAAG---.. .......... GAG------......--C--CCTCCTC.......... 
--- .........-- C-AG---CAGGAGGCCCGCCCCC--GT----G-GG-G-TTCAGGAG. ......... 
--- TCCT--ACG--C-AGATA........ .... TGCC--A-ACA--GGGTA--CCCATCCTTCTTAGAAG 

TAT-CONSENSUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A-U455 .............................................................. CAG...-- 
B-HXB2R .............................................................. CAG...-- 
C-UG268A2 .............................................................. CAG...-- 
D-ELI .............................................................. CAG ...-- 
F-BZ163A ............................................................... CAG...-- 
O-ANT7OC .............................................................. CAG...-- 
O-WP5 1 8 0 .............................................................. AAG...-- 
CPZGAB .............................................................. CAG...-- 
CPZANT .............................................................. ACA...-- 
A-ROD AGCAGGATGTGGCCACTCAAGAATTGGCCAGACAAGGGGGAGG~TCCTCTCTCAGCTATAC ... CGA-- 
B-EHOA AGGGGGTTGCCAACACTCAGATn;GACAACCGGGGGGAGGAAATCCTCTCTCAGCTATAC ... CGC-- 
SD-MM2 5 1 AGGCGGATGCAACCACTCCAGAATCGGCCAACCTGGGGGAGGAAATCCTCTCTCAACTATAC ... CGC-- 
STM-STM AGGCGGTn;CCGCCACTCCAGGATTGGCCAACCAGGAGGAGG~TCCTTTGGCAACTATAC ... CGC-- 
VELAGM3 ......................................... GACTTGATTGAACAACTCAAA...GCA-- 
GRI-AGM677 .................................................. CAGGACTTGCAT...AGG-- 
SAB-SABlC ..................................................... GAGCTGCAT ... CGG-- 
SYK-SYK GAACATTCCTAGAG AAA............................................. GGA...-- 

TAT-CONSENSUS ?c?aac?cc?TGtaataa?a??TGctattGtAAaa??TGttgcTatCAtn;cca??ttTGcTTc?taaaa 
LU455 
BZHXBZR 
CJG268A2 
D-ELI 
F-BZ163A 
0-ANT7 OC 
0-MVPS 1 8 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MMZ 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 

SYK-SYK 
SAB,SABlC 

35 
48 
48 
8 
48 
48 
48 
48 
48 
48 
70 
70 
70 
70 
39 
33 
51 
58 

37 
53 
53 
13 
53 
53 
53 -~ 
53 
53 
53 
137 
137 
137 
137 
65 
50 
65 
80 

95 
120 
120 
80 
120 
120 
120 
120 
120 
120 
207 
207 
207 
2 07 
135 ~~ ~ 

120 
135 
147 

1-50 
DEC 96 

. _..- ~ .. ... . _ .  



HIVl TAT 

143 
181 
181 
141 
181 
181 
175 
178 
184 
187 
262 
256 
262 
256 
187 
169 
187 
199 

194 
245 
245 
205 
245 
245 
23 6 
239 
248 
251 
326 
323 
323 
323 
248 
233 
219 
254 

237 
297 
297 
257 
297 
297 
306 
309 
300 
300 
378 
390 
378 
375 
315 

243 
303 
306 
266 
309 
309 
342 
348 
309 
309 
390 
420 
390 
387 
354 
330 



HIvl TAT CONSENSUS 

1-52 
DEC 96 



HIvl REV 

HMMER Sequences in the Rev Alignment 

A-U455 
B-HXB2R 
D - m L I  
F-BZ163A 
o_ANT7oc 
O-MVP5180 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
WR-AGM3 
GRI-AGM677 
SAB-SAB 1c 
SYK-SYK 

m 4 5 5  
HIVHXB2R 
HIv.ELI 
HNlBZ163A 
HIVANT7oc 
HIVMVP5180' 
SIVCPZGAB 
SIVCPZANT 
HIV2ROD 
HIV2EHOA 
SlS?MM251 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVSABlC 
SIVSYK 

M62320 
KO3455 
KO3454 
L22085 
L20587 
L2057 1 
X52154 
U42720 
M15390 
U27200 
M19499 
M83293 
M3093 1 
M66437 
u04005 
LO6042 

0ramJ.D. 
Starcich,B. 
Alizon,M. 
Louwagie,J.J. 
Vanden Haeseveldem. 
Gurtler,L.G. 
Huet,T. 
Vanden Haesevelde,M. 
Clave1,F. 
Rey-Cuille,M. A. 
Franchini,G. 
Novembre,F. J. 
Baier,M. 
Fomsgaard, A. 
Jin,M. J. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,484 (1985) 
Cell 46,63 (1986) 
ARHR 10,561 (1994) 
JVI 68,1586 (1994) 
M 68,1581 (1994) 
Nature 345,356 (1990) 
Virology 221,346 (1996) 
Nature 324,691 (1986) 
Virology 202,47 1 (1994) 
Nature 328,539 (1994) 
Viology 186,783 (1992) 
Viology 176,216 (1990) 
Viology 182,397 (1991) 
EMBO J. 13,2935 (1994) 
JVI 67,1517 (1993) 

1-53 
DEC 96 



HIvl REV 

1-54 
DEC 96 

48 
64 
64 
64 
64 
58 
61 
67 
70 
58 
52 
58 
52 
49 

92 
116 
116 
116 
116 
110 
113 
119 
119 
110 
122 
110 
107 
101 
101 
104 
101 

140 
183 
183 
183 
183 
177 
180 
186 
186 
174 
186 
174 
171 
165 
168 
168 
162 



. 

REV-CONSENSUS ac?ttt???????ga????cgga?cct???cc?????t??a??t?ccacc?cttga???a?tt????t?? 
A-U4 5 5 GAT-GCCTGGGAC--CCTG----A---GTG--T ... C-TC-GC-A-----GA----GAG-C--CGCC-TG 
B-HXB2R .. T-A-CTGGGAC--TCTG----G---GTG--T ... C-TC-GC-A-----G-----GAG-C--ACTC-TG 
D-ELI .. T-A-CTGGGAC--CCTG----G---GTG--T ... C-TC-GC-A-----G----- GAG-C--AATC-TA 
F-BZ163A T-T-G-CTGGGAC--CCTGA---A---GTG--T ... C-TC-GC-A-----A-C---GAG-C--ACTA-TA 
0-ANT7 OC ..TG..GTACACG..CCTCA.A.CAA.AATATT .. .G.GG.CT.A.....T.....GCA.C..AGC A.CA 
O ~ l ~ P 5 1 8  0 .. AG..GTACACG..TCTCA...CAA.AA T.TT ... G-GG-CT-A-----T-----GCA-C--AATA-CA 
CPZGAB .. T-A-CTGGGAC--CCTC--A-A---GGGGAT ... T-GG-GC-A---GAG-----CAAGC--AGCC-GC 
A-ROD ..Am.. ............ C-T--T--G ..... AGCT ...... GATT.G..T.....CCAGAC. ... A.AC 

C-AC-- TTTGGC. A.AC B-EHOA C.C..TT.G AACT......GAGGG...T..... 
SD-MM251 T-A--- ............ C-T--T--G ..... AACT ...... GATA.G..T.....CTnGC. ... A.TC 
STM-STM T-A--- ............ C-T--T--G ..... AGCT ...... AGTA.G..T.....CTTGGC. ... G.AC ...... CCA-T-GGTGC-CG VER-AGM3 CACAGC A..GTGGAA..G.AA .... TG...G.GC.AGCG...... A.... 
GRI-AGM677 .. C.. C ............ GA...T.AACAA.TGGTGGCTC.AC.T.A.GAG..G C.GCTn;AGAATAAGG 
SAB-SABlC .................. GA.ACA...GTGT.A ... CAGATTGA T. ... ACT. G.CTCAGGAATTTGACC 
SYK-SYK .................. TTT..G G.A ... ATC ... T-TGGAAGC ...... AGGACAGC.GC. ... T.GG 
REV-CONSENSUS a??a??????g??????????a??atct??ct????ag??????c?g?????????????????????cc 
AJ455 .TTGTAGCGA. ......... AGCTG-GGAA..TCn;G.ACG .... A.CAGCCTCAAGGGACTGAGACTGG 
B-HXB2R .TTGTAACGA. ......... G.TTG.GGAA..TCnG.ACG .... A. ..................... GG 
D-ELI .TTGCAGTGA. ......... G.TTG.AGAA..TCTGG.ACG .... A.. .................... GG 
F-BZ163A .TA.CAGCGA. ......... A.TTG.GAACAGGGGGCTGAG ... GA. ..................... GG 
0-ANT7 OC GGG-TCCAG AA ......... GGTG...AGCTATCTG.. GCT ...TG...................... A- 
0-MVP5 1 8 0 GGG-TCCGGA- ......... GCTG...GACTACCn G.ACT ... GG- ..................... A- 
CPZGAB .ATGTGTGGA.ACAACTCAAG.CGT.GGGA.ATCTA.TACTTCA.A. ....................... 
A-ROD .GC.T ... CT. ......... C.GGGA..TA..ATCC..GAG ....TT..................... .. 
B-EHOA .GCGG ... CT. ......... C.GA.C..TAT.ATCA.AGAC. ... TT..................... .. 
SD-MM2 5 1 .GC.A ... CT... ....... C.GA.C..TG..ATCG..AGC ... ATA..................... .. 
STM-STM .AC.A ... CTT ......... C.GGGCT.GT..ATCC..GAT .... TA. .................... .. 
VER-AGM3 .TC.G ............... C.GC....GG..ATAC.ACAG ... TT...................... .. 
GRI-AGM677 .CTTGGTGTTA ......... C.AC....G ......................................... 
SAB-SABlC .GTTGGTTCTC ......... G.CA....T ...... C..CAA. ... CT..................... .. 

CPZANT ..TC.. 

............ ..... ... 

SYK-SYK .GG.CAGTCT. ......... C.GC.G.. TCAGATCTCTGAT 

REV-CONSENSUS ????ga?cctcc??????????????????????c??a?t?ct??aga?????????????????????? 
AJ455 GGTG-GAGGG--T ......................AA . TAT..GTG..A ..................... 
B-HXB2R GGTG-GAAGC--T ......................AA . TATTGGTG.. A ..................... 
D-ELI GGTG-GA-A---T ......................AA . TAT..GTG..A ..................... 
F-BZ163A GGTG-GAAGC--T ......................AA . C.T..GGG..A ..................... 
OJWT70C TGTG..T...AGGGCAGAAGATAATTAATGTTTG.AG. A.TTGTGCAGC ..................... 
0-MVPS 1 8 0 TGTG..T...GGG ..................... AC A.AAGACAAT 
CPZGAB T .......... AG... .................. ACTGC.A.GGG...GACnTGCCn;CT......... 
A-ROD T ..C..... A ..................... ACTCA.CTACC...A............... ...... 
B-EHOA A ... A.C..... A ..................... ACC.G.A..C C.ACCGCTCGCTTCCACCTGCATA 
SD-MM2 5 1 A. .. ..T..... A ..................... ACC.A.A..CC...GGCTCTC ............... 
STM-STM A ..... C..... A ...................... CC.ACCT.CC.A.G ..................... 
VER-AGM3 T ..C..... T ..................... AGTTCAT.. 
GRI-AGM677 T ..... C.....T............... ....... AT-T-CA- 
SAB-SABlC ATCGCTG..... A ..................... GGACA.C.AAC...G... .................. 
REV-CONSENSUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

... 

... 

All4 5 5 ...................................................................... 
B-HXB2R ...................................................................... 
D-ELI ...................................................................... 
F-BZ 1 6 3A ...................................................................... 
0-ANT70C ...................................................................... 
A-ROD ...................................................................... 
SD-MM2 5 1 ...................................................................... 
STM-STM ...................................................................... 

CPZGAB ...................................................................... 
B-EHOA CCTCCGATATGGGATCAGCnGTTCCAAGAAGCAATCCAAGCAGCAGCCAGGGC~CGGGAGAGAC~TT 

SAB-SABlC ...................................................................... 
REV CONSENSUS ??????????????????????????t?tcat?c??ta?tgg?g?cag~a???????????????????? 
A-Ux55 ........................... C-TC-G-TG--T---G-T-G--- .................... 
B-HXB2R ........................... C..C.A.AG..T...A.T..... .................... 
F-BZ163A ........................... C...CG.TG..T...G.T..... .................... 
0-ANT70C ........................... G-A-CA-AA--C---CTA--A-- .................... 
CPZGAB .................... GGGGGGAA-T--T-AA--T---G-AA--- .................... 
A-ROD ........................... c... G ... AG.C.. 
B-EHOA GCGAGCGCGGCGAGGACCTCGTGGGGAG.. C. ...... CA..A.AGC.. CAGGAGAGATCATTGCAATAC 
SD-MM2 5 1 ....................... TGCGAC-C-A-GAAGGGTTC-AG-A-T .................... 
STM-STM ............................. G.. ...... C-CCA-GATACT .................... 
SAB-SABlC .......................... AAC..GA.AGCTAACAGCT.. TCT 

D-ELI ........................... C..C.A.AG..T...A.T..... .................... 

............................. 

HIvl REV 

173 
250 
250 
250 
250 
244 
247 
253 
192 
220 
232 
220 
217 
217 
226 
214 
199 

189 
308 
287 
287 

281 
284 
302 
254 
266 

287 

254 
251 
248 
248 
245 
231 

204 
336 
315 
315 
315 
330 
309 
333 
279 
312 
285 
276 
267 
267 
273 

204 
336 
315 
315 
315 
330 
333 
279 
3 82 
285 
276 
273 

221 
360 
339 
339 
339 
354 
363 
291 
446 
312 
291 
297 



HIVlREV 

REV-CONSENSUS 
L U 4  5 5 
B-HXB2R 
D-ELI 
F-BZ163A 
O_ANT7OC 
CPZGAB 
A-ROD 
B-EHOA 
SD~bDl251 
STM-STM 

?????????????actaa???????ga? ............. ----- A......A-T 
----- A. ....... A .............--- G-GGAACAGTGC ............. ----- A......--A .............. T-GCA......--A ............. G---- A......A-T ............. G--G-G......ACT 

CCAGGAGGATCAG--A-GG.... . .-GC ............. C--C-G......--C ............. G-AG-G ...... A-T 

............. 
228 

348 
363 
372 
300 
468 
321 
300 

1-56 
DEC 96 



HIVl REV CONSENSUS 

1-57 
DEC 96 

64 
64 
64 
62 
53 
64 
44 

131 
130 
131 
128 
108 
131 
84 

201 
200 
201 
191 
166 
201 
128 

27 1 
270 
271 
255 
227 
271 
198 

338 
319 
320 
304 
293 
341 
268 

367 
349 
353 
335 
310 
372 
296 



H N 1  VPU 

HMMER Sequences in the Vpu Alignment 

A-U455 m 4 5 5  M62320 Oram,J.D. 
B-SF;! HIVSF;! KO2007 Sanchez-Pescador,R. 
D-ELI W L I  KO3454 Alizon,M. 
F-BZ163A HIVlBZ163A L22085 Louwagie,J.J. 
O-ANT70C HIVANT7OC L20587 Vanden Haesevelde,M. 
O_MvPs 180 HNMVPS 180 L2057 1 Gurtler,L.G. 
CPZGAB SIVCPZGAB X52154 Huet,T. 
CPZANT SIVCPZANT U42720 Vanden Haesevelde,M. 

ARHR 6,1073 (1990) 
Science 227,484 (1985) 
Cell 46,63 (1986) 
ARHR 10,561 (1994) 
JVI 68,1586 (1994) 
M 68,1581 (1994) 
Nature 345,356 (1990) 
virology 221,346 (1996) 

1-58 
DEC 96 



HIVl VPU 

62 
70 
70 
70 
70 
70 
70 
67 
52 

109 
125 
12i 
122 
122 
13 4 
134 
131 
113 

159 
179 
17 6 
177 
171 
189 
192 
186 
180 

207 
239 
236 
237 
237 
255 
255 
250 
241 

212 
245 
242 
243 
243 
264 
249 

........ 
FIBZ163A ........ A+--- 
CPZGAB CCATGTTT--C--C 
CPZANT GG......--CGAA 

1-59 
DEC 96 



HIVl VPU CONSENSUS 

1-60 
DEC 96 

, .  . .  . . , -  
I ,  



HIVl ENV 

HMMER Sequences in the Env Alignment 
A-U455 
B-HXB2R 
C-UG268A2 
D-ELI 
E-'IN2432 
F-BZ163A 
G-LBV217 
0-ANT7oc 
0-MVPS 180 
0-VAU 
CPZANT 
CPZGAB 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRLAGM677 
SY K-SY K 

m 4 5 5  
HMM332R 
HIWG268A2 
HIVELI 
HIV'IN2432 
HIVlBZ163A 
HIVLBV217 
HIVmoc 
HIVMVPS 180 
HIVlVAU 
SIVCPZANT 
SIVCPZGAB 
HIV2ROD 
HIV2EHOA 
SIVMM25 1 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVSYK 

M62320 
KO3455 
L22948 
KO3454 
LO3703 
L22085 
L11778 
L20587 
L2057 1 
X80020 
U42720 
X52154 
M15390 
U27200 
M19499 
M83293 
M30931 
M66437 
LO6042 

Oram, J.D. 
Starcich,B. 
Louwagie, J.J. 
Alizon,M. 
McCutchan,F.E. 
Louwagie, J. J. 
Louwagie, J.J. 
Vanden Haesevelde,M. 
Gurtler,L.G. 
Charneau,P. 
Vanden Haesevelde,M. 
HuefT. 
Clave1,F. 
Rey-Cuille,M.A. 
Franchini,G. 
Novembre,F. J. 
Baier,M. 
Fomsgaard, A. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,538 (1985) 
M 69,263 (1995) 
Cell 46,63 (1986) 
ARHR 8,1887 (1992) 
ARHR 10,561 (1994) 
AIDS 7,769 (1993) 
M 68,1586 (1994) 
M 68,1581 (1994) 
Virology 205,247 (1994) 
Viology 221,346 (1996) 
Nature 345,356 (1990) 
Nature 324,691 (1986) 
Viology 202,471 (1994) 
Nature 328,539 (1994) 
Virology 186,783 (1992) 
Virology 176,216 (1990) 
Virology 182,397 (1991) 
M 67,1517 (1993) 

1-61 
DEC 96 



HIVl ENV 

The following alignment was generated using the HMMER program as described in the 
Introduction to this Part and in Part I11 . For simplicity. only representative PIV 
types and subtypes are shown . An ordinary consensus sequence (majority for lowercase. 
50 percent or higher for uppercase) was deduced using MASE; this consensus is not 
a "most likely sequence" derived from an HMM model(see Part 11) . Annotation is based 
upon HIVls. therefore the user should be cautious about its applicability to other 
PIV sequences . 
ENV-CONSENSUS atGa?a???gtg????????????a??g???????g???aa????c??????t????????????????? 
A-U455 
B-HXB2R 
C-UG268A2 
D-ELI 
E-TN2 4 3 2 
F-BZ163A 
G-LBV217 
0-ANT7 OC 
O-MVP5 18 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 51 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
s A B 3  AB1c 
SYK-SYK 

--.. G- . . .---.. . . . . . . . . . .-TG - GGATACA-AGG--TTAT-CTTGCT-GTGGAGATGG ....... 
---. G- ...---.... ........- AG.AG ....... ..-. ATAT-AGCACT-GnG ....... 
---. G- ...--- . . . . . . . . . . . .-TG . GGATACA-AGG..TTGT-AACAATGGTGGATATGG ....... ---- G- . ..- C- .. ..........-GG . GGATAGA-AGA-.TTGT-AAAACTGGTGGTGG.TGG ....... 
---- G- ...--....... ......- AG-AGACACA-ATG--TTGG.CAAACT-GTGGAAATGG ....... 
--.. G- ...---............. GG-GGATGCA-AGG--CTGG-AGCACT-GGGGAAATGG ....... ---. G- ...- C- . ...........- AG.GGATACT.AGG-.TTGG-AACACT.GTGGAAATGG ....... 
---- T- ...--- ACTATGAAAGCA-TG-AG...AA.AGG-- C ... AAGAAGT-ATGG ............. 
---- C- ...--- ACT... ... ATG-AA.TAATGAA-AAG..CAACAGGAAGTCATGG ............. ---- C- .... C-ATTATGAAAGCA.n;.GG ...AA- AGG..C...AGGAAGT-AGGGATCTGG..... .. ---. A- ...-- A . . . . . . . . . . . .-TG- AGAAGAA-AAG.GA. .................... GACTGGA ---. GG ...AA-.................................- CGATACATATTATTTGG ....... 
---- TG ... AAT .... .............................. AGCTGC-TATT ............. 
--- GC-CAT--T ............................. TAATTACCTAC-TGTT ............. 
--- GG- ... TGT ..................... CTTGGG.-T . ..- AGCTGC-TATC ............. 
--- GCC ... TGC ..................... CCTGGA.-T .. .- AACTGC-TATC ............. ---- AG ... C--.. ............................... ACATTAC.GATA ............. 
--- GGG ... AGA..... ............................... TTGC-TATA ............. 
%%-CA- ...- CA.. .......... TTTTGTATGAC.CCC--T ............................ ---- AG ... C.T .......................................................... 
---G C- ...- CT ................................................... TTTAGAA 

ENV-CONSENSUS ?????????????????????????????????????????gg?at??????????????t??t??t??g 
A-U4 5 5 ........................................... A-CT ............ A.GA-CT.G G- 
B-HXB2R ........................................... GTGGAGATGGGGCACCA-GC-CC-TG- 
CJG2 6812 ......................................... -. A--C ............ T-AGGCT-T T- 
D-ELI ................................ .........-- C- . -C ............ A-GC-CC-T G- 
E-TN243 2 ........................................... G-CT ............ T-GA-CC-TG- 
F-BZ16 3A ........................................... CC.T ............ T-AT-CC-GG- 
G-LBV217 ......................................... -- A--T ............ T-GA-CC-TG- 
O-ANT7OC ......................................... ACCT-G ............ TACT-AGCCAT 
O-MVP518 0 A-CT-A ..TAC A.AGCCAT 
0-VAU ......................................... T.CT.G ............ A-TT-GGCTTT 
CPZGAB ACAGC ........................... TTATCCATAATT.CA.. ........ ..A-C A-AACAAT 
CPZANT ........................................... TC-G ............ GCTT-GC-AAT 
A-ROD .......................................... CC--T ............ T-AT-AGCTA- 
B-EHOA .............................................................. ACAC-CCT 
SD-MM251 .......................................... CC--C ............ T-GC-TT-AA- 
STM-STM .......................................... CT-.C ............ T-GC-AT-AA- 
VER-AGM3 ............................................ G--A ............ C-AT-AA-A G- 
GRI-AGM677 ............................................-AA............ A-AC-AA-AAT 
TAN-AGMB14 ...................................................................... 
SAB-SABlC ......................................... CTT.CA ............ G-AC-GC-TT- 
SYK-SYK CTTACATAGTTTGTCTTTTTAGCTTAATAAGTTTAGGATTT ............................. 

......................................... .......... 

signal peptide/gpl20 
e- vpU end 

ENV-CONSENSUS g?t?tt??taat????tgta???????2????????a??tgt?tgtcacagt?tattatggggtacctgt? 
A-U455 .T.GA.AA....T ....... AT ...GCA...CAA C-AT ...GG.....G..C..C.............. G 
B-HXB2R .A.G..GA.G..C .......GT...GCTACAGAAA.AT...GG........C................. G 
C-UG268A2 PELI 
E-TN243 2 
F-BZ163A 
G-LBV217 
O-ANT70C 
0-MVP5180 
0-VAU 
CPZGAB 
CPZANT 
&ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

.A.A..AA.G..T .......AT...GTGATGGGGA.CT...GG........C................. G 

.A.A..GA.G.CC .......GT...GCTGCAGACA.TC...GG........T...........G..... A 

.A.A..GT....C .......AT...GCT...GAAA.CT...GG........C................. G 

.T.GG.AA....T .......AT..,GCCTCAGGTA.CT...GG........C................ CG 

.GCT..GA...CCCCA...TTG ... AGCCTTAGAC.GC.A.A..CA.....C...GC......G..... A 
-GCT--GC----CCCA---TTGAGTTATAGTAAAC-AT---A--C------T----C------------ A 
.A.AA.CCC.TGT .... TG.GC...TGT...AACC.AC.A.A..C......C....C............ A 
CA.T..GC...CCCCA...TTG ... ACCTCTGAG...T.A.GG..A.....A........A........ T 
CCAG..TA..GAG .. .AAGGGG ... ACGAATGAA...GAC.A...A.....A.TC.....A..C..... C 
TGCT.GCT..G.A .... A...... .TGC ... ACC...CAA.A...A..T..T.TC.....C..... CACG 
.C.TA.AAGT..C .... A.GGG ... TATATGGGCA.GAAC.T......T..C.TC.....TA.... C.CA 
TG.C.ATGGG..C .... A. ...... TGT ... ACT ... CAA-A---------C-T------T-----A-CT 
TGCT.GCT.G.CC .... A. ...... TGC...ACT...CA..A......G..A.T......T..... A.CA 
.A.AGGAG..G.G ... CT..AT...ACA ... AGGC.ACAA.GG........ A-T------A-----A--A 
AGCAA.AGGG..A ... A...TA...GGAATAGGTA.CC...A...G.....G.T......AA.C..A.. A 

.T.GG.GA....T .......GT...GCCTCAGACA.CT...GG..T.....T...........T..... G 

...................................................................... 
-C-AAGTGGGTGT ...-- G-GCTTAGTGTGGTTAGTCCA--A---T-----G-T------TA-C--A-- A ......................... ATGGAAAAAC-ACAA-A---A-----A-T-------A----ACAT 

1-62 
DEC96 . 

15 
48 
39 
48 
48 
48 
48 
48 
48 
48 
54 
34 
27 
21 
30 
30 
30 
21 
18 
25 
9 
16 

23 
65 
68 
65 
65 
65 
65 
65 
65 
65 
71 
65 
44 
38 
38 
47 
47 
38 
32 
25 
26 
57 

65 
126 
132 
129 
129 
129 
126 
129 
132 
135 
132 
129 
105 
93 
102 
102 
102 
99 
96 
25 
93 
102 
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ENV-CONSENSUS tggaaagatgcaac?ac??c?ctattttgtgc?tcagatgctaa???a??????ac?ga????cataat? 
A-U4 5 5 GTT ..CA.C...........A........... AGC-TATGATG-A--AGTG------ G 
B-HXB2R ..... G..A.....C..CA.T...........A........... AGC-TATGAT--A--GGTA------G 
CJG2 6 8A2 ........A.....A..TA.T...........A........... AGC-TATGAG--A--AGTG------G 
D-ELI G..A.....C..CA.T...........A........... ATC-TATGAA--A--GGCA------ A 
E-TN2 4 3 2 .... G.......GAT..CA.C...........A........ C..AGC.CATGAG..G..AGTG..C... G 
F-BZ163A C..TA.T.....C.....A........... ATC-TATGAG-GA--GGTA------ G 

0-ANT70C ...G.......... AC-AGTA-----C-----T----------- CCT-ACAAGC--T--AAAG------ A 

............ 

..... 

.............. 
G-LBV217 ...G....C...GAT..CA.G...........A..T........AGC.TATAGT..T..AAGC...... G 

O_MVP5 18 0 ...G....G...G.AC.AGTA.....C.....T........... CCT-ACAAGC--T--ACAG------A 
0-VAU ...G......... AAC-AA-AT-G--C-----T----------- CTTGACAAGC..T..ACAG...... A 
CPZGAB ...C.T.....TGACC.GGTA..C........C.....C.....GGC.CATAGT..A..GGCT...... A 
CPZANT ....G.A....G..AC.TA.T...........CA..A.... CTCCATGACAAGT..A..GGTG..C... G 
A-ROD ......A.......C.TTC.C..C........ AA.CAGA ..... TAGG. .............. G..... A 
B-EHOA ......A.....T.A.TTC.C..C........ TA.CAGA ..... CAG.. .............. G.. ... A 
SD-MM2 5 1 .... GGA....G..A.TTC.C..C..C.....AA.CA.G ..... TAGG ............... G.. ... A 
STM-STM .... GGA....G..G.TTC.C..C..C.....AA.CA.G ..... TAGG..... .......... G.. ... A 
VER-AGM3 ...... A.CAGCT.AGTACAGGCT..C..CATGA..CCCA.C.CCAG. ..................... C 

TAN-AGMB14 ............................................................... ACC... T 
SAB-SABlC ...... A..AGTT.AGTCCAAGCC......AAG A.CCCC ..... TACG .................... CC 
SYK-SYK ... G ........ TATG.AC.T..C......A.CA.CTCCCA...AGG. ..................... G 

GRI-AGM677 A..T....AGTTCAGGC......CATGA.GCCC ..... TACC .................. ...A ...... 

i 

ENV-CONSENSUS t?TGGGc?aCacataccTatat?cc???????acaaa?ccc??????aatcca?aa???Gaa?ta???cT 
A-Uz5 5 
B-HXB2R 
C-UG268A2 
D-ELI 
E-TN243 2 
F-BZ163A 
G-LBV2 17 
0-ANT70C 
O-WP5 18 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SDJfM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

. . .  . -C-----T-------------- A..C ...... ..... c... ...... ..C...C.. ......A..GAT T. 
-T-----C-------------- A..C ...... c... ...... ..c... C.. ...... G..GTA T. ...... ..... ..C...C.. ...A..GTT.. -C-----T-------------- c..c c... 
-c-----c-------------- A..C ...... ..... c... ...... ..C...C.. ......A..TAC.. 
-C-----T-------------- A..C ...... ..... T... ...... ...... C.. ......G..GTT.. 
-C-----T-------------- T..C ...... c... ...... C.. ...... A..TCT.. ...... ..... c... -C----T-T TATCCAT- -T-----AT----A-------- T..T ...... 
-T-----AT----A-----C--T--T ...... T... ...... C.T ...... T.TCCA.. 
-T-----A-----A-------- T..C ...... c... ...... .G....A.T ...... TATGAG.. 
-T-----C-----G--A-----A--T ...... T... ....... G...TC.G ...... G..TTT.. 
-A----- A..TACCAGT.....G..A ....... T...T..A ...... G....TATT .. ..T.G.TAGG.. 
CT....GA..CATACAG..C ... TTG......C.T..CAAT......G..GATT.TCAG...A..ACT T. 
CC....GA..TGTACAA..C .... T C. ..... C.... TAAT ...... G..GACT.TACC...A.CCAA T. 
CT....GA...AC.CAG..C .... TA.. .... C....TAAT ...... GG.GATT.TTCA...T.GGCC.. 
CT....GA...AC.CAA... .... TA......C....CAAT......GG.GATT.CTCA...T.GGCAA . 
-A- .... A..TAC.AA..CG ... ATA......C....TGAT......C..GACT.CACA..GG..CCA T. 
-G----- A..CACCAA...CA.A..A ...... GAT..T.AT ...... G..AATAC......GG.GCCT.. 
-A----- C...ACAAAT...A.A.. A ...... GAT..T.AT ......... TACAC. ...... G.GCAA T. 
-A----- CT.TAC.AAT..CA.C..C ...... GAT..TGAACCAGAAGGAA..AT.GCA...G..CCC A. 
GA.. ...T..T A.GAAT ..... G..GTCAGCA .................. GATC..ATA...G..AGG G. 

..... 
...... ... -c-----c-------------- A..C ........ G..C... ...... ..C...C.. ... ...A..GCA.. 

..... ...... 
...... ..... ...... 

..... 

..... 

ENV-CONSENSUS ????AAtqt?aca???Gaaaa?TTt?a?at?TF19??????aaa??????Aat?a????ata????????? 
AJJ45 5 
B-HXB2R 
C-UG2 6 8A2 
D-ELI 
E-TN2 4 3 2 
F-BZ163A 
G-LBV217 
O S T 7  OC 
O-WP518 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SDJfM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

. .. . ... GGTC .....G... ... ...G.A...A.C..G... ............... A.C ............... 
GGTA .....G... ........T...A.C..G... ............... ... G.C ............... 
GG AA.....A... .......GT...A.C..G... ............ ... G.C ............... 
GG AA.....G... ........C...A.C..G... ............ ... A.C ............... 
GG AA.....A... ........T...A.C..G... ........ C ......... A.C...... ......... 
GG AA.....A... ........T...G.T..G... .................. AGC ............... 
GAAC .....A... ........T...A.C..G... ............ ... ...A.C ...... 
GCAC .....G... ... ..TG.C...A.T..A... ............... ... T.C ............... 

.... GT..A..CA.T..A... ............ ... T.T ..... A ......... 
TCCA .....A.T. ......TCA...A.C..G... ... ... A.T .... 
C ...... ACCT......TCTGG...A.TGCT.A T. ........... ... T.T ............... 
G ........ A.... .... GGCT...G.TGCA... ........ T. ...............CA......... 
A ...... A.A... ..... GGCT...G.TGCA... ...... G.T ................CA......... 
T ... .....T... .... ... ... GC...G.TGCT... ...... G.G...... .......CA......... 
A ........C... ..... GGCT...G.TGCC... ...... G.C................CA......... 
A ..... CA.C..T ...... CCA...G.AGCA...GCTGAC.G.. ....... CCCC...T.A. ........ 
A ..... CA.T.... ..... GCT..CG.GGCT... ..... .G.T ......... CCG...C.... ....... 
A ........ CT.. ..... G..A...G.AGCG... ......... GACAGG..CCCT ... T........... 
ACCT ...A.C... ........ A...G.TGCT... ........................... CGGAACCCT 
C ..... CA.T...GGA...T.C...CCAGCA... ........ T.......GCAGTCAC............ 

... 

... 

......... 
... ............ T.C AGGC .....G... .....T..C...G.T..A... ... ............... 

m.....G... ... 
............ ............ ... 

1-63 
DEC 96 

HIVl ENV 

115 
196 
202 
199 
199 
199 
196 
199 
202 
205 
202 
199 
175 
142 
151 
151 
151 
148 
145 
32 
142 
151 

160 
251 
257 
254 
254 
254 
251 
254 
257 
260 
257 
254 
230 
197 
206 
206 
206 
203 
200 
87 
206 
203 

192 
294 
300 
297 
297 
297 
294 
297 
300 
303 
300 
297 
270 
234 
243 
243 
243 
249 
240 
133 
252 
249 



HIVl ENV 

TANIAGMB14 ---- A--AA-G--CA-A-G------ T--C-C--GGCTTCCCTCCCCTACTCCC........ 
SAB-SABlC -CT-A--AA-G--CA-A-A------ C--CTA-CGCTTAG-AGGAGGA.............. 
SYK-SYK .. G-A--CA-G---A---GG---TTG----CATTGGAC....................... 

ENV-CONSENSUS ???????Aa????ac????a?????ac?ac?a???c?ac????a????????????????? 
AJJ4 5 5 .... ATT--CAAC--C...-ATAAC-AC--C-ATATC--AGATGGAGTG............ 
B-HXB2R ......... TGAT--T...-AT...--C-AT-GTAGT-GCGGG-GAATG...ATA...... 
C-UG268A2 .... GTT--TATT--C...-AT...-ATG-T-ATG-T--CAAT-GCCCCTACGAA...... 
D-ELI .... AAC--TGGC-'T .... TG...GGG-AC-ATGTC--TACA........ .......... 
EITN243 2 
F-BZ163A 
G-LBV217 
0-ANT7 OC 
O-MVP5 18 0 
0-VAU 

CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

CPZGAB 

TCCTCCTC ........ ........ 
???????? ........ ........ ........ ........ 

.AATGCT--TTTG--C...-AT...GTC-AT-ACATA--CAATGTCTCTAACATA............... .......-- TGCC--T...GCC................................................ .... GCT--TGTA--C...-AC...-GC-AT-AGA-T-GTAAC-ACAGCAGCCTT...... ......... .... GGA-CA...--A...-AT............................. ................... .... ACA--TAAA--A...GGCCTATTA-ATGAGA-A-TAAAT........................... ......... TAGT-TT...-AT...--C--A-ACAGTC-CTTA-ACTCA..................... 
GGCAAAA--CCTA--A...-ACCAG--AT-TTCTC-GC-TCTC........................... ......... TGGA--A...CCT...--A--ACCAAGT--AACA-CAAGTACAGTAACACCAAAG...... 
AACCTCA--GAGC--A...-GC...--A--C-CAA-C--ACCC-CAGACCAGGAGCAAGAGATA. ..... 
.GCTAGC--AGAG--C...-CT...--GT-CTCCG-GT-CCTC-GATCTTCTACTCAGACCCTACTC... 
ATCAACA-CAATA--AACAGCAGCAC-A--ATCAG-AC-AGTATCAG~TAGACATGGTC. ..... 
AGTAACA-CAGTG--A...CCA...--AG-AGCAG-AG-AGCA-CAAAGCCAGAG...TTAGTA...... 
TAAAAGT-CC...--G...GCCTCA--A--C-ATATC--AGCCTCAACAACCACTTTGCCGTGTGTCCAG .......-- TGGT--A...GCC. .... G--A-AGG-C--CACT-CTGCAACTACAACAACT..... . 
TAGTACA-CAAGG--A...-CA...-GA-ATCCCTGCC-AGGC-CAACA.......... ........... 
.GCAGCA-CAACA--A...TCA...C-AT-A-CAT-A--AGCACGCCCCGAGGTAGTGAGTGTG...... .......-- CAGCC-T ... GCT ..... A-GT-CCC-T--TACA-GTCCCCCTACTACACCTCCA ...... 

361 
361 
361 
358 
361 
364 
367 
364 
361 
334 
301 
310 
310 
310 
313 
3 04 
197 
319 
316 

280 
399 
405 
402 
405 
408 
399 
402 
405 
408 
405 
410 
372 
362 
357 
377 
380 
377 
342 
258 
366 
354 

294 
441 
444 
447 
438 
456 
4ii 
447 
417 
444 
441 
450 
423 
420 
417 
441 
435 
441 
393 
3 01 
423 
405 

..-' 

1 
---/ 

1-64 
DEC 96 

, - ' ,  



HIVl ENV 

ENV-CONSENSUS ??????????????????????????????????????????a??g?a??a????????????gaa~aaa 
AJ4 5 5 ................................................ AGG ............ ....... 
B-HXB2R ........................................... TG-AGAA- ............ -G---G- 
CJG2 68A2 ............................. .AATGGGAAACTC-TG-A-CAG ............- G----- 
D-ELI .............................................. AGGAG ............ A---G-- 
E-TN2 4 3 2 .................................... ATAGGA-ATAT-AC- ............-- T--- G 
F-BZ163 A .................. ATT ... CAAGACGGGGACCTGAAGGAA-G-CC- ............. GG-C-- 
G-LBV217 ........................... GGGAATAGCACTGTG-GTAGCAT- ............------- 
O-ANT7 OC ................................................ GA- ............ A-CCTT- 
O-MVP~ 18 O .................................................................... G- 
0-VAU .............................. ............- ACAATAC- ............ A-s--GG 
CPZANT ACAACAACACCA ................................. AT-GT- . ...........-- T-GC- CPZGAB ...................................*..............................---- 
A-ROD A G T G A G G A T A C T C C A T G C O C A C G C G C A G A C A A C T C A G  ............ ------- 
B-EHOA AACGAAGATAGCAAATGTATTCAAAATGACAGCTGACAGCTGTGCAGGG-TA-G-CT - ............ -______ 
SD-251 AATGAGACTAGTTCTTGTATAGCTCAGAATAA~CACAGGCTTG-A-CA - ............-. GC--- 
STM-STM AATGAAACAAGCTCCTGTGTAAGTAACAACAACTGCACAG - ............--- TC-C 
VERJiGM3 AACAAGACAAGTACTGTGTTAGAATCATGTAA~AAACAATC-TA-A-AAGG~TT~TGAA--GCC~ 
GRIAGM677 A C C C C C T G T C A G A A T T G C A G T A C A G A G C A G A T A G A A G G A G  . ...........--- CC-G 
TANAGMB14 ...... AACGATGAGTGCAATAGCCACTTGGTGACAAATAGC-.-A-TTT ...........--- A-C- . 
SAB-SAB1C 
SYK-SYK 

GGCTTTAATGACTCAGTGATAGAACAAGAG ............-TG - A-AA- ............--- C-GG 
AATGAAACGTGG ..................... TGGGGAGAC-ACAGTAC- ............-- GCC-- 

ENV-CONSENSUS tga?a??????aa?TGt?c?T~taatatgac?acag?a?taagaGataagaa??agaaa?a??a?gca?t 
A-U455 ---A. ...... --T--CT-T--C--------C---.A-C------------- AC----.GTAT-TT-- C- 
B-HXB2R -A-A- ......-.C..CT.T-.C-----C.GC---AGCA------G---- GmC-----G-AT-T--- T- 
C-UG268A2 -A-A- ...... --T-.CT-T--C--.G.A--C----A-A-.----------- AC---C.GCGC-T--. C- 
D-ELI ---A. ...... -.C--CT-T-.C.-.G-A--C---.T.C---A--------- GC--C--GTAT-T--- C- 
E-TN2 4 3 2 -A.G- ...... --C--.T.T----------.C----A-C--------..--- GC----GGTCC-T--- C- 
F-BZ 16 3A -ACA- ......--C---T-T.-C---G-..-C-TG.A-G.-%--.----- C-GC-----GTAC-T---C- 
G-LBV217 ---A- ......-.C--CT.T-.C--.--A-.C----A.G------------ GTA-----G-AT-C--T C- 
OJINT70C --- AG ...... --G--- GAG.----- G-A--C--T-TTA-C-A---C--A--GG-----A-AC-G--TC- 
O-MVP5180 --- G- ...... --T---AGT------G-A--T----TCC.C-C--.C--A--GG--C--A-AC-G--T 
0-VAU ---A- ...... C-G---GAC------G-A--T----TGC-C-A---C--AC-GG-----A-AC-G--TC- 
CPZGAB ---A- ...... -.C---T-A-.-.-.G----A.---A-T------------- GA-AC-GGTCT-TT-4- 
CPZANT ---AGCTACAAG-A---AAC-----. CA--GC----G.T-T-A--------- AC-A---ATGA-A--CA- 
A-ROD C--TC ......-. T--CCAG-.C-------- AGG-TT-GA------------ AA-AC-GT-TA-T-A-AC 

G--TCAA-AC--T.TA. G-ACAC --- T- G-C---CAA--C--A-----AGG-TT-AA------- B-EHOA ...... 
SD-MM2.51 --- T. ...... -GC---AAA--C-CC-----AGGGTT-AA------ C----CAA-.G-GT.CA-T- A-AC 
STM-STM -AGT- ...... GGT---AAA-.C--------AGG-CT-AA--------- A-.GAGAG.GT-CA-T- A-AC 
VER-AGM3 
GRI-AGM677 CATCC ......-. C--CA.T--.GCA--TG-AGG-TATCA-------GTA--AA----T T-TAGCATGAC 
TAN-AGMB14 GTTCT ......-TG-- CA-C---GCA---G-AGGGTACA-G--G---C----AA---C-T-TA-CAGCAC 
SAB-SABlC CC-TG ......-. C.--T.C--.GC----G-AGG-TATAG---G--.GTA-.GA-A--TT-CT.-- G- 
SYK-SYK GATTC .... ..--T-.CT.T-----CT.---AGGG.GGT-C-AG-----A--AC--C--T-TAGA--T T- 

CTTCT . .....-. T---A-A.--GCA...G.AGGGTATG.------.C ---- AA---.GT-TTCA-TG G- 

ENV-CONSENSUS ?Tt?tAt??a???GAt?T?gt?????t????ga????aa?aa?????????????aata??Ag??????? 
A-U4 5 5 T..T.--AG.CTT---A-A.-ACAAA -C ... A-TAAA.CTG.T . ...........-- C-AT--T ...... 
B-HXB2R 
C-UG268A2 T--T---AA-CTT---G.A--ATCA C-T ...-- A ... GGG.- T ............- G--AC-CT ...... 
D-ELI T--T---AG-CTT---A-A-.ACCAA -A ...-- C ....-TG. TAGTAGT ... ACC---.GT.CCAAT... 
E-TN2 4 3 2 T-.T---AAGCTT.--A-A--ACAAA -T .... GA ... G.T-.G . ...........---- GT--TGAG ... 
F-BZ163A G--T%--AG-CTT.--A-A--ACCAA .T ... AGC ...-- TGGAAGA .........--- GGC-- TGGAGAC 
G-LBV2 17 T--C---AG-CTT---G-G.-ACCAA -T ... A-TGGT--TG-A ............---- GT-- TACAACT 
0-ANT7 OC A-.C--.GT-TCA---T.GA-GGAAC-G ... A-TGAG-CA-GCAGCACAAATAAG-CA-AC--C AAA ... 
O-MVP5 18 0 A--C--.GT-TCA---C-GAGTAAGG-TAAT-- C ... TCA-- TGCA ...... GTA---GGA-CAACA ... 
0-VAU A-.C--.GTGACA.-.T.G.-TAAG A.T ... A-CGCC-CATCA ............--. GAA.CAATG ... 
CPZGAB A--T--.GTGGAG---G-G-.AAAC C-A ....GG...--TG - G ............-- C-AC-CA...... 
CPZANT A--T---AA.GGA..-C-TA.GAAGTGTCAG.- C ...-- C-- T ............ G.G-CT-ACTGC ... 
A-ROD 
B-EHOA C-GG---AA-CAA---T-A--GTGTGAAAAG-GGACA-GG-GT ............--. GAA--CAAA ... 
SD-MM251 T.GG.-CTCTACA---T-G--TTGTGAACAA.. . ..-. T-GCACT ...... GAT---GAA--CAGA ... 
STM-STM G-GG--CTCTAGC---C-AA-CTGTGAACAAA-TGTC-CTGGC ............ G-AGAG--CAGA ... 
VERAGM3 G-GGA--GATGCA--AA-CA-GTGT~GAAG-GT ...-- C-- T ............ TC--AC..AGAA ... 
GRI-AGM677 C-GG---GATCAG--GT-A--CTGCAAT ... A-T ...-- A-CAGGAAGT ... GAA--GGGA--TAAG ... 
TAN-AGMB14 A-GG---GATGCA--AC-CA-GTGTGAACCG--GAGC -- A.- G ............-- CTCA-.GGGG ... 
SAB-SABIC A-GGG--GATCAA--GG-G--TTGTGAAGAG-GAAGGG-A -- ATCA .........-- CGCA-CACATACT 
SYK-SYK C..C---AAGGAT--CT-GA.GAAAGAGGAGGAA .GC ......................... GT-.CTAT ... 

T--T---AA-CTT---A-AA-ACCAA-A .. ..- T. ..-.TG . T ............. C--CC--e...... 

A.GG.-CTC-AAA---G-G-.TTGTGAGACAA-T . ..-- T.GCACA . ........--- CAG-CCCAG ... 

1-65 
DEC 96 

305 
451 
460 ... 
475 
451 
478 
448 
478 
427 
448 
457 
454 
448 
478 
475 
499 
493 
511 
451 
353 
469 
442 

355 
515 
524 
539 
515 
542 
511 
542 
491 
512 . ~~ 

521 
518 
518 
542 
539 
563 
557 
575 
515 
417 
533 
506 

380 
564 
570 
585 
573 
591 
565 
597 
555 
570 
573 
564 
570 
597 
594 
621 
612 
627 
573 
472 
594 
552 

.- _.___._. ... .- -- . _ . .  __ _.-. I ,., . .  
" _  

. ~ .. . .  
. ,  , . .  . .  , . 



HIVl ENV 

1-66 
DEC 96 

435 
628 
634 
649 
637 
655 
632 
664 
622 
634 
637 
628 
634 
661 
658 
685 
676 
691 
640 
536 
664 
616 

497 
698 
704 
719 
707 
725 
702 
734 _ _  
692 
704 
707 
698 
704 
731 
728 
755 
746 
761 
710 
606 
734 
686 

550 
765 
771 
786 
774 
792 
768 
801 
759 
771 
774 
765 
771 
798 
792 
822 
813 
831 
780 
673 
801 
729 



HIVl ENV 

ENV-CONSENSUS caa?t??t??t????aatgg?agt?tagcagaagaaaaaataa?aat?ag?t???aaaatat??caga?a 
A-U4 5 5 ...C.GC.GT.A ........C...C........AG.G...... GG ..T..A.CTG.....T.C..A. C. 
B-HXB2R ...C.GC.GT.A ........C...C...........G.GG..GT...T..A.CTG.G.. C. 
CJG2 6 8A2 ...C.AT.GT.A ........T...A...........G......T...T..A.CTG.....C.GA..A. T. 
D-ELI ...C.GC.GT.G ........C...C...........G.GG.C.T...T..A.CCG.....C.CA..A. C. 
E-TN2432 ...T.GC.GT.A ........C...C...........G.G....T...C..A.CTG.....C.CA.... C. 
F-BZ163A ...T.GT.GT.A ........C..CC...........G.T....T...C..A.CTC.......CT.... 
G-LBV217 ...T.AC.GC.G ........................ G......TG..T..A.CTG....CT.CA..A. C. 
H-VI 5 57 A-CC-TG---T---T--A-CTA-------CA----C- 
0-17 OC ..GC.AA.AT.A ........G.CAC.CT.TA...G........G... G . T G G C A A  
O-MVP5 1 8 0 ...C.AA.AC.G ........G.CAC.CT.TAG......G....G... T.TGG........TA....AT 

CPZGAB ..GT.AC.TA.T ........A...T....T....G...C....CTG.A..AGTGGT..A. A. 

A-ROD AC-TGGT-TGGCTTT-----C-C-AG ...... GA-T-G--C-TAT--CTAT-GGC-TGGC-GA ..... T- 
B-EHOA AC-TGGT-TGGCTTC-----T-CAAGG-- .... A.C.GG.C.TAT..CTAT..C.TGG..AA ..... C. 
SD-MM251 ACTTGGT-TGGCTTT-----A-C-AG- ...... A-T-G--CTTAT--TTAC-GGC-TGG .. GG ..... T. 
STM-STM ACTTGGT-TGGCTTT-----A-C-AG------- A-T-G--C-TAT--CTAT-GGC-TGGC-GG ..... T- 

GRI-AGM677 GGGA-AGGAT-A ........ T...AG.T.....A.T.G..C.GAG..AT.GCAGA..GGAGGAAAT .. T. 
TAN-AGMB14 GCTT-TGGTC-A ........ T...CA......GA.T.G..C.GA...AT.GC~ ..C..GGAGT.AGT. 
SAB-SABlC GG-A-AGGAA-T ........ T...TAT.T..C.A.T.G..C.GA...CT.GCAGA.. ... GGCAATTC C. 
SYK-SYK .................................... TTC-AT-C-T-GGCTAGCAC-TGGT-C ....... 

T- 

0-VAU ...C.AA.AC.A ........ G-CAC-CT-TA---G---T----C---C-n;GGAA-G-----TT----C- 

CPZANT TGGT-AC-AT-A ........ A-C- .............................................. 

VER-AGM3 GG.C.GT.GT.G ........ G..CTACT....GA.TCG..CCCAG..AT.GCAGA--C .. C...GAGT.AG C. 

ENV-CONSENSUS atg??aa?a??at?atagt?ca?ct?aataaatct??????????????????????????????????? 

B-HXB2R 

D-ELI 
E-TN2 4 3 2 

G-LBV217 

O-ANT7OC G..GA..A.AT..C.....GACC..A..CTCTA .C ................................... 
O-MVP5180 CA-CA--G-AT--C-----AA~C .. A..C.CTC.. ................................... 

A-U4 5 5 ... CA..A.CC..A.....A..G..n;TC--TC..TC.. ................................... 
...CT..A.CC..A.....A..G..G..C.C.... ................................... 

C-UG268A2 ...CC..A.TA..A.....A..G..T..C...... ................................... 
...CT..A.AC..A....CA..T..T...G..... ................................... 
...CC..A.CC..A.....G..C..T......... ................................... 
...CC..A.AC..A.....G..AT.T......... ................................... F-BZ163A ... CA..A.CC..A.....A..CT.T...G..... ................................... 

H-VI557 .. ACC..A.AC..A.....A..G..T.. A.GTC ..................................... 
0-VAU G..GGG.G.AC..CC..A.AACC..A.... CT AA. ................................... 
CPZGAB .. ACTG-TGTCTGG-----A--G--AGTAG--G-A ................................... 
CPZANT ................. TAC..AACA..C.CT..AGTAGTAATGAA.GTCG.TG.TCTG. .. 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 

.. .... GA-CT--C--CAGC ... T-A--C----A-TAT ................................ 

.. .... GG-CT--C---AGC ... T-A---TC--A-TAT ................................ 

.. .... GG-CT--A--TAGT ... T-A-----G-A-TAT ................................ 

.. ... ’ GG.CT..T..TAGC ... T.G..C..G.A.TAC ................................ 

.. ... G-CTCAG-GT----GTTAT-T--- ... CA.TAC ................................ 
GRI-AGM677 .. ... G-T-CAG-T---A-AA-GT-G-----G-T-TAC ................................ 
TANAGMB14 ... ACTCTGTC..T...AAG ..... T..... GCA-TAC ................................ 
SAB-SABlC ... ATTCTGTT..T.. TAGG ..... C....G.. A.TTT ................................ 
SYK-SYK ...................... A..G...GGG A.CTACAAAGCAAAAGATAAAGTTAGATTTATC.CA 

ENV-CONSENSUS ??????????????????????????????????????????????????Taa?aaT?a??TGta?~Ga 
A-U4 5 5 .................................................G...A...C.AT...TCC... 
B-HXB2R .................................................G..GA...T.AT....C.... 
C-UG2 6 8A2 .................................................G..GA...T.AT...GCG... 
D-ELI .................................................G...A...T.CC...GC... G 
E-TN2 4 3 2 .................................................G..GG...C.AT....CC... 
F-BZ163A .................................................G..CAG..T.AT....C.... 
G-LBV217 .................................................A..GAT..TGTG....CC... 
H-VI557 .................................................G..CC...T.AC....CC... 
OJiNT70C .................................................C...AC..G.CC...GA.... 
OJlVP5 18 0 ................................................. A...AC..G.CC..C.T.... 
0-VAU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A . . . C . . . A G C . . . G A G . . .  
CPZGAB .................................................G.T.GTC.A.AT...CAT... 
CPZANT ................... CTTGTAAGATTTGGAAAAGAATTCGAAAACT ... C...T......T.... 
A-ROD ..............................................AATC.C.GTT.GCAT....AG.. G 

’ B-EHOA .............................................. AATC-G-C---GCAC----A---G 
SD-MM251 . .............................................AATC...C...G.AA....G.... 
STM-STM ..............................................AATT...C...G.GC....G.... 

GRIJGM677 ..............................................AACT.G.C.G.G.GA..CCG.... 
TAN-AGMBl4 ..................... .........................AATC.G.C...ATTG....G.... 
SAB-SABlC ..............................................AATT...CT..C.GA....G.... 
SYK-SYK AAAGGATAAAAATGAGTCAGTAATTATTTTAG~CCAGAAGCACTTAGAT-GCG--T-TA---GA---- 

~ VER-AGM3 * . .............................................AATC...C.G.T.CT..C.A.... 

600 
832 
838 
853 
841 
859 
835 
868 
37 
826 
838 
841 
832 
792 
865 
859 
889 
880 
898 
847 
740 
868 
759 

626 ... 

867 
873 
888 
876 
894 
870 
903 
72 
861 
873 
876 
867 
843 
897 
891 
921 
912 
933 ~ _ _  
882 
-775 
903 
809 

641 
888 
894 
909 
897 
915 
891 
924 
93 
882 
894 
897 
888 
894 
921 
915 
945 
936 
957 
906 
799 
927 
87 9 



HIVl ENV 

ENV-CONSENSUS ccaggaaat?????????aa?aca?ta??a???ataa??ata??????gg??cagga?tagc?t??tat? .. TTAC...ACAAGAAAA..T. T.CGT ... AGGTAT.GT... ........ AT.....CA...A.TC... G 
.. CAAC..C ........... T...AG.AA.AGA..CCGT..CCAGAGA..AC....GAG...A .... T.G 
.. CAAC... ........... T...AG.GA.AGT....GG...... ... . -AC ..... CA-A-A-TC---G 
.. CTATC.A ......... ..T... AG.CA.AGA.C.CCT... ........ ACT...GCA.T.ACTC... A 
.. CTCC..C ........... T...AGRCC.AGT....CTG.R.. .... ..AC.....CA..TA.TC... A 
.. CAAC..C ........... T...AG.AA.GGT...CAT...... ... ..AC.....CG...A.TT... G 
.. CAAC..C ........... T...AG.AA.AGT...CAC... ...... ..AC.T...CA...A.TA... G .. CAAC... ........... T..GAG.AA.AGT....GT... ...... ..GC.....CA...A.TC... G 

A-IJ4.55 
B-HXB2R 
C-UG268A2 
D-ELI 
E-TN243 2 
F-BZ163A 
G-LBV217 
H-VI5 5 7 
0-ANT7OC ... CA..TA ......... G-C-T-CA- ... GAG..G.GA... ........ T...CC.A.G..C.GG.. CA 
0-MVP5180 GA T- ......... GCAGAGG..CA.GAT...TAT.C. ........ TC..ATGAG.TGGCGCAG .A 
0-VAU ......... C-G---A--CA-AAG----TGGC- ........ T ... CC.A.G..T.GG.. CA 
CPZGAB C ........... T...AGGGG.GAGG.GCAG... ........ GC.....A.GA.C.TT... A 

-GG--- G..AG.AATC..CAA... ...... ..AC.....A.GA.T.TC... . CPZANT ......... ..... G... ........... G.T.G.GAA.CAA....TGC.T ...... ATGT.....CAT.TG.TT C.CT L R O D  
B-EHOA C ........... A.TGG.TGTGCCA....GA.CC.......TGT....TA.TCTC....T C. 
SD-MM251 ......... ........... G...G.TTT.CCAG.C.CC..T ...... ATGT.T...T.G.TT....T C. 
STM-STM ..... G..C ......... ..Ae.. G-CTT-CCAG-C-CC--T ...... ATGT....CT.G.TC .... T C. ........ c ......... ..A... G.CTT.CCAG...CA..C ...... ATGG....GC... TG .... T. . VER-AGM3 
GRI-AGM677 .. T..T... ......... ..A... G.GTTGCCAG...CA..C ...... ATGG....GT...TA .... T.. 
TAN-AGMB14 ........ C ........... A...G.CTT.CCAG...CC..C.. .... ATGG.....A.G.TG .... T C. ......... ......... ..G... G..TTGCCTG...CC.. C ...... ATGG.T..CT.G.TC .... T C. SAE-SABlC ......... ... T SYySYK ......... G.GT.TA.CAA.AAT..TCAAT.GGCTG...C ............... 
ENV-CONSENSUS ??a???????????????a????a?a??????????????????atagg????aa??taagacaaGC?ta 
A-U455 TA.CA ......... GGTA.A....T.. ................. G.-.G-TA---------- AC- ..... A ... ..TA.G........A C. B-HXB2R ......... ATAGGA....A.... ............... 
L U G 2  6 8A2 CA.CA ......... GGA G.C .... T. .................. A G.TA A.. 
D-ELI CT.CAAGA ...... TCAAGATCA.T............ ....... A ............ AC- 

GA.CA ......... GGAG.C .... T.... ..... A ... G.TA....RAG...A.. E-TN2 4 3 2 ............... 
F-BZ163A CA.CA ......... GGAG.C....T............. ...... A ... G.CA.C...A.G..C C. 
G-LBV217 CA.CA ......... GGCGCC .... T. .................. C G.TA AC- 

CA.CA ......... GGTG.C .... TC ..... A ...G.TA.....A....A.. H-VI5 57 .................. 
O-ANT~ OC GC.TGGGA ... ATAGGGGGA....C.... ............... GC...AAAC.GCTC...GGC...T.. 
0-MVP5180 TG.CACTTAAAAGAAGTA.C .... AT............ ....... C.TCACCA.GATC...GGT...T.. 
0-VAU GC-TGGCC ... CTTAGTA-T .... C- ................... AG..G ... G.TAC...GGC...T.. 

AT.TA ......... GAAA.T ... GT... G.... A ... G.TACC...TCT..C.. CPZGAB ................ 
CPZANT ... AC ......... GTAG.A .... T.GCA ............... -c--- A ... G.CACT..GA.... G.T 
A-ROD CCCAC ......... TACC.G ... CCG.... ................ CAATAAA-GACCC-------- A-G 
B-EHOA ..CAT ......... TCAC. G. .. CCT .................... CAATAAA-GACCT-A------T-G 
SD-MM251 .. CAC ......... TCAC-A ... CC. .................... CAATGAT-GGCC--AG--G--A-G 
STM-STM ..CAT ......... TCGC.A...CCC....................TAATGAG.GACC..A...... T-G 
VER-AGM3 ..CAT ......... TCTC-G .... GG .................. TACAATACA-GGC-G-------- T-G 
GRI-AGM677 .. CAC ......... TCTC.G .... A... ................ TATAATACC-GGT---A------G-G 
TAN-AGMB14 .. CAC ......... TCAC.A .... A. .................. TACAATACA..AT.G.....G.. A.G 
SAB-SABlC ..CAT ......... AGCC.G....A............... .... TATAACACC-GGT-G-A------T-G 
SYK-SYK TC%%C ......... TCCC-G ... TA-TACAAG%GGAAATTGA-CC--GAGGG-CGC--A--GT--C-T 
ENV-CONSENSUS ?TGtaa?ttta?tgga????aaTGGaaa?aagc?ttaaAa?aggtaa???????????g?aaaa?????? 

..... 
......... 
........ 
......... 
........ 

..... 
TT.CA ..... ... .......... 

..... ..... 

..... 

..... ... .......... 

A-U455 T..... TG.C.G.A..AGGG.C.....TAG.A.TA..C..C.....GCT .......... A.C........ 
B-HXB2R T..... CA ...G.A..GCAA.......TA.CA.T...... C..A..GCT ......... AGC... ...... 
D-ELI T..... TA...G.A..GCAC......GTA..A.T...C..C.A...GCT ......... AG...... .... 
E-TN243 2 T...G.GA...A....ACAA....... TAG ..w......C...... CT ......... -A---- ...... 
F-BZ163A T.....TG...G....ACAC....... TA..A.A...G..C.A....GG ......... .C...G ...... 
G-LBV217 T..... TG...G..A.ACAG.C....G.G.CAn;-...C.GA......AA .......... C.C.. ...... 
H-VI 5 51 T..... TA ...C.A.GGAAG.T......AGGA.T...C.n;-..... GTT ......... CAGC.. ...... 
0-ANT7 OC T..C..G.A..A..CCACTG.T...GG.A..ATA...... C.AAC.GC2TGAAAGGTATTT.G.. ...... 
O-MV'P~ 18 0 T.... CA.A..A.AAGACTGT....G..A.T..CC..C..C.AAC.GCTATAAGGTATTT...T ...... 
0-VAU T..... T.A..G..CCACTG.C.....CA....C......A.CA...CTG.GATATTT.G.. ...... 
CPZGAB C..... GA.A.A...GACCAC......TCG.A.GG.GG..G.A....AA ......... AAGGCT...... 
CPZANT C....CAG.C.A.AAGACGCT....G..C....ACGT..CA.AAC.GAG ......... CACGTT ...... 
A-ROD G..CTGG..C.AA.. C ... A........G.C..CA.GC.GG....G.AGGAAACCCTT.C.... ...... 
B-EHOA G..CTGG....AA... ... A.C....C.G....CA..C.GG....G.AAGAGACCATTAA...T ...... 
SD-MM251 G...TGG...GGA... ... A- ...... GG.T..AA.....G....G.AACAGACCATT.TC... ...... 
STM-STM G..CTGG...GGA... ... G...... G-GG---AA-----G----T-AGGAAACCTTG-TC--- ...... 
VER-AGM3 G...C.C..CCAG..C ... A.C....G.GG...C.GG...G.A....AAAATGAAATA.T.......... 
GRI-AGM611 G..CC.C..CCAA... ... G.T......GGG..A.GG...G.A.. C . G A G A A G A A G T A  
TAKAGMB14 G..CC.T..CCAA..G ... G.C......GG...T.GG..GG....G.GAGAAACGATA.TT.... ..... 
SAB-SABlC G..CTGG...GGA..T ... A.T....G.GG...C.GG..GG.A..C.AAG.CAATA.TG.G.. ..... 
SYK-SYK C...CGAG.A.CA... ... A-T----C-G--TTT--T--GC----- CAT .......... A.C.G ...... 

C-UG2 6 8A2 C.....CA...G.A..AATG.......TAT.A.T...C..TG.....GA. .........A.... ...... 

1-68 
DEC 96 

680 
949 
952 
964 
952 
970 
946 
979 
148 
931 
949 
949 
943 
948 
976 
966 
996 
987 

1008 
957 
850 
978 
925 

703 
986 
989 
1001 
986 

1007 
983 

1016 
185 
977 
998 
992 
980 
986 
1016 
1004 
1034 
1025 
1046 
995 
888 

1016 
980 

745 
1041 
1044 
1056 
1041 
1062 
1038 
1071 
240 
1041 
1062 
1056 
1035 
1041 
1071 
1065 
1095 
1086 
1107 
1062 
949 

1077 
1032 

. . . .  . . .  . .  - .  . .. . . .  . . . . . . .  . .  
. . . . . . .  . 
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. . . . . .  
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, 
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ENV CONSENSUS ??????????????????????????????????ta?????????a?a?a??a?t??a???????????a ................................. T-- .........- AGA-AA-G-TT-AT.........- 
B-HXB2R ................................. T--. ........- G-G-AC-A-TTGGAAAT ......- 
C-UG2 6 8A2 ................................. T-- .........- A-AGGC-C-TCCCT .........- 
D-ELI ................................. T-- ......... GG-ACCCTTCTT ............- 
E-TN2 4 3 2 ................................. T--. ........- A-G-GC-C-TT-AT .........- 
F-BZ163A ................................. T-- .........- AGTCTC-T-TTCCT .........- 
G-LBV2 17 ................................. C-- .........CA- GGAATC-AC ............- 
H-VI5 57 ................................. T-- .........- G-G-AC-C-TT-AT .........- 
0-ANT7 OC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C T A G T A . . . . . . . . . -  
O-WPS 18 0 ................................. C-T ......... GT-A-CC-AACAGAG .........- 
0-VAU ................................. C-T ......... GT-G-AT-TAATCAAACT G 
CPZGAB ................................. T-- ......... GC-ACCTCA-CA ............- 
CPZANT .................................. C-T ......... GCGG-GC-T-GG-AAAAAGTAGAC- 
AJOD .............................. CATCCC .........- GGT-TAGAGGA-CC .........- 
B-EHOA .............................. CATCCC .........- G-T-TTCAGGA-CAACA......- 
SDJlM251 .............................. CATCCC .........- GGT-TACTGGA-CT .........- 
STM-STM .............................. CATCCC .........- GGT-TACAGGA-CC .........- 
VER-AGM3 ................................. T--CCAAAAGAT-G-T-CC-AGGA-CC .........- 
GRIAGM677 AATCTTACAGAAGTAAGCATAGAAAATATATACATC-G .........- G-AGGATA-GG ............. 
TAN-AGMB14 ................................. T-GCCAAAACAT-A-T-TC-AGGG-CT .........- 
SAB-SABlC ................................. C--CCACCAAAA-AGT-TAGTGGC-CA .........- 
SYK-SYK ................................. GCC .........- CGA-AACC-GG- AA.........- 

A-UZ5 5 

...... 

ENV-CONSENSUS at?a?aca????????????ataa??tt??????a?cc??a???ggaggaGAtccaGAagt?acaa??c? 
A-U4 5 5 -CA-A---............----TC--TGCTAGCT--TC-...-----G---AT----A-T----CA-A 
B-HXB2R -LA-A--- ................ TC--TAAGCA-T--TC- ........ G--C------ A-TGT--CG-A 
CJG2 6 8A2 --A-A--- AC--TACTCA-C--TC- G--CTT----A-T----CA-A ................ ........ 
D-ELI -CA-A---ATA.........----AG--TAAACC-T--TC-...----- G--C------A-T----CA-A 
E-TN2 4 3 2 --A-G---............----TC--TCAACC-C--TC-...----------TG---A-T----TG-A 
F-BZ163A .. GCA--- ............----AA-- TAATTC-T--TC-...----- G--C-T----A-T----n;-A 
G-LBV2 17 -CA-A-GC............----CC--TAACTC-T--TC-...----- G--C-T----A-T---GCA-A 
H-VI5 57 --C-A--- ................ TT--CGAACC-T--TC- ........ G--aTG---A-T----%-A 
O M T 7  OC -CA-T---GGTAGTATTAAC--G-CA--CAATCACAG-AGC...--T------- T---G--A--CCATTT .. .......... ..... GTT--C...... A-GCCATTT O M P 5  18 0 TA--CAGCAG-A-TAGT T------G------- .. .............. ..... 0-VAU GTT--C G-AA--CGGTAATCA-AGT T-A----G------- A----ATTT 
CPZGAB 
CPZANT -CA-A--CAATGCGAAAACA---TGGACATTCCA-GAT.........--------T----- A-A-GTG-A 

.. A-G-TATAT 
SDJ4M2 5 1 -CA-T--TGAT......AAA--C-AT--AACGGCTC-TGG-...-----------G----- T- -CTTCAT 
STM-STM .. G-C--GGCA...... AAA----GGA-AGTGGCTC-n;GG...-------------- G--C--CTTCAT .. ... VERJiGM3 G-T--TG AA......... GAG-TT-ATCTGCAGAGACT- TTT------------- CAG---ATTT 

TANJiGMB14 -CG-T--TAAG......AAA---TGGC-AAGGAG-CAA......T-G-----C-----G-CAG-G-GCAT 
SAB-SABlC --G-C--- AAC. ......... AG-TT--TCTACA-AGACA- ... T-G------------ TCTGA-TTCTT 

.. CGA---GCAGCC ... AAC----CAC-CAACAG-G--TCT...----- ......... G--C---CAT-A 
A-ROD .. G-C---AGG ...... AAT--T-GC--TGCAGCGC-AGG-AAA--CTC---C--------AG--TACAT 
B-EHOA ATCT--CAG......... ---- GG--AGCAGAGCA-GCGAGA-CTC------------ 

GRIAGM677 ........................................................... TCAG-G-ATTT 

SYK-SYK .. GTA--C ............. AC-CCACATGGAGGT--CAGCCA--G-------T---G--ACG--CA-A 
ENV-CONSENSUS ?tg?tttaAtTGt?gaGGaGAaTTttTcTAtTGtaataca?ct?~q?tqtTtaat?????ta???????? 
A-U4 5 5 
B-HXB2R 
C-UG2 6 8A2 
D-ELI 
E-TN2 4 3 2 
F-BZ163A 
G-LBV217 
H-VI5 5 7 
O M T 7 0 C  
O M P 5 1 8 0  
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-251 
STM-STM 
VERAGM3 
GRI-AGM67 7 
TANAGMB14 
SAB-SABlC 
SYK-SYK 

843 
1179 
1188 
1197 
1179 
1203 
1170 
1209 
381 
1182 
1203 
1200 
1173 
1197 
1227 
1215 
1245 
1236 
1257 
1197 
1099 
1227 
1173 

HIVl ENV 

754 
1060 
1066 
1075 
1057 
1081 
1057 
1087 
259 

1048 
1081 
1078 
1051 
1069 
1099 
1090 
1117 
1108 
1135 
1110 
977 

1105 
1051 

792 
1115 
1121 
1130 
1115 
1136 
1112 
1142 
3 14 
1115 
1136 
1133 
1115 
1130 
1163 
1151 
1178 
1169 
1193 
1133 
1035 
1163 
1109 



HIvl ENV 

EW-CONSENSUS ?????????aataq?ac???????????????????????????????????????????aat??????? 
A-U4 5 5 
B-HXB2R 
C-UG2 6 EA2 
D~ELI 
E-TN2432 
F-BZ163A 
G-LBV217 
H-VI5 57 
0-ANT7 OC 
O-MVP518 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 

SYK-SYK 

ENV-CONSENSUS 
A-U4 5 5 
B-HXB2R 
C-UG2 6 EA2 
D-ELI 
E-TN2432 
F-BZ163A 
G-LBV2 17 
H-VI5 57 
0-ANT7 OC 

SAB-s AB1c 

0 1 ~ ~ P 5 1 8  0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 

............ G-C-GCATGTCA ....................................... GAC .... ......... ----- T.. TTGGAGTACTG AA ........................ GGGTCA..- AAC .... ...... UT..--- T-.C .................................................... ......... TT-GTGCATGG ....................................... AATATT . ...... GGA--.GAA--CATG .............................................. ...............-- A .................................................... ...... TCT-.C-A T-ATGCACCA .................................... TC- ....... .........-. C--T-- ATCA .......................................... GATATC . ...... TGT--CG-A-- CACCTGTAGT .............................. GTT-G-AAT .... 
TGCAAGAAG----TG-- CAATAACAAGATC ..................... AATTGTACT---ATTAGC . 

---- --- 

.........-. CT-T--AAAGTCCGGATGCCAGGAG ............ ATCAAAGGGAGC-.. ....... 

.........-- C-TT--A .................................................... ...... GGA--CCTC-TC .................................................... ......... AG--A .................................................... ---- 
A--T ----- ......... .................................................... ...... AGGG-.GTA-- TACCCAGAGG .............................. CCA--G ....... .........- GA--T-- ATCAGAAATGAGAGAT .................. TGGAACAAA-. C AAA .... .........--- C-T--AGTAGATCCGGACCAT .................. AATCCGTGT---GGT .... .........--. C-A--AGAAGAT ................................. GCAG-AGGT .... 
AGT-AGTAGACCCAGACCATAAC ............ AACTGTGCAAAA--- AAT .... .........--. G-A-ACGCAAGT ................................. AAG---AAT .... 

.........--. GAGT-CAGTGAAGGAAGCTTCACTGACGTAGAAGGCAATAGATGTTCA--CATAACAA ---- ......... 
??????????????ga????????????????????????????????????????a?t?a?a??at?a? ........... ATG-GGCCA ....................................- A-GGC-CT--A-C ........... ACT-- AGGA ..................................... G-G-C-CA--C-C . .............................................................. T C-- C-C ........... ACA-- GTCAAATAAT ........................ AGCACA-ACACA-AC--C-C .. ............- GGTGT . .................................... A-GGC-CT--C-C ..............- GATCC . .................................... A-GGC-CT--C-C .............. A-TAGC ........... ........... TCAA-TGGC ........... ........... GTTAGTCAA ....... ..............-- GACC ....... ........... AATA-TAGC ....... 
................. ACA ....... 
..............- GG .......... ..............-- ACGG ....... ........... AAG--ACAA ....... ........... ACGA-GGGAAAAGGTA 

........................... 

........................... 

... ... ... ... ... ... ... ... ... 
GGC 

.......................... G-A-G-AT--C-C .......................... CAACA-TA--TGA ........................ GG-A-C-ATGGC-C ......................... A-A-A-ATGGT-C ......................... A-GGC-CTCAGGC ......................... A-GGC-TT--A-T ......................... ACGGAGCCC-C-T ........................... C-CCGC-ATTA ........................ CTCA-G-GA-ATTA ........................ CA-AGA-GG-ATTA . . . . . . . . .  ........................ CAAA-G-GG-ATTA ............ CCAGGACCCTGTGCAC-A-GA-CATA 
GRIIAGM677 .......... .ACTA.TAGGACCTGn;ACAGAAGCCAGGACCAGGACCATGTGT.C.G.G A.CTTA 
TAN-AGMB14 GTGGAGGACTGACA.GGTCCACCAGA ...................... -.AAGTGTCT-A-A-GG-CCTA 
SAB-SABlC ........... ACAA-GCCATGT ................................. TGGC-G-GA-CCTA 
S K S Y K  ........... TAT-CC .......................................... AGT-ACC-TCG 

ENV-CONSENSUS tct?ccaTgcaa?aTaagacaaaTa?TaAa?a??~gGcaga??gtaggaaaag?aat?TAtgc?cCtCCc 
...C-A...T.GA....AG.....TA....T.TG.......GA...... C...C...G.....C...... AJ455 

B-HXB2R 
C-UG268A2 
D-ELI 
E-TN2432 
F-BZ16 3A 
G-LBV217 
H-VI5 57 
0-ANT7 OC 
O-WP518 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
S W S T M  
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

1-70 
DEC 96 

853 
1200 
1221 
1209 
1203 
1221 
1173 
1230 
402 
1212 
1245 
1248 
1182 
1209 
1236 
1224 
1272 
1275 
1296 
1221 
1160 
1272 
1197 

8 62 
1223 
1244 
1217 
1238 
1241 
1193 
1250 
425 

1235 
1265 
1271 
1196 
1226 
1247 
1241 
1292 
1298 
1343 
1280 
1206 
1298 
1214 

921 
1293 
1314 
1287 
1305 
1311 
1263 
1320 
495 
1305 
1335 
1341 
1266 
1296 
1317 
1311 
1362 
1368 
1413 
1350 
1276 
1368 
1284 



HIVl ENV 

970 
1359 
1381 
1356 
1374 
1386 
1333 
1387 
562 
1371 
1401 
1411 
1335 
1357 
1386 
1380 
1431 
1437 
1482 
1416 
1345 
1437 
1353 

1012 
1415 
1436 
1415 
1427 
1433 
1385 
1442 
617 

1430 
1457 
1469 
1391 
1406 
1431 
1425 
1476 
1482 
1526 
1466 
1389 
1481 
1397 

1074 
1485 
1506 
1485 
1497 
1503 
1455 
1512 
687 

1500 
1527 
1539 
1461 
1476 
1500 
1494 
1545 
1551 
1596 
1536 
1459 
1551 
1467 



HIVl ENV 

1-72 
DEC 96 

1110 
1534 
1555 
1534 
1546 
1552 
1504 
1558 
736 
1561 
1591 
1600 
1525 
1534 
1552 
1546 
1600 
1603 
1648 
1585 
1600 
1522 

1175 
1604 
1625 
1604 
1616 
1622 
1574 
1628 
806 
1631 
1661 
1670 
1595 
1604 
1622 
1616 
1670 
1673 
1718 
1655 
1670 
1592 

1233 
1674 
1695 
1674 
1686 
1692 
1644 
1698 
87 6 
1701 
1731 
1740 
1665 
1674 
1692 
1686 
27 
27 

1740 
1743 
27 

1788 
1725 
1740 
1662 

-. 

I 
-.- 



HIVl ENV 

B-HXB2R 
C-UG268A2 
D-ELI 
E-TN2 4 3 2 
F-BZ163A 
G-LBV217 
H-VI 5 57 
0-ANT70C 
O-WP5 18 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-FO784 
SD-MM251 
STM-STM 
U-SMCI2 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

A-U4 5 5 
B-HXB2R 
C-UG2 6 8A2 
P E L 1  
E-TN2 4 3 2 
F-BZ163A 
G-LBV217 
OJWT7OC 
OJWP5 18 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-FO784 
S D-MM2 5 1 
STM-STM 
U-SMCI2 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

.-- CTCT-G---- ...... AGT--TAAATCTCAGG-G ........................... GAC--A 
---GCT-G---- ...... AGT--TAAATCTC-GG-A ............................ AG--- .-- CTCT-G---- ...... AGT--TAAATCTC-AGGG. .......................... GAT--- .-- CTCT-G---- ...... AGT--TAGATCTC-AA-T. .......................... GAG--- 
.--CTCC------ ...... AGT--TAGATCTT-TG-A. .......................... GAG--- .-- CTCT-G----......AGT--TAAATCTCAGG-G......... .................. GAG--- .-- CACT-G---- ...... AGC--TAAATCTT-TA-T..... ...................... GAG--A .--- AGA--A---ATA...GGA--CGAAAGC......... ..................... ......--- .-- CACAT-A--- ...... TCAGGAAGATATAATG-TGAC ........................ AGT--- 
.---AAA-- A---GGAGGAGAT--TGAATCA ....................................... .-- CAACT-----CCTGGGAGC--TTCCACA ... G-T..... ...................... GAC--- 
---AATT-C--- ..... .GTA--CTTCACGCAAACATGTGCAAAGAACAGCAGTGATATACAATGT--- .--- GATT-C ..................... T-AGCA.. .......................... CTGAC .--- GAAT-C ..................... C-TA-G. ........................... CAGAC .-- CGAC-G- ..................... A-GC-G. ........................... CAGAG .--- AGT--- ..................... C-CACA ............................ CTGAC 

.---GATT-- ..................... T-GGTA. ........................... CGGA- .--- AAC--- ..................... T-GC-A... ......................... CTGA- 
G--- AAT-GG ........................ ACC.. .......................... CTGA- 

AAC--- ....................................................... CT-AG T--- 
T--- AAC--- ....................................................... CCGAC .-- AGCATG-G-AAACAACTCC--CTTCTGTCCCA-A ............................ CACAG 

.... GCA-G- ..................... C-AACA ............................ CAGAC 

1289 
1744 
1765 
1744 
1756 
1162 
1714 
1768 
888 
1771 
1801 
1810 
1735 
1744 
1762 
1756 
97 
97 

1810 
1813 

97 
1858 
1795 
1810 
1732 

1344 
1809 
1830 
1809 
1821 
1827 
1779 
1833 
1836 
1866 
1875 
1800 
1809 
1830 
1824 
165 
165 
1878 
1881 
165 
1928 
1865 
1880 
1800 

1361 
1845 
1866 
1845 
1857 
1863 
1815 
1869 
1866 
1905 
1908 
1839 
1872 
1851 
1845 
186 
186 

1899 
1902 
186 

1947 
1881 
1896 
1842 

1-73 
DEC 96 



HIV1 ENV 

A-Uz5 5 
B-HXB2R 
C-UG2 68A2 
D-ELI 
E-TN2 4 3 2 
F-BZ163A 
G-LBV217 
0-ANT7 OC 
0-MVPS 1 8 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-FO784 
SD-MM251 
STM-STM 
U-SMC I2 
VER-AGM3 
GRI-AGM677 
SAB-s ABlC 
SYK-SYK 

E-TN243 2 ' 
F-BZ16 3A 
G-LBV2 17 
0-ANT7 OC 
O-MVP5 18 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-FO784 
SD-MM251 
STM-STM 
U-SMC I2 
VER-AGM3 
GRI-AGM677 

SYK-SYK 
SAB-s ABlC 

1416 
1915 
1936 
1915 
1927 
1933 
1885 
1939 
1936 
1975 
1978 
1909 
1942 
1921 
1915 
256 
256 
1969 
1972 
256 
2017 
1951 
1966 
1912 

1477 
1985 
2006 
1985 
1997 
2003 
1955 
2009 
2006 
2045 
2048 
1979 
2012 
1991 
1985 
326 
326 
2039 
2042 
326 
2087 
2021 
2036 
1982 

1539 
2055 
2076 
2055 
2067 
2073 
2025 
2079 
2076 
2115 
2118 
2049 
2082 
2061 
2055 
396 
396 
2109 
2112 
396 
2157 
2091 
2106 
2052 

1-74 
DEC 96 



HIVl ENV 

ENV-CONSENSUS 
A 3 4  5 5 
B-HXB2R 
C-UG268A2 
D-ELI 
E-TN2 4 3 2 
F-BZ163A 
G-LBV2 17 
OJiNT7OC 
O-MVP5 1 8 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-FO784 
SD-MM251 
STM-STM 
U-SMC I2 
VERAGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

ENV-CONSENSUS 
A 3 4  5 5 
B-HXB2R 
L U G 2  6 8A2 PELI 
E-TN2 4 3 2 
F-BZ 1 6 3A 
G-LBV217 
OiANT70C 
O_MVP5 18 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SDJM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-S ABlC 
SYK-SYK 

D-ELI 
E-TN2 4 3 2 
F-BZ163A 
G-LBV217 
04.NT70C 
0-MVP5 18 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
S D3M2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SYK-SYK 

1592 
2122 
2143 
2122 
2134 
2140 
2092 
2146 ~ _ _ ~  
2143 
2182 
2185 
2116 
2149 
2131 
2125 
453 
450 

2179 
2182 
450 
2224 
2158 
2173 
2122 

1634 
217 1 
2192 
2171 
2183 
2189 
2141 
2195 
2192 
2231 
2234 
2165 
2198 
2201 
2195 
2249 
2252 
2276 
2207 
2199 
2174 

1679 
2226 
2247 
2226 
2238 
2244 
2196 
2250 
2247 
2286 
2289 
2220 
2253 
2256 
2250 
2304 
2307 ~ - .  

2331 
2259 
2208 

1-75 
DEC 96 



HIV1 ENV 

ENV-CONSENSUS . ?aa???qq????????????????????????????????????????????????????ttctt??cac 
A-U4 5 5 AGC ...-- A................................................. AG-GA 
B-HXB2R 

AGC ...-- A................................................. .. ----- AG--- C-UG2 6 8A2 
A-C ...-- A................................................... ---- CGG--- D-ELI 

AG- . - AGC ...-- A................................................... 
AG-T- 

E-TN243 2 
F-BZ 1 6 3A G-C ...-- A................................................... 
G-LBV217 AGC .. .-- A ................................................... -.--. GT-GA 
0-ANT7 OC C-- ...-- G................................................... ----- GC--- 

GCA-- CC- ...-- A................................................... ----- O-WP5 18 0 
GCAT- 0-VAU C-. ...-- G................................................... 

-G---GC--- CPZGAB G-- ...-- G................................ ................... 
CPZANT C-C ...-. G ........................................................ CG--- 
A-ROD GC-TATATA ................................................... CAT.. CCTGA 
B-EHOA G-- TACATC ................................................... CA-.-C C-GA 
SD-MM251 G-- TATATT ................................................... CAT-. CCTGA 
STM-STM G.-TATACT ................................................... CAT-- CCTGA 
VER-AGM3 G--TCT--CACAGCAGAGTGGAAGAGCAACTGGTGCAAGCGATTGACCAATTGGTGCTCGA-- AGCAGCA 

G-- ...- AG .................................................... C-.CAA--- 
TCT ... ACC ...................................................... AGCAG-G 

ENV-CONSENSUS tt???tq??acqa?ct?cgqa?cctq??c?t?tq?a??taccaccqcttqaqaqactta?ta???????? 
--GCC--GG---.C--G----A--.. TG-C-C-TC-GC--------A----------- CGCC ........ 

B-HXB2R --ATC--GG.---T.-G.--.G----TG-C.C.TC.GC--------------.--.-.- c-c ........ A 3 4  5 5 

C-UG2 6 8A2 --GCC-.GG-.--T-.G-.-.G--.-TG.C-C-TC-GC-.-.G..---.---.------ c-- ........ 
D-ELI --ATC--GG----C--G----G---.TG.C-C-TC-GC--------------.------ A.C ........ 
ELTN243 2 --GCC-.GG.---T--A---.G.---TG-C-T.TC.GC..-.-------------.-. CA-C ........ 
F-BZ163A --GTC--GG---.C--GA-.-A-..-TG.C-C-TC-GC-.----.A-C--..------- c-- ........ 
G-LBV217 --GCC.-GG---.CT-GA---G---.TG.C.C-TC-GC-------AA----..----- CA.C ........ 
O-ANT~ OC -GTTG-ACACG--C--CA-A-CAA-AATAT---G-CT-------T------ CA...--GC- ........ 
0-WP5180 AGTTG-ACACG--T--CA---CAA-~T-T-G--G-CT-------T------CA-----A-- ........ 

.. ..... 
A-C ...-- A................................................. .. -C---GG--- 

----- ____- 

____-  

GRI-AGM677 
SYK-SYK 

0-VAU -GTTG-ACACG--C--CA---CAA-AAT-T-G--G-TT-------T------~----- GCC ........ 
CPZGAB --ATC--GG----C--C--A-A---.GGGA.T--G-GC-----GA------ C-AG.---GCC ........ 
CPZANT -CTTG 
A-ROD -C ... C.CC.GCTGA-T-.CCT.T.-AC- ... A-ACTA---AG-AT-.GC-.G------C--........ 
B-EHOA -- ...... CG-C-A--GA-.GA--.CTTGA.T-.GCTA---AG.G.-.GC---AC----T-- ........ 
SD-MM251 -C ... C-CC-ACTGA-A--CCT.T--ACT ...-. GCTA-T.AG-AA--GC---AC--.GC--........ 
STM-STM -C ... C.CC.GCTAG-A-.CCT-T.-ACT ...-- GCTG-.-A.-AA--.C--G-CT-GTC--...... .. 
VER-AGM3 -C ................................ GCTA--.A.-A-T-GCCTGAC-C-CC-. GTTCATCT 
GRI-AGM677 C- ....................................... TCGA-GA-C.ACA--.GGTGG ........ 
SYK-SYK AA .................................................................... 
ENV-CONSENSUS ????t?????at??????????????????qaq??t?????aa?t?ct?qqac?????a??????????? 
AJ455 ....-TG..... TGTA ............ GC---AGCTGTGG-.C.T-.G-..-GCAG C-GCCTCAAGGGA 
B-HXB2R ....-TG...-- TGTA ............ AC...GA.TGTGG--C-T--G---.GC........ ....... 
C-UG2 6 8A2 ....-TG...-- TGCA ............ GC---AGCAGTGG..C-T-.G.---GCAG C.GTCTCAGGGGA 
D-ELI ....- TA ...-. TGCA ............ GT--.GA-TGTAG-.C-T-.G----GC ............... 
E-TN243 2 ..... CG ...-- TGCA ............ GC.--GGCTGTGG--C-T--G----ACAG C.GTCTCAAG 
F-BZ 1 6 3A ....- TA ...-- AACA ............ GC--.AA.TGTG A.CAGG ..................... GGG 
G-LBV217 ....-TG...-- n;TA ............ AC--.GACAGTGG-.C.T-.G----GCAA C-GCCTCAAGGGA 
0-ANT7 OC ....- CAGGG-. CCAGAAG ......... GT-.TCAGCTATCTGAGG--T----TGTG G.TC ...... CTA 
O-MVPS 18 0 ....- CAGGG-- CCGGAGG ......... CT--TCGACTACCTGGGA-.G----TGTG G-TC ...... CTG 
0-VAU ....- CAGAG.-CCAGAAG ......... TT--TCAGACACCTGGGA--T..--TATGG-TC.. .... ATA 
CPZGAB ....- GC ...- ATGTG............TG--.ACAACTCA-GACGT.G----ATCT A.TACTTCACAGC 
A-ROD ....- CCAGG-GCTTC ............ CT--CCC-CCAACTCA.CTACCAGAAT............... 
B-EHOA ..... CAAAG.CCTTC ............ CAA.CCC-CCAACC-G-A.-CCA--CG ............... 
SD-MM251 ..... CGAGAGCATAC ............ CA--TCC.CCAACC-A-A-.CCAGAGGCTCTCTGCG ... ACC 
STM-STM ....- CCAGG-.CTAC ............ CA.-CCC-CCACCC-ACCT-CCA.AGGATCTCCAGG ... ATA 
VER-AGM3 TAGGAGC ... GCTTTC... ......... CA-TACA-ACAAT-TGGG--T--GGAACTC-AAGCC ... GCA 
GRI-AGM677 ... .CTC .... ACTTCAAGAGCTGCAGCTT---AA -AAGGACTTGGTGTTACAACATCTGCCTOACCCTC 
SYK-SYK ...................................................................... 

2242 
2254 
2260 
2212 
2266 
2263 
2302 
2305 
2236 

2323 
2326 
2401 
2275 
2224 

1737 
2304 
2325 

2325 
2364 
2367 

2325 
2379 
2382 .. ~~ 

2441 
2298 
2226 

1154 
2355 
2361 

2304 
2379 
2376 
2415 
2418 
2349 
2370 
2364 
2430 

2226 

1-76 
DEC 96 



_- 

.. 

ENV-CONSENSUS ct????aggg???gggaag?cctcaga??t?tg?g???t?t??tgcaatat??????????????????? 
AJJ4 5 5 .. GAGACT..GGT....G.G.....A.TA.C..T.GAA.C.TC...TG... ................... 
B-HXB2R ...... ....GGT...... C.....A.TA.TG.T.GAA.C.CC.A..G... ................... 
C-UG2 6 EA2 ..ACAG....GGT...... C...T.AGTA.C..G.AAGCC.TG....G... ................... 
D-ELI ...... .... GGT....CAT.....A.TA.C..T.GAA.C.CC.A.. G. ..................... 
E-TN2 4 3 2 .. AAGAC...GGT......G.....A.TA.C..G.GAA.C.TC..TT... .................... 
F-BZ 1 6 3A ..GAGG....GGT......C..... A-CT-C--G-GAA-C-CAC--TG--- ................... 
G-LBV217 .. GAGACT..GGT....G.G.....A.TACT..T.GAA.C.CC...TG ...................... 
0-ANT7 OC GGGCAG-A-ATAATTA-T-TTTG----AT-TGTGCAGC-G-AACA ..... C ................... 
OJlVP5180 GGACAA-A-ACAATT----CTTGT---CT-TGTG-AGC-G-AA-------- ................... 
0-VAU GGGCAG...ACAATT....CTTG-....CTCT.T.GC.A.AA.A... .. C ................... 
CPZGAB .. CAGACT-CTAC----GAGA--GT-CCTGC--G-GGGAA-TA-T---- ..................... 
A-ROD ... CTC..A.ACT..CTGAGA..T... ACA ...... GCCT-CT--------GGGTGC ............. 
B-EHOA ...................... ..... GCT.CCACCTGCATACC.C.G....GGGATC ............. 
SD-MM251 ..ACGA....TTC.A....T...... GAC.GAACTGACCTACC.A......GGG ................ 
STM-STM .. GCAG..AATTA.A....T.G.....CTAGGAGCAGCCTATT.A. G ... GGGTGC ............. 
VER-AGM3 GCACAA ............. CAG-TGTCGC-T--GCACGCC-TGCA---A-C ................... 
GRI-AGM677 .. CATATTCATCA..AC..CAG.GG.. TAC ............ C....G... ................... 
SYK-SYK .................................... TC-T-GAG-----C-TTGGAAGCAGGACAGCAGC 

A-UZ5 5 ...........................................................G.T........ 
B-HXB2R ...........................................................A.T........ 

. 

ENV CONSENSUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C-UG268A2 ........................................................... G.T 
D-ELI ........................................................... A.T 

F-BZ 1 6 3A 
G-LBV2 17 ........................................................... G.T 

........ ........ 
E-TN2 4 3 2 ........................................................... G.C ........ ........................................................... G.T ........ ........ 
0-ANT7 OC ...........................................................CTA........ 
O-MVP5 18 0 ...........................................................CTA........ 
0-VAU ...........................................................CTA........ 
CPZGAB ...........................................................G.A........ 
A-ROD ..................................................... GAG...ATC ........ 
B-EHOA ..................................................... AGC...TTC ........ 
SD-MM251 ...........................................................A.CTAT..... ..................................................... ATC...ATC ........ STM-STM 
VER-AGM3 ........................................................GC.G.CTAC..... 
GRI-AGM677 ........................................................G..CTC........ 
SYK-SYK TTTGGAGGACAGTCTGCAGCAGCTTCAGATCTCTGATTAGACAGCTTACTATCACC ... G.ATTCATCAG 

e- rev cds end 
ENV-CONSENSUS ??????????caggaact?aaaa?tagtgcta??ag??tgcttga?gc??tagca?t?gcagtagc?ga? 

T-GG A-U4 5 5 .......... -G------A----T--------TT-CTT-------C--TG-----G-A-------- 
B-HXB2R .......... ........A..G.A.......GTT..CT....CA.T..CAC...CA.A........T.. G 
C-UG2 6 EA2 .......... ..A.....A....AG.......TT..TT.......TA.CA.....A.A......T.T.. A 
D-ELI .......... ........G.GG.AC.......GT..CT..T....T..CA.....A.A........T.. G 
E-TN2 4 3 2 .......... ........A....T........ TTTCTT .....A.T..TAC....A.A........ G.GG 
F-BZ163A .......... ........A..G.A........ TTG-CT--T--A-CA-CAC----A-A-T------ 
G-LBV217 .......... ........A..G.A........TT.ATT.......TA.AG.....A.A...AC...TA .C 
0ANT7 OC .......... ..A... T-GC-G-A--------CA--CT----A--CA-AC-T---G-G--------~-T 
O-MVP5 1 8 0 .......... ..A...T.G....A........CA.ACC....... TA-TA-T---G-GT----T--CA-T 
0-VAU .......... ..A...T.GC...C........ CA-ATC-A--A--TA-TG-T---G-G-----T--TA-T 
CPZGAB .......... A....G..A....T........TA..CC.......T..AAC...T.T........A.. A 

T.. G 

A-ROD .......... ..A... ... GC-TTCCAG--CGCCGCGAG-GC-ACAAGAGAGA-TC-T--G-GC--GTGC 
B-EHOA .......... ..A... ... GC..TCCAA..AGCAGCCAG.GC..CG.GAGAGA.TC.T..GAGC.. G.CG 
SD-MM251 
STM-STM .......... ..Am.. ... GC-GCGCAA--AGCAT-GAGAGC--CG-GAGAGA-TC-T--GAGC--G-GG 
GRIJiGM677 ............. C....CC..GAGGCA..A.CAG.GC.TGC.C.A ..TC.G..GAGG..T.CGAGG.. A 
SYK-SYK CTATGGGTTCA-C--G--C----TCGCA--AGCTTCGC-CGGAAGG-AAA--CGCGATTGG--G--G-CT 

....... TTC..T.. G ... GCGGTCCAA..CGGCT.GAGATC..CGA.AGA.A.TC.T..G.GC.. GTGG 

VER-AGM3 .......... ... AT- ...................................................... 

ENV-CONSENSUS ?ggac?ga?ag??t?at?gaagt??t?caaagagttgg?agagc?aTtctcaacat?CC?agaaGaaT?a 
C- A-U4 5 5 T...TA..T..GG.T..A...A.AGGA....C.A....T.....T...........A..T........ 

B-HXB2R G....A..T..GG.T..A.....AG.A...G...C.T.T.....T....G.C....A..T........ A. 
C-UG2 68A2 G-A--A--T--AA-T--A-----GGGA---G--A----G-----T--C---C----A--T--------A- 
D-ELI G....A..T..AG.T..A...A.AA.A.......C.T.C.....TG....T.....A..C........ A. 
E-TN2 4 3 2 T....A..T.AGG.T..A.....AGCA...G...C.T.G.....C...... 
F-BZ163A G-A--A--T--AA-T--A-C--CTT-G------A----T-----T---T-G-----A--T-C------A- 

G.. A. G-LBV217 T....A..T..GG.C..A.....AGCG.......C.T.C.....T........T..A..T..... 
0-ANT7OC T....T..CG.CA.A..C.C..GGA.A......A.A..A.C..GA....GT.....C..A..G..... T. 
O-t4Vp5180 T....T..CG.CA.C..CTT..GTC.A......A.A..ACA..GAT.C..TC....C..A........ T. 
0-VAU T....T..C..CACA..CTT..GCA.A.....CA.A..G....GG.....T.....A..A.....G.. T. 
CPZGAB G-T--A--T--AA-A--A----CTT-T---GTTACACTT---ATT---AGA-----C--T--GC-C--A- 
A-ROD A.. .... GCTTG ... TGGAGG..AT.GG..C..A.C..G..G.GA .. A...GCGG.T..A.....G.. C. 
B-EHOA A.. ... ACCTCG ... TGG-G---CC-CAGG----CG-CAG---AG--CA-TGCA--A--C--G--G--C- 
SD-MM2 5 1 A-A ..... CTTA ... TGG..GACTC.TAGG....G...A...TGG..C. ..GCA..C..T..G..G.. T. 
STM-STM A.A ..... CTTA ... TGG...ACTC.TGG...G.....G...AGG..CGGGGC ... C..A..GC.C.. C. 
VER-AGM3 ............... TGGCTT-CTTGCAG-TCC-C-TAT--G--A--CA-----TCT--A------G-GC 
GRI-AGM677 GCCTGG-GC--AC-GGGT-CTA-TG-C-G-TCC-C-TATC-G--AG-CA------GT--A------G-GC 
SY K-SY K ATTTGGC-AGCAA-ATAC-CC-CTACCAG-C------TCGAG--CG--GCAGC-T-G--GC-G--GC-TC 

1-77 
DEC 96 

HN1 ENV 

1787 
2406 
2406 
2406 
2397 

P 
h 1 

i 

1 

1 

. 1 

1 

. 1 
i 
i 
I 

I 
i 

1 
I 

........... .. .... ............... .... .. ... I . . . . . . .  _-..___. ~ - . 

.. ... . * . .I. 

P, ._ 

. . . .  
, . 

, . I  . .  I~ 

2427 
2466 
2469 
2400 
2418 
2400 
2484 
2490 
2535 
2400 
2260 

1791 
2412 
2412 
2412 
2403 

2433 
2472 
2475 
2406 
2427 
2409 
2493 
2499 
2544 
2406 
2330 

1838 
2472 
2472 
2472 
2463 
2490 
2421 
2496 
2493 
2532 
2535 
2466 
2484 
2466 
2553 
2556 
2550 
2466 
2400 

1893 
2542 
2542 
2542 
2533 
2541 
2491 
2566 
2563 
2602 
2605 
2536 
2548 
2530 
2617 
2620 
2605 
2536 
2470 



HIVl ENV 

1911 
2568 
2568 
2568 
2559 
2517 
2592 
2589 
2628 
2631 
2562 
2574 
2556 
2643 
2646 
2631 
2562 
2496 

1-78 
DEC 96 



CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS -CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

HIVl ENV CONSENSUS 

1-79 
DEC 96 

45 
51 
43 
44 
45 
45 
45 
41 
43 
45 
10 

92 
101 
92 
94 
95 
92 
94 
86 
88 
92 
26 

153 
165 
156 
158 
159 
156 
158 
144 
151 
153 
67 

219 
232 
223 
225 
226 
223 
225 
211 
216 
219 
106 

286 
299 
290 
292 
293 
290 
289 
27 4 
281 
286 
141 

353 
366 
357 
359 
360 
357 
355 

6 
338 
345 
353 
181 



HN1 ENV CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

?ac?????????? ......... ........................ ........................ 
--?t--------- 777777777 .......................... ................ 7777777?? 

??-........... t--c--------- ???... ...... ............. ------------- ???.. .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a--a------ 7???????? 
-77---------- .. ................................................ ???accctg 
TtgtACT------ ???g?gaac------aacAAtagcactgTg??- ..................... g?? 
T - - T G T A A G T A A T A G T A C T G A A A C T A A T T G T A C T G G A A A G C .  
.77..........777777777.....................??.?????? .. ......... .................. 
......................... ... A-----A---C----?C-CC?????????????......... 

......... ------------------ 
.................................................... 

-77------- ------------------ .. ............... ........................... ........................ ____________--_--__----- ____________- ......... 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

-z tev or tnv in LAI/IIIb 
5 ' s j  \ /  
TAAgagATAagaaacagaaagtatattCaCTtTTtTAtAgacttGATgTaGTaCa~ttaat???????? 

c---ag--aat-at-- 

1-80 
DEC 96 

3 87 
403 
393 
395 
403 
401  
3 9 1  

43 
373 
388 
387 
200 

4 0 1  
416 
4 1.0 
408 
448 
416 
404 

74 
388 
407 
401  
206 

405 
420 
414 
410 
452 
422 
432 
1 4 1  
388 
407 
405 
212 

449 
469 
452 
451 
492 
473 
476 
1 8 1  
425 
442 
449 
235 

5 1 1  
536 
514 
5 1 1  
559 
539 
537 
249 
492 
506 
5 1 1  
269 



HJYl ENV CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 

, CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

525 
542 
528 
525 
568 
554 
555 
261 
499 
515 
525 
276 

590 
606 
592 
590 
632 
618 
624 
325 
563 
577 
590 
316 

659 
67 6 
662 
659 
702 
688 
693 
395 
629 
646 
659 
368 

726 
743 
729 
725 
769 
755 
760 
462 
694 
708 
726 
411 

793 
810 
796 
791 
836 
822 
826 
528 
757 
773 
793 
436 

857 
876 
863 
855 
903 
888 
890 
592 
823 
837 
857 
469 



HN1 ENV CONSENSUS 

CONSENSUS-A tacaAga ... Aaaagt?????????gtacgtata?????????GgacCAGGaCaA??????gcatTctaT ..... t... C0NSENSUS-B ................... ... ... a. .......................... gag. ...... ............ a ........ C0NSENSUS-C ... ......... a..a.g... ......... ... .... ... c ..... CONSENSUS-D ....... ... c....? ...... ac..c.... ......... t...g... ...... ............ -t ....... C0NSENSUS-E ....... ... -C---- a..ac.... ......... ...... .... .......... ..... t... g. ............. A... a C0NSENSUS-F ... ......... ......... ...... ............. ............ ........g...... C0NSENSUS-G ... ......... A..a?? t.c ......... ................... ............ ........g...... C0NSENSUS-H ... ... A..a.g.. c ......... 
CONSENSUS-0 
C0NSENSUS-U .......???.... ......... ......... ...... 
CONSENSUS-CPZ ?...??? ... ? G.?A? ......... ?.?.A?... ........... ?...... ...... 

............. ...... 
......... 

..T... ... aTG ...... ..?.GG.. c ?...g T. ... C.. gAg ......... A..a??... ......... ............ ......... .. a- ....... 
C0NSENSUS-A ................................................................... 

ATG A-?-- ? ... ... 

CONSENSUS-A gcA ... acaggtgacata ............... atAGGg ... gA tAtAAgacAaGCacAtTGtaatgTcA 
CONSENSUS-B a.. ........ a?.a...????????? ...... a ca-t- 
C0NSENSUS-C ... .....a...... ..... a .....c.................... cA-T- 
CONSENSUS-D A..???...???aga... ????????? ...... ..... a73? .. a-T- 
CONSENSUS-E ag- ........ A...... ............... 
CONSENSUS-F ........ ... a..a... ............... a ..c '.c ...a.G........... c.. t. 
C0NSENSUS-G ............... ..... a. ............................ t- 
C0NSENSUS-H ... ........?... ..... A ............................. T- 
CONSENSUS-0 AGc ....n;.. c ... c..gag?ga???aa?aca.a.??????agctC...Gg?...TT....... ?TAT- 
C0NSENSUS-U ... ........a... ..... a .......................... ?a-t- 
C0NSENSUS-A ... ............... ... 

..... .......................... 
... ............... ........................ 

..... a. ... ........a..... T.....G.gA. T. 

..... ... 
... ............... ... ............... 
... ............... ............... .................................. 

CONSENSUS-CPZ AA? ... ?T..AA?i??G?......... ......... 77 ...A .....?.C?..????..?T?C....???. ?. 

CONSENSUS-A 

CONSENSUS-C 
C0NSENSUS-D 

gtaga?cagaaTGGaAtaaaacttTacaa?aggta ............ g cta?acAatTAagaaaa ..... 
... a-ga?a--------7-----------a----- ............ ag..a.a.....gc.g.. ..... 
................................... ............ .... a-A-----g--g-c? .... 

C0NSENSUS-G .....a?.a.t.....?g.g.tG..... ga-t--? ............ a??gc-?--C---a-g-- ..... 
C0NSENSUS-H .....g 7.a.7 ......g.g.tg... 7.?a ..... .............. -7-7c-------?a---- ..... 
CONSENSUS-0 a-gccA-T--t---g-a---g-c---a--c-aAc- ............... g a-AGg-ATTT-g-- ..... 
C0NSENSUS-U ..g..a............. 7.........c..... ............ ..... 
C0NSENSUS-A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
CONSENSUS-~~~ A-??GA-???----?-?C?-?-?????-?--A??-????????????????AG??T-????--?? ..... 

C0NSENSUS-B .....g..a..........c......a..c..a.. ............ -t----A--------g--????? 

C0NSENSUS-E A-g--A--a--------g--g-----a--c----- ............ a..ga.a......a. g.g ..... 
C0NSENSUS-F ..g..a..C.......... 7..7... . .  g..a..... ............ a?ggc-a-g----agtct ..... 

. .  
...... 7........... 

................................... ............ ..... 

CONSENSUS-A . CONSENSUS-E 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

.tacTtt?????????aacaaaaca ............ ??????ataatcTTt.ctaac ... ?cctcaGGa 
?c.a ... ...g.g.....t...... ......... g.....aa.c.a???t........ 
c....ccct........T...... .... aa .....acta ...t........ 

............ ............... aca.....t...aaacCa t........ .cTtc.. ...... ....... ......... caaCCA???c........ c- ... a.t..T..G... .................. 
c-t--c--- ... tgc.... ............... aa... aactcA ... t........ 
at ?C ............ 777.......... c.... aaCtCA ... t-tg----- ....... c....aaacca?77t........ .. .. 7........ ... a....t.... ?? ............... 

............ .................. ... 
..... ....... 

.................... 

.CTtg.A ......... ... ?.t...??????aata?tgTtAcc..g.?A..Caa.c.?agcAgt???.. t 
C..... ...... aat..t..??... ............... ........ ?...aa??cA???t........ 
........................ .............................. ............ ... 
.??A??? ........... ???...?... ......... 777GC .AA..?..?A???A????? ....?.?? ?.?? 

GGGGAt?TaGAAaTtacAAcacAtAgttTTAaTTGTggAgGagaattt .. ?TTcTAtTGcaataCAtCag ..... ccc .......gt..tg..c................. g...... ........ C..t...... a.. c 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... a 
......................................... g...... . . . . . . . . . . . . . . . . . . . . .  a 
..a...c............ tg ...ca..........A....g...... ... a.. c 
..... CC ......................................... ... .....e............. 
..... cC ......................................... ... ........t.......... 

Cc ......................................... ... ........t...... a.. a 

........................-c--...................... ... ? 

..A...CC?..?G.?.?.???... 77G . . . . . . . . . . . . . . . . . . . .  ? ..... 7.... -T?---??A??C 

.................. 

............... 

..... 

..A...gc...gg.A..ccATtT?ca......C...CAt........C .....T.....t..C..... T? 
.................. 

.................................................................... .. ... 
g?cTgTTt ... aatagcacttgg?a??????????????????? ............ aatagcact????? 
aa ...... ... .....t....... .............................................. 

t..a.ac.7................... ........... 7777?7777 ...g.t..a.a... 
-a------ ... .....t..a.... .............................................. 

aa ......... ga ... a 777-7 ............................... ...?a......... 
-a------?77----at-g-?t?-?------- ........................ .... at ...ac... 

........................... ggga sat----- .....t.?..... 7.... ..????.. ?. 

?.???..? .... .................... .......................... "TC.T?..A ..... 

ac- .......... ... 
aa ...... ....at.....catagga...... ..................... 77 ...gaa..catg.. ... ... . . . .  .. 
aa ...... .....T.......t...t...... ..?..?....a... 
-ga----- ... ...tAT..c.TTtcatgt...............????????????...?.t..ca.. t. 

... ..................... 

... ......................................... .............. ... ............ 

1-82 
DEC 96 

900 
919 
906 
897 
946 
931 
931 
635 
859 
880 
900 
499 

949 
967 
955 
943 
995 
980 
980 
683 
910 
928 
949 
529 

999 
1019 
1006 
995 

1048 
1030 
1027 
729 
963 
978 
999 
552 

1037 
1060 
1048 
1037 
1089 
1069 
1065 
766 
1010 
1015 
1037 
569 

1103 
1127 
1115 
1104 
1156 
1136 
1132 
832 
1075 
1080 
1103 
617 

1132 
1155 
1145 
1131 
1194 
1161 
1161 
862 

1111 
1107 
1132 
629 
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< 
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CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 

HIVl ENV CONSENSUS 

.................................................................. ?-G? 

---- --a--c--a ...... c- 
???--C--A...... --T-C- 

......---- c- __-__ c--- 
???--c--a.. ---- c- 
-??--t--a......--g-c- --- ?a????......a-A-CT 
-?---?--a...... ---- C- 
????-?-TA....... 777-?? .. 

.... 

--------- ------ ...... 

gCaatgTAtgCcc 

CONSENSUS-CPZ ?-A?- .... G?--?--???A?-C--?-??AG- ..... ?AA??-??C?--?A?T--?-?---?--T---?- 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

1151 
1166 
1149 
1140 
1212 
1161 
1166 
872 

1134 
1116 
1151 
633 

1206 
1221 
1202 
1195 
1264 
1216 
1218 
925 
1184 
1168 
1206 
665 

1270 
1285 
1266 
1259 
1328 
1279 
1282 
989 

1245 
1228 
1270 
706 

1304 
1317 
1298 
1290 
1364 
1314 
1316 
1020 
1275 
1260 
1304 
721 

1365 
1377 
1356 
1351 
1425 
1372 
1378 
1078 
1334 
1321 
1365 
749 

1430 
1442 
1420 
1416 
1490 
1437 
1443 
1140 
1404 
1385 
1430 
790 



HIVl ENV CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

1-84 
DEC 96 

1750 
1765 
1740 
1735 
1814 
1760 
1766 
1325 
1730 
1691 
1750 
1021 



HIvl ENV CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS -CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

1-85 
DEC 96 

1788 
1807 
1779 
1777 
1858 
1804 
1810 
1325 
1766 
1722 
1788 
1046 

1851 
1874 
1843 
1841 
1925 
1870 
1875 
1325 
1827 
1772 
1851 
1085 

1920 
1942 
1905 
1908 
1995 
1940 
1945 
1325 
1893 
1830 
1920 
1138 

1984 
2011 
1974 
1978 
2065 
2009 
2015 
1325 
1959 
1895 
1984 
1194 

[major ) 
2048 
2080 
2040 
2048 
2134 
2079 
2084 
1325 
2025 
1953 
2048 
1233 

2105 
2147 
2105 
2113 
2201 
2146 
2150 
1325 
2089 
2010 
2105 
1274 



HIVl ENV CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
'CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-A 
CONSENSUS-CPZ 

1-86 . 
DEC 96 

2171 
2217 
2172 
2182 
2271 
2216 
2219 
1325 
2154 
2073 
2171 
1325 

2226 
2278 
2228 
2243 
2332 
2262 
2279 
1325 
2220 
2109 
2226 
1386 

2268 
2324 
2291 
2289 
2399 
2322 
2346 
1325 
2276 
2147 
2268 
1453 

2337 
2394 
2361 
2358 
2469 
2392 
2415 
2343 
2209 
2337 
1523 

2407 
2462 
2431 
2426 
2539 
2462 
2485 
2412 
2263 
2407 
1593 

2430 
2486 
2455 
2450 
2563 ~~ ~~ 

2486 
2509 
2433 
2279 
2430 
1614 



HIVl NEF 

HMMER Sequences in the Nef Alignment 

A-U455 
B-SF2 
D-ELI 
O-ANT7OC 
0-MVP5 180 
CPZGAB 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SAB 1C 
SYK-SYK 

m 4 5 5  
HIVSF2 
HIVELI 
H I V M O C  
HIVMVP5 180 
SNCF'ZGAB 
HIV2ROD 
HIV2EHOA 
SNMM25 1 
SIVSTM 
SNAGM3 
SNAGM677 
SNSABlC 
SIVSYK 

M62320 
KO2007 
KO3454 
L20587 
L2057 1 
X52154 
M15390 
U27200 
M19499 
M83293 
M3093 1 
M66437 
U04005 
LO6042 

Oram,J.D. 
Sanchez-Pescador,R. 
Alizon,M. 
Vanden Haesevelde,M. 
Gurtler,L.G. 
Huet,T. 
Clavel ,F. 
Rey-Cuille,M.A. 
Franchini,G. 
Novembre,F. J. 
Baier,M. 
Fomsgaard, A. 
Jin,M. J. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,484 (1985) 
Cell 46,63 (1986) 
M 68,1586 (1994) 
M 68,1581 (1994) 
Nature 345,356 (1990) 
Nature 324,691 (1986) 
Virology 202,471 (1994) 
Nature 328,539 (1994) 
Virology 186,783 (1992) 
Virology 176,216 (1990) 
Virology 182,397 (1991) 
EMBO J. 13,2935 (1994) 
M 67,1517 (1993) 

1-87 
DEC 96 



HIVl IWF 

The followingalignment was generatede using the HMMER program as described in the 
introduction to this Part and in Part I11 . For simplicity. only representative types 
and subtypes are shown . An ordinary consensus sequence (lowercase signifies majority. 
uppercase signifies 50% or greater) was created from these sequences using MASE; this 
is not a "most likely sequence" based on a HMMER model (Part 11) . Annotation is based 
on HIV-1s. therefore the user should be cautious about its applicability to other PIV 
sequences . 
NEF-CONSENSUS ATGGGtg?ca???g?tcaAa?????????????????g?a?g???g?gggatgg???g??cT??ggga?a 
A-U4 5 5 ....... G..AGT.G..... A ............ AAGA-C-GA .... T..A....CCT.AGG.TA..A. A. 

....... G..AGT.G..... A ............ CGTA-T-T- .... GT......TCT.CTA.AA.... A. B-SF2 
D-ELI ....... G..AAT.G..... A ............ AGTA-T-TA .... T.......CCT.CTA.AA.... A. 
0-ANT7 OC ..... AAA.GCATTGAG...A ............... G.T.AATTT.A.......GCA.CAG.AA.A.. A. 
0-MVP5180 ..... GAATGCAT-GAGC--A ............... A-C-AATTT-CA------TCA-AAG-AA-A--T- 

..... AAC..AAT.G..T.. A ............ AGTA-TCT- .... TA......CCT.AGG.CA.AAG A. CPZGAB ....... CG-GTG-A--C--G ......... AAGCATTCC-G-CCGCC-C--G-- ........ ACAA.. G. A-ROD ..... ATCAGCTG-T--C--G ......... AAGCAATCC.A.CAGCA.CC.G.. B-EHOA ...... ....... GAGCTATT.. C. TG ......... AGGCGGTCC-A-CCG-CT---GAT ........ GC-AC-G- SD-MM251 

VER-AGM3 ..... CTTGGGGAAC.....GCCGCAGCACAAGAAGCAGT T. ... TC.CTT...CAC.CCT.GCAC .... 
GRI-AGM677 ..... CTC..GCAAC..C.. G ............ AGGCAG CAA ... CA...C.T.CTCAAG..CT.. ... C 
SAB-SABlC ....... G..AGA.C..... G ......... CAGCAGCAGCGTCACTCACTG... ........ GT..TC C. 

..GC.... G. 

..GC.... G. ....... STM-STM CATCTG-A--C--G ......... AAGCAGC.C.A.CAGCAT...GA. ...... 

...... SYK-SYK TCA-CGA-C-----A ........................ TC.CAGCA. ........ T C.CTCGG 

NEF-CONSENSUS ga?tgagacgagcgc??gca????c????????????????t?tg????????gcagatggggtggga?? 
A 3 4  5 5 B-SF2 ..A.......... TGAGC.. ... CG A. .............. .. 
D-ELI .. A.A...A..A.TAATC.. .............................. GCA ...........A... .. 
0-ANT7 OC ..A. . ... A..A.TAGAA.TTTC C.TGAG ............. C..AACCATGC...CC...A..A... .. 

.. A........T.CTCCT.~ ATC.T ............... CAACAACCATGT...CC...A..A... .. O-MVP5 1 8 0 .. A.A..GGA...T.CAA.. .. CPZGAB .............................. 
A-ROD .. C.CTTG..G....GT...GGGG.T ................ G..GAGGGTATTGGA.C.AATC.... GG 
B-EHOA .. C-CTTG-------GGCG-GGAC-TCGT ............ GGG.AGTCCTCA.G...GC..CA..AG .. 
SD-MM2 5 1 A-C-CTTG--G----GT-G-GAGA-T ................ A..GGAGACTCTT..GA.A..... A.GA 
STM-STM .. C-CTTG-------GG-G-GAGA-T ................ A..GGAAACTCTTG..A...T..... GA 
VER-AGM3 ........AA . A...GG.. TACCAGA ................ A..GCTTGCTT......CC.C.TA T.GG 
GRI-AGM677 .. GG.CTG....G.AAGC.TGGGG.AGAC ............. GG-TGCTATTGT-C---CC-C-TATCGG 
SAB-s AB1c AGC..C...A.....C A.TGATTCAG ................ AC-ACATGCTT------CCAT--TT-GG 
SYK-SYK A.GG..A.TAC...ATT.GGTGGCGGCTATTTGGCAAGCAA.A.ACGCCGCTAC....C.A.T..TCG .. 

.. A.....GA.A.T.CT... GCA ...A.A..A..A... .. .............................. 
GC ..AGCCAGCA............... 

GCA .....G..A..A... 

NEF-CONSENSUS ?g?atcatcgc?a???gacctaGaag?at??Ggcaag???????????????????????????g?c??g 
AJJ455 
B-SF2 

.. C.GT...T.A. ..... TT....TAA..AT.. AGCA ............................ T-ACA .. C-GT---T-G- ........ G...AA.CAT..AGCA ........................... AT-ACA 
.C.GT...T.G. ........ G...AA.CAT.. GGCA ........................... AT-ACA 
.CAGATC..CAGG ..... AT...C..CTAGA..AGG......... ................... ATACCA .. CTGTC.. CAGG ..... GT...C.ACTAGA.. GGGA ........................... ATATCA 
.A.GTT...AAG ............ AG-CAC--AGCT ........................... AT-ACT 

G-A--AC----GG ... TT..A.....G..CA.A.. G. ............................ AGCA- 

A.G...GGG..C. .... TC..A..GC.C..CA.A.... ............................ G-TT- 

GCAG.....AA C. .... T..A.....AG.GC...... ............................ C-TT- 

D-ELI 
0-ANT7OC 
O-MVP5 18 0 
CPZGAB 
A-ROD 
B-EHOA .AG.....T..A. ... T...C..G..G..CA.A.... ............................ GGC T. 
SD-MM2 5 1 T-G---C----A- ... TC.....G..G..TA...... ............................ G-TT- 
STM-STM 
VER-AGM3 GCA...... AACT ... CT..A.....AG.GC.A.... ............................ C-TT- 
GRI-AGM677 
SAB-SABlC GCAG.......AC ... AT..A.....A..GC.C....AGCTTGAGAGATGGTTTAATTAGGCAA .GAGAC 
SYLSYK .AGGC.G.T..AGCCTTG..GC.G..GC.TC.A.... ............................ CTT G. 

NEF-CONSENSUS ag?tc???????????????????????????????????????????aatactcca??????a?????g 
AT.. TCT.CTAA T. .. CAGT .......................................... 

B-SF2 .. TAGC .......................................... AG.. ... GCT.CTAA T. 
A-U4 5 5 

.. TAGC .......................................... AG.. . ..AGT.CTAA T. 
C ....... T ... CAA-ACAAT- D-ELI 

.. T..C .......................................... 
C-C-----T ... CAA-ACAAT- 0-ANT7OC 

.. T..C .......................................... 
..c..c... .. .GA G.CTAATC O-MVP5 1 8 0 

CPZGAB .. TAGG .......................................... 
A-ROD -AA--GCCCTCCTGTGAGGGACGGCAGTATCAGCAGGGAGACTTTATG---------TGGAAGGACCCA- 
B-EHOA .AC..GCCCTCTTGTGATGGACAA .......................... G...TTG............. 
SD-MM251 .. C..ACGCTCTTGTGAGGGACAGAAATACAATCAGGGGCAGTATATG.........TGGAGA.ACCC A. 
STM-STM -AC--ACACTCTTGTGAGCCTCAGAGATATAATGAAGGTCAATTTATG-----C--TTGGAAA-ACCCG- 

GRI-AGM677 .AAAAG ........................ TCCTGGGGTAAAGGTAAA.TG................... 
SAB-SABlC TCC.. T ........................................... GA..AGA. ............. 
SYK-SYK .. A.. TACCTTAACTGAGCCC .................. ATTGACCCAC.CGGG..G ............. 

..... ... ..... 

..... 

VER-AGM3 .AGGAATCCTTAATTAGGAAG ............... AGAAATGGTAAA.TG...... ............. 

1-88 
DEC 96 

34 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
63 
52 
55 
40 

70 
93 

105 
93 

111 
108 
93 

110 
111 
110 
110 
110 
110 
110 
108 

101 
132 
144 
132 
150 
147 
132 
150 
150 
150 
150 
150 
150 
177 
150 

116 
157 
169 
157 
175 
172 
157 
220 
183 
220 
220 
192 
183 
192 
189 

. .  .. . _ I  



HIVl NEF 

139 
186 
198 _. . 

188 
204 
201 
186 
281 
228 
281 
281 
242 
233 

199 
255 
2 67 
258 
273 
270 
255 
351 
297 
351 
351 
312 
303 
315 
327 

268 
325 
337 
328 
343 
340 
325 
421 
367 
421 
421 
382 - .~ 
373 
385 
397 

330 
395 
407 
398 
413 
410 
395 
491 
437 
491 
491 
452 
443 
455 
464 

387 
465 
477 
468 
483 
480 
465 
555 
501 
555 
555 
516 
507 
519 
528 

1-89 
DEC 96 



HIV1 NEF 

NEF-CONSENSUS ?????????gcacccagag?a?tt?????ac?agtcaggc?tg?ca?AggaagAgg??aag????????? 
A-U4 5 5 TTATGAGCT---T--~---TTC-ATAAAG-- 
B-SF2 CCGAGAGCT---T--G---T-C-ACAAAG--TGC 
D-ELI CCGAGAGAT---T--G---TTC-ACAAAA-- 
0-ANT7 OC TATGATAACT---------CTC--CCAGA-GG-C 
0-MVP5180 CCTGCAAAA----------CTC--CCCCA-G 
CPZGAB CAGAGAACAA--T--G---T-C-ACAAAG-- 
A-ROD TTTTATTCG-T --------G-A--TGGGC--A--------C--C--G--------TGG---......... 
B-EHOA CTTCAGCAG-TT-------G-G--TGGGT-TC-------AA--C--G--A-----TGG--- ......... 
SD-MM251 ATATGCTAGAT-------AG-G%-TGGAAG-A--------C--T--G---------TT-GAAGAAGG 
STM-STM CTTn;TTAGA--------AG-G--TGGTTCTA--------T--C--A---------TTG--AGAAGGCTA 
VER-AGM3 TAAC ......... AG-A-AT-TC-CACTG--AT-CAT-ATC-TGGCA--AGG 
SAB-SABlC TTGGAGGCT---------- C-GG-GCCGTCAGCACA---- 
SYK-SYK GAGA ........................... TG-C-C-CTTGCAGTT--AG---CAAAC--... ...... 
GRI-AGM677 GGAC ............... ATG--TAAGG--............ATGC-C---C-T-CA---CGC 

NEF-CONSENSUS ????????????gctaga?tgaa?gcaagaggaAtacca?c?agt 
A-ROD ............ --G---C----A---------------TTT--- 
B-EHOA ............ ----A-C---GA--------------TA-AGAG 
STM-STM ACCGCAAGAGGCCT-CT-AA--TG--TGACAAG-AGGA-A-A--C 
SYK-SYK GAAAACCACAAGAGCT-CAGTC-GCACTT--T--G-A--T-TCC- 

434 
526 
538 
529 
547 
544 
526 
616 
562 
616 
619 
571 
562 
580 
587 

4 7 9  - _  
584 
596 
587 
605 
602 
584 
674 
620 
674 
677 
641 
632 
63 8 
642 

518 
615 
630 
618 
639 
633 
615 
735 
681 
740 
747 
684 ... 
669 
678 
676 

547 
768 
714 _ _  
792 
721 

1-90 
DEC 96 



CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-0 
CONSENSUS-U 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-0 
CONSENSUS-U 

HIVl NEF CONSENSUS 

68 
66 
69 
69 
69 
63 
70 
55 
46 

14 6 
147 
150 
150 
144 
141 
171 
13 0 
111 

TaACaTTTGGaTGGTGCTtCAAgCTAGTACCAgTtGATCCAGc?GAaGTAGAG ... gAaGccActG?aGG 467 

1-91 
DEC 96 

472 
479 
469 
426 
377 

53 5 
542 
549 
53 9 
473 
43 6 



HIVl NEF CONSENSUS 

1-92 
DEC 96 

601 
609 
616 
606 
525 
491 

609 
677 
621 
614 
526 
496 

712 



93TH253 

LOCUS 
DEFINITION 
ACCESSION 
KEYWORDS 
SOURCE 
ORGANISM 

REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

COMMENT 

FEATURES 

HIV93TH253 9720 bp DNA VRL 18-NOV-1996 
HIV-1 isolate 93th253 from Thailand, complete genome. 
U51189 

Human immunodeficiency virus type 1. 
Human immunodeficiency virus type 1 (HIV-1) 
Viridae; ss-RNA enveloped viruses; Positive strand RNA virus; 
Retroviridae; Lentivirinae. 
1 (bases 1 to 9720) 
Gao,F., Robertson,D.L., Morrison,S.G., Hui,H., Craig,S., 
Fultz,P.N., Decker,J., Girard,M., Shaw,G.M., Hahn,B.H. and 
Sharp, P.M. 
The heterosexual HIV-1 epidemic in Thailand is caused by an 
intersubtype (A/E) recombinant of African origin 
J. Virology 70 (lo), 7013-7029 (1996) 
2 (bases 1 to 9720) 
Foley, Brian T. 
Direct Submission 
Submitted (07-JUL-1996) HIV Database, LANL, Mail Stop K710, Los 
Alamos, NM 87545, USA 
Subtype E. 
302053. It is from a Thai patient with end-stage AIDS. The 
isolate has been adapted to growth in H9 cells. 
There are two frameshifts in 93TH253. There is a G insertion at 
position 5798 which shifts the vpr gene. 
where an A deletion occurs right after the ATG start codon. 

93TH253 has been previously named as CMUOlO or 

The second is in vpu, 

Location/Qualifiers 
source 

LTR 

misc-binding 

mRNA 
repeatregion 
mRNA 
misc-feature 

CDS 

CDS 

1. .9720 
/organism="Human immunodeficiency virus type 1" 
/strain="93th253' 
/chromosome="complete genome" 
1. .633 
/note="5' LTR" 
363. .372 
/note="nf-kappa-b binding site" 
455. -9638 
455.. 551 
455. .9638 
763 
/note="Description: major 5' splice donor site" 
807. .2279 
/gene="gag" 
/note="Description: Gag polyprotein gene; cleaved into 
Capsid, Matrix and other proteins" 
/codon-start=l 
/product=*Gag precursor polyprotein" 
/translation="MGARASVLSGGKLDAWEKIRLRPGGKKKYKMKHLVWASRELERF 
ALNPGLLETAEGCQQLIEQLQSTLKTGSEELKSLYNTIATLWCVHQRIEVKDTKEALD 
KIEEVQKKSQQKKQQAAADTGSSSKVSQNYPIVQNAQGQ~QPLSPRTLNA~~IE 
EKGFNPEVIPMFSALSEGATPQDLNMMLNIVGGHQAAMQMLKETINEEAPV 
HAGPIPPGQMREPRGSDIAGTTSTLQEQIGWMTNNPPIPVGDIYKRWIILGLNKIVRM 
YQPVSILDIRQGPKEPFRDYVDRFYKVLRAEQATQEVKNWMTETLLVQNANPDCKSIL 
KALGTGATLEEMMTACQGVGGPSHKARVLAEAMSQAQHANIMMQRGNFKGQTRIKCFN 
CGKEGHLARNCRAPRKKGCWGKEGHQMKDCTERQANFLGKIWPSNKGRPGNFPQSK 
PEPTAPPAENWGMGEEQKDKEHPPPSVSLKSLFGNDPLSQ" 
join(807. .2099,2098. -5083) 
/note="Gag-Pol fusion is caused by ribosomal slip on 
'tttttt' s1ippery;sequence at 2096-2101, potentiated by 
stem-loop structure at 2112-2135; Polyprotein cleaved into 
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stem-loop 

CDS 

misc-feature 

misc-feature 

CDS 

CDS 

CDS 

protease, integrase, RNAse, reverse transcriptase etc" 
/codon-stark1 
/product="Gag-Pol fusion polyprotein" 
/translation="MGARASVLSGGKLDAWEKIRRPGGKKKYKM~LVWASRELERF 
ALNPGLLETAEGCQQLIEQLQSTLKTGSEELKSLYNTIATLWCVHQRIEVKDTKEALD 
K I E E V Q K K S Q Q K K Q Q A A A D T G S S S K V S Q ~ P I V Q N A Q G Q M I E  
EKGFNPEVIPMFSALSEGATPQDLNMMLNIVGGHQAAMQ~KETINEEAAEWDRVHPV 
HAGPIPPGQMREPRGSDIAGTTSTLQEQIGWMTNNPPIPVGDIYKRWIILGLNKIVRM 
Y Q P V S I L D I R Q G P K E P F R D W D R F Y K V L R A E Q A T Q E V K N W M P D C K S I L  
KALGTGATLEENMTACQGVGGPSHKARVLAEAMSQAQHANIMMQRGNFKGQTRIKCFN 
C G K E G H L A R N C R A P R K K G C W K C G K E G H Q M K D C T E R Q A N F F K F S S E  
QTRTNSPTSSRDLWDEGRDSLPSEAGAERQGPEPTFSFPQITLWQRPLVTVKIGGQLK 
KALLDTGADDTVLEDINLPGKWKPKMIGGIGGFIKVKQYDQILIEICGKKAIGTVLVG 
PTPVNIIGRNMLTLIGCTLNFPISPISTVPVKLKPGMDGPRIKQWPLTEEKIKALTEI 
CADMEREGRISKIGPENPYNTPIFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIP 
HPAGLKKKKSVTVLDVGDAYFSVPLDESFRKYTAFTIPSTNNETPGIRYQYNVLPQGW 
KGSPAIFQASMTKILEPFRSKNPDIVIYQYMDDL~GSDLEIGQHRTKIEELREHLLK 
WGFTTPDKKHQKEPPFLWMGYELHPDKWTVQPIELPEKESWTVNDIQKLVGKL~ASQ 
IYAGIKVKQLCKLLRGTKALTDIVTLTEEAELELE~ENREILKDPVHGA~DPSKDLIA 
E I Q K Q G Q D Q W I Y Q I Y Q E P F K L K T G K Y A R K R S A H T N D V K Q K  
TPKFKLPIQKETWETWWMDYWQATSIPEWEFVNTPPLVKLWYQLEKPIAGAETF~D 
GAANRETKLGKAGYVTDRGRQKWSLTETTNQKTETTNQKTELHAIHLALQDSGSEVNIVTDSQY 
ALGIIQAQPDRSESELVNQIIEKLIEKDKVYLSWVPAHKGIGGNEQVDKLVSSGIRKV 
LFLDGIDKAQEEHERYHSNWRAMASDFNLPPIVAKEIVASCDKCQLKGEAQVDCS 
PGIWQLDCTHLEGKVILVAVHVASGYVEAEVIPAEVIP~TGQETAYFLL~AGRWPV~T 
DNGSNFTSAAVKAACWWANVKQEFGIPYNPQSQGWESMNKELKKIIGQVREQAEHLK 
TAVQMAVFIHNFKRKGGIGGYSAGERIIDIIASDLQTKELQKQITKIQKFRVCYRDSR 
DPIWKGPAKLLWKGEGAWIQDNSDIKWPRRKVKIIKDYGKQMAGDDCVAGRQDED" 
2112..2135 
/note="stem-loop potentiates ribosomal slip on tttttt 
slippery sequence to produce Gag-Pol fusin polyprotein" 
5028..5606 
/gene="vif 'I 
/note="Description: Viral Infectivity factor" 
/codon-start=l 
/product="Vif protein" 
/translation="MENRWQVMIVWQVDRMRIRTSLVIZHHMYISKKAKQWFYRHHY 
ESQHPKVSSEVHIPLGEARLVIRTYWGLQTGEKDWQLGHGVSIEWRQRKYSTQIDPDL 
ADQLIHLQYFDCFSDSTIRRILGQWRRRCEYPSGHNKVGSLQYLALKALTTPKRIR 
PPLPSVKKLTEDRWNKPQKIKGHRENPTMNGH" 
5377 
/note=n3 splice acceptor site" 
5451 
/note="5' splice donor site" 
5546..5830 
/gene="vpr" 
/codon-stark1 
/product= "Vpr " 
/note="G insertion at 5798 shifts frame for COOH-terminal 
region of protein. 'I 
/translation="MEQAPEDQGSQREPYNEWTLELLEELKNEAVRHFPRPWLHGLGQ 
YIYNNYGDTWEGVEAIIRILQQLLFVHFRIGCQHSRIGIFAREKRQEWSW" 
join(5818. -6032,8363. -8456) 
/gene=" tat I' 
/codon-start=l 
/product= "Tat 'I 
/translation="MELVDPNLEPWNHPGSQPTTACSKCYCKKCCWHCQLCFLKKGLG 
ISHGRKKRKHRRGTPQSRKDHQYPIPEQPLPIIRGGNPTDPKESKKEVASKAETDPCD" 
join(5957.. 6032,8363. -8679) 
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intron 

CDS 

CDS 

CDS 

LTR 

repeatregion 
polyA-signal 
polyA-site 
misc-feature 

BASE COUNT 3482 a 1711 c 2362 g 2165 t 
ORIGIN 

1 tggaagggct agtttactcc aagaaaagac aagagatcct tgacttatgg gtctatcata 

61 cacaaggctt cttccctgat tggcataact acacaccagg gccagggatc agatatccac 
121 tgtgttttgg atggtgcttc aaactagtac cagttgaccc aagagaagta gaggaggaca 
181 acaaaggaga aaacaactgc ctgttacacc ccatgagcca gcatggaata gaggacgaag 

5' LTR U3 -> 

93TH253 

/gene= "rev" 
/codon-start=l 
/product= 'I Rev' 
/translation="MAGRSGSTDEELLRA~IINILYQSNPYPSSEGGTRQTRKNRRR 
RWRARQRQIRAISERILSTCLGRSTEPVPLQLPPLE~HLDCSEDCGTSGT~SQGTE 
TGVGRPQISGESSVILGPGTKN" 
6033. .8362 
/not e= ''Tat -Rev intron ' 

join(6053..6057,6056..6297) 
/gene= "vpu" 
/pseudo 
/note="single base deletion, frameshift, near 6057 results 
in premature termination" 
/product="Vpu (defective) 
6215..8803 
/gene=" env" 
/pseudo 
/note="premature stop codon at 8036-8038; tga here, tgg in 
others 'I 
/note="envelope glycoprotein, signal peptide, gp120 and 
gp41" 
/codon-start=l 
/product= Envelope" 
/translation="MRVKETQINWPNLWKWGTLILGLVIMCSASNNLWVTVYYGVPVW 
RDADTTLFCASDAKAHETEHACIPTDPNPQEMHLWTENFNMWKNNMVEQ 
MQEDVISLWDQSLKPCVKLTPLCVTLNCTNANWTNANVTNVNNNVTNIVGNITEEVRN 
CSFNMTTELIDKKQKVYALFYKLDIRQ~SNSSEYRLINCSFDPIP 
IHYCTPAGYAIIKCNDKNFNGTGPCKNVSSVQCTHGIKPWSTQLLLNGSLAEEKIII 
RSENLTNNAKTIIVHLHESVEINCTRPFYNKRTSIGQGRVLYRTGDITGNIGKPYC 
EINGTKWNKVLNQVTEKLKEHFNN~ISFQPPSGGDLEITMHHFICRGEFFYCNTTRL 
F N N T C I G N K T M K E C N D T I I L P C K I K Q I I N M W Q G V G Q A M Y N S N I T G I L L  
TRDGGGGNGTNNEETFRPGGGNMKDNWRNELYKYKVVEIEPLGIAPTKAKRRWEREK 
RAVGIGAMIFGFLGAAGSTMGAASITLTVQARQLLSGIVQQQSNLLRAIEAQQHLLQL 
TVWGIKQLQARVLAVERYLKDQKFLGLWGCSGKIICTTAVP" 
8805..9419 
/gene="nef 'I 
/codon-start=l 
/product = '' Ne f 'I 
/translation="MGGKWSKSSIVGWPQVRERIKQTPPAAEGVGAVSQDLDKHGAVT 
SSNMNNADCWJLRAQEEEGVGFPVRPQVPLRPMTYKGAFDLSFFLKEKGGLEGL~SK 
KRQEILDLWVYHTQGFFPDWHNYTPGPGPGIRYPLCFGWCFKLVPVDPREVEEDNKGENN 
CLLHPMSQHGIEDEEREVLIWKFDSALARRHIARELRPEFYKDC" 

/note="3' LTR" 

9614..9619 

6053..6297 
/gene="vpu (defective) " 
/pseudo 
/note="Description: vpu has 1 bp deletion frameshift near 
6061" 

9088..9720 

9542..9638 

96-38 
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24.1 aaagagaagt gctgatatgg aagtttgaca gtgccctagc 
301 aactgcgtcc agagttctat aaagactgct gacaaagaag 

<- nef cds 
361 tggggacttt ccaggggagg tgtggccggg gcggagttgg 

Nf Kappa B -------- --- 
421 gctgcataaa agcagccgct 

TATA box signal 
481 cccgggagct ctctggctag 

------ -- 

541 tgagtgctta aagtggtgtg 
LTR R repeat/\LTR US 

601 agatcactct 

661 gaaagttaat 
721 gcttgctgag 

781 gactagcgga 

841 aattagatgc 
901 aacatttagt 
9 61 aaacagcaga 
1021 cagaagaact 
1081 tagaggtaaa 
1141 agcaaaagaa 
1201 accctatagt 

gag p17 MA/\gag p24 
1261 tgaatgcatg 
1321 tctcagcatt 
1381 ggggacacca 
1441 gggatagggt 
1501 ggggaagtga 
1561 acaatccacc 
1621 aaatagtaag 

agactgagta 

agggactcga 
gtgcacacag 

tttcgcttgt actgggtctc 
LTR U3/\LTR R 

caggggaacc cactgcttaa 

tgcccatctg tgttaggact 

aaaatctcta gcagtggcgc 

aagcgaaagt tccagagaag 
caagaggcga gagcggcgac 

<- LTR US 

gag cds -> 
p17 MA start 

atgggaaaaa attcggttac ggccaggggg 
atgggcaagc agagaattag aaagatttgc 
aggatgtcaa caattaatag aacagttaca 
taaatcatta tataatacaa tagcaaccct 
agacaccaag gaagctttag ataaaataga 
acagcaggca gcagctgaca caggaagcag 
gcaaaatgca caagggcaaa tggtacatca 

ggtgaaagta atagaagaaa agggttttaa 
atcagaggga gccaccccac aagatttaaa 
ggcagcaatg caaatgttaa aagaaaccat 
acacccagta catgcagggc ctattccacc 
catagcagga actactagta cccttcaaga 
tatcccagtg ggagacatct ataaaaggtg 
aatgtatcaa cctgttagca ttttggacat 

CA 

1681 ccttcagaga-ctatgtagat aggttctata aagttctcag 
1741 aggtaaaaaa ctggatgaca gaaaccttgc tagtccaaaa 
1801 ccattttaaa agcattagga acaggagcta cattagaaga 
1861 gagtgggagg acctagccac aaggcaaggg ttttggctga 

acgaagacac atagcccgag 
tttctaacta ggacttccgc 
end 
ggagtggtta accctcagat 

tcttgttagg ccaggtcgag 
repeat 

agcctcaata aagcttgcct 
---- -- 

poly-A signal 
ctggtaacta gagatccctc 

ccgaacaggg acttgaaagc 

ttctctcgac gcaggactcg 
tggtgagtac gccaaatttt 

gtcagtatta agtgggggaa 
/ \  major 5' sj 

aaagaaaaaa tataaaatga 
acttaaccct ggccttttag 
gtcaactctc aagacaggat 
ctggtgcgta caccaaagga 
ggaagtacaa aagaaaagcc 
cagcaaagtc agccaaaatt 
gcctttatca cctagaactt 

cccagaagta atacccatgt 
tatgatgcta aatatagtgg 
caatgaggaa gctgcagaat 
aggtcagatg agggaaccaa 
acaaatagga tggatgacaa 
gataatcctg ggattaaata 
aagacaaggg ccaaaagaac 
agcggaacaa gccacacagg 
tgcgaatcca gactgtaagt 
aatgatgaca gcatgccagg 
ggcaatgagc caagcacaac 

gag p24 CA/\gag p2 X 
1921 atgcaaatat aatgatgcag agaggcaatt ttaagggcca gacaagaatt aagtgcttca 

gag p2 X/\gag p7NC 
\gag-pol TF 

1981 actgtggcaa agaaggacac ctagccagaa attgcagggc ccctagaaaa aagggttgtt 
2041 ggaaatgtgg aaaggaagga catcaaatga aagactgcac tgagagacag gctaattttt 

----- 
gag-pol ribosomal 
slip site 

2101 tagggaaaat ttggccttcc aacaagggaa ggccagggaa ttttcctcag agcaaaccgg 
- gag ~7/\gag ~6 A A A A A A A A A  A A A A  A A A A A  

stem loop stem 
2161 agccaacagc tccgccagca gaaaactggg ggatggggga ggagcagaaa gacaaggaac 
2221 atcctcctcc ttcagtttcc ctcaaatcac tctttggcaa cgaccccttg tcacaataaa 

gag-pol TF/\pol protease gag cds c- 
p6 end 

2281 aataggagga caactgaaag aagctctatt agatacagga gcagatgata cagtattaga 
2341 agatataaat ttgccaggga aatggaaacc aaaaatgata gggggaattg gaggttttat 
2401 caaggtaagg caatatgatc agatacttat agaaatttgt ggaaaaaagg ctataggtac 
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2461 
2521 

2581 
2641 
2701 
2761 
2821 
2881 
2941 
3001 
3061 
3121 
3181 
3241 
3301 
3361 
3421 
3481 
3541 
3601 
3661 
3721 
3781 
3841 

3901 
3961 
4021 
4081 
4141 
4201 

pol rever 

4261 
4321 
4381 
4441 
4501 
4561 
4621 
4681 
4741 
4801 
4861 
4921 
4981 

5041 
5101 

5161 
5221 
5281 
5341 
5401 
5461 
5521 

agtattagta ggacctacac ctgtcaacat aattggacga aatatgttga ctcagattgg 
ttgtactcta aatttcccaa ttagtcctat tgacactgta ccagtaaaat taaagccagg 

aatggatgga ccaaaggtta aacagtggcc attgacagaa gaaaaaataa aagcattaac 
agaaatttgt aaagagatgg aagaggaagg aaaaatctca aaaattggac ctgaaaatcc 
atacaatact ccagtatttg ctataaagaa aaaggacagc accaaatgga ggaaattagt 
agatttcaga gaactcaata aaagaactca ggacttttgg gaagttcaat taggaatacc 
gcatccagca ggtttaaaaa agaaaaaatc agtaacagtg ctagatgtgg gagatgcata 
tttttcagtt cctttagatg aaagctttag aaagtatact gcattcacca tacctagtat 
aaacaatgag acaccaggaa tcagatatca gtacaatgtg ctgccacagg gatggaaagg 
atcaccggca atattccaga gtagcatgac aaaaatctta gagcccttta gaataaaaaa 
tccagaaatg gttatctatc aatacatgga tgacttgtat gtaggatctg atttagaaat 
agggcagcac agaacaaaaa tagaggagct aagagctcat ctattgagct ggggatttac 
tacaccagac aaaaagcatc agaaggaacc tccattcctt tggatgggat atgaactcca 
tcctgacaga tggacagtcc agcctataga actgccagaa aaagacagct ggactgtcaa 
tgatatacag aaattagtgg gaaaactgaa ttgggcaagt caaatttatg cagggattaa 
ggtaaagcaa ctgtgtaaac tcctcagggg aactaaagca ctaacagata tagtaccact 
gactgaagaa gcagaattag agttggaaga gaacagggag attctaagaa tccctgtgca 
tggagtatat tatgacccat caaaagactt agtagcagaa gtacagaaac aagggcagga 
ccaatggaca tatcaaattt atcaagagcc atttaaaaat ctaaaaacag gaaaatattc 
cagaaaaagg tctgctcaca ctaatgatgt aagacaatta acagaagtgg tacaaaaaat 
agccacagaa agcatagtaa tatggggaaa gacccctaaa tttagactac ccatacaaag 
agaaacatgg gaaacatggt ggatggagta ttggcaggct acctggattc ctgaatggga 
gtttgttaat acccctcctc tagtaaaatt atggtaccaa ttagaaaaag accccatagt 
gggagcagag actttctatg tagatggggc agctagtagg gagactaagc taggaaaagc 
s e  transcriptase/\pol RNAse 
agggtatgtc actgacaggg gaagacaaaa ggtaatttcc ctaactgaga caacaaatca 
aaagactgaa ttacatgcga tccatttagc cttgcaggat tcaggatcag aagtaaatat 
agtaacagac tcacaatatg cattaggaat cattcaggca caaccagaca ggagtgaatc 
agaagtagtc agccaaataa tagaggagct aataaaaaag gaaaaagtct acctgtcatg 
ggtaccagca cacaagggga ttggaggaaa tgaacaagta gataaattag tcatttcagg 
aatcaggaag gtactatttt tagatgggat aaataaggct caagaagaac atgaaagata 

tcacagcaat tggagaacaa tggctagtga ctttaatttg ccacctatag tagcaaagga 
aatagtagcc aactgtgata aatgtcaact aaaaggggaa gctatgcatg gacaagtaga 
ctgtagtcca gggatatggc aattagattg cacacatcta gaaggaaaag tcatcctggt 
agcagtccac gtggccagtg gatatataga agcagaagtt atcccagcag aaacaggaca 
ggagacagca tactttctgc taaaattagc aggaaggtgg ccagtaaaag taatacacac 
agacaacggt agcaatttca ccagcgctgc agttaaagca gcctgttggt gggccaatgt 
ccgacaggaa tttgggatcc cctacaatcc ccaaagtcaa ggagtagtag aatcaatgaa 
taaggaatta aagaaaatca tagggcaggt aagggagcaa gctgaacacc ttaagacagc 
agtacaaatg gcagtattca ttcacaattt taaaagaaaa ggggggattg gggggtacag 
tgcaggggaa agaataatag acataatagc aacagacata caaactaaag aattacaaaa 
acaaattaca aaaattcaaa attttcgggt ttattacagg gacagcagag acccaatttg 
gaaaggacca gcaaaactac tctggaaagg tgaaggggca gtagtaatac aagacaatag 
tgatataaaa gtagtaccaa gaagaaaagc aaagatcatt agggattatg gaaaacagat 

ggcaggtgat gattgtgtgg caggtagaca ggatgaggat tagaacatgg aacagtttag 
taaaacacca catgtatatc tcaaagaaag ctaaacagtg gttttataga catcattatg 

pol protease/\pol reverse transcriptase 

pol RNAse/\pol integrase 

vi€ cds start --> 

<- pol cds 
integrase end 

aaagccagca tccaaaggtg agttcagaag tacatatccc actaggagaa gctagattag 
taataagaac atattggggt ctgcagacag gagaaaagga ctggcaattg ggtcatggag 
tctccataga atggaggcag agaaaatata gcacacaaat agatcctgac ctagcagacc 
aactgattca tctacaatac tttgactgtt tttcagactc taccataagg agagccatat 
taggacaagt agttagacgt aggtgtgaat atccatcagg acataacaag gtaggatccc 
tacaatattt ggcactgaaa gcattaacaa caccaaaaag gataaggcca cctctgccta 
gtgtaaagaa attaacagaa gatagatgga acaagcccca gaagatcaag ggtcacagag 

vpr cds start --> 
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5581 agaaccctac aatgaatgga cattagaact gttagaggag cttaaaaatg aagctgttag 
<- vi€ cds end 

5641 acattttcct aggccctggc tccatggctt aggacagtac atctataaca attatgggga 
5701 tacttgggaa ggggttgaag ctataataag aattttgcaa caactactgt ttgttcattt 
5761 cagaattggg tgtcaacata gcagaatagg catttttgcc agggagaaga ggcaggaatg 

5821 gagctggtag atcctaacct agagccctgg aatcatccgg gaagtcagcc tacaactgct 

5881 tgtagcaagt gttactgtaa aaaatgttgc tggcattgcc aactatgctt tctgaaaaaa 
5941 ggcttaggca tctcccatgg caggaagaag cggaagcacc gacgaggaac tcctcagagc 

6001 cgtaaggatc atcaatatcc tataccagag cagtaagtaa taagtatatg taatgcacct 

tat cds start --> 

<- vpr cds end 

rev cds start --> 

tat, rev exon end/\intron start 
vpu cds start --> 

6061 ttggaaatta gtgcaatagt aggactgtta gtagcgctaa tcttagcaat agtagtgtgg 
/ \  e- premature termination of vpu 
1 bp deletion 1 bp deletion, frameshift 

6121 actatagtag ctatagaatt taagaaaata ctaaggcaga gaaaaataga caggttagtt 
6181 aagagaataa gagaaagaga agaagacagt ggaaatgaga gtgaaggaga cacagataaa 

env cds --> 
signal peptide start 

6241 ttggccaaac ttgtggaaat gggggacttt gatccttggg ttggtgataa tgtgtagtgc 

6301 ctcaaacaac ttgtgggtta cagtttacta tggggttcct gtgtggagag atgcagatac 
6361 caccctattt tgtgcatcag atgccaaagc acatgagaca gaagtgcaca atgtctgggc 
6421 cacacatgcc tgtataccca cagaccccaa cccacaagaa atgcacctgg aaaatgtaac 
6481 agaaaatttt aacatgtgga aaaataacat ggtagagcag atgcaggagg atgtaatcag 
6541 tttatgggat caaagtctaa agccatgtgt aaagttaact cctctctgcg ttactttaaa 
6601 ttgtaccaat gctaattgga ccaatgctaa tgtgaccaat gtcaataaca atgtcactaa 
6661 catagtagga aatataacag aggaagtaag aaactgctct tttaatatga ccacagaact 
6721 aatagataag aagcagaagg tctatgcact tttttataag cttgatataa gacaaatgaa 
6781 tagtaatagt agtgagtata ggttaataaa ttgtaatact tcagtcatta agcaggcttg 
6841 tccaaaggta tcctttgacc caattcctat acattattgt actccagctg gttatgcgat 
6901 tataaagtgt aatgataaga atttcaatgg gacagggcca tgtaaaaatg tcagctcagt 
6961 acaatgcaca catggaatta agccagtagt atcaactcaa ttgctgttaa atggcagtct 
7021 agcagaagaa aagataataa tcagatctga aaatctcaca aacaatgcca aaaccataat 
7081 agtgcacctt catgaatctg tagaaatcaa ttgtaccaga cccttctaca ataaaagaac 

7141 aaggacatct ataggacaag gacgagtact ctatagaaca ggagacataa caggaaatat 
7201 aggaaaacca tattgtgaga ttaatggaac aaaatggaat aaagttttaa atcaggtaac 

7 2 6 1 tgaaaaatta aaagagcact t taataatag gaacataagc t t tcagccac catcaggagg 
7321 agatctagaa attacaatgc atcattttat ttgtagaggg gaatttttct attgcaatac 
7381 aacacgactg tttaataata cttgcatagg aaataaaacc atgaaggagt gtaatgacac 
7441 tatcatactt ccatgcaaga taaagcaaat tataaacatg tggcagggag taggacaagc 
7501 aatgtataat cctcccatca gtggaaacat taattgtgta tcaaatatta caggaatact 
7561. attgacaaga gatggtggtg gtggtaatgg tacgaataat gaggagacct tcagacctgg 
7621 aggagggaac atgaaggaca attggagaaa tgaattatat aaatataaag tagtagaaat 
7681 tgaaccacta ggaatagcac ccaccaaggc aaagagaaga gtggtggaga gagaaaaaag 
7741 agcagtggga ataggagcta tgatctttgg gttcttagga gcagcaggaa gcactatggg 

7801 cgcggcgtca ataacgctga cggtacaggc cagacaatta ttgtctggta tagtgcaaca 
7861 gcaaagcaat ttgctgaggg ctatagaggc gcagcagcat ctgttgcaac tcacagtctg 
7921 gggcattaaa cagctccagg caagagtcct ggctgtggaa agatacctaa aagatcaaaa 
7981 gttcctagga ctttggggct gctctggaaa aatcatctgc accactgctg tgccctgaaa 
8041 ctccacttgg agtaatagat cttatgaaga gatttgggac aacatgacat ggatagaatg 
8101 ggagagagaa attagcaatt acacaaacca aatatatgag atacttacag aatcgcagaa 
8161 ccagcaggaa agaaatgaaa aggacttgtt agaattggat aaatgggcaa gtctgtggaa 
8121 ttggtttggc ataacaaaat ggctgtggta tataaaaata tttataatga tagtaggagg 

env signal peptide/\gpl20 

V3 loop start -> 

<- V3 loop end 

env.gpl20/\env gp41 
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8281 tttaataggt ttaagaataa tttttgctgt gctttctata gtaaatagag ttaggcaggg 
8341 atactcacct ttgtctttcc agacccctac ccatcatcag aggggggaac ccgacagacc 

8401 cgaaagaatc gaagaaggag gtggcgagca aggcagagac agatccgtgc gattagtgag 
<- tat 

8461 cggattctta gcacttgcct gggacgatct acggagcctg tgcctcttca gctaccaccg 
8521 cttgagagac ttcatcttga ttgcagcgag gactgtggaa cttctgggac acagcagtct 
8581 caagggactg agacgggggt gggaaggcct caaatatctg gggaatcttc tgttatattg 
8641 gggccaggaa ctaaaaatta gtgctatttc tttgtttgat gctttagcag tagtggtagc 

8701 ggggtggaca gatagggtta tagaagtagc acaaggagct tggagagcca ttctccacat 
8761 acctagaaga atcagacagg gcttagaaag ggctttgcta taacatggga ggcaagtggt 

tat, rev intron end/\exon start 

cds end 

<- rev cds end 

c- env cds 
-\ gp41 end 

nef cds start -> 
8821 caaaaagtag catagtggga tggcctcagg tcagggaaag aataaagcaa actcctccag 
8881 cagcagaagg agtaggagca gtatctcaag atctagataa acatggagca gtaacaagta 
8941 gtaatatgaa taatgctgat tgtgtctggc tgagagcaca agaggaagag ggggtaggct 
9001 ttccagtcag gccgcaggta cctctaagac caatgactta taagggagct tttgatctta 
9061 gcttcttttt aaaagaaaag gggggactgg aagggctagt ttactccaag aaaagacaag 

9121 agatccttga cttatgggtc tatcatacac aaggcttctt ccctgattgg cataactaca 
9181 caccagggcc agggatcaga tatccactgt gttttggatg gtgcttcaaa ctagtaccag 
9241 ttgacccaag agaagtagag gaggacaaca aaggagaaaa caactgcctg ttacacccca 
9301 tgagccagca tggaatagag gacgaagaaa gagaagtgct gatatggaag tttgacagtg 
9361 ccctagcacg aagacacata gcccgagaac tgcgtccaga gttctataaa gactgctgac 

nef 

9421 aaagaagttt ctaactagga cttccgctgg ggactttcca ggggaggtgt ggccggggcg 

9481 gagttgggga gtggttaacc ctcagatgct gcataaaagc agccgctttt cgcttgtact 
9541 gggtctctct tgttaggcca ggtcgagccc gggagctctc tggctagcag gggaacccac 

9601 tgcttaaagc ctcaataaag cttgccttga gtgcttaaag' tggtgtgtgc ccatctgtgt 

U3 region start 3' LTR -> 

<- 

cds end 

Nf-Kappa B -- --------- 

LTR U3 region/\LTR repeat region 

------ LTR R repeat/\LTR U5 region 
poly-A signal 

9661 taggactctg gtaactagag atccctcaga tcactctaga ctgagtaaaa atctctagca 
<- 
3'LTR 
U5 end 
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SOURCE 
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FEATURES 

HIVCM240 9203 bp - DNA VRL 13-SEP-1996 
Human immunodeficiency virus type 1, strain CM240, complete 
proviral genome. 
U54771 
Human immunodeficiency virus type 1 (HIV-11, strain CM240; PBMCS 
extracted from male patient from Thailand; proviral DNA amplified; 
complete genomic sequence determined from three clones of viral genome. 
Human immunodeficiency virus type 1 
Viridae; ss-RNA enveloped viruses; Positive strand RNA virus; 
Retroviridae; Lentivirinae. 
1 (bases 1 to 9203) 
Carr,J.K., Salminen,M.O., Koch,C., Gotte,D., Artenstein,A.W., 
Hegerich,P.A., St. Louis,D., Burke,D.S. and McCutchan,F.E. 
Full-length sequence and mosaic structure of a human 
immunodeficiency virus type 1 isolate from Thailand 
J. Virol. 70 (9), 5935-5943 (1996) 
2 (bases 1 to 9203) 
Carr,J.K., Salminen,M.O., Gotte,D.R., Artenstein,A.W., 
Hegerich,P.A., St., Louis,D., Burke,D.S. and McCutchan,F.E. 
Direct Submission 
Submitted (11-APR-1996) J.K. Carr, Molecular Epidemiology, Henry M. 
Jackson, 1600 E. Gude Dr., Rockville, MD 20850, USA 
Blood from an asymptomatic 21-year-old Thai man was transported 
from Chiang Mai to the USA where PBMCs were separated and 
co-cultivated with PHA-stimulated donor PBMCs. DNA from p24 
antigen-positive culture was used to amplify the proviral DNA. 
The complete genomic sequence of the provirus was determined by the 
compilation of three clones containing different parts of the viral 
genome. 
a clade A virus and a clade E virus. 

CM240 is an example of a Thai E virus, which is a mosaic of 

Location/Qualifiers 

source 

source 

CDS 

source 1.. 9203 
/organism="Human immunodeficiency virus type 1" 
/proviral 
/strain="CM240" 
/note="Blood from an asymptomatic young Thai man was 
transported from Chiang Mai to the USA where PBMCs were 
separated and co-cultivated with PHA-stimulated donor 
PBMCs. DNA from p24 antigen-positive culture was used to 
amplify the proviral DNA. 
of the provirus was determined by the compilation of three 
clones containing different parts of the viral genome. 
Once the sequence of the provirus was determined the 
genome was permuted to the organizational structure of the 
viral genomic RNA; CM240 is an example of a Thai E virus, 
which is a mosaic of a clade A virus and a clade E virus. 
See also GenBank accession numbers L14572 and L11761." 
join(1. -180,8986. .9203) 
/organism="Human immunodeficiency virus type 1" 
/clone="l" 
181. .8369 
/organism="Human immunodeficiency virus type 1" 
/clone="2" 
355. .1866 
/gene=" gag" 
/codon-start=l 
/product="gag" 
/dk-xr e f = " PID : g15 3 7 0 5 1 It 
/translation="MGARASVLSGGKLDAWEKIRLRPGGRKKYRLKHLVWASRELERF 

The complete genomic sequence 
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CDS 

CDS 

CDS 

CDS 

CM240 

ALNPSFLETAEGCQQIIEQLQSTLKTGLEELKSLFNTVATLWCVHQRIEVKDTKEALD 
KIEEVQNKSQRKTQQAAAGTGSSSKVSQNYPIVQNAQGQMAHQPLSPRTLNAWVKWE 
EKGFNPEVIPMFSALSEGATPQDLNMMLNIVGGHQAAMQMLKETINEEPAEWDRVHPV 
H A G P I P P G Q M R E P R G S D I A G T T S T L Q E Q I G W M T N N P P I P V  
YSPVSILDIRQGPKEPFRDYVDRFYKTLRAEQATQEVKNWMTETLLVQNANPDCKSIL 
KALGTGATLEEMMTACQGVGGPSHKARVLAEAMSHAQHATIMMQRGNFKGQKRIKCFN 
CGREGHLARNCRAPRKQGCWGKEGHQMKDCTERQANFLGKIWPSNKGRPGNFPQSR 
PEPTAPPAENWGMGEEITGEEITSLPKQEQKDKEHPPPLVSLKSLFGNDPLSQ" 
<1644..4670 
/gene="pol " 
/note="'Method: conceptual translation supplied by author" 
/codon-stark1 
/product="pol" 
/db-~ref=~PID:gl537052~ 
/translation="FFRENLAFQQGKAGEFSSEQTRANSPTSRKLGDGGRDNGGRDNL 
LTEAGAERQGTSSSFSFPQITLWQRPLVTVKIGGQLKEALLEDINLPGK 
WKPKMIGGIGGFIKVKQYDQILIEICGKKAIGTVLVGPTPVNIIGRNMLTQIGCTLNF 
P I S P I D T V P V T L K P G ~ P K V K Q W P L T E I C K T  
PVFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLDVGDAYF 
SVPLDESFRKYTAFTIPSINNETPGIRYQYNVLPQGWSPAIFQSSMTKILEPFRIK 
NPEMVIYQYKDDLYVGSDLEIGQHRTKIEEL~LLSWGFTTPDKKHQKEPPFL~GY 
ELHPDRWTVQPIELPEKDSWDIQKLVGKLNWASQIYAGIKVKQLCKLLRGAKALT 
DIVPLTEEAELELAENREILKTPVHG~PSKDLVA~QKQGQDQ~YQIYQEPF~ 
LKTGKYARRGSAHTNDVRQLTEWQKVATESIVIWGKTPKFRLPIQRETWETWWMEYW 
QATWIPEWEFVNTPPLVKLWYQLEKDPIVGAETFWDGAETFYVDG~SRETKLGKAG~DRGRQ 
KWSLTETTNQKTELHAIHLAQDSGSEVNIVTDSQYALGIIQAQPDRSESEVVNQII 
EELIKKEKVYLSWVPAHKGIGGNEQVDKLVSSGIRKVLFLDGIDKAQEEHER~S~ 
TMASDFNLPPIVAKEIVTNCDKCQLKGEAGQVDCSPGIWQLDCTHLEGKVILVAVH 
VASGYIEAEVIPAETGQETAYFLLKLAGRWPVKVIHTDNGSNFTS~V~C~~Q 
QEFGIPYNPQSQGWESMNKELKKIIGQVREQAEHLKTAVQ~VFIHNFKRKGGIGGY 
SAGERIIDIIATDIQTKELQKQITKIQNFRVYYRDSRDSRDPI~GPAKLL~GEGAWIQ 
DNSDIKWPRRKAKIIRDYGKQMAGDDCVAGRQDED' 
4615..5187 
/gene="vif" 
/codon-stark1 
/product= "vi f I' 
/db-xref="PID:g1537053" 
/translation="MENRWQVMIVWQVDRMRIRTWNSLVKHHMYISKKAKKWFYRHHY 
ESQHPKVSSEVHIPLGEARLVIRTYWGLQTGEKDWHLGHGVSIEWRQRKYSTQIDPDL 
ADKLIHLQYFGCFSDSAIRKAILGQWRRRCEYPSGHNKVGSLQYLALKALTTPKRIR 
PPLPSVEITEDRWNKPQKRGHRENPTMNGH" 
5130..5417 
/gene= "vpr " 
/codon-stark1 
/product= uvpr* 
/db-xref=*PID:g1537054" 
/translation="MEQAPEEGPQREPYNEWTLELLEELKNEAVRHFPRPWLQGLGQY 

join(5398..5612,7932..8022) 
/gene= I' tat *' 
/codon-start=l 
/product=" tat" 
/db-xref = I' PID : g153 7 0 5 5 
/translation="MELVDPNLEP~HPGSQPTTACSKCYCKKCCWHCQLCFLKKGLG 
ISYGRKKRKHRRGTPQSSKDHQNPIPKQPLPIIRRNPTDPKESKK~ASKAETDQCD" 
join(5537..5612,7932..8227) 
/gene="revn 
/codon-stark1 
/product= " rev" 

IYNNYGDTWEGVEAIIRMLQQLLFVHFRIGCQHSRIGIMPGRRGRNGTGRS" 
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CDS 

CDS 

source 

CDS 

/db-xref = I' PID: glS37 056 " 
/translation="MAGRSGSTDEELLRAVRIIKILYQSNPFPSSEGTRQTRRNRRRR 
WRARQRQISAISERILSTCLGRSTEPVPLQLPPVERLNLDCSEDGGTSGTQQSQGTET 
GVGRPQISGESSVILGPGTKN" 
5633..5701 
/gene= "vpu" 
/note=*this clone has a premature translation stop in vpu" 
/codon-stark1 
/product=" truncated vpu" 
/db-~re€="PID:g1537057" 
/translation="MTPLEISAIVGLIVALILAIW" 
5796. .8369 
/gene=" env" 
/codon-start=l 
/product=" env" 
/ db-xre €= 'I PI D : gl5 3 7 0 5 8 I' 
/translation="MRVKETQMNWPNLWKWGTLILGLVIICSASDNLWVTVYYGVPVW 
RDADTTLFCASDAKAHETEVHNVWATHACVPTDPNPQEIHLENVTENF-EQ 
MQEDVISLWDQSLKPCVKLTPLCVTLNCTNANLTNGSSKTNVSNIIGNITDEVRNCTF 
NMTTELTDKKQKVHALFYKLDIVQIEDKKTSSEYRLINCNTSVIKQACPKISFDPIPI 
HYCTPAGYAILKCNDKNFNGTGPCKNVSSVQCTHGIKPWSTQLLLNGSLAEEEIIIR 
SEDLTNNAKTIIVHLNKSVEINCTRPSNNTRTSITIGPGRVFYRTGDIIGNIR~YCE 
I N G T K W N K V L K Q V T E K L K E H F N K T I I F Q P P S G G D L E I T M H N T T K L F N  
NTCLGNETMAGCNDTITLPCKIKQIINMWQGAGQAMYAPPISGRINCVSNITGILLTR 
DGGVNNTDNETFRPGGGNIKDNWRSELYKYKVVQIEPLGIAPTRAKRRWEREKRAVG 
IGAMIFGFLGAAGSTMGAASITLTVQARQLLSGIVQQQSNLLRAIEAQQHLLQLTVWG 
IKQLQARVLAVERYLKDQKFLGLWGCSGKIICTTAVPWNSTWSNRSFEEIWNNMTWIE 
WERE1SNYTNQIYEILTESQNQQDRNEKDLLELDKWASLWNWFI)ITNWLWYIKIFIMI 
VGGLIGLRIIFAVLSIVNRVRQGYSPLSFQTPSHHQKEPDRPEGIEEGGGEQGRDRSV 
RLVSGFLALAWDDLRSLCLFSYHRLRDLTLIAARTVELLGHSSLKGLRRGWEGLKYLG 
NLLLYWGQELKISAISLLDATAIAAAGWTDRVIEVAQGAWRAILHIPRRIRQGLERTL 
L" 
8370..8985 
/organism="Human immunodeficiency virus type 1" 
/clone= I' 3 'I 
8371..8985 
/gene= "ne€ 
/codon-start=l 
/product= "ne€" 
/db_xre€="PID:g1537059" 
/translation="MGSKWSKSSIVGWPQVREKIKQTPPATEGVGAVSQDLDKHGAIT 
SSNIDN~CVWLRA~EDEEVGFPVMPQVPLRPMTYKGAFDLSFFLKEKGGLDGLIYSK 
K R Q E I L D L W V Y N T Q G F F P D W Q N Y T P G P G I R F P L C F G W C F K  
CLLHPMSQHGIEDEEREFDSALARKHVAREQHPEYYKDC" 

/not e= 'I NFkappaB 'I 

/note="spl.3; 

/note=" spl .2 'I 

/note=" spl -1 

misc-signal 9014..9024 

misc-signal 9029..9038 

misc-signal 9040..9049 

misc-signal 9051..9061 

TATA-signal 9080..9084 
BASE COUNT 3336 a 1622 c 2220 g 2025 t 
ORIGIN 

R rpt start-> 
mRNA start-> 

1 GGgtctctct tgttagacca ggtcgagccc gggagctctc tggctagcaa gggaacccac 
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61 

121 

181 
241 
301 

3 61 
421 
481 
541 
601 
661 
721 

781 
841 
901 
961 
1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 

gag P24 

1501 
1561 
1621 

1681 

1741 
1801 

1861 

1921 
1981 
2041 
2101 

2161 
2221 

tgcttaaagc ctcaataaag cttgccttga gtgcttaaag tggtgtgtgc ccgtctgtgt 
------ R repeat/\LTR U5 

poly-A signal 
taggactctg gtaactagag atccctcaga ccactctaga ctgagtaaaa atctctacca 

gtggcgcccg aacagggcac tcgaaagcga aagttaatag ggactcgaaa gcgaaagttc 
cagagaagtt ctctcgacgc aggactcggc ttgctgaggt gcacacagca agaggcgaga 
gcggcgactg gtgagtacgc caaattttga ctagcggagg ctagaaggag agagatgggt 

<- 5' LTR 

/\major 5' sj gag cds -> 
p17 MA (matrix) start 

gcgagagcgt cagtattaag tgggggaaaa ttagatgcat gggaaaaaat tcggttgcgg 
ccagggggaa gaaaaaaata taggctgaaa catttagtat gggcaagcag agagttagaa 
agattcgcac ttaaccctag ctttttagaa acagcagaag gatgtcaaca aataatagaa 
cagttacagt caactctcaa gacaggatta gaagaactta aatcattatt taatacagta 
gcaaccctct ggtgcgtaca ccaaaggata gaggtaaaag acaccaagga agctttagat 
aaaatagagg aagtacaaaa taagagccag cgaaagacac agcaggcagc agctggcaca 
ggaagcagca gcaaagtcag ccaaaattac cctatagtgc aaaatgcaca agggcaaatg 

gag p17 MA/ \gag p24 CA 
gcacatcagc ctttatcacc tagaactttg aatgcatggg tgaaagtagt agaagaaaag 
ggttttaacc cagaagtaat acccatgttc tcagcattat cagagggagc caccccacaa 
gatttaaata tgatgctaaa tatagtgggg ggacaccagg cagcaatgca aatgttaaaa 
gaaaccatca atgaggaacc tgcagaatgg gatagggtac acccagtaca tgcagggcct 
attccaccag gccagatgag ggaaccaagg ggaagtgaca tagcaggaac tactagtacc 
cttcaagaac aaataggatg gatgacaaac aatccaccca tcccagtggg agacatctat 
aaaaggtgga taatcctggg attaaataaa atagtaagaa tgtatagccc tgttagcatt 
ttggacataa gacaagggcc aaaagaaccc ttcagagact atgtagatag gttctataaa 
actctcagag cggaacaagc tacacaggag gtaaaaaact ggatgacaga aaccttgcta 
gtccaaaacg cgaatccaga ctgtaagtcc attttaaaag cattaggaac aggagctaca 
ttagaagaaa tgatgacagc atgccaggga gtgggaggac ctagccataa agcaagggtt 
ttggctgaag caatgagcca cgcacaacat gcaactataa tgatgcagag aggcaatttc 
CA/\gag p2x gag p2x/\gag p7NC 

aagggccaga aaagaattaa gtgcttcaac tgtggtagag aaggacacct agccagaaat 
tgcagggccc ctagaaaaca gggttgttgg aaatgcggga aggaaggaca tcaaatgaaa 
gactgcactg agagacaggc taatttttta gggaaaattt ggccttccaa caagggaagg 

gag-pol ribosomal slip site stem loop stem 
ccggggaatt ttcctcagag cagaccagag ccaacagccc caccagcaga aaactggggg 
An gag p7NC/\gag p6 
atgggggaag agataacggg ggaagagata acctccttac cgaagcagga gcagaaagac 
aaggaacatc ctcctccttt agtttccctc aaatcactct ttggcaacga ccccttgtca 

cagtaaaaat aggaggacag ctgaaagaag ctctattaga tacaggagca gatgatacag 

\gag-pol TF 

A A * A * A A h  A A A A A A  ------ 

gag-pol fusion TF/\pol protease 

<- gag cds 
p6 end 

tattagaaga tataaatttg ccaggaaaat ggaaaccaaa aatgataggg ggaattggag 
gttttatcaa ggtaaagcaa tatgatcaga tacttataga aatctgtgga aaaaaggcta 
taggtacagt attagtagga cctacacctg tcaacataat tggacgaaat atgttgactc 
agattggttg tactttaaat ttcccaatta gtcctattga cactgtacca gtaacattaa 

agccaggaat ggatggacca aaggttaaac agtggccatt gacagaagaa aaaataaaag 
cattaacaga aatttgtaaa gagatggaag aggaaggaaa aatctcaaaa attgggcctg 

pol protease/\pol reverse transcriptase 

2281 aaaatccata caatactcca gtatttgcta taaagaaaaa ggacagcacc aaatggagga 
2341 aattagtaga tttcagagag ctcaataaaa gaactcagga cttttgggaa gttcaattag 
2401 gaataccgca tccagcaggt ttaaaaaaga aaaaatcagt aacagtacta gatgtgggag 
2461 atgcatattt ttcagttcct ttagatgaaa gctttagaaa gtatactgca ttcaccatac 
2521 ctagtataaa caatgagaca ccaggaatca gatatcagta caatgtgctg ccacagggat 
2581 ggaaaggatc accggcaata ttccagagta gcatgacaaa aatcttagag ccctttagaa 
2641 taaaaaatcc agaaatggtt atctatcaat acaaggatga cttgtatgta ggatctgatt 
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2701 tagaaatagg gcagcacaga acaaaaatag aggagctaag agctcatcta ttgagctggg 
2761 gatttactac accagacaaa aagcatcaga aggaacctcc attcctttgg atgggatatg 
2821 aactccatcc tgacagatgg acagtccagc ctatagaact gccagaaaaa gacagctgga 
2881 ctgtcaatga tatacagaaa ttagtgggaa aactaaattg ggcaagtcaa atttatgcag 
2941 ggattaaggt aaagcaactg tgtaaactcc tcaggggagc taaagcacta acagacatag 
3001 taccactgac tgaagaagca gaattagagt tggcagagaa cagggagatt ctaaaaaccc 
3061 ctgtgcatgg agtatattat gacccatcaa aagacttagt agcagaagta cagaaacaag 
3121 ggcaggacca atggacatat caaatttatc aagagccatt taaaaatcta aaaacaggaa 
3181 aatatgccag aagagggtct gctcacacta atgatgtaag acaattaaca gaagtggtgc 
3241 aaaaagtagc cacagaaagc atagtaatat ggggaaagac ccctaaattt agactaccca 
3301 tacaaagaga aacatgggaa acatggtgga tggagtattg gcaggctacc tggattcctg 
3361 aatgggagtt tgttaatacc cctcctctag taaaattatg gtaccaatta gaaaaagacc 
3421 ccatagtagg agcagagact ttctatgtag atggggcagc tagtagggag actaagctag 

3481 gaaaagcagg gtatgtcact gacagaggaa gacaaaaggt agtttcccta actgagacaa 
3541 caaatcaaaa gactgaatta catgcgatcc atttagcctt gcaggattca ggatcagaag 
3601 taaatatagt aacagactca caatatgcat taggaatcat tcaggcacaa ccagacagga 
3661 gtgaatcaga agtagtcaac caaataatag aggagctaat aaaaaaggag aaagtctacc 
3721 tgtcatgggt accagcacac aaggggattg gaggaaatga acaagtagat aaattagtca 
3781 gttcaggaat caggaaggtg ctatttttag atgggataga taaggctcaa gaagaacatg 

3841 aaagatatca cagcaattgg agaacaatgg ctagtgattt taatttgcca cctatagtag 
3901 caaaggaaat agtaaccaac tgtgataaat gtcaactaaa aggggaagct atgcatggac 
3961 aagtagactg tagtccaggg atatggcaat tagattgcac acatctagaa ggaaaagtca 
4021 tcctggtagc agtccacgtg gccagtggat atatagaagc agaagttatc ccagcagaaa 
4081 caggacagga gacagcatac tttctgctaa aactagcagg aagatggcca gtaaaagtaa 
4141 tacacacaga caacggtagc aatttcacca gcgctgcagt taaagcagcc tgttggtggg 
4201 ccaatgtcca acaggaattt gggatcccct acaatcccca aagtcaagga gtagtagaat 
4261 ctatgaataa ggaattaaag aaaatcatag ggcaggtaag agagcaagct gaacacctta 
4321 aaacagcagt acaaatggca gtattcattc acaattttaa aagaaaaggg gggattgggg 
4381 ggtacagtgc aggggaaaga ataatagaca taatagcaac agacatacaa actaaagaat 
4441 tacaaaaaca aattacaaaa attcaaaatt ttcgggttta ttacagggac agcagagacc 

4501 caatttggaa aggaccagca aaactactct ggaaaggtga aggggcagta gtaatacaag 

4561 acaatagtga tataaaagta gtaccaagaa gaaaagcaaa gatcattagg gattatggaa 

4621 aacagatggc aggtgatgat tgtgtggcag gtagacagga tgaggattag aacatggaac 

pol reverse transcriptase/\pol RNAse 

pol RNAse/\pol integrase 

/ \  3' sj 

/ \  5' sj 

vif cds start -> 

<- pol cds 
integrase end 

4681 agtttagtaa aacatcatat gtatatctca aagaaagcta aaaagtggtt ttatagacat 
4741 cattatgaaa gccagcatcc aaaggtaagc tcagaagtac atatcccact aggagaggct 
4801 agattagtaa taagaacata ttggggtctg caaacaggag aaaaggactg gcacttgggt 
4861 catggagtct ccatagaatg gaggcagaga aaatatagca cacaaataga tcctgaccta 
4921 gcagacaaac tgattcatct acaatatttt ggctgttttt cagactctgc cataaggaaa 

4981 gccatattag gacaagtagt tagacgtagg tgtgaatatc catcaggaca taacaaggta 

5041 ggatccctac aatatttggc actgaaagca ttaacaacac caaaaaggat aaggccacct 
5101 ctgcctagtg tagaaataac agaagataga tggaacaagc cccagaagag gggccacaga 

5161 gagaacccta caatgaatgg acattagaac tgttagagga gcttaaaaat gaagctgtta 

5221 gacattttcc taggccctgg ctccaaggct taggacagta catctataac aattatgggg 
5281 atacttggga aggggttgaa gctataataa gaatgttgca acaactactg tttgttcatt 
5341 tcagaattgg gtgtcaacat agcagaatag gcattatgcc agggagaaga ggcaggaatg 

5401 gaactggtag atcctaacct agagccctgg aatcatccgg gaagtcagcc tacaactgct 

/ \  3' sj 

/ \  5'sj 

vpr cds start - > 

<- vi€ cds end 

/ \  3' sj tat cds start -> 

<- vpr cds end 
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5461 tgtagcaagt gttactgtaa aaaatgttgc tggcattgcc aactatgctt tctgaaaaaa 
5521 ggcttaggca tctcctatgg caggaagaag cggaagcacc gacgaggaac tcctcagagc 

5581 agtaaggatc atcaaaatcc tataccaaag cagtaagtaa taagtatatg taatgacacc 

5641 tttggaaatt agtgcaatag taggactgat agtagcgcta atcttagcaa tagtagtgtg 
5701 aactatagta gctatagaag ttaagaaaat actaaggcaa agaaaaatag acaggttagt 

5761 taagagaata agagaaagag cagaagacag tggaaatgag agtgaaggag acacagatga 

rev cds start -> / \  3' s j  

(tat,rev,nef) 5' sj / \  vpu cds start -> 

<- vpu cds premature end 

env cds -> 
signal peptide start 

5821 attggccaaa cttgtggaaa tgggggactt tgatccttgg gttggtgata atttgtagtg 
env signal peptide/\gpl20 

<- vpu cds 
normal end 

5881 cctcagacaa cttgtgggtt acagtttatt atggggtgcc tgtgtggaga gatgcagata 
5941 ccaccctatt ttgtgcatca gatgccaagg cacatgagac agaagtgcac aatgtctggg 
6001 ccacacatgc ctgtgtaccc acagacccca acccacaaga aatacacctg gaaaatgtaa 
6061 cagaaaattt taacatgtgg aaaaataaca tggtagagca gatgcaggag gatgtaatca 
6121 gtttatggga tcaaagtcta aagccatgtg taaagttaac tcctctctgc gttactttaa 
6181 attgtaccaa tgctaatttg accaatggca gtagcaaaac caatgtctct aacataatag 
6241 gaaatataac agatgaagta agaaactgta cttttaatat gaccacagaa ctaacagata 
6301 agaagcagaa ggtccatgca ctcttttata agcttgatat agtacaaatt gaagataaga 
6361 agactagtag tgagtatagg ttaataaatt gtaatacttc agtcattaag caggcttgtc 
6421 caaagatatc ctttgatcca attcctatac attattgtac tccagctggt tatgcgattt 
6481 taaagtgtaa tgataagaat ttcaatggga cagggccatg taaaaatgtc agctcagtac 
6541 aatgcacaca tggaattaag ccagtggtat caactcaatt gctgttaaat ggcagtctag 
6601 cagaagaaga gataataatc agatctgaag atctcacaaa caatgccaaa accataatag 
6661 tgcaccttaa taaatctgta gaaatcaatt gtaccagacc ctccaacaat acaagaacaa 

6721 gtataactat aggaccagga cgagtattct atagaacagg agatataata ggaaatataa 
6781 gaaaagcata ttgtgagatt aatggaacaa aatggaataa agttttaaaa caggtaactg 

6841 aaaaattaaa agagcacttt aataagacaa taatctttca accaccctca ggaggagatc 
6901 tagaaattac aatgcatcat tttaattgta gaggggaatt tttctattgc aatacaacaa 
6961 aactgtttaa taatacttgc ctaggaaatg aaaccatggc ggggtgtaat gacactatca 
7021 cacttccatg caagataaag caaattataa acatgtggca gggagcagga caagcaatgt 
7081 atgctcctcc catcagtgga agaattaatt gtgtatcaaa tattacagga atactattga 
7141 caagagatgg tggtgttaat aatacggata acgagacctt cagacctgga ggaggaaaca 
7201 taaaggacaa ttggagaagt gaattatata aatataaagt agtacaaatt gaaccactag 
7261 gaatagcacc caccagggca aagagaagag tggtggagag agaaaaaagg gcagtgggaa 

7321 taggagctat gatctttggg ttcttaggag cagcaggaag cactatgggc gcggcgtcaa 
7381 taacgctgac ggtacaggcc agacaattat tgtctggtat agtgcaacag caaagcaatt 
7441 tgctgagggc tatagaggcg cagcagcatc tgttgcaact cacagtctgg ggcattaaac 
7501 agctccaggc aagagtcctg gctgtggaaa gatacctaaa ggatcaaaag ttcctaggac 
7561 tttggggctg ctctggaaaa atcatctgca ccactgctgt gccctggaac tccacttgga 
7621 gtaatagatc ttttgaagag atttggaaca acatgacatg gatagaatgg gagagagaaa 
7681 ttagcaatta cacaaaccaa atatatgaga tacttacaga atcgcagaac caacaggaca 
7741 ggaatgaaaa ggatttgtta gaattggata aatgggcaag tctgtggaat tggtttgaca 
7801 taacaaattg gctgtggtat ataaaaatat ttataatgat agtaggaggt ttaataggtt 
7861 taagaataat ttttgctgtg ctttctatag taaatagagt taggcaggga tactcacctt 
7921 tgtctttcca gaccccttcc catcatcaga aggaacccga cagacccgaa ggaatcgaag 

7981 aaggaggtgg cgagcaaggc agagacagat cagtgcgatt agtgagcgga ttcttagcac 

8041 ttgcctggga cgatctacgg agcctgtgcc tcttcagcta ccaccggttg agagacttaa 
8101 ccttgattgc agcgaggacg gtggaacttc tgggacacag cagtctcaag ggactgagac 
8161 gggggtggga aggcctcaaa tatctgggga atcttctgtt atattggggc caggaactaa 

V3 loop start - > 

<- V3 loop end 

env gp120/ \env gp41 

/ \  (tat, rev, nef) 3' sj 

<- tat cds end 
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8221 aaattagtgc tatttctttg cttgatgcta cagcaatagc agcagcgggg tggacagaca 

8281 gggttataga agtagcacaa ggagcttgga gagccattct ccacatacct agaagaatca 
8341 gacagggctt agaaaggact ttgctataac atgggaagta agtggtcaaa aagtagcata 

<-rev cds end 

<- env cds 
gp41 end 

nef cds start -> 
8401 gtgggatggc ctcaggtcag ggaaaaaata aagcaaactc ctccagcaac agaaggagta 
8461 ggagcagtat ctcaagatct agataaacat ggagcaataa caagtagtaa tatagataat 
8521 gctgattgtg tctggctgag agcacaagag gacgaggagg taggctttcc agtcatgccg 
8581 caggtacctc taagaccaat gacttataag ggagcttttg atcttagctt ctttttaaaa 
8641 gaaaaggggg gactggatgg gctaatttac tccaagaaaa gacaagagat ccttgactta 

8701 tgggtctata atacacaagg cttcttccct gattggcaaa actacacacc agggccaggg 
8761 atcagattcc cactgtgttt tggatggtgc ttcaagctag taccagttga ccaaagagaa 
8821 gtagaggagg acaacaaagg agaaaacaac tgcctgttac accccatgag ccagcatgga 
8881 atagaggacg aagaaagaga agtgctgatg tggaagtttg acagtgccct agcacgaaaa 
8941 cacgtagccc gagaacagca tccagagtac tataaagact gctgacaagg aagtttctac 

9001 tagaacttcc gctggggact ttccagggga ggtgtggccg gggcggagtt ggggagtagc 

9061 taaccctcag atgctgcata aaagcagccg cttttcgctt gtactgggtc tctcttgtta 

9121 gaccaggtcg agcccgggag ctctctggct agcaagggaa cccactgctt aaagcctcaa 

9181 taaagcttgc cttgagtgct taa 

signal poly-A R rpt end/ 

\3'LTR U3 start 

<- ne€ cds end 

Nf-Kappa B ------- ---- 

LTR U3/\R rpt 

-- 

---- e- mRNA end 
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ETH2220 

HIVETH2220 9031 bp DNA VRL 19-JUN-1996 
HIV-1 isolate C2220 from Ethiopia, subtype C, complete genome. 
U46016 
Human immunodeficiency virus type 1 (HIV-l), strain C2220 (ETH22201, 
clone pNOTA/C222O/C3.6.4; subtype C from Ethiopia; isolate by 
short-term co-culture on patient's PBMCs. 
Human immunodeficiency virus type 1 
Viridae; ss-RNA enveloped viruses; Positive strand RNA virus; 
Retroviridae; Lentivirinae. 
1 (bases 1 to 9031) 
Salminen,M.O., Johansson,B., Sonnerborg,A., Ayehunie,S., Gotte,D., 
Leinikki,P., Burke,D.S. and McCutchan,F.E. 
Full-length sequence of an Ethiopian human immunodeficiency virus 
type 1 (HIV-1) isolate of genetic subtype C 
AIDS Research and Human Retroviruses 12 (14), 1329-1339 (1996) 
2 (bases 1 to 9031) 
Salminen,M.O. 
Direct Submission 
Submitted (16-JAN-1996) Mika 0. Salminen, Global Molecular 
Epidemiology, Henry M. Jackson Foundation, 1600 East Gude Drive, 
Rockville, MD 20850, USA 
U46016 is the first reported almost full length subtype C 
sequence from Ethiopia. In its genomic organization, this clone 
closely resembles subtype A, B, and D isolates except that the core 
promoter contains three potential binding sites for the 
transcription factor NF-kB instead of containing two. 
See also GenBank accession number U15061. 

Location/Qualifiers 
1. .9031 
/organism="Human immunodeficiency virus type 1" 
/ strain= 'I C2 2 2 0 ( ETH2 2 2 0 ) '' 
/note="subtype C from Ethiopia; isolated by short term 
co-culture on normal human PBMC" 
/clone="pNOTA/C2220/C3.6.4" 
170. -1684 
/gene=" gag" 
/note="GAG p17/p24/NCp7/p6" 
/codon-stark1 
/product="matrix, capsid and core proteins" 
/db-xref="PID:g1353861n 
/translation="MGARASILRGEKLDAWEKIKLRPGGKKHYMLKHLVWANRELEKF 
ALNPDLLDTSAGCKQIIKQLQPALQTGTEELKSLFNTVATLYCVHQKIEIKDTKEALD 
KIEEEQNESQQKTQQAGAADRGKDSQNYPIVQNMQGQMVHQPISARTLNAWKVVEEK 
AFSPEVIPMFTALSEGATPQDLNTMLNTVGGHQAAMQMTXDTINEEAAEWDRLHPVHA 
GPVAPGQMRDPRGSDIAGTTSTLQEQIA~TGNPPVPVGDIYKRWIILGLNKIVRMYS 
P V S I L D I K Q G P K E P F R D W D R F F K T L R A E Q A T Q D ~ T D T L L V Q N ~ P D C K T I L ~  
LGPGASLEEMMTACQGVGGPAHKAR~AEAMSQVNNTTIMMQKSNFKGPKRAIKCFNC 
GKEGHLARNCRAPRKKGCWGKEGHQMKDCTERQANFLGRLWPSNKGRPGNFLQSRP 
EPTAPPESLRPEPTAPPPESFRFEEATPSPKQELKDREALSLKSLFGNDHLLQ" 
<1456..4488 
/gene= "pol It 
/note="initiation codon is unknown" 
/codon-start=l 
/product="protease/RT/RNAseH/integrase" 
/db-xref ="PID: g1353862 ,, 
/translation="FFRETLAFQQGKAREFPSEQT~sPTREsQT~sPTTRELQv 
R G S N T F S E A G A E R Q G S L N F P Q I T L W Q R P L V T I K I G G Q L K E E E I N L P  
GKWKP~IGGIGGFIKVRQYDQIIIEICGKKAIGTVLVGPTPVNIIGRNMLTQLGRTL 
NFPISPIETVPVKLKPGMDGPKVKQWPLTEEKIKALTAICE~EQEGKISRIGP~PY 
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CDS 

CDS 

CDS 

CDS 

. .  

NTPVFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVT~DVGDA 
YFSVPLDEGFRKYTAFTIPSTNNETPGIRYQYNVLPQGWKGSPPIFQSSMPQILEPFR 
APNPEIVIYQYMDDLYVGSDLEIGQHRAPIEELREHLL~GFTTPDKKHQKEPPFL~ 
GYELHPDKWTVQPIQLPEKDSWTVNDIQKLVGKLNWASQIYPGIKVRQLCKLLRGAKA 
LTDIVTLTEEAELELAENREILKEPVHGVFYDPSKDLIAEIQKQGNDQWTFQFYQEPF 
KNLKTGKFAKRGTAHTNDVKQLTAWQKIALESIVIWGKTPKFRLPIQKET~A~TD 
YWQATWIPEWEFVNTPPLVKLWYQLEKEPIAGVETFYVDGA?NRETKIGKAGYVTDRG 
RQKIVSLTETTNQKTELQAIQLALQDSGSEVNIVTDSQYAGIILAQPDKSESEIVNQ 
IIEQLISKERVYLSWVPAHKGIGGNEQVDKLVSSGIR~FLDGIDKAQEEHEKYHSN 
WRAMANEFNIPPWPKEIVACCDKCQLKGEAIHGQVNCSPGIWQLDCTHLEGKIILVA 
VHVASGYIEAEVIPAETGQETAYFLLKLAGRWPVRVIHTDNGSNFTSNAVKAA 
IQQEFGIPYNPQSQGWESMNKELKKIIGQVREQAEHLKTAVQMAVFIHNFKRRGGIG 
GYSAGERIIDIIASDIQTKELQNQILKIQNFRVYYRDSRDPIWKGPAKLLWKGEGAW 
IQDNSDIKWJPRRKAKIIRDYGKQMAGADCVAGRQDED" 
4433..5011 
/gene= "vi f " 
/note=*infectivity factor" 
/codon-start=l 
/product="VIF" 
/db-xref=" PID : g13 53 8 63 I' 
/translation="MENRWQVLIVWQVDRMKIRTWNSLVKHHMHISRRANGWVYRHHY 
DSRHPKVSSEVHIPLGEARLIIKTYWGLQTGERDWHLGHGVSIEWRLRSYNTQVDPGL 
ADHLIHMHYFDCFAESAIRKAILGYRVSPRCDYQAGHNKVGSLQYLALTALIKPKKAK 
PPLPSVSKLVEDKWNKPQKTRGRRGNHTMNGH" 
4951..5241 
/gene="vpr" . 
/codon-start=l 
/product= "VPR" 
/db-xre€="PID:g1353864" 
/translation="MEQAPEDQGPQREPYNEWALELLEELKQEAVRHFPRPWLHNLGQ 
YIYETYGDTWSGVEALIRTLQQLMFIHFRIGCQHSRIGCQHSRIGILRQRRA~GASRS" 
5222..5350 
/gene="tat" 
/note="transactivating factor: prematurely truncated at nt 
5350 due to a deletion at nt 5344: second exon not 
expressed" 
/codon-stark1 
/product = 'I TAT 'I 
/db-xref=" PID:g1353865" 
/translation="MEPVDPNLEPWNHPGSQPKTACNQCYCKKCSYHCLVCFLTKA" 
join(5360..5435,7755..8002) 
/gene=" rev" 
/note="regulator of protein expression: prematurely 
truncated at nt 8002" 
/codon-start=l 
/product="REV" 
/db-xref= "PID: g1353866 I' 
/translation="MAGRSGDSDEELLKAVRIIKILYQSNPYPTPEGTRQAR~RRRR 
WRARQRQIHTLSERILSNFLGRPAEPVPLQLPPLERLNLDCSEDSGTSGTQQSQGTTE 
GVGNP" 
5459..5719 
/gene="vpu" 
/codon-stark1 
/function="promotes extracellular release of virions" 
/product= "VPU" 
/db_xre€="PID:g1353867" 
/translation="MVDLLAKVDYRIVIVAFIVALIIAIWWTIAYIEYRKLLRQRRI 
DRLIKRTRERAEDSGNESDGDTEELSTMVDMGNLRLLDVNDL" 
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CDS 

misc-RNA 

CDS 

LTR 

protein-bind 

protein-bind 

protein-bind 

misc-RNA 

5637.. 8 32 
/gene="env" 
/note="viral envelope gene; contains external and 
transmembrane glycoproteins; cleaved to gp120 & gp41" 
/codon-start=l. 
/product = 'I gp16 0 I' 
/db-xre €= PID : g13 53 8 6 8 'I 
/ t r a n s l a t i o n = " M K V M G I Q R N C Q Q W W I W G I L G F W M L M I C N G M G N L W V T P W  
KDASPTLFCASDAKAYDTEVHNVWGTFACVPTDPSPQELGLENVTENFNMWKNDMVEQ 
MHQDIISLWDQGLKPCVKLTPLCVTLNCNAIKNNTKVTNNSINSANDEMKNCSFNITT 
ELRDKKRKAYALFYKLDIVPLNNGSTDYRLINCNTSTITQACPKVSLDPIPIHYCAPA 
GYAILKCRDKTFTGTGPCHNVSTCTHGIKPWSTQLLLNGSIAEGETIIRFENLTN 

N K T L Q K V K E K L Q K H F P N K T I E F K P S S G G D L E I T T H S F N C G S T K L E  
LFNSSTNLNITLQCRIKQIINMWQGVGRAMYAPPIEGIIMCRSNITGLLLTRDGAKEP 
HSTKEIFRPEGGDMRDNWRSELYKYKVJEIKPLGVAPTKPKRRWEREKRAALGALFL 
GFLGAAGSTMGAASITLTVQARQLLSGIVQQQSNLKAIEAQQHMLQLTVWGIKQLQT 
R V L A I E R H L R D Q Q L L G I W G C S G K L I C T T A V P W N S S W S N K S Q E E I W R E I S  
NYTDIIYNLLEVSQNQQDKNEKDLLALDKWENLWNWFNITNWLWYIKIFIMIVGGVIG 
LRIIFAVLSIVNRVRQGYSPLSFQTLIPHPRGPDRLGGIEEEGGEQGRDRSIRLVNGF 
LAIFWDDLRSLCLFSYHRLRDLILIAARTVELLGRSSLKGLQRGWETLKYLGSLVQ~ 

7145. .7378 
/gene=" env" 
/note="RRE region of mRNA; viral envelope gene" 
8194..8817 
/gene= ,,ne€ It 

/note="regulatory protein" 
/codon-start=l 
/product= "NEF " 
/db-~ref="PID:g1353869" 
/translation="MGGTMSKCSPVGWPAIRERIRRAAPAAEGVGAASRDLDKYGALT 
S S N T P A N N P D C A W L E A Q E E E E E V G F P V R P Q V P L R P M T Y K A A G L E G L I  
YSKKRQEILDLWVYNTQGFFPDWQNYTPGPGVRYPLTFGWCFKLVPVDPSEVEEINEG 
ENNCLLHPASLHGMEDEDREKWKFDSHLARRHMARELHPEYYKDC" 
8486..>9031 
/note="3', U3 and R regions only' 
8825..8834 
/note="extra NFkB site 111" 
/bound-moiety= "NFkb" 
8838..8847 
/note="NFkB site 11" 
/bound-moiety= "NFkb" 
8851..8860 
/note="NFkB site I" 
/bound-moiety="NFkb" 
8939.. 8997 
/note="TAR region of mRNA" 

NAKIIIVQLNESVEITCTRPSNNTRESIRIGPGQTFYATGDIIGDIRQAHCNISEEKW 

GLELKKSAINLLNTTAIWGEGTDRFIELIQRIWRAFCNI PRRIRQGLEAALQ 

BASE COUNT 3270 a 1616 c 2141 g 2004 t 
ORIGIN 

1 aaatctctag cagtggcgcc cgaacagggg acctgaaagc gaaagtgaga ccagaggaga 

61 tctctcgacg caggactcgg cttgctgaag tgcactcggc aagaggcgag agcggcgact 
121 ggtgagtacg ccaattttta tttgactagc ggaggctaga aggagagaga tgggtgcgag 

<- 5' LTR 

gag cds - > / \  major 5' sj 
p17 MA (matrix) start 

181 agcgtcaata ttaagaggcg aaaaattaga tgcctgggaa aaaattaagt taaggccagg 
241 gggaaagaaa cactatatgc tgaaacacct agtctgggca aacagggagc tggaaaaatt 
301 tgcacttaac cctgaccttt tagatacatc agcaggctgt aaacaaataa ttaaacagct 
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361 acaaccagct cttcagacag gaacagagga acttaaatca ttatttaata cagtggcaac 
421 tctctattgt gtacatcaaa agatagagat aaaagacacc aaggaagcct tagacaagat 
481 agaggaagaa caaaacgaaa gtcagcaaaa aacacagcag gcaggagcag ctgacagagg 
541 aaaggacagt caaaattatc ctatagtgca gaatatgcag gggcaaatgg tacatcagcc 

601 catatcagct agaactttga atgcatgggt aaaagtagta gaggaaaagg ctttcagccc 
661 agaggtaata cccatgttta cagctttatc agaaggagcc accccacaag atttaaacac 
721 catgctaaat acagtggggg gacatcaagc agccatgcaa atgttaaaag acaccatcaa 
781 tgaggaggct gcagaatggg acaggttaca tccagtgcat gcagggcctg ttgcaccagg 
841 ccaaatgaga gacccaaggg gaagtgacat agcaggaaca actagtaccc ttcaggaaca 
901 aatagcatgg atgacaggga acccacctgt tccagtggga gacatctata aaagatggat 
961 aatcctgggg ctaaataaaa tagtaagaat gtatagccct gtcagcattt tggacataaa 
1021 acaaggacca aaggaacctt ttagagacta tgtagaccgg ttctttaaaa ccttaagagc 
1081 tgaacaagct acacaagatg taaaaaattg gatgacagac accttgttgg tccaaaatgc 
1141 gaacccagat tgtaaaacca ttttaagagc attagggcca ggggcttcat tagaagaaat 
1201 gatgacagca tgtcagggag tgggaggacc tgcccacaaa gcaagagtgt tggctgaggc 

gag p24 CA/\gag p2x 
1261 aatgagccaa gtaaacaata caaccataat gatgcagaaa agcaatttta agggccctaa 

gag p17 MA/\gag p24 CA 

gag p2x/\gag p7NC 
\gag-pol TF 

1321 aagagcaatt aaatgtttca actgtggcaa ggaagggcac ctagccagaa attgcagggc 
1381 ccctaggaaa aaaggctgtt ggaaatgtgg aaaggaagga caccaaatga aagactgtac 
1441 cgagagacag gctaattttt tagggagact ttggccttcc aacaagggaa ggccagggaa 

1501 tttccttcag agcagaccag agccaacagc cccaccagag agtctcagac cagagccaac 
gag p7NC/\gag p6 
1561 agccccacca ccagagagct tcaggttcga ggaagcaaca ccttctccga agcaggagct 
1621 gaaagacagg gaagccttaa cttccctcaa atcactcttt ggcaacgacc acttgttaca 

1681 ataaaaatag ggggacagct aaaggaggct ctcttagaca caggagcaga tgatacagta 

----- - gag-pol ribosomal slip site 

gag-pol fusion TF/\pol protease 

c- gag cds 
p6 end 

1741 ttagaagaaa taaatttgcc aggaaaatgg aaaccaaaaa tgataggagg aattggaggt 
1801 tttattaaag taagacagta tgatcaaata atcatagaaa tttgtggaaa aaaggctata 
1861 ggtacagtac tagtaggacc tacacctgtc aacataattg gcagaaacat gttgactcag 
1921 cttggacgca cattaaactt tccaattagt cccattgaaa ctgtaccagt aaaattaaag 

pol protease/\pol reverse transcriptase 
1981 ccaggaatgg atggcccaaa agtcaaacaa tggccattga cagaagaaaa gataaaagca 
2041 ttaacagcaa tttgtgaaga aatggagcag gaaggaaaaa tttcaagaat tgggcctgaa 
2101 aacccatata atactccagt atttgccata aaaaagaagg acagtactaa gtggagaaaa 
2161 ttagtagatt tcagggaact caataaaaga actcaagact tttgggaagt tcaattaggg 
2221 ataccacacc cagcagggtt aaaaaagaaa aaatcagtga cagtactaga tgtgggggat 
2281 gcatatttct cagttccttt agatgaaggt ttcagaaaat atactgcatt caccatacct 
2341 agtacaaaca atgaaacacc agggattaga tatcaatata atgtcctccc acagggatgg 
2401 aaaggatcac caccaatatt ccagagtagc atgccccaaa tcttagagcc ctttagggcc 
2461 cccaacccag aaatagttat ctatcaatat atggatgact tgtatgtagg atctgactta 
2521 gaaatagggc aacatagagc cccaatagaa gagttaagag aacatctatt aaagtgggga 
2581 tttaccacac cagacaagaa acatcagaaa gaacctccat ttctttggat ggggtatgaa 
2641 cttcatcctg acaaatggac agtacagcct atacagctgc cagaaaagga tagctggact 
2701 gtcaatgata tacaaaagtt agtgggaaaa ttaaactggg caagtcagat ttacccaggg 
2761 attaaagtaa ggcaactgtg taaactcctt aggggagcca aagcactaac agacatagta 
2821 acactaactg aagaagcaga attagaattg gcagagaaca gggaaattct aaaggaacca 
2881 gtacatggag tattttatga cccatcaaaa gacttaatag ctgaaataca gaaacagggg 
2941 aatgaccaat ggacatttca attttaccaa gaaccattca aaaatctgaa aacagggaag 
3001 tttgcaaaaa gagggactgc ccacactaat gatgtaaagc agttaacagc ggtagtgcaa 
3061 aagatagccc tggaaagcat agtaatatgg ggaaagactc ctaaatttag attacccatc 
3121 cagaaagaaa catgggaagc atggtggaca gactattggc aagccacctg gattcctgaa 
3181 tgggagtttg ttaatacccc tcccctagta aaattatggt accagctaga gaaagaaccc 
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3241 atagcaggag tagaaacttt ctatgtagat ggagcagcta atagggaaac taaaatagga 

3301 aaagcagggt atgttactga tagaggaagg cagaaaattg tttctctaac tgaaacaaca 
3361 aatcagaaga ctgaattaca agcgatccag ctagcgttac aggattcagg atcagaagta 
3421 aacatagtaa cagactcaca gtatgcatta gggatcatcc tggcacaacc agataagagt 
3481 gaatcagaga tagtcaatca aataatagaa cagttaataa gcaaggaaag ggtctacctg 
3541 tcatgggtac cagcacataa aggaattgga ggaaatgaac aagtagataa attagtaagt 
3601 agtggaatca ggaaagtgct gtttctagat ggaatagata aggctcaaga agagcatgaa 

3661 aaatatcaca gcaattggag agcaatggct aatgaattta atatcccacc cgtagtaccc 
3721 aaagaaatag tagcttgctg tgataaatgt cagctaaaag gggaagccat acatggacaa 
3781 gtaaattgta gtccagggat atggcaatta gattgtacac acttagaagg gaaaatcatc 
3841 ctggtagcag tccatgtagc cagtggctac atagaggcag aggttattcc agcagaaaca 
3901 ggacaagaaa cagcatactt tctactaaaa ttagcaggga gatggccagt cagggtaata 
3961 catacagata atggcagtaa cttcaccagt aatgcagtta aagcagcctg ttggtgggca 
4021 ggtattcaac aggaatttgg aattccctac aatccccaaa gtcaaggagt agtagaatct 
4081 atgaataaag aattaaagaa aatcataggg caggtaagag aacaagctga gcaccttaag 
4141 acagcagtac aaatggcagt attcattcac aattttaaaa gaagaggggg gattgggggg 
4201 tacagtgcag gggaaagaat aatagatata atagcatcag acatacagac taaagaactc 
4261 caaaaccaaa ttttaaaaat tcaaaatttt cgggtttatt acagagacag cagagaccct 

4321 atttggaaag gaccagccaa actactctgg aaaggtgaag gggcagtagt aatacaagat 

4381 aatagtgaca taaaggtagt accaaggagg aaagcaaaaa tcattaggga ttatggaaaa 

4441 cagatggcag gtgctgattg tgtggcaggt agacaggatg aagattagaa catggaatag 

pol reverse transcriptase/\pol RNAse 

pol RNAse/\pol integrase 

/ \  3' sj 

/ \  5' sj 

vif cds start -> 

<- pol cds 
integrase end 

4501 tttagtaaag caccatatgc atatttcaag gagagctaat ggatgggttt atagacatca 
4561 ttatgacagc agacatccaa aggtaagttc agaagtacac atcccattag gggaggctag 
4621 attaataata aaaacatatt ggggtttgca aacaggagaa agagattggc atttgggtca 
4681 tggagtctcc atagaatgga gattgagaag ctataacaca caagtagacc ctggcctggc 
4741 agaccaccta attcatatgc attattttga ttgttttgca gaatctgcca taaggaaagc 

4801 catattagga tatagagtta gccctaggtg tgactatcaa gcaggacata ataaggtagg 

4861 atctctacaa tacttggcac tgacagcatt gataaagcca aaaaaggcaa agccacctct 
4921 gcctagtgtt agtaaattag tagaggataa atggaacaag ccccagaaga ccaggggccg 

4981 cagagggaac catacaatga atgggcacta gagcttttag aggagctcaa gcaggaagct 
< - vif cds end 

5041 gtcagacact ttcctagacc atggctccat aacttaggac aatatatcta tgaaacctat 
5101 ggggatactt ggtcgggagt agaagcttta ataagaactc tgcaacaact aatgtttatc 
5161 catttcagaa ttggatgcca gcatagcaga ataggcattt tacgacagag aagagcaaga 

5221 aatggagcca gtagatccta acctagaacc ctggaaccat ccaggaagtc agcctaagac 

/ \  3' sj 

/ \  5' sj 

vpr cds start -> 

/ \  3' sj 

tat -> < - vpr cds end 
start cds 

5281 tgcttgtaat caatgttatt gtaaaaaatg tagctatcat tgtctagttt gctttctgac 
5341 aaaggcttag gcatttccta tggcaggaag aagcggcgac agcgacgaag agctcctcaa 

/ \  rev cds start - > / \  3' sj 
1 pt deletion 

<- tat cds premature end 
due to deletion 

5401 agcagtaagg atcatcaaaa tcttatatca aagcagtaag taccaaataa tagatgtaat 
(tat, rev, nef) 5' sj / \  vpu cds start -> 

5461 ggttgattta ctagcaaaag tagattatag aatagtaata gtagcattca tagtagcact 
5521 aatcatagca atagttgtgt ggaccatagc atatatagaa tataggaaat tgttaagaca 
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5581 aagaagaata gataggttaa ttaaaagaac tagggaaaga gcagaagaca gtggcaatga 
env cds -> 

signal peptide 
5641 aagtgatggg gatacagagg aattgtcaac aatggtggat atggggaatc ttaggctttt 
5701 ggatgttaat gatttgtaat ggaatgggga acttgtgggt cacagtctat tatggggtac 

c- vpu cds end 
env signal peptide/ \gp120 

5761 ctgtatggaa agatgctagc cctactctat tttgtgcatc agatgctaaa gcatatgata 
5821 cagaagtaca taatgtctgg ggtacatttg cctgtgtccc cacagacccc agcccacaag 
5881 aattgggttt ggaaaatgtg acagaaaatt ttaacatgtg gaaaaatgac atggtggagc 
5941 agatgcatca ggatataatc,agtttatggg atcaaggcct aaagccatgt gtaaagttga 
6001 ccccactctg tgttacttta aactgtaatg ctatcaaaaa caatactaag gttacaaata 
6061 atagtatcaa tagtgccaat gatgaaatga aaaattgttc tttcaatata accacagaac 
6121 taagagataa gaaaaggaag gcatatgcac ttttttataa acttgatata gtaccactta 
6181 ataacggttc tactgattat agattaataa attgtaatac ctcaaccata acacaagcct 
6241 gtccaaaggt ctctttggac ccaattccta tacattattg tgctccagct ggttatgcga 
6301 ttctaaagtg tagagataag acattcactg gaacaggacc atgccataat gtcagcacag 
6361 tacaatgcac acatggaatt aaaccagtgg tatcaactca actattgtta aatggtagta 
6421 tagcagaagg tgagacaata attagatttg aaaatctgac aaacaatgcc aaaataataa 
6481 tagtacagct taatgaatct gtagaaatta cttgtacgag acccagcaat aatacaagag 

6541 aaagtataag gataggacca ggacaaacat tctatgcaac aggagacata ataggagata 
6601 taagacaagc acattgtaac attagtgaag aaaaatggaa taaaactcta caaaaggtaa 

6661 aggaaaaatt acaaaagcac ttccctaata aaacaataga atttaagcca tcctcaggag 
6721 gggacctaga aattacaaca catagcttta attgtggagg agaatttttc tattgcaata 
6781 catcaaacct gtttaatagc acaaaactag aactgtttaa tagcagtaca aatttaaaca 
6841 tcacactcca atgcagaata aaacaaatta taaacatgtg gcagggagta ggacgagcaa 
6901 tgtatgcccc tcccattgaa ggaataataa tgtgtagatc aaatatcaca ggactactac 
6961 tgacacgtga tggagccaaa gagccacata gcacaaaaga gatattcaga cctgaaggag 
7021 gagatatgag ggacaattgg agaagtgaat tatataaata taaagtggta gaaattaagc 
7081 cactaggagt agcacccact aagccaaaaa ggagagtggt ggagagagaa aaaagagcag 

env gpl2O/\env 
7141 cactaggagc tttgttcctt gggttcttgg gagcagcagg aagcactatg ggcgcagcat 
7201 caataacgct gacggtacag gccagacaat tattgtcggg tatagtgcaa cagcaaagca 
7261 atttgctgaa agctatagag gcgcaacagc atatgttgca gctcacggtc tggggcatta 
7321 agcagctcca gacaagagtc ctggctatag aaagacacct aagggatcaa cagctcctag 
7381 ggatttgggg ctgctctgga aaactcatct gcaccactgc tgtgccttgg aactctagtt 
7441 ggagtaataa gtctcaagag gagatttggg ataacatgac ctggatgcag tgggatagag 
7501 aaattagtaa ttatacagac ataatataca atttgcttga agtctcgcaa aaccagcagg 
7561 acaaaaatga aaaagattta ctagcattgg acaaatggga aaatctgtgg aattggttta 
7621 acataacaaa ttggctgtgg tatataaaaa tattcataat gatagtggga ggtgtgatag 
7681 gtttaagaat aatttttgct gtgctttcta tagtgaatag agttaggcag ggatactcac 
7741 cattatcgtt tcagaccctt atcccacacc cgaggggacc cgacaggctc ggaggaatcg 

7801 aagaagaagg tggagagcaa ggcagagaca gatccatacg cttagtgaac ggattcttag 

7861 caattttttg ggacgacctg cggagcctgt gcctcttcag ttaccaccgc ttgagagact 
7921 taatcttgat tgcagcgagg acagtggaac ttctgggacg cagcagtctc aagggactac 
7981 agagggggtg ggaaaccctt aaatatctgg gaagccttgt gcagtattgg ggtctggagc 

8041 taaaaaagag tgctattaat ctgcttaata ccacagcaat agtagtaggt gaaggaacag 

8101 atagatttat agaattaata caaagaattt ggagagcttt ctgcaacata cctagaagaa 
8161 taagacaggg cttggaagca gctttgcaat aaaatggggg gcacgatgtc aaaatgtagt 

V3 loop start -> 

<- V3 loop end 

/ \  (tat, rev, nef) 3' sj 

c- tat cds end 

c- premature rev end 

c- rev cds normal end 

e- env cds 
gp41 end 

ne€ cds start -> 
8221 ccagtaggat ggcctgctat aagagaaaga ataagacgag ctgctccagc agcagaggga 
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8281 
8341 
8401 
8461 

8521 
8581 
8641 
8701 
8761 

8821 

8881 

8941 
9001 

gtaggagcag cgtctcgaga cttagacaaa tatggggcac ttacaagcag caacacaccc 
gccaataatc ctgattgtgc ctggctggaa gcgcaagagg aggaagaaga ggtaggcttt 
ccagtcagac ctcaggtacc tttaagacca atgacttata aggcagcatt cgatctcagc 
ctctttttaa aagaaaaggg gggactggaa gggttaattt actccaagaa aaggcaggag 

attcttgatt tgtgggtcta taacacacaa ggcttcttcc ctgattggca aaactacaca 
ccaggaccag gggtcagata tccactgacc tttggatggt gcttcaagct agtaccagtt 
gacccaagtg aagtggaaga aatcaatgaa ggagagaaca actgcttgct gcaccctgcg 
agcctgcatg gaatggagga tgaagacaga gaagtattaa agtggaagtt tgacagtcac 
ctagcacgca gacacatggc ccgcgagcta catccggagt attacaaaga ctgctgacac 

3' LTR U3 -> 

e- nef cds 
end 

agacgggact ttccgccggg actttccact ggggcgttcc aggaggaggg gtctgggcgg 
------ ---- --- _ _ _ _ _ _ _  ---------- 

NFkB site I11 NFkB site I1 NFkB site I 
gactgggagt ggccaaccct cagatgctgc atataagcag ctgcttttcg cttgtaccgg 

gtctctctag gtagaccaga tctgagcctg ggagctctct ggctatctgg ggaacccact 
gcttaagcct caataaagct tgccttgagt g 

LTR U3/\R rpt 

------ 
poly A signal 
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LOCUS 
DEFINITION 

ACCESS ION 
KEYWORDS 
SOURCE 

ORGANISM 

REFERENCE 
AUTHORS 

TITLE 

JOURNU 
MEDLINE 

REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
REFERENCE 
AUTHORS 

TITLE 
JOURNAL 

COMMENT 

FEATURES 
source 

LTR 
CDS 

HIW51188 9843 bp DNA VRL 18-JUL-1996 
Human immunodeficiency virus type 1 (HIV-11, clone 90cr402 from the 
Central African Republic, complete genome. 
U51188 

Human immunodeficiency virus type 1 (HIV-l), clone 90cr402; PBMCs 
extracted from symptomatic male patient from Central African 
Republic; expanded in chimpanzee cells and re-expanded in human 
PBMCs; complete genome lambda cloned and sequenced. 
Human immunodeficiency virus type 1 
Viridae; ss-RNA enveloped viruses; Positive strand RNA virus; 
Retroviridae; Lentivirinae. 
1 (bases 1 to 9843) 
Gao,F., Morrison,S.G., Robertson,D.L., Thornton,C.L., Craig,S., 
Karlsson,G., Sodroski,J., Morgado,M., Galvao-Castro,B., von 
Briesen,H., Beddows,S., Weber,J., Sharp,P.M., Shaw,G.M. and 
Hahn, B . H . 
Molecular cloning and analysis of functional envelope genes from 
human immunodeficiency virus type 1 sequence subtypes A through G. 
The WHO and NIAID Networks for HIV Isolation and Characterization 
J. Virol. 70 (31, 1651-1657 (1996) 
96190564 
2 (bases 1 to 9843) 
Gao, F. , Robertson, D.L., Morrison, S .G., Hui, H., Craig, S., 
Fultz,P.N., Decker,J., Girard,M., Shaw,G.M., Hahn,B.H. and 
Sharp, P.M. 
The heterosexual HIV-1 epidemic in Thailand is caused by an 
intersubtype (A/E) recombinant of African origin 
J. Virology 70 (lo), 7013-7029 (1996) 
3 (bases 1 to 9843) 
Gao,F., Robertson,D.L., Morrison,S.G., Hui,H., Craig,S., 
Fultz,P.N., Decker,J., Girard,M., Shaw,G.M., Hahn,B.H. and 
Sharp,P.M. 
Direct Submission 
Submitted (12-MAR-1996) John Blouin, HIV Database, Los Alamos 
National Laboratory, Eniwetok Dr., Los Alamos, NM 87545, USA 
A set of three complete genomes from a study linking the HIV-1 
epidemic in the heterosexual population in Thailand to an A/E 
recombinant. 90cr402, previously named CAR-E 4002, was obtained 
from a man from Bangui, Central African Republic, who had 
lymphadeopathy, diarrhea, severe weight loss and recurrent 
respiratory infections. He was infected through heterosexual 
contact, but the year of infection is unknown. 90cr402 was first 
adapted to growth in chimpanzee cells, expanded in chimpanzee 
cells, and then re-expanded in human PBMCs before lamba cloning 
and sequencing. 90cr402 and another sequence in the study, 93th253, 
are subtype A/E recombinants, and comparison of the two strains 
shows that they were derived from a common A/E recombinant ancestor, 
presumably from Central Africa. 

Location/Qualifiers 
1. -9843 
/organism="Human immunodeficiency virus type 1" 
/note="from the Central African Republic" 
/clone= 'I 9 0 cr4 0 2 'I 
1. -656 
832. .2328 
/gene="gag" 
/codon-stark1 
/product="gag polyprotein" 
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CDS 

CDS 

CDS 

CDS 

/translation="MGARASILSGGKLDAWEKIRLRPGGKKQY~L~ASRELER 
FALNPGLLETAEGCQQLIEQLQSTIKTGSEELKSLFNTIATLWCVHQRID~TKEA 
LDKIEEVQNKSKQKAQQAAAGTGSSSKVSQNYPIVQNAQGQMVHQALSPRTLNAWVK 
WEEKGFNPEVIPMFSALSEGATPQDLNMMLNIVGGHQAAMQILKDTINEEAR 
VHPVHAGPIPPGQMREPRGADIAGTTSTLHEQIGWMTSNPPIPVGEIYKKWIILGLN 
KIVRMYSPVSILDIRQGPKEPFRDYVDRFFKTLRAEQATQEVKNWMTETLLVQNANP 
DCKSILKALGTGATLEEMMTACQGVGGPGHKARVLAEAMSQVHHTNIMMQKGNFKGQ 
RKIKCFNCGKEGHLARNCRAPRKKGCWKCGREGHQ~CTERQANFLGKIWPSSKGR 
PGNFPQSRPEPTAPPMESLGMGEEITSFPKQEQKDKKQPPPLVSLKSLFGNDPLSQ" 
join(832..2120,2120..5132) 
/codon-start=l 
/product="gag-pol polyprotein" 
/translation="MGARASILSGGKLDAWEKIRLRPGGKKQY~KHL~~ASRELER 
FALNPGLLETAEGCQQLIEQLQSTIKTGSEELKSLFNTIATLWCVHQRIDVKDTK~ 
LDKIEEVQNKSKQKAQQAAAGTGSSSKVSQNYPIVQNAQGQMVHQALSPRTLNAWVK 
WEEKGFNPEVIPMFSALSEGATPQDLNMMLNIVGGHQAAMQILKDTINEEAAEWDR 
VHPVHAGPIPPGQMREPRGADIAGTTSTLHEQIGWMTSNPPIPVGEIYKKWIILGLN 
KIVRMYSPVSILDIRQGPKEPFRDYVDRFFKTLRAEQATQEVKNWMTETLLVQNANP 
DCKSILKALGTGATLEEMMTACQGVGGPGHKARVLAEAMSQVHHTNIMMQKGNFKGQ 
RKIKCFNCGKEGHLARNCRAPRKKGCWKCGREGHQMKDCTERQANFFRENLAFQQGE 
ARKFPSEQTRANSPTNGELGDGGRDNLLPEAGAERQETASSFSFPQITLWQRPLVTV 
KVGGQLKEALLDTGADDTVLEDINLPGKWKPKMIGGIGGFIKVRQYDQILIEICGKK 
AIGTVLVGPTPVNIIGRNMLTQIGCTLNFPISPIDTVPVTLKPG~PKVKQWPLTE 
EKIKALTEICKEMEEEGKISKIGPENPYNTPVFAIKKKDSTKWRKLVDFRELNKRTQ 
DFWEVQLGIPHPAGLKKKKSVTVLDVGDAYFSVPLDEGFRKYTAFTIPSINNETPGV 
RYQYNVLPQGWKGSPAIFQSSMTKILEPFRARNPEIVIYQYMDDLWGSDLEIGQHR 
TKVEDLRAHLLSWGFTTPDKKHQKEPPFLWMGYELHPDRWTVQPIVLPEKDSWTVND 
I Q K L V G K L N W A S Q I Y A G I K V R Q L C K L L R G A K A L T D I V T L T P  
VHGVYYDPSKDLVAEIQKQGQDQWTYQIYQEPFKNLKTGKYARKRSAHTNDVRQLAE 
WQKVATESIVIWGKTPKFRLPIQRETWETWWMEYWQATWIPEWEFVNTPPLVKLWY 
QLEKDPIMGAETFYVDGAASRETKQGKAGYVTDRGRQKVVSLTETTNQKTELHAIHL 
ALQDSGPEVNIVTDSQYALGIIQAQPDRSESDIVNQIIEKLIEKE~LSWVPAHKG 
IGGNEQVDKLVSSGIRKVLFLDGIDKAQEDHERYHSNWRAMASDFNLPPIVAKEIVA 
SCDKCQLKGEAMHGQVDCSPGIWQLDCTHLEGKVILVAVHVASGYIEAEVIPAETGQ 
ETAYFLLKLAGRWPVRVIHTDNGSNFTSAAVKAACWWANVQQEFGIPYNPQSQGWE 
SMNKELKKIIGQVREQAEHLKTAVQMAVFI~FKRKGGIGEYSAGERIIDIIATDIQ 
TKALQKQITKIQNFRVYYRDSRDPIWKGPAKLLWKGEGAWIQDNSDIKVVPRRKAK 
IIRDYGKQMAGDDCVAGRQNED" 
5077..5355 
/gene= "vi € '' 
/note="premature end at 5355. Normal end would be at 5655." 
/codon-start2 
/product= "vi f protein" 
/ t rans la t ion="MENRWQVMIVWQVDRMRIRAWNSLVKHHMYSSKKYRHHY 
ESQHPKVSSEVHIPLGDARLIIRTYWGLHTGEKDWHLGHGSIEWRQRK" 
5084..5374 
/gene= "vpr " 
/codon-start=l 
/product= "vpr protein" 
/translation="MEQAPEDQGPQREPYNEWTLELLEELKTEA~FPRP~HGLGK 

join(5866. -6080,8442. -8526) 
/gene=" tat I' 
/codon-stark1 
/product=" tat protein" 
/translation="MEPVDPNLEPWKHPGSQPTTACSKCYCKMCCWHCQLCFLKKGLG 
ISYGRKKRKHRRGPSQDSKDHQNSIPKQPLPTSRGNPTGPKESKKKVESKAETDP" 

HIYNTYGDTWEGVEAIIRILQQLLFVHFRIGCQHSRIGIIRGTRG~GAGRS" 
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CDS 

CDS 

CDS 

CDS 

join(6005..6080,8442..8737) 
/gene=" rev" 
/codon-start=l 
/product="rev protein" 
/translation="MAGRSGSTDEDLLRTVRIIKILYQSNPYPPAEGTRQAR~RRRK 
WRARQRQIHKIGERILSTCLGRSPEPVPLQLPPLERLHLDCSEDCGTSGTQQSTGTET 
EVGRPQISGESSVILGSGTKN" 
6101..6346 
/gene="vpu" 
/codon-start=l 
/product="vpu protein" 
/translation="RLPLHICAIVGLIVALIIAIVVWTIVAIEYKKLRRQRKIDRLVQ 
RISERAEDSGNESEGDTEELAKLVEMGDFDPWVGDNL" 
6264..8879 
/gene="env" 
/codon-start=l 
/product= 'I env polyprotein" 
/translation="MRVKGTRRNWPNLWKWGTLILGLVIICSASDNLWV~GVP~ 
R D A D T I L F C A S D A W T E V H N W A T H A C V P T D P N P Q E I Y E Q  
MQEDVISLWDQSLQPCVKLTPLCVTLHCTKASFTNATSDRI~EDA~CSF~TTEL 
QDKKQEVHALFYTSDWQISSSVQNNNNSNTSGQNNSHKFRLIHCNTSVIKQACPWS 
FDPIPIHYCAPAGYAILKCNDKNFNGTGPCKNVSSVQCTHGIKPWSTQLLLNGSLAE 
E E I I I R S E D L T D N A K T I I V H L N K S I E I N C T R P F K K V R I S A I N G D I  
RKAYCEINKTI(WKETLKQVTRKLREHLNGTMTISFRPSS~DPE1~HFNCRGEFFY 

VSNITGILLTRDGGINQNQTNKNETFRPGGGNIKDNWRSELYKYKWQIEPLGIAPTK 
ARRRWEREKRAVGIGAMIFGFLGAAGSTMGAASITLTVQARQLLSGIVQQQSNLLRA 
IEAQQHLLQLRTWGIKQLQARVLAVERYLKDQKFLGLWGCSGKIICTTSVPWNSSWSN 
KSYEAIWNNMTWIEWDREINEYTNQIYELLTESQDQQERNEKDLLALDKWASLWNWFD 
ITRWLWYIKIFIIIVGGLIGLRIVFAVLSIVNRVRQGYSPLSFQTLTHQQREPDRPER 
I E E E S G E Q G R D R S I R L V S G F L A L A W D D L R S L C L F S Y H R L R E L L G H S S L  
QGLRRRWEGLKYLGNLLS~QELRISAITLLDATAITVAGWTDRVIEIVQRAWRAIL 
HIPRRIRQGLERALL" 
8881..9516 
/gene="ne€ " 
/codon-start=l 
/product="ne€ protein" 
/ translation= ~MGGKWSKSCIVGWPQVRERIRQTPVAEERQTPAAAEGVGAVSQD 
LDKHGAVTSSNINNADNVWLEAQEEEEVGFPVRPQVPLRPMTYKGAFDLSFFLKEKGG 
LDGLIHSKRRQEILDL~TQGYFPDWQNYTPGPGPG~YPLCFGWCFKLVP~PREVE 
EDNKGENNCLLHPMSQHGIDDDEREVLMWKFDSSLARRHIARELHPEYYKD" 

CNTTALFNSTWINGTMQEVNGTNSGNITLPCRIKQIVNMWQEVGRAMYAPPISEVINC 

LTR 9188..9843 
misc-signal 386. .395 

misc-signal 9573..9582 
/not e= " NFkappaB 'I 

/note="NFkappaB" 
BASE COUNT 3501 a -1764 c 2400 g 2178 t 
ORIGIN 

1 tggatgggct aattcactcc aagagaagac aagagatcct tgacttatgg gtccacaata 

61 cacaaggcta cttccctgat tggcaaaact acacaccagg gccgggggtc agatacccac 
121 tgtgttttgg atggtgcttc aagctagtac cagttgatcc aagagaagta gaggaggaca 
181 ataaaggaga aaacaactgc ctgttacacc ccatgagcca gcatggaata gatgatgatg 
241 aaagagaagt gctaatgtgg aagtttgaca gttccctagc acgaagacac atagctcgag 
301 agctgcaccc agagtactac aaagactgat gacaaagaag ttccaagact gctgacaaag 

5' LTR U3 -> 

c- ne€ 
cds end 

361 gagtttctaa ctaggacttc cgctggggac tttccagggg aggtgtggcc tgggcggggt 
Nf Kappa B ------ -----_ 
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421 tggggagtgg ctaaccctca gatgctgcat aaaagcagcc gcttttcgct tgtactgggt 

481 ctctcttgtt agaccaggtc gagcccggga gctctctggc tagcagggga acccactgct 
541 taaagcctca ataaagcttg ccttgagtgc ttaaagtggt gtgtgcccgt ctgtgttagg 

LTR U3/\R rpt 

- ----- R rpt/\LTR U5 
poly-A signal 

601 actctggtaa ctagagatcc ctcagaccac tctagactga gtaaaaatct ctagcagtgg 

661 cgcccgaaca gggacttgaa agcgaaagtt aatagggact cgaaagcgaa agttccagag 
721 aagttctctc gacgcaggac tcggcttgct gaggtgcaca cagcaagagg cgagagcggc 
781 gactggtgag tacgccaaaa attttgacta gcggaggcta gaaggagaga gatgggtgcg 

/ \  major 5' sj gag cds --> 

841 agagcgtcaa tattaagtgg gggaaaatta gatgcatggg agaaaattcg gctaaggcca 

<- LTR 

p17 MA start 

901 gggggaaaga aacaatatag aatgaaacat ttagtatggg caagcagaga gttagaaaga 
961 ttcgcactta accctggcct tttagaaaca gcagagggat gtcaacaact aatagaacag 
1021 ttacaatcaa ctatcaagac aggatcagaa gaacttaaat cactatttaa tacaatagca 
1081 actctctggt gcgtacatca aaggatagat gtaaaagaca ccaaggaagc tttagataaa 
1141 atagaggaag tacaaaataa gagcaagcaa aaagcacagc aggcagcagc tggcacagga 
1201 agcagcagca aagtcagcca aaattaccct atagtgcaaa atgcacaagg gcaaatggta 

1261 catcaggcct tatcacctag aactttgaat gcatgggtga aagtagtaga agagaagggt 
1321 tttaacccag aagtaatacc catgttctca gcattatcag aaggagccac cccacaagat 
1381 ttaaatatga tgctcaacat agtgggggga caccaggcag caatgcaaat attaaaagat 
1441 accatcaatg aggaagctgc agaatgggat agggtacacc cagtacatgc agggcctatt 
1501 ccaccaggcc agatgagaga accaagggga gctgacatag caggaactac tagtaccctt 
1561 catgaacaga taggatggat gacaagcaac ccacctattc cagtgggaga aatctataaa 
1621 aagtggataa tcctgggatt aaataaaata gtaagaatgt atagccctgt tagcattttg 
1681 gacataagac aagggccaaa agaacccttc agagactatg tagacaggtt ctttaaaact 
1741 ctcagagcgg aacaagctac acaggaggta aaaaactgga tgacagaaac tttgctagtc 
1801 caaaatgcga acccagactg taagtccatt ttaaaagcac taggaacagg ggctacatta 
1861 gaagaaatga tgacagcatg ccagggagtg ggaggacctg gacataaagc aagggttttg 

gag p24 CA/ 
1921 gctgaggcaa tgagtcaagt acaccataca aatataatga tgcagaaagg caattttaag 

gag p17 MA/\gag p24 CA 

\gag P ~ X  gag p2x/\p7NC 
\gag-pol TF 

1981 ggccagagaa aaattaagtg tttcaactgt ggcaaagaag gacacctagc cagaaattgc 
2041 agggccccta gaaaaaaggg ttgttggaaa tgtgggaggg aaggacacca aatgaaagac 
2101 tgcactgaaa gacaggctaa ttttttaggg aaaatctggc cttccagcaa ggggaggcca 

A A  A A A A A A  A A A A A  A h  A A  ------ 
gag-pol ribosomal frameshift site stem loop stem 

2161 ggaaatttcc ctcagagcag accagagcca acagccccac caatggagag cttggggatg 
A 

gag p7NC/\gag P6 
2221 ggggaagaga taacctcctt cccgaagcag gagcagaaag acaagaaaca gcctcctcct 
2281 ttagtttccc tcaaatcact ctttggcaac gaccccttgt cacagtaaaa gtaggaggac 
gag-pol TF/\pol protease c- gag cds 

P6 end 
2341 agctaaaaga agctctatta gacacaggag cagatgatac agtattagaa gacataaatt 
2401 tgccaggaaa atggaaacca aaaatgatag ggggaattgg aggttttatc aaagtaagac 
2461 aatatgatca gatacttata gaaatttgtg ggaaaaaggc tataggtaca gtgttagtag 
2521 gacctacccc cgtcaacata attggacgga acatgttgac tcagattggt tgtactttaa 
2581 atttcccaat tagtcctatt gacactgtac cagtaacatt aaagccagga atggatggac 

2641 caaaggttaa acaatggcca ttgacagaag aaaaaataaa agcattaaca gaaatttgta 
2701 aagaaatgga agaggaagga aaaatctcaa aaattgggcc tgaaaatcca tacaatactc 
2761 cagtatttgc tataaagaaa aaggacagca ctaaatggag aaaattagta gatttcagag 
2821 agctcaataa aagaactcag gacttttggg aagttcaatt aggaatacca catccagcag 
2881 gtctaaaaaa gaaaaaatca gtaacagtac tagatgtggg agacgcatat ttttcagttc 

pol protease/\pol RT 
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2941 ctttagatga aggctttaga aagtatactg cattcaccat acctagtata aacaatgaga 
3001 caccaggagt cagatatcag tacaatgtgc tgccgcaggg atggaaagga tcaccagcaa 
3061 tattccagag tagcatgaca aaaatcttag agccctttag agcaagaaat ccagaaatag 
3121 ttatctatca atacatggat gacttgtatg taggatctga tttagaaata gggcagcata 
3181 gaacaaaagt agaggatcta agagctcatc tattgagctg gggatttact acaccagaca 
3241 aaaagcatca gaaagaaccg ccattccttt ggatgggata tgaactccat cctgacagat 
3301 ggacagtcca gcctatagtg ctgccagaaa aagacagctg gactgtcaat gatatacaga 
3361 agttagtggg aaaactaaat tgggcaagtc aaatttatgc agggattaaa gtgaggcaac 
3421 tgtgtaaact cctcagggga gctaaagcac taacagacat agtaacactg actgaggaag 
3481 cagaattaga attggcagag aacagggaaa ttctaaaaac ccctgtgcat ggggtatatt 
3541 atgacccatc aaaagactta gtagcagaaa tacagaaaca agggcaagac caatggacat 
3601 atcaaattta tcaagagcca tttaaaaatc taaaaacagg aaaatatgca agaaaaaggt 
3661 ctgctcacac taatgatgta agacaattag cagaagtggt gcaaaaagtg gccacagaaa 
3721 gcatagtaat atggggaaag acccctaaat ttagactaac catacaaaga gaaacatggg 
3781 agacatggtg gatggagtat tggcaggcta cctggattcc tgaatgggag tttgtcaata 
3841 cccctcctct agtaaaatta tggtaccaat tagaaaaaga ccccataatg ggagcagaga 
3901 ctttctatgt agatggggca gctagtaggg agactaagca aggaaaagca gggtatgtca 

3961 ctgacagagg aagacaaaaa gtagtttccc' taactgagac aacaaatcaa aagactgaat 
4021 tacatgcgat ccatttagcc ttgcaggatt caggaccaga agtaaacata gtaacagact 
4081 cacaatatgc attaggaatt attcaggcac aaccagacag gagtgagtca gatatagtca 
4141 atcaaataat agagaaacta atagaaaagg aaaaagtcta cctgtcatgg gtcccagcac 
4201 ataaggggat tggaggaaat gaacaagtag ataaattagt cagttctgga atcaggaagg 
4261 tgctattttt agatgggata gataaggctc aagaagacca tgaaagatat cacagcaatt 
pol RNAse/\pol integrase 
4321 ggagagcaat ggctagtgac tttaatttgc cacctatagt agcaaaggaa atagtagcca 
4381 gctgtgataa atgtcagcta aaaggggaag ccatgcatgg acaagtagac tgtagtccag 
4441 ggatatggca actagattgc acgcatctag aaggaaaagt catcctggta gcagtccacg 
4501 tggccagtgg atatatagaa gcagaagtta tcccagcaga aacaggacag gagacagcat 
4561 actttctgct aaaattagca ggaagatggc cagtaagggt aatacacaca gacaatggca 
4621 gcaatttcac cagcgctgca gttaaagcag cctgttggtg ggccaatgtc caacaggaat 
4681 ttggaattcc ctacaatccc caaagccaag gagtagtgga atctatgaat aaggaattaa 
4741 agaaaatcat agggcaggta agagagcaag ctgaacacct taagacagca gtacaaatgg 
4801 cagtattcat tcacaatttt aaaagaaaag gggggattgg ggagtacagt gcaggggaaa 
4861 gaataataga cataatagca acagacatac aaactaaagc attacaaaaa caaattacaa 
4921 aaattcaaaa ttttcgggtt tattacaggg acagcagaga tccaatttgg aaaggaccag 
4981 caaaactact ctggaaaggt gaaggggcag tagtaataca ggacaatagt gatataaaag 
5041 tagtaccaag aagaaaagca aagatcatta gggattatgg aaaacagatg gcaggtgatg 

5101 attgtgtggc aggtagacag aatgaggatt agagcatgga acagtttagt aaaacatcat 

pol RT/\pol RNAse 

vif cds start -> 

<- pol cds 
integrase end 

5161 atgtatagct caaagaaagc tgccaaatgg ttttatagac atcattatga aagccagcat 
5221 ccaaaagtaa gttcagaagt acacatccca ctaggggatg ctagattaat aataagaaca 
5281 tattggggtc tgcatacagg agaaaaagac tggcacttgg gtcatggagt ctccatagaa 
5341 tggaggcaga gaaaatagag cacacaaata gatcctgacc tagcagacca actgattcat 

<- vif premature end 
5401 ctgcaatatt ttgactgttt ttcagactct gccataagga aagccttatt aggacaaata 

/ \  3' sj 
5461 gttagaccta ggtgtgaata tccagcagga cataacaagg taggatctct acaatatttg 

5521 gcactgaaag cattaacaaa aacaaaaaag acaaagccac ctctgcctag tgttaggaaa 
5581 ttaacagaag atagatggaa caagccccag aagaccaagg gccacagaga gagccctaca 

5641 atgaatggac attagaactg ttagaggagc ttaaaactga agctgttaga cattttccta 

5701 ggccctggct ccatggctta ggaaagcata tctataacac ttatggggat acttgggaag 
5761 gggttgaagc tataataaga attttgcaac aactactgtt tgttcatttc agaattgggt 

/ \  5 '  s j  

vpr cds start -> 

<- vif cds end 
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5821 gccaacatag cagaataggc attatacgag ggacaagagg caggaatgga gccggtagat 
tat cds start -> e- vpr 

cds end 
5881 cctaacctag agccctggaa acatccggga agtcagccta caactgcttg tagcaagtgt 
5941 tattgtaaaa tgtgttgctg gcattgccaa ctatgctttc tgaaaaaagg cttaggcatc 
6001 tcctatggca ggaagaagcg gaagcaccga cgaggacctt ctcaggacag taaggatcat 

6061 caaaattcta taccaaagca gtaagtatta agtatatata aggttgcctt tgcatatctg 
rev cds start-> 

tat-rev exon/ \intron 
vpu cds normal start -> 
ATG in others, AGG here 

6121 tgcaatagta ggactgatag tagcgctaat catagcaata gtagtgtgga ctatagtggc 
6181 tatagaatat aagaaattaa gaaggcaaag aaaaatagat aggttagttc aaagaataag 
6241 tgaaagagca gaagacagtg gaaatgagag tgaaggggac acggaggaat tggccaaact 

env cds -> 
signal peptide start 

6301 tgtggaaatg ggggactttg atccttgggt tggtgataat ttgtagtgcc tcagacaact 
e- vpu cds end 

env signal pept/\gpl20 
6361 tgtgggttac agtttattat ggggttcctg tgtggagaga tgcagatacc atcctatttt 
6421 gtgcatcaga tgccaaagca catgtgacag aagtgcacaa tgtttgggct acacatgcct 
6481 gtgtacccac agaccccaac ccacaagaaa tatacctgga aaatgtaaca gaaaattttg 
6541 acatgtggaa aaataacatg gtagagcaga tgcaggagga tgtaatcagt ttatgggatc 
6601 aaagtctaca gccatgtgta aagttaactc ctctctgtgt tactttacat tgtaccaagg 
6661 ctagttttac taatgccacc agtgacagaa taaaaatgga agatgcagta agaaactgtt 
6721 cttttaatat gaccacagaa ctacaagata aaaagcagga ggtccatgca cttttttata 
6781 cgtctgatgt agtacaaatt agtagtagtg tacaaaataa taataacagt aatactagtg 
6841 gacaaaataa tagtcataag tttagattaa tacattgtaa tacttcagtc attaagcagg 
6901 cttgtccaaa ggtatccttt gatccaattc ccatacatta ttgtgctcca gctggttatg 
6961 cgattctaaa gtgtaatgat aagaatttta atggaacagg gccatgcaaa aatgtcagct 
7021 cagtacaatg cacacatgga attaagccag tggtatcaac tcaattgctg ttaaatggca 
7081 gtctagcaga agaagagata ataatcagat ctgaagatct cacagacaat gccaaaacca 
7141 taatagtgca ccttaataaa tctatagaaa tcaattgtac cagacccttc aagaaagtaa 
7201 gaataagtgc aaggatagga ccaggacgag tattccatac aacaggaaac ataaatggtg 
7261 atataagaaa agcatattgt gaaattaata aaacaaaatg gaaagaaact ttaaaacagg 
7321 taacaagaaa attaagagag caccttaatg ggacaatgac aataagcttt cgaccatcct 
7381 caggaggaga tccagaaatc acaatgcatc attttaattg tagaggggaa tttttctatt 
7441 gcaatacaac agcactgttt aatagtactt ggataaatgg aaccatgcag gaggttaatg 
7501 gcacaaactc aggcaatatc acacttccat gcaggataaa gcaaattgta aacatgtggc 
7561 aggaagtagg acgagcaatg tatgctcctc ccatcagtga agtaattaat tgtgtatcaa 
7621 atattacagg aatactattg acaagagatg ggggtattaa tcaaaatcag actaacaaaa 
7681 atgagacctt cagacctgga ggaggaaata taaaggacaa ttggagaagt gaattataca 
7741 aatataaagt agtacaaatt gaaccactag gaatagcacc caccaaggca aggagaagag 
7801 tggtggagag agaaaaaaga gcagtgggaa taggagctat gatctttggg ttcttaggag 

7861 cagcaggaag cactatgggc gcggcgtcaa taacgctgac ggtacaggcc agacaattat 
7921 tgtctggtat agtgcaacag caaagcaatt tgctgagggc tatagaggcg cagcagcatc 
7981 tgttgcaact cacagtctgg ggcattaaac agctccaggc aagagtcctg gctgtggaaa 
8041 gatacctaaa agatcaaaag ttcctaggac tttggggctg ctctggaaaa atcatctgca 
8101 ccacttctgt gccttggaac tccagttgga gtaataaatc ttatgaagct atttggaaca 
8 16 i acatgacatg gatagaatgg gatagagaaa ttaacgaata cacaaaccaa atatatgagc 
8221 tacttacaga atcgcaggac cagcaggaaa ggaatgaaaa ggatttgtta gcattggaca 
8281 agtgggcaag tctgtggaat tggtttgaca taacaaggtg gctgtggtat ataaaaatat 
8341 ttataataat agtaggaggt ttaataggtt taagaatagt ttttgctgtg ctttctatag 
8401 taaatagagt taggcaggga tactcacctt tgtcgttcca gacccttacc caccagcaga 

8461 gggaacccga caggcccgaa agaatcgaag aagaaagtgg agagcaaggc agagacagat 
8521 ccataagatt ggtgagcgga ttcttagcac ttgcctggga cgatctccgg agcctgtgcc 

8581 tcttcagcta ccaccgcttg agagacttca tcttgattgc agcgaggact gtggaacttc 
8641 tgggacacag cagtctacag ggactgagac ggaggtggga aggcctcaaa tatctgggga 

env gp120/ \gp41 

tat-rev intron/\exon 

e- tat cds end 
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8701 atcttctgtc atattgggtt caggaactaa gaattagtgc tattactttg cttgatgcta 

8761 cagcaataac agtagcgggg tggacagata gggttataga aatagtacaa agagcttgga 
8821 gagctatcct ccatatacct agaagaatca gacagggctt ggaaagggct ttgctataac 

c- rev cds end 

c- env cds 
gp41 end 

8881 atgggtggca aatggtcaaa aagttgcata gtgggatggc ctcaggtcag ggaaagaata 
nef cds -> 

8941 aggcaaactc ctgtagcaga agaaaggcaa actcctgcag cagcagaagg agtaggagca 
9001 gtatctcaag atctagataa acatggagca gtaacaagca gtaatataaa taatgctgat 
9061 aatgtctggc tggaagcgca agaggaagag gaggtaggct ttccagtcag gccgcaggta 
9121 cctctaagac caatgactta taagggagct tttgatctta gcttcttttt aaaagaaaag 
9181 gggggactgg atgggctaat tcactccaag agaagacaag agatccttga cttatgggtc 

9241 cacaatacac aaggctactt ccctgattgg caaaactaca caccagggcc gggggtcaga 
9301 tacccactgt gttttggatg gtgcttcaag ctagtaccag ttgatccaag agaagtagag 
9361 gaggacaata aaggagaaaa caactgcctg-ttacacccca tgagccagca tggaatagat 
9421 gatgatgaaa gagaagtgct aatgtggaag tttgacagtt ccctagcacg aagacacata 
9481 gctcgagagc tgcacccaga gtactacaaa gactgatgac aaagaagttc caagactgct 

9541 gacaaaggag tttctaacta ggacttccgc tggggacttt ccaggggagg tgtggcctgg 

. LTR -> 

c- nef cds end 

--------- -- 
nf kappa B 

9601 gcggggttgg ggagtggcta accctcagat gctgcataaa agcagccgct tttcgcttgt 
9661 actgggtctc tcttgttaga ccaggtcgag cccgggagct ctctggctag caggggaacc 

9721 cactgcttaa agcctcaata aagcttgcct tgagtgctta aagtggtgtg tgcccgtctg 
U3/\R rpt 

R rpt/\U5 ---- -- 
poly-A signal 

9781 tgttaggact ctggtaacta gagatccctc agaccactct agactgagta aaaatctcta 
9841 gca 

c- 3' LTR US end 
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LOCUS 
DEFINITION 
ACCESSION 
KEYWORDS 
SOURCE 

ORGANISM 

REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
MEDLINE 

REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
REFERENCE 
AUTHORS 

TITLE 
JOURNAL 

COMMENT 

FEATURES 
source 

CDS 

18-JUL-1996 HIW51190 8980 bp DNA VRL 
HIV-1 clone 92ug037 from Uganda, complete genome 
U5W90 

Human immunodeficiency virus type 1 (HIV-l), clone 92ug037 from 
Uganda; genomic DNA isolated from PBMCs; genome extended by nested 
PCR amplification. 
Human immunodeficiency virus type 1 
Viridae; ss-RNA enveloped viruses; Positive strand RNA virus; 
Retroviridae; Lentivirinae. 
1 (bases 1 to 8980) 
Gao,F., Morrison,S.G., Robertson,D.L., Thornton,C.L., Craig,S., 
Karlsson,G., Sodroski,J., Morgado,M., Galvao-Castro,B., von 
Briesen,H., Beddows,S., Weber,J., Sharp,P.M., Shaw,G.M. and 
Hahn, B . H. 
Molecular cloning and analysis of functional envelope genes from 
human immunodeficiency virus type 1 sequence subtypes A through G. 
The WHO and NIAID Networks for HIV Isolation and Characterization 
J. Virol. 70 (3), 1651-1657 (1996) 
96190564 
2 (bases 1 to 8980) 
Gao,F., Robertson,D.L., Morrison,S.G., Hui,H., Craig,S., 
Fultz,P.N., Decker,J., Girard,M., Shaw,G.M., Hahn,B.H. and 
Sharp, P.M. 
The heterosexual HIV-1 epidemic in Thailand is caused by an 
intersubtype (A/E) recombinant of African origin 
J. Virology 70 (lo), 7013-7029 (1996) 
3 (bases 1 to 8980) 
Gao,F., Robertson,D.L., Morrison,S.G., Hui,H., Craig,S., 
Fultz,P.N., Decker,J., Girard,M., Shaw,G.M., Hahn,B.H. and 
Sharp, P.M. 
Direct Submission 
Submitted (12-MAR-1996) John Blouin, HIV Database, Los Alamos 
National Laboratory, Enitwetok Dr., Los Alamos, NM 87545, USA 
A set of three complete genomes from a study linking the HIV-1 
epidemic in the heterosexual population in Thailand to an A/E 
recombinant. 92ug037 was obtained from WHO-NIAIDS and comes from 
an asymptomatic 31-year-old female from Entebbe, Uganda, early in 
infection. The year of infection is unknown and the mode of- 
infection was heterosexual contact. 92ug037, U51190, was 
established and propagated by cocultivation with normal donor 
lymphocytes, and then PCR amplified and sequenced. 92ug037 
is subtype A. 

Location/Qualifiers 
1. .8980 
/organism="Human immunodeficiency virus type 1" 
/note=" from Uganda" 
/~lone=~92ug037" 
160. -1659 
/gene= "gag" 
/ codon-s tart = 1 
/product="gag polyprotein' 
/ translation= "MGARASVLSGGKLDAWEKIRLRPGGKKKYRLKHLVWASRELERF 
ALNPSLLETTEGCQQIMEQLQSALRTGTEELRSL~~ATLYC~QRIEVKDTK~LD 
KIEEIQKKSKQKTQQAAADTGSSSKVSQNYPIVQNAQGQMIHQSLSPRTLNA~~IE 
EKALSPEVIPMFSALSEGATPQDLNMMLNIVGGHQAAMQMLKDTINEEAAE~RLHPV 
H A G P V A P G Q M R E P R G S D I A G T T S T P Q E Q I A W M T G N P P I P V  
YSPVSILDIKQGPKEPFRDWDRFFKTLRAEQATQEVKG~TETLLIQNANPDCKSIL 
RALGAGATLEEMMTACQGVGGPGHKAR~AE~SQVQHTNIMMQRGNFKGQ~IKCFN 
CGKEGHLAKNCRAPRKKGCWCGREGHQMKDCTERQANFLGKIWPSSKGRPGNFPQSR 
PEPTAPPAAEIFGMREEIVSPPKQEQNDRDQNPPSVSLKSLFGNDLLSQ' 
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CDS 

CDS 

CDS 

CDS 

CDS 

CDS 

CDS 

join(160..1450,1450..3146) 
/note="Premature stop codon at '3146, normal end would be 
at 1642." 
/codon-start=l 
/product="gag-pol polyprotein" 
/note="Gag-Pol fusion polpyprotein is produced by 
ribosomal frameshift slip on tttttt slippery site 
at 1450-1455 potentiated by an mRNA stem-loop structure 
at 1450-1455" 
/translation="MGARASVLSGGKLDAWEKIRLRPGGKKKYRLKHLVWASRELERFA 
LNPSLLETTEGCQQIMEQLQSALRTGTEELRSLYNTVATLYC~QRI~KDTKEALDKI 
EEIQKKSKQKTQQAAADTGSSSKVSQNYPIVQNAQGQMIHQSLSPRTLNA~IEEKA 
L S P E V I P M F S A L S E G A T P Q D L N M M L N I V G G H Q A A M Q M L K D T I N E E A P  
VAPGQMREPRGSDIAGTTSTPQEQIAWMTGNPPIPVGDIYKRWMILGLNKIVRMYSPVS 
ILDIKQGPKEPFRDWDRFFKTLRAEQATQEVKGWMTETLLIQN~PDCKSILRALGAG 
ATLEEMMTACQGVGGPGHKARVLAEAMSQVQHTNI~QRGNFKGQKRIKCFNCGKEGHL 
AKNCRAPRKKGCWKCGREGHQMKDCTERQANFFRENLAFQQREARKFSSEQTRTNSPTS 
SRDLWDEGRDSLPSEAGAERQGPEPTFSFPQITLWQRPLVTVKIGGQLKKALLDTGADD 
TVLEDINLPGKWKPKMIGGIGGFIKVKQYDQILIEICGKKAIGTVLVGPTPVNIIGRNM 
LTLIGCTLNFPISPISTVPVKLKPGMDGPRIKQWPLTEEKIKALTEICADMEREGRISK 
IGPENPYNTPIFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTV 
LDVGDAYFSVPLDESFRKYTAFTIPSTNNETPGIRYQYNVLPQGWKGSPAIFQASMTKI 
LEPFRSKNPDIVIYQYMDDLWGSDLEIGQHRTKIEELREHLL~GFTTPDK~QKEPP 
FLWMGYELHPDKWTVQPIELPEKESWTVNDIQKLVGKL~ASQIYAGI~KQLCKLLRG 
TKALTDIVTLTEEAELELAENREILKDPVHGAYYDPSKDLIAEIQKQGQDQWIYQIYQE 
PFKNLKTGKYARKRSAHTNDVKQLAEWQKWMESIVIWGKTPKFKLPIQKETWETWWM 
DYWQAT " 
4408..4986 
/gene="vif I' 
/codon-start=l 
/product="vif protein" 
/translation="MENRWQVMIVWQVDRMRIRTWNSLVKHHMYISRRAKGWFYRHHYE 
SRHPKVSSEVHIPIGDARIWRTYWGLQTGEKDWHLGHGVSIEWRLKRYSTQIDPDLAD 
QLIHLHYFNCFSDSAIRKAILGQWSPRCDYQTGHNKVGSLQYLALKALVTPSRMKPPL 
PSVKKLAEDRWNKPQKTRGRRESHTMNGC" 
4926..5219 
/gene= "vpr" 
/codon-start=l 
/product="vpr protein" 
/translation="MEQAPEDQGPQREPYNEWMLDLLEDLKHEAVRHFPRPWHGLGQH 

join(5200. .5414.,7739. -7830) 
/gene=" tat" 
/codon-start=l 
/product=" tat protein" 
/translation="MDPVDPSLEP~HPGSQPKTPCNKCYCKVCC~CQCCFLNKGLGI 
SYGRKKRKPRRGTPQSNKDHQNPIPKQPIPRTQGDSTGPEESKKKVESKTEADRYA" 
join(5339..5414,7739..8035) 
/gene=" rev" 
/codon-start=l 
/product="rev protein" 
/translation="MAGRSGNPDEELLRAIRIIKILYQSNPYPEPKGTRQARKNRRRRW 
RARQRQIDTLSERVLSTCLGRPAEPVPLQLPPIERLHLDCSEDCGTSGTQQSQGVETGV 
GRTQVSGES P WLGSGTKN " 
5441..5686 
/gene= " vpu I' 
/codon-start=l 
/product="vpu protein" 
/translation="MQLLEICAWGLWALIIAIWWTIVGIEYKKLLKQRKIDRLVDR 
IRERAEDSGNESDGDREELSLLVDMGDYDLGDDNNL" 
5604..8177 

IYHTYGDTWEGVEAIIRILQQLLFVHFRIGCQHSRIGCQHSRIGINIRGRRVRDGSGRS" 

1-122 
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/gene= I' env" 
/codon-start=l 
/product= I' env polyprot ein" 
/translation="MRVMGIERNYPCWWTWGIMILGMIIICNTAENLWVTVYYGVPIWK 
DANTTLFCASDAKAYDTEVHNVWATHACVPTDPSPQEL-TEEF-EQm 
T D I I S L W D Q S L K P C V Q L T P L C V T L D C S Y N I T N N I T N S I T N T T E  
L R D K N R K V Y S L F Y K L D W Q I N G N S S N L Y R L I N C N T S ~ T Q ~ P ~ T F E P I P I ~ C A P  
AGYAILKCNDKEFNGTGLCKS~QCTHGIRPWSTQLLLNGSLAEGKVMIRSENITN 
NVKNIIVQLNESVTINCTRPNNNTRRSVRIGPGQTFYATGDIIGDIRQ~C~SGSQWN 
KTLHQWEQLRKYWNNNTIIFNSSSGGDLEITTHSFNCAGEFFYCNTSGLFNSTWVNGT 
TSSTSNGTITLPCRIKQIINMWQRVGQAMYAPPIQGVIKCESNITGLILTRDGGVNSSD 
S E T F R P G G G D M R D N W R S E L Y K Y K W K I E P L G V A P T K A R R R W F I G F L  
GTAGSTMGAASITLTVQARKLLSGIVQQQSNLLRAIEAQQHLLKL~GIKQLQARV~ 
VERYLRDQQLLGIWGCSGKLICPTNVPWNSSWSNKSLDEIWENMTWLQWDKEISNYTIK 
IYELIEESQIQQERNEKDLLELDKWASLWNWFDISKWLWYIKIFIMIVGGLIGLRIVFA 
VLSVINRVRQGYSPLSFQTHTPNPRGLDRPGRIEEEGGEQDRGRSIRLVSGFLALAWDD 
LRNLCLFSYHRLRDFILIAARTVELPGHSSLKGLRLGWEGLKYLGNLLLYWGRELKISA 
INLLDTIAIAVAGWTDRVIETVQRLGRAILNIPRRIRQGFE~L" 
8179.. 8826 
/gene= I' ne€ 
/codon-start=l 
/product="nef protein" 
/ t ranslat ion="MGNKWSKSCIVGWPEVRERIRQTPTAARERTRQAPTAAS 
QDLDKHGAVTSS~HPSCvWLEAQEEEEVGFPVRPQVPLRPMTY~FDLGFFLKEKG 
GLDGLIYSKKRQEILDLWVYHTQGYFPDWQNYTPGPGPGIRYPLTFGWCFKLVPVDEDEVE 
EATGGENNSLLHPICQHGMDDEEKETLRWKFDSSLARVHKELHPEFYKDC" 

/not e= " NFkappaB '' 

/not e= I' NFkappaB I' 

misc-signal 8844..8853 

misc-signal 8858..8867 

BASE COUNT 3238 a 1569 c 2174 g 1999 t 
ORIGIN 

1 gacttgaaag cgaaagtaat agggactcga aaacgaaagt tccagagaag aagctctctt 
61 gacgcaggac tcggcttgct gaggtgcaca cagcaagagg cgagagcggc gactggtgag 

121 tacgccattt tttgactagc ggaggctaga aggagagaga tgggtgcgag agcgtcagta 
/\major 5' sj 

gag cds -> 
p17 MA start 

181 ttaagtgggg gaaaattaga tgcatgggag aaaattcggt taaggccagg gggaaagaaa 
241 aaatatagat taaaacatct agtatgggca agcagggagc tggaaagatt tgcacttaac 
301 cctagccttt tagaaacaac agaaggatgt caacaaataa tggaacaatt acaatcagct 
361 ctcagaacag gaacagaaga acttagatca ttatataata cagtagcaac cctctattgc 
421 gtacatcaac ggatagaggt aaaagacacc aaggaagctc tagataaaat agaggagata 
481 caaaagaaaa gcaagcaaaa gacacagcag gcagcagctg acacaggaag tagcagcaag 
541 gtcagccaaa attaccctat agtgcaaaat gcacaagggc aaatgatcca ccagtccttg 

601 tcacctagga ctttgaatgc atgggtgaag gtaatagaag aaaaggctct cagcccagaa 
661 gtaataccca tgttctcagc attatcagaa ggagccaccc cacaagattt aaatatgatg 
721 ctgaacatag tggggggaca ccaggcagct atgcaaatgt taaaagatac catcaatgag 
781 gaagctgcag aatgggacag gctacatcca gtacatgcag ggcctgttgc accaggccag 
8 4i atgagagaac caaggggaag tgatatagca ggaac tac ta gtacccctca agaacaaata 
901 gcatggatga caggcaaccc acccatccca gtgggagaca tctataaaag atggatgatc 
961 ctgggattaa ataaaatagt aagaatgtat agccctgtta gcattttgga tataaaacaa 
1021 gggccaaaag aacccttcag agactatgta gataggtttt ttaaaactct cagagctgag 
1081 caagctacac aggaggtaaa aggttggatg acagaaacgt tactgatcca aaatgcaaat 
1141 ccagattgta aatccatcct aagagcatta ggagcagggg ctacattaga agaaatgatg 
1201 acagcatgcc agggagtggg aggacccggc cataaagcaa gagttttggc tgaggcaatg 

1261 agtcaagtac aacatacaaa cataatgatg cagagaggca attttaaggg ccagaaaagg 

gag p17 MA/\gag p24 CA 

gag p24 CA/\gag p2x 

gag p2x/\gag p7NC 
\gag-pol fusion TF 

1-123 
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1321 attaagtgtt tcaactgtgg 
1381 aaaaagggct gttggaaatg 
1441 caggctaatt ttttagggaa 

-- ---- 
gag-pol ribosomal frame shift 

1501 cagagcagac cagaaccaac 
1561 atagtctccc ctccgaagca 

1621 ctcaaatcac tctttggcaa 

1681 aagctctatt agatacagga 
1741 aatggaaacc aaaaatgata 
1801 agatacttat agaaatttgt 
1861 ctgtcaacat aattggaaga 

1921 ttagtcctat tagtactgta 
1981 aacaatggcc attgacagaa 
2041 aaagagaagg aagaatttca 
2101 ctataaagaa aaaggacagc 
2161 aaagaactca agacttttgg 
2221 agaaaaaatc agtaacagta 
2281 aaagctttag aaagtatact 
2341 tcaggtatca gtacaatgtg 
2401 qcagcatgac aaaaatctta 
2461 aatacatgga tgacttgtat 
2521 tagaagaatt aagagaacat 
2581 agaaagaacc tccatttctt 
2641 aaccgataga gctgccagaa 
2701 ggaaactaaa ttgggcaagt 
2761 tcctcagggg aaccaaagca 
2821 aattggcaga gaacagggag 
2881 caaaagactt aatagcagag 
2941 atcaagagcc atttaaaaat 
3001 ctaatgatgt aaaacaattg 
3061 tatggggaaa gactcctaaa 
3121 ggatggacta ttggcaggct 

3181 tagtaaaatt atggtaccag 

3241 tagatggggc agccaatagg 
3301 gaaggcaaaa ggttgtttcc 
3361 tccatctagc cttgcaggat 
3421 cattaggaat cattcaggcc 
3481 tagagaagct aatagaaaag 
3541 ttggaggaaa tgaacaagta 

3601 
3661 
3721 
3781 
3841 
3901 
3961 
4021 
4081 
4141 

tagatgggat 
tggctagtga 
aatgtcagct 
aattagattg 
gctacgtaga 
taaagctagc 
ccagcgctgc 
cctacaatcc 

ttcacaattt 
tagggcaggt 

agataaagct 
ttttaatctg 
aaaaggggaa 
tacacatcta 
agcagaagtt 

ggttaaagca 
ccaaagtcaa 
aagggagcaa 
taaaagaaaa 

aggaagatgg 

caaagaagga catctagcca aaaattgcag ggctcctaga 
tggaagggaa gggcaccaaa tgaaggactg cactgagaga 
aatctggcct tccagcaaag ggaggccagg aaattttcct 

A A A A A A A  A A  A A A A A A A A A  

stem-loop inverted repeats 

agccccacca 
ggagcagaac 

cgacctcttg 

gcagatgata 

ggaaaaaagg 
aatatgttga 

ccagtaaaat 
gaaaaaataa 
aaaattgggc 
actaaatgga 
gaagttcaat 
ctagatgtgg 
gcattcacca 
cttccacagg 
gagcccttta 
gtaggatctg 
ctattaaaat 
tggatgggat 
aaggaaagct 
caaatttatg 
ttaacagata 
attttaaaag 
atacagaaac 
ctaaaaacag 
gcagaagtgg 
tttaaactac 
acctgaattc 

ttagagaaag 

gggggaattg 

<- pol 

gagactaagc 
ctaactgaga 
tcaggatcag 
cagccagaca 
gacaaagtct 
gataaattag 

caagaagaac 
ccacctatag 
gccatgcatg 
gaaggaaaag 
attccagcag 
ccagtaaaag 
gcctgttggt 
ggagtagtag 
gctgaacatc 
ggggggattg 

1-124 
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gag p7NC/\p6 
gcagcagaga tctttgggat gagggaagag 
gacagggacc agaacccacc ttcagtttcc 

gag-pol TF/\pol 
protease 

tcacagtaaa gataggggga cagctaaaaa 
c- gag cds 

p6 end 
cagtattaga agacataaat ttgccaggaa 
gaggtttcat caaggtaaag cagtatgatc 
ctataggtac agtattggta ggacctacac 
ccctgattgg ttgtacttta aatttcccaa 

taaaaccagg aatggatggc ccaaggatta 
aagcattaac agaaatttgt gcagatatgg 
ctgaaaatcc atacaatact ccaatatttg 
gaaaattagt agattttaga gagctcaata 
taggaatacc gcatccagcg ggcttaaaaa 
gggacgcata tttttcagtt cccttagatg 
tacctagtac aaacaatgag acaccaggaa 
gatggaaagg atcaccggca atattccagg 
gatcaaaaaa tccagacata gttatctatc 
atttagaaat agggcagcat agaacaaaaa 
ggggatttac tacaccagac aaaaagcatc 
atgaactcca tcctgataag tggacagtcc 
ggactgtcaa tgatatacag aaattagtag 
caggaattaa agtaaaacaa ttgtgtaaac 
tagtaacatt gactgaggaa gcagaattag 
accctgtgca tggagcatat tatgacccat 
aagggcaaga ccaatggata tatcaaattt 
gaaaatatgc aagaaaaagg tctgctcaca 
tgcaaaaggt ggtcatggaa agcatagtaa 
ccatacaaaa agaaacatgg gaaacatggt 
ctgaatggga gtttgtcaat acccctcctc 
cds premature end 
accccatagc aggagcagag actttctatg 

pol RT/\pol 

taggaaaagc agggtatgtc actgacagag 
caacaaatca aaagactgaa ttacatgcaa 
aagtaaacat agtaacagac tcacagtatg 
ggagtgaatc agagttagtc aatcaaataa 
acctgtcatg ggtaccagca cacaaaggaa 
tcagttctgg aatcaggaag gtactatttt 

pol RNAse/\pol 

atgaaagata tcacagcaat tggagagcaa 
tagcaaagga aatagtagcc agctgtgata 
gacaagtaga ctgtagccca gggatatggc 
taattctggt agcagtccat gtggctagtg 
aaacaggaca ggagacagca tactttctac 
tagtacacac agacaatggc agcaatttca 
gggcaaatgt taaacaggaa tttggtattc 
aatctatgaa taaggaatta aagaaaatca 
ttaagacagc agtacaaatg gcagtgttca 
gggggtacag tgcaggggaa agaataatag 

pol protease/\pol RT 

RNAse 

integrase 
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4 2 0 1  acataatagc atcagactta caaactaaag aattacaaaa acaaattaca aaaattcaaa 
4 2 6 1  aatttcgggt ttgttacagg gacagcagag atccaatttg gaaaggacca gcaaaactac 
4 3 2 1  tctggaaagg tgaaggggca gtggtaatac aggacaatag tgatataaaa gtagtaccaa 
4 3 8 1  gaagaaaagt aaagatcatt aaggattatg gaaaacagat ggcaggtgat gattgtgtgg 

4 4 4 1  caggtagaca ggatgaggat tagaacatgg aacagtctag taaaacatca tatgtatatc 
vi€ cds start -> 

c- pol cds normal 
integrase end 

4 5 0 1  tcacggagag ctaaaggttg gttttataga catcactatg aaagcaggca tccaaaagta 
4 5 6 1  agctcagaag tacacatccc aataggggat gctagaatag tagtaagaac atattggggt 
4 6 2 1  ctgcagacag gagaaaaaga ctggcacttg ggtcatgggg tctccataga atggaggcta 
4 6 8 1  aaaagatata gcacacaaat agaccctgac ctggcagacc aactaattca tctgcattat 
4 7 4 1  tttaactgtt tttcagactc tgccataagg aaagccatat tagggcaagt agttagccct 

4 8 0 1  aggtgtgatt atcaaacagg acacaacaag gtaggatctt tacaatattt agcactaaaa 
5 ' s j  / \ 

4 8 6 1  gcattagtaa caccatcaag gatgaagcca cctttgccta gtgttaagaa attagcagag 
4 9 2 1  gatagatgga acaagcccca gaagaccagg ggccgcagag agagccatac aatgaatgga 

4 9 8 1  tgttagatct gttagaagat cttaagcatg aagctgttag acattttcct aggccatggc 

5 0 4 1  tccatggatt agggcaacat atctatcaca cctatgggga tacttgggaa ggagttgaag 
5 1 0 1  ctataataag aattttgcag caactactgt ttgtccattt cagaatcggg tgccaacaca 
5 1 6 1  gcagaatagg cattaatatt cgagggagaa gagtcaggga tggatccggt agatcctagc 

3 ' s j  / \  

vpr cds start -> 

<- vi€ cds end 

tat cds start - > c- 
vpr cds end 

5 2 2 1  ctagagccct ggaaccatcc gggaagtcag cctaaaactc cttgtaacaa gtgttactgt 
5 2 8 1  aaagtgtgtt gctatcattg ccaatgctgc tttctgaaca agggcttagg catctcctat 

rev cds start -> 
5 3 4 1  ggcaggaaga agcggaaacc ccgacgagga actcctcaga gcaataagga tcatcaaaat 
5 4 0 1  cctataccaa agcagtaagt atcagtaatt agtatatgta atgcagcttt tggaaatctg 

5 4 6 1  tgcagtagta ggactggtag tagcgctaat catagcaata gttgtgtgga ctatagtagg 
5 5 2 1  tatagaatat aagaaattgc taaagcaaag aaaaatagac aggttagttg atagaataag 
5 5 8 1  agaaagagca gaagacagtg gcaatgagag tgatggggat agagaggaat tatccttgct 

tat-rev exon/intron 5 ' s j / \  vpu cds start -> 

env cds -> 
signal peptide start 

5 6 4 1  

5 7 0 1  
5 7 6 1  
5 8 2 1  
5 8 8 1  
5 9 4 1  
6 0 0 1  
6 0 6 1  
6 1 2 1  
6 1 8 1  

tgtgggttac tgtctactat 
gtgcatcaga tgcgaaagca 
gtgtacctac agaccccagc 
acatgtggaa aaataacatg 
aaagcctaaa accatgtgta 
acatcaccaa taatatcacc 
taaaaaactg ctctttcaat 
cactttttta taaacttgat 
atagattaat aaattgtaat 

atcttgggga 
E 

ggggtaccta 
tatgatacag 
ccacaagaac 
gtagagcaga 
cagttaaccc 
aatagcatca 
atgaccacag 
gtagtacaaa 
acctcagccc 

tgataataat ttgtaatact gcagaaaact 
mv signal peptide/\env g p 1 2 0  

tatggaagga tgcaaatacc accttatttt 
aagtgcataa tgtctgggct acgcatgcct 
taaagatgga aaatgtgaca gaagagttta 
tgcatacaga tataatcagt ctatgggacc 
ctctctgcgt tactttagat tgtagctata 
ccaatagctc agttaacatg agagaagaaa 
aattaaggga taagaatcgg aaggtatatt 
ttaataatgg taataacagt agtaatctgt 
ttacacaggc tcgtccaaag gtaacctttg 

6 2 4 1  agccaattcc catacattat tgtgccccag ctggttatgc gattctaaaa tgtaatgata 
6 3 0 1  aggagttcaa tggaacaggg ctatgcaaga atgtcagcac-agtacaatgc acacatggaa 

c- vpu cds end 

6 3 6 1  tcaggccagt agtgtcaact caactgctgt taaatggcag tttagcagaa ggaaaggtaa 
6 4 2 1  tgattagatc tgaaaatatc acaaacaatg tcaaaaacat aatagtacaa cttaacgagt 
6 4 8 1  ctgtaacaat taattgtacc agacctaaca ataatacaag aagaagtgta cgtataggac 

6 5 4 1  caggacaaac attctatgca acaggtgata taatagggga tataagacaa gcacattgta 

6 6 0 1  atgtcagtgg gtcacaatgg aataaaactt tacaccaggt agttgaacaa ttaagaaaat 
6 6 6 1  attggaacaa caatacaata atctttaata gctcctcagg aggggattta gaaattacaa 

V3 loop start -> 

<- v 3  loop 
end 
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6721 cacatagttt taattgtgca ggagaatttt tctattgtaa tacatcaggc ctgtttaata 
6781 gtacttgggt aaatggcact accagcagca cgtcaaatgg cactataact ctcccatgca 
6841 gaataaagca aattataaat atgtggcaga gagtaggaca agcaatgtat gcccctccca 
6901 tccaaggagt aataaagtgt gaatcaaaca ttacaggact aatattaaca agagatggtg 
6961 gggttaatag cagtgacagt gaaaccttca gacctggagg aggagatatg agggataatt 
7021 ggagaagtga attatataag tataaggtag taaaaattga accactagga gtagcaccca 
7081 ccaaggcaag gagaagagtg gtggagagag aaaaaagagc agttacactg ggagctgtat 

7141 tcattgggtt cttaggaaca gctggaagca caatgggcgc ggcgtcaata acgctgacgg 
7201 tacaggccag aaaattattg tctggcatag tgcaacagca aagcaatttg ctgagggcta 
7261 tagaggctca acagcatctg ttgaaactca ctgtctgggg cattaaacag ctccaggcaa 
7321 gagtcctggc tgtggaaaga tacctaaggg atcaacagct cctaggaatt tggggctgct 
7381 ctggaaaact catctgcccc actaatgtgc cctggaactc tagttggagt aataaatctc 
7441 tagatgaaat atgggaaaac atgacctggc tgcaatggga taaagaaatt agcaattaca 
7501 caatcaaaat atatgagcta attgaagaat cgcagatcca gcaggaaagg aatgaaaaag 
7561 acttactgga gttggacaag tgggcaagtc tgtggaattg gtttgacata tcaaaatggc 
7621 tgtggtatat aaaaatattt ataatgatag taggaggcct aataggatta agaatagttt 
7681 ttgctgtgct ttctgtaata aatagagtta ggcagggata ctcaccccta tcgtttcaga 

tat and rev cds resume (exon 2) / \  
7741 cccatacccc gaacccaagg ggactcgaca ggcccggaag aatcgaagaa gaaggtggag 
7801 agcaagacag aggcagatcg atacgcttag tgagcgggtt cttagcactt gcctgggacg 

7861 acctgcggaa cctgtgcctc ttcagctacc accgattgag agacttcatc ttgattgcag 
7921 cgaggactgt ggaacttccg ggacacagca gtctcaaggg gttgagactg gggtgggaag 
7981 gactcaagta tctggggaat ctcctgttgt attggggtcg ggaactaaaa attagtgcta 

8041 ttaatttgct tgataccata gcaatagcag tagctggctg gacagatagg gttatagaaa 
8101 cagtacaaag gcttggtaga gctattctca acatacctag aagaatcagg cagggcttcg 
8161 aaagggcttt actataacat gggtaacaag tggtcaaaga gttgcatagt gggatggcct 

env gpl2O/\env gp41 

<- tat cds end 

<- rev cds end 

<- env cds 
gp41 end 

nef cds start -> 
8221 gaggttaggg aaagaataag acaaactcct acagcagcaa gggaaagaac aagacaagcc 

---- -__------_ -_-______- --___----- ___------- ------- 
direct repeat copy 1 direct repeat copy 2 

8281 cctacagcag caaaaggagt aggagcagta tctcaagatt tagataaaca tggagcagtc 
8341 acaagcagca atgtaaatca ccctagttgc gtctggctgg aagcgcagga ggaagaagag 
8401 gtaggctttc cagtcagacc acaggtacct ctaaggccaa tgacttacaa ggcagctttc 
8461 gatctcggct tctttttaaa agaaaagggg ggactggatg ggttaattta ctccaagaaa 

8521 agacaagaaa tccttgatct gtgggtctac cacacacaag gctacttccc tgattggcag 
8581 aattacacac cagggccagg gatcagatac ccactaacat ttggatggtg cttcaagcta 

3' LTR U3 region start --> 

8641 gtaccagtgg atgaagatga 
8701 caccctatat gccaacatgg 
8761 gacagcagcc tggcacgagt 
8821 tgctgacaca ggagttgctg 

<- nef cds end 

8881 tttgggcgga gttggggagt 
8941 cttgtactgg gtctctcttg 
LTR U3 region/\R rpt 

agtagaggaa gctactggag gagagaacaa tagcctatta 
aatggatgat gaggagaaag aaacattaag gtggaagttt 
acacaaagca agagagctgc atccggagtt ttacaaagac 
actgggactt tccgctgggg actttccagg ggaggtgtgg ------- --- _-_--------- 

NF kappa B sites 
ggctaaccct cagatgctgc atataagcag ctgcttctcg 
gtagaccaga tcgagcctgg 
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Comment: This study compared the five lineages of primate immunodeficiency viruses and found that only HIV-I group M 
requires cyclophilin A for replication. HIV-1 gag binds to cyclophilin A and incorporates it into virions. If this process is 
disrupted, virion infectivity is inhibited. Cloned isolates from clades A, B, and D of HIV-I group M and two clones from 
group 0 were used. This first phenotypic difference between group M and group 0 is consistent with the idea that the two 
HIV-1 groups were introduced to humans by different zoonotic transmissions. This sequence was obtained by PCR from 
human PBMCs infected with HIVCA9, a group 0 virus from Cameroon. GenBank accession number U53175. 
HIVU5477 1 CM240 U54771 9203 bp comp. gen. Carr, J.K. JVI 70,5935 (1996) 
Comment: Blood from an asymptomatic heterosexual 21-year-old Thai man was transported from Thailand to the USA where 
PBMCs were separated and co-cultivated with PHA-stimulated donor PBMCs. DNA from p24 antigen-positive culture was 
used to amplify the proviral DNA. The complete genomic sequence of the provirus was determined by the compilation of 
three clones containing different parts of the viral genome. CM240 is an example of a Thai subtype E virus, which is a mosaic 
of a clade A virus and a clade E virus. GenBank accession number U54771. 

SIU17646 SIVsmSL92a U17646 
Comment: Eight SIV gag and env sequences from sooty mangabeys. Six of them represent new viruses from West Africa. 
All belonged to the SIVsdHIV-2 family. The characterization of these sequences supports the hypothesis that each HIV-2 
subtype in West Africans originated from widely divergent SIVsm strains, transmitted by independent cross-species events in 
the same geographic locations. GenBank accession numbers U17646,U4881O-U48824. 
HIVU52194 U52194 325bp gag Diaz, R.S. Unpublished (1996) 
Comment: This work also includes ten envelope sequences. GenBank accession numbers U52194 and U51942,U52055- 
U52603. 
HIVU56888 1C U56888 402bp gag Fultz, P.N. Unpublished (1996) 
Comment: A set of 12 gag sequences and 12 env sequences from a study on the diversification of two HIV-1 LAI Subtype B 
strains during the dual infection of a chimpanzee for nine years. GenBank accession numbers U56866-U56899. 
HIVU51188 90CR402 U51188 9843 bp comp. gen. Gao, F. JVI 70,7013 (1996) 
Comment: One of a set of three complete genomes from a study linking the HIV-1 epidemic in the heterosexual population 
in Thailand to an A/E recombinant. 90CR402, previously named CAR-E 4002, was obtained from a man from Bangui, 
Central African Republic, who had lymphadeopathy, diarrhea, severe weight loss and recurrent respiratory infections. He 
was infected through heterosexual contact, but the year of infection is unknown. 90CR402 (U51188) was first adapted to 
growth in chimpanze cells, expanded in chimpanzee cells, and then re-expanded in human PBMCs before lamba cloning and 
sequencing. 93TH253 (US1 189) is from a 21-year-old man from Chiang Mai, Thailand and was previously named CMUOlO 
or 302053. The patient had end-stage AIDS. The mode and year of infection are unknown. 93TH253 was isolated and 
expanded in human PBMCs, then expanded in H9 cells followed by lambda cloning and sequencing. 92UG037 (US1 190) 
was obtained from WHO-NIAIDS and comes from an asymptomatic 31-year-old female from Entebbe, Uganda, early in 
infection. The year of infection is unknown and the mode of infection was heterosexual contact. 92UG037 was established 
and propagated by cocultivation with normal donor lymphocytes, and then PCR amplified and sequenced. 93TH253 and 
90CR402 are subtype E (A/E recombinant). Comparison of the two strains showed that they were derived from a common 
A/E recombinant ancestor, presumably from Central Africa. 92UG037 is subtype A. LTR sequences are available under 
accession numbers U5 1282-U51297. 

SIVCPZANT CPZANT U42720 8182 bp comp. gen. Vanden Haesevelde, M. Virology 221,346 (1996) 
Comment: A simian immunodeficiency virus phylogenetically linked to HIV-1 which was isolated from a captured wild 
chimpanzee from Zaire. This is the third SIV strain linked to HIV-1 after SIVCPZ-GAB (X52154) and SIVCPZ-GAB2 
(U11495) isolated from chimps in Gabon. While SIVCPZ-ANT and SIVCPZ-GAB share a common ancestor with HIV- 
1, they differin that the SIVCPCZ strains have highly conserved V3 regions and HIV-1 has a highly variable V3 region. 
SIVCPZANT is considered to be an outgroup of HIV-1 and is used to suggest the possibility of various introductions of 
HIV-1 into the human population. 
H074C12DG 074 276649 390bp gag Kampinga, G.A. Unpublished (1996) 
Comment: A set of 224 sequences from an extensive HIV-1 mother-to-child-transmission study in Rwanda. The study 
covers heterogeneity and coinfection with subtypes A and C. GenBank accession numbers 275969-275978,275989-275997, 

~ 

9 HIVU53175 HIVCA9 U53175 422bp gag Braaten, D. JVI 70,4220 (1996) 

JVI 70,3617 (1996) 825bp gag Chen, Z. 

Z76010-Z76019,Z76030-Z76038,Z76043,Z76045,Z76047,Z76058-Z76069,Z76071-Z76073,Z76084-Z76093,Z76104- 
276 1 13,276 123-176133,Z76144-Z76152,Z76154-Z76159,Z76162-Z76166,Z76177-Z76182,Z76184-Z76187,Z76208- 
Z76217,Z76232,Z76246,Z76249-Z76261,Z76274,Z76283,Z76294,Z76302,Z763 12-Z7632l,Z76343-276352,276363- 
Z76372,Z76383-Z76392,Z76413-Z76422,Z76433-Z76442,Z76453-Z76462,Z76649,Z76706,Z76707,Z76733. 
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HIw70271 LIT9485 U70271 210bp gag Liitsola, K. J. Infect. Dis. In press (1996) 
Comment: One of thirty-four Baltic and Russian sequences derived from PCR amplified DNA from PBMCs. GenBank 
accession numbers U70271-U70304. 

HIVMCKl MCKl D86068 9752 bp comp. gen. Iwatani, Y. Unpublished (1996) 
Comment: This sequence is ~ 9 8 %  identical to HXB2 and other IIIB lab strains of HIV-1. PM213 is another complete genome 
also -98% identical to HXB2. GenBank accession numbers D86068 and D86069. 

m.ABMNT BAB-MNT X99948 387bp gag Narwa, R. JVI 70,4474 (1996) 
Comment: A set of 54 sequences from a mother-to-child-ensmission study. The encoding regions of the matrix protein, p17, 
were sequenced from viral isolates from 22 nontransmitting mothers, 12 HIV-1 positive mother-and-child pairs, 4 infected 
children, and 4 transmitting mothers. All patients were attending urban hospitals in Paris. Blood samples taken during delivery 
for mothers and the first month of life for infants. Most of the European mothers were drug users or sexual partners of drug 
users. The main route of infection for African mothers was heterosexual intercourse. Sequences were classified among the 
A, B and G subtypes. GenBank accession numbers X99948-X99949,279527-279578. 

HIVETH2220 Em2220 U46016 9031 bp comp. gen. Salminen, M.O. ARHR 12,1329 (1996) 
Comment: U46016 is the first reported (almost hll length) subtype C sequence from Ethiopia. In its genomic organization, 
this clone closely resembles subtype A, B, and D isolates except that the core promoter contains three potential binding sites 
for the transcription factor NF-kB instead of containing two. 

HIVKUMMlC KUMMl L42019 410bp gag Voevodin, A. ARHR 12,641 (1996) 
Comment: Six sequences (Il-5, KUMM2) from Indian expatriates in Kuwait and one sequence from an Ethiopian expatriate 
in Kuwait used in a study of the diversity of subtypes found in India, Ethiopia, and Kuwait using gag nucleotide sequences. 
Voevodin et al. found that isolates KUMMl, KUMM2,11,13,14, and I5 clustered with subtype C while the rest clustered 
with subtype B sequences. GenBank accession numbers U42013, L42014, LA2016-L42019, L42022. 
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HIVU53606 MB.01 U53606 306 bp pol (protease) Barrie, K.A. Virology 219,407 (1996) 
Comment: This study analyzed HIV-1 gag and pol sequences from PBMCs from HIV-1-infected mothers and their children. 
Sixty protease alleles from 12 individuals differed by from 3 to as many as 10 amino acids. Protease variants with a proline at 
position 63, a substitution associated with resistance to protease inhibitors, appeared in the absence of antiprotease therapy in 
7 patients and were transmitted by 2 mothers to their infants. Gag p7 p6 regions were more variable than protease. GenBank 
accession numbers for the set of 61 sequences are U53606-U53666. 

HIVU54771 CM240 U54771 9203 bp comp. gen. Carr, J.K. JVI 70,5935 (1996) 
Comment: Blood from an asymptomatic heterosexual 21-year-old Thai man was transported from Thailand to the USA where 
PBMCs were separated and co-cultivated with PHA-stimulated donor PBMCs. DNA from p24 antigen-positive culture was 
used to amplify the proviral DNA. The complete genomic sequence of the provirus was determined by the compilation of 
three clones containing different parts of the viral genome. CM240 is an example of a Thai subtype E virus, which is a mosaic 
of a clade A virus and a clade E virus. GenBank accession number U54771. 

HIVU50207 HIVZ321B U50207 1497 bp gag, pol Choi, D.J. Unpublished (1996) 
Comment: The virus HIVZ321B is a later passage of HIVZ321 (GenBank accession number M15896), which was isolated 
from a 1976 Zairian serum sample. 2321 was grown to industrial scale in a chronically infected T-cell line to manufacture an 
inactivated, therapeutic HIV-1 immunogen. Z321B was established from this industrial scale stock. 

HIVlU45026 74H9E1.2 U45026 117bp pol@) Cleland, A. JAIDS 12,6 (1996) 
Comment: Sequences of the RT domain of HIVl from ten plasma and PBMCs samples of two hemophiliac patients. Samples 
were obtained before, during, and after long-term treatment with ZDV. The appearance of resistance-associated substitutions 
differed in both patients both in order and timing. The sequences were too short to subtype. GenBank accession numbers 

HIVU51188 90CR402 U51188 9843 bp comp. gen. Gao, E JVI 70,7013 (1996) 
Comment: One of a set of three complete genomes from a study linking the HIV-1 epidemic in the heterosexual population 
in Thailand to an A/E recombinant. 90CR402, previously named CAR-E 4002, was obtained from a man from Bangui, 
Central African Republic, who had lymphadeopathy, diarrhea, severe weight loss and recurrent respiratory infections. He 
was infected through heterosexual contact, but the year of infection is unknown. 90CR402 (U51188) was first adapted to 
growth in chimpanze cells, expanded in chimpanzee cells, and then re-expanded in human PBMCs before lamba cloning and 
sequencing. 93TH253 (U51189) is from a 21-year-old man from Chiang Mai, Thailand and was previously named CMUOlO 
or 302053. The patient had end-stage AIDS. The mode and year of infection are unknown. 93TH253 was isolated and 
expanded in human PBMCs, then expanded in H9 cells followed by lambda cloning and sequencing. 92UG037 (U51190) 
was obtained from WHO-NIAIDS and comes from an asymptomatic 31-year-old female from Entebbe, Uganda, early in 
infection. The year of infection is unknown and the mode of infection was heterosexual contact. 92UG037 was established 
and propagated by cocultivation with normal donor lymphocytes, and then PCR amplified and sequenced. 93TH253 and 
90CR402 are subtype E (A/E recombinant). Comparison of the two strains showed that they were derived from a common 
A/E recombinant ancestor, presumably from Central Africa. 92UG037 is subtype A. LTR sequences are available under 
accession numbers U51282-U51297. 

SIVCPZANT CPZANT U42720 8182 bp comp. gen. Vanden Haesevelde, M. Virology 221,346 (1996) 
Comment: A simian immunodeficiency virus phylogenetically linked to HIV-1 which was isolated from a captured wild 
chimpanzee from Zaire. This is the third SIV strain linked to HIV-1 after SIVCPZ-GAB (X52154) and SIVCPZ-GAB2 
(U11495) isolated from chimps in Gabon. While SIVCPZ-ANT and SIVCPZ-GAB share a common ancestor with HIV- 
1, they differ in that the SIVCPCZ strains have highly conserved V3 regions and HIV-1 has a highly variable V3 region. 
SIVCPZ-ANT is considered to be an outgroup of HIV-1 and is used to suggest the possibility of various introductions of 
HIV-1 into the human population. 

HIVMCKl MCKl D86068 9752 bp comp. gen. Iwatani, Y. Unpublished (1996) 
Comment: This sequence is ~ 9 8 %  identical to HXB2 and other IIIB lab strains of HIV-1. PM213 is another complete genome 
also ~ 9 8 %  identical to HXB2. GenBank accession numbers D86068 and D86069. 

U45206-U45664. 
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HlV759RT01 V759 U14902 204bp pol Quinones, M.E. ARHR 12,1117 (1996) 
Comment: This study looked at sequences from 81 patients from USA, Venezuela, and Spain who were divided into two 
groups: those with and those without AZT antiretroviral therapy. Several patients had blood drawn on, sequential dates to 
observe change in sequence over time. Patients came from a variety of risk groups, ages, and health status, and a table 
of patient data is presented. Envelope gene sequences are also available from some of the patients. Not all 81 sequences 
reported in this paper were released to the database. GenBank accession numbers U14786-U14903, U16764-U16779 and 
U40533-U40552. The paper also reports on a new sequence analysis software tool for calculating an “evolutionary index” 
which is a measure of the evolutionary distance between sequences. 

HIVETH2220 ETH2220 U46016 9031 bp comp. gen. Salminen, M.O. ARHR 12,1329 (1996) 
Comment: U46016 is the first reported (almost full length) subtype C sequence from Ethiopia. In its genomic organization, 
this clone closely resembles subtype A, B, and D isolates except that the core promoter contains three potential binding sites 
for the transcription factor NF-kB instead of containing two. 

HIVU53869 PFA330AZT0.2~25 U53869 969bp pol Tachedjian, G. Virology 212,58 (1996) 
Comment: This sequence was isolated by passing wild-type HIVl strain PD in’the presence of increasing concentrations of 
AZT and foscarnet in MT-2 cells. Following 25 passes this strain replicated in the presence of 330 micromolar foscarnet 
and 0.2 micromolar AZT. This protein has three nonpolymorphic substitutions, LYs70Arg, Va175Ile and Lys219Arg, which 
together give reduced susceptibility to PFA and wild type susceptibility to AZT. The two other sequences in this set also 
have mutations which give them similar susceptibilities to PFA and A m .  GenBank accession numbers U53669, U53870, and 
U53871. 

SIU65787 SIVmac79A6.1 U65787 1317 bp pol (rt) VanRompay, K.K.A. Unpublished (1996) 
Comment: This sequence was derived from an isolate from a rhesus macaque infected with uncloned SIVmac251 following 
prolonged zidovudine treatment. 

HIW68783 CFSRl U68783 380bp pol Wong, J.K. Unpublished (1996) 
Comment: Set of 314 sequences of four patients (A, B, C, and D) from San Diego, USA. Samples obtained from the lymph 
node, spleen, brain, and cerebral spinal fluid of the patients. Sequences are likely from subtype B viruses. GenBank accession 
numbers for patient A, U68783-U68866; patient B, U68867-U68924; patient C, U68925-U69008; patient D, U69009-U69096. 

HIVlAA201 AA201 U64106 738bp pol(rt) Zheng, N.N. ARHR 12,1731 (1996) 
Comment: Sequences of 91 subtype B HIV-1 isolates obtained between 1990 and 1995 from 23 males from the Sydney region 
of New South Wales, Australia. These patients were symptomatic or had AIDS, were on long-term antiviral therapy (ZDV 
and ddI) and showed the development of resistance mutations. Proviral DNA was isolated from PBMCs and the RT region 
amplified by nested PCR. GenBank accession numbers U64106-U64196. 
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HIVU54771 CM240 U54771 9203 bp comp. gen. Carr, J.K. JVI 70,5935 (1996) 
Comment: Blood from an asymptomatic heterosexual 21-year-old Thai man was transported from Thailand to the USA where 
PBMCs were separated and co-cultivated with PHA-stimulated donor PBMCs. DNA from p24 antigen-positive culture was 
used to amplify the proviral DNA. The complete genomic sequence of the provirus was determined by the compilation of 
three clones containing different parts of the viral genome. CM240 is an example of a Thai subtype E virus, which is a mosaic 
of a clade A virus and a clade E virus. GenBank accession number U54771. 
HIVU51188 90CR402 U51188 9843 bp comp. gen. Gao, E JVI 70,7013 (1996) 
Comment: One of a set of three complete genomes from a study linking the HIV-1 epidemic in the heterosexual population 
in Thailand to an AE recombinant. 90CR402, previously named CAR-E 4002, was obtained from a man from Bangui, 
Central African Republic, who had lymphadeopathy, diarrhea, severe weight loss and recurrent respiratory infections. He 
was infected through heterosexual contact, but the year of infection is unknown. 90CR402 (U51188) was first adapted to 
growth in chimpanze cells, expanded in chimpanzee cells, and then re-expanded in human PBMCs before lamba cloning and 
sequencing. 93TH253 (U51189) is from a 21-year-old man from Chiang Mai, Thailand and was previously named CMUOlO 
or 302053. The patient had end-stage AIDS. The mode and year of infection are unknown. 93TH253 was isolated and 
expanded in human PBMCs, then expanded in H9 cells followed by lambda cloning and sequencing. 92UG037 (US1 190) 
was obtained from WHO-NIAIDS and comes from an asymptomatic 31-year-old female from Entebbe, Uganda, early in 
infection. The year of infection is unknown and the mode of infection was heterosexual contact. 92UG037 was established 
and propagated by cocultivation with normal donor lymphocytes, and then PCR amplified and sequenced. 93TH253 and 
90CR402 are subtype E (A/E recombinant). Comparison of the two strains showed that they were derived from a common 
AE recombinant ancestor, presumably from Central Africa. 92UG037 is subtype A. LTR sequences are available under 
accession numbers U5 1282-U51297. 

SIVCPZANT CPZANT U42720 8182 bp comp. gen. Vanden Haesevelde, M. Virology 221,346 (1996) 
Comment: A simian immunodeficiency virus phylogenetically linked to HIV-1 which was isolated from a captured wild 
chimpanzee from Zaire. This is the third SIV strain linked to HIV-1 after SIVCPZ-GAB (X52154) and SIVCPZ-GAB2 
(U11495) isolated from chimps in Gabon. While SIVCPZANT and SIVCPZ-GAB share a common ancestor with HIV- 
1, they differ in that the SIVCPCZ strains have highly conserved V3 regions and HIV-1 has a highly variable V3 region. 
SIVCPZANT is considered to be an outgroup of HIV-1 and is used to suggest the possibility of various introductions of 
HIV-1 into the human population. 

HIVU63314 HIV-1MN U63314 275 bp rev Hua, J. Virology In press (1996) 
Comment: A sequence of HIV-I MN env and rev genes from a study on the changes of function resulting from a natural 
sequence variation in the activation domain of HIV-1 rev. GenBank accession number U63314. 

HIVMCKl MCKl D86068 9752 bp comp. gen. Iwatani, Y. Unpublished (1996) 
Comment: This sequence is -98% identical to HXB2 and other IIIB lab strains of HIV-1. PM213 is another complete genome 
also -98% identical to HXB2. GenBank accession numbers D86068 and D86069. 

HIVU57217 TO1 U57217 216 bp tat Lorenzo, E. Unpublished (1996) 
Comment: A set of 113 env sequences and 88 tat sequences from US patients derived during a study on the variability of tat 
and env genes in HIV-1. Sequences are subtype B. GenBank accession numbers U57217-U57304 and U57104-U57216 for 
the env sequences. 

HIVETH2220 ETH2220 U46016 9031 bp comp. gen. Salminen, M.O. ARHR 12,1329 (1996) 
Comment: U46016 is the first reported (almost full length) subtype C sequence from Ethiopia. In its genomic organization, 
this clone closely resembles subtype A, B, and D isolates except that the core promoter contains three potential binding sites 
for the transcription factor NF-kB instead of containing two. 
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HIVCI17Dl CI17Dl u59559 326bp env Audoly, G. ARHR In press (1996) 
Comment: These sequences are from six different AIDS patients suffering from pulmonary tuberculosis at the Pneumology 
Hospital of Cocody, Abidjan, Ivory Coast. In this study sequences from viral RNA cocultured on donor PBMCs, proviral 
DNA sequences from each patients' PBMCs after coculture with donor PBMCs, and proviral DNA sequences directly from 
uncultured PBMCs were determined. For the cochltured samples viral RNA was harvested from the culture supernatant. PCR 
or RT-PCR was used to amplify the env V3 region, and 4-7 cloned PCR products were sequenced. A total of 66 sequences 
from the six patients were published. All 66 were subtype A, and intrapatient sequences were more similar than interpatient 
sequences. GenBank accession numbers U59559-U59624. 

HIVU46206 BHGMS U46206 290 bp env (C2V3) Barbosa, E.F. Unpublished (1996) 
Comment: Set of three Brazilian sequences. Sequence U46206 was obtained by PCR amplification from DNA derived from 
PBMCs of a female blood donor of unknown health status. This sample was classified as subtype F by the HMA method. 
Sequence U46210 was obtained from a male individual of unknown health status and was also classified as subtype F by the 
HMA method. A third sequence, U46122, was classified as subtype B. 

HIV 1 U08355 RUl03A U08355 675 bp env (V3-V5) Bobkov, A.F. ARHR 12,251 (1996) 
Comment: One of a set of sequences derived from proviral DNA extracted from PBMCs of a Russian patient. V3-V5 region 
of env gene extended by nested PCR amplification. The patient belonged to a group of 22 seropositive patients infected 
nosocomially by HIV-1 originating from a single source. RU103A has a V3 sequence identical to 12 other patients in the 
group. GenBank accession numbers UO8355-UO8368. 

HIVlBUK3A BUK3A U33095 1089 bp env (Vl-V5) Bobkov, A.F. ARHR 12,1385 (1996) 
Comment: Sequences from a study on the genetic variability of HIV-1 in the former Soviet Union. U33095 and U33096 
come from a blood sample taken November 1992 from a 39-year-old male Caucasian heterosexual (patient BUK) who lived 
in Uzbekistan. He reported living in Mozambique in 1984-85 where he was admitted to the hospital several times; however, 
he reported no sexual relationships with the African residents. Proviral DNA extracted from PBMCs; env gene extended by 
nested PCR amplification. BUK3A (U33095)and BUK4A (U33096) belong to subtype G, but diverge from the subtype G 
viruses previously reported from Russia. GenBank accession numbers U33095-U33096. 

HIVlMLYlOA MLYlOA U33104 1218 bp env (Vl-V5) Bobkov, A.F. ARHR 12,1687 (1996) 
Comment: One hundred and thirty subjects living in the Russian Federation were enrolled in this study between 1992 to 
1996. Proviral DNA was extracted from PBMCs and the env gene was extended by nested PCR; amplified products were then 
cloned. The study showed that subtypes B and G are predominant in the Russian Federation, although subtypes A, C, D, and H 
are also present. In this article special attention is given to two epidemiologically linked patients SHL (U33106-U33108) and 
MLY (U33104U33105) whose genetic subtypes could not be identified clearly by the HMA method. SHL became infected 
through sexual contact with an HIV-1 positive student from Zaire. MLY became infected by a blood transfusion from SHL 
after a cesarean section in 1987. MLY child is believed to have acquired the disease through breast feeding. The authors 
concluded that MLY and SHL belonged to the H subtype after phylogenetic tree analysis. 

H92MY14093 92My14093 U65538 345bp env(V3) Brown, T.M. ARHR 12,1655 (1996) 
Comment: Blood samples were collected between 1992 and 1993 from 13 IV drug-using prisoners in Kuala Lumpur, Malaysia 
and one HIV-I infected baby born in Thailand but adopted by Malaysian parents. PCR products amplified from uncultured 
PBMCs were directly sequenced. Eleven sequences clustered with the B subtype (U65538-U65548), two grouped in the 
C subtype (U65549-U65550) and the baby's sequence (U65551) was determined to be subtype E. Subtype C patients were 
Malaysian nationals who had visited India in 1989 and 1990 for medical treatment. GenBank accession numbers U65538- 
U6555 1. 

HN194UG003 94UG003 U44878 275 bp env (C2-V3) Buonaguro, L. JVI 69,7971 (1995) 
Comment: These 10 sequences are from Gulu, northern Uganda. They are direct sequences of PCR products amplified from 
uncultured PBMCs. Blood samples were drawn in March 1994 from 217 pregnant women attending a clinic in Gulu, northern 
Uganda. Ages ranged from 17 to 37 years. The 29 seropositive women (13.4% of the 217 tested) were all asymptomatic. 
Eight sequences were subtype A and two were D (U44881 U44884). Genbank accession numbers U448784J44887. 

HIVlU37030 AR06 U37030 331 bp env (V3) Campodonico, M. ARHR 12,79 (1996) 
Comment: Fourteen sequences from a study examining HIV-1 strains in Rosario, Agentina. The cohort included individuals 
infected through heterosexual and homosexual contact, blood transfusion, and intravenous drug use. The patients were 
enrolled in the study in April 1995. W o  (U37032, U37033) clustered with subtype F sequences, ten (U37030, U37031, 
U37034U37042) with subtype B, and one (U37043) appeared to be a B/F hybrid. 
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HIVU54771 CM240 U54771 9203 bp comp. gen. Carr, J.K. JVI 70,5935 (1996) 
Comment: Blood from an asymptomatic heterosexual 21-year-old Thai man was transported from Thailand to the USA where 
PBMCs were separated and co-cultivated with PHA-stimulated donor PBMCs. DNA from p24 antigen-positive culture was 
used to amplify the proviral DNA. The complete genomic sequence of the provirus was determined by the compilation of 
three clones containing different parts of the viral genome. CM240 is an example of a Thai subtype E virus, which is a mosaic 
of a clade A virus and a clade E virus. GenBank accession number U54771. 

HIVU53278 CMCHl U53278 287bp env Cassol, S. ARHR 12,1435 (1996) 
Comment: A set of sequences from a study on the detection of HIV-1 subtypes A,B,C, and E in India, Myammar, Thailand, 
China, and Indonesia involving dried blood spots collected in 1992. Envelope gene extended by PCR amplification from 
DNA of dried blood spots. The patients belonged to a wide variety of risk categories. GenBank accession numbers UU53286, 
U53291 (subtype A); U53304U53308, U53310, U53311, U53314-U53317( subtype B); U53278-U53285, U53287-U53290, 
U53292-U53303 (subtype C); U53309, U53312, U53313 (subtype E). 

HIVTW644 TW64-4 . U73045 214 bp env (V3) Chang, K.S.S. ARHR In press (1996). 
Comment: These 16 sequences represent healthy HIV-1 carriers or AIDS patients from Taiwan. Three subtype B sequences 
in this set were greater than 97% identical to the HXBuLAI lab strain of HIV-1 (TW83, U73049; TW271, U73059; and 
TW335, U73061). The manuscript reports that 123 of 143 sequences from Taiwan were subtype B, but only 27 of the 143 
sequences were submitted to the sequence databases. Other subtypes found in Taiwan in this study were E (U73060, U73062 
and U73070), C (U73055),F (U67765) and G (U73058). GenBank accession numbers for B subtype are U73045-U73054, 
U73056, U73057, U73059, U73061 and U73063-U73069. 

HIVU50207 Z321B U50207 1497bp env Choi, D.J. ARHR In press (1996) 
Comment: The virus HIVZ321B is a later passage of HIVZ321, which was isolated from a 1976 Zairian serum sample 
(GenBank accession number M15896). 2321 was grown to industrial scale in a chronically infected T-cell line to manufacture 
an inactivated, therapeutic HIV-1 immunogen. Z321B contains a mutation in the termination codon of the tat gene and extends 
further downstream by 48 nucleotides. The authors present evidence forZ321 being an A/G recombinant. GenBank accession 
numbers U50207 and U50208. 

HIVlGP41 BSMADGP41 X83215 372bp gp41 Cohen, H.J.M. Lancet 345,856 (1996) 
Comment: One of two partial env group 0 sequences, one of gp41 and the other of gp120. GenBank accession numbers 
X83215 and X83216. 

HIVlU56263 2BD20 U56263 656 bp env (C2-VS) Contag, C.H. Unpublished (1996) 
Comment: These sequences come from a study of mother to child transmission of HIVl in Sweden involving five subtypes. 
Subtype A: mother 4, and infant 4 (U56274U56283, U56328); Subtype B: mother5 infant 2, mother 6, and infant 6 (U56263- 
U56273, U562884J56291, U56299, U56300, U56303, U563174J56321, U56335); Subtype C, mother 5, infant 5, mother 
7, and infant 7; Subtype D, mother 3, infant 3 (U56304U56306, U56310-U56312, U56330); Subtype E, mother 1, infant 1 
(U56309, U56329). Proviral DNA derived from PBMCs or plasma. 

HIVG134 G134 X90912 873 bp env (V3-V5) Delaporte, E. AIDS 10,903 (1996) 
Comment: In this study, 17 partial HIV-1 env (V3-V5) gene sequences were determined from 17 different patients selected from 
a study involving serological screening of 7,082 patients in Libreville, Gabon, and 771 pregnant women and 886 asymptomatic 
adults in Franceville, Gabon. The study took place from 1986-1994 during which the prevalence of HIV infection in Gabon 
was low (0.7 - 1.6% in pregnant women, 2,l- 2.6% in the general population) and remained stable. The 17 isolates sequenced 
represented five different subtypes (A, C, D, F, and G) and Group 0. The high sequence diversity, and low prevalence rates 
are similar to Cameroon, but different from the rest of Africa. Of the 17 strains, 10 were isolated from Libreville. Of these, 4 
were from asymptomatic seropositive persons in 1988 and 6 were collected from AIDS patients between 1989 and 1993. The 
remaining 7 were collected between 1988 and 1989 from AIDS patients in Franceville. GenBank accession numbers X90912 

X90919 (G109), X90920 (G141), X90921 (VI1076), X90922 (VI526), X90923 (VI354). X90924 (VI685), X96526 (VI686), 
U09665 (LBV21-7), L22953 and U09665 (V1525). Isolate G139 is not available from GenBank. 

HIVU43035 U43035 235 bp env (V3) Diaz, R. Unpublished (1996) 
Comment: Set of 124 closely related sequences presumably belonging to subtype B. All 124 sequences came from patients 
from the United States who had been infected by a common source. GenBank accession numbers U29433-U29437, U29956- 
U30054, and U43035U43054. Gag sequences from. 12 clones are also available in GenBank entries U31573-U31584. 

(G134), X90913 (LBVIOJ), X90914 (LBV2-3), X90915 (G135), X90916 (G98), X90917 (G41), X90918 (LBV23-IO), 
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HlVU43986 D1-116 U42986 240 bp env (C2-V3-C3) Diaz, R. ARHR 12,1291 (1996) 
Comment: These sequences come from a study on the lack of dual HIV infection in a transfusion recipient who was exposed 
to two seropositive blood components. The patient was a 54-year-old male with oat cell carcinoma of the lung who was treated 
with prednisone at the time of index transfusion. He was transfused in November 1984. Samples of sera and leukocytes from 
both donors and from the dual recipient were analyzed. GenBank accession numbers U43986-U44023. 

HIVU5 1942 U5 1942 325 bp env (C2V3-C3) Diaz, R. Unpublished (1996) 
Comment: This work also includes a gag sequence. GenBank accession numbers U5 1942, U52055-U52063 and U52194. 

HIVlV3NO1 NO1 X92902 252 bp env (V3) Engelstad, M. ARHR 12,1733 (1996) 
Comment: Sequences of 40 individuals of Norwegian origin from four major risk groups. Eleven were homosexual or 
bisexual men, 11 were IVDUs, 4 were heterosexual partners of IVDUs, 6 were hemophiliacs who had received contaminated 
blood products, and 8 were heterosexual individuals infected through intercourse with persons from Zambia (3), USA (l), 
Grenada (l), Italy (2), and South Africa (1). The dates of seroconversion were unknown. Thirty-eight of the patients were 
asymptomatic and two of the hemophiliacs were classified as CDC IV at the time when the samples were obtained. Thirty-six 
of these sequences are subtype B ( X92902-X92912, X92915, X92916, X92919-X92941) and four are subtype C (X92913, 
X92914, X92917, X92918). GenBank accession numbers X92902-X92941. 

HIVU56866 C499envl U56866 573 bp env Fultz, RN. Unpublished (1996) 
Comment: A set of 12 env sequences from a study on the diversification of two HN-1 LA1 Subtype B strains during the dual 
infection of a chimpanzee for 9 years. GenBank accession numbers U56866-U56887. Also, see GenBank accession numbers 
U56888-U56899 for gag sequences from the same study. 

HIVU51188 90CR402 U51188 9843 bp comp. gen. Gao, F. JVI 70,7013 (1996) 
Comment: One of a set of three complete genomes from a study linking the HIV-1 epidemic in the heterosexual population 
in Thailand to an AIE recombinant. 90CR402, previously named CAR-E 4002, was obtained from a man from Bangui, 
Central African Republic, who had lymphadeopathy, diarrhea, severe weight loss and recurrent respiratory infections. He 
was infected through heterosexual contact, but the year of infection is unknown. 90CR402 (U51188) was first adapted to 
growth in chimpanze cells, expanded in chimpanzee cells, and then re-expanded in human PBMCs before lamba cloning and 
sequencing. 93TH253 (US1 189) is from a 21-year-old man from Chiang Mai, Thailand and was previously named CMUOlO 
or 302053. The patient had end-stage AIDS. The mode and year of infection are unknown. 93TH253 was isolated and 
expanded in human PBMCs, then expanded in H9 cells followed by lambda cloning and sequencing. 92UG037 (U51190) 
was obtained from WHO-NIAIDS and comes from an asymptomatic 31-year-old female from Entebbe, Uganda, early in 
infection. The year of infection is unknown and the mode of infection was heterosexual contact. 92UG037 was established 
and propagated by cocultivation with normal donor lymphocytes, and then PCR amplified and sequenced. 93TH253 and 
90CR402 are subtype E (AIE recombinant). Comparison of the two strains showed that they were derived from a common 
AIE recombinant ancestor, presumably from Central Africa. 92UG037 is subtype A. LTR sequences are available under 
accession numbers U5 1282-U51297. 

HIWG02116 UG02116 U27426 2928bp env Gao, F.J. JVI 70,1651 (1996) 
Comment: The complete gp160 coding region of this isolate was sequenced along with those of others collected at major 
epicenters of the AIDS epidemic during a study by Gao et al. The 35 members of this representative panel include members of 
all major sequence subtypes of HIV-1 group M (clades A-G) as well as an inter-subtype recombinant (FB) from an infected 
individual in Brazil. In this panel, all subtype E and three subtype G viruses initially classified on the basis of partial env 
sequences were found to cluster in subtype A in the3’ half of theirgp41 coding region, suggesting that they are also recombinant. 
The biological activity of PCR derived envelope genes was examined in a single round virus infectivity assay. This analysis 
identified 20 clones, including one from each subtype or recombinant, that expressed fully functional envelope glycoproteins. 
GenBank accession numbers U27443-U27445, U27434, U27426, U27419, U27413, U27408, U27401, U27399, U04900- 

HNU48855 94CU053 U48855 1416 bp env (V3) Gomez, C.E. ARHR 12,553 (1996) 
Comment: DNA sequence of the gp120 cds of a HIV-1 isolate from a bisexual male, most probably infected in Cuba in 
1992 by heterosexual contact. The virus was isolated two years after.seroconversion by cocultivation of patient PBMCs with 
seronegative donor PBMCs. Nested PCR was used to amplify the gp120 gene and the C2-V3 region. Five clones from the 
C2-V3 region were isolated and studied. ,The amino acid sequence GRGR in the tip of the V3 loop is reported here for the 
first time. This atypicd sequence suggests that this virus can escape from antibodies directed against the V3 region of other 
HN-1 isolates more frequently found in America. The sequence clustered with subtype B sequences SF2 and LAI. GenBank 
accession number U48855. 

U04929, U30312, U43386, L34667, U08797, U08794, U09131, UO8801, UO8441-UO8447, U09127, U09126. 
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SIVCPZANT CPZANT U42720 8182 bp comp. gen. Vanden Haesevelde, M. Virology 221,346 (1996) 
Comment: A simian immunodeficiency virus phylogenetically linked to HIV-1 which was isolated from a captured wild 
chimpanzee from Zaire. This is the third SIV strain linked to HIV-1 after SIVCPZ-GAB (X52154) and SIVCPZ-GAB2 
(U11495) isolated from chimps in Gabon. While SIVCPZ-ANT and SIVCPZ-GAB share a common ancestor with HIV- 
1, they differ in that the SIVCPCZ strains have highly conserved V3 regions and HIV-1 has a highly variable V3 region. 
SIVCPZ-ANT is considered to be an outgroup of HIV-1 and is used to suggest the possibility of various introductions of 
HIV-1 into the human population. 

HIVBJl BJ1 U61854 255 bp env (V3) Heyndrickx, L. ARHR 12,1495 (1996) 
Comment: These 18 sequences are from female prostitutes, born in either Ghana or Togo, who live in Benin. Fifteen are 
from directly sequenced PCR products, derived via RT-PCR from patient serum RNA. Three (233,251 and 253) are from 
cloned PCR products, also by RT-PCR from serum RNA. Another subtype A sequence (366, U61870) is not included here, 
because it was nearly identical (254 of 255 bases identical) to the SF170 sequence from 1988, and thus it likely represents a 
lab artifact. GenBank accession numbers U61854461869, U61871 and U61873. 

HIVU63314 HIV-1MN U63314 275 bp env Hua, J. Virology In press (1996) 
Comment: HIV-1 MN env and rev gene sequences from a study on the changes of function resulting from a natural sequence 
variation in the activation domain of HIV-1 rev. MN is from the USA. GenBank accession number U63314. 

HIVU47562 AI-E1 U47562 608bp env Hutto, C.J. JVI 70,3589 (1996) 
Comment: These sequences come from a study on twins with different disease courses. Envelope gene was extended by 
nested PCR amplification from proviral DNA derived from patients PBMCs. Heterozygotic twins who had been perinatally 
infected were observed during their first 2 years of life. l b i n  A (U47562-U47572), the first born, remained asymptomatic 
while twin B (U475734J47588) developed AIDS when he was 6 months old and died when he was 22 months old. The 
absence of neutralizing antibodies may correlate with disease progression since twin A developed neutralizing antibodies and 
twin B did not. The samples were determined to be nonsyncytium inducing and subtype B. Also see GenBank accession 
numbers U47589-U47613 for tat sequences from the same patient. 

HIVMCKl MCKl D86068 9752 bp comp. gen. Iwatani, Y. Unpublished (1996) 
Comment: This sequence is ~ 9 8 %  identical to HXB2 and other IIIB lab strains of HIV-1. PM213 is another complete genome 
also ~ 9 8 %  identical to HXB2. GenBank accession numbers D86068 and D86069. 

HIV1686EN VI686 X96526 2640bp env Janssens, W. AIDS 10,903 (1996) 
Comment: A group 0 sequence from a study on the charactarization of HIV-1 group 0 viruses. This sequence is from a 1992 
sample taken from a Gabonese woman with AIDS (Libreville). The Method of DNA isolation was not described. DNA was 
PCR amplified and cloned. See also GenBank accession numbers X90912-X90924. 

HIVV3REO1 1A-2 D78614 105bp env(V3) Kakizawa, J. ARHR 12,561 (1996) 
Comment: These sequences come from a study of the diversity of the HIVl env V3 region in saliva. Eight saliva samples were 
collected from seven patients. l b o  were asymptomatic carriers (isolates 7 and 8), three had AIDS-related complex (isolates 
2, 4, 5 ,  and 6, 5 and 6 being from the same patient), and two were patients with AIDS (isolates 1 and 3). Saliva samples 
corresponding to isolates 1 through 5 were collected between April and June, and isolates 6 through 8 were collected in January 
1995. Five cases were children with hemophilia (isolates 1-4,6 and 7) and two patients were homosexual adults (isolates 5 and 
8). Proviral DNA was extracted by glass powder method. DNA was then PCR amplified and sequences. GenBank accession 
numbers: Isolate 1, D78614D78616; Isolate 2, D78617; Isolate 3, D78618-D78621; Isolate 4, D78622-D78623; Isolate 
5, D78624D78626; Isolate 6, D78627-D78630; Isolate 7, D78631-D78633; Isolate 8, D78634-D78637. These sequences 
belong to subtype B and, of the previously-reported Japanese strains, are more closely related to SF162 than to MN. 

HIVH 13958 H13958 LO7243 330bp env(V3) Kalish, M. Unpublished (1996) 
Comment: lbenty-five Haitian sequences were PCR amplified from PBMCs. The set includes direct sequences of PCR ampli- 
fication products, consensus sequences of multiple clones of PCR products plus one direct sequence, and single clones of PCR 
products. Full length env for some of these have been expressed. All sequences clustered with subtype B. GenBank accession 
numbers LO7145-LO7161, LO7163-LO7165, LO7167-LO7207, LO7209-LO7239, LO7241-LO7246, UO8441-UO8447. 

HIV074CDE 074CDE 275958 276 bp env (V3) Kampinga, G.A. Unpublished (1996) 
Comment: Three hundred and twelve sequences of Rwandan women and their offspring, taken from seven infants and three 
mothers. Mother 566 was apparently infected with subtype A and subtype C HIV-1. All other sequences are subtype A. 
GenBank accession numbers for child 566 areZ76160-276161,276167-276168,276169-276176,276233-276248,276262- 
276273 and 276717-276724, mother 730,276353-276362; child 5'64,276074276083; mother 226,276046; child 538, 
276134276143, 276373-276382, 276393-276412; child 074, 275958; child 082,275998-276009, 276650; child 081, 
275959-275968; child 618,276198-276207; mother 439,276048-276057,276064276068 and 276070. 
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HIVJGVlO 4664 268508 276 bp env (V3) Kuiken, C.L. J.Gen. Virol. 77,783 (1996) 
Comment: These subtype B sequences are from a set containing 15 Dutch homosexuals, 19 Dutch intravenous drug users, 
2 German homosexuals, 2 German intravenous drug users, 5 Scottish homosexuals and six Scottish intravenous drug users. 
The sequences were used in a study of HIV-1 Vpr, Vpu, and V3 regions and how they vary between risk groups. GenBank 
accession numbers 268687-268693 and 268508-268616. 
HIVHOOOlL HOOOlL 267875 270 bp env (V3) Kuiken, L. AIDS In press (1996) 
Comment: These subtype B sequences come from a study on the limited intra-subject evolution of the envelope V3 region 
in the Amsterdam population. Taken from a cohort of homosexual men who seroconverted between 1985 and 1989, these 
sequences are from direct sequencing of PCR products after RT-PCR from serum DNM. GenBank accession numbers 267875, 

HIVU58393 1P74E001 U58393 252bp env(V3) Leigh-Brown, A.J. Unpublished (1996) 
Comment: A set of 73 env sequences from a Scottish study on the variability of env and pol genes in HIV-1 LA1 during 
zidovudine therapy. PCR amplified PBMC DNA were sequenced and are most probably sybtype B. GenBank accession 
numbers U58393-U58465. 

HIVU68496 sample 136 pl  U68496 276 bp env (V3) Leitner, T. PNAS 93,10864 (1996) 
Comment: This set of 26 sequences from 13 samples contains sequences from env V3 and gag p17. The set is derived from 
an exactly known Swedish transmission history and includes serial samples from some patients. The index case (patient 1) 
was a Swedish male who is believed to have contracted HIV while visiting Haiti in 1980. Six Swedish females (patients p2, 
p4, p5, p7, p8, and pl  1) were infected by patient 1. W o  males (patients p6 and p10) were then infected by these females, and 
two HIV-infected children (patients p3 and p9) were born to the women. The phylogeny of this data set spans the time 1980 
to 1994. GenBank accession numbers pl ,  U68496, U68497, U68509; p2, U68498, U68511; p3, U68499, U68500, U68512, 
U68513; p5, U68501, U68514; p6, U68502, U68515; p7, U68503, U68516; p8, U68504, U68505, U68517, U68518; p9, 
U68506, U68519; p l l ,  U68507, U68508, U68520, U68521. Sequences are unavailable for p4 and p10. 

HIVU69646 RU3 U69646 258bp env(V3) Leitner, T. ARHR 12,1595 (1996) 
Comment: This set contains 22 env V3 sequences from Russian infected patients. The set contains both epidemiologically 
linked and unlinked patient sequences. Subtypes A, B, F, and G were found from hetero-, homo-, and bisexual as well as 
nosocomially infected patients. All sequences are direct population estimates from uncultured patient PBMCs and were 
characterized on h4T-2, CEM, and Jurkat-tat cells. GenBank accession numbers U69646-U69667. 

HIVlU56146 14Pbl-16 U56146 629 bp env (V3-W Liu, S-L. Unpublished (1996) 
Comment: Set of sequences from a study on different patterns of progression to AIDS from the same source of infection. 
GenBank accession numbers U56146-U56235. 
HIVU54646 3BC01V2 U54646 174 bp env (VlN2) Lockey, T.D. ARHR 12,1297 (1996) 
Comment: These sequences represent 22 clones from 2 descendant HTLV-IIIB cultures. The HTLV-IIIB stocks were 
propagated on H9 cells. DNA was isolated and PCR used to amplify the envelope gene. The sequences were then compared 
to each other, and to other previously isolated clones, to determine the degree of heterogeneity. The heterogeneity found poses 
questions about the validity of comparing results from different labs. GenBank accession numbers U54646-U54689. 

HIVU57104 e01 U57104 360 bp env (C2-V3) Lorenzo, E. Unpublished (1996) 
Comment: A set of 113 env sequences and 88 tat sequences from U.S. patients derived from a study on the variability of tat 
and env genes in HIV-1. Sequences are subtype B. GenBank accession numbers U57104U57216 and U57217-U57304 for 
the tat sequences. 

HRW890388 RR890388 L76870 270bp env(V3) Lukashov, V.V. ARHR 12,951 (1996) 
Comment: These sequences are from recent immigrants to the Netherlands from various countries where AIDS is endemic. 
Unconventional country codes were used in the common names. Viral RNA was prepared from patient serum and RT-PCR 
was used to amplify the V3 region of the env gene. The PCR products were directly sequenced. Individuals originating from 
African countries belonged to subtypes A, C, and D. Individuals originally from Zaire showed subtypes F and G. GenBank 
accession numbers L76870-L76913 and L86887. 

HIVlENVAA 131871 L76842 270bp env(V3) Lukashov, V.V. ARHR 12,1179 (1996) 
Comment: This set of sequences comes from a study that links the origin of the AIDS epidemic in Northern Europe to the 
United States. HIVl RNA coding for the V3 envelope region was derived from serum samples taken at seroconversion from 
31 homosexual men who seroconverted in 1985-1988 and 12 IVDUs who seroconverted in 1986-1990 in Amsterdam, and 11 
IVDUs from Baltimore who seroconverted in 1988-1990. In addition, V3 sequences from 8 IVDUs in Scotland and Germany 
and 10 homosexual men in Scotland, Germany, the United States, and Russia were used to conclude the existence of a link to 
the US in the origin of the northern European AIDS epidemic. GenBank accession numbers L76842-L76863. 

267876,2681 10,268109,268015-268089,267885-267960. 
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HIVU48274 1018 U48274 644 bp env (C2-V5) McCutchan, F.E. JVI 70,3331 (1996) 
Comment: Four of these sequences are from Uruguayan servicemen who acquired HIV-1 infections while deployed as 
United Nations peacekeepers in Cambodia in 1993. ' b o  sequences are from samples collected in 1993 in Thailand. One 
sequence is from a U.S. serviceman who acquired an HIV-1 infection while deployed in Thailand. All of these patients were 
asymptomatic when samples were collected. Six sequences were from patients hospitalized with AIDS-related illnesses in 
northern Thailand. Viral DNA was PCR amplified from patient PBMCs. All sequences are HIV-1 clade E. GenBank accession 
numbers U48272-U48278 and U48264-U48269. 

HIVU57788 KI4803 U57788 1610bp env McKeating, J.A. Virology 220,450 (1996) 
Comment: HXB2 viruses chimeric for gp120 were constructed from a primary isolate. The primary isolate was KI4803 which 
comes from Sweden and whose subtype is uncertain. Primary and chimeric viruses were compared to ascertain differences in 
functionality. XHB2 chimeras showed same patterns of cell tropism and cytopathicity. Both primary and chimeric viruses were 
sensitive to neutralization by sCD4 and had the same gp120 conformation. GenBank accession numbers U57788-U57794. 

HAR20016 AR20016 U68522 258 bp env (V3) Marquina, S. ARHR 12,1651 (1996) 
Comment: Blood samples from four unrelated patients in Buenos Aires, Argentina, were collected in 1993. ' b o  patients had 
AIDS: one was an intravenous drug user, 21280 (U68524), and the other a promiscuous heterosexual, 21281 (U68525). ' b o  
samples came from asymptomatic patients, 20021(U68523) and 20016 (U68522). Direct sequencing of PCR products was 
done from uncultured PBMCs. ' b o  sequences were of subtype F (21280 and 20016) and one of subtype B (21281). The last 
sequence (20021) was a B/F recombinant. 

HESPlll58 ESP1-1158 U62618 402 bp env Mas, A. ARHR 12,1647 (1996) 
Comment: These sequences come from blood samples taken from a 35-year-old man from Spain collected in April and 
September 1995. The V3 region was PCR amplified from uncultured PBMCs, cloned into PGEM-SZF, and an individual 
clone sequenced. The sequences belong to group 0. The April sequence has GenBank accession number U62618 and the 
September sequence has number U62617. 

HIVU66414 UY726 U66414 313bp env Medina, R.D. ARHR 12,1491 (1996) 
Comment: These nine subtype B sequences were derived from blood samples obtained in March-April 1995 from nine HIV-1 
infected patients in Montevideo, Uruguay. Uncultured PBMCs were lysed and viral DNA was amplified by nested PCR. 
These sequences show a high degree of heterogeneity in the apex motif of V3. GenBank accession numbers U66414U66422. 

HIVlU29209 HCM9 U29209 219bp env Menu, E. Unpublished (1995). 
Comment: This subtype B sequence is from Ho Chi Minh city, from a woman infected by her HIV seropositive sexual partner 
who was thought to have been infected while traveling in Europe, Genbank accession number U29209. Three other sequences 
in this Vietnamese study from IV drug users in Ho Chi Minh city and Dong Nai, and a female prostitute in Can Tho were 
found to be subtype E. Genbank accession numbers U292064J29209 

HIVlHWCLl HWCLl U34049 487bp env(V3) Montpetit, M. ARHR 11,1421 (1995) 
Comment: This sequence is the first published sequence of subtype A HIV-1 in Canada. The patient had moved from Uganda 
in 1983, and was diagnosed as HIV+ in 1989. Viral RNA was recovered from archived, stored patient serum by binding viral 
particles to CDCcoated wells of an ELISA plate. After RT-PCR, products were cloned and 10 clones were sequenced. This 
sequence is from a single clone, L1. 

HIVU48719 HIVlVN4 U48719 322 bp env (V3) Nerurkar, V.R. ARHR 12,841 (1996) 
Comment: A genotypic analysis from IDUs and CSWs in Vietnam to determine if concurrent epidemics with different HIV-1 
subtypes are occumng among the high risk-behavior groups. Blood samples were collected from two HIV-1 CSWs and three 
IDUs in southern Vietnam during April and May 1995. VNl (U45239) and VN2 (U45240) were from healthy 17 and 25 
year-old female prostitutes from Can Tho and An Giang. VN3 (U48720) and VN4 (U48719) were a 43 year-old male IV 
drug user with pruritus and splenomegaly from Nha Thang and a 31 year-old healthy IV drug user male from Nha Thang 
respectively. Genomic DNA was extracted. The V3 loop region was then amplified through PCR and sequenced. It was 
determined that the Vietnam HIV-1 strains belong to subtype E and that the patients had been infected with indigenous strains 
circulating within Vietnam. 

HIVU67348 VI1011 U67348 453 bp env Nyambi, P.N. ARHR In press (1996) 
Comment: Five HIV-2 sequences derived for use in an examination of the cross-neutralization characteristics between HIV-1 
and SIVcpz and those between HIV-1 and HIV-2. Nyambi et al. found that the cross-neutralization between HIV-1 and 
HIV-2 was less extensive than between the HIV-1 and SIVcpz. In addition they saw that, though their binding capacity did 
not readily reflect their neutralizing capacity, a majority of HIV-1 and SIVcpz sera bound to the V3 peptides while the HIV-2 
sera lacked the neutralizing antibodies to the homologous isolate and did not have any reactivity to the V3 peptide. GenBank 
U67348-U67352. 
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HIV 1 U52247 P lT l  A1 U52247 243 bp env (Vl-V2) Palmer, C. Virology 220,436 (1996) 
Comment: Variations in the V iV2 region were followed over time in six HIVl infected individuals. Peripheral blood samples 
were obtained from six seropositive males (CDC 11) attending an STD clinic. The V1V2 sequences were cloned into HXB2 
to produce chimeras. The chimeras showed that the V1V2 region of gp120 can determine both tropism and cytopathicity 
independently from the V3 region. GenBank accession numbers for patient 1, U52247-U52264; patient 2, U52265-U52285; 
patient 3, U52286-U52303; patient 4, U52304-U523 15; patient 5, U523 16-U52333; patient 6, U52334-U52339. 

HIVlESlO6 ES106 U40533 402 bp env (C2-V3) Quinones, M.E. ARHR 12,955 (1 996) 
Comment: These subtype B sequences are from 41 patients sampled in Madrid, Spain between 1985 and 1991. Proviral DNA 
was extracted from uncultured patient PBMCs and the C2V3 region was PCR amplified. The PCR products were directly 
sequenced. 'No of the sequences reported in this set (D22-28 and D22-48) were 99.5% identical to the LA1 strain of HIV-1. 
Three other groups of sequences had members that were greater than 98% identical to each other (Rl, R2 and R3; THF13-2, 
THF12-24; S1, S4). GenBank accession numbers U40533-U40552 and U4528GU45307. 

HIVENVB HIVlBB L78831 1546bp env Ray, S.C. Unpublished (1996) 
Comment: These subtype B sequences come from a study on the cytolytic T lymphocyte strain-specific responses that are 
directed against the HIV-1 env. Virus was isolated from PBMCs. GenBank accession numbers L78831 and L78832. 

HIVKZ21 Kz21 U43097 945 bp partial env Reitz, M. Unpublished (1990) 
Comment: These subtype A sequences are from Zaire. GenBank accession numbers U43097-U43100. 

HIVlU61875 94121574 U61875 342 bp env (C2V3) Robbins, K.E. ARHR 12,1389 (1996) 
Comment: These sequences come from a study on the genetic variability of HIVl in rural Northwest Tanzania. Sequences 
were obtained by PCR amplification of patient PBMCs. Seven of the Tanzanians lived in the Mara region and their samples 
were collected in 1994. The other patient, 87124622, was originally from the Mara region, but had lived in Kigoma for several 
years. The specimen used was collected in 1987. Sequences 94121627,87124622,94TZ1585, and 94T21604 are subtype D. 
Sequences 94121577,94121576,94121574, and 94T21584 are subytpe A. GenBank accession numbers U61875-U61881 
and U65075. 

HIVlU31585 Sp203 U31585 648bp env(v3) Sabino, E.C. AIDS 10,1579 (1996) 
Comment: This is a set of 11 sequences from a study on the prevalence of HIV-1 subtypes in Sao Paulo, Brazil. Five sequences 
are subtype B (U31586, U31587, U31589-U31591), one sequence is subtype C (U31585), and four sequences are subtype F 

HIVETH2220 ETH2220 ' U46016 9031 bp comp. gen. Salminen, M.O. ARHR 12,1329 (1996) 
Comment: U46016 is the first reported (almost full length) subtype C sequence from Ethiopia. In its genomic organization, 
this clone closely resembles subtype A, B, and D isolates except that the core promoter contains three potential binding sites 
for the transcription factor NF-kB instead of containing two. 

HIVlGlX11 G1-11 250841 105 bp env (V3) Schreiber, M.G. Unpublished (1996) 
Comment: Sequences from a study of the loss of antibodies specific for the V3 domain over time in certain HIV-1 variants. 
Proviral DNA extracted from patients PBMCs. Probably subtype B. GenBank accession numbers 250841-250847. 

HIVU45860 1018674A U45860 280 bp env (C2V3) Schwartz, D.H. Unpublished (1996) 
Comment: These subtype B sequences are from a study of the envelope glycoprotein C2-V3 region on isolates obtained from 
PBMCs of four HIV-1 infected patients. GenBank accession numbers for patient 101867 are U45860-U45876, U49624- 
U49640; patient 10188B, U51311-U51326; patient 10185W, U49600-U49623; patient 10187Y, U49518-U49553. 

HIVU45330 U45330 363 bp env (V3) Sheehy, N. J.Gen.Viro177,1071 (1996) 
Comment: Set of subtype B sequences from an AIDS patient from the United Kingdom who had received treatment with 
zidowdine for 9 months. Proviral DNA obtained from PBMCs drawn 13 months and 10 months prior to death and from 
autopsy samples of cardiac blood, lymph node, spleen, bone marrow and brain was PCR amplified and sequenced. A reduction 
in genetic heterogeneity of the envelope region of viruses present in the proviral blood population occured during treatment 
coinciding with increased pol heterogeneity. GenBank accession numbers U45330-U45421. 

HIVlU29179 UINDl U29179 1488bp env Tripathy, S.P. ARHR 12,1199 (1996) 
Comment: Part of a set of nine sequences from New Delhi and Pune, India, eight of which were subtype C (U29179J29694- 
U29698, U31362-U31363) and one of which was subtype B (U31364). All 8 subtype C sequences were from heterosexually 
infected patients. DNA was isolated from cocultured PBMCs after one week of culture. PCR product was cloned and a single 
clone was sequenced. 

(U3 1588, U31592-U3 1595). 
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HIV-1 ENV Sequence Summaries 

SIVmac251 SIU62333 U62333 1114bp env Trivedi, P. JVI 70,6875 (1996) 
Comment: Fifty-one env sequences from a study of intrarectal transmission of SIV in rhesus macaque monkeys. Trivedi et al. 
found that a condition now called transient viremia sometimes occurs after mucosal inoculation of monkeys with low doses 
of SIV as opposed to the more prevalent persistent infection with evident disease progression. Also, after a 1000 infective 
dose, they found that transiently viremic monkeys were resistant to an intrarectal SIVmac challenge but not to an intravenous 
SIVmac challenge. GenBank U62333-U62383. 

HIVFFl FF1 276463 303 bp env (V3) van der Hoek, L. J. Gen. Virol. In press (1996) 
Comment: These subtype B sequences are of 81 clones (patient N) and 105 clones (patient F) from serum, sigmoid tissue 
and fecal matter from each patient. All sequences from patient N were more similar to other sequences from patient N than 
to any other sequence in the database. Likewise all sequences from patient F were most similar to other patient F sequences. 
Both patients are from the Netherlands. GenBank accession numbers Z76463-276648. 

HIVIU60152 ID4-77c7 U60152 939 bp env Wang, W.K. ARHR 12,1195 (1996) 
Comment: This study concentrates on the change of cysteine residues in region 1 of gp120 HIV-1 Subtype B. Sequential 
isolates from eight subjects were used though these 11 sequences account for only one of the subjects. Subjects came from 
a group of 315 homosexual and bisexual men who have been followed at the Fenway Community Health Center in Boston 
and were enrolled between January 1985 and June 1986. Viruses were isolated from PBMCs of the subjects by co-cultivation 
with PBMCs of HIV-1 seronegative donors. GenBank accession numbers U60152-U60162. 

HIVBJP23A BJP23 D67089 264 bp env (C2V3) Xin, K. Lancet 346,1372 (1996) 
Comment: This pair of sequences is from a study of a dual infection with HIVl Thai subtype B and E. D67089 is Subtype E 
and D67090 is Subtype B or a B E  recombinant. GenBank accession numbers D67089 and D67090. 

Comment: This was a May-June 1992 study of pregnant women from the Pumwani Maternity Hospital in Nairobi, Kenya. 
Viral RNA was concentrated from patient serum just prior to delivery, and the envelope C2-V3 region was amplified by 
RT-PCR. The PCR product was cloned and 20 clones from each patient were sequenced. Patients from this study had viral 
subtypes A (U32658, U33763, U33764, U33766, U33767, and U34905), C (U33762), and D (U33765). 

HIVU53 192 BTS 1 1 U53 192 285bp env(V3) Zachar, V. ARHR 12,1069 (1996) 
Comment: Genetic analysis of the V3 env region of virus isolates obtained in 1993 from 11 homosexual men living in the 
inner city of Bratislava. A 32-year-old homosexual man from Prague was also included in the study. Viruses were cultivated 
in PBMCs. The C2V3 region of HIV-1 LAI was amplified by nested PCR. PCR product .was cloned and eight clones from 
each patient were sequenced. These strains cluster in the B clade together with the majority of North American and western 
European strains. GenBank accession numbers U53 192-U53203. 

HIVU50780 AD39PB 1 U50780 1047 bp env (Vl-V5) Zhu, T. JVI 70,3098 (1996) 
Comment: DNA extracted from PBMCs of an acute seroconvertor male patient, AD39, who was infected with HIV-1 through 
homosexual transmission by his partner AD38. Sequences spanned by primers PEl and P2 from the gp120 gene were 
expanded by PCR amplification. A second round of PCR amplification expanded Vl-V2 sequences (using inner primers P1 
and P10) and V3 (using inner primers P5 and PV3). AD39PB1 has been characterized as non-syncytium inducing (NSI). 
GenBank accession numbers U50780-U50815. 

HIVlU32658 N A l l l  U32658 285 bp env (V3) Zachar, V. ARHR 12,75 (1996) 
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HIV-1 NEF Sequence Summaries 

LOCUS C.OMMON ACCESSION LENGTH REGION FIRST AUTHOR REFERENCE 
HIW48901 122-16 U48901 615bp nef Artenstein, A.W. ARHR 12,557 (1996) 
Comment: Sequences derived from PCR amplified PBMC DNA from nineteen Thai individuals. Only two clones (28-19, 
28-2) from one subject clustered with subtype B sequences while the rest clustered with subtype E sequences. The lack of 
subtype E nef sequences led Artenstein et al. to begin this study. GenBank accession numbers U48897-U48934. 

HIVU54771 CM240 U54771 9203 bp comp. gen. Carr, J.K. JVI 70,5935 (1996) 
Comment: Blood from an asymptomatic heterosexual 21-year-old Thai man was transported from Thailand to the USA 
where PBMCs were separated and co-cultivated with PHA-stimulated donor PBMCs. DNA from p24 antigen-positive culture 
was used to amplify the proviral DNA. The complete genomic sequence of the provirus was determined by the compilation 
of three clones containing different parts of the viral genome. CM240 is an example of a Thai subtype E virus, which is a 
mosaic of a clade A virus and a clade E virus. GenBank accession number U54771. 

HIVU51188 90CR402 U51188 9843 bp comp. gen. Gao, E JVI 70,7013 (1996) 
Comment: One of a set of three complete genomes from a study linking the HIV-1 epidemic in the heterosexual population 
in Thailand to an ALE recombinant. 90CR402, previously named CAR-E 4002, was obtained from a man from Bangui, 
Central African Republic, who had lymphadeopathy, diarrhea, severe weight loss and recurrent respiratory infections. He 
was infected through heterosexual contact, but the year of infection is unknown. 90CR402 (U51188) was first adapted to 
growth in chimpanze cells, expanded in chimpanzee cells, and then re-expanded in human PBMCs before lamba cloning and 
sequencing. 93TH253 (U51189) is from a 21-year-old man from Chiang Mai, Thailand and was previously named CMUOlO 
or 302053. The patient had end-stage AIDS. The mode and year of infection are unknown. 93TH253 was isolated and 
expanded in human PBMCs, then expanded in H9 cells followed by lambda cloning and sequencing. 92UG037 (U51190) 
was obtained from WHO-MAIDS and comes from an asymptomatic 31-year-old female from Entebbe, Uganda, early in 
infection. The year of infection is unknown and the mode of infection was heterosexual contact. 92UG037 was established 
and propagated by cocultivation with normal donor lymphocytes, and then PCR amplified and sequenced. 93TH253 and 
90CR402 are subtype E (A/E recombinant). Comparison of the two strains showed that they were derived from a common 
A/E recombinant ancestor, presumably from Central Africa. 92UG037 is subtype A. LTR sequences are available under 
accession numbers U51282-U51297. 

SIVCPZANT CPZANT U42720 8182 bp comp. gen. Vanden Haesevelde, M. Virology 221,346 (1996) 
Comment: A simian immunodeficiency virus phylogenetically linked to HIV-1 which was isolated from a captured wild 
chimpanzee from Zaire. This is the third SIV strain linked to HIV-1 after SIVCPZ-GAB (X52154) and SIVCPZGAB2 
(U11495) isolated from chimps in Gabon. While SIVCPZANT and SIVCPZ-GAB share a common ancestor with HIV- 
1, they differ in that the SIVCPCZ strains have highly conserved V3 regions and HIV-1 has a highly variable V3 region. 
SIVCPZANT is considered to be an outgroup of HIV-1 and is used to suggest the possibility of various introductions of 
HIV-1 into the human population. 

HIVMCKl MCKl D86068 9752 bp comp. gen. Iwatani, Y. Unpublished (1996) 
Comment: This sequence is ~ 9 8 %  identical to HXB2 and other IIIB lab strains of HIV-1. PM213 is another complete 
genome also -98% identical to HXB2. GenBank accession numbers D86068 and D86069. 

HIVU61773 Andl.dat U61773 618bp nef Mariani, R. Unpublished (1996) 
Comment: Set of 62 sequences from a German study on the frequency of defective nef alleles in an HIV-1 long term survivor. 
GenBank accession numbers U61773-U61834. 

HIVETH2220 ETH2220 U46016 9031 bp comp. gen. Salminen, M.O. ARHR 12,1329 (1996) 
Comment: U46016 is the first reported (almost full length) subtype C sequence from Ethiopia. In its genomic organization, 
this clone closely resembles subtype A, B, and D isolates except that the core promoter contains three potential binding sites 
for the transcription factor NF-kl3 instead of containing two. 
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Amino Acid Alignments 

Alignments in this section of the 1996 compendium were generated in one of two ways: On the 
one hand, a Hidden Markov Method (HMM) was employed as described in Part 111 of this compendium 
(Myers and Farmer). In some instances, hundreds of sequences contributed to the alignment and the 
generation of a consensus-like (model) sequence. The latter is not an ordinary consensus sequence 
but rather a “most-likely” sequence, with some bias towards HIV-1 sequences. The BLOCKMAKER 
program (Henikoff and Henikoff, Meth. Enzymol. 26688, 1996) was utilized to critique the Hh4M 
alignments; the blocks found (usually by the Motif option rather than the Gibbs sampler option) are 
shown by shading. Also, the “Cobbler” sequence inferred from the blocks is appended to each alignment; 
this sequence serves as another consensus-like sequence. Because the Cobbler sequence was derived 
from just the twenty or so representative PIVs, it is not so biased towards HIV-1s. On the other hand, 
new HIV-1 sequences were added to previous HIV-1 alignments that had been created using the PIMA 
and MASE tools, as in earlier compendiums. The new subtype consensus sequences were then aligned 
to one another using MASE. 

With few exceptions (most notably with HIV-1 Env), only full-length protein sequences have 
been included in this compilation. Tables giving the basic information about each sequence contained 
in these alignments precede the amino acid alignments; these tables also appear in Part I. 

Ten sequence subtypes have been identified for HIV-1s (see Part I and Part 111) and five sequence 
subtypes exist for HIV-2s. Sequence subtypes have been defined by “cladistic” criteria applied to 
nucleotide sequences; it remains to be seen whether the amino acid sequence subtypes inferred from 
that classification are valid, or whether a “phenetic” classification would be preferable. 

The reference sequences for the ordinary alignments are mixed case consensus sequences in 
which upper case letters refer to amino acid residues which are conserved 100% and lower case letters 
represent amino acid residues conserved in at least 50% of the sequences. The symbol ‘?“ indicates no 
consensus at a position. Consensus sequences have been generated for each of the defined subtypes (see 
Parts I and III), and these are presented both with the grand alignments and in alignment to one another. 
The user should keep in mind that these subtypes have been “cladistically” defined, not “phenetically” 
defined (the number of phenotypes remains to be discovered). 

Within the sequences, “-” is used to indicate residues conserved with respect to the reference 
sequence and “.” represents actual gaps. The symbol “$,’ indicates a stop codon and the symbol “#I’ 
indicates a frameshift or untranslatable situation. Blank spaces within the alignment indicate lack of 
sequence information over that region. Annotation of the env amino acid sequences utilizes “*” for 
conserved cysteine residues and “-” for potential N-linked glycosylation sites. 

At the risk of relaxing standards of annotation, we have elected to annotate features for which 
some evidence supports a particular role for a motif-nls for nuclear localization signal, for example. 
The authority for these additions can be found for the most part in section III curatorial comments (see 
the Gag entry from 1994 or the Vpr entry from 1995, for example). 
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HIVl GAG 

HMMER Sequences in the Gag Alignment 

A-U455 
B-HXBZR 
C-UG268 
D-ELI 
F-BZ163B 
G-LBV217 
H-VI557 
O-ANl7OC 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRLAGM677 
TM-AGM17 
SAB-SAB 1C 
SY K-SY K 

H I w 4 5 5  
HIVHXB2R 
HIwG268 
HIVELI 
HIVlBZ163B 
HIVLBV217 
HIwI557 
H I V m o c  
SIVCPZGAB 
SIVCPZANT 
HIV2ROD 
HIV2EHOA 
SIVMM25 1 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVAGM17 
SIVSAB 1C 
SIVSYK 

M62320 
KO3455 
L11799 
KO3454 
SO585 
L11778 
L11793 
L20587 
X52154 
U42720 
M15390 
U27200 
M19499 
M83293 
M30931 
M66437 
L19250 
U04005 
LO6042 
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Louwagie,J.J. 
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Louwagie,J.J. 
L0uwagieJ.J. 
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Huet,T. 
Vanden Haesevelde,M. 
Clave1,F. 
Rey-Cuille,M.A. 
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ARHR 6,1073 (1990) 
Science 227,538 (1985) 
AIDS 7,769 (1993) 
Cell 46,63 (1986) 
ARHR 10,561 (1994) 
AIDS 7,769 (1993) 
AIDS 7,769 (1993) 
M 68,1586 (1994) 
Nature 345,356 (1990) 
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Virology 176,216 (1990) 
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Virology 197,426 (1993) 
EMBO J. 13,2935 (1994) 
M 67,1517 (1993) 
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HIVl GAG 

The following qlignment and most-likely sequence were generated using the HMMER program 
as described in Part 111. For simplicity, only representative type and subtype sequences 
are shown. The annotation is based on HIVls, therefore the user should be cautious about 
its applicability to other PIV sequences. Nuclear localization signal is indicated by nls. 
MHR is the major homology region. Cleavage sites are indicated by ' \ / I .  Four conserved, 
gapless blocks were generated using the BLOCKMAKER and Motif programs; these are shown 
by shading (The Gibbs program identified five blocks that overlap the four Motif blocks). 
The.Motif "Cobbler" sequence follows this alignment. 

-> <- nls 

I- block I <- membrane binding -> 
p17 -> 

most-likely MGAFZAS .VLSGGKLDAWEKIRLRPGGKKKYRLKHLWASRE 
A-U455 
B-HXB2R 
C-UG2 6 8 
D-ELI 
F-BZ163B 
G-LBV2 17 
H-VI5 57 
0 3 ~ ~ 7  0 
O-MVP51 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-F07 84 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

-block 1 -*I 
most-likely $EGXSEFfdmftfVLYCVHQRIEVKDTKEALDK ...... IE .... E ......................... EQNK 
A34 5 5 
B-HXB2R 
C-UG2 6 8 
D-ELI 
F-BZ163B 
G-LBV2 17 
H-VI5 57 
0-ANT7 0 
O-MVP51 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-FO7 8 4 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

-- M--- N-...... .............................. -- ---- ...... .............................. 
-- ---- - ................................... 

---- .... M-... .-................. ........ 
...... L-....-......... ................ ---- 

-W-I----G--------EE......V-....K.........................R-KN 
--------D--------E- ...... LK....-.... A--- 

.... LK... .- ......................... VMGS 

.... LK. ... - ........................ .VMAS 
W-I-SD-T-E--QK--EQLK .. RHHG .............................. Q-S- 
-W---KGEKI---EQ-VKT ....VKMK.... V......................... M-TQ 
IW-I-AEEK----EG-KQIV ..RHLV....A.........................- TGT 
F-L-AEEK----E--K .-......- AQR.H......... ................ .LAAD 

.. RHLA....A .......................... TKN 

.. RHLV....V..... ..................... TGT 

. .RHLV.. . .V.. ....................... -TGT 
IW-I-AEEK--H-E--KQ WK.. RHLV....V..... ..................... TGT 
-F---KDK-----E--VAIVQCCHLV ....- KER............ ........ NA- R-T 
IW-I-AEQK----E--WT ...... VKQH YH .......................... LVD- 
IW-I-AEQK----E--WIVKQHCHLV .............................. KEKT 
A- I -AE-K-- - -E- -KA-VK .. EEVP ... .A. ........................ -MTE 

. . . .VK. . . . -  ACNWKDDPPATSGGQSENSSQNMAS-TSS 

..................... 
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35 i 
72 
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72 
72 I 
72 
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110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
114 
112 
114 
111 
77 
77 
114 
114 
121 
113 
116 
114 
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I+ block2 - 
p17 \ /  p24 

most-likely SKQK. . . . . . . . . . .AQQA. .AADTGN. . . S . . . - . . . . . . . . . SQVSQNYPIVQNLQGQ&VHQPtSPRTX;NA I 

HIvl GAG 

A-U4 5 5 
B-HXB2R 
C-UG2 6 8 
D-ELI 
F-BZ16 3 B 
G-LBV2 17 
H-VIS57 
0-ANT7 0 
O-MVP51 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-F07 8 4 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

................. N--R........... T--- .. --N-- 
--K- ........... - - - - .. - - - - - H...-............. 
IQ-- ........... T..E..T--K-.......... .......... 
-- K-........... .. ... N.......... ... 

I--- ....- K-D...N ............. 
-QNR........... T--- .. TG-K--...G.......... ... 
R-.S ...........- DA-. .. KE--S....A....... ...... 
R-.S...........-EA-..KEE-S....P............. 
TE.SNSGSR..EGGAS-G-..S-SA-. ................... 
AE.TG. ........ SS-T- .. SRGMLL ... RLLLLNKQWCQRH 
AE.-...........MPST..SRP-AP...-...... ...... 
TE.-...........MPAM..SKPSKP...T........ .... 
AE.-...........MPAT..SRP-AP...-............ 
AD. - . . . . . . . . . . . MPST. . SRP-AP. . . P. . . . . . . . - . . . 
AE.T...........MPKT..SRP-Zip...-............ 
AN.-........... MPAT..SRP-AP...P............ 
TETS...........SG-K ..KN- K-.VTVP............ 
NEKA...........-KKK..NET-AP...P............ 
AA.TPSGG....QKQNYNT..--PP-................. 
-A.TATSSGQTKELQ-KKK..NEP-VT...P............ 
GQ KV........... V--EKQK-A-PP ... P............ 

---- ------ 
........... TK--..---K- .................... -Q-- 

-Q-- ........... 

154 
150 
154 
149 
154 
150 
152 
154 
152 
152 
162 
170 
156 
151 
119 
119 
156 
156 
166 
156 
162 
167 
179 

226 
222 
226 
221 
226 
222 
224 
226 
224 
224 
234 
242 
227 
222 
190 
190 
226 
228 
238 
228 
234 
239 
251 
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HIVl GAG 

most-likely 
A-U4 5 5 
BiHXB2R 
C-UG2 6 8 
D-ELI 
F-BZ163 B 
G-LBV217 
H-VI 5 5 7 
0-ANT7 0 
0-WPS1 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D ~ 0 7  8 4 
SD-MM2 5 1 
SThl-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 
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296 
292 
296 
291 
296 
292 
294 
296 
295 
295 
304 
315 
298 
293 
260 
260 
297 
299 
309 
299 
305 
310 
322 

369 
3 65 
369 
364 
369 
338 
3 67 
369 
368 
368 
377 
388 
371 
366 
370 
372 
382 
372 
?78 
383 
394 



HJYl GAG 

. 

'P2' \ /  p7 <- Zn motif -> <- Zn motif 
most-likely V.TN ...... ANIMMQ ...... RG.N.FRGQRKT .... IKCFNCGKEGHIARNCRAPRKKGCWKCGKEGHQMK 

.... ........... L-K--------------------- AJ455 .. QQ ...... TS .............. P.R ..... 
B-HXB2R .... S ..... -T---- . . . . . . . .  ... ..N... 1 V..........T....................... .... 
C-UG268 A.N. ...... I..... .......S....K.PKRI...............L................R...... 
D-ELI A . ..SV ....TTA...............K.P..I.................K...........R....... L. 
G-LBV217 A.SGTA .... TA.... ...... K.....K.P..N ....................................... 
H-VI 5 57 .N.. ...... -vM- . . . . . . . . . .  K- . -K---RI .... ................................. L- 
0-ANT70 A.QQDLKGGYTAVF-- ......... Q. NPIRKG- ................................Q...... 
OJWP51 A.QQDLKGGYTAVF-- ...... ...Q.NPNRKGP ....................................... 
CPZGAB -.Q-Q G ... R.DVFF.. .... .K..Q.GA.PKRK ...............L....K...R....R..Q...... 
CPZANT A.N-AQ ... GTAVFL- .......... GN.. GKRP .... L..........T....K...R....R..Q.... L. 
A-ROD .IGP ....... P.PFA. .... .AA.Q .......A....F..W.......S..Q.....RQ.......p.. 1.T 
B-EHOA AL-P ...... STNPFA ......AA. Q. P-AGKR- .... VT-W----A--T--Q-K---RQ------QQ--I-S 
SD-MM251 ALAP ...... VP-PFA ......AA . Q.K--P--P ....... W.......S..Q.....RQ.......MD. V.A 
STM-STM .FQP ...... DPLPFA ......AA. Q.QQ.R.T ..... V..W....A..T.KQ.KG..RQ......QQ.... A 
VER-AGM3 M.Q S .......Q N... ......Q.. G.Q..RPRPP ... V..Y....F..MQ.Q.PE......L....P..LA . 
GRI-AGM677 G.Q- .......... V- ...... V-PQ.KK-P-GP .... L.......F..MQ.E.K...QIK.F....I..MA . 
TAN-AGM17 M.QG . . . . . . .VN . I-GHSKGG--.R.G--PPR ......... K..QI..VQKD.PRGGPIK.L....PR.MA . 
SAB-SABlC AFQQQT ... VG--FV-QGA.RP--.P.LG-RGRPLNPN---Y----P--L--F-K---RQ------SPD---- 
SYK-SYK A.QQ ....... SVN-V ...... Q-.P.SK-RSM ........ Y...QI..MQKD.KK.L.AK.FN...T.. .R 

pol cds -> VPR 
-> p7 \ /  'pl' \ /  p6 <-binding-> 

most-likely DCT ......... ERQANFLGKIWPSH.KGRPGNFL ..................... QSRP ..... EPTAPPA . 
......... ..................... ..... E . 
......... ..................... ..... E 

... ............. ....... .... ....... ......... ..................... ..... A-U4 5 5 N p 

... ............. ........ .... ...... B-HXB2R y 

... ............ ........ .... ....... C-UG2 6 8 PN 
D-ELI ........R..... ... ........ .... ....... ......... ..................... ..... 
G-LBV217 
H-VI 5 5 7 
0-ANT7 0 
0-MVP51 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

... ...................... ..s.... -N-- 

..RN ........ GK.......Y..PG.GT....W ...................... RPA ..... H.S...M . 

..KN ........ G........Y.. PG GT W ...................... KQV ..... S.S...M . 
......... ...................... N.T ..... I . 

N.PAT ...... NTGKV.....PT.T..GC..... V ................... QKEEW ..... I . 
N.P ......... D...G... LGPWG ... K..R..PVA ................. Q VPQGL ..... T..... V. 
K.P ......... G... FGPWG ... K..R..PVQAPQGIVPSAPPMNPAFGMTPQGA ..... I.S..... 
K-P ......... D...G... LGPWG ... K..R..PMA ................. QVHQ GL.....T..... E. 
K.P ............ VG... FGPWG ... K..H..PMA ................. Q IPQGL ..... T..... E. 
.. RG ........... V....YGR.IG.AK..R..P... ................ AATLGV ..... PP 
.. K ......... NG......YGH..GG.AK..R.. V ...................... Y-GDTVGL------ME 

..... RRMPAPX.GSK.R... V- ... -1A .. R ......... GG .................... E.GGA ..... 
A-RQPKRNQGPPVA-------G-GVS.RRP-A--P ...................... V.S ....... S... LE 

......... ..................... ..... 
... ........... ........ .... ....... ......... ..................... ..... SpN 

.... 
... ...... G..V.....G... R S...... V 

...... 

.... 

...... 

.. QK ........... V----FGPWGR.GK.-R--P ..................... LTSI ..... R..... ME 

\ /  minor 
most-likely ........................................ ESFGFGEE .. TTPSQKQ-EQKDK .......... 
A-U455 ......................................... I--M--K .. M-SPA--.-L--R.......... 
B-HXB2R ........................................... RS-V-T.---P---.-PI-- .......... 
C-UG268 PTA .................................. PPA---R-.-G ..--- PP--.-P--R .......... 
D-ELI 
G-LBV2 17 
H-VI 5 5 7 
0-ANT7 0 
O-MVP51 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM6 7 7 
TAN-AGM17 
SAB-SABlC 
SYK-SYK 

................................................ .. I..-... ...... .......... 

.......................................... L----- .. IA--P-- -P ............. - 

............................................... : .. M--PP--.-R--A. ......... 

......................................... EEVK-Q-N .......-.--- GGPN ........ 

......................................... EAVKEQ-N ... Q---G.D- .. E .......... 

........................................ -- Y-YQ-- ..... EKS- .- K-EG .......... ......................................... IYQE .- HKR-QKGL-G .- E ............. 

........................................ DPAVDLL-KYMQQGKR-R--RERPYKEVTEDLL ........................................ DPAEEMLKNYMQLGK-- K-NERPYK ....... 

........................................ DPAVDLLKNYMQLGKQ-R-SRE-PYK ....... 

........................................ DPAADLLRSYMQLGK-- R-SRKTPYK ....... 
S ..................................... PYDPAKKLLQQYADKGKQLR--RK-PPAVN ..... 
T ..................................... AYDPAKKLLQQYAEKG-RLR-EREQTRKQ ...... 
AHGFP TG .......................... PPVAGAYDPAKRLLGQYAKKGDQLRR-- E- .......... 
RDYSRPEE NWY ................. ADRPPTRGPGPDDPATALLKQYAVQGKR- ........ KQQWQNH . 
DIEDGPWLmJSAQMSQQAQAKAQNSPSKKPPTNEVLSPK-- S-K .-- T ........................ 

423 
418 
424 
418 
425 
423 
424 
428 
428 
434 
446 
423 
421 
425 
426 
436 
424 
434 
450 
446 

459 
454 
460 
455 
461 
459 
460 
465 
465 
470 
488 
461 
476 
463 
464 
473 
465 
472 
485 
491 

I 
1 

...... .. . I _.. 
i . . .  

479 
474 
481 
480 
481 
477 
480 
482 
482 
487 
506 
494 
502 
489 
490 
504 
495 
509 
532 
540 
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HIvl GAG 

VPR 
<-binding-> / p6 terminus (80%) 

most-likely ............. E .. LYPLASLNSL...... KQ 
A-U455 .............-.. QT--V--K--FGNDPL S- 
B-HXB2R - ---- T--R--FGNDPS S- 
C-UG2 6 8 ..................... P-I-- ..... .-s 
D-ELI - ---- T--K--FGNDPL S- 

.- s G-LBV217 - _ _ _  -T-- 
H-VI 5 5 7 .............-.... S ..P-T-- ......- S 
O-ANT~ 0 ............... - --- F---K--FGT ... D- 
O-MVP51 ............... - --- F---K--FGT ... D- 
CPZGAB .............- SS---PT--K--FGSDPS S- 
CPZANT .............-..- P-SY--K--FGK ... D- 
A-ROD HLEQGETPYREPPT .. EDL-.H----FGK ... D- 
B-EHOA . . . . . . . . . . .EVT..  EDL-.H----FGE ... D- 
SD-MM251 ........... EVT .. EDL-.H----FGG... D- 
STM-STM . . . . . . . . . . .EVT..  EDL-.H----FGE ... D- 
VER-AGM3 ......... PDWT- .. G-S ...---- FGE ... D- 
GRI-AGM677 .......... KEK-V.EDV ..-- S--FGG ... D- 
TAKAGM17 .............- L.EDY .....--.. .... SS 
SAB-SABlC ..... SPQQSPYE- .. A-S ..- -R--FGE ... D- 
SYK-SYK ............. S ..---..-- S--FGE ... D- 

............... 

............... 

.................. ..... 

**COBBLER sequence from MOTIF** 
>GAG A-ROD. with embedded consensus blocks 
mgarnsvlrgkkadelerirlrpggkkkyrlkhivwaankldRFALNPGLLETKEGCQK1 
LQQLQPALPTGSENLKSLFNTVCviwcihaeekvkdtegakqivrrhlvaetgtae~ps 
tsrptapssekggnypvqhvggnyVHQPLSPRTLNAWVKWEEKKFGPEWPMFQALSEG 
CTPYDINQMLNCVGDHQGAMQIIKEVINEEAAEWDRTHPip~lpagqlreprgsdiagt 
tstveeqiqwmfrpqnPIPVGNIYRRWIILGLQKCVRMYNPVSILDIKQGPKEPFRDWD 
RFYKTLRAEQtdpavknwmtqtllvqnanpdcklvlkglgmnptleemltacqgvggpgq 
karlmaealkevigpapipfaaaqqrkafkcwncgkeghsarqcraprrqgcwkcgkpgh 
imtncpdrqagflglgpwgkkprnfpvaqvpqgltptappvdpavdlle~qqgkr~e 
qrerpykevtedllhleqgetpyrepptedllhlnslfgkdq 
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492 
493 
500 
488 
500 
487 
489 
498 
498 
508 
522 
522 
519 
506 
507 
521 
513 
518 
554 
554 



HIVl GAG CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

70 
70 
69 
68 
70 
63 
64 
62 
42 

126 
128 
120 
125 
123 
110 
106 
106 
61 

190 
194 
186 
191 
188 
174 
170 
168 
107 

256 
261 
252 
257 
255 
239 
233 
229 
160 

326 
331 
322 
327 
325 
307 
299 
297 
218 
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HIVl GAG CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-CPZ 

p6 terminus 
/ (80%) 

CONSENSUS-A Q 
CONSENSUS-B -$ 
CONSENSUS-D - 
CONSENSUS-CPZ - 

485 
500 
495 
333 
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484 
499 
480 
494 
482 
440 
436 
444 
332 



HIVl POL 

HMMER Sequences in the Pol Alignment 

A-U455 
B-HXB2R 
D-ELI 
0-ANT7OC 
O-MVPS 180 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMT17 
SAB-SAB 1C 
SY K-SY K 

m 4 5 5  
HIVHXB2R 
HIVELI 
HIVANT7oc 
HIVMVP5 180 
SIVCPZGAB 
SIVCPZANT 
HIV2ROD 
HIV2EHOA 
SIVMM25 1 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVAGMTl7 
SIVSABlC 
SIVSYK 

M62320 
KO3455 
KO3454 
L20587 
L2057 1 
X52154 
U42720 
M15390 
U27200 
M19499 
M83293 
M30931 
M66437 
L19254 
U04005 
LO6042 

Oram,J.D. 
Starcich,B. 
Alizon,M. 
Vanden Haesevelde,M. 
Gurtler,L.G. 
Huet,T. 
Vanden Haesevelde,M. 
Clave1,F. 
Rey-Cuille,M.A. 
Franchini,G. 
Novembre ,F. J. 
Baier,M. 
Fomsgaard, A. 
Hirsch,V.M. 
Jin,M.J. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,484 (1985) 
Cell 46,63 (1986) 
M 68,1586 (1994) 
M 68,1581 (1994) 
Nature 345,356 (1990) 
Virology 221,346 (1996) 
Nature 324,691 (1986) 
virology 202,471 (1994) 
Nature 328,539 (1994) 
virology 186,783 (1992) 
virology 176,216 (1990) 
Virology 182,397 (1991) 
Virology 197,426 (1993) 
EMBO J. 13,2935 (1994) 
M 67,1517 (1993) 
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HIvl POL 

The following alignment and most likely sequence were generated using the HMMER program 
as described in Part I11 . For simplicity. only representative types and subtypes are shown . 
Annotation is based on HIVls. therefore the user should be cautious about its applicability 
to other PIV sequences . Five key sites for drug resistance are indicated; for further infor- 
mation regarding drug resistance. see the section by J . Mellors and colleagues in Part I11 . 
Cleavage sites are indicated by ' \ / I  . Ten conserved. gapless blocks were identified using 
the BLOCKMAKER and Motif programs; these are shown by shading . The Motif "Cobbler" sequence 
follows this alignment . 
most-likely FFRE.DLAFPQGK .AAEQFPR ......... 

.... .N...Q..E..R.F A-U4 5 5 ............ 

.... ....L... -R-F B-HXB2R ............ 

.... N....... -G-L D-ELI ............ 
0-ANT7 0 ... Q.1--S.G-H.E-R-L ........... 
O-MVP5 18 0 .-.. .V..S.G.H.E.R.L ........... 
CPZGAB .... .R.....RE..RQL ............ 
A-ROD TGR...T.GPL ...... E.P.L..... ...... 
B-EHOACG KAGMLEMWTART .................. HHVKMPRKTGG...V.RPL......E.S.... PGTPGDSAI 
D-MM251 VLELWEGGTLCKAMQSPKKTGMLEMW~GPCYGQMPRQTGG---P.WSM ...... E-P---H ......... 
STh-STM RPEKTRLLEMWTTGP .................. SDGQMPRKTGG---L.WPM ...... E.P.L.H ......... 
VER-AGM3 T.KKDEMLEMWE.TR .................. AFSKRLQRTGK---V.WPVD ... S.ETQK-S- ......... 
GRI-AGM677 VRQNWPYGK ........................ RLQEWTGK---V.WPL ...- RSETKK-CAIQ ....... 
TAN-AGMT17 RRTGQ--K-.NARTLRFQ ... Q F.RARR ....... 
SAB-SABlC ... V.WPLG .. Q R.ETQE- ........... 
SYK-SYK .... .RMGG.LQE..PS. L.SEERAICSPS 

CPZANT .... T-PHV.V-V.QTRELCA ......... 

most-likely 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 0 
O-MVP~ 18 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMT17 
SAB-SABlC 
SYK-SYK 

................ GPSSSGQARANSPTRRESQ ....................................... 

...................-- E-T------S-NLWD-GGKDD-LPCETG ................ AER .. Q.GT 

...................-- E-T---------L-V.WGRDNNSPSEAG ................ ADR .. Q.GT 

...................- PK-T------S--LRV.WGRDN.PLSK TG ................ AER .. Q.GT 

................... CAETSTPI-.- DGGGS .......... EGTGES ............. GTERGPE-RA 

................... CAETSVP1.--NGGGS ... EGTRESESEGG................SGRA..... 

................... CAE-N-T-G--D--LWVPGGR ..... EEPGE .............. ERGR .. E.QS 

................ EGG.-- ...--. S-H-DLS ... GGAQ.EDSEGS ................ QGG .. G.GT 

................ A-.-DT.-TPSGS-S ... GSTG.EIYAARE..............KTERA .ERET 

........ CAPDEPSIRHDT--.CDSICTPC-S-R ... GDAK.ELHATRE .............. EAEGE.QRET 

................- S-A-- .- D..CSP.G P-C ... GSAK.ELHAVGQ .............. AAERK.QREA 

................ --NT--.- D..C-S-- P-C ... GSAE.KLHAAGQ .............. EAERE.QEDT 

................ RY-WG- ...-. CAPST-- I ... RPCK .EAPAAI ................. CR.. QGEA 

............... RRH-W-- ... T---PNGN.L...RSSK.EAPPAVCREGTAPERGERTDKETEG.. E.RS 

............... SRSDG-PDR--WI-H-SA-C ... RSLRSSQETPGAVCKKR ..... RPTKEAKR .. E.GT 

................... P-DLHQT--SPNGTGL ......... QQAGGK .............. LVCR .. Q.TS 

---- 

GGHRRWAMAHMVSTDEPT-T-E ................ GTEL.SLEETPHQQG ......... SALAEG .. E.QW 
e- gag cds end 

\ /  protease 
most.. likely ....................................... VGFAFPQITLWQRPLVTAKIEGQLV~LDTGADD 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 0 
O-MVP5 18 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMT17 
SAB-SABlC 
SYK-SYK 

....................................... DS-S-------------V--G---I---------- 

....................................... -S-N---V---------I--G---K---------- 

........................................ S-N------------AI--G---K---------- 

....................................... LSVCL---P--D--1---RVG-H-C-V-------- 

........................................ PICL---P--D--1----VG-H-C---------- ....................................... ISTNL----------IpV-V----C---------- 

....................................... TSLV--E-P-----MMEVL-Q--KCQ--------- 
IQGSDRGLTAPR ................ AGGDTIQGATNR-L-A--FS--K--V---Y----P--V-------- 
LQG .................................. GDR---A--FS--R--V-K-T----S--V-------- 
LQG .................................. GDR---A--FS--R--V---H----p--V-------- 
LQG ................................... GDR---A--FS--R--V---H----p--V-------- 
VEGTKEKTT ....................... SSESRLDR-IF-ELP.--R--1K-VY---VPIR--------- 
....................................... G-CFLELP.--R--MKRVI---TP-Q--------- 
....................................... G-LFLEF 
DQRTRARRSSNSPVKAVCCSGETAETAVAKPLATTEPLRG-LQL--VS--R--~-VY----K-T--------- 

19 
16 
16 
16 
16 
16 
16 
19 
19 
48 
57 
42 
41 
36 
26 
15 
27 

38 
50 
51 
50 
47 
47 
49 
51 
57 
94 
95 
80 
73 
85 
74 
44 
72 

73 
85 
86 
85 
82 
82 
84 
86 
115 
134 
135 
120 
123 
119 
81 
118 

EGG .................................. DQESLSLS-LS--R--MIEVDV--D--QM-V------ 112 
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B-HXB2R 
D-ELI 
0-ANT7 0 
O-MVP5 1 8 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

I+ block1 - protease \ /  p66,p51 I M41L 
most-likely CTLNFPISP..IETVP.~LKPGM~P~KQWPLTEEKI~LVEICTEMEKEGKISKIGPE~~~N~~VF~T~ 207 
A-U4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 0 
O-WP5 1 8 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

220 
221 
220 
217 
217 
219 
221 
250 
269 
270 
255 
262 
260 
253 
254 

most -likely I DSTKWRKLVDFRELNKRTQDF~~~V~~IP’HPAGLKKKK~TV~LDVGDAYFSVPLD~D~~~FTI i 2 81 

A-ROD 
B-EHOACG 
D-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

HIvl POL 

136 
149 
150 
149 
146 
146 
148 
150 
179 
198 
199 
184 
189 
187 
182 
183 
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HIVl POL 

block2 -w I<- block 3 - 

block4 -4 
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355 
3 67 
368 
3 67 
364 
364 
366 
368 
3 97 
416 
4 17 
402 
409 
407 
400 
400 

427 
439 
440 
439 
436 
436 
438 
440 
469 
488 
489 
474 
481 
480 
472 
473 

496 
507 
508 
507 
504 
504 
506 
511 
536 
555 
556 
541 
548 
547 
540 
542 



most-likely 
AJJ4 5 5 
B-HXB2R 
D-ELI 
OJiNT70 
O-IWP5 1 8 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

HN1 POL 

57 0 
581 
582 
581 
578 
578 
580 
585 
610 
629 
630 
615 
622 
621 
614 
616 

OJiNT7 0 
O-WP5 1 8 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM2 5 1 
STM-STM 
VERAGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

D-ELI 
OJiNT7 0 
O-WP5 1 8 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 
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644 
655 
656 
655 
652 
652 
654 
659 
684 
703 
704 
689 
696 
695 
688 
690 

718 
729 
730 
729 
726 
726 
728 
733 
758 
777 
778 
763 
770 
769 
762 
764 



HIvl POL 

O-MvP5 1 8 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM251 
STb-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

most - 1 ikelq 
AJJ4 5 5 
B-HXB2R 
D-ELI 
0-ANT7 0 
O-MvP518 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

' 802 
807 1 832 

i 851 
I 852 
/ 837 
1 844 
843 
836 1 838 

block9 -1 1- block 10 

block 10 -1 
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866 
877 
878 
877 
874 
874 
876 
881 
906 
925 
926 
911 
918 
917 
910 
912 

939 
950 
951 
950 
93 0 
947 
949 
954 
979 
998 
999 
984 
991 
990 
983 
983 



HIvl POL 

D-ELI 
OJWP5180 
CPZGAB 
CPZANT 
A-ROD 
B-EHOACG 
D-MM2 5 1 
STM-STM 
VERAGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

**COBBLER sequence from MOTIF** 
>POL CPZGAB, with embedded consensus blocks 
ffrerlafpqrearqlcaeqnrtngptdrelwvpggreepgeergreqsistnlpqitlw 
qrplipvkvegqlcealldtgaddtvieriqlqglwkpkmiggiggiggfikvkqfdnvhiei 
egrkwgtvlvgptpvniigrniltqlgctlvfpissietvpvklkpgmdgpkvkqwpls 
aekikalteicqemekegkiskigpeNPYNTPVFAIKKKDKTKWRMLVDFRELNKRTQDF 
MEVQU;IPHPAGLKKKKSVTVldvgdayfscpldkDFRKYTAFTIPSVNNETPGVRYQYN 
VLPQG~~GSPAIFQSTMTKILEPFReknpditiyqymddlyvgsdleidqHRRMVEQLRE 
HLLK~~GFETPDKKHQKEPPFQWMGYELHPDKWTIQKIqlpekevW~DIQKLVGKL~A 
SQIYPGIKTKHLCKLIRGTKSLTEWPWTEEAEAELEEnreivstpvhgvyydpdkelia 
eiqkqgncqwtyqifqephknlktgkyarqrsahtndirqLAEWQKIGKESIVIWGKIP 
KFHLPVERETWEQWWTDYQATWI PEWEFVSTpplvklwysletepipt tdtyyvdgaan 
retktgkAGWTDRGKQKVKKLEQTTNQQAELEAILMALQDSGPKVNIVTDSQYAMGIIq 

AQEEHEKYHS~~RamasdFGLPPIVAKEIVASCPKCQIKGEAMHGQVDCSPGVWQMDCTH 
LEGKVIIVAvhvaSGFIEAEVIPQETGQETAYFLLKLASRWPVKHIHTDNGPNFTSQEVK 
AAC~~~adikqefGIPYNPQSQGWESMNKHLKEIIGQIRDQAEHLETAVLMAVHIHNFKR 
KGGIGGytageriidiiatdiqtselqkqilkvqkfrvyyrdsrdpiwkgpatllwkgeg 
awiqdqgelkvvprrkakiirdygkqmagddcvasrqnedkhgtaw 

* sqpdhseselvnqiieelIKKEKIYLAWVPAHKGIGGNEEVDKLVSQGIRQVLFLEGIDE 
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985 
1002 
1003 
1002 
1009 
1007 
969 
1036 
1058 
1056 
1041 
1046 
1057 
1039 
2036 



HIVl POL CONSENSUS 

35 
49 
48 
35 
48 
13 

96 
116 
115 
94 
115 
55 

I I 

-d' 

358 
396 
394 
358 
395 
278 

/ 
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. . . . . .  ... 

. .  .... . - .  - . .  . , .,, . -. 



HIVl POL CONSENSUS 

II-19 
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550 
602 
600 
541 
602 
416 

618 
672 
670 
602 
672 
459 

681 
742 
740 
669 
742 
510 

746 
812 
810 
732 
812 
569 

812 
882 
880 
798 
882 
631 

880 
952 
950 
865 
952 
687 

929 
1002 
1000 
925 

1008 
742 



HMMER Sequences in the Vif Alignment 
______ ~ 

A-U455 
B-HXB2R 
D-ELI 
0-ANT7oc 
O ~ m 5 1 8 0  
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

m 4 5 5  
HIVHXB2R 
HIVELI 
HIVANT7oc 
HNMvp5180 
SIVCPZGAB 
SIVCPZANT 
HIV2ROD 
HIV2EHOA 
SIVMM25 1 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVSABlC 
SIVSYK 

M62320 
KO3455 
KO3454 
L20587 
L2057 1 
X52154 
U42720 
M15390 
U27200 
M19499 
M83293 
M3093 1 
M66437 
U04005 
LO6042 

Oram,J.D. 
Starcich,B. 
Alizon,M. 
Vanden Haesevelde,M. 
Gurtler,L. G. 
HuefT. 
Vanden Haesevelde,M. 
Clave1,F. 
Rey-Cuille,M. A. 
Franchini,G. 
Novembre,F. J. 
Baier,M. 
Fomsgaard,A. 
Jin,M. J. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,538 (1985) 
Cell 46,63 (1986) 
JVI 68,1586 (1994) 
M 68,1581 (1994) 
Nature 345,356 (1990) 
Viiology 221,346 (1996) 
Nature 324,691 (1986) 
Viology 202,47 1 (1994) 
Nature 328,539 (1994) 
Virology 186,783 (1992) 
Virology 176,216 (1990) 
Viology 182,397 (1991) 
EMBO J. 13,2935 (1994) 
M 67,1517 (1993) 
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The following alignment and most likely sequence were generated using the HMMER program 
as described in Part 111. For simplicity, only representative PIV types and subtypes 
are shown. The BLOCKMAKER and Gibbs programs were employed to identify four conserved, 
gapless blocks (shown by shading); the Motif program did not give satisfactory results 
in this case. The Gibbs' "Cobbler" sequence follows this alignment. 

most-likely 
AJ4 5 5 
B-HXB2R 
D-ELI 
O-MVP5 1 8 0 
0-ANT7 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
D 3 2  5 1 
STM-STM 
VERAGM3 
GRI-AGM677 
SAB-SAB IC 
SYK-SYK 

<- pol cds 
1 7  block1 -1 1- block 2 

. --M--C-R-IF--K. -NS--E-Q . 70 

.--W--C-R-IF--K.EG---EvQ 70 
T-RIPE.-LER-H--I-YLK-RT-jDLn-VC .--W--C-R-IF--Q.EGS--EVQ 70 
~--RZPG.-ftER-H--f--fX-~-ELS-AC .--W--C-R-IF--Q.-E---EVQ i 70 

T--WY-M-RYE---G.QHGSXWD ' 69 
Q-QF--Y-QFI---S.K-DYfEVN 69 

IE-QWY-YCQWT--V..--G'IIW-- i 68 

most-likely QAGH. . .4KVGSLQYftAbqAVL. .I .. .RPKRENTKIKPPLPS. ....................... .VR. .. 
AJ455 
B-HXB2R 
D-ELI 
0-MVP5 1 8 0 
0-ANT7 0 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
D-MM2 5 1 
STM-STM 
VER-AGM3 
GRIJiGM677 
SAB-SABlC 
SYK-SYK 

... -.-.. V...T-T....RA------ .......................... K... 
.......................... T... 

-- ............................ 
.........................-Q... 
..........................Q... 
.......................... A... 
......................... LS... 
......................... Y-RG. 
......................... S-RG. 

V-SD.V ...- SQG--PTW-QWRRD ......................... N-RG. 
V-EH.V ...- SQ----AR-QWRRG .......................... N-GS. 

......................... EQGAV 

......................... RQGAM 
TNGL ...- RV .... APTSRRG-SQGSPQESQRRDTRMARNMGFAQRA-- ... 

......................... CA... 

II-21 
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135 
135 
135 
13 5 
135 
135 
136 
137 
13 8 
13 8 
138 
13 8 
139 
137 
135 
13 6 

172 
167 
167 
167 
167 
167 
168 
173 
179 
180 
17 8 
17 8 
185 
181 
198 
167 



HIVl VIF 

most-likely .KL.TEDSRWNKQRG .............................. SEPQKTKGHR.G .. SH.TMN..... GH 
A-U455 . . .  ................................... . ..- R.-L-.....R- 
B-HXB2R . . .  ................................... . . . . . . . . .  

--Q-R---.- _ _  _ _ _  -- D-ELI 
0-MVP5180 .R-.---.---- .................................... W-IRDQL .-..--. S - - . . . . .  -- --- ---- HLR1RDQL.K ..- P.S-- -- 0-ANT7 0 . . .  ................................... ..... 

-- --- ---- H-R--V-Q.E NL.-R-.. -- CPZGAB . . .  ................................... .. ... 
CPZANT -I-*---.---- .................................... RRMR---.E..NQ 
A-ROD LR-AKQ---SH---S ................................ SPTPRTYFP-V.AEVLE1 .....LA 
B-EHOA 
D-MM251 LRMAKQN--GD---- ............................... K-PTKGADFP-L.AKVLG1. .... LA 
STM-STM IRVA-QNG-GH-P-- ............................... K-STEGTDFP-L.AKVLGI.....LA 
VER-AGM3 GRMAKRHA-RYQSGSQDAF ................... RAPVP-MELLSG-G-KESH--.ARK.....-L 
GRI-AGM677 GRMA-RHAQGS-R-SQKAL ...................... WNEHAN-SMELLC-.-..GKE- 
SAB-SABlC .RMAPRHVTGPQF--PVPLP ..................... KESPFPSLVEYCG-.T..--XS..WANQ A-R 

--_- R--- - -- --- ---- 
-------- - -- --- -- -- --- ---- 

. . .  ................................... . . . . . . . .  -- --- ---- 
-- 

IRMARDNI-TSQ-SS ............................... QSLAQGTYFP-L.AEVLG1 ..... LA 

SYK-SYK . RN. -MVLHSK-C-VDPKRDQCHCKGRTGSDRSIQAFYSSRNIWSL-SILKRRG-D 

**COBBLER sequence from GIBBS** 
>VIF CPZGAB, with embedded consensus blocks 
menrwqVMWWQVDPRRIERWHSLVKYHMYKSKKLWKWRYHHHYEhpnpkvaseihipfr 
dyskLWTTYWGLTPGEGWWHLghgvsiqwrlgsYWTDVDPDTADRLIHS~FPCFTESA 
VRRAIRGElvaprceykeghrQVGSLQYLALKaliserrhrpplpsvakltedr~khqr 
tkvhqenltrngh 
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203 
192 
192 
192 
192 
192 
193 
193 
215 
216 
214 
214 
232 
219 
243 
221 



HIVl VIF CONSENSUS 

66 
66 
65 
54 
34 

13 6 
136 
132 
118 
16 

191 
191 
186 
161 
107 
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HMMER Sequences in the VPR-VPX Alignment 

A-U455 m 4 5 5  M62320 Oram,J.D. ARHR 6,1073 (1990) 
B-HXB2R HIVHXB2R KO3455 Starcich,B. Science 227,538 (1985) 
D-ELI HIVELI KO3454 Alizon,M. Ce1146, 63 (1986) 
O_ANT7OC HIVANT7OC L20587 Vanden Haesevelde,M. M 68,1586 (1994) 
O-MVP5180 HIVMVP5180 L20571 Gurtler,L.G. JVI 68,1581 (1994) 
CPZGAB SIVCPZGAB X52154 Huet,T. Nature 345,356 (1990) 
CPZANT SIVCPZANT U42720 Vanden Haesevelde,M. Virology 221,346 (1996) 
VER-AGM3 SIVAGM3 M30931 Baier,M. Virology 176,216 (1990) 
GRI-AGM677 SIVAGM677 M66437 Fomsgaard,A. Virology 182,397 (1991) 
SABSABlC SIVSABlC U04005 Jin,M.J. EMBO J. 13,2935 (1994) 

II-24 
DEC 96 



The following alignment and most likely sequence were generated using the HMMER program 
as described in Part 111. For simplicity, only representative PIV type and subtype sequences 
are shown. Because annotation cannot simultaneously apply to VpR and to VpX, see the 
accompanying HIV-1 consensus alignments for this. Two conserved, gapless blocks were 
found using the BLOCKMAKER and Motif (or Gibbs) programs; these are shown by shading. 
The Motif "Cobbler" sequence follows the alignment. 

most-likely MEQA. . . . . . . . . . . . . . PRE. . DQG - . . . . . 
A-U4 5 5 ---- ................. - . - .. --- ...... 
B-HXB2R ---- ................. - . - .. --- ......- ___- 

PQREPW.NE%T. . L. ELLEELXREAVRHF. PREtLFQ 1 
------,A-XA,.-.-------H-f)----- .--QW-HG 
----H.----.,-,-------N------ ---Iw-Iie . 

42 
41 
41 
41 
41 
41 
41 
41 
46 
46 
42 
42 . 
47 
46 
47 
47 
51 
51 
66 

A-ROD-VPX -TD,.................---TVPP-...:..NSG-ECPfG-AFAW-NhIN----N-L,-----I-- 
B-EHOA-VPX -D...................---RVPP-......NSG-EmN3-AFEW-ETT--H-N-V--N-t.----I-- 
SD-MM251,VPX -SD..................---RIPP-......NSG-ETLG-AFEW-NRTV--~~----N-I;.----f-- 

i 

$ 

! 
1 

84 
83 
79 
83 
83 
86 
83 
59 
88 
88 
84 
84 
94 
93 
94 
94 
106 
106 
124 

--I----*--L----.----- 
--I - - - -*--  & ---- x ----- 
--I----,--L---- ----- 

.... M-I----.-*I;--~-.Y----Q-- 

.... M-I----,--L--T-,Y----Q-- 
CPZANT 

A....RE--XV-.-R---T-.--A--G-- 

-R---M- .--O--N-- 
-R---ld-.--G----- 
-K-WM- .V-K-- 

G..RRHN-PWN-IG....YKYY--V,-KSM-V-,--C---RRGPFSP...YEER-N--... 
PAIDH-Q-R.L--W .... 
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Q-- ............ ---I.. . 
-x 

---I Q-- ............ ... 
............ ---I ... 
............--- ILPS 

-HL----.--L--Q--............. ---I.. . 
... ---- ............ 

-R---L-,--G--Q--............---- ... ............---- ... 
.-. ---- ............ 

TCL. . . . . . . . . - . .GR-H. . . 
-K-M---.-AK--GCL............-E-H... 
-R---M-.CgK---CL............GE-H... 
-K---M-.SKR---CL............GE-H... 
-K---V-.--C---RRQPFEP...YEER-D--... 

YKYC---.-K---V-.~GR-.CKPKTHPAYGPGAGGPPP... 



HIVl VPRNPX 

most-likely .G.GG.RRGPPPRNPPSRS 
A-U455 .I.P-.--...G--GA--- 
D-ELI .I.RQ.--...A--GS--- 
0-ANT7 0 .NPR-.-G...R--GS--- 
0-MVP5180 NT.R- .- G...R--GS--- 
CPZGAB .L.PQ.--...RS-GSN-- 
A-ROD-VPR .T.R-.GN.-LSAI-TP-NMQ 
B-EHOA-VPR .P.--.GN.-LSAI---X 
SD-MM251-VPR .P.--.GN.-LSTI--- 
STM-VPR .P.--.GN.-LATI--T-GVL 
A-ROD-VPX . -p--W-P----PP--GLV 
B-EHOA-VPX .-P--W-S----PP--GLA.X 
SD-MM251-VPX .-A--W-P----PP--GLA 
STM-VPX .-A--W-P----PP--GLA 
VER-AGM3 .-.--.- A...G-V--GLD 
GRI-AGM677 .-.--. AP....PP--GL 
SAB-SABlC .-L--.AS-GAASAA-GL 

**COBBLER sequence from MOTIF** 
>VPR-VPX D-ELI, with embedded consensus blocks 

irILQKALFMHFRxGCqhsrigiirqrrarngssrs 
meqapadqgPQREPWDEWLLEMLEELNQEAVRHFPRELLFQLWQYIYEtygdtwgveai 
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100 
96 
96 
97 
100 
96 
105 
102 
97 
101 
112 
112 
112 
112 
119 
117 
140 



HIVl VPRNPX CONSENSUS 

84 
93 
93 
94 
96 
54 

II-27 
DEC 96 



HnTl TAT 

HMMER Sequences in the Tat Alignment 
A-U455 m 4 5 5  M62320 
B-HXB2R HIVHXB2R KO3455 
C-UG268A2 HIWG268A2 L22948 
D-ELI HrvELI KO3454 
F-BZ163A HIVlBZ163A L22085 
0-ANT7OC H I V M O C  L20587 
0-MVP5180 HIvMvp5180 L20571 
CPZGAB SIVCPZGAB X52154 
CPZANT SIVCPZANT U42720 
A-ROD HIV2ROD M15390 
B-EHOA HIV2EHOA U27200 
SD-MM251 SIVMM251 M19499 
STM-STM SIVSTM M83293 
VER-AGM3 SIvAGM3 M30931 
GRI-AGM677 SIVAGM677 M66437 
SAB-SABlC SIVSABlC U04005 
SYK-SYK SIVSYK LO6042 

Oram,J.D. 
Starcich,B. 
Louwagie,J.J. 
Alizon,M. 
Louwagie, J. J. 
Vanden Haesevelde,M. 
Gurtler,L.G. 
Huet,T. 
Vanden Haesevelde,M. 
Clave1,F. 
Rey-Cuille,M.A. 
Franchini,G. 
Novembre,F. J. 
Baier,M. 
Fomsgaard, A. 
Jin,M.J. 
Hirsch,V.M. 

ARHR 6,1073 (1990) 
Science 227,484 (1985) 
JVI69,263 (1995) 
Cell 46,63 (1986) 
ARHR 10,561 (1994) 
M 68,1586 (1994) 
JVI 68,1581 (1994) 
Nature 345,356 (1990) 
Virology 221,346 (1996) 
Nature 324,691 (1986) 
Virology 202,471 (1994) 
Nature 328,539 (1994) 
Virology 186,783 (1992) 
Virology 176,216 (1990) 
Virology 182,397 (1991) 
EMBO J. 13,2935 (1994) 
JVI 67,1517 (1993) 
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. -  

The following alignment and most likely sequence were generated by the HMMER program 
as described in Part 111. For simplicity, only representative types and subtypes are 
shown. The annotation is based on HIVls, therefore the user should be cautious about 
its applicability to other PIV sequences. The BLOCKMAKER program was employed to 
identify one conserved, gapless block (using either the Motif or Gibbs approach); the 
block has been indicated with shading. A putative nuclear localization signal (nls) is 
shown. The Motif "Cobbler" sequence follows this alignment. For further information 
regarding the Tat protein, see the section by K.-T. Jeang in Part I11 of this compendium. 

\/3'sj 1- block 1 

\/3'sj 
rev cds -> 

c- nls -> exon \ /  exon 

- block 1 __tl 
RRR.TPQKSQTHQVSLS.KQP1SQPRGD.PTGPKESKKK.VERETETDP. .......... .--- LP-SQRV.SA-QE----- .-- SKAK--R...... ..... 

........... AH-N-----A---.---T------ ------X--- ___---___ 
.---LP-----.----EK---- --SK----- 
.---S------.------Q--- --S-A---- 

-.......... 
........... 

.S-KGG-A---PIP.---S------.------X---.--SKA-A--........... 
........... E--S--S---.-----KX--- --S-A---- 

.---S--H--- ------X---.--SKA---Q........... 

.---S-----N.-----KX--- --SKA-A-- ..........- 
P--GN-A--DP-P.E--S--H---H------X--- .-- SKA-A-Q ........... 

.------A--N.-----K---E.--SKA----........... 

.--SPTI.TKR.KQERQ-EQEEE--KKAGPGGYPRRKGS.CHC 

.E-SL-H.T-R.KQKRQ-EQE-K--K--GPSGQPCHQDSCNSC 

.--- L--S--N.KE-SEK-T-E .- ASK--A-Q ........... 

.- SLPKTS-1Q.SSQK-XE- .-.-- EK-GSGG.... ....... 
ROD .-- C-E--G- ..-..--.-- K-TK--PSPTP.DKS--TRT--.SQPT-KQ--T .-- ATV---T.. ......... 
EHOA .-- C-E-S ....-.. K-.SSKRAK-TTS-APNNRSL-ART--.SQPT-KQ--E .-- TTRA--LGPGRSN....T 
MM2 5 1 -- C-EQS,...-K--- .-- K-AKANTS-A-.NKL-PN .- TR.HCQ-EKA--ET--K-A-. ........... 
STM -- T-E-S .,,.-..--. VKK-AK-YPI-A-NNRSL-TRARN.SQPK--Q--E .-- T-V-ST-.. ......... 
AGM3 .KKIAPLD.RFPEQ.--S--TRGR-.SQTTQKGQE-.--TSAR-A-SLGRKNLAQQS 
AGM6 7 7 .RKTST-DN-DP1R.Q-S--TVQRN.GQTTE-G-TE.-- 
SABlC .ASK-ISHN----H.N 
SYK .ARSI-ED..D-AP.TGTLPR.A-R.TQANPQT---A--T-KDSTSLP......... 

CPZGAB 

3 

3 

HIVl TAT 

68 
43 
43 
30 
43 
2 
43 
43 
43 
43 
43 
43 
43 
43 
43 
72 
72 
72 
72 
48 
43 
48 
52 

!24 
99 
99 
86 
99 
58 
99 
99 
99 

too 
99 
LO7 
LO9 
too 
too 
L26 
132 
L26 
L25 
111 
88 
73 
LO5 



HIVl TAT 

most-likely 
u 4 5 5  
HXB2R 
UG268A 
E L I  
UG2 6 9 A  
NDK 
S E 3  6 5 A  
UG274A2 
MAL 
B Z 1 6 3 A  
ANT7 0 
MVP5180 
CPZGAB 
CPZANT 
ROD 
EHOA 
MM2 5 1 
STM 
AGM3 
SYK 

. . . .G.DR 

. . . .F.  .A 

. . . .F.-X 

. . . .x.-x 

. . . .xDcx 

. . . .F.-X 

. . . .FDWX 

. . . .F.-W 

. . . . F . - W  

. . . .FDWX 

. . . .XDXX 
CTRTS . EQ 
T R I S -  .QX 
. . . .x.-x 
. . . .-.PC 
. . . . -PG- 
STSRFANX 
. . . . -LG- 
. . . . -LGK 

GRAT- .AS 
. . SAE . NL 

127 
1 0 1  
1 0 2  

89 
103 

6 1  
103 
102  
102  
104  
103 
1 1 4  
116 
103 
103 
130 
140  
130 
129  
118 
110 

I 
/' 

d 

**COBBLER sequence from MOTIF** 
>TAT UG274A2,  with embedded consensus blocks 
svxidpr lepWnhpgsqps tpCNKCYCKKCCYHCQLCFLKKGLGISYGRKKRRqrr rppq  
ssqahqdpipkqpssqprgnptgpkkxkkkveskaeadpfdw 
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HIV1 TAT CONSENSUS 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-F 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

64 
68 
65 
66 
68 
55 
68 
45 

95 
99 
98 
99 
96 
83 

101 
52 
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Hrvl REV 

J 

HMMER Sequences in the Rev Alignment 
A-U455 HIw455  M62320 0ramJ.D. ARHR 6,1073 (1990) 
B-HXB2R HIVHXB2R KO3455 Starcich,B. Science 227,484 (1985) 
D-HIVELI HIVELI KO3454 Alizon,M. Cell 46,63 (1986) 
F-BZ163A HIVlBZ163A L22085 Louwagie,J.J. ARHR 10,561 (1994) 
0-ANT7OC HIVANTi'OC L20587 Vanden Haesevelde,M. JVI 68,1586 (1994) 
O-MVp5180 HIVMVP5180 L20571 Gurtler,L.G. M 68,1581 (1994) 
CPZGAB SIVCPZGAB X52154 Huet,T. Nature 345,356 (1990) 
CPZANT SIVCPZANT U42720 Vanden Haesevelde,M. Virology 221,346 (1996) 
A-ROD HIV2ROD M15390 Clave1,F. Nature 324,691 (1986) 
B-EHOA HIV2EHOA U27200 Rey-Cuille,M.A. Virology 202,471 (1994) 
SD-MM25 1 SIVMM251 M19499 Franchini,G. Nature 328,539 (1994) 
sm-sm SIVSTM M83293 Novembre,F.J. Virology 186,783 (1992) 
VER-AGM3 SIVAGM3 M30931 Baier,M. Virology 176,216 (1990) 
GM-AGM677 SIVAGM677 M66437 Fomsgaard,A. Viology 182,397 (1991) 
SABSABlC SIVSABlC U04005 Jin,M.J. EMBO J. 13,2935 (1994) 
SYI-SYK SIVSYK LO6042 Hirsch,V.M. M 67,1517 (1993) 
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HIvl REV 

The following alignment and most-likely sequence were generated using the HMMER program 
as described in Part 111. For simplicity, only representative types and subtypes are shown. 
The annotation is based on HIVls, therefore the user should be cautious about its applica- 
bility to other PIV sequences. The high affinity binding site to RRE, which also contains 
a nuclear localization signal (nls) and the leucine effector domain are shown. The 
BLOCKMAKER program (using the Motif or Gibbs approach) produced one conserved, gapless 
block, which is shown by shading. The Motif "Cobbler" sequence follows this alignment. 

\/3'sj exon\/ exon <- nls -> 

I- block 1 

leucine-rich 
<-domain-> 

block 1 -H 
most-likely GRSAEPVP. LQLPPLERLTLDCSE. .. DCGTSGT.Q. ..... .GVGSP.. .... .QILVE. ............ 
A-U455 --p----- -----I---R----- ... S------ .-Q PQGTET---G- ....... --s-- ............. 
B-HXB2R 
D-ELI 
F-BZ 1 6 3A 
O-ANT7 0 
O-MVP5 1 8 0 
CPZGAB 
A-ROD 
B-EHOA 
D-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

----- ----- ....... ............. N-...------- - 
--p----- ---------N-N--- --R---- - 

........ --______ ------------- 
... --s-- ........ ---H- ....... ............. 

.......- TSG-. --PE---- -----p----INN-- ... N-EQGAE.E ....... ............ 
HGPQNNNI.VD-----Q-SIRDP- ... GDQL-EA.W ....... T-DPRAEDNXCL-N-CS.... ......... 
HG-QDNNL-VD-----Q-NIRDP- ... ADRLP--.G.... ... T-DPG ....... TKDN 
-- PPK-GD .- E--E-DK-S-Q-V-TTQ-V---N-S- ....... P ... Q.......TATG-TVPA......... 

----- 

... PD- .- A..DS--DQT.IQH.L...QGL-IQE.L..... .. P.DP-. ...... TH-P-..... ........ ... PDS.-T .. EG--DLA.IQR.L ... QNLI1KD.L ....... P.NP- ....... TSTPTAQASTCIPPIWDQ ... PD- .- T .. DT--DLA.IQQ.L ... QNLAIES.1 ....... P.DP-.... ... TNTP-AL...... ..... ... PD- .- A .. ST--DLA.VQQ.L ... QGLS1QD.L ....... P.DP- ....... PN-PK. ............ 

.- VE-Q.L.V-A .. IDQ-V--Q ..... QHLA1QQ.L ....... P.DP-.......SSS ... EDQQLVA--QE-QLENK-LVL ...Q HL ............. P-DP-... .... H-H 

... .I.FGS..RTAA.-ED-L...QQLQISD 
-S.QID.H-AQEFDQLVL ...- NL ..QQ. P. ...... PSLP-..... .. GHPT-. ............ 

most-likely 
A3455 
B-HXB2R 
D-ELI 
F-BZ 1 6 3A 
O m T 7  0 
CPZGAB 
A-ROD 
B-EHOA 
D3M2 5 1 
STM-STM 
SAB-SABlC 

.......................... SPTVLESG............TK ..E ........................... SA--G--. .......... -- ..N 

.................................. ...........- EEQC 

.......................... -HA-- G--. ............ .......................... CN-I-ATR.. ......... IA..- 

........................ GGNYSI-GK-.... ....... A-..N 

........................... Q.R- .............. AE..T 
LVPRSNPSSSQGCGRDSCERGEDLVG--..Q---RRDHCNTQEDQ-R..G 

- - - - - - - - -- - .......................... ............. 
-- - 

......................... CD--KGSRS ........... PQ..D ........................... D ..- QDT...........AE.. N 

.......................... NQ-ANS-S 

**COBBLER sequence from MOTIF** 
>REV ELI, with embedded consensus blocks 
magrsgdsdedLLRAIRLIKLLYQSNPYPQPEGTRQQRRNRRRRWRQRQRQRQI~LAERIL 
STylgrpaepvplqlpplerlnlncsedcrtsgtqgvghpqisvesptvlesgteeqc 
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64 
64 
64 
64 
64 
62 
63 
65 
64 
60 
64 
60 
59 
57 
58 
56 
54 

105 
112 
105 
10 5 
105 
110 
103 
111 
93 
110 
95 
92 
89 
89 
91 
77 

116 
123 
116 
118 
116 
121 
124 
100 
156 
107 
100 
99 



HIVl REV CONSENSUS 
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66 
61 
61 
56 
67 
41 

120 
115 
105 
95 

123 
91 



HIVl VPU 

HMMER Sequences in the Vpu Alignment 

A-U455 
B-SF;! 
D-ELI 
F-BZ163A 
o -moc 
0-MVP5 180 
CPZGAB 
CPZANT 

m u 4 5 5  
HIVSF2 
HIVELI 
HIVlBZl63A 
m m o c  
HIVMVP5 1 80 
SIVCPZGAB 
SrVCPzANT 

M62320 
KO2007 
KO3454 
L22085 
L20587 
L2057 1 
X52154 
U42720 

Oram, J.D. 
Sanchez-Pescador,R. 
Alizon,M. 
Louwagie, J. J. 
Vanden Haesevelde,M. 
Gurtler,L.G. 
Huet,T. 
Vanden Haesevelde,M. 

ARHR 6,1073 (1990) 
Science 227,484 (1985) 
Cell 46,63 (1986) 
ARHR 10,561 (1994) 
M 68,1586 (1994) 
M 68,1581 (1994) 
Nature 345,356 (1990) 
Virology 221,346 (1996) 
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HIvl VPU 

The following alignment and most likely sequence were generated using the HMMER program 
as described in Part 111. For simplicity, only representative HIVls are shown. Two sites 
of phosphorylation are indicated. One conserved, gapless block was found using the BLOCKMAKER 
and Motif (or Gibbs) program, which is shown by shading. The "Cobbler" sequence from the 
Motif analysis follows this alignment. For further information about the VpU protein, see 
the section by K. Strebel in Part I11 of this compendium. 

most-likely 
A-U455 
B-SF2 
D-ELI 
F-BZ163A 
0-ANT7 0 
O-MVP5 1 8 0 
CPZGAB 
CPZANT 

env cds -> 
phos I lphos 

block 1 4  

.-- L----.-NYDLGVDN...N- 

.WID--LSH-FDN-MFEP..... 

A3455 
B-SF2 
D-ELI 

0-ANT7 0 
0-MVP5180 .-. VME-IHSH-FAN-MFEL... .. 
CPZGAB .-R-EQ-1HN.YN-NNHFANPMF-- 
CPZANT .A.DTYYLGS.-FAN-VYREG..-E 

**COBBLER sequence from MOTIF** 
>VPU AJ455, with embedded consensus blocks 
mtpleiwaitglivalilaivvwtivgiekkncskkktglnRIREVAEDSGNESNGDEEE 
1 s 1 lvemgnydlgvdnnl 
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62 
59 
61 
62 
62 
66 
67 
65 
63 

81 
78 
80 
81 
81 
85 
85 
88 
83 



HIVl VPU CONSENSUS 

env cds -> 
phos I I phos 

CONSENSUS-A mtPL???eIcAIvGLiVALILAIWWTIVgI.eyKkllkqr ....... Kidrl?ikRIrERA.EDSgNES 57 
56 C0NSENSUS-B 
57 
51 CONSENSUS-F 

CONSENSUS-0 -H??...?LL-?I??SAL??INV??-?..F?..LR?Y-?-??QDR?E?E-LER.LR--?-IR.D--DY-- 42 
57 

CONSENSUS-CPZ -- ??...?????L???????W?-CI???I????-??yK???? .... ......................... 14 

3-------d------ _ _ _ _ _ _ _  
-Q-- ... v-l---A-v----i--------f-.-crr-kr-- . . . . . . . ---~-.-d------3------- 

--N--.YE?--?--.------- 

-qs-...q-?---a-v--a-i--------f-?--r-i-R-- . . . . . . . 
-S??...LAIS?TA------I-------'Y- . .  --R---R-- . . . . . . . C0NSENSUS-D 

CONSENSUS-U -Q-- ... T-T-----V--F-A-----S--Y-.--R-IR--K.. ..... _ _ _ _ _  LD------ _ _ _ _ _ _ _  
CONSENSUS-A ?GDT?E.L?kL .... VEM.GnydlgvdnNL$ 
CONSENSUS-B e--qe-.-sa-????---?-H?apwdvdD-- 
CONSENSUS-D E--rE-.-sa-....---.-HhAPwd?Ddm- 
CONSENSUS-F E--AE-.-A?-....G--.-PFIP-DI?--- 
CONSENSUS-0 N?EE-QEVM?- .... ??SH-F?NPM.FE?? 
CONSENSUS-U D---E-.-ST-....M--.-YEYILDND--- 
CONSENSUS-CPZ -?EE--??-???????????FANP?.????DE 

78 
79 
80 
73 
59 
81 
23 
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HIVl ENV 

HMMER Seauences in the Env Alignment 

A-U455 HIVU455 M62320 Oram,J.D. ARHR 6,1073 (1990) 
B-HXB2R HIVHXB2R KO3455 Starcich,B. Science 227,538 (1985) 
C-UG268A2 HIVUG268A2 L22948 L0uwagieJ.J. JVI 69,263 (1995) 
D-ELI HIVELI KO3454 Alizon,M. CelI 46,63 (1986) 
E-TN2432 HIVTN2432 LO3703 McCutchan,F.E. ARHR 8,1887 (1992) 
F-BZI 63A HIVlBZ163A L22085 Louwagie,J.J. ARHR 10,561 (1994) 
G-LBV217 HIVLBV217 L11778 L0uwagieJ.J. AIDS 7,769 (1993) 
O-ANT7OC HIVANTi'OC L20587 Vanden Haesevelde,M. JVI 68,1586 (1994) 
0-MVP5 180 HIVMVP5180 L2057 1 Gurtler,L.G. M 68,1581 (1994) 
0-VAU HIVlVAU X80020 Charneau,P. Virology 205,247 (1994) 
CPZGAB SIVCPZGAB X52154 Huet,T. Nature 345,356 (1990) 
A-ROD HIV2ROD M15390 CIave1,F. Nature 324,691 (1986) 
B-EHOA W 2 E H O A  U27200 Rey-Cuille,M.A. Virology 202,47 1 (1994) 
SD-MM251 SIVMM251 M19499 Franchini,G. Nature 328,539 (1994) 
STM-STM SIVSTM M83293 Novembre,F.J. Virology 186,783 (1992) 
VER-AGM3 SIVAGM3 M30931 Baier,M. Virology 176,216 (1990) 
GRI-AGM677 STvAGM677 M66437 Fomsgaard,A. Virology 182,397 (1991) 
SYK-SYK SIVSYK LO6042 Hirsch,V.M. JVI 67,1517 (1993) 

II-38 
DEC 96 



HIVl ENV 

The following alignment and most-likely sequence were generated by the HMMER program 
as described in Part I11 . Approximately 400 HIV and SIV sequences contributed to the 
output; for simplicity. only representative subtypes and types are shown . Hybrid (i.e. 
recombinant) viral sequences will not affect the profile . The annotation was based 
upon information for HIV-1s and therefore the user should be cautious about its 
applicability to other PIV sequences . Cysteines are indicated by ' * ' .  Potential 
N-linked glycosylation sites are indicated by . Four highly conserved residues 
involved in CD4 interaction have been annotated . Eight conserved. gapless blocks 
(shaded) were independently derived from the representative sequences below (excluding 
the most-likely sequence) using the BLOCKMAKER and Motif programs; in most instances. 
the boundaries of these blocks are consistent with the HMM alignment . Block sizes are 
limited to 55 residues. hence contiguous blocks may occur . Five additional 
blocks over the C-terminal region of gp41 were separately determined. as variability 
and the existence of prematurely truncated (or unsequenced) representatives necessi- 
tated a separate determination . These five blocks should be given less weight . The 
Motif "Cobbler" sequence (involving just the first eight blocks) follows this alignment 

<- vpu 
signal peptide / gp120 

* 
most-likely MR.V .... KGIRRNYQHL~~RW ................ GI .... LLLGMLMI.CS.AAENLWVTVWGVPVWKE 

... M..Q...PC.... ................. T .... MI..LI I. .. N . QQ.......-..-.. D A-U455 . . . . .  . .  

... ..... -kmWGTM------- .. -T-K-------------- 
C-UG268A2 M..Q..C.QW. I. .. 

.............. .. M...I.. T .. .-D..............- D-ELI ... A .... R..E..C.NW.K-...... . .  
RD 

F-BZ163A ........ R-MQ--W---GK- ................. L ..... F..I. L. . . .  -N ....-.......... D 

0-ANT7 0 .I..TMKAME.K...KK.. .................. TL .... Y.AMA.ITP.L.SLRQ.YA...A..... ED 
0-MVP5180 .T..T .. M.VMKK.NRKS. .................. SL .... YIAMA.L.P.LSYSKQ.YA...S..... E. 
0-VAU .T.AIMKAM..K...RK.GI. ................ CL .... I-ALIIPC.L..C.NQ.YA...S..... ED 
CPZGAB .K.- MEKKKR.......DWNS LSIIT....IITII.LTP.L.TS....-......... HD 
CPZANT ... K ........... PIHII. ................. L....A..IQFIE.KG.TN..DY...F...-.. RN 
A-ROD .M . N ............ L.1 .................. A. ...... ASACLV.Y .. C.T.QY.-.F....T.. N 
B-EHOA .AH. .......... NYL.V... ...................... T.LLIS..YG.YMGKNF...F..I-A.. N 
SD-MM251 .G.C ....... LG. .. L.1 .................. A. ....... SVYG..Y .. C.T.QY...F.... A.RN 
STM-STM .A.C ....... PG...L.I...... ............ A- ....... SACLT.Y .. C.T.QY...F.... A.RN 
VERAGM3 .K.L ........... TL.1 .......................... I.IGW.LN.T.RQQ....F....... N 
GRI-AGM677 .G.R ............ L.I...................K....I.IIAIG..SI~GIG..Y..-F.-I.... N 

................ . .  B-HXB2R .E ...K....... 
-GFWI--- -N VMG ......--.....-. ........ . .  .................... 

... E-TN2 4 3 ...... ETQM-WPN--K- .......... .......T....-I..LVI......SD...-......... 
. 

G-LBV217 ... A ....... L..W.... K. .................... .. -I--LVI-.-N.-SG-----------A-ED 

.... ......... 

TANAGMB14 XQ.A. ... FCMTP- ........................................................... 
SAB-SABlC 
SYK-SYK 

.K.L ................................. LT .... V..WLSGC.W.LVWLVQY...F..I..-. N 

.A.A ................. FRTYIVCLFSLISLGF .................. MEKQQY...F..I. H.ED 

* * A A A  

most-likely ATTTLFCASDAKAYDTEVHNVWATHACVP .. TDP .. NPQ-EIVLENVT .ENFNMW .. K..NN.M.... V.EQM 
A-U455 
B-HXB2R 
C-UG26 8A2 
D-ELI 
E-TN2 4 3 
F-BZ163A 
G-LBV2 17 
O A T 7  0 
0-MVPS 1 8 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VERAGM3 
GRIAGM677 
TAN-AGMB 1 4 
SAB-SABlC 
SYK-SYK 

-V-------------A------------- .............D.V... -E---- . . . . . . . . . . .  .... D.. 
................................... -v--v--- ....... . . . . .  ..... D.-. ........ 
............................. .............. -S---- ..... . D.. ...... D.. 
............S.E..A..I........ ...... ..A..... .......... .... 
-D-----------HE-------------- . . . . .  ..y..... .. N ............... 
............S.ER............. . . . . .  -V------ ...D.. ...... s.. ......... 
-D------------S--S----------- ...... ..S.N... .......... .... 
..pv....... NLTS..K..I..SQ.... ....... T.Y..YP.H....DD..I. ...... Y....... .... 
.APV.......NLTS..Q..I..SQ.... ......... H..FP.G....D..DI.......Y........D.. 
.KP........NLTs..Q..I...Q.... .... . . .  S.N..YE.K....GK..I. ...... Y.I......D.. 
-DPV-~-------HS--A--I---Q---- ... S.. .VF.P..I..S.... ............... D.. 

TN-SMTS--------- TS... .. I.. .. D.I.WR...TS.VW..AY......Y......... S. 
.. IP.... TR .NR ..... D.T-G-IQ-.L .. P-N .. DDYQ.. T. ...... A.DA. .. N. .... T ..... T.. A 

.. IP....TK.NR ..... D.T.G.TQ..L .. P.N .. GDYS.LA.......S.DA. .. E.....T.....T.. A 

.. IP----TK.NR ..... D.T-G-TQ-.L .. P.N .. GDYS.LAI......A.DA...D.....T.....T.. A 

. . . . .  

. . . . .  . . . . . . . . . .  
...... ...... 
...... 

. . . . .  . . . . . . . . . .  

. . . . .  .. ..... p 

.SIP....TR.NR ..... D.T.G.VQ..L .. P.N .. DDYT..Q. .. I...A.DA...D.....T.....T D.A 

SSVQA..MTPTTR ...... .L...TNS.I .. P.D .. HDYT.VP...I. .. P.EA.ADR...P.L...... A.A 
S.VQA..MTP.NT ....... M...TN.I. ..D.H..DNT..V P. .. I...A.EA. .. D ... P.L ...... K.A .................. T.L...TN.I. .. D.H ... YT .. VQ- ... S..K.EA. ... DR.P.L...... A.A 

.YAP...TTSH.G ....... G...KN... SA ...... D-I-VRV .. I-G-Y-PA- .. N .. SSH.....IR Q.1 
SSVQA--KTP.NT ....... L..STN. I. .. D.EPEGTIA.VPIP.I...K.DA. ......... RNPL.. G.A 
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46 
45 
47 
46 
46 
46 
45 
46 
47 
48 
47 
46 
38 
34 
37 
37 
37 
36 
35 
9 
34 
37 

103 
102 
104 
103 
103 
103 
102 
103 
104 
105 
104 
103 
94 
83 
86 
86 
86 
87 
84 
49 
89 
88 
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* * 
v1 LOOP 

block1 -4 <---- A A A  A A A  A A A  A A A  * 
........... .NAT .N.TNNTTNTTKIDMI . .NETSSCIRQ 

IT..... ...... I-N- .- NNT-I-DGV.... ............ 
B-HXB2R ...................... ..........- D-.-.--SSSG RM.- .............. A-U4 5 5 

-e-v------------------------ 
___^-______C---__C--_f_____ 

Q--V--------------------- 
.T........................-.NAI 
--------E----------------- 
Q--------------- QM-F---QME--NIA 
-----_--E ------ E-M-F---QM--V-LQ 
-----E)---------- QM-F---QM----IK ......................... 
J'&-MQ-FQ--Ff-------- 
I--~H-FET-5----------- 
TK-W--FEp.X r*------ ---- 

ESN-~L-FE-TMR-----S-f-IKMS-VEL 
ESN-fIfr-FESZt---------M-~~---RLPSPTP 
ESN-HL-FEST------- 
L--MSR-FS1-ANR-----A-P-SRML;-LD 

C-UG2 6 8A2 
D-ELI 
E-TN2 4 3 
F-BZ163A 
G-LBV217 
0-ANT7 0 
0-MVP5180 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

N-N.... ....... V-I- ... NA-A--SPYE.. ............ 
S-ELR .......... N-G-.M.G--V-T .................. 

14-NAKLT.. ...... NA-L- ... V--I--VSN-.... .......... 
--- - -  ............ .A ....................... 

.NAI ........... A.V....S.K.S.NSSL .............. 
........... GT ............................. 
........... T-K-.GLL-E-I-..... ............. 
............. SI.- .. T-SPLNS....... ......... 

n;SKANFS ....... Q ~ - L -  .. Q-SSPPL .................. 
M-I~~---GY............ .. G-.P.-TPS-T-STVTPK..TT-P. .... 

AMK-SSTESSTG...NNTTSKS-.S.-TT--P-DQEQE-..S-DTP-A-A 
MIt.NKTWSS ........ ASKE..T .. SSASLRSSTQTLL ... D.K.. QN 

X--~-FMt-f----------ZAMRINKNETDKWGLTGKTVTTV-.P.-AAAAA-KPE.LV..------ VSN 
ESN-HL-FE-T-------$---I~~$-~LNSSEPT..TTPKST.-.AS-T-I-AS-TTLPCVQ-K--TVLES 

.............. G-.A.-TKA-T-ATTT-T..TPCQN-STE 
... SSSSTTR-.T.R-PCPG--.... ..... NDE-NSH 

S-M-IXM--YRLEGG...... ..AATT-.S.PSTS-ARPEWSV..GFND-V-E- 
.............. SP.A.-STP-TSPPTTPP..---W ..... 

I--~Q-FET-I------S---~-~-~SETDRWG.LTKSSTTI-TAAPTSAPVSE----V..------- A- 

most-likely 
A-U4 5 5 
B-HXB2R 
C-UG268A2 
D-ELI 
E-TN243 
F-BZ163A 
G-LBV2 17 
O-ANT~ 0 
0-MVP5180 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 

VER-AGM3 
GRI-AGM67 7 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

STM-STM 

-GDLKEGP....-A-Q..-----V-M-VX--Q--VH---XR--I---.S.-GR...-G-GD.Y--------- 
G-S-VSSI....E-M -..---------V---SK-------R------ .NG-E.. - .-S-TT.D-------A-T 
....... E....NLM-..K-E--V--V-K---E-KQ----VS-LMEL.NETSSTNKTN-K..M-T-'I---STT 
............. -MR. . ----- V--VLT---EQKQ----VS-LSKVN-.S-A .. V-GTT...-M-T---STI 
.... .NNT. .. .K-V- . .Q-D--V--VLK--QE-KQ----VT-L-K- .NATS. ... -ETM. .. 
...... IV .... DGM-LQE-N--QS-GFK-----MK-I----G-L~CQ- .--.... E-NC ...- 
--- S--GE .... E-TI ..-- Q--M-GLE----KQYNET-SK---CE TN.- ST ...-Q TQ ... 
.............- M- ..----- V---L----KQV-S---VE---NL.G .- E... .- NT ....-- 

T I 200 
i 210 

196 
200 

-------STT 1 201 
I---**TA I 198 
Y-liB---$T 1 200 
CYMf;H----- 1 209 

v1 
A * &  

N------ Q....EQMI..S-K-TM-GLK---TKEYNET-ST-L-CEQG.-ST..D-E-R...C~-H----- 
N------ E. .. .ESLV. .G-K--M-GLK----REYNETW-SS-LICEQNVTG. ... EE-R. . 
C-E-11--ELNEEPAS.. --T-AMAGW--Q-K-YSVDAEIMCKKG. --. .. .SNRE.. 
QIEGEMAE .... EPAS..--T-A-AGYQ--V-KNYSMTW-DQEL-CN.N.KTGS.EKG-K..DCYM-H--D-- 
LVTNSM-F .... ENSS .. M-T-AMAGYM--Q-KTYNSTW-DAELMCEPESKK ....- SRG...CYM-N--D-- 

> <--- --- 
* * A  A A A  

4 217 
.CYMRF€----I 4 214 
.CYM-H--D-- I 219 

i 202 
I 168 

v2 LOOP 

159 
147 
148 
149 
146 
152 
139 
149 
13 9 
148 
147 
150 
145 
149 
148 
156 
154 
156 
140 
108 
150 
13 9 
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HIVl ENV 

F-BZ163A 
G-LBV2 17 
H-VI 5 5 7 
0-ANT7 0 
O-MVP5 1 8 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK I-SA--E-QT-Q-F--Q----P-YSL-----~-E D-DV-T--TA-S--Q ...................- FNT 

<- ~3 neutralization loop 
A A A  A A A  A * A  A A h  

most-likely IRSENFTDNAKTIIVQLNES ............................ VEINCTRPNN...NTRKSITI..GP 
A-U4 5 5 
B-HXB2R 
C-UG2 6 8A2 
D-ELI 
E-TN2 4 3 
F-BZ16 3A 
G-LBV2 17 
H-VI 5 57 
0-ANT7 0 
0-MVP5180 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VERJiGM3 
GRI-AGM6 7 7 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

-------N------ ... VNP................ ............. K---S--Y-TRK-I-.RYS-..-S 
---v-------------- T-............ .............................. ..- R-R-QR-- ----- L-N---I------ K- 
-----L-N--- N--AH---- ............................. K-T-A--YQ ...... QRTP-..-L ............................. --xp---x..-- H--K- G------S- __ .  -----L--------- 
---Q-IS-------- HF--- .............................Q........ ... .... G-H-. ... 

ID-V------ H-. . -- 
s-. * -- ---K-I--- T-N-----KSP ............................ -p-------- ------ 

MMAKDILEGG-N---T--ST ............................ LNMT-E--QI ... DIQ.EMR-..-. 
.MGK.I.ES..N...T..TP ............................INMT.I.EGI...AEVQD.YT.... 
.MGK.IS.SGEN.LIT..TN ............................IT.A.E..G....Q.IQK.MA.... 
V-V--KSK-TDW----V-A ............................ -SL--H--G-...---GEVQ-..-- 

................................. . .-- A---- ..- ---E--R- 

............................ ...... -------N---N----F-K- ... 
... 

.............. Y-T-T-VVMNGRKNESV ....... LVRFGKEFENLT-T-I--G- ... R-VRNLQ-..-- ... HGR....R...S...KW .......................... NLSLH.K..G. ... KIV.Q.ML.. MS ... HGK....R...S...SW .......................... NLTMH.K..G....KMWP.RT.. VS ... HGR....R...S...KYY .......................... NLTMK.R..G....K.VLPV.... MS 

.YWHGR....R...S...KYY ..........................NLTMS.R..G....K.VLPV.... MS 

.WQKHRVS..DSVL.LF.KHY ..........................NLTVT.K..G....K.VLPV.... MA 

.M QKGGN...D.V.IK..KFY ..........................NLTVR.R..G....K.VLPV.... MA ... QKHGVS.DSV..K ... KHY .......................... NLT.L.R..G....K.VLPV.... MA 

.W QK.GNS.DSV..R ... RYF .......................... NLT.R.R..G. ... K.VLPV.... MA 
LA-TW- ............ GTYKAKDKVRFIKQKDKNESVIILVPEALRLQ-I-E--G- ... ESI-N-QLAA-. 

11-41 
DEC 96 

287 
269 
271 
276 
272 
278 
271 
281 
4 

267 
271 
272 
269 
264 
281 
279 
289 
286 
291 
274 
239 
281 
247 

327 
311 
313 
316 
312 
318 
311 
321 
44 
305 
311 
311 
309 
311 
320 
318 
328 
325 
332 
315 
280 
322 
307 



HIVl ENV 

V3 neutralization loop .-> 
* A A A  A A A  14- block 3 

... ............. ... most-likely GQAFYAT ... GD.1 ...... 1G.DIRQAHCNISGAKWNETLQQVA KK L REQF G. 
A-U4 5 5 
B-HXB2R 
CJG268A2 
D-ELI 
E-TN2 4 3 
F-BZ16 3A 
G-LBV2 17 
H-VI557 
0-ANT7 0 
O-MVP5 1 8 0 
0-VAU 
CPZGAB 
CPZANT 
LROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 
SYK-SYK 

V- .... K.-. . . . . . .  V-RRD--R-I---- ... EQ . ............-... KKK-N . 
N -R-.FV- ... 1G.K.. . . . . .  ._ NM.-..-..-R--.. N..K-I- ... S.... ............. 

.. T .... _ _  . -- ----. Y---.RNE--I...W-R ... E- ..........-... KRH-P 

.- SL-T-R .. SRS- .......... -- ----.--R.Q.SK---.-- ... R- .............-... GTLL .. 

.- ....--.. ----- 
. --.-- 

. . . . . . . . . . .  ... . 
.-V..R- ...... . 
-R _ _ _ _ _  _ _  - ......--... XR-Y.E-N.T---RV-K--T ... E..... .........-... K.H-N . 

. . . .  ......-....- K-.-.V.-TQ..K--E-- R ... A- ................. KSH-P . 
--.L..- ...- A.-. . . . . . .  -. --..-.-. V-ETD-RDM--K-K ... AQ ................. QGIY .. 

......-..--- K-Y---TRED-KR--HE-V ... QQ .............-....- H.N . 
PM-W-SMG.1-G.T ...... A-NSS-A-Y-KYNATD.GK1-K.T-ERYLE.. .................. LV . 
MRWRSM-LKRSN.N ...... TSPRS-V-Y.TYNKTV-ENA--.T-IRYLN . ............-...VN - TE . 
PM-W-SMA.LSN.T ...... K- .- T-A-Y--Y-ATD--KA-KNITERYLE .............-... V-YNQT 
-MT--NI ... EN.V......V-.-T-S-Y-K.N.TT..R-VEE-K ...- A.... .........-... ATSS.. 
.MT...N ... VE .- A.....T..-T-K.F-TVNKTL.EQARE...MI.............-... A-HWKK 

-.--... -- - . . . .  

-HV- HSH ... YQ.P ......- NKRP---W-WFK...-KDAM.E.KETLA. ............ HP ...- YRG T. 
-1L.F.H ... SQ.P ......- NKRPK--W.WFK-.N-T-A1.E-KETI.N... ......... HP...- YSGTT 
-LV.F.H ... SQ.P ... 
-LV.F.H ... SQ.P.. 
-LV.F.H ... SQ.R.. 
-LV.F.H ... SQ.K.. 
-MV . F.H ... SQ.K .. 
.LV.F.H ... SQ.K.. 
....- F# ... SQ.$YK 

.... NDRPK..W.WF G. ... KDAIKE-KQTIV- ............ HP .... YTG T. 

.... NERPK..W.WFG..E.RGAIKE.KETLV. ............ HP .... YTG T. 

... YNTRL---W-HFQ-.N-RGAWKE-KNEIV- .............. PKD.Y.GT . 

... YNTKL---W-HFQ-.D-KGAWKE-RETIV- .............. PKHKY.GT . 

... YNTRLK..W.WFG..N.RGAWKE.KETIVR .............. PPKKYSGT . 
KLKT-R-AKR-F-RVT-.N-T-FFK--H ... EQ ............. A ... TKTWK . 

.. .YNTRLK..W.HF Q. .D.KGAWKE.REEV..VKNLTEVSIENI H. ... - R $ X  

CD4 CD4 <.. v4 LOOP 
A A A  A A A  * * A A A  A A h  A A A  I I  A A A  

block3 -4 -.-. - ..., .- --. 
most-likely . .NK T. ... IIFNQSS .t*OGaPEXTT.SISFNCOGEFFYCt\fPTQLF N. STWN .. .NGTW ............. NS .. 
A-U4 5 5 
B-HXB2R 
C-UG2 6 8A2 
D-ELI 
E-TN2 4 3 
F-BZ163A 
0-LBV2 17 
H-VIS 57 
0-ANT7 0 
O-MVPS 1 8 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VELAGM3 
GRI-AGM677 
TAN-AGMB14 
SAB-SABlC 

SG---.-I-. ..... SMS ............. D .. 
......... .... S..STE ........ GS.N.. 

SS.....SD. .. ...................... 
SG....... ..... ISAW........ ..... NI . .. G.E.M ................. 
SG...D ............................ 
SG.....SIL .. S.NNAP............S... 

.... S.S .............. D I. 

.. C...TCS .......... VSN.. 

.... C-KSGCQE .... IKGS. ... 
.H.FSCKK.M.NNKI ....... NCT.1 S. .... I. .................. 

.. G.LI .................. 
FL..WIE ..... K................... 

.... R. .................. 
FL- .WED .. RDV.TQR .......... PK... 

... RS.SEMRD ...... WNK.X .. .... R.VDPDH ...... NPC.G.. 
DWFI..YLN ..... R.ED...........AEG.. .... ESSEGSFTDVEGNRCS-ITS 
DWFL-.YLN ..... KSVDPDHN .... NCAK.N.. 

V:FM$F..R...L.. 

* * . ”  ....,**.l.... ... . S m  ...Q...... 

SEFj7F ...Q...... 
SYK-SYK ... v. .... NTTWR.Q.. .. E.vR..w.Q.........SVSK..A.NIT ...... NAS...... ..... K.N.. 

II-42 
DEC 96 

369 
353 
355 
358 
352 
360 
353 
362 
86 
349 
360 
359 
350 
354 
366 
363 
372 
369 
378 
370 
326 
368 
348 

416 
400 
407 
403 
401 
407 
392 
410 
134 
404 
415 
416 
394 
403 
412 
408 
424 
425 
432 
407 
388 
424 
397 

...... 
. ... .. .... . . . . . .  .L LA 2 f . -  L -: 

. . . . . .  ... . . .  . . . . . . .  : .. i 

. .  . , .. 



HIVl ENV 

v4 LOOP --> CD4 CD4 
I 

1- block4 -4 
* A A h  I A A A  * 

most-likely ... TES............NDTITL 
A-U4 5 5 
B-HXB2R 
C-UG268A2 
D-ELI 
E-TN2 4 3 
F-BZ163A 
G-LBV217 
H-VI 5 5 7 
OJUIT7 0 
O-WP5 1 8 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
TAN-AGMB 1 4 
SAB-SABlC 
SYK-SYK 

most-likely 
A-U4 5 5 
B-HXB2R 
C-UG268A2 
D-ELI 
E-TN243 
F-BZ163A 
G-LBV2 17 
H-VI 5 5 7 
0-ANT7 0 
O~lvP5 18 0 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
SD-MM2 5 1 
STM-STM 
VERAGM3 
GRIJiGM677 
TAN-AGMB 1 4 
SAB-SABlC 

<- fusion peptide-> 
A A A A  A A  

470 
453 
4 61 
452 
459 
460 
446 
463 
188 
457 
467 
474 
445 
453 
462 
460 
477 
479 
494 
472 
449 
479 
449 

.....----- 

-Q-S..I-MSA.EVAE. 
-E-- ..I-ASA.EWAE. 

K-GPINV-LS- ... QV- 
-M-- .. V-LTA...NLE 

I 534 i 518 
! 525 i 518 
523 

i 524 I 509 
i 526 i 252 
527 

: 537 I 540 
i 515 
518 I 524 

: 522 
540 1 
541 i 556 
535 

540 
487 

SYK-SYK STL-....-T-TANVE.- -AD-FE--LfQ-K-f-F--- DQR~YELPN.. .T-----APLA--. &--I,-§- 512 

11-43 
DEC 96 



IW1 ENV 

<-- immunodominant 
t 

block 6 -M- block 7 
1 607 
f 591 

598 ' 591 ' 596 

I 582 
599 I 296 1 600 
610 ! 613 ' 588 
591 
597 

42 
I 42 

613 I 614 

I 629 
608 
613 I 585 

I 597 

1 595 

I 42 

667 
651 
658 
651 
656 
657 
642 

658 
671 
672 
649 
660 
653 
651 
98 
98 
669 
670 
98 
685 
663 
668 
648 

659 

v 

11-44 
DEC 96 



HIVl ENV 

-. 

A-U4 5 5 
B-HXB2R 
C-UG268A2 
D-ELI 
E-TN2 4 3 
F-BZ16 3A 
G-LBV217 
O-ANT~ 0 
O-MVP5180 
0-VAU 
CPZGAB 
CPZANT 
A-ROD 
B-EHOA 
C-2238 
D-F07 8 4 
SD-251 
STM-STM 
U-SMCI2 
VERAGM3 
GRIAGM67 7 
SAB-SABlC 
SYK-SYK 

.......... 
..... .--L---- 

.--L.. ..... -PTHHQ 

~YQK--~-SCP-S--SLST--C-V--CJFLVIVSS ---PAWLNXIRNI----N- .-P.. .... .+-IHSS 
$YQK-VS-SDF-S---L-K-FGW--A--VI~- VA-VLLVIIG-LRKF-K--A-.--SL-SSH$ 
~O-TK-QE-D- .. s .. -LSX-FF-L--GF~~E-A-~L- -L- SFSVG- IKNLLG- -V-I-QN. ..... P-QGRKD 

c- tat cds 

1- block 10 -1 block 11 - 
most-likely RG.PDRPE .G.................~~AL~DLRSLCLFSY~I 

C-UG268A2 -- .... v--.IS.-................. -................. 
-................. 

F-BZ163A -E.----- -................. 
G-LBV217 -E.----- ....................... v-- -s - -sa- --------- --- -................. 

.... 

.... 
-.................- F--L 
I.................HFLI.RQLI-L-’P.RL-SIC-- i 
I.. .............. .HFPI. .RQ--L-frl[WL-SGC-T 

SD-MM251 PAL-T-EG IEYI ................. HFLI.RQL1-L-T.WLFSNC-T 
STM-STM QEQ-TKEG IEYT. ............... .HFLI .RQLV-q-T,tJL-NNF-A 
VER-AGM3 K-Q--NA-.GPG---DKRKNS- .... EPWQKES-TAEWKS~~CKRLTNWCSISSISSI. ......... WL-NSCLT 
GRIAGM677 AER--NGG. ....- QD-GGES-SSKLI--.QE.E. ................ SSTP.............S-I~ 
SYK-SYK P-K-ADE-.......-GSG--E .... GLN .- S.T .................- SRE.................. 

II-45 
DEC 96 

739 
717 
724 
717 
722 
723 
708 
725 
724 
737 
738 
715 
726 
726 
724 
151 
150 
741 
743 
150 
751 
728 
732 
715 

788 
766 
773 
766 
771 
772 
757 
774 
173 
786 
787 
764 
758 
775 
773 
790 
792 
809 
764 
740 



HIVl ENV 

most-likely LL. .;-;-L.-IV-.-.-.-.ARIVELL~RS~LKGLRRGWEALKYLWNLLC!f.. 

B-HXB2R -- - - - T  _ _ _ _ _ _ _ _  --------w------ 
C-UG268A2 --. ...-.-A....--A---------R--Q---------GS-V-- 
D-ELI -I....-.-A....V-------- ....... ---DI---------- 
E-TN243 FI....S.-A.... --A-----H-----------G----G---L- 
F-BZ163A -- ....-.- T....---- NR ....... L-G--TL-.,. 
G-LBV217 FI.... -.--....T-T------N------L---G--------L 
0-ANT7 0 
0-MVP5180 
0-VAU -A....SE-QK...LIRHLG--LWI..IGQ-TI--CRLFKAII-~.....~...~~...,~.~~~,~..~~L~ 
CPZGAB -A....C.N-....W-QLKT--HLI-HS--LLR-R-CL-GGII--,,.-...-..-..-.....,,,...-0, 

- A-U455 FA ....-.--.... --A _ _ _ _ _ _ _ _ _ _ _ _ _  L--:-G=-LT-=-TL-;; 
. . . . . . . . .  ....... 

---------- 

-A. ... SG-QK. . .VISYLR--LWI .. LGQKIINVCRICAAVT--, 
-I .... SG.RR ... LIDYLG--LWI .. LGQKT1.-CRLCGAVM.-........ 

...................... .WS4 
I I I I. ,-i,- I I "__ _ * _ _  ~. -". .......................... 

3 ........................ ,-G* . 
..l..~.~~ll.~~l..........--. . 
.......................... G. 1 ....................... G. : ........................... G.  : ........................ -t, J .................... L. . 

I 

<- rev cds 
A A A  

-block 12- 14- block13 --3 

AJ455 i ..... 
C-UG268A2 !..... 
B-HXB2R I,.,.,---------------------------- 

STM-STM !.,.+.--.AkQ-# 
VER-AGM3 .....- I.......................WLACRSAY---INS---V-----GI-N 
GRI-AGM677 .....- Q-QEA-TG-AQ-L-R-AR-AWG-LGAIVRSAY--VINS---V-----KV-G 
SYK-SYK ISYGFN---IA-A--GREIRDW--AIWQAIYAATR-WE-VAAL---L-----IY-N 

826 
X0-4- 
804 
804 
802 
810 
788 
812 
811 
824 
825 
802 
809 
803 
830 
833 
848 
802 
773 

878 
856 
856 
856 
854 
847 
840 
864 
863 
876 
877 
854 
858 
852 
880 
882 
877 
854 
83 0 

--'I I 

**COBBLER sequence from MOTIF** 
>Env C-UG268A2, with embedded consensus blocks 
mrvmgiqrncqqwwiwgilgfwilmicnvmgnlWVTWYGVPVWKDATTTLFCATdakay 
etevhnwrathacvptdpnpqeivlenvtesfnmWKNTMVEQMHEDIISLWEQSLKPCVK 
LTPLCIKMNCtnvnvnitnnanatnspyengklmeqgeiktteirdkkqtahal 
fykldwsle~sntyrliHCNTSVITQACPKVYWDPIPIHYCAPAGYAILKCNDTNFNG 
tgpcnnvstvqcthgikpvistqlllngsiaeeeiiirsenltnnakiiivqlnksvein 
carpnnntresirigpgqtfyatgdiigdirqaycnisrnewnitlqwvreklkrhfpnk 
t i n f t q p s G G D P E V T H H W F N C R G E F F Y C N T S W F F N s s d n n K  
VGKAIYAPPIEGNITCNSN1n;LLLLTLDggetsetnstetfrpgGGDMKDIWRSELYKYK 
WEIKPIGVAPTKVKRrwerekravgigavflGFLGAAGSTMGAASTTLTVQSRQLLSG 
IVQQQQNLLRAIEAQQHLLRLTWJGVKQlQARVLAIEKYLQDQQLLNLWGCAGKLICHTT 
VPWnsswsnkslgdiwdnmTWQEWERQINNYTGNIYQLLEEAQNQQE~EKELLKLD~S 
SFWNWFDITKWLWYikifimivggliglriifavlsivnrvrkgysplsfqtltptprgp 
drpgeieeeggeqdrdrsvrlisgflalawddlrslclfsyrrlrdllliaaravellgr 
sslrglqrgwealkylgslvqywgqelkksaislldtiaiavsegtdriievgqgigrai 
lhiprrirqgfeaalq 

-' I 
II-46 

DEC 96 



HIVl ENV CONSENSUS 

<- vpU cds 
signal peptide / gp120 

* * 
CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

47 
51 
49 
50 
53 
52 
52 
0 

46 
47 
18 

111 
117 
115 
115 
120 
119 
118 
109 
108 
54 

125 
132 
131 
130 
151 
134 
141 
125 
122 
60 

160 
170 
164 
164 
186 
175 
177 
161 
152 
73 

225 
237 
230 
231 
253 
242 
244 
226 
218 
119 

278 
295 
285 
285 
311 
298 

11-47 
DEC 96 



HIVl ENV CONSENSUS 

CONSENSUS-A ya.tgdi ..... iG.dirqAhCnvsr?eWn?tlq?v .... a?qLr? ..y f???nkt .... ??iiF?n.ss 
.... -?--?. -- CONSENSUS-C --.---- . . . . . .  _ _  --------i-7-k-------- ?kk-ae..h-p----- ...... 

CONSENSUS-D -t?-?r????..?-?--------i- ?a?--k---q- ...... k-gd?.ll..---- ..... t---kp.-- 
CONSENSUS-E -r.---- ........... k-y-EINgTk--e?-kq- .... tek-ke .. H--.n--- ......... qP?p- 
CONSENSUS-F ..... ?-..... _ _  . ---k------gtq-----e-- .... ?ak-ks .. h-- ... ?-.....--k-ns.-- 

.. . ----------?-?-?a--n- ..... 7-?-? -..?------?...?---t- ns?-a CONSENSUS-G ?-..... 
---?-?--I??-?-?-?-?--....?---?-.- H?..--??....* --7--p . .  -- CONSENSUS-H ?-.?-?- . . . . . .  

CONSENSUS-0 -S.M-.l???n?k???s-?-Y-?YnaTd-?ka-kqt....-eRYLe..Lv...-?-????vtm?-n?s-? 

CONSENSUS-B -t.--?-???..--.-------- i--ak--n--kqi....~-k--e??q-.-----7 .... ---v-nq?-- 

..... 
.. 

319 
340 
325 
327 
358 
340 
332 

62 
318 

.. 304 CONSENSUS-U ..... ?? . . . . . .  . .  
CONSENSUS-CPZ -N.?E??.....?-.-T-?-?-??N?T?-?-???-??????-???-..??...-?-...?A-???-?.?? 155 

--------i- 7t3------q-....----- . . .  ?--.--?-. .... ----- ??-- 

CD4 
* A A A  A A A  A A A  A A A  A A A  I I CD4 

CONSENSUS-A GGDlEitthsfnCggef?FYCnts?lF.nstw??????? .... n?t??????????n?t????..????n 353 
C0NSENSUS-B ---p--vm--------- -----tq-- -----------7777--------------------77----7 .... .. . 374 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 

CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 
CONSENSUS-A 

CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-H 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

11-48 
DEC 96 

357 
358 
398 
370 
363 

9 1  
354 
332 
174 

399 
420 
404 
405 
448 
419 
410 
134 
4 0 1  
375 
198 

4 57 
478 
460 
463 
506 
475 
468 
184 
459 
431 
225 
526 
546 
529 
531  
575 
544 
536 
227 
526 
495 
278 



CONSENSUS-A 
CONSENSUS-B 
CONSENSUS-C 
CONSENSUS-D 
CONSENSUS-E 
CONSENSUS-F 
CONSENSUS-G 
CONSENSUS-0 
CONSENSUS-U 
CONSENSUS-CPZ 

HIVl ENV CONSENSUS 

11-49 
DEC 96 

651 
669 
655 
655 
704 
672 
662 
644 
593 
355 

714 
733 
719 
720 
768 
734 
726 
696 
636 
396 

775 
787 
777 
771 
830 
791 
787 
761 
675 
458 
791 
802 
792 
786 
851 
807 
803 
776 
688 
474 



HIVl NEF 

HMMER Sequences in the Nef Alignment 

A-U455 
B-SF2 
D-ELI 
O-ANT7OC 
O-MVP5 180 
CPZGAB 
A-ROD 
B-EHOA 
SD-MM25 1 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SAB 1c 
SYK-SYK 

HIvu455 
HIvSF2 
HIVELI 
HIVANT7oc 
HIvMvp5180 
SIVCPZGAB 
HIV2ROD 
HIV2EHOA 
SIVMM25 1 
SIVSTM 
SIVAGM3 
SIVAGM677 
SIVSAB 1C 
SIVSYK 

M62320 
KO2007 
KO3454 
L20587 
L2057 1 
X52154 
M15390 
U27200 
M19499 
M83293 
M3093 1 
M66437 
U04005 
LO6042 
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The following alignment and most-likely sequence were generated using the HMMER program 
as described in Part 111. For simplicity, only representative types and subtypes are shown. 
The annotation is based on HIVls, therefore the user should be cautious about its applica- 
bility to other PIVs. Cysteines are indicated by ' * I .  Two conserved gapless blocks were 
found using the BLOCKMAKER/Motif program; these are shown with shadins. The Motif "Cobbler" - 
sequence follows this alignment. For further information about Nef, see the section by 
S. Wain-Hobson in Part I1 of this compendium. 

most-likely MGGKWSK .... RSK.SGWPAVRERMRRAEPET ..... YGPAADGVG-AVSR-DLEKHGA ......... ITSS.. 
A-U4 5 5 
B-SF2 
D-ELI - - - - - - - s-1.v----I---I--TN- 
0-ANT7 0 -- NALR- G-FE--A--------TRTFPE SE-C-P---.QI--.E-AAR-G -p-- .. 
OJVP5180 --NA--- .....-- FA--SE--D----SSSDP .....QQ- C-P---.----.E-ATR-G. -s-- .. 

S-L.V---E--R-I-E-PT ..........-- E---.E--K.---R--- ......... ---R.. -- ASG-- ... KH-RPPRG .. LQ--LL--RAGA ..... C-GYWNES-GEY--.FQ-GSDR ......... EQK-PS 
--SAG-- ... KQ--QQPG .. L---LL--RRGPR .... GESSGERQE.RSLQ.YPGGSDK. ........ GLN-PS 
--- AI-M ... R---PA-D .. L-QKLL--RG-- .....-- RLLGE-EDGS-Q.S-GGL-K ......... GL--RS 
-- ASG-- ... KQR-QH-E .. L---LL--RG--. ....-- KLLE-L-EGSGP.SQGASDK ......... GLN-HS 
-- LGN--PQHKKQL .- L-H-LH .... KTRATR .....-- LL--PLIGQS-T.LQ-ECDK ......... ALKESL 
-- SSN-- ....- QQ.Q-LLKLW .- GL-GK-GAD.. .. WVLLS-PLIGQS-T.VQ-EC-K ......... ALKK.. 
---- S-- ... QQQRH-L- .. LWSKL-Q-PVIQ .....- DML--PLLGQS-H.IQ-ECAKSLRDGLIRQGD--.. 
-- STS-- ........- QQ .. L-SEGKY-IGWRLFGKQ-T-LP-ELS.RPLQPCRGGFDK ......... AWR-TL 

.... K-R.VE--E--K---ETPA ..........-- K---.---Q.--D-Y-- ......... V--- .. ------- 
.. . . . . .  ...... ---- ......... ------- --M G--S-I--------- R =------- _ _ _ _  _ _ _ _ _ _ _  

.......... .. .... ---- ------ ---- ------- ......... 
..... .... ......... ........ 
.... CPZGAB --T---- 

A-ROD 
B-EHOA 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

* 
most-likely ............ NTA .ANNADCAWL..EAQ..........E..EEEVGFPVRPQVPLRPMTYDLSHFLKE 

_ _ _  -T------- .............. _ _ _  - ----------------------L-I------ B-SF2 ............. 
0-ANT7 0 ............ H-P.Q---AL-F- ..- SH .......... Q.---------A-----------G-F---F---- 

A-U4 5 5 ............ --S.ST--S---- ..---..........-..-GD-------------------F---F---- 
D-ELI ............---.ST-------..---............--ESD------------------E-L-------- 

OJWP5180 ............ H-P.Q---AL-F- .. DSH.......... K .. D-D---------------F---F---F---- 
CPZGAB ............-- P.ET-QTL--- ..- EM.......... D .. N------------T--------F-------- 
A-ROD CEGRQYQQGDFM--PWKDP-AEREK..NLYRQQNMDDVDSD.DDDQ-RVS-T-K-------HRL-I-M--LI-T 
B-EHOA CDGQ. ....... K-L ...... G-EGG.GK- .... DSDEDD-..DN---VR---G-------F-L---M------ 
D-F07 8 4 X- 
SD-MM251 CEGQKYNQGQYM--PWR-P-EEKEK..L-YRKQNMDDIDE-.DDDL--VS---K----A----L-I-M---I-- 
STM-STM CEPQRYNEGQFM--PWK-P-AESAK..LEYRQQNMDDVDE-.DDNL--VA-H-R----E----L-I-----I-S 
VERAGM3 IRK.....RNGKM-P.....EGRK-Q.-GD....KWDEWSD.E-D--------R----Q----L---F------ 
GRI-AGM677 ...... SWGKGKM-P .....- GRR-Q .- GD .... TFDEWDD.D--------Q-R----Q----L---F-----S 
SAB-SABlC ............ R-E ..... EGVKM..KH-GRQP..SWYD-.D----------CL---A----L-I-FG----- 
SYK-SYK TEP ...... IDPHGP .....- RD-GHSGG-KFSPGDIVQD-GDTGL-----C--T---TL---L-I-----I-N 

51 
46 
50 
46 
52 
51 
46 
54 
54 
54 
54 
54 
52 
61 
54 

98 
93 
97 
94 
99 
98 
93 
125 
107 
2 

125 
125 
112 
109 
113 
117 

most-likely 
A-U4 5 5 
B-SF2 
D-ELI 
0-ANT7 0 
0-MVP5 1 8 0 
CPZGAB 
A-ROD 
B-EHOA 
D-F07 8 4 
SD-251 
STM-STM 
VERJiGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 
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block 2 
most-likely 
A-U455 
B-SF2 
D-ELI 
0-ANT7 0 
O-MVP~ 18 0 
CPZGAB 
LROD 
B-EHOA 
D-F07 8 4 
SD-MM251 
STM-STM 
VER-AGM3 
GRI-AGM677 
SAB-SABlC 
SYK-SYK 

HPXSQHG.MDDP .... EGEVLWKFDSRLAFHHELHP~YYKDC 

--. A-~AY~--A,...~~K-T------PC--YD--WB---- QVPSAQG -- A-XE)R . ~ ~ , . . .  W,-N-M-N-NP~--I-Q-G-.........IJPAC~XRDKQ...ENHKSCSQHLVRTSP 

**COBBLER sequence from MOTIF** 
>NEF STM-STM, with embedded consensus blocks 
mgasgsWcqrkqhgelrerllrargetygklleglgegsgpsqgasdkglnshscepqry 
negqfmntpwknpaaesakleyrqqnmddvdeeddnlvgvlremtyklaidls 
hfikskgglegiyYSERRHEILDLWVYNEEGIIPDWQNYTPGPGVRYPLTFGWCWKLVPV 
D m s n e a q e d d g t h y L L H P A C T H G x D D P H G E V L V W K F D P R L K H P E e f g s k s g l  
pkeeverrltargllkmadkkets 
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205 
210 
206 
213 
211 
205 
256 
238 
140 
247 
264 
228 
223 
226 
241 
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48 
46 
50 
50 
48 
46 
57 
38 
31 

110 
108 
91 
115 
112 
106 
98 
93 
83 

176 
174 
182 
180 
108 
150 
138 

199 
229 
206 
204 
166 
157 
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HIV-1 Tat: Structure and Function 
Kuan-Teh Jeang 

Molecular Wrology Section, LMM, NIAID, National Institutes of Health 
Bethesda, MD 20892-0460, USA 

Introduction 

Most viruses encode functions for regulating genome transcription. Examples include the SV40 
T-antigen, the adenovirus Ela  protein, and the herpes virus immediate-early proteins. For the human 
immunodeficiency viruses (HN), Tat functions similarly, though not identically, to those other activa- 
tors. Over the past decade, we have learned much about Tat, both in structure and in function. The 
intent of this brief accompanying overview is to “add flavor” to raw data, it is written for the purpose of 
apprising, in a short format, the readers on some of the current thoughts about Tat. For more in-depth 
discussions, extensive subject reviews can be found elsewhere (e.g. Jones and Peterlin, 1994; Chang 
et al., 1995; Gatignol et al., 1996). This overview was revised from an earlier version appearing in the 
1994 compendium. 

Tat function 

Tat is a small nuclear protein of 86 to 101 amino acids (depending on the viral strain) which is 
encoded from two separate exons (see Section I). Analyses of “full-length” Tat have been performed 
commonly using the 86 amino acid version. However, it should be noted that while a few laboratory 
strains (e.g. HXB2 and NL4-3) have the truncated Tat (86 aa) most HIV-1s have the 101 aa protein 
(see compendium part II). 

A. LTR Zkanscription. Despite intensive efforts, the mechanism of Tat action remains incompletely 
understood. It is accepted that Tat is required for optimal HIV viability (Fisher et al., 1986; Dayton et 
al., 1986). The role of Tat in critically directing transcription (Peterlin et al., 1986; Rice and Mathews, 
1988; Laspia and Mathews, 1989) from the HIV LTR is one necessary function suggested for this 
protein. However, increasingly there is evidence that Tat has other significant effects on the virus and 
on the host cell (Huang et al., 1994; Chang et al., 1995; Neuveut and Jeang, 1996; Goldstein, 1996). In 
the setting of viral pathogenesis, both aspects need to be considered. 

In activating transcription from the LTR, Tat differs from other prototypic viral trans-activators 
in requiring a bipartite responsive element consisting of DNA and RNA. To our knowledge, Tat is the 
first characterized eukaryotic transcription factor that binds to a nascent leader RNA, TAR (Berkhout 
et al., 1989; Dingwall et al., 1989; Cordingley et al., 1990; Roy et al., 1990; Calnan et al., 1991); and 
then influences events at the TATAA-enhancer-promoter (Berkhout et al., 1990; Selby and Peterlin, 
1990; Southgate et al., 1990; Jeang et al., 1993b; Gatignol et al., 1996; see fig. 1A). TAR RNA has 
an extensive secondary structure including a stem, a bulge, and a loop (Muesing et al.,1987; Berkhout 
and Jeang, 1989; Roy et al., 199Oc; Wang and Rana, 1996; see fig. 1B). Early studies indicated that 
the UCU sequence of the bulge is critical for binding by Tat (Dingwall et al. 1989,; Roy et al. 1990a, 
Calnan et al., 1991; Cordingley et al., 1990). By contrast, the structure of the stem, but not its specific 
sequence, was proposed to be important for function. The loop of TAR RNA serves as binding site@) 
for cellular factor@) that cooperate with Tat in the activation of the LTR (Sheline et al., 1991; Wu et al., 
199 1). A more extensive discussion of the role of cellular factors that bind TAR RNA (Gatignol et al., 
1989; Gaynor et al., 1989; Gatignol et al., 1991; Gatignol et al., 1996) is presented.in Section W. 

Both for Tat binding and for transcription, there are sequence specific requirements for the im- 
mediate stem nucleotide pairs that flank the bulge (Weeks and Crothers, 1991; Berkhout and Jeang, 
1991; Churcher et al., 1993; Wang et al., 1996). In a recent series of studies, Rana and colleagues have 
provided physical insights on how Tat interacts with TAR RNA. Using photo-activated cross-linkers, 
they were able to elucidate the orientation of Tat as it intercalates into TAR RNA. They found that 
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Fig. 1. Interaction of Tat with DNA and RNA targets in the HIV-1 LTR. A) A schematic represen- 
tation of the functional interactions between Tat, TAR-RNA-binding proteins and promoter elements. 
Biochemical evidence exists that Tat contacts directly SPl (Jeang et al., 1993b) and TATAA-binding 
protein (TBP; Kashanchi et al., 1994). B) Secondary structure of TAR RNA. The crucial trinucleotide 
bulge and hexanucleotide loop elements are boxed. 

amino acid 41 of Tat lies in close proximity to U42 in the lower TAR stem, that amino acid 47 of Tat is 
proximal to the G26 nucleotide positioned immediately above the TAR bulge, and that amino acid 57 
of Tat is close to U31 in the TAR loop (Wang and Rana, 1995; Liu et al., 1996; Wang et al., 1996). At 
the same time, the basic domain of Tat was shown to interact with RNA residues U23, U38, and U40 
and to distodwiden the major groove of TAR RNA (Wang and Rana, 1996; Metzger et al., 1996). 

While it is clear that Tat binds TAR RNA and interacts with enhancer-promoter-binding factors 
(Berkhoutmd Jeang, 1992; Jeang et al., 1993a; Southgate and Green, 1995), the direct mechanism 
through which these physical events influence transcription is not wholly evident. A number of mod- 
els that attempt to explain the transcription function of Tat have been proposed. These include i) 
anti-terminating (Kao et al., 1987) stalled RNA polymerase II ( N A P  II), ii) increasing processiv- 
ity/elongation of transcribing RNAPII complex (Laspia et al., 1989; Marciniak et al., 1990; Hermann 
and Rice, 1995; Zhou and Sharp, 1996), and iii) facilitating formation of RNAPII complexes at the 
promoter (Laspia et al., 1989, Jeang and Berkhout, 1992; Jeang et al., 1993a; reviewed in Cullen, 
1993). Currently, there are findings consistent with each of these models. Possibly, Tat, like basaltran- 
scription factor TFTTF (Buratowski, 1994), acts simultaneously as an initiation and elongation factor. 
Alternatively, because transcription from a given promoter is a dynamic multi-cycled process, efficient 
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disassembly (Le. processive promoter-clearance) of a previous round is necessary to permit initiation 
of the next round (reviewed in Zawel and Reinberg, 1995). Thus, initiation and elongatiodclearance 
events at the promoter may be mechanistically linked and, in some cases, inseparable processes. Recent 
findings indicate that Tat plays a mechanistic role not at the stage of recruiting TBP to the promoter 
(Kashanchi et al., 1994), but at the step of clearing RNA polymerase II from the promoter (Chun and 
Jeang, 1996; Xiao and Jeang, unpublished observations). 

Lastly, one must exercise care in not assuming that different look-alike experimental systems 
would share the same the rate-limiting step (Jeang et al., 1993a). Two examples suggest caution. First, 
results from Pomerantz and co-workers have recently shown that short LTR-transcripts are not found 
in cells that are fully functional for Tat-transactivation (Niikura et al., 1996). Second, some of the 
analogies drawn between EIAV Tat and HIV-1 Tat bear re-visiting. One recent report has raised the 
consideration that EIAV Tat is a DNA-binding and not an RNA-binding protein (Rosch and Willbold; 
1996). 

B. Translation. There are suggestions that Tat also functions in regulating translation (Rosen et al., 
1986; Cullen, 1987). TAR RNA can inhibit translation (Parkin et al., 1988; SenGupta and Silverman, 
1989) of HIV- 1 mRNAs, most likely through activation of double-stranded RNA-dependent protein 
kinase (PKR) and 2-5A synthetase (SenGupta and Silverman, 1989; Edery et al., 1989). Addition of 
Tat was found to reverse this translational inhibition (SenGupta et al., 1990; Braddock et al., 1990). It is 
possible that one part of Tat’s translational effect stems from its ability to form physically a functional 
complex with PKR (McMillan et al., 1995). 

C. Effects on cellularfunction. There is increasing evidence that Tat has pleiotropic effects on 
cellular genes and host cell metabolism (reviewed in Chang et al., 1995). This would not be surprising, 
since it clearly serves the advantage of the virus to be able to modify optimally the cellular environment 
for replication. In this regard, Tat has been reported to function as a secreted growth factor in stimulating 
the growth of Kaposirlike cells (Ensoli et al., 1990; Ensoli et al., 1993; Barillari et al., 1993) and in 
promoting angiogenesis (Albini et al., 1996). Tat is further described to affect the organization of 
neurons and astrocytes (Kolson et al., 1993); it is neurotoxic at low concentrations (Sabatier et al., 
1991). 

Expression of many cytokines is modulated by Tat (Rautonen and Rautonen, 1992). These include 
TIWa,b (Buonogaro et al., 1992; 1994), TGFa,b (Lotz et al., 1994; Nabell et al., 1994), IL-2 (Purvis 
et al., 1992; Westerndorf et al., 1994), and IL-6 (Scala et al., 1994) among others. Tat has also been 
reported to activate cellular signal transduction pathways that involve phosphatidylinositol-3-kinase 
(Milani et al., 1996) and NF-kB (Biswa et al., 1995). It has been further suggested that Tat can affect 
programmed cell death by protecting lymphocytes against apoptosis (Gibellini et al., 1995). However, 
the validity of this last point point has been contested by conflicting findings that Tat promotes apoptotic 
death of lymphocytes (Li et al., 1995). 

Domains in Tat 

Tat is synthesized from an mRNA joined from two coding exons. The first exon encodes amino 
acids 1-72 and (in most strains of HIV-1) the second exon encodes amino acids 73-101 (see fig. 2). In 
reporter plasmid co-transfection assays, the first 72 amino acids of Tat fully trans-activates transcription 
from the LTR. In fact, a truncated 58 amino acid form of Tat is virtually wild type in this type of 
co-transfection assay (Seigel et al., 1986; Garcia et al., 1988; Kuppusway et al., 1989). Whether 
data from plasmid co-transfections reflect accurately the normal physiological function of Tat during 
replication of HIV-1 in lymphocytes has been a poorly studied issue. Recent investigations suggest that 
reporter plasmid co-transfection results cannot be interpreted literally for their relevance towards viral 
replication (Neuveut and Jeang, 1996). 

A. First coding exon. The combined results from many laboratories have permitted an arbitrary 
demarcation of “domains” in Tat (Kuppuswamy et al., 1989). For instance, the N-terminus of Tat 
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(domain l;.fig. 2) has 13 amino acids with amphipathic characteristics. Mutations that alter the 
acidic composition of this region were felt originally to affect trans-activation (Rappaport et al., 1989); 
however, results from a later study conflicted with this interpretation (Tiley et al., 1990). 

Amino acids 22 to 37 (domain 2, fig. 2) contain seven cysteines and are highly conserved between 
different isolates of HIV-1s. Individual mutation in six of the seven cysteines abolish Tat function (see 
Table I). Although originally proposed as a metal-chelating dimerization domain (Frankel et al., 1988), 
this region was recently shown to be used for intra-molecular disulfide bond formation in monomeric 
molecules of Tat protein found inside cells (Koken et al., 1994). Currently, it is believed that Tat is 
active functionally as a monomer rather than a dimer (Rice and Chan, 1991; Koken et al., 1994). 

Domain 3 (amino acids 40 to 48) contains a RKGLGI motif that is conserved between HIV-1, 
HIV-2 and SIV Tat. This region, in conjunction with the amino terminus and the cysteine domain, has 
been suggested to circumscribe the minimal activation domain of HIV-1 Tat (Carroll et al., 1991; Derse 
et al., 1991). Domain 4 (amino acids 49-72) contains a basic RKKRRQRRR motif. These amino 
acids confer TAR RNA-binding properties to Tat (Dingwall et al., 1989; Roy et al., 1990; Weeks et al., 
1990; Chang and Jeang, 1992) and are important for nuclear localization of the protein (Ruben et al., 
1989; Hauber et al., 1989). However, recent studies suggest that this short basic stretch is insufficient 
in determining the entire specificity of Tat-TAR binding since amino acids outside of the basic domain 
also contribute to this interaction (Churcher et al., 1993; Luo et al., 1993). 

1 20 
Exon\/ 

40 48 57 72 
Exon\ 

101 
RKGLGI 

Acidic cysteines t RGD ESKKKVE 

RKKRRQRRR 

Fig. 2. Domain classifications of Tat protein. The demarcation of domains is somewhat arbitrary. The 
first exon includes amino acids 1-72, while the second exon includes 73-101. Motifs and characteristics 
of each “domain” are indicated above or below each region. 

Table I summarizes 77 point mutations in Tat collated from the work of nine laboratories (Garcia 
et al., 1988; Sadaie et al., 1989; Kuppuswamy et al., 1989; Ruben et al., 1989; Hauber et al., 1989; 
Meyerhans et al., 1989; Rice and Carlotti, 1990a; Rice and Carlotti, 1990b; Siderovski et al., 1992; 
Neuveut and Jeang, 1996). As alluded to above, most studies were performed based on measurements 
from reporter-plasmids. Because the first 58 amino acids of Tat recapitulate well the trans-activation 
function in this type of assay, it is not surprising that the great majority of engineered mutations is 
concentrated within amino acids 1 to 58. In many cases, individual amino acids have been changed 
to more than one counterpart, heightening the validity of the resulting phenotype. In rare instances, 
mutational analysis of the second coding exon of Tat has been studied. Two recent point mutants of 
the second exon of Tat (P8lfs and K9OR) showed unexpectedly that changes in this exon perturb not 
measurements of plasmid translactivation but do affect virus replication (Neuveut and Jeang, 1996). 
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Table I. Point mutations in Tat 
Amino Acid Changes Consensus 
From To Activities Amino Acid 
Q2 A 
P3 A 
P3 Q 
v 4  A 
D5 A 
P6 A 
P6 S 
A 3 4  
P6P10 LL 
R7 A 
L8 A 
E9 A 
P10 A 
PlOP13 LL 
W11 A 
K12 A 
K12 N 
P18 A 
K19 R 
A21 D 
A21T23 VA 
723 A 
c22  s 
C22 G 
N23 T 
N24 A 
N24 K 
C25 R 
C25 G 
Y26 A 
Y26 F 
C27 S 
C27 G 
K28K29 AA 
K28K29 EA 
C30 G 
C31 S 
C31 E 
C31 G 
F32 A 
H33 A 
C34 G 
c34 s 
G35 A 
C37 G 
c37  s 

++ ++ ++ ++ + ++ ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + ++ 
- 
- 

++ ++ ++ 
- 
- 
+ ++ 
- 
- 
+ 
- 
- 

++ 
++ + 
- 

- 
- 
- 
+ 
- 
- 
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E 
P 
P 
V 
D 
P 
P 

R 
L 
E 
P 

W 
K 
K 
P 
K 
A 

T 
C 
C 
T 
N 
N 
C 
C 
Y 
Y 
C 
C 

KK 
KK 
C 
C 
C 
C 
F 
H 

C 
Q 
C 
C 
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Table I. (cont) Point mutations in Tat 
Amino Acid Changes Consensus 
From To Activities Amino Acid 
F38 A 
F38 L 
K40 D 
K40 T 
K41 A 
*K4 1 T 
*K41 T 
LA3 F 
G44 S 
S46 A 
S46 P 
Y47 H 
Y47 A 
G48 S 
G48R49SG1 
R49 
K50 
K5oK51 
K5oK51 
K50 
K50 
R52 
R53 
454 
R55 
R55R56 
R56 
R57Q63 
L69 
P8 1 
K90 

T 
stop 
Y50Y51 
S50G51 
E 
T 
E 
I 
N 
G 
L55T56 
E 
SE 
I 
fs2 
R 

- 
++ 
++ 
- 

- 
- 

++ + ++ ++ 
++ ++ ++ ++ ++ 
+ 

++ ++ ++ ++ ++ + + ++ ++ ++ 
3 

- 3 

- 

- 

+/* 

- 

F 
F 
T 
T 
K 
K 
K 
L 
G 
S 
S 
Y 
Y 
G 

R 
K 

KK 
KK 
K 
K 
R 
R 

R 

R 
RQ 
L 
P 
K 

Q 

Column 1: First letter indicates original amino acid. Num- 
ber indicates position of amino acid in Tat. 
Column 2 Letter(s) indicate the resulting amino acid. 
Column 3: ++ > 50% wild type activity; + > 10% wild 
type activity; +/- or - indicate < 10% wild type activity. 
Column 4: Because not all isolates of HJY-1 have the 
same amino acids for Tat, a consensus sequence is listed 
also. 
Notes: * Different results reported for the same muta- 
tion from Kuppuswamy et al., 1989; and Meyerhans et 
al., 1989. 'Amino acids beyond position 59 completely 
changed. 2fs =frame shift of amino acids beyond position 
81. 3Measurement is based not upon trans-activation of 
a reporter plasmid but on delayed replication of an HIV-1. 
molecular clone in T-cell lines (Neuveut and Jeang, 1996). 
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Examination of the mutants (Table 1) reveals that the region spanning amino acids 1-21 is 
remarkably tolerant of changes. In contrast, changes in amino acids 22 through 40 were generally 
deleterious for trans-activation. Finally, although the basic domain (amino acids 49-57) as a unit is 
necessary for Tat function, individual amino acid changes do not significantly affect activity. 

B. Second coding exon. The second coding exon of Tat has been less studied. In routine transfection 
of reporter plasmids, absence of the second exon does not alter greatly measurements of Tat activity 
in this type of assay. However, findings from HIV-2 and SIV Tat are quite clear in demonstrating that 
this exon contributes towards optimal trans-activation Wiglianti and Mullin, 1988; Tong-Starksen et 
al., 1993). There are emerging findings that the second exon of HIV-1 Tat, in other assays, is important 
for trans-activation (Jeang et al., 1993b), trans-repression (Howcroft et al., 1993), and virus replication 
(Neuveut and Jeang, 1996). 

W o  short motifs in the second exon of HIV-1 Tat could have functional importance (see fig. 2). 
The first is an RGD sequence that is used as a cell adhesion signal for binding to cellular integrins 
(Brake et al., 1990). This RGD motif , however, is not found in HIV-2 or SIV Tat proteins. Recently, it 
has been suggested that the basic domain of Tat (rather than the RGD sequence) is the important protein 
portion for cellular uptake (Albini et al., 1996). The second exon also has an ESKKKVE motif which is 
conserved in most HIV-1 Tat proteins and is partially preserved in HIV-2 and SIV Tats. The functional 
significance of this motif has not been examined in detail. 

C. Immunological epitopes in Td. Evidence suggests that Tat has a role in viral infectivity and can 
contribute to pathogenesis (Huang et al., 1994; Neuveut and Jeang, 1996). Indeed, in tissue culture 
experiments, findings suggest that the addition of antibody against Tat to the culture supernatant can halt 
the spread of HIV-1 infection in T-lymphocytes (Steinaa et al., 1994; Re et al., 1995). Complementary 
observations in patients indicate that immune response to Tat correlates with better prognosis for disease 
progression (Reiss et al., 1991). These results have led to the suggestion that Tat should be considered 
as a candidate prophylactic vaccine (Goldstein, 1996) for HIV-1. 

Although the immunological epitopes within Tat have not been studied in detail, some information 
is available. Figure 3 summarizes findings from 4 studies. Two regions of Tat (amino acids 1-9 and 
70-83) have been found to be potent in eliciting humoral responses. Three other regions have been 
described to elicit CTLs. Interestingly, it has been observed that uninfected individuals have natural 
IgM antibodies directed against two portions of Tat, suggesting that this might be one basis for natural 
immunity against the virus. 

............... 
i CTL i ............... 

............... 
i CTL i ............... 

4 * <  
MEPVDPRLEP WHKPGSQPKT ACTNCYCKKC CFHCQVCFTT KGLGISYGRK 
....................... 
B-epitope i ....................... 

.................................. .................. 
; nIgMi  .................. 

....... 

i CTL i ............... 
4 

KRRQRRRAPG DSQTHQVSLS KQPSSQPRGD PTGPKESKKK VERETETDPV DQ ........................ .................. ....................... 
i .................. nlgM i B-epitope i ....................... 

Fig. 3. Immunological epitopes in the HN-1 Tat protein. B-cell immunodominant epitopes were 
determined by Krone et al. (1988) and McPhee et al. (1988); CTL-epitopes were mapped by Blazevic 
et al. (1993); and naturally occurring IgM epitopes in Tat were as reported by Rodman et al. (1993). 
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Concluding Remarks 

For a relatively small protein, much effort has been expended on studying Tat. A recent search 
of Medline (conducted Nov. 1996) using the word Tat yielded more than 1400 papers in the last three 
year period. Obviously, one can’t cover all these new findings in this brief summary on this intriguing 
protein. It is hoped that this synopsis highlights some of the currently important issues on Tat, albeit 
considered in arather subjective manner. I hope to update periodically the contents in this text in coming 
years and in coming editions of the database. 

I conclude this writeup with a figure (figure 4, provided by Dr. E. P. Loret) showing recently 
derived computer models of Tat structure (Gregoire and Loret, 1996). As yet, a crystal structure for Tat 
is not available. However, analyses of multiple sequences do yield informative findings. For instance, 
these analyses reveal that the regions circumscribed by amino acids 38-47 and 59-72 have the widest 
degree of three-dimensional structural variability between different HN-1 Tat proteins. The structure 
of other portions of Tat seems to be well-conserved. At the level of our current understanding of Tat 
function, it is difficult to establish a clear one-for-one correlation between the physical model (figure 
4) and the functional phenotypes revealed by point mutants (Table 1). In coming years, I hope that this 
will change. 
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Tat BRU structure obtained from molecular modeling (Gregoire and Loret, 1996) using the atomic coordinates of 
the Tat 2 2  2D-NMR structure (Bayer et al., J. Mol. Biol. 247529-535,1995). Region I is colored in red, region 11 
in orange, Region III in yellow, region N in green, region V in light blue and region VI in blue. Molecular modeling 
was made withhsight 11, Discover andHomology fromMSITechnologies, Inc. (SanDiego, CA) running on aR4600 
Silicon Graphics Workstation. The CVFF force field was used to minimize the structure. Hydrogens were generated 
at pH 7. Steepest descent and conjugate gradient were the algorithms used for the minimization. Dynamic was 
performed at 300 K and 110 different structures were analyzed in the trajectory. 
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Backbone superimposition of Tat Bru (green) and Tat Oy (pink). The C-terminal extremity of Tat Oy (yellow) goes through 
the loop made by the cysteine rich region (region It) and ends up in a groove made by a part of region I and region III. 
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Structure and Function of HIV-1 Vpu 

LMM, NIAID, National Institutes of Health, Bethesda, MD 20892-0460 

Introduction 

Aside from the typical retroviral gag, pol, and env genes, HIV encodes a series of accessory 
genes, vif, vpr, vpx, vpu, and ne$ The vpu gene is found exclusively in HIV-1 (Strebel et al., 1988; 
Cohen et al, 1988; Matsuda, 1988). In tissue culture systems, defects in accessory genes are frequently 
not correlated with a detectable impairment of virus replication and, as a result, these genes are often 
referred to as “non-essential”. However, as more and more information on the function of the accessory 
proteins becomes available it also becomes increasingly clear that in vivo, these proteins indeed exert 
important functions. With respect to Vpu, Li et a1 found that macaques infected with Vpu-negative 
simian-human immunodeficiency virus chimeras (SHIV) had lower virus loads than Vpu-positive virus 
(Li et al., 1995). Also, using a SCID-hu model, Aldrovandi & Zack demonstrated that deletion of Vpu 
significantly affects virus infectivity and, to a somewhat lesser extend, pathogenicity of HIV (Aldrovandi 
& Zack, 1996). Thus, while there is currently only limited information available on the importance of 
Vpu in vivo, such model systems might be useful in investigating the in vivo relevance of Vpu. This 
article attempts to provide a brief overview on our current understanding of this viral accessory factor. 
More exhaustive reviews on Vpu can be found elsewhere (Jabbar, 1995; Bour et al., 1995a; Trono, 
1995). 

Structural Considerations 

Vpu is a small integral transmembrane protein which is cotranslationally inserted into membranes 
of infected cells (Strebel et al., 1989). The protein consists of an N-terminal hydrophobic domain, 
which functions both as signal peptide and membrane anchor, and a hydrophilic C-terminal domain 
which protrudes into the cytoplasm. Vpu contains two highly conserved seryl residues, located in the 
cytoplasmic domain, which are phosphorylated by the ubiquitous protein kinase CK-2 (Schubert, et al., 
1992; Schubert et al., 1994; Friborg et al., 1995). Phosphorylation is essential for at least one of the 
biological functions of Vpu as discussed below. Vpu forms homo-oligomeric structures (Maldarelli et 
al., 1993), a feature that may be critical for a proposed ion channel function of Vpu (see below). Based 
on 2D 1H I W R  spectroscopy of apeptide corresponding to the cytoplasmic domain of Vpu (Wray et al., 
1995; Federau et al., 1996), it was proposed that the cytoplasmic domain of Vpu contains two a-helical 
domains, helix-1 and helix-2 (Figure l), which are connected by an unstructured region containing the 
two conserved phosphoseryl residues. In addition, computer models predict a third a-helical domain in 
the transmembrane domain of Vpu, which could play an important role in the formation of ion channels 
(Schubert et al., 1996b). 

The vpu gene overlaps at its 3’-end with the env gene (Figure 2). Indeed, Vpu and Env are expressed 
from the same bicistronic mFWA in a Rev-dependent manner (Schwartz et al., 1990), presumably by 
leaky scanning of ribosomes through the vpu initiation codon. In tissue culture, this arrangement 
results in the synthesis of roughly equimolar levels of Vpu and Env proteins and it is possible that 
this unusual utilization of viral transcripts might reflect a requirement for the coordinate action of 
the two viral gene products. Several HIV-1 isolates were found to carry point mutations in the Vpu 
translation initiation codon but have otherwise intact vpu genes. Since removal of the Vpu initiation 
codon results in increased expression of the downstream env gene, it is possible that HIV-1 actually 
uses this mechanism as a molecular switch to regulate the relative expression of Vpu or Env in infected 
cells. The possible benefits of such a regulation are unclear; however, it is conceivable that, under 
certain circumstances, vpu-defective isolates expressing increased levels of Env protein have a selective 
advantage over “wild-type” viruses expressing Vpu. 
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Cytoplasmic Domain 
CD4 degradation 

Transmembrane domain 
Virus release 

Figure 1. Structural domains of Vpu. Vpu consists of an N-terminal hydrophobic domain, that func- 
tions as membrane anchor, and a hydrophilic cytoplasmic domain. The cytoplasmic domain contains 
two amphipathic a-helical domains of opposite polarity. They are separated by an unstructured region 
containing two conserved seryl residues which are phosphorylated by protein kinase CK-2. The cy- 
toplasmic domain contains seqences critical for CD4 degradation while the membrane anchor domain 
has a critical function in regulating virus release and plays an important role in the formation of cation 
selective ion channels. Vpu forms homo-oligomeric complexes. Only the monomeric form is shown. 
A putative interaction between helix 1 and helix-2 as shown in the cartoon suggests only one of many 
possible conformations of Vpu. 

rev 

I I 0 
- 0  I 

V p d n v  mRNA I 

Figure 2. Structure of the in vpu gene. The vpu gene overlaps at its 3’-end with the env gene. Both Vpu 
and Env are expressed from the same bicistronic S A  at roughly equimolar levels. The positions of 
AUG codons at the beginning of open reading frames are marked by arrows. Internal AUG codons are 
denoted by filled circles. SA = splice acceptor sites; SD = splice donor site. 
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Vpu has two primary biological activities which are discussed in detail below and are summarized 
in Figure 3. These include the degradation of CD4 in the endoplasmic reticulum and the augmentation 
of virus secretion from the plasma membrane. In addition, expression of Vpu has been associated with 
a reduction in syncytia formation of infected cells (Strebel et al., 1989; Terwilliger et al., 1989; Klimkait 
et al., 1990; Yao et al., 1993; Schubert et al., 1994). This latter phenomenon may be a consequence of 
the reduced presence of viral Env protein at the cell surface (Yao et al., 1993) due to the more efficient 
shedding of viral particles in the presence of Vpu. Aside from that, several other, less well defined 
functions have been associated with Vpu activity. These include the regulation of ER-to-Golgi transport 
of proteins (Vincent & Jabbar, 1995), or the modulation of MHC I antigen complexes (Kerkau, 1995). 

bSclsfronlcmRNA 

P16vpu 
interaction 

ER-membrane 

phosphorylation 
oligomerization / 

\ 
"Pu ionchannel 

formation 

ancement of VirusReIe 

Figure 3. Vpu enhances virus particle secretion and induces degradation of CD4. The 81 amino 
acid Vpu protein (P16vpu) is synthesized from a bicistronic mRNA and cotranslationally inserted into 
membranes of the endoplasmic reticulum. Vpu is phosphorylated by CK-2 and forms homo- oligomeric 
structures. Newly synthesized CD4 is retained in the ER due to the formation of stable complexes with 
Env protein. Vpu physically associates with CD4 thereby triggering a mechanism that results in the 
destruction of CD4 and in the release of Env protein from the ER blockage. It is unclear whether this 
function of Vpu involves monomeric or oligomeric Vpu (? in the cartoon). Vpu exits the ER and 
accumulates at or near the Golgi. In cells overexpressing Vpu, small amounts of Vpu reach the plasma 
membrane. Oligomeric forms of Vpu have the capacity to form ion channels which presumably are 
involved in the regulation of virus particle release. 

Vpu Facilitates the Release of Virus Particles 

The original biological phenotype associated with viruses lacking a functional vpu gene was 
the impairment of virus particle secretion from infected cells (Strebel et al., 1988; Terwilliger et al., 
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1989). This defect is manifested by the increased budding of viruses from internal membranes and the 

membrane (Klimkait et al., 1990). Such particles can be released however, by vigorously shaking the 
cultures, and they are fully infectious (Klimkait et al., 1990). This suggests that Vpu regulates one of 
the final steps in virus production that is required for the efficient detachment of virions from the plasma 
membrane. Although it has been generally accepted that Vpu augments virus secretion from a variety 
of human cells, including PBMC, macrophages or CD4+ T cell lines, as well as non-T cell lines such 
as epithelial HeLa cells or SW480 cells (Strebel et al., 1988; Terwilliger et al., 1989; Klimkait et al., 
1990; Westervelt et al., 1992; Yao et al., 1992; Gottlinger et al., 1993; Balliet et al., 1994; Kawamura 
et al., 1994; Schubert et al., 1994; Schubert et al., 1995; Sakai et al., 1995; Theodore et al., 1996), 
the enhancing effect of Vpu varies between different cell types and has been reported to range from a 
mere 2-to 3-fold in PBLs to up to 1000 fold in primary macrophages. Despite these cell type specific 
variations, the principal function of Vpu is not restricted to certain human cell types. In contrast, 
Geraghty et al. and Gottlinger et al. who analyzed the function of Vpu in Cos-1, Cos-7, or CV1 cells, 
were unable to detect any Vpu-mediated enhancement of virus secretion in simian cell lines (Geraghty 
et al., 1994; Gottlinger et al., 1991). It is possible that the efficient and Vpu-independent release of 
viruses from Cos cells is due to the expression of a cellular eqivalent to Vpu in simian cells. 

The mechanistic details of Vpu activity are not well understood; however, several models can 
be proposed that are consistent with existing experimental data. First, Vpu could actively facilitate 
detachment of progeny virions from the cell surface, for example by altering the characteristics of 
the plasma membrane or by actively facilitating membrane fusion similar to the function exerted by 
annexin VI, which is required for budding of clathrin-coated pits during endocytosis (Lin et al., 1992). 
At least in the latter case, Vpu would be required in significant amounts at the cell surface. However, 
while Vpu was indeed observed at the plasma membrane of cells when overexpressed, the bulk of the 
protein is clearly sequestered on internal membranes (Maldarelli, personal communication; Schubert 
et al., 1996a). In addition, attempts to demonstrate the presence of Vpu in virions have thus far failed, 
also arguing against the presence of significant amounts of Vpu at the cell surface. Alternatively, Vpu 

membranes, thus redirecting or restricting virus assembly to the cell surface, or by indirectly affecting 
particle release through the modulation of so far unidentified cellular factors. 

Recent evidence suggests that Vpu has the ability to form cation selective ion channels (Ewart 
et al., 1996; Schubert et al., 1996b); there is some evidence that this activity of Vpu correlates with 
its ability to regulate virus release. The ability of Vpu to form ion channels requires the integrity of 
the TM domain, and alterations in the primary structure of the TM domain not only abolish the ability 
of Vpu to form ion conductive pores but also negate the capacity to regulate virus release (Schubert, 
1996ah). While these findings imply that regulation of virus release is mediated through an ion channel 
activity of Vpu, it remains to be shown how an ion channel activty of Vpu could affect the detachment 
of budding particles from the plasma membrane or how it could redirect virus budding from internal 
membranes to the plasma membrane. 

accumulation of budding particles at the cell surface where they remain loosely attached to the plasma ' I  
--i 

I could regulate virus release from internal membranes either by passively preventing budding on internal ._ 

Vpu Induces CD4 Degradation 

A second function which has been extensively investigated is the ability of Vpu to induce degra- 
dation of CD4 at the endoplasmic reticulum (ER). One of the complications that HIV faces when 
replicating in CD4+ cells is the formation of stable complexes between cellular CD4 and the HJY Env 
protein. Such complexes are trapped in the ER (Bour et al., 1991; Crise et al., 1990; Kawamura et 
al., 1989; Jabbar & Nayak, 1990; Willey et al., 1992ah) thereby preventing transport of both CD4 and 
Env to the cell surface. In the presence of Vpu, however, Env was found to be liberated from CD4Env 
complexes (Willey et al., 1992a; Kimura et al., 1994) concomitant with a significant reduction in the 
detectable steady state levels of CD4. The reduction of CD4 was caused by Vpu-induced degradation 
which reduced the half-life of CD4 in Hela cells from normally 4-6 hours to approximately 10 minutes 
(Willey et al., 1992b). Efficient degradation of CD4 requires its retention in the ER. This is normally 
accomplished by the formation of stable complexes with HIV Env. However, Env protein per se is 

-- 
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not involved in CD4 degradation since it is not required when CD4 is artificially retained in the ER 
(Willey, 1992b). Also, CD4 degradation can be observed in an in v i m  translation system where no 
viral proteins other than Vpu are required (Chen et al., 1993). Unlike Nef, Vpu is unable to target cell 
surface CD4, or, for that matter, CD4 that has exited the ER. Nevertheless, the rapid degradation of de 
novo synthesized CD4 in the presence of Vpu ultimately leads to a depletion of cell surface CD4 due 
to the reduction of the overall cellular CD4 pool. 

Based on mutationalanalysis of CD4, it is known that deletion of the cytoplasmic domain of CD4 
renders the protein insensitive to Vpu, suggesting that this domain of CD4 contains Vpu-responsive 
sequences (Chen et al., 1993; Lenburg & Landau, 1993; Vincent et al., 1993). This is supported by 
the fact that transfer of CD4 cytoplasmic sequences to CD8, a cellular receptor molecule that is not 
normally targeted by Vpu, resulted in Vpu-dependent degradation of the chimeric molecules (Willey et 
al., 1994). In fact, transfer of a 18 amino acid membrane proximal fragment of the CD4 cytoplasmic 
domain (amino acids 403 to 420) into the CD8 cytoplasmic tail was sufficient to confer Vpu sensitivity. 
While these results suggest that cytoplasmic sequences of CD4 are sufficient to confer Vpu sensitivity 
to heterologous membrane proteins, other studies suggest that sequences located in the TM domain 
of CD4 may also be required (Raja et al., 1994; Buonocore et al., 1994). It is possible that structural 
constraints imposed by the extracellular or TM domains of the model proteins employed in the different 
studies explain the apparently differing results. While the importance of the CD4 TM domain for this 
process thus remains unclear, the importance of the CD4 cytoplasmic domain is undisputed. It is now 
clear that this domain of CD4, which is predicted to form an a-helical structure (Yao et al., 1995), is 
involved in the physical interaction with the cytoplasmic domain of Vpu (Bour et al., 1995b; Schubert et 
al., 1996a; Margottin et al., 1996). Such interaction between CD4 and Vpu appears to be a prerequisite 
for CD4 degradation but is in itself not sufficient to trigger CD4 degradation. This is evidenced by the 
fact that mutants of Vpu that are unable to induce CD4 degradation are still able to bind to CD4 (Bour 
et al., 1995b). 

Mutational analysis of Vpu demonstrated that phosphorylation of Vpu at two conserved seryl 
residues, Ser52 and Ser56, in its cytoplasmic domain is essential for its ability to induce CD4 degradation 
(Schubert, 1994; Friborg et al., 1995) but not for its ability to bind to CD4 (Bour et al., 1995b). The Vpu 
TM domain is not required for the interaction with CD4 (Margottin et al., 1996) and alterations in the 
Vpu TM domain have no apparent effect on CD4 degradation, provided the protein retains its ability to 
properly associate with membranes (Schubert et al., 1996a; Friborg et al., 1994). These results suggest 
that sequences critical for the induction of CD4 degradation are located in the Vpu cytoplasmic domain 
while the TM domain merely serves as a membrane anchor. How Vpu triggers degradation of CD4 is 
still unclear. It is conceivable that binding of Vpu to CD4 induces a conformational change in CD4 
which in turn activates a cellular pathway designed to eliminate aberrantly folded proteins. However, 
the fact that CD4-Vpu interaction is necessary but not sufficient to induce CD4 degradation indicates 
that Vpu performs a catalytic function beyond the binding step. 

Functional domains of Vpu and Vpu-like activities in HIV-2 

In light of the multiple biological activities provided by the Vpu protein during the HIV-1 life cycle, 
it is intriguing that, except forthe chimpanzee isolate SIVcpz (Huet, et al, 1990), no functional equivalent 
to Vpu is found in related viruses such as HIV-2 and SIV. This fact seems especially paradoxical since 
Vpu was shown to augment the release of chimeric viruses bearing the gag-pol regions of retroviruses 
that naturally lack a vpu ORF, such as HIV-2, visna virus and Moloney murine leukemia virus (Gottlinger 
et al., 1993). By examining the efficiency of particle release and Vpu-responsiveness of the RODlO 
full-length molecular clone of HIV-2, we recently showed that mutations that disrupt the PROD10 env 
ORF, but not the vi$ vpr, vpx or nef ORFs, have a profound negative effect on virus particle release 
(Bour et al., 1996a). Concomitantly, the PROD10 envelope glycoprotein provided in trans could rescue 
the envelope mutants and restore wild-type levels of particle release (Bour et al., 1996a). Similar results 
were independently reported by Ritter et al. who used a different HIV-2 isolate, HIV-2/ST (Ritter et 
al., 1996). The efficiency with which the RODlO Env protein enhanced HIV-2 particle release was 
very similar to that of Vpu. Both activities could be provided in trans and were sensitive to treatment 
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of cells with Brefeldin A, suggesting that they both operate in a post-ER compartment (Bour et al., 
1996a). Like Vpu, HIV-2 Env can regulate release not only of HIV-2 but of HIV-1 or S N  particles as 
well @our et al, 1996b). When compared in parallel, the effects of Vpu or RODlO Env on HIV-1 or 
S N  virus release were identical. These findings suggest that the HIV-2 Env protein has a true Vpu-like 
activity with respect to virus particle release. However, in contrast to Vpu, there is no evidence that 
HIV-2 Env can induce degradation of CD4 @our et al., 1996b). This suggests that the activity of Vpu 
on CD4 is HIV-1-specific, a notion that may shed some light on the evolutionary relationship between 
the HIV-2 env and vpu genes. The selection pressure that promoted the appearance of the vpu gene in 
HIV-1 as well as the unique activity of Vpu on CD4 degradation may have been the increased affinity 
of the HIV-1 envelope for the CD4 receptor (Hoxie et al., 1991; Ivey-Hoyle et al., 1991; Mulligan et al., 
1992), leading to more stable intracellular complexes and trapping of the envelope glycoprotein in the 
endoplasmic reticulum. The fact that the HIV-2 Env has a Vpu-like activity on particle release but not 
on CD4 degradation suggests that the ancestral activity of Vpu is particle release while the activity on 
CD4 was developed specifically by HIV-1 to counteract increased affinity of HIV-1 Env with the CD4 
receptor. 

The domain in HIV-2 Env which is responsible for the regulation of virus release has yet‘to be 
determined. Ritter et al. reported that an isolate containing a full-length 164 amino acid cytoplasmic tail 
is capable of performing this function while a variant, carrying a truncated, 17 amino acid cytoplasmic 
domain was inactive. It is tempting to speculate that the length of the cytoplasmic tail regulates this 
function of the HIV-2 Env protein. However, the RODlO isolate used in our own studies carries only a 
short, 18 amino acid cytoplasmic tail yet efficiently activates virus release (Bour et al., 1996b). Thus it 
is likely that sequences other than the cytoplasmic domain of HIV-2 Env play a crucial role. 
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Current Subtypes 

HIV-1's are currently divided into two genetic groups, based on phylogenetic reconstruction using 
DNA sequences. The majority of these sequences fall into the M (major) group, while a smaller, but 
growing, number of sequences are classified as 0 (outlier). The M group has been further subdivided 
into several subtypes formed by more or less distinct clades in the M group phylogeny. These clades 
have been given subtype classification names from A to J (Figure 1). 

CPZANT 

/ 

Group M 

0.10 

Figure 1. Unrooted neighbor-joining tree showing the HN-1 group M and 0 relation with the chimpanzee SIV. 
The group M subtypes A 4  are also indicated at the respective cluster, while for subtypes H and J full length 
sequences do not yet exist and therefore they are not included in this tree. The tree was based on all nucleotide 
sequences corresponding to the full length gp120 coding region of env in the data base, using a distance matrix 
calculated with the F84 (IC, = 2.0) substitution model [19]. 

In phylogenetic trees the chimpanzee sequences usually have a branch point located between 
Group M and 0 (Figure l), suggesting distinct origins of the Group M and 0 viruses. The branching 
order of the two chimpanzee sequences (CPZGAB and CPZANT) may change when different sequence 
fragments are investigated. The explanation for this inconsistency may be recombination between 
chimpanzee sequences. 
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Definition of a Subtype 

The bases for what should be called a genetic subtype were originally proposed by Myers in 
Human Retroviruses and AIDS 1994 [47]. 

i) subtypes are approximately equidistant from one another in env (a "star phylogeny"); 
ii) the env phylogenetic tree is for the most part congruent with the gag phylogenetic tree; 

iii) two or more samples are required to define a sequence subtype. 
These are both logical and reasonable practical criteria for the subdivision of sequences based 

on phylogenetic trees. However, many sequences were found to be unclassified because they clustered 
differently using different phylogenetic reconstruction methods or in different reference data sets. 
Furthennore, as discussed below, some sequences were either too short or were actually just one 
representative of a potential subtype. With recent knowledge and methods of detecting intersubtype 
recombinants, many of these unclassified sequences have been explained. In fact, many of these 
problems are typical for chimeric sequences. Salminen et al., therefore, in the 1995 issue of the Human 
Retroviruses and AIDS [55] suggested that the criteria for new subtypes should include: 

i) the appearance of at least two epidemiologically unrelated isolates that cluster together and are 

ii) the availability of at least 1.5 kilobases of contiguous sequence from each; 
iii) the absence of any subsegment that can join established genotypes. 

separated from established genotypes; 

The sum of all these criteria form a reasonable sound basis for establishing a new subtype. 
However, when attempting to classify a sequence as an established subtype, less strict criteria may be 
used, as long as this is made clear. For instance, if only the env V3 region (typically 300 bp) was used to 
classify a virus one might propose that the virus is env V3 subtype X (where X = A, B, C, etc.). It would 
be better, of course, if more of the above criteria were fulfilled. Should the sequence fall outside any of 
the established clusters, it is desired that further sequence be generated and that additional analyses be 
performed, as described below. 

The M Group 

Table 1 lists typical genotypes from each of the group M HN-1 subtypes. The sequences in 
this table were chosen accordingly to these criteria: (1) The sequence from the sample should exist 
in env, gag, and pol; (2) The sequence should be a full length gene sequence; (3) The sequences 
should representthe variation within each subtype; (4) The sequences should not show any signs of 
recombination in any of the three genes env, gag, or pol; and (5) A maximum of four sequences should 
represent each subtype. These criteria were chosen in order to facilitate the subtyping effort. For 
instance, criterion 1 makes it easier to compare results from different genomic fragments, and criterion 
2 makes it possible to use the same references even though studies are based on different subfragments. 
Criteria 3 and 4 allow a researcher to detect odd sequences for further analysis (see below), and finally, 
criterion 5 lessens the computational effort required. However, these criteria were not possible to follow 
in every case: in the more uncommon subtypes (G, H, and J) complete genes have not always been 
sequenced. Subtype I has not been included in the list, because it is only determined in the env V3 
region [30], and has also preliminary been proposed to be a recombinant [53]. In pol, less sequencing 
has been done; therefore, the criteria were followed less strictly for this gene. Subtype E is also an 
exception from criterion 1 [23]. 

Table 1 also gives a brief description of the principal geographical locales of each subtype. All 
subtypes have been found in Central Africa, while only one or a few subtypes dominate in other parts 
of the world. However, in some European countries several subtypes have been reported [4, 21, 30, 
541, and in one case nearly all subtypes have been found [l]. 

Subtype A is the most genetically diverged subtype, and in many tree analyses the more rare 
subtypes G and H are close to subtype A. Furthermore, all subtype E and at least three subtype G 
viruses have been found to cluster in subtype A in the 3' half of their gp41 coding region, suggesting 
that they are recombinants [23]. The Thai envelope subtype E sequences all appear to be mosaic, with 
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HIV-1 Subtypes 

Table 1 

Subtype env gag PO1 Main geographical area 

Proposed Reference Sequences of HN-1 Genetic Subtypes 

u455 
IBNG 
DJ258 
SF1703 

A 

LA1 
JRFL 
OYI 
RF 

B 

C 

D 

E 

F 

UG268 
zAM18 
zAh420 
DJ256 

NDK 
JY1 
UG274 
SE365 

TN235 
TN239 
TN242 
CM240X 

BZ163A 
BZ126A 
93BR029.2 
93BR020.17 

G LBV217l 
92UG975.10 
92RU131.9 

H V15572 
CA132 

SE7022 
SE78872 

J 

u455 
IBNG 
DJ258 
VI32 

LA1 
JRFL 
OYI 
RF 

UG268 
zAM18 
zAM20 
DJ259 

NDK 
VI203 
UG274 
UG270 

BZ162 
VI69 
VI174 

LBV217' 
VI191. 
SE61652 

VI557 
VI525 

SE70222 
SE7 8 872 

u455 Central Africa 
IBNG 

LAI Europe 
JRFL North and South America 
OYI Australia 
RF Asia 

East and South Africa 

NDK Central Africa 
2226' 
ELF 

East Asia 

South America 
East Europe 

Central Africa 

SE6 1 652 

Central Africa 

Central Africa 
(Europe) 

' These sequences have been found to be partly recombinant in env or gag. 
Full length gene sequences do not yet exist. 
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the gag gene from subtype A and the env from subtype E. The parental subtype E virus has yet not 
been found, but recently an extensive analysis of one such mosaic isolate showed multiple breakpoints 
between the two parental genotypes [9]. Subtype A is mostly prevalent in Central Africa, but has also 
been found in other parts of the world, including Europe [ 1,4], Russia [41], East Asia [65], and America 
[7, 431. It is possible that this subtype represents a contemporary pool of the original cross-species 
transmission(s) from monkey to human, from which all the other subtypes have been drawn [34]. 

Subtype B is by far the most studied subtype, mainly because viruses from this subtype represent 
the vast majority circulating in the western world, but also because many original laboratory isolates are 
of this type. However, subtype B has also established successful epidemics in Asia and South America, 
and is the dominant type in Australia. Most likely has this subtype spread to these parts of the world 
from contacts with America and Europe. In Thailand a separate type of subtype B has been referred to 
as B’ [26], and more recently B, , which has been found to further spread into China, Malaysia, and 
Japan [ 101. Subtype B and subtype E transmissions in Thailand have been compared, and some authors 
have proposed that in this community subtype E was found to be more transmissible [26,32,62]. This 
observation alarmed some European countries, where it was shown that subtype E had recently entered 
[2]. Subtype E has also entered the American continent, including the USA [5, 71, and subtype E 
variants have been found in Central Africa [44,48]. 

Subtype C seems to have its major center in East and South Africa, but has been reported to occur 
in many other parts of the world, including Europe, Russia, China, India, and Brazil. As an effect of 
communication, geographical patterns are becoming more and more blurred for essentially all subtypes. 
This in turn will increase the possibility of superinfections of different subtypes, and thereby the virus 
will have greater opportunities to explore new genetic variants by recombination [46]. 

The 0 Group 

Virus and sequences from the 0 group have been investigated less thoroughly, mainly because 
this type of virus is less common. Currently, 3 full length e m  gp120 sequences have been published and 
are available in the database, but several groups are investigating these viruses. Most of these viruses 
originate from individuals who have been infected in West AiXca, or from encounters with someone 
infected in West Africa [27]. Analysis of data suggest that the 0 group sequences do not form subtype 
clusters in the same way as the M group sequences [39]. 

Methods of Investigation 

Strategy. In any attempt to do a sequence study a good strategy is required. Depending on what the 
goal is, different approaches will apply. In many cases several areas of interest may have been pursued 
simultaneously, and in other cases the sequences may have been determined for a goal other than the 
present one. For instance, samples may have been collected from a restricted area or disease group, or 
may have gone through different in vitro manipulations; and sequences may have been derived from 
either proviral DNA or genomic RNA. All these factors should be considered before going further, since 
they may bias the conclusions. 
Sequencing. After an investigation strategy has been decided and samples have been collected, a study 
often starts with determining the primary DNA sequence. As mentioned above, the sequence template 
may be either proviral DNA or reverse transcribed RNA. It is important to remember that any HIV 
sample contains a population of related but genetically diverse variants, or quasispecies [42] (see also 
[15, 16, 251). Any sequencing strategy must take this fact into account, Le. it must be certain that a 
representative number of viral molecules are investigated. If this is not done, the chance of making 
erroneous conclusions arises: for instance, one could detect a “homogeneous” population, or a special 
sequence, derived from a single odd molecule. Thus, the number of molecules that goes into the 
sequencing effort should be determined, for example by a limiting dilution procedure [60]. 

The easiest way to determine a virus sequence is by direct PCR sequencing. This procedure 
suffers the least from methodological artifacts by introducing the least amount of undesired selection 
steps. Because a population is sequenced, some nucleotide positions may be populated by more than 
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one state (amultistate position); for instance, aposition can harbor both an A and a G. There are different 
ways to handle this information. Some authors simply choose the dominant form at each such site (e.g., 
[49]), while others choose to report both nucleotides to a certain threshold [37]. It has also been shown 
that the different nucleotides at such positions can be accurately quantified [37]. The main drawback of 
the direct population sequencing strategy is that the linkage between nucleotides in multistatepositions 
will remain unknown in most cases. 

The other way to determine apopulation is by cloning prior to sequencing. There are several ways 
to do this, but the two most common ways are vector cloning or limited dilution of PCR fragments. Vector 
cloning involves many steps in which the population structure may be skewed, including transformation, 
growth, and clone picking. The limited dilution procedure [60] avoids these steps, but instead requires 
many PCR reactions. Both procedures also suffer from the fact that PCR-induced mutations may 
be amplified and accidentally analyzed as true information. Another seldom addressed problem with 
clones is that they generate a much larger dataset. This may be cumbersome in the stage of phylogenetic 
inference, because thenumber of possible tree topologies quickly reaches astronomical numbers, thereby 
making more advanced methods out of the question. However, some studies require exact knowledge 
of individual molecules, and a cloning procedure becomes the method of choice. 

In addition to sequencing, a number of other procedures exist to determine genotypes. These 
include restriction enzyme analysis, SSCP, and different probe protocols such as the heteroduplex 
mobility assay (HMA) [ 121. The advantage of such methods is that they can screen large sample sets 
in short time; efforts have been made to produce reference sets for standardization of the HMA method 
[6]. The resolution of this method is, however, lower than that of a sequencing study. Methods for rapid 
screening of subtypes based on V3 peptide serotyping have also been developed [XI.  

An important factor to consider is the amount of information fed to the subsequent analysis, usually 
a tree reconstruction. Although the discussion of phylogenetic information is difficult, in principle, two 
components decide whether it will be a good reconstruction or not. The first is sequence length. It 
is evident that the ideal procedure would be to use the complete HIV genome. However, to sequence 
such a fragment is difficult, and therefore the sequences of subfragments are usually determined. The 
second component is information density. The env gene is known to display a much higher degree of 
variability than the pol gene. Thus, a 300 bp fragment covering a hypervariable region in env contains 
far more information than the same length of sequence in pol. Several other factors, such as convergent 
changes as a result of influence of the immune system and/or drug treatment will affect the quality of 
the information, but normally, if the length of the sequence is reasonably long, this will only yield a 
slight background noise. However, it may be wise to choose a region that does not contain extensive 
length variations, such as Vl-V2 of env, because much information will be lost in alignment columns 
where these occur as a result of gapstripping procedures [33] that many phylogenetic inference methods 
include. Leitner et al. recently showed that a 285 bp fragment covering the env V3 region was sufficient 
to reconstruct a known intrasubtype transmission chain covering 13 years of viral evolution [35]. For 
classifying subtypes, less would be required because of the larger sequence differences. Figure 2 shows 
the genetic distance correlation of common subfragments to their complete gene sequences. As is 
evident from the figure, shorter sequences are essentially giving the same answer as longer ones. This 
was true for both intra and inter subtype relations. Interestingly, some of the subfragments carry a higher 
information density than the complete genes: the V3 fragment of env and the p17 fragment of gag both 
display longer genetic distances than the complete genes (Figures 2B and 2C). Note, however, that the 
shorter a fragment gets, the more it will be affected.by mutational noise and the lower the significance 
will be. Yet another problem with too-short sequences is that there may not be enough information 
there to estimate some parameters for more advanced distance estimates. 
Phylogenetic inference. When a DNA sequence has been determined for a sample, the next step is 
to align it to the set of reference sequences describing established subtypes. Alignments of sequences 
covering the complete env, gag, and pol genes as well as subfragments gp120 and V3 of env, p17 (MA) 
of gag, and p51 (RT) of pol of the suggested reference sequences (Table 1) are available at the H I V  
database (http://hiv-web.lanl.gov). For the complete gene sequences, sets containing the subtypes shown 
in Figure 3 are included, while for the subfragments also more uncommon subtypes are represented 
when such sequences were available (according to Table 1). 
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Figure 2. Comparison of distance estimates of nucleotide sequences from complete gene fragments to common 
gene subfragments. Open circles indicate within-subtype distances, and solid circles between-subtype distances. 
(A) The gp120 coding region (1251 bp) compared to the complete env gene (2301 bp); (€3) The V3 region of gp120 
(324 bp) compared to the complete env gene; (C) The p17 fragment of gag (381 bp including 24 bp into p24) 
compared to the complete gag gene (1380 bp); (D) The p51 fragment of pol (1320 bp) compared to the complete 
pol gene (3000 bp). All distance estimates were calculated using the F84 (IE = 2.0) nucleotide substitution model 
[19]. Note that sequence lengths are given for globally gapstripped datasets. 

Figure 3 shows how maximum-likelihood, maximum-parsimony, and minimum-evolution based 
phylogenetic methods perform in reconstructing the established subtypes by use of env, gag, or pol 
sequences. All these methods and fragments can reconstruct the established subtypes. These trees were 
all calculated using the full length gene sequences, but essentially the same result would have been 
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Figure 3. Unrooted trees calculated according to the maximum likelihood (ML) criteria, the maximum parsimony 
(MP) criteria, and the minimum evolution (ME) criteria. The ML search was conducted using the PHYLIP package 
[19] with the F84 substitution model, the M P  search was conducted with a heuristic search using the PAUP program 
[63] under uniform weighting, and the ME search was conducted with the neighbor joining approximation using 
the PHYL,IP package [19] with the F84 substitution model. Each method was applied to the complete env, gag, and 
pol gene alignments, gapstripped to 2301,1380, and 3000 nucleotide sites, respectively. Branch lengths in ML and 
ME trees were adjusted to the indicated scale bar, and MP trees were drawn arbitrarily to reflect the information 
content in a comparable scale. 

derived using the suggested subfragments (Figure 2). Thus, for subtyping purposes methods based 
on these criteria (maximum-likelihood, maximum-parsimony, and minimum-evolution) will give an 
acceptable answer. In other situations the method may influence the result. However, it has recently 
been shown in detailed analyses of transmission cases that the amount of information is more important 
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than the choice of phylogenetic inference method [35]. The opposite is true for calculating genetic 
distances [38]. Although this is not a primary goal when attempting to determine the subtype of a 
sequence, it may provide useful information regarding relatedness. When a p-distance (proportion of 
differences) reaches above 0.1, the choice of substitution model is already making a major impact on the 
distance estimates. From here, the effect of superimposed events is then rapidly increasing by increased 
distance. By using an oversimplified model of nucleotide substitution, longer distances will be less and 
less accurate. With increased distance, saturation effects also start to appear, especially on synonymous 
positions. If the sequence is long enough, one may consider using only nonsynonymous positions, only 
second codon positions, or translated amino acid sequences. Again, however, for simple subtyping 
purposes the substitution model is unlikely to influence the results. 

Figure 3 also indicates the information density of the three investigated genes. As is evident from 
all trees, independent of phylogenetic method, the branch lengths of the tree are not reflected by the 
sequence length, but rather by the density of nucleotide variation of each gene. In other words, the 
faster a gene evolves the longer the branch lengths will be, as compared to the more slowly evolving 
gene over the same time interval. The speed at which the genes are evolving is dictated by several 
factors, most notably mutation and selection. 

Rooting or using a specific sequence as an outgroup in a tree analysis, makes no difference when 
determining the subtype of a sequence. Depending on which type of tree plot one chooses to present 
the results, however, the choice of outgroup may influence the aesthetics of the tree. A root should only 
be assessed when its location in the phylogeny is known, while an outgroup can be chosen arbitraxily 

When a sequence falls outside an established subtype, more analyses are needed. The first thing 
to do would be to check if the used sequence fragment includes any sign of recombination. This can 
be done by several methods, including signature analysis by VESPA [17,28] or RIP [59], tree analysis 
by the bootscanning method [56], or even by simply eyeballing an alignment against representative 
subtype sequences or subtype consensus sequences. A more extensive tree analysis should also be 
done, including all available sequences from the two subtypes surrounding the odd sequence as well 
as earlier reported unclassified sequences. The next step would be to sequence another part of the HIV 
genome, to see if the classification there indicates an odd location as well. Congruence of trees from 
two separate coding regions is a strong indication of a new genotype. Also, one should check that 
the sequence analyzed is not odd because of hypermutation events [66]. If the sequence falls outside 
established subtypes in two regions, and no signs of recombination are seen, it would be desirable to 
sequence the complete genome to allow for extensive recombination analysis and/or to establish a new 
subtype (or potential subtype, if only one sample was found). 

Bootstrapping is aresampling technique used to test the robustness of an inferred tree topology [13, 
181. The method resamples data points from the original dataset, and for each resampled dataset a tree 
is inferred. Finally a consensus tree is constructed and each cluster in this tree is assigned a “bootstrap 
value” corresponding to the number of times it occurred in the resampled trees. The interpretation of 
such values varies among authors, since the values provide unbiased but highly imprecise estimates 
of repeatability. Some authors have claimed that the probability that the result represents the true 
phylogeny is a biased, but usually conservative, estimate of accuracy [24]. Recently, however, other 
authors showed that the method is not biased, but that it can be corrected to better agree with standard 
ideas of confidence levels and hypothesis testing [14]. The degree of “bias” varies from node to node, as 
well as from study to study, so bootstrap values are not directly comparable to each other. Additionally, 
bootstrap values for a given cluster in any tree will be highly affected by the control sequences chosen. 
However, many subtype studies include this analysis, and at best it gives a measure of how stable 
the inference is. In general, all the established subtypes should present high bootstrap values, but 
congruence of trees from two coding regions are preferable to bootstrap analysis over just one region. 

~641. 
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Implications and Epidemiology 

Genetic subtypes were originally defined on env and gag sequences. The main goal was to identify 
the major genetic lineages [40,45]. Since then many studies have included or even concentrated on 
efforts of subtype classifications. The presence of distant genotypes also made it possible to investigate 
and realize that recombination events (and thereby, superinfections) are common, or at least not uncom- 
mon, in HIV evolution [36,50,52]. However, the key question that has been raised among researchers 
in this field is: What does a genetic subtype mean? 

There are three main reasons for why genetic subtypes have been considered to be important to 
investigate, where the first two are based on the belief that the viral genetic factor is important in virus to 
host interactions. First, in the context of vaccine development it was realized that the different subtypes 
express different envelope proteins, and that this likely would effect vaccine treatments. For instance, 
the tip of the principal neutralization domain of the V3 loop is GPGR in subtype B viruses, while in most 
other subtypes the consensus is GPGQ. Together with the knowledge that genetic variants can escape the 
immune system, information on genetic subtypes becomes important [8,26]. Another similar problem, 
resulting from genetic variation among subtypes is that some methods can fail in detecting virus [3]. 

Second, several studies have tried to correlate genetic factors to biological properties. For instance, 
specific amino acids in the env V3 loop have been found to be markers for the viral phenotype [ 11,201. 
However, such a correlation have been found to be subtype independent, or in other words, different 
phenotypes exist in all genetic subtypes [36,51, 681. Kostrikis et al. recently showed that no direct 
correlation between neutralization serotypes and genetic subtypes could be established [31]. It has been 
suggested that the Thai subtype E may be more transmissible than subtype B in Thailand [32,62], but 
it is difficult to discriminate between the viral genetic factor and the epidemiological situation in such a 
comparison. Recently, viral phenotype was found to be dominant over genotype also in the context of 
chemokine receptors as being the long-sought second receptor of HIV-1 [67]. Genotypic studies have 
often concentrated to regions of special interest, and it is therefore not clear if genetic factors elsewhere 
in the HIV genome may play an important biological role. However, mutational trends have been 
observed within the V3 loop among different subtypes, which may reflect the acquisition of specific 
biological properties during the evolution of HIV-1 [29]. 

Finally, more informative are the subtypes for the understanding of the HIV-1 epidemic. It was 
early realized that subtype B represented the vast majority of virus circulating in North America and 
Europe, while it was almost absent in Africa. Instead, all other subtypes were found in Africa (more 
recently, subtype B has been reported several times from different African countries). Together with 
the fact that many species of African monkeys carry similar viruses, it was concluded that the origin 
of HIV was somewhere in Africa. The question of when the cross-species transmission from monkeys 
to humans occurred has been investigated by several groups, and the answers have been astonishingly 
different: ranging from 40 to millions of years ago [22, 57, 611. The main reason for the different 
interpretations is that the true evolutionary pattern of the virus is not known, creating problems of 
interpreting the shape of the tree and correlating time to branch lengths. However, the current subtypes 
do tell us that very different viral genotypes can rapidly establish successful epidemics in naive human 
populations. This suggests that each subtype is well-adapted to its environment, but also that any 
existing variant could have established a successful clade. In this context, it is interesting to look a bit 
closer to the actual shape of the subtype tree (Figures 1 and 3). We can see that the star-like shape 
actually has structure: subtype B and D are always closer to each other; subtype A is usually more 
divergent than other subtypes and normally close to G and H, and that more recent subtypes form more 
distinct clusters away from clusters that mainly are derived from Central African sequences. It seems 
like there are two components in the tree: an early phase in which the virus spread more slowly between 
host groups in Africa, forming its network of variants; and a recent phase, which we are still in, in which 
the virus reaches a naive human population and uses its standing network to spread rapidly. Perhaps 
can this teach us about epidemic spreads, and how to prevent them in the future. 
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A Comparison of HIV-1 Group M and Group 0 
Functional and Immunogenic Domains in the Gag p24 
Protein and the C2V3 Region of the Envelope Protein 
Bette Korber: Ibtissam Loussert-Ajakai? John Blouin,’ and Sentob Saragosti3 

TI0 Los Alarnos National Lab, Los Alarnos, NM 87545 USA 
Luboratoire de Virologic, H6pital Bichat-Claude Bernard, 75877 Paris cedex 18, France 
I. C.G.M. Cochin Hospital 75014 Paris, France 

The major focus of the sequencing effort of group 0 viruses to date has been on the p24 Gag 
and C2V3 gp120 env regions. A total of 42 p24 sequences and 45 C2V3 sequences derived 
from group 0 isolates have either been published or provided to the Los Alamos database prior 
to publication. The primary goals of this review are: i) to provide a brief summary of the 
accumulating knowledge Concerning HIV-1 group 0 serology and epidemiology; ii) to outline 
differences and similarities group M and 0 HIV-1 viruses in the the heavily sequenced 24 Gag 
and C2V3 gp120 regions, with an emphasis on well-defined functional domains; and iii) to 
provide an alignment of the region of gp41 that harbors an immunodominant domain important 
for diagnostics. Only published sequences will be shown in alignments (Table l), but complete 
sets of unpublished and published sequences currently in the database were used to generate the 
consensus sequences for group 0 sequences shown in the accompanying alignment figures. 

Introduction 

Group 0 characterization: After the discovery of the virus ANT70 by a group in Belgium [de 
Leys (1990)], and the further characterization of this isolate, as well as the MVP5180 and VAU isolates 
(VAU was isolated from a French woman with no ties to Africa) in 1994 [vanden Haesevelde (1994), 
Gurtler (1994), Charneau (1994)], it became clear that a new group of viruses, distinct from the HIV-1 
Major (M) group, was present in the human population. This group was named the HIV-1 group 0 for 
“Outlier” group. The group 0, group M, and chimpanzee viruses are genetically quite distant from one 
another, but these three groups share a distinct lineage relative to other primate lentiviurses (Figure 1). 
It is notable that four years separated the publications concerning the first and second of these outlier 
viruses. 

Since the isolation of these first highly unusual HIV-1 strains, a second Caucasian patient was 
found in France [Cohen (1995)], and a quite large number of viruses of this group have been isolated, 
especially from Cameroonian patients [Loussert-Ajaka (19931. The main method for identifying group 
0 viral infections is obtaining a paradoxical pattern of positive and negative serological reactivity using 
a set of HIV-1 enzyme-linked immunosorbent assay detection kits [Simon (1994)l. A variety of Western 
blot reactivity patterns can occur with group 0 serum. Phenotypic differences between group 0 and M 
have also been detected. HIV-1 group 0 isolates exhibited a high level of resistance to non-nucleoside 
inhibitors ([Descamps (1995)], and Descamps et al., manuscript in preparation), and group M, but not 
group 0 viruses, require the incorporation of cyclophilin A for the production of infectious virions 
[Braaten (1996)l. 

Sequence analysis of env and gag regions of the first ten group 0 isolates revealed a peculiar 
feature of this group relative to group M isolates - limited phylogenetic clustering patterns with only a 
few sequences grouping into clades in both the p24 and C2V3 regions [Loussert-Ajaka (1995)l. This 
is in marked contrast to the clear phylogenetic subtypes that emerge in phylogenetic analysis of the 
group M sequences. The original ten group 0 isolates are a subset of the 40-plus sequences currently 
stored in the Los Alamos database, and the observation of limited subtype structure among 0 group 
sequences [Loussert-Ajaka (19931 is consistent with the additional data now available. The nucleotide 
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Table 1. List of public HIV-I 0 group sequences included in this paper. The first two characters preceding the period 
indicate the country of residence of the individual who was the source of the isolate, followed by the sequence name. 

O-CM.ANT70 

0-FR.VAU 

L20587 

X80020 

Sequence Accesion Reference Note 

0-DE.HAM 1 12 Hampl et al. The protein sequences were entered by hand at the 
Los Alamos Database, from the paper by Hampl 
et al. The source was a 27 year old Cameroonian 
who had moved to Germany, and was tested for 
H I V  infection because of eczematous skin lesions. 
This was the first group 0 infection to be found in 
Germany. 
This was the first 0 subtype isolate discovered. The 
complete viral genome has been sequenced. The 
virus was derived from a symptomatic Cameroo- 
nian, CDC stage Ill. 
This sequence was from an isolate from a French 
woman who died of AIDS in 1992, who had no 
known ties to West Africa. DNA was extracted 
from VAU infected PBMCs, PCR amplified, cloned, 
and gp160 env was sequenced. The viral isolate 
was highly cytopathic. 

De Leys et al 
and vanden Hae- 
sevelde et al. 

Charneau et al. 

O-CM.h4VP5 180 L2057 1 Gurtler et al. 

0-FR.BCF 01, 02, C2V3 region Loussert-Ajaka 
03,06,06,08, U24562-U24568, et al. 
11 p24 U24706- 

U247 12 

0-CM.CA9 

0-GA.VI686 

O-CM.YBF 
22,26,28,32,35, 
and 37 

X78476 U53175 Janssens et al, 
Braaten et al. 

X78476 X96526 Janssens et al. 
Delaporte et al. 

(E Simon, P. 
Mauclere, and 
S .  Saragosti, 
submitted) 
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The complete viral genome has been sequenced 
from the MVP5180 isolate derived from a 
Cameroonian woman, sampled in 1991; the donor 
died of AIDS in 1992. The viral isolate MVP5180 
was grown in several human T-cell lines and the 
monocytic U937 line. 
These seven sequences are from Cameroonian pa- 
tients who were living in France. PBMC proviral 
DNA was PCR amplified and 3-6 clones from each 
patient were sequenced. The consensus of the 3- 
6 clones was presented. 07, 08 and 11 were CDC 
stage II; 01 was CDC W, and 02, 03 and 06 were 
CDC IVCl. 
The env sequence was kindly released for publi- 
cation in the 1995 Human Retroviruses and AIDS 
database by Dr. Wouter Janssens. The Pol region 
was published by Janssens et al, 1994, and the p24 
region by Braaten et al., 1996. 

The VI686 viral sequence spanning the pol region 
was published by Janssens et al., and the complete 
Env gp160 was published in a diversity study of 
HIV isolates from Gabon by Delaporte et al. 
These sequences are derived from a set of individu- 
als from Yaounde and have been submitted for pub- 
lication. 22 and 26 were CDC stage 11, the other 
four had AIDS. They were isolated in 1996. 



Table 1 cont. 
Sequence Accesion Reference Note 

0-FR.DUR or X84327 
RUD 

This group 0 viral sequence was derived from a 
French woman who had a Cameroonian sexual con- 
tact. It was made available in GenBank prior to 
publication by J. Cohen. 

0-CM.MVP217 1 (Lutz Gurtler, 
personal 
communication) 

The complete genome of this sequence has been 
finished, but it is not yet available at the database. 
The immunodominant region of gp41 was available, 
and is included here. 

GenBank accession numbers of additional sequences shown in the alignments. 
Env sequences 

A-U455 M62320 
A-KENYA L22943 
B-D31 U43096 
B-LAI KO2013 
C-SM145A L22946 
C-DJ373A L23065 
D-Z2Z6 M22639 
D-ELI KO3454 
E-TN235 LO3698 
E-CM240X L14572 
F-BZ163A L22085 
F-93BR020.17 U27401 
G-LBV217 U09664 
G-92RU13 1.9 U303 12 
H-CA13 U09667 
H-VI557 L11793 
CPZGAB X52154 
CPZANT U42720 

p24 sequences 
CONSENSUS-M 
A-KE-K88 L11773 
A-ZR-VI57 L11794 
B-DE-D31 U43096 
B-FR-LAI KO2013 
C-SO-SM145 L11803 
C-ZR-VI313 L71787 
D-ZR-ELI KO3454 
D-ZR-Z2Z6 M22639 
F-BR-BZ162 L11751 
F-ZR-VI174 L11782 
G-ZR-VI 19 1 L 1 1783 
H-GA-VI525 L11792 
H-ZR-VI557 U09666 
CPZGAB X52154 
CPZANT U42720 
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\ CPZANT 

AGMTYO 

M 
0.10 - 

Group 0 
Figure 1. A maximum likelihood tree illustrating the phylogenetic relationship between HIV-1 Group 
M, HIV-1 Group 0, and chimpanzee viral sequences relative to other primate lentiviral sequences. This 
tree was created using P H n I P  DNAML 4.0 (J. Felsenstein, http: //evolution.genetics 
. Washington. edu/phylip), with a series of optimization tests performed to select the param- 
eters of three rate categories (1 3 and 9 with frequencies of 0.25, 0.50 and 0.25, respectively) and a 
transitioxdtransversion ratio of 1.3. The sequences used were the group M isolates subtypes A-G from 
the alignments in Figure 1 and 2; the full length envelope group 0 sequences (MVP50, ANT70, VAU); 
AGMTYO; HIV-2/SIV sequences BEN, D205, ROD, and SNMNE and SIVSTM; and the chimpanzee 
viral sequences CPZGAB and CPZANT70. There were 1866 positions spanning gp160 included in the 
alignment after gapstripping. The taxa included in this comparison were aligned using a Hidden Markov 
Model (HMMERversion 1.8 http: //genome.wustl .edu/eddy/HMMER/main. html) [My- 
ers & Farmer(1996), Eddy (1995)l. The clade including the HIV-1 and chimpanzee viral sequences 
is also seen in 100/100 PHYLP Neighbor Joining bootstrap replicates using a p24 region alignment. 
The chimpanzee sequences are sometimes linked in phylogenetic reconstructions, and other times are 
separated as is seen is this tree, with CPZGAB branching with the Group M isolates. The associations 
of the CPZ sequences depend upon the region of HIV-1 used to construct the tree (data not shown), and 
may reflect an early recombination event. 

sequences of the envelope gene fragments spanning the C2V3 region have been shown to be particularly 
phylogenetically informative [Leitner (1996)l and to give accurate phylogenetic reconstructions of the M 
group clades using a variety of phylogenetic tree reconstruction methods [Korber (1994), Leitner( 1996)l. 
Despite this, very little clear phylogenetic structure can be resolved among the group 0 sequences, in 
either the region encoding C2V3 of envelope or p24 (analysis was conducted on all sequences available, 
data not shown). This lack of clearly defined phylogenetic branching patterns in group 0 could be due 
to one or a combination of the following three possibilities. 

i) An artifact of sample size; accumulation of sequences from new isolates should help us to evaluate 
this hypothesis. 

ii) The length of the sequences in the regions studied not being adequate to reveal phylogenetic 
associations in group 0, although the subtypes are clearly distinguishable using these regions for 
group M. 
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iii) A distinct evolutionary history of the two groups, such that the epidemiological history and 
biology of group M virus yields geographically and phylogenetically distinct subtypes, whereas 
the group 0 isolates had a different natural history and simply radiated out from an original 
ancestral virus [Loussert-Ajaka (1995)l. Interestingly, the first case of AIDS documented in 
Europe was a Norwegian sailor infected with a group 0 virus [Jonassen (1997)l. He developed 
clinical manifestations of HIV infection in 1966, his wife in 1967, and daughter in 1969. All of 
them died in the 1970s [Froland (1988)l. 
Geographical distribution: Group 0 isolates can be identified genetically or serologically. 

Group 0 isolates that have been genetically characterized originated in Norway [Jonassen (1997)], 
Belgium [de Leys (1990)], France [Loussert-Ajaka (1995)], Germany [Hampl(1995)], Spain [Soriano 
(1996)], the United States [Rayfield (1996)], and, of course, Cameroon Nauclere (1997)l. Group 0 
infections have been serologically characterized using sera originating in Cameroon and Gabon [Nken- 
gasong (1994)], Equatorial Guinea [Hunt (1996)], Benin [Heyndrickx (1996)], and Kenya [Songok 
(1996)l. In Cameroon, 7 group 0 infections were found among 332 sera tested (7/332), Gabon (2/213), 
Niger (5/1459), Nigeria (2/183), Senegal (1/1283), Chad (2/619), and Togo (1/670) [Peeters (1997)l. 

It is clear that Cameroon has the highest known prevalence of group 0 infections. Epidemiology 
studies conducted in Cameroon indicate a prevalence of HIV-1 group 0 infection of 2% [Zekeng 
(1994)], and more recently, Mauclere et al. found prevalence of group 0 infections ranging from 1% 
in the northern part of the country, to 6.3% in the capitol; overall, 82 group 0 infections were found 
among 2458 HIV-1 samples Nauclere (1997)l. Among the 19 cases found in France, 17 were from 
patients originally from Cameroon, and of the two French Caucasian patients, one acknowledged having 
a Cameroonian sexual partner. 

The algorithm developed to characterize group 0 viruses [Gurtler( 1996), Mauclere (1997)l has 
proven to be very effective. The development of new tools (for example, new peptides used in combi- 
nation, LIA (Innogenetics)) has allowed the easy serological characterization of group 0 isolates and 
the screening of large numbers of samples. 

The gag capsid (pa)  protein 

Background: The gag precursor poly-protein is initially incorporated into the budding viral 
particle, and is cleaved into the structural proteins of the mature virion by viral protease. The Gag 
precursor self-assembles into virion like proteins even in the absence of other viral proteins; it binds 
and packages viral RNA, and interacts with other viral proteins and envelope lipid to assemble the viral 
particles (for a review of Gag proteins, see [Gorelick & Henderson(l994)l). The capsid antigen (CA) 
is the p24 protein of HIV-1, and forms the viral core. 

The major homology region: The major homology region (MHR) is a part of the capsid protein 
which is well conserved among lentiviruses of primates, cats, and ungulates [Otteken (1996), Mat- 
suo (1992), Grund (1994), Gorelick & Henderson(l994)l. This region plays a role in viral particle 
formation and is critical for viral replication. Four highly conserved positions among all retroviruses 
(human, simian, caprine, bovine, equine, and feline) [Mammano (1994)l are indicated by asterisks in 
the alignment shown in Figure 2, on the following two pages, and in the consensus MHR alignment 
(Figure 3). The first three of these positions are critical for HIV-1 particle production, and mutations in 
forth residue result in aberrant particle size and inappropriate viral cores [Mammano (1994)l. 

The MHR is conserved among group 0 viral sequences, as expected, although slightly greater 
variation is apparent in the group 0 viruses than the M group viruses. The conserved arginine (R) is 
present in most retroviral sequences, but it is substituted with a serine (S) in two of the group 0 viral 
sequences (data not shown). 
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Hu Epitope 2 

MHR 

I 
- ’ ,  i CONSENSUS-M 

A-KE-K88 
A-ZR-VI57 
B-DE-D3 1 
B-FR-LA1 
C-SO-SM145 
C_ZR_VI3 13 
D-ZR-ELI 
D-ZR-Z2Z6 
F-BR-BZ162 
F-ZR-VI174 
G-GA-LBV217 
G-ZR-VI191 
H-GA-VI525 
H-ZR-VI557 

CONSENSUS-0 
0-CM . ANT7 0 
0-DE.HAMll2 

U 0-CM.MVP51 
M a 0-CM.CA9 
fi & 0-FR.BCFO1 
\’ Q\ 4 0-FR.BCF02 

0-FR.BCF03 
0-FR.BCF06 
0-FR.BCFO7 
0-FR.BCF08 
0-FR.BCFl1 
0-FR . RUD 
0-FR . LT 
0-FR. NF1 
0-FR . VAU 
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231 
231 
231 
231 
231 
231 
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231 
231 
23 1 
231 
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226 
232 
132 
232 
13 9 
133 
133 
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133 
133 
133 
133 
133 
133 
133 
133 

182 
231 
234 

Figure 2. Alignment of the p24 protein. The group M consensus is based on the sequences shown, so each M subtype is equally represented, by two sequences. 
Upper case letters signify invariant amino acids, and lower case indicate the most common amino acid in a position with some variation. The group 0 consensus 
was constructed from all 42 sequences available, but only those published or released are shown. A dash indicates identity with the consensus, a period indicates a 
insertion made to maintain the alignment. Hu Epitope 1 and 2 are immunodominant linear B cell epitopes that have been identified in group M [Janvier (1996)], and 
are highly conserved between groups M and 0. The MHR is the major homology region and the CyPa region is the cyclophilin A binding domain. Asterisks in the 
MHR mark highly conserved, functionally important residues, and in the CyPa region mark prolines critical for group M viral replication. The plus signs over the 

f 
0 0 group consensus indicate prolines that are common among 0 group sequences, but not perfectly conserved. 
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M group consensus: 
group 0 consensus: 

cpz consensus: 

Figure 3. A comparison of the consensus sequences 
across the MHR of gag p24. Highly conserved amino 
acids essential for group viral particle formation are 
marked with asterisks. 

There is an immunodominant region within the MHR that can stimulate both human and murine 
antibodies (see [Korber (1996)l for a summary). One of the immunodominant linear epitopes defined 
for HIV-1 M group viruses is located within this region, defined as: GPIEPFRDYVDRFYK, (called 
Hu Epitope 2 in Figure 2) [Janvier (1996)l. Only a single amino acid differs in this epitope between 
the group 0 consensus the M group consensuses. The tyrosine (Y) in the second to last position of 
the epitope matches the consensus of group 0 sequences, and is found in all B and D clade sequences, 
as well as among the Thai A subtypes. But in all other clades in the M group, this position is most 
commonly occupied by a phenylalanine 0. It is not clear whether this substitution would influence 
the antigenic specificity of the peptide, though it is very likely that the antigenic peptide studied by 
Janvier et al. would react with sera from individuals infected with group 0 strains of HIV-1, because 
the group M subtype B derived peptide perfectly matches the group 0 consensus. 9/20 sera from HIV-1 
infected individuals reacted with this peptide [Janvier (1996)l. Among HIV-2 and SIV sequences, the 
immunogenic region is conserved except for two substitutions: the central RD in positions six and 
seven become QS (see the Gag protein alignments in this compendium). These substitutions may not 
be critical for binding, as murine monoclonal antibodies that bind to this region have been shown to be 
cross-reactive with HIV-1, HIV-2, and SIVmac and SIVagm strains [Matsuo (1992), Robert-Hebmann 
(1992), Niedrig (1989)l. Therefore, this immunodominant domain could potentially be useful for 
serological identification of all primate lentiviral infections, by sequence analogy, including those of 

Cyclophilin A binding region: Cyclophilin A (CyPa) is a human protein that binds to a proline 
rich region in the HIV-1 p55 Gag precursor protein, and is incorporated into group M HIV-1 viral 
particles, 0. Group M HIV-1 viral particles that lack cyclophilin A are not infectious, in contrast to 
other retroviruses [Luban (1994), Thali (1994), Franke (1994)l. Cyclophilins are a family of proteins 
that catalyze protein folding and are protective against heat shock [Fisher & Schmid(l990), Gething & 
Sambrook(l992), Sykes (1993)l. In contrast to HIV M group virus and the SIVcpz GAB strain, and the 
group 0 viruses do not have to bind and incorporate CyPa to produce infectious virions; this is one of 
the first major biological differences between group M and group 0 to be documented [Braaten (1996)l. 

group 0. 

Three of the prolines in the highly conserved CyPa binding region of p24 are required for the 
production of infectious virions in M group strains. These prolines are marked with an asterisk in 
Figures 2 and 4. The proline at position 222 (AGP) was required for CyPa binding and incorporation 
into virions, and was required for replication. The proline at position 225 (PGQ) was not essential for 
replication, and so is not marked. Mutations in prolines 217 (IHP) and 231 (PRG) decreased particle 
yield and the mutant virus did not replicate [Franke (1994)l. Proline 222 was highly, but not perfectly, 
conserved among group 0 viruses, in spite of the lack of a requirement for cyclophilin A binding. 
Proline 231 was perfectly preserved among group M, group 0, and SIVcpz. Proline 217 is perfectly 
preserved among group M and SIVcpz viruses, but varies somewhat in group 0 viruses. Two additional 
prolines are present in group 0 viruses proximal to position 217 (Figure 2). 

There are many murine monoclonal antibodies that bind to the CyPa binding domain [Korber 
(1996)l. One particular epitope that has been defined by peptide reactivity (ETDEEAAEWDRVHP) 
was cross-reactive with sera from HIV-1, HIV-2 and SIV infections [Niedrig (1988)l. While there are 
frequent substitutions among group 0 isolates in this region, most are conservative aspartic acid @) 
to glutamic acid (E) substitutions, and there are some 0 strains that are identical to the M consensus 
sequence in this region. Thus it is likely that group 0 sera would react with this peptide. 
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* * * 
M group consensus: INEEAAEWDRlHPvhAGPipPGQmRePRGSDIAGTTS 
group 0 consensus: - -ee-ad-- - t -pppv-plp-gqi-e- t --- - -g--s 

cpz consensus: -------__- L--TH--- 3 3 3--L-E- 3 _ _ _ _ _ _ _ _ _  -.. 

Figure 4. A comparison of the consensus sequences across the Cy- 
clophilin A binding region in gag p24. Highly conserved prolines es- 
sential for group M viral replication are marked with asterisks. 

Additional immunogenic domains in p24: A peptide covering positions 178-192 (HIV-1 IIIB) 
was recognized by sera from 8/20 HIV-1 positive people (Hu Epitope 1 in Figure 2) [Janvier (1996)l. The 
linear immunodominant antigenic regions (Hu Epitope 1 and 2) in p24 group M viruses are conserved in 
group 0 as well, particularly human epitope 2, suggesting that they may provide broadly cross-reactive 
antigenic peptides recognized by sera of individuals with 0 and M group infections. 

Through studies involving M group strains, HIV-1 epitopes have been defined for both helper and 
cytotoxic T cells across the p24 protein. The p24 T-cell epitopes that have been defined in M group 
tend to cluster, some near the C-terminal region, and some crossing the CyPa binding site and the MHR 
[Korber (1996)l. Because of the conservation of p24, it is highly probably that some cross-reactivity 
between M and group 0 would be observed. For example, there is an HLA-A25 restricted CTL epitope, 
(ETINEEAAEW) that has been defined using CTL. clones from long term survivors [van Baalen (1996)l. 
This epitope is conserved in viruses of the B and D subtypes, but the form DTINEEAAEW is commonly 
in other clades, and this variant was not recognized by CTL specific for the index peptide. While group 
0 sequences show some variation in this epitope, some are very similar to the reactive M group epitope, 
and may be cross-reactive: (e.g. MVP51: EVINEEAAEW). 

The C2V3 Region 

Variation and immunogenicity of the V3 loop: The variation in the V3 loop has been the 
focus of extensive international research efforts, originally because it was noted in the late 1980s that 
antibodies directed against the tip of V3 loop could potently neutralize laboratory strains of HIV-1 
in a type-specific manner [Javaherian (1989), Palker (1988), Rusche (1988)l. More recently, anti-V3 
monoclonal antibodies have been shown in general to be potent neutralizing agents when directed against 
HIV-1 laboratory-adapted strains, but far less so when directed against primary isolates. This presumably 
is due to distinct conformations of envelope, such that the V3 loop of primary isolates is inaccessible 
(see [Moore & Ho(1995), Poignard (1996)l for review). Most anti-V3 monoclonal antibodies are 
type-specific, and monoclonals directed against one strain can be completely unreactive even with 
closely related viral strains, due to the hypervariable nature and high rate of amino acid substitution 
in the immunogenic tip of the V3 loop [Korber (1996)l. Other neutralizing epitopes, both continuous 
and discontinuous, have been identified in envelope [Poignard (1996), Moore & Ho(1995)l. Many 
neutralizing antibodies (but not all, e. g. [Trkola (1995)l) share the property of reduced neutralization 
of primary isolates relative to laboratory adapted strains [Moore & Ho(1995)l. 

The turn at the tip of the loop is the focus of most anti-V3 neutralizing antibodies, and is most 
often found to be GPGR or GPGQ among M group viruses [Foley (1996)l. These two motifs are not 
found among group 0 strains. With the exception of some common amino acids flanking the cysteines 
at the base of the V3 loop, group 0 and group M V3 loops are very different from each other. Helper 
and cytotoxic T cell epitopes, as well as antibody binding sites, have been identified within the V3 loop 
of M group viruses. Because group 0 and M viruses are highly variable in the C2V3 region within a 
group, and because the extent of the substitutions found between group 0 and M is so great, it is highly 
unlikely that there would be antigenic 0 and M cross-reactivity for either B or T cell epitopes in the V3 

Phenotypic determinants in the V3 loop: The V3 loop has been shown to have a critical 
functional role in determining the phenotype of the virus [Hwang (1991), Chesebro (1992), de Jong 
(1992)l. Positively charged amino acids in certain positions in the V3 loop are correlated with a 
syncytium-inducing (SI), T-cell-tropic viral phenotype among group M subtype B viruses pouchier 
(1992)l (the two most critical positions are indicated in Figure 5). The observations concerning these 
two positions, and a correlation between net positive charge on the loop and rapid high and slow low 

loop. 
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CONSENSUS-M 
A-U4 5 5 
A-KENYA 
B-D3 1 
B-LA1 
C-SM14 5A 
C-DJ3 7 3A 
D-2226 
D-ELI 
E-TN2 3 5 
E-CM24OX 
F-BZl63A 
F-93BR020.17 
G-LBV217 
G-92RU131.9 
H-CA13 
H-VI557 

v3 loop 

v3 loop 

CONSENSUS-0 
0-FR-BCFO1 
0-FR-BCFO2 
0-FR-BCFO6 
0-FR-BCFO8 
0-FR-BCF11 
0-FR-BCF03 
0-FR-BCF07 
O-CM-MVPSl 
O-CM-CA9 
0-FLRUD 
0-GA-VI686 
0-CM-ANT7 0 
O-DE-HAM112 
0-FR-VAU 
O-CM-YBF22 
0-CM-YBF26 
0-CM-YBF28 
0-CM-YBF32 
0-CM-YBF35 
0-CM-YBF37 

CONSENSUS-CPZ ?P?V?T?LL?N????????T??V?N??KN??V??????E???????C?RP.GN?T????QI..GPGMTFYN?E?..??G...DTR?A?C??N?T?W???R???E???A.?????VD 
CPZGAB K-V-T-Q--I-GSLAEGNI-VR-E-KS--TD-WIVQLV-A..VSLN-H--.--N-RGEV--..-------- I-N..W-...---S-Y-KI-G-T-N..-TVE-VKK-.LATSS 
CPZANT S-M-A-W--L-..GTYQTN-SV-M-GR--ES-LVRFGK-FENLTIT-I--.--R-VRNL--..-------- V-I .. AT- ...--- K-F-TV-K-L-EQA-NKT-HVL-.EHWKK-- 

Figure 5. Alignment of the C2V3 region of gp120. The boundaries of the V3 loop are shown, and the positions that are associated with viral phenotype (SI phenotype 
and positive charge) are marked with asterisks. 45 group 0 sequences were used to generate the consensus, but only those published or released are shown. 
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phenotypes, were extended beyond subtype B to other group M subtypes [de Wolf (1994), Rubsamen- 
Waigmann (1994)l. Recently, a correlation between positive charge and phenotype was shown for the 
group 0 viruses [de Jong (1996)l. Because of the length variation between different strains and the 
diversity found in this region, it is difficult to be certain the alignment of V3 loop shown in Figure 5 is 
biologically appropriate. Despite this, in a best estimate the two critical sites in the V3 loop associated 
with group M SIMSI phenotype switching display a similar pattern of variation among group 0 strains 
and group M sequences. Both are highly variable positions, and the first position alternates between 
neutral and positively charged amino acids, and the second position alternates between negative, neutral 
and positively charged amino acids. 

Recently it has been shown that chemokine second receptor usage for HIV entry into CD4-positive 
immune cells is associated with the phenotype of the virus, and not with the genetically defined HIV-1 
group or subtype [Zhang (1996), Choe (1996)l. CXCR4 (fusin) usage is associated with viruses of 
with T-cell tropic, SI phenotypes; CCR5 usage is associated with a macrophage tropic, non-SI (NSI) 
phenotype; and some SI viruses are able to use both CXCR4 and CCR5 [Zhang (1996)l. The group 0 
viruses, similar to the M group, have both patterns of second receptor usage [Zhang (1996)l. The two 
group 0 isolates for which second receptor usage has been determined are CA9, with an NSI phenotype 
and second receptor usage restricted to CCR5; and MVP5180, with an SI phenotype and the ability to 
use both CCR5 and CXCR4. The pattern of positive charge substitutions in the V3 loop, at least in 
these two group 0 isolates, is consistent with what has been observed in the M group. The SI isolate 
MVP5180 has greater positive charge overall, and in particular, in the second of the two sites associated' 
with the SI phenotype in the M group is positively charged in O-CM-MVP51 and negatively charged 
in O-CM-CA9 (Figure 6). The C-C chemokines RANTES, MIP-la, and MIP-1p produced by CD8+ 
cells, can inhibit HIV-1 infection of primary and macrophage-tropic group M HIV-1 isolates, whereas 
T-cell tropic isolates tend to be resistant to the C-C chemokine suppressive effects [Cocchi (1995)l. The 
V3 loop was shown to be a critical region for determining the susceptibility to chemokine-mediated 
supression using chimeric gp120 proteins [Cocchi (1996)l. It will be interesting to see if SI group 0 
viruses, like MVP5180, will have a similar pattern of resistance. 

* * 
+ + ++ 

0-CM-MVP51 CIREGIAEVQDIYTGPMFWRSMTLKRSNNTSPRSRVAYC 
O-CM-CA9 CERPGNHTVQEIRIGPLAWYSMGIERNSKNSSR--LAYC 

Figure 6) The V3 loop sequences of SI strain MVP51 and NSI strain 
CA9. The positions that have been associated with viral phenotype are 
marked with asterisks. The positively charged amino acids arginine (R) 
and lysine (K) near the tip of the loop V3 found in SI isolate MVP51 
are marked with a plus (+). The dashes (-) indicated insertions made to 
maintain the alignment. 

Immunodominant domain in gp41 

The immunodominant region in gp41 is conserved between different group M strains, and is 
reactive with sera from individuals infected with a variety of group M subtypes [Engelbrecht (1994), 
Petrov (1990), Shafferman (1989), Gnann (1987)l. Although only a limited number of sequences are 
avalailable in the database across this region, because of its importance for diagnostics, a comparison 
of the and group M and 0 consensus sequences in this region is shown in Figure 7. 
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A3455 
A-KENYA 
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Figure 7. Alignment of amino acids from gp41 spanning the immunodominant domain of gp41. This alignment starts at 50 amino acids from the start of gp41 and 
continues for the next 100 amino acids. The M consensus is based on the set of sequences shown. The group 0 consensus is based on the 9 sequences currently 
available at the Los Alamos database covering this region; the five that have been published or made public are shown in the alignment. E H  

i Y 



References 

[Braaten (1996)l D. Braaten, E. K. Franke, & J. Luban. Cyclophilin A is required for the replication 
of the group M Human Immunodeficiency virus type 1 (HIV-1) and simian Immunodeficiency virus 
SIVcpzGAB but not group 0 HIV-1 or other primate immunodeficiency viruses. J Wrol 70:4420- 
4427,1996. 

[Charneau(1994)] P. Charneau, A. M. Borman, C. Quillent, D. Guetard, S. Chamaret, J. Cohen, 
G. Remy, L. Montagnier, & F. Clavel. Isolation and envelope sequence of a highly divergent HIV-1 
isolate: definition of a new HIV-1 group. Wrology 205247-253, 1994. 

[Chesebro (1992)l B. Chesebro, K. Wehrly, J. Nishio, & S. Perryman. Macrophage-tropic human 
immunodeficiency virus isolates from different patients exhibit unusual V3 envelope sequence ho- 
mogeneity in comparison with T-cell tropic isolates: definition of critical amino acids involved in 
cell tropism. J Krol666547-6554, 1992. 

[Choe (1996)l H. Choe, M. Farzan, Y. Sun, N. Sullivan, B. Rollins, P. D. Ponath, L. Wu, C. R. Mackay, 
G. LaRosa, W. Newman, N. Gerard, C. Gerard, & J. Sodroski. The P-chemokine receptors CCR3 
and CCR5 facilitate infection by primary HIV-1 isolates. Cell 85113-1148, 1996. 

[Cocchi (1995)l E Cocchi, A. L. DeVico, A. Garzino-Demo, S. K. Arya, R. C. Gallo, & P. Lusso. 
Identification of RANTES, MIP-la and MIP-1P as the major HIV-suppressive factors produced by 
CD8+ T cells. Science 270:1811-1815,1995. 

[Cocchi (1996)l F. Cocchi, A. L. DeVico, A. Garzino-Demo, A. Cara, R. C. Gallo, & P. Lusso. The 
V3 domain of the HIV-1 gp120 envelope glycoprotein is critical for chemokine-mediated blockage 
of infection. Nature Medicine 270:1811-1815,1996. 

[Cohen (1995)l J. Cohen, J. de Saint Martin, S. Chamaret, D. Guetard, L. Montagnier, T. Tabary, 
E Philibert, & E  Bougy. The HIV-0 strain DUR illustrates divergences and homologies in the HIV-1 
0 group. First HN-0 Symposium 1995. 3rd-4th March 1995. Munchen, Germany. 

[de Jong (1996)l J. de Jong, E Simon, G. van der Groen, E. Baan, S. Saragosti, E Brun-Vezinet, & 
J. Goudsmit. V3 loop sequence analysis of seven HIV type 1 group 0 isolates phenotyped in peripheral 
blood mononuclear cells and MT-2 cells. AIDS Res and Human Retroviruses 121503-1507, 1996. 

[de Jong (1992)l J. J. de Jong, J. Goudsmit, W. Keulen, B. Klaver, W. J. A. Krone, M. Tersmette, & 
A. de Ronde. Human immunodeficiency virus type 1 clones chimeric for the envelope V3 domain 
differ in syncytium formation and replication capacity. J Krol66:757-765, 1992. 

[de Leys (1990)l R. de Leys, B. Vanderborght, M. vanden Haesevelde, L. Heyndrickx, A. van Geel, 
C. Wauters, R. Bernaerts, E. Saman, P. Nijs, B. Willems, H. Taelman, G. van der Groen, P. Piot, 
T. Tersmette, J. G. Huisman, & H. van Heuverswyn. Isolation and partial characterization of an 
unusual human immunodeficiency retrovirus from two persons of west-central African origin. J 
Wrol64:1207-1216,1990. 

[de Wolf (1994)l F. de Wolf, E. Hogervorst, J. Goudsmit, E. Fenyo, H. Rubsamen-Waigmann, & et al. 
Syncytium inducing (SI) and non-syncytium inducing (NSI capacity of human immunodeficiency 
virus type 1 (HIV-1) subtypes other than B: phenotypic and genotypic characteristics. AIDS Res and 
Human Retroviruses 10: 1387-1400, 1994. 

[Descamps (1995)l D. Descamps, G. Collin, I. Loussert-Ajaka, S. Saragosti, F. Simon, & E Brun- 
Vezinet. HIV-1 group 0 sensitivity to antiretroviral drugs. AIDS 9:977-978, 1995. 

[Eddy (1995)l S. Eddy, G. Mitchison, & R. Durbin. Maximum discrimination hidden markov models 
of sequence consensus. J Comp Biol29-23,1995. 

[Engelbrecht (1994)l S. Engelbrecht, G. J. de Jager, &E. J. van Rensburg. Evaluation of commercially 
available assays for antibodies to HN-1 in serum obtained from South African patients infected with 
HIV-1 subtypes. JMed Wrol M223-228,1994. 

[Fisher & Schmid(l990)l G. Fisher & F. X. Schmid. The mechanism of protein folding: implications 
of in vitro refolding models for de novo protein folding and translocation in the cell. Biochemisty 

[Foley (1996)l B. T. Foley, J. C. Blouin, & E. A. Guzman. Global Variation in the HIV-1 V3 Region 
pages part HI-77, 1996. Published in this compendium. 

[Fouchier (1992)l R. A. M. Fouchier, M. Groenink, N. AI'Kootstra, M. Tersmette, H. G. Huisman, 
F. Miedema, & H. Schuitemaker. Phenotype-associated sequence variation in the third variable 
region of the human immunodeficiency virus type 1 gp120 molecule. J Wrol 663183-3187,1992. 

29~2205-2212,1990. 

m-53 
DEC 96 



Group 0 HW-1 

[Franke (1994)] E. K. Franke, H. E. H. Yuan, & J. Luban. Specific incorporation of cyclophilin A in 
HIV- 1 virions. Nature 372359-362, 1994. 

[Froland (1988)] S .  S .  Froland, P. Jenum, C. F. Lindboe, K. W. Wefring, P. J. Linnestad, & T. Bohmer. 
HIV-1 infection in nonvegian family before 1970. Lancet 331:1344-1345, 1988. 

[Gething & Sambrook( 1992)] M. J. Gething & J. Sambrook. Protein folding in the cell. Nature 
3553345, 1992. 

[Gnann (1987)l J. W. Gnann, P. L. Schwimmbeck, J. A. Nelson, A. B. Truax, & M. B. Oldstone. 
Diagnosis of AIDS by using a 12-amino acid peptide representing an immunodominant epitope of 
the human immunodeficiency virus. J Infect Dis 156261-267, 1987. 

[Gorelick & Henderson( 1994)] R. J. Gorelick & L. E. Henderson. Gag Proteins. Los Alamos National 
Laboratory: Theoretical Biology and Biophysics, Los Alamos, NM, 1994. Editors: G. Myers and B. 
Korber and K.-T. Jeang and L. Henderson and S .  Wain-Hobson and G. N. Pavlakis. 

[Grund (1994)l C. H. Grund, E. R. Lechman, C. J. Issel, R. C. Montelaro, & K. E. Rushlow. Lentivirus 
cross-reactive determinants present in the capsid protein of equine infectious anaemia virus. J Gen 
Wrol75:657-662, 1994. 

[Gurtler(1996)] L. Gurtler. Difficulties and strategies of HIV diagnosis. Lancet 348: 176-179, 1996. 
[Gurtler (1994)l L. G. Gurtler, P. H. Hauser, J. Eberle, A. von Brunn, S .  Knapp, L. Zekeng, J. M. 

Tsague, & L. Kaptue. A new subtype of human immunodeficiency virus type 1 (MVP-5180) from 
Cameroon. J Virol68:1581-1585,1994. 

[Hampl(1995)] H. Hampl, D. Sawitzky, M. Stoffler-Meilicke, A. Groh, M. Schmitt, J. Eberle, & 
L. Gurtler. First case of HIV subtype 0 infection in Germany. Infection 23:369-370,1995. 

[Heyndrickx (1996)l L. Heyndrickx, M. Alary, W. Janssens, N. Davo, & G. van der Groen. HIV-1 
group 0 and group M dual infection in Benin. Lancet 347902-903,1996. 

[Hunt (1996)l J. C. Hunt, A. M. Golden, A. Vallari, & et al. Molecular and serologic characterization 
of four HIV-1 group 0 from Equatorial Guinea. AIDS Res Hum Retroviruses 11 Suppl. 1:S144, 
1996. 

[Hwang (1991)l S .  S .  Hwang, T. J. Boyle, H. K. Lyerly, & B. R. Cullen. Identification of the envelope 
V3 loop as the primary determinant of cell tropism in HIV-1. Science 253:71-74, 1991. 

[Janvier (1996)l B. Janvier, J. J. Lasarte, P. Sarobe, J. Hoebeke, A. Baillou-Beaufils, E Borras-Cuesta, 
& E Barin. B cell epitopes of HIV type 1 p24 capsid protein: a reassessment. AIDS Res. Hum. 
Retroviruses 12519-525,1996. 

[Javaherian (198911 K. Javaherian, A. J. Langlois, C. McDanal, K. L. Ross, L. I. Eckler, C. L. Jellis, 
A. T. Profy, J. R. Rusche, D. P. Bolognesi, S .  D. Putney, & T. J. Matthews. Principal neutralizing 
domain of the human immunodeficiency virus type 1 envelope protein. Proc Natl Acad Sci USA 
86676845772,1989. , 

[Jonassen (1997)l T. Jonassen, K. Stene-Johansen, E. S .  Berg, 0. Hungnes, C. F. Lindboe, & B. Grinde. 
HIV-1 group 0 infection in Norwegian patients in the 1960s. Submitted, personal communication, 
Dx Bjorn Grinde 1997. 

[Korber (199411 B. T. M. Korber, K. MacInnes, R. Smith, & G. Myers. Mutational trends in V3 loop 
protein sequences observed in different genetic lineages of human immunodeficiency virus type-1. 
J Wrol68:6730-6744, 1994. 

[Korber(1996)] E. Korber, J. Moore, P. D'Souza, C. Brander, B. Walker, R. Koup, B. Haynes, & 
G. Myers. Hiv molecular immunology database 1996 EParts I and m, 1996. Publisher: Los Alamos 
National Laboratory Theoretical Biology and Biophysics, website http://hiv-web.lanl.gov/immuno/. 

[Leitner(l996)] T. Leitner. Genetic Subtypes of HIV-1 pages ID-28, 1996. Published in this com- 
pendium. 

[Leitner (1996)l T. Leitner, D. Escanilla, C. Franzen, M. mien, & J. Albert. Accurate reconstruction 
of a known HIV-1 transmission history by phylogenetic tree analysis. Proc Natl Acad Sci USA 
9310864-10869,1996. 

[Loussert-Ajaka (1995)l I. Loussert-Ajaka, M. Chaix, B. Korber, F. Letourneur, E. Gomas, T. Ly, 
F. Brun-Vezinet, F. Simon, & S .  Saragosti. The variability of HIV type 1 group 0 strains isolated 
from Cameroonian patients living in France. J Wrol69:5640-49, 1995. 

[Luban (1994)l J. Luban, K. A. Bossolt, E. K. Franke, G. V. Kalpana, & S. P. Goff. Human immuno- 
deficiency virus type 1 gag protein binds to cyclophilins A and B. Cell 73:1067-1078, 1994. 

m-54 
DEC 96 

- . . .  

. .  

http://hiv-web.lanl.gov/immuno


Group 0 HIV-1 

[Mammano (1994)l E Mammano, A. Ohagen, S. Hoglund, & H. G. Gottlinger. Role of the major 
homology region of human immunodeficiency virus type 1 in virion morphogenesis. J Virol68:4827- 
4936,1994. 

[Matsuo (1992)l K. Matsuo, Y. Nishino, T. Kimura, R. Yamaguchi, A. Yamazaki, T. Mikami, & K. Ikuta. 
Highly conserved epitope domain in major core protein p24 is structurally similar among human, 
simian and feline immunodeficiency viruses. J Gen Wrol73:2445-2450, 1992. 

I 

[Mauclere (1997)l P. Mauclere, I. Loussert-Ajaka, E Damond, P. Fagot, S. Souquieres, M. Mony Lobe, 
E-X. Mbopi Keou, E Barre-Sinoussi, S. Saragosti, E Brun-Vezinet, & E Simon. Serological and 
virological characterization of HIV-1 group 0 infection in Cameroon in press, 1997. 

[Moore & Ho(1995)l J. P. Moore & D. D. Ho. HIV-1 neutralization: the consequences of adaptation 

[Myers & Farmer(1996)l G. Myers & A. Farmer. HIV alignments, database searches and structure 
to growth on transformed T cells. AIDS 9 suppl A:Sl 1743136,1995. 

prediction pages part III-64,1996. Published in this compendium. 
[Niedrig (1989)l M. Niedrig, J. Hinkula, W. Weigelt, J. L'Age-Stehr, G. Pauli, J. Rosen, & B. Wahren. 

Epitope mapping of monoclonal antibodies against human immunodeficiency virus type 1 structural 
proteins by using peptides. J Virol 63:3525-3528, 1989. 

piedrig (1988)l M. Niedrig, J. P. Rabanus, J. Cage Stehr, H. R. Gelderblom, & G. Pauli. Monoclonal 
atnibodies directed against human immunodeficiency virus @IN) gag proteins with specificity for 
conserved epitopes in HIV-1, HIV-2 and simian immunodeficincy virus. J Gen Virol69:2109-2114, 
1988. 

[Nkengasong (1994)l J. N. Nkengasong, W. Janssens, L. Heyndrickx, K. Fransen, P. M. Ndumbe, 
J. Motte, A. Leonaers, M. Ngolle, J. Ayuk, P. Piot, & G. van der Groen. Genotypic subtypes in HIV-1 
in Cameroon. AIDS 8:1405-1412, 1994. 

[Otteken (1996)l A. Otteken, S. Nick, & W. B. et al. Identification of a gag protein epitope conserved 
among all four groups of primate immunodeficiency viruses by using monoclonal antibodies. J Gen 
Virol12519-525,1996. 

[Palker (1988)l T. J. Palker, M. E. Clark, A. J. Langlois, T. J. Matthews, K. J. Weinhold, R. R. Randall, 
D. P. Bolognesi, & B. E Haynes. Type-specific neutralization of the human immunodeficiency virus 
with antibodies to env-encoded synthetic peptides. Proc Natl Acad Sci USA 851932-1936,1988. 

[Peeters (1997)l M. Peeters, A. Gueye, S. M'Boup, E Bibollet-Ruche, E. Ekaza, C. Mulanga, R. Ras- 
mata, R. Gandji, P. Mpele, G. Dibanga, B. Koumare, M. Saidou, E. Esu-Williams, J. P. Lombart, 
W. Badombena, N. Luo, M. vanden Haesevelde, & E. Delaporte 1997. in press. 

[Petrov (1990)l R. V. Petrov, R. M. Khaitov, I. G. Sidorovich, S. P. Pavlikov, I. A. Nikolaeva, M. E. 
Ivachenko, S. M. Andreev, & L. Y. U. Sklyarov. The use of synthetic peptides in the diagnosis of 
HIV infections. Biomed Sci 1:239-244, 1990. 

[Poignard (1996)l P. Poignard, P. J. Klasse, & Q. J. Sattentau. Antibody neutralizatin of HIV-1. Zmmunol 
Today 17:239-246, 1996. 

[Rayfield (1996)l M. A. Rayfield, P. Sullivan, C. I. B. C.1, L. Britvan, &et al. HIV-1 group 0 identified 
for the first time in the United States. Moratility andMorbidity Weekly Report (MMWR) 45561-564, 
1996. 

[Robert-Hebmann (1992)l V. Robert-Hebmann, S. Emiliani, M. Resnicoff, E Jean, & C. Devaux. Sub- 
typing of human immunodeficiency virus isolates with a panel of monoclonal antibodies: identifica- 
tion of conserved and divergent epitopes on p17 and p25 core proteins. Mol Immunol29:1175-1183, 
1992. OTE: Medline: 92408665. 

[Rubsamen-Waigmann (1994)l H. Rubsamen-Waigmann, H. von Briesen, H. Holmes, A. Bjorndal, 
B. Korber, R. Esser, S. Ranjbar, P. Tomlinson, B. Galvao-Castro, E. Karita, S. Sempala, C. Wasi, 
S. Osmanov, E. M. Fenyo, & the WHO network for HIV isolation and characterization. Standard 
conditions of virus isolation reveal biological variability of HIV type 1 in different regions of the 
world. AIDS Res and Human Retroviruses 11:1401-1408, 1994. 

[Rusche(1988)] J. R. Rusche, K. Javaherian, C. McDanal, J. Petro, D. L. Lynn, R. Grimaila, A. J. 
Langlois, R. C. Gallo, L. 0. Arthur, P. J. Fischinger, D. P. Bolognesi, S. D. Putney, & T. J. Matthews. 
Antibodies that inhibit fusion of human immunodeficiency virus-infected cells bind a 24-amino acid 
sequence of the viral envelope, gp120. Proc Natl Acad Sci USA 853198-3202,1988. 

[Shafferman (1989)l A. Shafferman, J. Lennox, H. Grosfeld, J. Sadoff, R. R. Redfield, & D. S. Burke. 
Patterns of antibody recognition of selected conserved amino acid sequences from the HIV envelope 
in sera from different stages of HIV infection. AIDS Res Hum Retroviruses 533-39, 1989. 

m-55 
DEC 96' 



Group 0 HIV-1 

[Simon (1994)l E Simon, T. D. Ly, A. Baillou-Beaufils, V. Fauveau, J. De Saint-Martin, LLoussert- 
Ajaka, M. L. Chaix, S .  Saragosti, A. M. Courouce, D. Ingrand, C. Janot, & E  Brun-Vezinet. Sensitivity 
of screening kits for anti-HIV-1 subtype 0 antibodies. AIDS 81628-1629,1994. 

[Songok (1996)l E. M. Songok, D. K. Libondo, M. C. Rotich, S .  A. Oogo, & P. M. Tukei. Surveillance 
for HIV-1 subtypes 0 and M in Kenya. Lancet 347:1700,1996. 

[Soriano (1996)l V. Soriano, M. Gutteriez, G. Garcia-Lerma, & et al. First case of group 0 infection 
in Spain. Vox Sang 71:66, 1996. 

[Sykes (1993)l K. Sykes, M. Gething, & J. Sambrook. Proline isomerases function during heat shock. 
Proc Natl Acad Sci USA 905853-5857,1993. 

[Thali (1994)l M. Thali, A. A. Bukovsky, E. Kondo, B. Rosenwirth, C. T. Walsh, J. Sodroski, & H. G. 
Gottlinger. Specific association of cyclophilin a with human immunodeficiency virus type 1 virions. 
Nature 372363-365,1994. 

[Trkola (1995)l A. Trkola, A.B.Pomales, H. Yuan,B. Korber,P. J.Maddon, G. P.Allaway, H. Katinger, 
C. E B. III, D. R. Burton, D. D. Ho, & J. P. Moore. Cross-clade neutralization of primary isolates of 
human immunodeficiency virus type 1 by human monoclonal antibodies and tetrameric CD4-IgG. 
J virol 69:6609-6617,1995. 

[van Baalen (1996)l C. A. van Baalen, M. R. Klein, R. C. Huisman, M. E. Dings, S .  R. Kerkhof Garde, 
A. M. Geretti, R. Gruters, C. A. van Els, F. Miedema, &A. D. Osterhaus. Fine-specificity of cytotoxic 
T lymphocytes which recognize conserved epitopes of the gag protein of human immunodeficiency 
virus type 1. J Gen virol77:1659-1665,1996. 

[vanden Haesevelde (1994)l M. vanden Haesevelde, J. Decourt, R. De Leys, B. Vanderborght, G. van 
der Groen, H. van Heuverswijn, & E. Saman. Genomic cloning and complete sequence analysis of 
a highly divergent African human immunodeficiency virus isolate. J virol68: 1586-1596,1994. 

[Zekeng(1994)] L. Zekeng, L. Gurtler, E. Afane Ze, A. Sam-Abbenyi, G. Mbouni-Essomba, 
E. Mpoudi-Ngolle, M. Monny-Lobe, J. B. Tapko, & L. Kaptue. Prevalence of HIV-1 subtype 0 
infection in Cameroon: preliminary results. AIDS 8: 1626-1628, 1994. 

[Zhang (1996)l L. Zhang, Y. Huang, T. He, Y. Cao, & D. D. Ho. HIV-1 subtype and second-receptor. 
Nature 383:768, 1996. 

III-56 
DEC 96 



Retroviral G -3 A Hypermutation 
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Institut Pasteul; 28 rue du DE Rou, 75724 Paris, Cedex 15, France 
b 

A G + A hypermutant is a term given to retroviral proviruses bearing an inordinate number of 
G + A transitions, typical examples being given in Figure 1. Although two cases were unwittingly 
described for HIV-1 (Goodenow et al., 1989), the phenomenon was first described for spleen necrosis 
virus (SNV) (Pathak and Temin, 1990). More examples followed for HIV-1 (Vartanian et al., 1991; 
Vartanian et al., 1994), SIV (Johnson et al., 1991; Pelletier et al., 1995), HIV-2 (Gao et al., 1992), EIAV 
(Perry et al., 1992) and CAEV (Wain-Hobson et al., 1995). As the previous sentence shows, most have 
been described for members of the lentiviral group and much less frequently for other retroviruses. To 
some extent this undoubtedly reflects the current passion with anything lentiviral, meaning that there 
are huge data bases for the lentiviruses with respect to other retroviruses, particularly collections of 
PCR amplified material. However, it probably reflects a penchant of the lentiviral reverse transcriptase 
(Martinez et al., 1995). Note for the time being the absence of published examples for BIV, FIV and 
visna virus. For the record it is not an artefact confined to viral cultures as G + A hypermutants have 
been identified in uncultured PCR amplified material (Gao et al., 1992; Li et al., 1991; Pelletier et al., 
1995). 

AGCGGGGGAA TGATGGAGAA AGGAGAAATG 
.... A..A.. .A..A..A.. .AA.A.-..A 
....... A.. AA..AA.A.. .AA. A....A 

GCTGGGGAAA GATGGAGAGA GGAGAAATAA .......... A..A....A. .......... 
...Mi. A . . .  A...A.A.A. AA.A...... 
.......... A..AA...A. .A.A...... 

Figure 1. Some examples of hypermu- 
tated HN gp120 env sequences. 

Simple Criteria for Identifying G --f A hypermutants 

Nucleic acid sequence: 
1) Monotony of G + A transitions with respect to the viral plus strand (Pathak and Temin, 1990; 

Vartanian et al., 1991). Only one recorded case of the phenomenon occurring during minus strand 
synthesis C + T hypermutation with respect to plus strand, (Pathak and Temin, 1990; Vartanianet 
al., 1991). Hypermutants may be occasionally accompanied by a few (<5%) other substitutions 
(Martinez et al., 1994). 

2) All parts of theretroviral genome are vulnerable. There is one example of a provirus hypermutated 
throughout all 10 kb (Borman et al., 1995; Pelletier and Wain-Hobson, unpublished data). 

3) Given that purine-purine transitions are the most frequent of all substitutions for lentiviruses, 
overall the number of G + A transitions per sequence should be 25 while the transition frequency 
should be >5% of the number of Gs. Up to 60% of Gs may be substituted (Wain-Hobson et al., 
1995). 

4) The distribution of substitutions may be confined to a very small region, say 50 bp (Delassus et 
al., 1991). Equally, they may be distributed in an erratic manner throughout the genome (Wain- 
Hobson et al., 1995). Finally hypermutation may be sustained throughout minus strand synthesis 
resulting in approximately 30% G substitution over a 10 kb proviral sequence (Borman et al., 
1995; Pelletier and Wain-Hobson, unpublished data). 
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TAYtyr 

TAA stop 
TAGstop 

5) G t A transitions are associated with dinucleotide context declining in the order GpA > GpG > 
GpT 2 GpC (Vartanian et al., 1991). Occasionally a few examples have GpG>GpA (Fitzgibbon 
et al., 1993; Vartanian et al., 1994). More complex sequence context rules have been proposed 
(Borman et al., 1995). This author is not convinced the latter will hold up. 

6)  Hypermutants may be accompanied by small deletions of 1-5 bases. Large deletions and small 
insertions (1-3 bases) are rarer (Pezo et al., 1996; Vartanian et al., 1991; VartanimBet al., 1994). 

* 

Protein sequence: 
7) In phase stop codons resulting from tryptophan (TGG) to stop codons (TAA, TAG and TGA); see 

Figure 2. 
8) Unusual proportions of certain amino acid substitutions, e.g., depletion of glycine (G --f R, S ,  D, 

E and sometimes N or K), arginine (R + K, and less R --f H or Q), serine (S --+ N), aspartic and 
glutamic acids (D --f N and E K respectively), valine (V t I), alanine (A .--f T), methionine 
(M --f I) and cysteine (C ---f Y); see Figure 2. 

GAY asp 

GAR g h  

TTN phe TCN ser DE 

-a- 

+ 

CTN leu CCNpro CAY his ‘In-.. 
I :E ile I 

t 

ACN thr M Y  asn 

M R  lys 

TGY cys 

TGA stop 
TGG trp 

CGN arg 

AGN ser 

AGR arg 

GGN gly 

Figure 2. Amino acid substitutions resulting from G --f A hypermutation. The intensity of the arrows 
indicates the relative frequency based generally on dinucleotide context. 
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Mechanism 

G + A hypermutation results when minus strand DNA synthesis coincides with an increase in 
the intracellular [dTrP]/[dCTP] ratio. 
Evidence 

1) The two or so bases preceding the site of a misincorporation strongly influence the kinetics of 
misincorporation. Thus the strong dinucleotide context (Vartanian et al., 1991) indicates that it 
occurs during reverse transcription of plus stranded RNA into complementary DNA. 

2) A sequence with a number of C + T transitions (with respect to the plus strand, which are but 
G + A transitions with respect to the minus strand) was identified along with many more G + 
A hypermutants (Vartanian et al., 1991). This indicated that the phenomenon could occur during 
both minus and plus DNA strand synthesis. The properties of RNADNA hybrids in vitro are more 
conducive to generation of rG:dT mismatches with respect to dGdT mismatches in DNA:DNA 
duplexes (Sala et al., 1995). 

3) G + A hypermutants may be produced in vivo by addition of deoxythymidine (dThd) to the 
culture supernatant (Vartanian et al., unpublished data). dThd is scavenged, and kinased up to 
d T P  which has a negative effect on ribonucleotide reductase reduction of CDP to dCDP. The 
net effect is to increase the [dTTP]/[dCTP] ratio. 

4) G + A hypermutants may be simply reproduced in an in vitro reaction using RNA, purified RT 
and strongly biased [dTrP]/[dCTP] ratios (Martinez et al., 1994). They may also be made during 
endogenous strong stop synthesis (Martinez et al., 1994; Vartanian et al., unpublished data). 

5 )  Many types of hypermutants can be produced in vitro by manipulation of the dNTP pools (Martinez 
et al., 1994; Vartanian et al., unpublished data). Thus the mutant spectrum is restricted by the 
intracellular milieu and much less the HIV-1 RT. 

6) The extent of in vitro hypermutation was positively correlated to the magnitude of the [dTP] /  
[dCTP] ratio (Martinez et al., 1994). The dinucleotide preference was reproduced at relatively 
low [dTP]/[dCTP] ratio in the endogenous RT reaction (Vartanian et al., unpublished data). 

7) HN-1 RT is more sensitive in vitro to [dTTP]/[dCTP] imbalances than the Moloney murine 
leukemia virus (MoMLV) (Martinez et al., 1995). This helps explain the greater frequency of G 
+ A hypermutants in lentiviral sequence data sets. 

8) The clustering of rG:dT mismatches is partly explained by the observation that prior rG:dT 
mismatches increase the frequency of subsequent mismatches (Sala et al., 1995). 

Additional negative arguments 
1) Not associated with NTP imbalances during transcription. Given the pattern of reverse transcrip- 

tion the distribution of G --f A transitions through contiguous U3 and R of the LTR proscribes a 
transcriptional origin (Vartanian et al., 1994). 

2) Not related to excessive dUTP incorporation. Firstly hypermutants have been described for 
lentiviruses encoding adUTPase (EMVand CAEV, (Perry et al., 1992; Wain-Hobson et al., 1995)). 
Secondly for those without a dUTPase, such as HIV, the RT shows much greater discrimination 
against rG(temp1ate):dUTP as opposed to rGt:dTrP in vitro (Martinez et al., 1995). Finally, a 
dUTPase minus FIV mutant failed to generate G + A hypermutants (Lerner et al., 1995). 

3) Not associated with a mutant polymerase. Hypermutants have been identified in a single cycle 
of reverse transcription with a “wild type” RT (Mansky, 1996; Pathak and Temin, 1990). Hyper- 
mutants can be produced in vitro using E. coli expressed RT derived from infectious molecular 
clones (Martinez et al., 1994). 

Literature and Data Base 

Overall hypermutants are rare, probably reflecting the rigours of purifying selection. There are 
probably fewer than 100 examples, many having been alluded to above. Some researchers relegate them 
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to the drawer as they are frequently defective. Others submit them to the data base without commenting 
on them in the conventional literature. Some examples go unperceived (Table 1). 

Table 1 Some unsung or little known G 4 A hypermutants 

Clone designation Region of HIV genome* Reference 

ELI.03, TRA.18 env Vl-V2 Goodenow et a1 1989 
clone 229 env V3 loop LaRosa et a1 1990 
L3.14 (partially) nef Delassus et a1 1991 
YU, 1 clone env V3-C4 Yu et all991 
81~k1-1,1-3,1-4,1-11 SIVmac Vl-V4 Overbaugh et all991 
FOU 29.03.89 data set, 2 clones p24 gag Meyerhans et all991 
FOI 21.05.90 data set, 1 clone 
MM152-12 SIVmac gag Chen et a1 1992 

316LSS3env SIVmac V1-V5 Kodama et a1 1993 
D251+24 PO1 Najera et al 1995 
A9 (ACC no. U28514) SIVtan v3-v5 Mueller et a1 1995 
DH1 (partially) nef Huang et all995 
BWB-11 (partially), -33 env Monken et a1 1995 
CX-B (partially) patient Q23 V2 loop Poss et a1 1995 
SP-2-203 nef Michael et al 1995 
D1.O1 protease Barrie et all996 
pMCE10.86 LTR Estable et a1 1996 
pMCE29.1 
HP93A1, A2, B1, B2, C1, C2 Mariani et a1 1996 
HP95A1, A2 
HP83B 1, B2 (perhaps) 

*HIV-l unless otherwise stated. The table includes those sequences which passed into 
the literature with little or no comment. Other G 4 A hypermutants have been found 
for S N V  (Pathak and Temin, 1990), HIV-1 (Fitzgibbon et al., 1993; Mansky, 1996; 
Vartanian et al., 1991; Vartanian et al., 1994), SIV (Johnson et al., 1991; Pelletier et al., 
1995), HIV-2 (Gao et al., 1992), EIAV (Perry et al., 1992) and CAEV (Wain-Hobson 
et al., 1995). This list is probably not exhaustive, representing all those recognized 
by the author. 

MM179-02, -10, -16, -22, -33 

nef 

When hypermutation is not very intense or confined to a small region themolecular products cannot 
be assumed to be defective (Martinez et al., 1996). Thus, hypermutants should not be incorporated in 
phylogenetic trees, for they are generated in asinglecycle of replication. There never were intermediates 
as is implied when constructing phylogeny. Doing so can lead to spurious conclusions or groupings 
(Mariani et al., 1996). 

As mentioned above, one example was noted for S N V  (murine C type retrovirus group) (Pathak 
and Temin, 1990). One case has been described for HTLV-1 being limited to 5 G 4 A transitions (4 
GpA, 1 GpG) within a 110 bp stretch (Le. 4.2% substitution frequency). In this context it is worth 
noting that during the endogenous cDNA reaction HTLV-1 hypermutants may be produced by using 
biased [dNTP]s (Vartanian et al., unpublished data). 
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And the Pararetroviruses? 

This term covers the hepadnaviruses of mammals, reptiles and birds as well as the plant bad- 
naviruses. Perhaps the most celebrated viruses of each group are human hepatitis B virus (HBV) and 
cauliflower mosaic virus (CaMV) respectively. Although the infectious form harbours a DNA genome, 
intracellular replication passes through reverse transcription of a plus strand RNA pre-genome. Are 
there any hypermutants? None have been published, although two such HBV genomes have been 
sequenced (Giinther et al., unpublished data). Hypermutation was noted in the viral plus strand, while 
substitutions were erratically distributed throughout the genome. The overall substitution frequencies 
were 12% and 26%. Both genomes encoded in phase stop codons. The dinucleotide preference for 
transitions was GpA>GpG>GpC GpT. Such characteristics are typical of retroviral hypermutation, 
indicating that HBV replication is also vulnerable to intracellular [d?TP]/[dCTP] imbalances. 

A 3 G Hypermutation 

This represents an even rarer form of retroviral hypermutation, only a few examples being pub- 
lished to date. The initial example was identified within the U3 region of an avian leukosis virus (ALV) 
provirus (Felder et al., 1994), while more recent examples come from ALV (Hajjar and Linial, 1995) 
and S N V  (Kim et al., 1996). They most certainly arose via post transcriptional deamination of adenine 
moieties in the RNA genome by double stranded adenosine deaminase. Such a phenomenon was first 
noted for meades virus genomes in cases of subacute sclerosing panencephalitis, leading to interven- 
tion in the post transcriptional modification of some cellular mRNAs. Deamination of adenine leaves 
inosine, which preferentially base pairs with cytosine, leading to A + G transitions. For review see 
Bass, 1995. Given the high A content of HIV, the extensive secondary structure in the region 1-600 
and RRE, as well as the size of the HIV sequence data, it is perhaps surprising that no good example 
of A + G hypermutation exists. There has been discussion of an A5 change at position 27 of TAR 
(Blanchard et al., 1992; Klaver and Berkhout, 1994; Sharmeen et al., 1991). 
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Analyses of more distantly related HIV and SIV sequences that take as their point of departure 
an alignment, either of the nucleic acid or amino acid sequences, will only be as sound as the align- 
ment, which is itself an hypothesis. For this reason, many sequence analyses are conducted over only 
“unambiguously alignable” stretches of sequence, typically stretches for which the similarities are 50% 
or greater, and the information in the more varied regions (similarities less than 30%) is lost to the 
analysis. This is unfortunate insofar as structural information is typically derived from distantly related, 
not closely related, sequences. Given the diversity of primate immunodeficiency viral (PIV) sequences, 
alignments in the database publications up to this year were constrained of necessity to highly related 
subgroups of viral types, which were then “apposed” by eye. These safe, but restricted, alignments 
could not support some analyses based upon the entire set of PIV sequences. This year, in Parts I, II 
and III, we have brought into play a new alignment strategy that holds some promise for simultaneously 
and objectively aligning all members of the primate immunodeficiency virus family. 

An additional reason for exploring new approaches to H I V  and SIV sequence alignment concerns 
computational time: multiple alignment, viewed as an extension of pairwise alignment, requires time 
proportional to the average length of the sequences raised to power k, where k is the number of sequences 
being aligned. In the approach described below, sequences are aligned in time linearly proportional to 
k, the number of sequences. There are further advantages to the method. Most alignment strategies 
are “progressive”, which is to say that the alignment unfolds from the pairs of most similar sequences 
to the pairs of most dissimilar sequences; the essence of this approach is captured by Doolittle’s 
dictum-“once a gap always a gap” [l]. McClure and coworkers critique twelve different alignment 
methods, most of which are progressive, according to their abilities to correctly identify ordered series 
of motifs in highly divergent proteins that have been experimentally studied [2]. They find that no 
single approach is superior to all others, and most are time-consuming. Some of the newer multiple 
alignment programs are intentionally not progressive, partly for the reason that progressive alignments 
may be trapped by local optima, partly because phylogenetic inferences are implicitly assumed. The 
Hidden Markov Method (HMM) approach, which we utilize and describe herein, is not progressive; 
instead, it emphasizes position-specific probability distributions of character states, hence a gap in one 
portion of the alignment may be scored differently than a gap in another portion of the aligment. Most 
alignment programs have position-independent scoring schemes, which are unrealistic in the case of 
most proteins since they are composed of both conserved regions and indel-rich variable regions. As 
HMM is centered upon the columns of information, this approach, referred to as a “generalized profile”, 
is indifferent to the relatedness of pairs of sequences [3,4]. On the other hand, because a probability 
distribution over the 20 amino acids must be constructed at each position in the sequence, HMM is 
employed with large sets (40 or more taxa) of highly divergent sequences such as is seen with H I V s  
and SIVs. Furthermore, an assumption of independence between sites is made. The latter assumption 
is not universally defensible, however neither is it new to sequence analyses. 

At this point in the discussion, it will be helpful to briefly recall what a Markov chain is and 
in what sense the sequence alignment problem is said to be “hidden.” A first order Markov process 
is one in which the state at time t is a probabilistic function of the state at time t - 1. We think 
that this is a reasonable assumption for viral sequence evolution. Many phenomena describable by a 
Markov process are observable, e.&, changes in weather where a complete history of weather is on 
record [5]; when the changes of state are themselves not observable, the process is said to be hidden. 
In the case of HIV sequences, we do not possess a history of the intermediate states through which 
sequences have evolved. Fitch’s notion of a covarion, the set of concomitantly variable codons, can 
illustrate the hiddeness: we imagine that evolutionary changes shift the makeup of the covarion, at 
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one time a position be invariant, at another time being variable; one state representing one covarion, 
another state representing another covarion. These states are not observed. The overall problem is 
to formally arrive at a probabilitistic model that will satisfactorily account for the sequences that are 
known. Specific aspects of the problem, in addition to facilitating alignments, are to derive a suitable 
“consensus” sequence, to classify a sequence (is it distantly related or totally unrelated?), to support 
structural analysis, and to gain insight into the “hidden” evolutionary process. 

Hence the HMM approach leads to a model for the sequence set that has been analyzed. An 
example of an HMM-generated model, or so-called architecture, is shown on the cover of this year’s 
compendium. With subsequent database searches, this model-in the form of a “most likely” sequence, 
or discriminator-embodies all of the information contained in the data set, not merely one particular 
sequence. As we shall see, this consensus-like sequence is useful for database searching (below and 
accompanying Part IV section concerned with Molecular Mimicry). We have also coupled the HMM- 
generated model to prediction analyses of protein structure using an array of contemporary algorithms. 
Eventually, the sequence alignment and the structure prediction will become intertwined in an effort to 
optimize the alignment. 

Be forewarned that the method is still in its infancy and that our utilization is at the most elementary 
level: refinement of the approach, especially to extend the analysis to nonprimate lentiviruses and other 
retroviruses, entails extensive parameterization studies such as those being undertaken by McClure and 
coworkers [6]. Issues such as optimum model length, size of training set, etc. are not taken up in this 
analysis, which was restricted to just primate lentiviral sequences. 

In the following text, we first describe in some detail the HMM approach to alignment as we 
have applied it in this compendium, especially in Parts I and 11, then we turn to discussions of database 
searching and protein structure prediction. 

A. MULTIPLE SEQUENCE ALIGNMENT OF HWS and SWS USING HMM 

The Hidden Markov Model (m), as it has been applied to sequence analysis, has many 
similarities to what is called a “profile” [7,8] in terms of the information that it captures concerning a set 
of related sequences. In a sense, each can be thought of as an extended consensus sequence in which the 
information retained at each position includes the frequency with which each possible base or amino 
acid residue is seen in the sequence set at that position. The HMM is constructed from a number of 
successive nodes generally corresponding to the columns of positional homology of an alignment; each 
of these nodes contains a match state, an insert state and a delete state (see figure on the cover of this 
compendium). Match states correspond to simple amino acid (or base) substitutions; insert and delete 
states are self-explanatory. Associated with each of the states in the model are vectors of probabilities 
that specify the likelihood with which the system might pass to each member of the set of next possible 
states; these are referred to as transition probabilities. Also associated with match states and insert states 
are vectors of probability specifying the likelihood that the system will generate or “emit” each possible 
amino acid or nucleotide when in that state; delete states allow for the possibility that a sequence not 
have a character in a certain column. Altogether, there will be three probability matrices to describe 
the model-the transition matrix, the emission matrix, and the initial state matrix. 

The resultant architecture of the HMM allows one to establish a correspondence between the 
characters of a given sequence and the states of the model. The succession of the characters in the 
sequence will thus determine a path through the states of the model, and associated with this path will 
be a likelihood determined both by the probabilities of transition between successive states and‘the 
probability that each state has for generating the character that has been assigned to it. Provided that all 
the probabilities in the model, including both transition and emission probabilities, are non-zero, then 
each path through the model that is permissible according to the rules governing transitions from one 
node of the model to the next will have a non-zero probability of generating the given sequence. The 
task of finding the optimal path through the model for a given sequence, i.e. the path with the highest 
likelihood, can be thought of as aligning the sequence to the model, and may be solved using dynamic 
programming techniques. 
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The most important differences between the profile and the J3MM lie not in the resultant infor- 
mation structures, but in the means by which these structures are generated from the sequence data. As 
with an ordinary consensus sequence, the profile is generated from a set of sequences whose alignment 
has been determined by some independent means. The parameters for describing an HMM can also be 
derived from a given alignment in this manner. More importantly, however, there,exists an algorithm for 
HMMs that allows one to determine the parameters of the model having the highest likelihood (at least 
within the neighborhood of the initial model) given a set of unaligned sequences. This approach is quite 
similar to certain techniques used in connection with artificial intelligence applications, and is known 
as “training” the model. The general procedure for training makes use of an Expectation-Maximization 
algorithm, of which there are several [3,4,6]. 

Speaking generally, the algorithm used in training the parameters of an HMM involves an iterative 
approach that uses an initial model to estimate an alignment of the given set of sequences, then uses this 
alignment to re-estimate the model, and so on until the estimates converge to an optimum. For example, 
if we are given a set of protein sequences that are thought to be related, a good estimate for an initial 
model can be made by using the frequency distribution of amino acids in the unaligned set as a vector 
of probabilities assigned to all the match states and insert states of the model; transition probabilities 
between the states of the initial model can be assigned arbitrarily, or using a prior assessment of the 
relative frequencies of indel events. All of the sequences in the given set will now be aligned in turn 
to the model, finding the path through the model that maximizes the likelihood for the given sequence; 
by aligning all the sequences in the set to the model in this pairwise fashion, one transitively defines 
a multiple sequence alignment of the sequences to one another. The multiple sequence alignment 
thus created can be used for an estimate of the parameters of the HMM, by counting the frequency 
of occurrence of each amino acid at each position of the alignment and the frequency of indel events 
across the alignment. This adjusted HMM then serves as a model for another round of alignment, and 
so on. It can be shown that this process is guaranteed to converge to a local maximum of the likelihood 
function. 

To address the problem of guaranteeing convergence to a global maximum for this function, a 
variation of the simulated annealing algorithm can be applied at each step of the iterative algorithm; this 
basically allows a stochastically generated sub-optimal alignment to be chosen for the re-estimation of 
the model’s parameters, where the sub-optimality of the alignment decreases to zero with successive 
iterations of the re-estimation procedure. 

As should be clear from the preceding discussion, the model can be used to generate a multiple 
sequence alignment of sequences, including sequences not belonging to the set used to train the param- 
eters of the model. A distinct advantage to using the HMM over the standard dynamic programming 
algorithm for multiple sequence alignments is that since one is really performing a set of pairwise com- 
parisons of the sequences to the model, the time and memory requirements increase only linearly with 
the number of sequences, as opposed to exponentially with dynamic programming. It follows that it is 
relatively easy to add a new sequence to the alignment and rebuild the model; experimentally-derived 
information can also be added to the model (knqwn as priors) with relative ease. 

A good general introduction to the basic ideas of HMMs (not oriented, however, toward se- 
quence analysis) is reference 5 below. We have employed the HMMER implementation that is pub- 
licly available [9-10](eddy@genetics.wustZ.edu). Another HMM suite that can be obtained is SAM 
(http://ww.cse.ucsc.edu/researcWcompbio/sam.html). The SAM Web site contains a number of links 
to papers concerned with HMMs and sequence analysis. These programs were originally applied to 
highly studied data sets, “validation” sets [3,4,6] (globins, EF-hand proteins, kinases, and proteases), 
for which extensive experimentally-based data were available to help assess the alignment results. With 
HIV and SIV sequences, the results of the approach must be critiqued by scutinizing motifs-do cys- 
teines, cleavage sites, and potential glycosylation sites in envelope align, for example? This can be 
problematic as it is not preordained, for instance, that all sequons need align [l 11. Another approach 
to critiquing the HMM-generated alignment involves construction of blocks using representative PIV 
sequences (described below). Finally, it is necessary to compare scores from matching individual HIV 
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and SN sequences to the “most likely”, or discriminator, sequence, the HMM equivalent of a consen- 
sus: as we shall report in the section to follow, our model has been “ovefitted” to HIV-1 sequences; 
nevertheless, the boundaries and motifs appear to be satisfactorily aligned. 

Approximately 400 HIV and SN sequences were trained using HMMER version 1.8. The 
frequency distribution of amino acids in the unaligned HIV and SIV sequences was used as input in 
place of the default distribution derived from the PIR database. We should first consider the success or 
failure of the approach with respect to identifying motifs. The envelope protein alignment of an HIV2 
sequence (SBLASY) to the HMM consensus is instructive in this regard (figure 1): 1) cysteines, denoted 
by ’*’, and potential N-linked glycosylation sites, denoted by -, are aligned as we might expect them 
to be aligned when doing ordinary alignment assisted by manual input; 2) four noncontiguous residues 
found in certain HN-1 subtype B sequences to be essential for CD4 interaction, D, E, W and D (see 
pp. 11-1,2 of NOV 95), are aligned in almost all HIVs and SNs  (tryptophans are in general highly 
conserved); 3) the gp120/gp41 cleavage site is aligned, as we expect, although an alternative cleavage 
site may be used in some HIV-2s. 

Further confirmation of the alignment comes from BLOCKS analysis: using representative se- 
quences from the Part 11 HMMER-generated alignments, blocks-gapless arrays of multiply aligned 
conserved sequences-were constructed using the BLOCKMAKER program [12,13] (http://www. 
blocks.fhcrc.org). Two different programs are employed by BLOCKMAKER, the MOTIF program 
and the GIBBS Sampler program. Boundaries for the created blocks were highly conserved in the 
HMM alignments (Part II), however blocks based on envelope sequences largely coincide with con- 
served domains, hence other motifs (cysteines, glycosylation sites) must provide the main support for 
alignment over the more varied regions. 

A difficulty encountered by the HMM (and every) alignment method is large indels; we have 
the least confidence in those. To the extent that these stretches may have arisen through acquisition of 
genetic material, they may not be intrinsically alignable as they may not be homologous. The reader 
may want to compare the Vl-V2 region alignment in figure 1 with one manually created by Lamers 
et al. [14]. Alignments in previous publications may be “safer”, but they are also more constrained 
and less informative because they were executed over just highly related sequences. Since the different 
alignments have different applications, both are made available on the Web site (http://hiv-web.lanZ.gov). 

Nucleotide sequence alignments, by this approach, were produced from the HMM-generated 
amino acid sequence alignments. The nucleotide alignment was then subjected to HMMER and a 
nucleotide-specific model was obtained. This approach follows in a general way the approach taken in 
earlier database publications that were based on the PIMA algorithm of Smith and Smith. 

B. DATABASE SEARCHING USING AN HMM APPROACH 

An important application of the HMM-generated model is in the discrimination of related se- 
quences from non-related sequences. This is especially useful in connection with database searching. 
Associated with each sequence in the database is a probability, a log-odds score analogous to a BLAST 
score, with which the sequence could be generated by the given model. With the HMMER algorithm 
i-101, 

where the alignment of each sequence in the database, Si, is compared to both the HMM generated 
model, M ,  and a random model, R. The latter should have the same amino acid composition as the 
database at large and it should be as likely, a priori, as M .  The log-odds score corrects for sequence 
length. A score greater than zero has a better than even chance of being significant, however, as a rule 
of thumb, a score must be about 20 or more to be deemed significant [9]. The distribution of likelihood 
scores for all the sequences in the database will provide a measure of discrimination between similar 
and non-similar sequences. Using the HMM for database searching has the advantage of utilising a 
great deal more of the information available for a family of sequences than can be captured by query 
techniques that force one to use only one sequence from the family or, at best, a standard consensus 
sequence as a query against the database. 
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The HMMER program, used herein, employs the Smith-Waterman (S-W) algorithm for opti- 
mizing local alignments. As with BLAST, both identities and equivalencies (conserved amino acid 
replacements) are scored; unlike BLAST, which is a heuristic search program, the S-W algorithm re- 
ports only the best match between the HMM consensus and a given database entry. A general discussion 
of these somewhat different approaches to database searching is found in reference [l5]. Compositional 
bias may be present in the outcome of a database search, which is to say that spurious matches may 
arise by virtue of similar compositions only. 

The comparison shown in figure 1 of a particular HIV-2 sequence to the HMM model consensus 
was taken from an S-W/HMMER search of the protein database using the HMM model for envelope. 
The score (corrected for the model length and the length of the target sequence) was highly significant, 
1676, however HIV-1 scores uniformly hovered between 2700 and 2800, which tells us that the model 
was overfitted to HIV-1s. Scores among HIV-1s of different genetic subtypes did not significantly differ, 
which was satisfying, but HIV-2 and SIV scores were uniformly lower. The m i m u m  discrimination 
option of HMMER, in contrast to the default maximum likelihood improves this situation somewhat 
[9-lo]. Note in figure 1 that the reduction in score for the HN-2 is mostly due to amino acid differences 
regarded to be conservative (indicated with a'+'). Although the probability distributions at the various 
homologous sites did not have adequate representation from the HN-2 sequences, the alignment, as 
such, is reasonable. The scores over just the envelope gp41 were closer; and the scores for gag protein 
were much closer, 1759 for an HIV-1, 1478 for an HIV-2, showing that the fit is more inclusive. 

Parallel S-W/HMMER envelope searches were conducted using a database in which HIV and SIV 
sequences were filtered out. The only non-zero matches to nonprimate lentiviral sequences involved 
Visna and its close relatives, OMWSA and CAEV. The log-odds scores for these were less than 10; 
for example, from the Env gp41, 

HMM Consensus NNMTWMEWEREIDNYTaNIYtLIEES 
+N TW++WERE Y +N + L+ ES 

CAEVEnv DNCTWQQWERELQGYDGNLTMLLRES 

The score for this match was 5.55, suggesting that the cutoff value of 20 should not be too rigidly 
applied. The highest match score in this search, 12.15, belongs to a horse skeletal muscle sodium 
channel alpha-subunit, which illustrates the possibility of compositional bias: 

Hh"l Consensus NTTWLFNSTWn . NgTW. SNNTEG . ND 
NTTW N TW+ N+TW SN+T++ ND 

query NTTWYGNDTWYSNDTWNSNDTWSSND 

In summary, the --based search is fairly stringent as no significant matches were found to 
the HN/SIV envelope model that were not proteins from primate immunodeficiency viruses. Selected 
examples of envelope matches with weak scores (less than 10) can be found in the accompanying section 
of Part IV concerned with molecular mimicry. HMM-generated models and database searches were 
also conducted for Gag, Tat, Vpr-Vpx, Vpu, and Nef, all of which are more evenly fitted than Env to 
all primate immunodeficiency viruses. Some brief comments regarding the search results follow: 

Gag: Significant matches to nonprimate lentiviruses were more common with the HMM con- 
sensus for Gag than for Env: Visna, CAEV, EMV, Jembrana, BIV and F W  all displayed matches, with 
FIV having the highest score (approximately 85). Most of these matches included the Gag zinc-finger 
motif, and as a result many matches above a score of 20 were also observed for proteins other than Gag. 
The tetrahymena cnjB gene product, for instance, scored 35.33, which was comparable to scores for 
some of the nonprimate lentiviral Gags. Many scores less than 20 were encountered for the zinc-finger 
motif, for example: 

HMM Consensus RKIIKCFNCGKEGHIARNCRAPRKKGCWKCGKEGH 
R + KCFNC EGH C+ P +GC CG GH 

c. eleganS RNA helicase RGPMKCFNCKGEGHRSAECPEP-PRGCFNCGEQGH 
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The log-odds score for this match was 4.67. We conclude from this search that the HMM model 
was especially good for picking up zinc-finger motifs of a certain kind.The so-called major homology 
region (MHR), which in the HMM consensus appears as IRQGPKEPFRDYVDRFYKTL, showed up 
only in matches with lentiviral Gags or with retroviral type D Gag sequences, such as those of SRV. 

Tat: Of the nonprimate lentiviruses, only BIV and the Jembrana disease virus possessed signifi- 
cant match scores to the HMM consensus, 43.75 and 37.94 (versus an HIV-1 or HN-2 score of about 
280). These matches were across the second and third domains of the first coding exon, which encom- 
pass cysteine residues involved in intramolecular bonding and the RKKGLGI motif that is thought to 
constitute the minimal Tat. EIAV displayed a weaker match, 10.43, and only in the second domain. 
These findings corroborate earlier judgments in the field that only BIV, and possibly EMV, among 
nonprimate lentiviruses, possess a “true Tat’’ (the Jembrana virus has been sequenced subsequent to that 
conclusion.) Hence, FIV’s match in the fourth domain, with a score of merely 5.26, is not considered 
Tat-specific: 

HMM Consensus KKRRQRRRTPQKS 
KK RQRRR ++K+ 

)?J.v KKKRQRRRRKKKA 

Vpr-Vpx: Given the paralogous relationship between Vpr and Vpx, one HMM Consensus was 
generated for the two proteins. The highest score against this consensus for sequences other than primate 
lentiviral sequences was with SA-OMW, the Visna relative: 

HMM Consensus MEQAPWEf PRERIDQGWEWDPQRE 
ME+A PR +G +RE 

S A - O W S A  MEEA--- - PRR--RPG- ---GSRE 

The score was 10.44. A nearly identical score was attained by a ligand for Fas antigen, but clearly 
due to mere compositional homogeneity: 

HMM Consensus GPGGWRRGPPPRNPPSRSMH 
GPG+ RR PPP++PP+ S + 

ligand for Fas GPGQ-RR-PPPPPPPP-SPL 

Vpu: In contrast to other HMM consensus sequences, the discriminator for Vpu was generated 
solely from HIV-1s. Match scores varied significantly-251 for the BAL strain but merely 45.38 for 
ANT7O-suggesting that the model was overfitted to M group viruses. The subtype D virus ELI had a 
score of 229. Among non-HIV-ls, the highest score, 10.93, was found for a toxin receptor: 

Consensus MQPLQILAIVALWAaIIAIWW 
+ L+I A V LV ++ A WW 

C5a anaphylatoxin receptor ILALVIFAWFLVGVLGNALWW 

Rev sequences from SIV displayed weak similarity with the N-terminus of the HMM model for 
vpu: 

HMM COnSenSUS MQPLQILAI 
+Q LQ LA1 

SIV Rev IQQLQRLAI 

Nee With exception of primate immunodeficiency viral sequences, no database sequence dis- 
played striking similarity to regions of the NEF HMM consensus. When mediocre scores were seen, 
they invariably resulted from compositional homogenity<ysteines, acidic amino acid residues, etc. 
This result is in contrast to the widespread claims regarding Nef “homologs” (Le., similarities) in the 
literature of HIV. 
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From these preliminary studies, we conclude that the HMM approach to database searching is 
sensitive and specific. As a supplement to searches based on an HMM consensus, users should consider 
searching with COBBLER sequences deduced from the BLOCKMAKER program (http://www.blocks. 
fhcrc.org). Future improvements to the approach will include the introduction of structural information. 
We shall now turn to structure-prediction and the interplay between primary sequence alignment and 
structure-based alignment. 

C. PROTEIN STRUCTURE PREDICTION 

A promising starting point for predicting a structure for a given amino acid sequence is to determine 
whether that sequence is sufficiently similar to any other sequence for which biophysical data, ideally 
X-ray crystallographic data, is available. For sure, sequences that are 50% are more similar will have 
similar structures, while less similar sequences can have similar folds over core regions. The focus herein 
will be upon weakly similar sequences, in particular upon those of envelopes for which comparatively 
little biophysical data, beyond limited NMR, is available. 

The earliest structure prediction algorithms, such as the Chou-Fasman algorithm, possess a pre- 
dictive accuracy of no better than about 55%, partly due to the small set of known structures upon which 
they depend and partly due to their assumptions. Three-state predictions-helix (H), sheet (E) and 
coil (C)-are more accurate than four-state predictions that include turns (7); the accuracy is poorest 
at the ends of polypeptides and best in the core regions. Secondary stucture prediction in general is 
most reliable for transmembrane helices. With the buildup of the protein database and the development 
of more powerful algorithms, which especially take into account multiple sequence alignments, the 
predictive accuracy for secondary structure can now reach slightly better than 70%. 

SOPM (self-optimised prediction method) is an example of a recent approach to protein secondary 
structure prediction [16-171. When applied to 239 dissimilar proteins of known structure, this algorithm 
yields three-state prediction accuracies of 69% to 73%. On the other hand, because it involves sizeable 
subdatabases of sequences and their known structures, it will take longer to run than the older, less 
accurate algorithms. The basic ideas used in the SOPM are as follows. 

First, a sliding window of a fixed size is applied to the protein sequence of unknown secondary 
structure to define a set of overlapping peptides. For example, suppose we are given the sequence 
KPQRNSKSTAAL . . . with a window whose size is eight amino acids long and which is moved one 
amino acid over at each step. The resultant set of octapeptides will be KPQRNSKS, PQRNSKST, 
QRNSKSTA, RNSKSTAA, NSKSTAAL . . . . Note that most of the amino acids of the original sequence 
will belong to successive octapeptides, each differing from the previous peptide by the removal of an 
amino acid from one end and the addition of an amino acid to the other. 

Next, each of the peptides thus derived from the query sequence is now compared to a database 
of peptides that has been created by similar means from a database of proteins of known secondary 
structure. If the peptide from the query sequence matches a peptide from the database above a’certain 
threshold of similarity, then the similarity score is added to the conformational scores for each of the 
amino acids in the peptide. In our example, suppose that the first peptide KPQRNSKS matches a 
peptide in the database RPQRDTKS whose known structure is HHCCCEEE, and that the similarity 
score between these two peptides is 30. If this score is above the threshold parameter, then 30 will be 
added to the first two amino acids’ helical conformational scores, to the next three amino acids’ coil 
conformational scores and to the last three amino acids’ sheet conformational scores. There may be 
other peptides in the database matching the query peptide with alternative predictions for the secondary 
structure of each of the amino acids, and all these predictive scores will be added together in each of 
the conformational categories, resulting in a distribution of scores over the possible secondary structure 
conformations. After the first query peptide has been compared, the process will continue for each of 
the remaining peptides in the query set. The final scores for an amino acid belonging to eight successive 
query peptides will thus include the scores for the comparisons of all eight of these peptides against the 
entire database of peptides of known structure. 

After all comparisons have been made, each amino acid in the original protein will have values 
associated with its propensity to adopt a conformation in each of the secondary structure classes. From 
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the method of calculation detailed above it is clear that the empirical evidence for the prediction of the 
secondary structure of the amino acid weighs most heavily for that class with the highest score. 

There are two additional statistics concerning the distribution of the scores over all the classes that 
can be revealing of the predictive power of this approach. The first is the actual magnitude of the scores 
for any given amino acid. If these are small relative to the cumulative scores for other amino acids, it 
may indicate a’ lack of information for the prediction of the secondary structure conformation of that 
amino acid. This could happen for two reasons: first, if the amino acid is within the window size to 
either terminus of the original protein, it will belong to proportionately fewer query peptides and have 
fewer comparisons with the database that could add to its score; second, the amino acid could belong to 
a series of peptides that for some reason are poorly represented in the database of known structures, and 
could thus have few comparisons to the database having a large enough similarity score to be added to 
the conformational scores for the amino acid. In either case, values that are low in magnitude indicate 
a lack of information in the database for the amino acid in its given environment. 

The second statistic that is pertinent to the predictive value of a set of scores for a given amino 
acid is the difference between the scores of the highest and next-highest scoring classes of secondary 
structure. If this difference is small, it may be inferred that the information in the database for the amino 
acid in this particular environment is conflicting. For example, suppose that approximately half of the 
peptides contributing to a given amino acid’s conformational scores support a helical structure, while 
the other half support its being classed as an element of a beta sheet. In this scenario, it is likely that the 
cumulative scores for helix and sheet for this amino acid would be nearly equal, and thus the difference 
between them would be near zero. In order to make this statistic independent of the magnitudes of the 
scores (which were accounted for in the former statistic), one may normalize the values by dividing the 
difference between the highest and next-highest scores by the magnitude of the highest score. 

It is the widespread wisdom at this time to evaluate sequences, whenever possible, by more than 
one algorithmic approach; some methods are better for predicting helices, others for predicting sheets, 
etc. The SOPMA server (http://nww.ibcp.fr/predicf,html), therefore, submits a sequence to alternative 
methods of structure prediction-Gibrat, Levin, DPM and the PhD [18-21]-and also generates a 
consensus over those and the SOPM prediction itself. The HMM-generated “most likely” sequence 
was submitted to the SOPMA suite, producing predictions using the five individual algorithms as well 
as a consensus prediction, with the following results( H = helix, E = beta sheet, T = turn, and C = coil; 
blocks, defined by the MOTIF program in BLOCKMAKER, are indicated). 

Although the HMM model has been overtitted in this case to HIV-1, the structures should be 
somewhat conserved across primate lentiviral boundaries. Gallaher and coworkers have explored this 
for the surface and transmembrane components of the lentiviral envelope [22,23]. Because the HMM- 
generated “most likely” sequence embodies information from hundreds of primate immunodeficiency 
viruses, it offers a reasonable test of their “eclectic” models derived from representative lentiviral 
sequences [22,23]. 

The Gallaher model for the surface protein (dependent primarily upon the Chou-Fasman al- 
gorithm) identifies five helical regions, all five of which are strongly or moderately predicted by the 
SOPMA suite: the 1st overlaps the 1st definable block in gp120 (figure 2 and Part II); the 4th is included 
in the 4th block and the 5th is included in the 5th block. Helices 1,3 and 5 are strongly evident in HIV-2 
sequences such as ROD. Furthermore, SOPMA suggests a small stretch of helix at the C-terminal end 
of the V3 loop and also at the C-terminal end of the gp120. In general, helices are the most predictable 
of secondary structures. Turns are weakly predicted following the V2 loop (in the 2nd definable block) 
and twice within the V3 loop, as we have come to expect. A stronger prediction is for the second turn 
that follows the third helical region, which separate V3 and V4; this “hinge” coincides with two of the 
four highly conserved CD4 contact residues and is bordered by the 3rd definable block. The two other 
contact residues for CD4 interaction occur in the 4th block, which includes the 4th helical region. An 
examination of predictions for several HIV-1 V3 loop sequences of different subtypes suggests that the 
Levin, DPM and SOPM methods most consistently predict the putative type 11 beta turn at the crest of 
the V3 loop. Further structural analysis of V3 loops is provided by Catasti and Gupta in Part III. 
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most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

1 10 20 30 40 50 60 
I I I I I I I 
MRVKGIRRNYQHLWRWGILLLGMLMICSAAENLWVTVYYGVPWKEATTTLFCASDAKAY 
EEEEEEEEEHHEHEHHHHHHHHHHHHHHHCCCEEEEEECCCEEECHCCHHHHHHCCHCCC 
ESESSCECCSTTTCTCHHHHHHEHEEECCCTTCEEEEEECCCCCCCHCCHEEECCCCCHCH 
CCEECECCCCCCEEEEEEEEEEEEEEECHHHHEEEEEEECECEEHHHCEEEEEHCCHCCC 
HHTTTCCHHHCTEECCCCEEHCCCHHHHTCCCCHEEEEECCCTTCCCCCCCCCCCHHHHH 
CCCCCHHHHHHHHHHHHHHHHHHHHHEECCCCEEEEEEEEEECCCCCCEEEEEECCCCCC 
-CE-C----H---E--HHHHHH-HHHE--CCCEEEEEEECCC--CHCC-EEE--CCHCCC 

--- alpha-helix 1 -- turn? 
DTEVHNVWATHACVPTDPNPQEIVLENVTENF-EQMHEDIISLWDQSLKPCVK 
HHHHHEHEHEECECCCCCCCCHEEEEHHHHHHHHHHHCHHHHHHHHHHHHHHHCCCCCCC 
HHHHHHHHHHCCECCCCCSCSCEEEHHHHHHHHHHHHHHHHHHHHHHHHHCHTHCCTTCC 
CCCEEEEEHECCEECCCCCCCHEEEEEECCCCTCCCCCEEHHHHHCEEEEECCCCCCEEC 
TTTHHHHHHCCEEECCCCCCCEEEEEEEEEHHHCTTCHHHHHHHHCEEECCCCCHHHHHH 
CCCCCCCCCCCCCCCCCCCCCEEEEECCHHHHHHHHCHHHHHHHHHHHHHHHHCCCCCEE 
---HH-H-H-CCECCCCCCCC-EEEE--HHHHHHHHCHHHHHHHHHHHHH-H-CCCC--C 

--> v1 loop <-- --, 
LTPLCVTLNCTDVNATNTNNTTNTTKIDMINETSSCIRQDNCTGLEKGEIKNCSFNITTE 
CCCCEECECCCCECCEECCCCCCCEEEEEECCCCCECCCCCCCCCCCCCEEECCCCCCHH 
CCCEEEEEECECCCHTCTTCCCCCEEEEEECCCCSECCCSTCCCCCTTCCHHCCHHEEHH 
ECCEEEEECCCCECCCCCCCCCCCCCECEECCCCCEECCCTCCCCTCCCECCTCECEEEE 
HCCTEEEECCEECCCCCTTCCCCCCEEEECCCCCCCCCCCCCEEEETTEEEEEECCHEEH 
CCCCEEEEEECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCEEEECCCC 
CCC-EEEECCCCCCCCCCCCCCCCCEEEEECCCCCECCCCCCCCCCCCCE---C-C-E-H 

v2 loop <-- hinge? 
IRDKKQKEYALFYKLDWPIDNNNTSYRLINCNTSVITQACP~SFEPIPIHYCAPAGFA 
HHHHHHHHHHHHHHHHEEEECCCCCCEEEEECCCCCCCECCCCCCCCCCCHCECCCCCHH 
CHCSSHHHHHHHCECCECCCCTCCSEEEEECTCCCEEEEHCCTCCTCSCEEEECCCTSCE 
ECCCCTCHHHEEEEECEECECTTTCCEEEECCCCEEEECCCCCECECCCCCCCCCCCCEH 
HHHCCHHHHHHHHHHHHEEECCCCCCCEEECCCCCCCEEEEEEEEECCCCEEEECCHHHH 
CCCHHHHHHHHEECCCEEEECCCCCEEEEEECCCCEEEECCCCCCCCCCCEEEECCCCEE 
-HCCCHHHHHHH---CEEEECCCCCCEEEECCCCCEEEECCCCCC-CCCCEEECCCCC-H 

I L K C N D K K F N G T G P C K N V S T Q C T H G I K P W S T Q L L L N G S L I  
HHHHCCCCCCCCCCCCCCCEEEECCCCCCEEEHHHHHCCCHHHHHEEEHHHCCCHCHHHE 
EEESCCTSCCTCCCCCCCEEECCCCECCCECETCEEEHHCCCTTCEEEECHCCCHCCSCE 
EECTTTCCCTTCTCCCTEEEEEEECCECCEEEEEEECTCCCHHHHEEEECCCCCCCCCEE 
HHHHTCCCCCCCCCCCCCCHHECCTTCCCEEEEEEHHHHHHTTHHHEEHHHHHHHHHHHE 
EEEECCCCCCCCCCCCCEEEEEECCCCCEEEEEEEECCCCCHHHEEEEEEEECCCCCEEE 
EE--CCCCCCCCCCCCCCEEEEECCCCCCEEEEEEE--CCCHHHHEEEE-HCCCHCC--E 

-- alpha helix 2 

v3 loop 
--> turn? turn? <-- -- alpha 

IVQLNESVEINCTRPNNNTRKSITIGPGQAFYATGDIIGDIRQAHCNISGAKWNETLQQV 
EEEECCCCEEEECCCCCCCCEEEEECCCCEEEECCCHCEEEEEHEECCCCCCHHHHHHHH 
EEEECSHHCEECCCCTCCSCSCEECCTTCCEEETSECEHECCHCCCCHTTCCCHHHHHHH 
EEEECCEEEECCCCCTCTCCCEEEECCCCCECCCCCEECCECHHCCCECTCCCCCCEHEE 
EEEECCCHECCCCCCCCCCCCCEEECCCCTTECCCCCCCCCEEHHEEECCCCCHHHHHHHH 
EEEECCEEEEEECCCCCCCEEEEEECCCEEEEECCCCCCCHHHCCHHHHCHHHHHHHHHH 
EEEECC--EEECCCCCCCCCCEEEECCCC-EEECCCCCCCE-HHC-C-CCCCHHHHHHHH 

CD4 CD4 
I I  

helix 3 -- hinge? 
AKKLREQFGNKTIIFNQSSGGDPEITTHSFNCGGEFFYCNTTQLFNS~G~STESN 
HHHHHHHHCCCEEEEECCCCCCCEEEEECECCCCEEEEECCEEEEEEEEECCCEEEECCC 
HHHHHHHTTTSEEEEECCCSCCCECCECSTCCTCCCEEECCTHHECCTCTTTCCCCCTCCT 
HHHHHHCTCCCEEEECTTTTCTCCCCECCCTTCCCEEEECCCCEECCCCTTCCCCCCTTC 
HHHHHHTTTCCEEEEETTTCCCTEEEEEEEEEECCEEEEEEEEEECTTCC~TCCCCCCC 
HHHHHHHCCCCEEEEECCCCCCCEEEEEEEECCCEEEEEEEHHHHCCCCCCCCCCCCCCC 
HHHHHHHTCCCEEEEECCCCCCCEEEEECE-CCCCEEEECC--EECC-C-TCCCCCCCCC 

CD4 
I CD4 

-- alpha helix 4 -- I 
DTITLPCRIKQIINMWQEVGKAMYAPPIEGQITCSSNITGLLLTR~GD~STNETFRPG 
CCEEEHHCCHCEHHCHHHHCCCCCCCCCCCEEEECCCCCEEEEEECCCCCCCCCEEECCC 
SCEEEEECHHHHHHHHHHHTSCECCSCCCTCCCCCTTCCEEEEEETCCCCCTTCCCCCCT 
CCECCCCCEEEEEEEECHECCHCCCCCCCCCEECCCCECCEEECCCTTTT~CCCCCCTT 
CCEEEECCHHHEEEHHHHHTEEEECCTHCCCCCCCCCCCHEEHCCCCCCCCCCCCCCCCC 
CCCCCCHHHHHHHHHHHHHHHHCCCCCCCCEEEEECCCCEEEEEECCCCCCCCCEEECCC 
CCEEE--CHHHEHHHHHHH-C-CCCCCCCCCEECCCCCCEEEEEECCCCCCCCCCCCCCC 
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most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

most-likely 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
PhD method 
Consensus 

1 10 20 30 4 0  50 60 
I I I I I I I 

--alpha helix 5-- gp12O/gp41 fusion domain 
GGDMRDNWRSELYKYKWKIEPLGVAPTKAKRRWQREKRVGLGAVFLGFLGAAGSTMG 
CCCCCCECHHHHHHHHEHEHCHHHHCCHHHHHHHHHHHHHHHHHHHHHEEEECHCCCEEE 
CCCCHHHHHHHHHHHCCCECCCCECCCCCHHHHEHHHCCHHHHCHCEEHCCCCCCCCCCC 
TCTCCCCCCCHECEEEEEEECCCCCCCCCHHHEEEEHHHHHECECEEEEEEECTCCCCCC 
CCCCCCTHHHHHETTEEEEEECCCCCCCHHHHHHHHHHHHHHHTTCEEEEEEECCCHHHH 
CCCCHHHHHHHHCCCCEEEEECCCCCCCCHHHHHHCCCCCCCCCCHHHHHHHHHHHHHHH 
CCCCCC-HHHHH----EEEECCCCCCCCCHHHHHHHHHHHHHH---EEEEEEC-CCC--- 

turn? -- extended helix -- 
AASITLTVQARQLLSGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARVLAVERYLKDQQ 
EHEEEHHHHHHHEEEHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
CCCCEEECCCCCCCTHCCCCTTHHHHHHHHHHHHHCEEEEHCCHHTHHHHHHHHHCTTCC 
CCCEEEEEEHHHEEEEEEECCCCHEHHHHHHHHEEEEEEEEECHHHHHEEHEHHEHCCCC 
HHHHEEEEHHHCCCCHHCCCHHHHHHHHHHHHHHHHHCCCCHHHHHHHHHHHHHHHHHHC 
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
-H--EEE-HHHH---HH--CHHHHHHHHHHHHHHHHH---HHHHHHHHHHHHHHHHHHHC 

turn? turn? -- extended helix 
LLGIWGCSGKLICTTTVPWNSSWSNKSLTPIWNNMTWMEWEREIDNYTALIYTLLEESQN 
EEEECEECCCEEEEEEECCCCECCCCCEEEEEHCCCHHHHHHHHHHHHHHHEEEHHHHHH 
HHHCECCTCCEEETEECCCCCCSTTTTECEHCHHHCHHHHHHCHHHHHHHHHHCCCHCCC 
EECEETTCCCEEEEEEECCCCCCTTCCCCCCCCCCCEHHHHHHECCCCEEEEEEHHHTCC 
EEEEEEETTCEEEEEEECCCEECCCCCCCCCCCHHHHHHHHHHHHHCCHHHHHHHCCHHH 
HHHHCCCCEEEEEEEECCCCCCCCCCCHHHHHHCCCHHHHHHHHHHHHHHHHHHHHHHHH 
EE-EE--CCCEEEEEEECCCCCCCCCC-C--CHCCCHHHHHHHHHHHHHHHHH-HHHHHH 

QQEKNEQELLELDKWASL~FDIT~L~IKIFIMIVGGLIGLRIVFAVLSI~R~QG 
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHEEEECCCCCEEEEEEEEEEEEEEECC 
CCCHHHHHHHHHHSCCCCHHHHHHHHHHHHHHHEEEHHTSCCCHHHHEHHHHHHHHCCSS 
CCTCCCHHHHHHCHCHCEECEECEECEEEEEEEEEEEEECEEEEEEEEEEEEEEEEECCC 
HHHHHHHHHHHCCCCCCCCETCCCCCEEEEEEEEEEEEECTTCCEEEEEEEEEEEEEEEC 
HHHHHHHHHHHHCHHHHHHHHHHHHHHHHHHHHHEEEEECEHHHHHHHHHHHHHHHHHHC 
HHHHHHHHHHHHCHCHC-HHHHHHHHHHHHHHHEEEEEEC--C-EEEEEEEEEEEEE-CC 

YSPLSFPPGYIQQTHLPAPRGPDRPEGIEEEGGERDRDRSWRL~GFLALIWDDLRSLCL 
CCCCCCCCCCEEEECCCCCCCCCCCCCCEHCCCCCCHCHHHHHHHHHHHHHHHHHHHHHH 
CCCCCCCCSSCEECCCCCCCCCCCCCHHHHTCCCCHHHHHHHHHHHHHHHHHSTSCCHEH 
CCCCCCCCCCECCCCCCCCCTCCCCCCCCTCCCTCCCCCCEEEECCEEEEEECCCCCEEE 
CCEEECCCCCEEEEEEEHHTCCCCHHHHHHTTTCCCHTCCCEECCCCEECCCCCCEEEEE 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHH 
CCCCCCCCCCEEECCCCCCCCCCCCCCC-HCCCCCCHCCC---HHHHHHHHHC-C--HEH 

FSYHRLRDLLLIVARIVELLGRSSLKGLRRGWEALKYLWNLLQYWSQELKNSAVSLLNAT 
HHHHHHHHHHHHHHHHHHHHCHCCHHCHEHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
HETHCHHHHHHHHHHHHHHHCTTCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
EEECCEHCEEEEEEEEEEEETTCCTCCTTCCHHHHHEEECEECEECCHTCCCCEEEECHC 
EETTTTHHHHHHHHHHHHHHTCCCHHHHHHHHHHHHHHHHHHHHHHHHHHTTHEEEECTH 
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
HE-H-HHHHHHHHHHHHHHH--CCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 

-- turn? extended helix and transmembrane region 

AIAVAEGTDRVIEVLQRIGRILHIPRRIRQGLERLL 
HHHHHCCCHHHHHHHHHHHHHEEECCCHHHHHHHHHHH 
HHHHHTCCCHHHHHHHHHCHHECHCCHSHCTTCHSHHE 
HEHEHCTCCEEEEEEEEECEEEEEECCEEECCHHHHCC 
HHHHHCCTTEEEEEECCCCCEEEECCCEHHHHHHTTTT 
HHHHHHHHHHHHHHHHHHHHHHHHCHHHHHHHHHHHCC 
HHHHHCCC-HHHHHHHHHCHHEEECCC-HHHHHHHH-- 
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The transmembrane portion of envelope contains more helix than does the surface portion, as 
determined by circular dichroism, and the structure predictions confirm this for the HMM consensus. 
An extended helix, encompassed by the 7th definable block, immediately preceeds the immunodominant 
domain and another, encompassed by the 8th block, follows it. Another predictable helix coincides 
with the membrane spanning domain, as we would expect. A predicted turn associated with the RQGY 
peptide that ostensibly signals the terminus of the transmembrane region [24] is not supported by the 
SOPMA suite. 

In the future, we hope to refine the HMM analyses of H N s  and SIVs, first, by addressing the 
overrepresentation problem of HIV-1s and, second, by integrating the structural information with the 
primary sequence data. 
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Global variation in the HIV-1 V3 region 
John C. Blouin, Esther A. Guzman and Brian T. Foley 

MS K710, Los Alamos National Laboratory, LQS Alamos, NM 87545 

Introduction 
Due to the immunogenicity and functional importance of the V3 loop, there has been a great deal 

of interest in the V3 region of the envelope protein, resulting in a large international effort to obtain V3 
region sequences. This section, which includes sequences taken from 1651 individuals and complete 
references, provides an overview of the variation of sequences that span this region. 

Sequences 
To best summarize the spectrum of international HIV-1 variants, only one representative viral 

sequence was included per infected individual. A complete set of references accompanies the sequence 
alignments, and nomenclature was preserved from the original papers so individuals and isolates can be 
clearly identified. HIVl was deleted from the sequence names in this section, as all sequences included 
here are HIVl. Included with the references when available are brief descriptions of critical features 
of the sequences. This includes the health status of the individual from whom the virus was derived, 
whether or not the virus was cultured, and the year the blood sample was taken. 

All sequences are prefaced by a subtype association (see phylogenetic clustering below) and a 
two letter country code to identify the country that the individual resided in at the time that the blood 
sample was taken. If the person was a recent immigrant and this information was available, we included 
the country of origin in the references. The two letter code was developed for Internet (Copyright 1992, 
Lawrence H. Landwater and the Internet Society), and incorporated here based on a suggestion made 
by Dr. Francine McCutchan. The key to the country codes follows this introduction. Note that this key 
has been updated for 1996, with several country codes for eastern european nations added. 

Sometimes only one viral sequence was available from aperson: aclone from an isolate, or adirect 
sequence of PCR amplified peripheral blood DNA. For other individuals, up to 80 viral sequences from 
PCR amplified DNA or RNA from blood samples were available. Consequently, over 8000 sequences 
are represented by the 1651 included in this section. When two sequences were available from a person, 
one of the two was randomly selected. When three or more sequences were generated from a person, 
all available sequences were aligned (without regard to different time points of sampling) and either one 
representative sequence was chosen, or a consensus of the most common base found in each position in 
the alignment was generated. If there was a tie (e.g., 10 A’s, 10 T’s), the top base or amino acid in the 
alignment was used. If a set of sequences from two or more individuals was epidemiologically linked, 
and genetically very similar, only one sequence from the set was included, preferably the most recently 
infected. In the sequence description and references section, the short hand “PCR-direct, peripheral 
blood DNA” is used to signify that viral DNA was amplified from PBMCs, without culturing, and a single 
“direct” sequence was obtained from the amplification reaction products. The short hand “Consensus, 
PCR-clones, peripheral blood DNA” signifies that viral DNA was amplified from PBMCs and a set of 
clones was generated and sequenced from the PCR amplification products. The cloned sequences were 
aligned and a consensus was generated. In a handful of cases, a particular gp160 clone from an isolate 
was shown to be expressed and functional using a vaccinia virus T7 expression system. In these cases, 
the clone rather than the consensus of all sequences from a particular individual is included. 

Phylogenetic clustering 
Sequences have been organized according to the phylogenetic subtype association (A-J) of their 

envelope V3 regions only. The original sequence subtype (A-H) designations were defined based 
on the phylogenetic relationships determined by using both gag and env genes (when possible), are 
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approximately genetically equidistant in envelope, and have multiple members. The phylogenetic 
subtype designations and associations have generally been adopted by the HIV research community, 
and are now often presented with the publication of new sequences. We have either determined the 
subtype designations here, if not specified in the original manuscript, or else confirmed the subtype 
designations of the original manuscripts, and then used the subtypes to organize this section. Generally, 
confirmations were done by aligning a set HIV-1 V3 region sequences with longer env gene sequences 
(Part IIIC) that have clear subtype associations, and then using parsimony or neighbor joining trees 
to determine associations. Some of the shorter gene fragments from this region were given a subtype 
designation based on Hamming distances, using the similarity function of the MASE program (Faulkner 
DV, and Jurka J. TIBS 13:321-322 (1988)); these sequences have “.sh” appended to their name to 
indicate that they were too short for phylogenetic analysis. Parsimony trees were generated using 
PAUP (David Swofford, Illinois Natural History Survey), and neighbor-joining trees were generated 
with Kimura distances and a transition to transversion ratio of 1.3 using PHYLIP (Joseph Felsenstein, 
University of Washington). All available nucleotide sequence information was used for phylogenetic 
analysis; longer protein sequences were trimmed to be approximately the same length as the majority 
of the PCR fragments in this region, for the purposes of presentation. Some sequences were difficult 
to classify, and are included in the “U”, or unclassified, section. In addition, it has recently been 
noted that recombination between HIV-1 occurs when an individual is infected with more than one 
strain. A meeting was held in Santa Fe, New Mexico in October, 1995 to discuss the implications of 
recombination and methods for detecting recombinant sequences. Because inter-subtype as well as 
intra-subtype recombination is known to occur, the subtype designations reported in this section should 
be interpretted only as pertaining to the V3 region of the envelope gene. For example HIV-1 MAL 
from Zaire, is known to be recombinant between subtypes A and D, with the V3 loop of env resembling 
subtype D. D-ZR-MAL is still listed with other subtype D sequences in this study, but may be moved 
to the U (uncertain) group in the future. 

The set of sequences used to help resolve subtype associations included at least two sequences 
from each subtype (A-H), plus a simian immunodeficiency virus outgroup sequence. The sequences 
were selected based on being “typical” of the subtype they represent based on phylogenetic analysis. 
The set has changed as more sequences have accumulated. Thus not all subtype designations were 
based on the same reference set. 

Limitations of phylogenetic analyses 
Most of the PCR derived sequences contain a sub-optimal length for phylogenetic analyses, given 

the level of variability in this region - typically on the order of 250 to 300 nucleotides. Due to this 
limitation, some of the classifications in this section are uncertain and are our best estimate given 
the available information. Control studies were performed to compare the phylogenetic clustering of 
the V3 region using available longer sequences, however, and these studies indicate that our subtype 
designations based on the V3 region are generally reliable. For 146 sequences, we had an approximately 
700 base region of env available representing all of the subtypes A-H. (The limitation in length was due 
to including the H subtype sequences, which did not cover all of gp120.) After removing positions in the 
alignment which included gaps, 519 bases were left. When a 298 base V3 region fragment was excised 
from this set, and neighbor joining trees were constructed using both the 519 base and 298 base long 
sequences, the phylogenetic subtype designations were consistent in each case. Further, when a subset 
of longer gp120 sequences was analyzed (92 of the 146), including 935 bases after removing positions 
in the alignment which included gaps, the subtype designations were again clear in neighbor-joining 
trees. This indicates that the limited V3 region PCR fragments, which include more than the v3-l00p, 
are generally able to serve as a reliable basis for subtype determination. 

Without detailed analysis, genetic recombination between subtypes may obscure phylogenetic 
relationships between sequences. A characteristic of recombination is an indeterminate place in phy- 
logenetic analyses, and some of the “Uncertain” category sequences may prove to be recombinant 
genomes upon further inspection. Also, while a subtype designation based on a gene or gene fragment 
may be correct, recombination events outside the region examined may have occurred. Therefore, 
care should be taken to not overinterpret the subtype designations. If one is to discuss the subtype 
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designations of viral isolates based on the data presented here, they should be refer to the designation 
as “B-like over V3 loop region,” rather than as “subtype B”. 

Limitations of V3 amino acid consensus sequences 
The V3 amino acid consensus sequences generated for each subtype have interesting features; 

however, one should be wary about assuming that any of the consensus sequences may broadly represent 
their subtype. Certainly many V3 loop variants in each of the subtypes are extremely divergent from 
the consensus sequences. These divergent forms may have very different biological and immunological 
characteristics from viruses which are similar to the consensus. Additionally, because of the relatively 
small sample size of most of the subtypes, consensus sequences can be dominated by a small group of 
highly similar sequences, which may in turn be a sampling artifact. Hence, these consensus sequences 
are “evolving” as new sequences from each subtype become available. 
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Subtype consensus sequences. This V3 region alignment shows a con- 
sensus sequence generated for each of the eleven subtypes. The subtype 
consensus sequences indicate the most common amino acid found in each 
position among the sequences associated with each subtype. The sequences 
are aligned to a consensus based on the most common amino acid in the 
subtype consensus sequences, which approximates a "global" consensus. It 
was generated in this way (rather than by using all 1651 sequences) to avoid 
over-representation of the B subtype, which has by far the largest number 
of available sequences. As is the convention in this compendium, a dash 
(-) indicates concurrence with the top sequence in the alignment; a period 
(.) indicates a deletion. The carets show where the N-linked glycosylation 
sites are found in the consensus. The V3 loop is set off from the surrounding 
sequence by a space on either side to facilitate viewing. Interesting fea- 
tures of the consensus alignment are: 1) Only in the B subtype is GPGR 

the most common tip of the V3 loop; globally, GPGQ is more prevalent. 
2) A highly conserved N-linked glycosylation site is constitutively absent 
in the C subtype, proximal to the first cysteine (C) in loop. 3) The D sub- 
type consensus has 34 amino acids from cysteine (C) to cysteine (C) rather 
than the more common 35; at the point where the deletion occurs, it is not 
uncommon to find insertions of 2 to 4 amino acids, as can be observed in 
the sequence alignments. 4) The D subtype has two arginine (R) residues 
in the V3 loop that are uncharacteristic relative to the other consensus se- 
quences; positively charged amino acids in these positions may result in a 
syncytia inducing, non-monocytropic phenotype (Fouchier RAM, et al., J. 
Virul. 66:3183-3187 (1992)). 5) A higher degree of variation is seen in the 
region just downstream of the V3 loop than within it. This difference is also 
observed internally among the sequences of the different subtypes. 6) The 
A, C, G and H consensus sequences have very similar V3 loop sequences. 
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V3 Loop Amino Acids 

The following pages present amino acid alignments of the V3 loop, arranged by phylogenetic subtype. 
For each subtype, the number of sequences used to construct the alignment is indicated. The top line in 
each alignment represents the consensus sequence for that subtype, where consensus simply means the most 
common amino acid found in each position among the sequences of the given subtype. The subscripts record 
the frequency with which that amino acid is observed at that location among members of the subtype. An 
amino acid which is conserved 100% is shown with no subscript. Directly beneath the most common amino 
acid in each position are the other amino acids observed in that position, listed from most common to least 
common. An asterisk (*) subscript means less than 0.5% of the sequences had the indicated amino acid at 
that location. A dash (-) indicates a gap inserted to maintain the alignment. Percentages were rounded to the 
nearest whole number. 

For this year's alignment, the HMMER (version 1.8) hidden Markov model software (Sean Eddy, Dept. 
of Genetics, Washington U. School of Medicine, St. Louis, MO 63110; eddy@genetics.wustl.edu) was used 
to objectively align all 1651 sequences. The frequency counts are derived from this alignment. Because 
each subtypes required different numbers and positions of gaps in order to create the full multiple sequence 
alignment, some sequences with unusual insertions were trimmed from the HMMER alignment, and a few 
positions were adjusted by hand, using MASE, prior to printing the full alignment which appears following the 
country codes description. The sequences which were culled from the alignment after counting frequencies, 
are appended. 

Both the untouched HMMER alignment, and the edited version, will be available via ftp from the 
LANL HIV database (http://hiv-web.lanl.gov). Questions about these alignments should be directed to 
(btf@tlO.lanl.gov) (505-665-1970). 
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V3 Loop Variation 

Summary of variations in the tetrameric tip of the V3 loop. This table is a tally of the different 
tetramers observed in the 1651 individuals analyzed. This tip is thought to form a turn, and is the focal 
point of the potent neutralizing antibody epitopes that have been mapped to the V3 loop, as well as of 
T cell epitopes. Each column shows the number of occurrences of a given tetramer in either the entire 
976 sequences (combined), or in subsets consisting of subtypes A-O, and the unclassified sequences 
(U). Underneath the column heading is the number of sequences in each category. The most common 
form found in each subtype is highlighted in bold lettering. In the B subtype, GPGR is the predominant 
form, however globally GPGQ is more common. 

Combined A B C D E F G H I J 0 U 
Totals 1651 208 975 119 107 124 59 23 2 1 5 13 15 

GPGR 
GPGQ 
GPGK 
GWGR 
GPGS 
GPGG 
GLGQ 
GLGR 
APGR 
GSGQ 
GQGQ 
GQGR 
GPMA 
GPGH 
GFGR 
G E Q  
GRGQ 
GVGR 
GSGR 
GPRR 
GPGA 
EPGR 
APGS 
APGQ 
GTGR 
GPKR 
G M G ~  
GGGR 
GAGR 
AGGR 
GLGS 
GTGG 
GPMR 
GLRQ 
AQGR 
GPMS 
GPLR 
GARR 
GGGQ 
GPWG 
GIGQ 
RPGR 

711 
590 
81 
34 
26 
22 
21 
19 
17 
16 
13 
9 
8 
6 
6 
5 
5 
4 
4 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

10 
184 
4 

1 
2 

1 
3 

1 

1 

1 

20 
1 1 1  

12 
12 
1 2 

643 17 18 17 6 
91 119 31 95 39 19 1 1 5 5 
76 1 
34 
25 
20 

1 
15 1 
16 

1 
1 
6 

8 
6 

6 
5 
3 1 
1 1 

2 
2 

1 
1 
1 

1 
1 

1 

1 
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Combined A B C D E F G H I J 0 U 
Totals 1651 208 975 119 107 124 59 23 2 1 5 13 15 
GRGR 1 1 
GPGR 1 1 
GQGI 1 1 
GPLS 1 1 
GPWG 1 1 
GPGN 1 1 
GPGX 1 1 
GPGE 1 1 
GPEK 1 1 
GLGK 1 1 
GARR 1 1 
AWGR 1 1 
APGG 1 1 
AGGK 1 1 
AQGR 1 1 
GIGQ 1 1 
GGRA 1 1 
* PGR 1 1 
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Summary of variations in the octameric tip of the V3 loop. This table is a tally of the different 
octamers observed in the 1651 individuals analyzed. This table is structured the same as the tetramer 
table on the previous pages. Amino acid changes proximal to the tip can influence the specificity of 
anti-V3 neutralizing antibodies. The forms that were found only once in the data set are not shown 
here, to save space, and are summarized in a row labeled “unique.” 

Combined A B C D E F G H I J 0 U 
Totals 1651 208 975 119 107 124 59 23 2 1 5 13 15 

HIGPGRAF 
RIGPGQTF 
RIGPGQAF 
PIGPGRAF 
HIGPGQAF 
NIGPGRAF 
HLGPGQAW 
TIGPGQVF 
PLGPGQAW 
HLGPGQAF 
SIGPGRAF 
H I G P G W  
RIGPGQVF 
TIGPGRAF 
HIGPGQAL 
YIGPGRAF 
PIGLGQAL 
HMGWGRAF 
HIAPGRAF 
PLGPGRAW 
HLGPGRAW 
HIGPGSAF 
HIGPGRAY 
TMGPGQVF 
PMGPGRAF 
HMGPGRAF 
RIGPGRVF 
PIGPGQAF 
HMGWGRTF 
HIGPGRTF 
TIGPGRVF 
QIGPGRAF 
PMGPGKAF 
PLGPGKAW 
NIGPGRAW 
HLGWGRAF 
HIGPGRAV 
YLGPGRAF 
RFGPGQAF 
PIGPGKAF 
NMGPGRAF 

279 
136 
75 
71 
62 
59 
44 
39 
31 
31 
26 
25 
23 
19 
16 
15 
14 
14 
14 
11 
10 
10 
10 
9 
9 
9 
8 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 

3 269 
46 
45 
1 69 

56 2 
58 
44 

31 
2 1  
1 25 
2 23 
3 

19 
2 

15 

14 
1 13 

11 
10 
10 

9 
1 8  

3 
7 
7 
1 
5 
6 
6 
6 
6 
6 
5 

5 
5 

1 

2 
82 1 2 
27 1 

39 

2 16 

13 

13 

10 
9 

8 
1 2  

5 
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Combined A B C D E F G H I J 0 U 
Totals 1651 208 975 119 107 124 59 23 2 1 5 13 15 
NIGPGQVF 
HLGPGRAF 
HLGPGGAF 
HIGSGQAL 
HIGPGRAW 
HIGPGRAL 
HIGPGRAI 
HIGPGGAF 
SIGQGQAL 
SIGPGQAF 
PIGPGRAW 
PIGPGQVF 
KIGPMAWY 
HMGPGKAF 
HMGLGRAF 
HLGPGQAL 
HIGPGRVF 
HIGPGRSF 
HIGPGQVF 
HIGPGQTF 
HIGPGQAI 
YIGPGRAV 
YIGPGRAS 
TMG PGRVY 
TMGPGRW 
TLGPGRVY 
TIGPGRVY 
TFGPGQAF 
SLGPGRAW 
SIGPGRAW 
RIGPGQTL 
RIGPGQSF 
PLGPGRAF 
NIGPGQAF 
HMGPGKTF 
HLGQGRAW 
HIGTGQAL 
HIGSGQAY 
HIGPGQVL 
HIGPGQAW 
GIGPGQTF 
AIGPGQVF 
XIGPGRAF 
TRGPGHVF 
TMGPGRVL 
TMGPGKVF 
TMGPGHVF 
TLGPGQAF 
TIGPGQVL 

5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 

1 

3 

2 
1 
4 
2 

3 

2 
1 

2 

1 
5 

5 
2 
5 
5 

4 

4 
4 
2 
3 
2 

3 
3 
3 
3 
3 
1 

3 
3 

1 

2 
3 

3 

2 

2 
2 

5 

1 

4 

2 

2 

2 1  

1 

3 
3 

1 
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1 

3 

2 
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V3 Loop Variation 

Combined A B C D E F G H I J 0 U 
Totals 1651 208 975 119 107 124 59 23 2 1 5 13 15 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

TIGPGQIF 
SMGPGRAF 
SLGPGKAW 
SIGQGRVL 
SIGQGQTL 
SIGPGRW 
SIGLGQAL 
SFGPGQAF 
RIGPMAWY 
RIGPGSAF 
RIGPGRVI 
RIGPGRTF 
RIGPGRAV 
RIGPGRAF 
RIGPGQAL 
QLGPGRAW 
PLGPGRW 
PIGSGQAL 
PIGRGQAL 
PIGLGQAY 
PIAPGSAW 
KIGPGQTF 
KFGTGRVL 
HVGPGQAF 
HMGPGRAL 
HMGPGQVL 
HMGPGGAF 
HLGPGKAW 
HLGPGKAF 
HLGLGRAF 
HLGFGRAL 
HIGSGRAF 
HIGSGQAI 
HIGPGSAL 
HIGPGQAY 
HIGPGKVF 
HIGLGRAY 
HIGGGRTL 
HIEPGRAF 
HFGPGQAL 
GIGPGRTV 
AIGPGRTV 

2 
2 

2 
2 

‘ 2  
2 

2 
2 

1 
2 
2 

1 

2 
2 
2 

2 
2 
2 

2 
1 1 

2 
1 1 

2 
2 

1 
1 1 

2 
2 

1 
2 

1 
2 
2 

1 1 
2 
2 

UNIQUE 189 26 93 3 26 8 10 11 2 3 7 
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V3 Loop Variation 

Phenogram of the 14 amino acid tip of the V3 loop. 

The immunogenic tip of the V3 loop has been the focus of a large number of serological studies. 
Here we have organized the 14 amino acid tip of the V3 loop of each sequence according to their amino 
acid similarities. The four amino acid tip of the loop (the GPGR motif) plus the 5 amino acids on either 
side were clustered using maximum linkage based on pairwise distance scores using the STR matrix 
(S. Henikoff and J. G. Henikoff, Proteins: Structure, Function and Genetics 17 49-61 (1993)). The 
resulting phenogram of all 1651 is shown, with related sequences grouped into 25 clusters. The y-axis 
represents the number of sequences included in the phenogram, and the x-axis indicates the level of 
similarity between amino acid sequences; the higher the score at the branch junction, the more similar 
the sequences. The 25 clusters were selected such that the sequences within a cluster all are related by 
scores greater than 30. The alignment of these sequences corresponding to the phenogram is included 
on pages following the figure. The clusters are numbered on the phenogram and in the alignment. 
The order of the sequences in the alignment corresponds to the order that the sequences appear in the 
phenogram, from top to bottom. 

There are two things worth noting in the alignment. First is the intermixing of amino acid 
sequences from different clades-often sequences from phylogenetically distinct subtypes have identical 
or nearly identical sequences in this region. This is easily noted in clusters 1 ,2  and 6 which contain A 
and C subtypes. Second is the diversity of the D subtype sequences. The two letter country codes can 
be used to follow geographic associations of similar sequences, or alternatively, the range of variation 
of a given subtype in a country of interest. When this type of phenogram is computed using the entire 
35 amino acids of the V3 loop, a very similar result is obtatined (B.T.M. Korber et al., J. Krol. 68:6730- 
6744 (1994)). When a phenogram is computed using 35 amino acids flanking the V3-loop (20 from 
the amino side and 15 from the carboxy side), or 14 amino acids (7 from each side of the V3 loop) the 
resulting phenogram is quite different, with A and C subtype sequences residing on seperate branches. 
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V3 Loop Variation 
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V3 Loop Variation 

ALL-CONSENSUS 

G-NLl .LR94018 
G-TWl.267 
G-GAl.G98 
D-TZ3.1585 
C-ZW.2647 
C-ZA2.Dlu 
C-RU.RUS2A 
C-RU.RUS2OA 
C-RU.RUS 1A 
C-RU.RUS13A 
C-NO1 .V3N13 
C-MY.9214082 
C-MW2.D3MA960 
C-MW1.65 18 
C-MWl .12213 
C-IN4.CMCH8 
C-IN4.CMCH7 
C-IN4.CMCH6 
C-IN4.CMCH5 
C-IN4.CMCH4 
C-IN4.CMCH37 
C-IN4.CMCH36 
C-IN4.CMCH33 
C-IN4.CMCH32 
C-IN4.CMCHS 
C-IN4.CMCH29 
C-IN4.CMCH27 
C-IN4.CMCH26 
C-IN4.CMCH23 
C-IN4.CMCH22 
C-IN4.CMCH20 
C-IN4.CMCH2 
C-IN4.CMCH19 
C-IN4.CMCHl5 
C-IN4.CMCH 13 
C-IN4.CMCH12 
C-IN4.CMCHll 
C-IN4.CMCH10 
C-IN4.CMCHl 
C-IN3 .IND8 
C-IN3.IND7 
C-IN3 .IND6 
C-IN3.IND4 
c-IN3.IND3 
C-IN3 .IND2 
c - IN3 .m 
C-IN2.DS68 
C-IN2.D744 
C-IN2.D 1024 
C-INl.D760 
C-IN1 .D757 

KSIHIGPGRAFYAT 

1 
C-INl.Dl044 
C-ET2.El439 
C-CY.HO021 
C-CONSENSUS96 
C-BY 1 .BLR8A 
C-BY 1 .BLR5A 
C-BR2.9 lBRO 15 
A-RW2.183 1 cons 
A-NLl ZR93033 
A-CI2.CI20 
C-RU.YAN4 
C-UG.UG268 
C-GA 1 .G 134 
C-ET2.E6613 
C-ET2.E6209 
C-ET2.2220 
C-DJ1 .DJ259 
C-BUl.9lBUOO6 
C-DJl.DJ373 
C-MW.SM750 
A-IN1 .CMCH9 
A-UG2.78 
A-ZR3.LA14 
A-UGl .W2UG037 
A-UG.92UG037 
A-NLl .GH94014 
A-CM 1 .CA15 
A-BJl.256 
C-BUl.9 1BU003 
C-IN2.D808 
C-NLl .UN93050 
C-SN.SE364 
C-ET2.E72150 
C-ET2.E2564 
C-ET2.El325 
C-ET2.El320 
A-CFl.4023 
A-CI2.CI329 
C-IN2.D766 
C-MW1.12233 
C-ZM 1 .ZAM20 
F-CY.HO441 
C-RW1.134cons 
C-ZA.ZA5 14 
C-ZA.ZA5 17 
U-KE.Kl24 
C-GM.GM3 
A-RW2.56 1 Wcons 
BBR3.HRJ626 
B-BR3.RJ626 
B-SK1 .BTS22 
C-ET2.E7827 
C-RW 1.566cons 
C-BU 1.9 1 BUOO 1 
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V3 Loop Variation 

E-CF.408 1 
U-CF 1.408 
C-SO. 1574 
C-NO 1 .V3N 19 
C-MW 1.6508 
C-MWl.12229 
C-MW 1.12225 
A-ZR1.6657 
A-ZRI .6563 
A-UG2.117 
A-RW4.564cons 
A-RW.564C 
A-RUl .NA6 
A-NLl.RW8903 
A-NLl.GH9152 
A-GA 1 .VI1 076 
A-GAl .LBV23 10 
A-DJ.DJ264 
A-DJ.DJ263 
A-DJ.DJ258 
A-CMl.CA2 
A-CM1 .CAI 9 
A-CI2.CI45 
A-CI1 Acon 
A-BJ1.44 
A-B J1.36 
A-B J1.33 
A-BJ1.253 
A-B J1.252 
A-BJ1.234 
A-B J 1.2 1 8 
A-B J1.1 
A-RW4.439cons 
A-CM1 .CA17 
A-CIlA6con 
C-SO.SM145 
C-ZMl.ZAM18 
G-NGl.G3 
C-ZA2.GOM 
C-lWl.252 
C-MY.92 14083 
C-MWl .1227 
C-MW1.12215 
C-MW1.12203 
C-MW1.12199 
C-KE.NA113 
C-BY 1.BLR9A 
C-BRl.HSP203 
C-BR.W2BR025 
A-ZR1.6653 
A-UG5.94UGO 19 
A-UG5.94UG009 
A-NLl.KE9135 
A-CF1.4055 

m-94 
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A-CF1.4054 
A-CF1.4033 
A-CA.HWCL1 
A-BJl.4 1 
A-B J 1.193 
ALL-CONSENSUS 
A-RW2.183 lWcons 
A-RW 1 .W2RWO26 
C-NO1 .V3N14 
A-NLl.GH9023 
A-KE.KEN967 
A-RW3.PVP5 
A-ZR1.6655.sh 
F-CM.CA4 
C-MWl .12205 
A-lE.K89 
AJSEl.NA112 
A-UG5.94UGO 12 
C-UK1.005 13 
A-UGl.W2UG03 
A-TZ2.017 
A-lZ2.016 
A-RW2. 1613Wcons 
A-RW 1.W2RWO2 
A-RWSF1703 
A-CONSENSUS96 
A-CI2.CI330 
A-CI2.CI3 
A-ZR1.6557.sh 
C-MW1.6512 
A-UG.964 
C-UG.45 
C-BU1.91BU004 
C-MW1.12209 
C-NO 1 .V3N17 
A-RW4.618cons 
C-BUl.91BU005 
C-BUl.91BU008 
A-NLl.TZ925825 
A-KE.KEN98 
A-=.KEN977 
A-BY.BLR1OA 
A-UG4.UG273 
A-ZR1.6663 
A-UG2.82 
A-RW2.170lcons 
A-RW 1 .W2RWO24 
A-RW 1 .W2RWO25 
A-KEil.NA117 
A-KE.KEN8 8 
A-UG4.UG275 
A-KE.KEN985 
A-lZ3.1574 
A-BJ1.23 

-' I 
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V3 Loop Variation 

A-RW3.PVP2 
C-BU1.91BU002 
C-GAl.LBV105 
A-RW 1 .W2RW008 
C-ZA2.B ooyD 
E-CF1.4039 
E-CF1.4084 
E-CFl.403 
E-CF 1.40 17 
E-TH9.100 
E-CF1.1697 
E-CF2.ELO 
E-CF2.MBA 
E-lW1.396 
C-MW2.D3MA959 
U-NL.RW94028 
A-ZR 1.657 1 .sh 
U-ZR.Z3 
A-CF1.4050 
A-CM 1 .CAI 8 
C-NLl.NL94024 
A-CM 1 .CA22 
A-CIl .17con 
C-IN 1 .D747 
A-NLl .GH9299 
A-RW3.PVP 
A-KE.KEN965 
E-CM.C A 10 
A-KE.KEN979 
A-KEl.NAll5 
A-UG2.11 
A-UG2.115 
A-KE.KEN29 
A-CI2.CI327 
A-GH.D687 
A-ZR 1.6559 
D-ZA.ZA5OO 
A-CMl.CA7 

C-ZA.NOF 
A-UG2.124 
A-ZR1.6649 
A-UG2.116 
A-lZ3.1576 
A-TZ.TAN8 
A-TZ.TAN 142 
A-RW4.538cons 
A-RW4.226 
A-RW4.074 
A-RW2.56 1 Acons 
A-RW2. 1613con 
A-RW 1 .W2RWOO9 
A-NLl .TZ94016 

A-KEl.NAll4 
A-KEl .NA1 1 1 
A-KE.KEN970 
A-GAl.VI685 
A-CI2.CI42 
A-TZ.TAN9CON 
A-UG2.72 
A-NLl.AO9246 
A-UG5.94UG011 
A-BJ1.249 
A-RW4.730cons 
A-RW2.R2235W 
BBR1.8623 
A-RW2.R2235 
A-KE.KEN980 
A-KE.KEN968 
A-KE.KEN984 
D_NL.Al 
F-NLJ.ZR8908 
A-ZR3.Kl14 
A-NL1 .RW8935 
A-UG2.119 
A-TZ3.1577 
A-RW4.08 lcons 
A-RW4.082cons 
A-RW3.PVP3 
A-CI2.CI2 
A-CI2.CI14 
A-KE.KEN978 
G-NGl.JV832 
A-CI1.4lcon 
A-KE.KEN982 
I-CONSENSUS-96 
I-CYHOcon 
A-C11.5 lcon 
A-TZ.TAN15CON 
A-CMl .CA1 
A-UG5 .94UG004 
A-RU1 .SHL9 
D-ZR1.6565.sh 
A-RU 1 .MLY 10 
F-RO2.RM5302 
B-GB4.M73767719 
D-UG3.120 
D-UG7.44 
D-UG3.79 
D-UKl.CPHL4 
D-UG3.12 
D-lZ3.1604 
D-NL2.ZR89 1 1 
D-ZR 1.6555 
D-GAl.Gl41 
D-NL2.AO93021 
D-NL2.UG940 15 
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V3 Loop Variation 

D-UG3.7 
D-UG3.122 
D-TZ1.TANl 
D-TZl .TAN12 
D-KEil.KEN966 

3 
D-TZ2.005 
D-UG4.WHO 1523 
D-CONSENSUS-96 
D-TZ2.0 12 
D-UG2.2999 
D-TZ2.030 
U-CF1.4040 
D-UG1 .W2UG059 
D-UG6.9802 
D-UG2.4133 
E-TH5 .CMU07 

4 
E-TH9.83 
E-UY.UR4 
E-TH9.179 
E-TH9.126 
E-TH9.115 
E-TH5.CMUO 
E-TH3.W2TH022 
E-THS.W2THO 19 
E-TH3 .W2THO 1 
E-TH3 .W2TH009 
E-TH3.W2TH006 
E-TH2.TN244 
E-TH2.TN242 
E-m.TN240 
E-TH2.TN24 
E-TH2.TN239 
E-TH2.TN238 
E-TH10.92TH011 
E-ml .TA8 176 
E-TH1.8673 
E-TH 1.867 
E-TH1.8663 
E-TH1.8659 
E-TH.N764 
E-MY.9214103 
E-MY. 1786 
E-JPl .JNlH4T 
E-JPl . M 2 T  
E-CONSENSUS96 
E-TH1.8657 
E-TH3.W2TH018 
E-TH3.W2TH020 
E-VN2.VN2 

QRT---S-Q-L-T- 
QRT---T-Q-L-T- 
QRT-----Q-L-T- 

RRT---T-Q-L-T- 
QRT---T-Q-LHT- 
QRT---S-Q-LFT- 
QRT---S-Q-IFT- 
QRT---T-Q-Y-TK 
HRT---S-Q-L-TP 
IRT---S-Q-Y-R- 
TRT---G-Q-Y-R- 

E-TH3.W2TH02 
E-TH9.119 
E-TH3.W2TH003 
E-TH8.0289 
E-TH3.W2TH015 
EeTH3.W2THO23 
E-UY.UR6 
E-TH3.W2TH007 
E-TH3.W2THOO 
E-TH10.92THOOl 
E-TH9.97 
E-VN2.VN1 
E-TH8.0103 
E-TH.TS178 
E-TH4.D3TH966 
E-TH9.81 
E-TH9.84 
E-TH 1 .TA7794 
E-TH3.W2TH024 
E-TH9.135 
E-JPl .JNIH3J 
E-TH5.CMu05 
E-TH6. 194 
E-TH4.D3TH976 
E-TH5 .KHOO9 
E-TH4.D3TH975 
E-US.POC30506 
E-TH9.111 
E-TH9.89 
E-NL.TH94037 
E-TH9.106 
E-TW1.286 
E-TH3.W2THOO5 
E-VNl .CT5 
E-THl.TA8173 
E-TH1.8683 
E-TH5.CMU04 
E-TH2.TN235 
E-TH5 .KH003 
E-TH 1 .TA7792 
E-TH2.TN243 
E-VN2.VN3 
E-VN2.VN4 
E-VNl .DN3 
E-UY.UR7 
E-UYSJR2 
E-TH5.KHO12 
E-TH5.CMu03 
E-THl.TA1067 
E-VNl .BX6 
E-TH5.KH007 
E-TH6.10 12 
E-TH7.1110 
E-TH 1.8639 
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V3 Loop Variation 

E-TH6.0182 
E-TH7.1018 
E-TH.CM240 
E-TH5.KHOO 
BTH5.1948 
B-US.BRVA 
B-JP.ETR 
BBR6.P4 
B-US 18.LBV 
B-GB4.M30 156 17 
B-NLl 1 .patNcon 
B-US .B CS G3 
B-AR.21281 
B-US 1 .HC13 
B-VE.VE6 
B-TW 1.35 8 
B-FR.CA 
E-TH9.98 
E 3 3 5  .CMU08 
B-W.BN132-84 
B-US 15.E 
E-TH.JP23A 
B-HT.RF 
E-TH5.KHOl 
B-US.SF33 
E-TH5.CMU06 
E-TH5.KHO14 
E-TH5.KH015 
E-TH5.CMU02 
E-TH5.KH004 

B-US7.565 
F-AR2.16 
B-US4.ZhuPtA 
B-US 1 1.725 
B-TH4.N75 8 
BSE2.R3 
B-N01.44 
B-NO1.40 
B-N01.37 
B-N01.25 
B-NL9.hll35 
B-NL7.NE1058con 
B-NLS.pt6con 
B-NL4.170259 
B-NL4.14008-86 
B-NL4.11057-87 

B-NL4.Hl88-90 
B-NL4.H 1 64-90 
B-NL4.Hl09 1-90 
B-NL2.Wolfsh495 
B-NLlO.GQ93013 

B:NL4.H495-85 

5 
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IT21A 
B-IT1.204 
B-ITl. 190 
B-ES. 15 
B-ES.09 
B-ES.06 
B-DE1.D 
B-BR5.510 
B-TW1.394 
B-US4.ZhuPtR 
B-NLlO.GF921953 
B-IT.Sala2 
B-NL5.ptScon 
B-ES.Sl 
B-IT1 .145 
B-GM.GM6 
B-HT2.H6018 
B-AUl .MRC2 
B-US24.85W6A 
B-VNl.HCM9 
B-US22.EO 105 
B-US2.D2US725 
B-US 14.3 
B-US 13.14lcon 
B-US 1 .HC44 
B-US 1 .HC24 
BSE2.R4 
B-RU2.2236 
B-N01.29 
B-NL4.Hl86-85 
B-NLZWolfsh 
B-LT.LITl8A 
B-HT2.H60 12 
B-HT2.H6010 
B-HTl .DlHA652 
B-GB4.M2347015 
B-ES. 10 
B-ES.07 
B-US22.EO803 
B-RU2.4035 
B-US 18.LBLCT 
A-RW 1 .W2RWOl6 
B-US.MA 
B-US .TN 1006 
B-CY 1 .H0464 
F-BR.RJI03 
F-NL1 .BR94009 
B-NLl 1 .patFcon 
B-GB.V9 
B-US 1 1.552 
B-NL4.I 1025-89 
B-US 15.F 
B-US22.EO903 
B-FR.CD 



V3 Loop Variation 

B-US 1 .HC09 
B-CH 1 .K6 
B-NL 1 .A7 
BTH6.028 6 
BBR3.HRJ636 
BBR3.RJ636 
B-US 15.D 
B-US2.D2US665 
B-US 1 .HC08 
B-NL4.14004-88 
B-NLlO.SR9235 
B-GB4.JB 14 
B-HT2.H5986 
B-US 1 .HC05 
B-NLlO.SR9115 
B-CH1 .K32 
B-DE1.J 
B-NL4.Hll12-90 
B-USl.HC19 
B-US 1 .HC40 
B-TH4.N752 
B-ES.III 
B-TH4.N753 
B-DE2.3497 
A-RW3.PVP4 
BBR2.W2BR004 

6 
F-RO2.RM5306 
F-RO2.RM5307 
F-RO2.RM53035 
F-RO2.RM53034 
F-RO2.RM53032 
F-RO2.M 303 
F-RO2.RM53029 
F-RO2.RM53027 
F-RO2.RIvI53022 
F-RO2.RM530 18 
F-RO2.RM53013 
F-RO2.RM5301 
F-RO2.RM53002 
F-RO1.14046 
F-RO 1.1404 
F-RO1.14036 
F-RO 1.14028 
F-RO 1.14027 
F-RO 1.14024 
F-RO 1.14020 
F-RO 1.1401 8 
F-CONSENSUS-96 
F-RO2.RM53040 
F-RO2.RM53043 
F-RO2.RM53037 
F-RO2.RM530 15 

A-UG5.94UGO 16 
A-TZ3.1584 
A-KE.KEN3 
A-KE.KENll2 
A-IN1 .CMCHl4 
A-GA 1 .G41 
A-CF1.4010 
B-US11.419 
G-GA.LBV2 17 
G-B J1.43 
G-GB1.22 
B-TH1.864 
B-TH7.156 
B-TH7.134 
A-NL1 .GH950 12 
F-RO2.Rh453014 
G-RU.RUS 12A 
G-GB.K 
B-NLS.pt7con , 
B-TWl.384 
BeHT2.H6004 
B-AR1.33 
B-US2.D2US660 
B-CHl.K72 
B-US 1 .HC07 
B-US 18.LBF 
B-US4.ZhuPtV 
G-BJ1.259 
G-CONSENSUS-96 
G-CF.4067 
G-NLl.GH94012 
H-CONSENSUS96 
H-ZR.VI557 
C-CF1 .15 166 
G-NG1 .G9 
G-NLl.ZR9119 
G-NGl .JP882 
G-RU.13lcon 
G-RUl.BUK3a 
B-ES.VI 

____ 

B-US5 .pt6bl 
U-BR3.RJIO 
B-US22.E 100 1 
B-US2.D2US705 
B-NL9.hl081 
B-NLS.pt9con 
B-NL5.pWcon 
B-NL4.H748-90 
B-HT2.H5998 
B-HT2.H5990 
B-DE2.3498 
B-CY 1 .H0294 
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V3 Loop Variation 

B-BR3.HRJIO 1 
B-US 12.CHB2A 
B-US24.8674A 
B-TH7.184 
B-HT 1 .D 1 HA65 
B-CY 1 .H027 
B-US22.EO204 
B-US.SF162 
B-US6.102 
BBR2.W2BR026 
B-CHl.K28 
B-NL3.NET3 
B B R l .  10593 
B-NLA.15037-89 
B-N01.24 
A-ZR.232 
B-US 12.LC2A 
B-US6.103 
B-US.TNlOO9 
B-US.Diaz 
B-SE1.295 
B-DEserocons 
B-CY 1 .H0503 
B-NLS.ptl7con 
B-US 1 .HC28 
B-US22.EllA06 
B-NO1.31 
B-CY 1 .H0042 
B-ITl. 130 
BwBR2.W2BRO 14 
B-NL3.NET2 
F-ARl.20016 
B-US 1 .HC22 
B-US24.87Y3E 
B-SE2.R5 
B-SE1.28 15 
B-NL9.h571 
B-NLA.122 1-90 
B-ES.18 
B-US.JFL 
BBR1.10575 
B-TW1.646 
B-CHl.P6 
B-GB5.4660 
B-US21.Pl 
F-BR3.93BR029 
B-NLA.B63-84 
BBR1.10553 
F-BR.7944 
F-AR2.18 
A-KE.KEN973 
A-KEl .NA 1 18 
B-US18.LBZ 
U-CONSENSUS-96 

m-99 
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A-CY.HOcon 
U_zM.ZAM184 
U-JSE.KEN976 
F-AR2.15 
G-KP.Krl2 1 
B-NO 1.05 
BBR4.BZ167A 
U-CF1.4087 
B-ZA.ZA504 
B-CN1.062 
B-US.SF2 
B-CNl.047 
B-CN1.046 
B-CN1.033 
B-CN1.032 
B-CNl.030 
B-CN1.02 1 
B-CN 1 .O 19 
B-CNl.014 
B-CNl.007 
B-CN1.166 
B-CNl .196 
B-CN1.045 
B-CN1.071 
B-CN1.042 
B-CNl.072 
B-CY 1 .H025 
B-CN1.073 
B-ZA.ZA513 
B-CN1.016 
B-CN1.059 
B-CN1.015 
B-CNl.080 
B-PY. 1284 
F-BRl.BZ126 
B-GB.Man 
B-ES.P9 
B-US2.D2US704 
B-PY.36 15 
B-US.ALA 
B-GA.OYI 
B-HT1 .D2HA593 
B-HT2.H 1395 8 
B-US 12.CHBMOM 
B-VE.VE8 
B-ES.D 17 
B-ES.M 
B-HT 1 .D2HA594 
B_HTl.D2HA596 
B-HT2.Hl3962 
B-HT2.Hl3960 
BBR3.SPB4 
B-US 1 .HC06 
B-US20.C3con 



V3 Loop Variation 

B-US.SBB 
B-US .P896 
B-US 1 .HC3 
B-GB.V87 
B-GB4.WB29 
B-HT2.H5992 
B-US.WMJ22 
B-US2.D2US724 
B-DE1.C 
B-ES.Pl4 
B-JP.JH32 
B-US.WR27 
A-UG.UG06 
B-KP.Krl11 
B-TW1.138 
A-CF2.SAS 
B-BR6.W 
B-GB4.M2686401 
B-FR.LAI 
A-NLl.UG9283 
B-JP.GUNA 

8 
E-CF.90CR402 
E-CF1.4002 
E-CF1.4069 
E-CF2.407 1TG2 
E-TH5 .KH005 
E-CF1.4013 
E-TH5.El058 
E-TH5.KH008 
E-UK1.11643 
B-US19.VA2 
B-US23.201 

9 
B-CU.95CU043 
B-ZA.ZA5 12 
BTH2.TB 132 
BBR.002con 
B-CY 1 .HO 1 1 

0-FR.CFBCFO3 

B-ZA.ZA508 
F-BR2.HSP209 
B-US9.S4 
B-US9.S 
B-US 8 .R 
B-US7.657 
B-US6.105 

10 
-Q-G---MSVYSGS 

11 

B-US3.D2US716 
B-US3.D2US7 15 
B-US3.D 1US7 12 
B-US24.85W3F 
B-US22.EO607 
B-US22.EO502 
B-US21.P6 
B-US21 .P5 
B-US21.P4 
B-US21 .P3 
B-US2.D2US662 
B-US18.LBQ 
B-US 1 8.LBPTCC 1 
B-US 1 8.LBK 
B-US1S.LBJ 
B-US 17.CB8 
B-US15.C 
B-US 14.2 
B-US11.550 
B-USll.333 
B-US 1 .HC45 
B-US 1 .HC35 
B-US 1 .HC33 
B-US.TN1007 
B-US.TN1003 
B-US.JRCSF 
B-US.BAL 
B-US.ADA 
BTWl.237 
B-TH6.1615 
B-TH5.018 
B-SK1 .BTS 18 
BSE2.Rl 
B-SE1.1433 
B-PR1 .D2PR732 
B-PR1 .D2PR729 
B-N01.42 
B-N01.36 
B-N01.34 
B-N01.30 
B-N01.27 
B-N01.22 
B-N01.21 
B-NO1.12 
B-NL9.h709 
B-NL9.h569 
B-NL9.h526 
B-NL9.h424 
B-NL9.h4 12 
B-NL9.h411 
B-NL9.hl59 
B-NL9.hl140 
B-NL9.hlllO 
B-NLAK999-86 

m-100 
DEC 96 

-' I 



i 

I 
' I  

P P P  

I I I I I  
I I I I I  

I I l l  
I l l  
I l l  
I l l  
I l l  
I l l  I l l  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I l I I I l l l l I Y ? Y Y Y l I I  
I l l l l f f T T I f  I I I I I I  
I I I I I I I I I I I I I I I I I  
I I I I I I I I I I I I I I I I I  
I I I I I  

I I l l  I l l  

I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  

. . . . .  
I I I I I  
I I I I I  
I I I I I  
I I I I I  
I I I I I  

. . . . . . . . . . . . . . . . .  
I I I I I I I I I I I I I I I I I  
I I I I I I I I I I I I I I I I I  m m I ' I  I I I I I I I I I 1  I I I 
1 1 1 1 1 1 m 1 1 1 1 1 1 1 1 1 1  
I I I I I I I I I I I I I I I I  I 

I I I I I  
I I I I I  
I I I I I  

. . .  
I l l  
I l l  
I l l  

I I I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  

I l l  
I l l  
I l l  

I l l  

I l l  I l l  

I l l  I l l  

I l l  I l l  

I l l  I l l  
I l l  

I l l  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

X I  I I 
0 1  I I 
I I I I  

I I I I  
I I I I  
I I I I  
I I I  

r r r r  

I I I I  I I I I  

1 4 1  I 
T ? ? ?  

% l o 1  I 
X I  I I 

I I I I  

I I I I  
I I l m  
I I I I  

l - 7 - 7 1  
I I I I  I I I I  

I I I I  I I  I 

? ? + ?  



V3 Loop Variation 

B-GB5.4656 
B-FR.J9 1 
B-FR.J6 
B-ES.106 
B-CHI .P5 
B-CH 1 .P3 
B-CHI .K53 
B-CH 1 .K26 
B B  R3 .HSP205 
B B  E. W2BR020 
BBR2.W2BR017 
B-RU2.4466 
B-RU2.4714 
B-NL4.13077-9 
B-CH 1 .K9 
B-CY 1 .H039 
B-RU2. 10120 
B-RU2.5852 
B-RU.RUS3A 
B-NL9.H239 
B-NL4.H 1-85 
B-NL1.A 
B-LT.LITl1A 
BBR2.W2BR023 
A-UG.1033 
B-US3.D2US71 
U-CF1.4056 
B-US 1 .HC20 
B-US 1 .HC4 
B-US 1 .HC 16 
B-US .TN1005 
B-TH7.9 1 
B-SE1.930 
B-PY.36 16 
B-NL4.I5032-87 
B-DE2.3493 
B-CHI .K12. 
B-US 1 .HC30 
A-CF 1.4044 
U-SE.KI4803 
B-US.JM 
B-US 18.LBE 
B-SE.ptl1s 1 13 
B-CYl.HO21 
B-US18.LBLCN 
B-US 13.149con 
B-US22.EO3A03 
B-ZA.ZA524 
BBE.W2BROl8 
BBR1.8625 
B-RU2.3 8 18 
B-RU2.426 1SE 
B-US 1.HC37 
B-US2.D2US726 

B-GB.V77 
B-US 1 .HC25 
B-US 12.LC 1A 
B-SKI .BTS9 
B-PY. 12847 
B-VE.VE 
B-CZ.BTSPR 
B-US2.D2US714 
A-CFl .11699 
B-US 1 1 .UK 
A-CF1.4018 
B-CI.CI22 
B-Hn.H60 16 
B-TW1.257 
B-ES.P20 
A-ZR 1.6569 
J-SE 1.7 887 
J-SEI .7022 
B-PY.36 14p 

B-GB .CAM 
B-US 1.HC38 
B-US.NY5CG 
B-US.ACP 
B-ZA.ZA509 
A-UG2.84 
C-BUl.9 lBU007 
F-AR1.21280 

B-US20.Clcon 
B-US8.R2 
B-US2.D2US706 
B-US 18.LBAcon 
B-US17.CB5 
B-US 1 1.074 
B-N01.41 
B-N01.38 
B-NL9.h57 
B-NL4.I5038-89 
B-NL4.11035-87 
B-NL4.H29-82 
B-NL12.0617 
B-NL12.0157 
B-NLlO.SR925752 
B-NLl.A3 
B-IT2.17B 
B-GB5.4666 
B-GB5.4665 
B-CHI .W 
B-CH1 .P2 
B-BRl.7942 

m-102 
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V3 Loop Variation 

B-NO 1.04 
B-NL4.13072-90 
B-US17.CB 
B-US 18,LBSDIR 
B-US.TNlOO0 
B-US.SBC 
B-TW 1.39 1 
B-SE2.R2 
B-NL12.0008 
B-NL12.0583 
B-US.SF128 
B-US.W 
B-NL4.1138-89 
B-US17.CB6 
B-US2.D2US7 17 
B-US .SBA 
B-SKl.BTS28 
B-In.32B 
B-In.13A 
B-NL7.NE537con 
B B R  1.86 15 
B-ES.03 
B-NL9.h39 
B-US24.88B4E 
B7US9.S2 
B-US 1 .HC 12 
B-TH7.125 
B-US.TN100 
B-TH7.138 
F-RO2.RM53024 
F-RO2.RM5308 
F-RO2.RM53023 
F-RO1.14034 
F-BR2.HSP238 
F-BR2.HSP229 
B-CN1.149 
B-TW1.386 
B-US7.306 
B-TWl.366 
B-NL5.ptlcon 
B-HT2.H5994 
B-NL8.672 
B-NL9.h7 16 
B-IT.Sala 
B-NIA.Hl35-90 
B-US 1 .HC2 
B-US 15.B 
B-USl.HC1 
B-US 15.A 
B-AR1.34 
BBR3.HRJ17 
B-CH 1 .K8 
B-US 19.VAlcon 
B-US21.P2 

B-US4.ZhuPtL 
B-US2.D2US657 
B-USl8.LBPATH2 
B-US 16.NYRT3 
BTW1.91 
B-TH4.N760 
BTH4.N759 
B-TH4.N757 
B-TH4.N756 
B-TH4.N755 
B-TH4.N754 
B-SE1 .1866 
B-N01.03 
B-N01.43 
B-N01.35 
B-NLA.15020-89 
B-NL4.13084-90 
B-NL4.BN29-85 
B-NL4.BA65-85 
B-ES.X 
B-DE1.F 
B-CY 1 .H048 
B-CM.CA5 
B-AR1.13 
B-NL4.13390 
B-US 1 .HC23 
B-NL4.H4390 
B-N01.20 
B-US 1 .HC27 
B-NL4.1141-9 
B-NLS.pt4con 
B-VE.VE5 
B-TH6.1611 
B-US.WM 
B-NLA.H23-82 
A-B J1.281 
BBR5.504 
B-DE1.E 
B-ES.108 
A-B J1.241 
B-US11.306 
B-US.BWB 
B-US12.LC3A 
B-DE.HAN 
B-NL6.16 
BBR6.P9 
B-NL3.NET5 
B-NL4.13057-9 
B-ES.N 
B-VE.VE2 
B-NO1.11 
B-US13.144con 
B-MY l.MRNpO5 
D-ZR.MAL 

IlI-103 
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V3 Loop Variation 

D-ZR1.6651.sh 
B-NL.168 
B-US.MN 
B-NLS.pt8con 
B-TH7.140 
BBR1.7940 . 
B-GB.V82 
B-US5.ptSbl 
B-W.H490-85 
B-US 1 1.44 
D-BI.BU009con 
U-BU1.9 1BU009 
B-NLl.A4 
B-VE.VE7 
D-TZl .TAN6 
D-UG8.94UG013 
D-TZl .TAN3 
D-TZl .TAN2 
D-KE1 .KEN97 
D-KE.NA116 
D-UG3.110 
D-TZl .TAN7 
D-TZl .TAN 
D-CLCI 13 
D-NL2.ZR929 1 
D-KE1 .KEN986 
D-UG1 .W2UGO35 
U-UGl.92UGO352 
D-UG3.74 
D-UG8 .94UGO 10 

B-US 1 .HC29 
B-US22.El2A03 
B-US.SC 
B-NL9.h 1082 
B-NLS.pt2con 
B-NLS.ptl6con 
B-HT2.H6020 
B-CY 1 .H0433 
B-AUl.MRC3 
B-IN1.30008 
B-NLS.ptl4con 
B-USl8.LBD 
BBR3.HRJ27.sh 
BTW1.261 
B-RU2.20637 
B-RU2.50 14 
B-IT1 .136 
B-ES.17 
B-ES.14 
B-NO 1.15 
A-GAl.LBV23 
B-SKl.BTS20 

14 

B-US 1 .HC32 
B-US 12.LC4A 
B-ES.P 13 
B-NLS.ptl9con 
B-W.H434-85 
B-NO1.08 
BBR3.RJ623 . 
B-NLlO.SR93047 
B-US 1 .HClO 
B-US20.C2con 
B-GB5.4662 
B-CHl.K65 
B-TH.JP23B 
B-CHl.K23 
A-CMl.CA6 
B-USl8.LBOl 
B-GB.AIT 
B-ES.13 
B-NLlO.SR9038 
B-US6.107 

B-US 18.LBW 
F-BRl.BZ163 
B-US17.CB4 
B-US 1 .HC46 
B-US 1 .HC42 
B-US 1 .HC 18 
B-US 1 .HCO 
B S E l  .lo32 
B-RU2.4112 
B-NO 1 .O 1 
B-N01.39 
B-N01.32 
B-NL9.hl054 
B-NLS.ptl3con 
B-W.130919 
B-NL4.1142-87 
BJIAH450-85 
B-NL4.H228-90 
B-NL3.NET4 
B-IT1.193 
B-GB5.4664 
B-FR.CB 
B-ES.V 
B-ES.26 
B-DE2.3499 
B-DE1 .I 
BBR2.W2BR030 
BBR1.8633 
A-GA.VIl9 
B-ES.Pl9 
F-NL1 .ZR93069 
BBR5.515 
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V3 Loop Variation 

B-CY 1 .H045 
B-ES.20 
B-CH1 .K47 
B-BR5.513 
BBR1.1058 
B-US18.LBY 
B-GB .V74 
B-NL5.p t 1 1 con 
B-ES.THFl3A 
B-GB5.4658 
B-NL4.1117-90 
B-US 1 1.107 
B-US6 .I04 
B-ES.Pl7 
B-NOl.10 
B-US17.CB2 
B-HT2.H6008 
B-NL4.190-89 
B-US18.LBB 
A-CMl.CA 
B-US23.8 1 1 

A-UG5.94UGO18 
A-UG2.118 
A-NG.IBNG 
A-B J 1.25 1 
A-BJ1.260 
A-CI1.39con 
A-RUl.GAN1 
A-KE.KEN983 
J-GM 1 .GM5 
J-GM 1 .GM7 
J-GM 1 .GM4 
J-CONSENSUS96 
A-B J1.233 
A-RW4.566cons 
A-GAl ,G135 
A-ZR3.P 104 
B-ES.Pl8 
B-NL4.170-88 
B-NL6.320 
B-NL5.ptlScon 
B-SKl.BTSl1 
B-SK1.BTS 12 
B-USl6.NYRT 
B-HT2.H6022 
B-RU2.999 
B-US 18.LBBB 
B B R l .  1059 
B-ES .P 12 
B-HT2.H5996 
B-US6.10 
B-ES.VII1 
B-NL 1 .A2 

'A-UG5.94UG003 

III-105 
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B-RU2.154 
B B R l .  1056 
B-RU.RUS4A 
B-US17.CB3 
B-US22.EO704 
A-ZR3.PZ61 
B-TH7.114 
B-AR1.23 

16 
B-DE1.A 
B-FR.CC 
B-US 14. 
F-BRl.BZ162 
B-AU1 .MRC 
B-PY. 12842 
D-UG1 .W2UGOO5 
D-UG3.114 
D-NL2.UG9307 1 
F-GA.VI354 
F-GA 1 .VI354 
B-VE.VE3 
B-JP.KM03 
B-NLA.Hl87-90 
B-ES.Rl 
B-PY. 12838 

BBR3.HSP228A2 
BBR3.SPB 
BBR2.W2BR02 
BBR2.W2BR003 
BBR1.8635 
BBR1.7936 
B B R  1.7932 
BBR.BZ 
BvBR2.W2BRO 19 
BBR3.RJ49 
BBR3.SPB2 
BBR5.5 12 
BBR3.RJ59 
BBR3.RJ62 
B-BR2.W2BR024 
B B R  1.862 
B B R 3  .HRJ70 
BBR3.RJ64 
B B R 3  .RJ47 8 
BBR5.514 
BBR6.P3 
BBR2.W2BR028 
B-BR1.8629 
B-BR3.SPB3 
BBR5.507 

17 
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V3 Loop Variation 

B-TH7.150 
B-N01.23 
B-TH7.165 
BBR3.HRJ625 
B-CN.1798 
B-TH7.102 
B-TH7.183 
B-TH 1 A643 
B-TH7.112 
B-AR1.21 
B-TH7.96 
B-TH7.90 
B-TH7.94 
B-TH7.8 8 
B-TH7.87 
B-TH7.86 
B-TH7.85 
B-TH7.82 
B-TH7.153 
B-TH7.137 
B-TH7.122 
B-TH7.113 
B-TH7.104 
B-TH5.2619 
B-TH3 .W2TH026 
B-TH1.8653 
BTH1.8649 
B-TH.T8 174 
B-TH.93TH067 
B-MY3.1782 
B-MY 3.1755 
B-MY2.93 15 17 1 
B-MY2.93 15 160 
B-CN1.170 
B-CNl.147 
B-JP.JNIH 1 M 
B-TH7.182 
B-TH7.92 
B-TH7.166 
B-TH7.116 
B-TH7.105 
B-TH1.8655 
B-MY l.MRN02 
B-TH7.149 
B-TH4.N763 
B-TH7.124 
BTH7.118 
B-TH7.169 
BTH7.93 
B-TH7.152 
B-TH7.139 
B-CN1.200 
B-CN1 .150 
B-TH7.158 

III-107 
DEC 96 

B-MY2.93 15158 
B-TH7.174 
B-MY2.9214087 
B-CN1.206 
B-CN1 .199 
B-CN1.173 
B-NL.114C 
B-US6.106 
B-NLlO.UM893272 
B-CNl .144 
B-TH7.176 
B-TH7.109 
B-CN1 .15 1 
B-CN1 .169 
B-CN 1.192 
B-PY.12837 
B-US.CDC42 
B-TH7.101 
B-CY 1 .H040 
B-NLl.Al3 
B-USll.349 
B-IT1.196 
B-TH7.108A 
B-"737.103 
B-TH7.155 
B-TH4.N762 
B-THl.865 
B-TH7.154 
B-GB5.466 1 
BTH7.159 
B-TH7.129 
B-GB4.AC03 

21 
D-UG5.UG269 -TR-RAQ---WWT- 

22 
0-CONSENSUS-96 
0-FR.CFBCFO7 
0-FR.CFBCFO2 
O-FR.DUR 
0-CM.ANT70 
0-GA 1 .VI686 
0-ES 1.1 158 
0-FR.CFB CFO 1 
0-FR.CFBCFO8 
0-FR.VAU 
O-CM.MVP5 180 
0-FR.CFB CF06 

QE-K---MAWYSMG 
QE-K---MAWYSMG 
QE-R---MAWYSMG 
QE-K---MAWYSMQ 
QEMR---MAWYSMG 
QEMK---MAWYSMG 
QEMK---MAWYSMA 
QEMK---LSWYSMG 
QE--S--MAWYSLG 
QK-MA--MAWYSMA 
QD-YT--M-WRSM- 
QR-AT--L-WVSMA 

23 
D-UGl .W2UG024 QRTP--L-Q-L-T- 
D-UG2.3 QRTP--L-Q-L-T- 



Country Codes 

COUNTRY CODES 

It is becoming increasingly useful to name viral isolates and samples with a country code. The following 
code was captured from Internet files: 

gopher://kupe.itu.ch/l 1/. l/itudoc/public/gophermenus/. l/.un/.edicore/.wp4/.sept95/.rdocs95/.28024 
gopher://kupe.itu.ch/OO/. IRlT-Databased. l/CtryCodes/.full-1ist.txt 

for IS0 two-letter codes and for ITU three-letter codes, respectively. 
This is a list based on the International Organization for Standardization (ISO) 3166:1993 standard, 
updated from a list prepared by Mark Horton. Note that the original standard has this same information 
sorted into about 6 different orders, both in English and French, therefore this is an abbreviated version 
not to be taken as the entire standard. While it has been checked against the standard, it may possibly 
contain errors; the standard and registration newsletters should be verified for any critical application. 
This copy has been updated and is believed to be current through September 1996. 

Table of Country Codes from IS0 3166 

Country A 2  A 3  Number 

AFGJUNISTAN 
ALBANIA 
ALGERIA 
AMERICAN SAMOA 
ANDORRA 
ANGOLA 
ANGUILLA 
ANTARCTICA 
ANTIGUA AND BARBUDA 
ARGENTINA 
ARUBA 
AUSTRALIA 
AUSTRIA 
AZERBAIJAN 
BAHAMAS 
BAHRAIN 
BANGLADESH 
BARBADOS 
BELGIUM 
BELIZE 
BENIN 
BERMUDA 
BHUTAN 
BOLMA 
BOTSWANA 
BOUVET ISLAND 
BOSNIA AND HERZEGOVINA 
BRAZIL 
BRITISH INDIAN OCEAN TERRITORY 
BRUNEI DARUSSALAM 
BULGARIA 
BURKINA FASO 
BURUNDI 
BYELORUSSIAN SSR 
CAMBODIA 

111-10s 
DEC 96 

AF AFG 004 
AL ALB 008 
DZ DZA 012 
AS ASM 016 
AD AND 020 
A 0  AGO 024 
AI AIA 660 
AQ ATA 010 
AG ATG 028 
AR ARG 032 
AW ABW 533 
AU AUS 036 
AT AUT 040 
AZ AZE 031 
BS BHS 044 
BH BHR 048 
BD BGD 050 
BB BRB 052 
BE BEL 056 
BZ BLZ 084 
BJ BEN 204 
BM BMU 060 
BT BTN 064 
BO BOL 068 
BW BWA 072 
BV BVT 074 
BA BIH 070 
BR BRA 076 
IO IOT 086 
BN BRN 096 
BG BGR 100 
BF BFA 854 
BI BDI 108 
BY BYS 112 
KH KHM 116 

C 

gopher://kupe.itu.ch/l
gopher://kupe.itu.ch/OO


Country Codes 

CAMEROON 
CANADA 
CAPE VERDE 
CAYMAN ISLANDS 
CENTRAL AFRICAN REPUBLIC 
CHAD 
CHILE 
CHINA 
CHRISTMAS ISLAND 
COCOS (KEELING) ISLANDS 
COLOMBIA 
COMOROS 
CONGO 
COOK ISLANDS 
COSTA RICA 
COTE D’TVOIRE 
CROAW 
CUBA 
CYPRUS 
CZECH REPUBLIC 
DENMARK 
DJIBOUTI 
DOMINICA 
DOMINICAN REPUBLIC 
EAST TIMOR 
ECUADOR 
EGYPT 
EL SALVADOR 
EQUATORIAL GUINEA 
ERITREA 
ESTONIA 
ETHIOPIA 
FALKLAND ISLANDS (MALVINAS) 
FAROE ISLANDS 
FIJI 
FINLAND 
FRANCE 
FRANCE, METROPOLITAN 
FRENCH GUIANA 
FRENCH POLYNESIA 
FRENCH SOUTHERN TERRITORIES 
GABON 
GAMBIA 
GEORGIA 
GERMANY 
GHANA 
GIBRALTAR 
GREECE 
GREENLAND 
GRENADA 
GUADELOUPE 
GUAM 
GUATEMALA 
GUINEA 

CM CMR 
CA CAN 
cv CPV 
KY CYM 
CF CAF 
TD TCD 
CL CHL 
CN CHN 
cx CXR 
CC CCK 
co COL 
Kh4 COM 
CG COG 
CK COK 
CR CRI 
CI CIV 
HR HRV 
cu CUB 
CY CYP 
cz CZE 
DK DNK 
DJ DJI 
DM DMA 
DO DOM 
TP TMP 
EC ECU 
EG EGY 
sv SLV 
GQ GNQ 
ER ERI 
EE EST 
ET ETH 
FK FLK 
FO FRO 
FJ FJI 
FIFIN 
FRFRA 
Fx 
GF GUF 
PF PYF 
TF ATF 
GA GAB 
GM GMB 
GE GEO 
DE DEU 
GH GHA 
GI GIB 
GR GRC 
GL GRL 
GD GRD 
GP GLP 
GU GUM 
GT GTM 
GN GIN 

120 
124 
132 
136 
140 
148 
152 
156 
162 
166 
170 
174 
178 
184 
188 
384 
191 
192 
196 
203 
208 
262 
212 
214 
626 
218 
818 
222 
226 
232 
233 
230 
238 
234 
242 
246 
250 
249 
254 
258 
260 
266 
270 
268 
276 
288 
292 
300 
304 
308 
312 
316 
320 
324 

III-109 
DEC 96 



Country Codes 

GUINEA-BISSAU 
GUYANA 
HAITI 
HEARD AND MCDONALD ISLANDS 
HONDURAS 
HONG KONG 
HUNGARY 
ICELAND 
INDIA 
INDONESIA 
IRAN (ISLAMIC REPUBLIC OF) 
IRAQ 
IRELAND 
ISRAEL 
ITALY 
JAMAICA 
JAPAN 
JORDAN 
KAZAKHSTAN 
KENYA 
KIRIBATI 
KOREA, DEMOCRATIC PEOPLE'S REPUBLIC OF 
KOREA, REPUBLIC OF 
KUWAIT 
KYRGYZSTAN 
LAO PEOPLE'S DEMOCRATIC REPUBLIC 
LATVIA 
LEBANON 
LESOTHO 
LIBERIA 
LIBYAN ARAB JAMAHIRIYA 
LIECHTENSTEIN 
LITHUANIA 
LUXEMBOURG 
MACAU 
MADAGASCAR 
MALAWI 
MALAYSIA 
MALDIVES 
MALI 
MALTA 
MARSHALL ISLANDS 
MARTINIQUE 
MAURITANIA 
MAURITIUS 
MAYOTTE 
MEXICO 
MICRONESIA 
MOLDOVA 
MONACO 
MONGOLIA 
MONTSERRAT 
MOROCCO 
MOZAMBIQUE 

m-110 
DEC 96 

GW GNB 624 
GY GUY 328 
HT HTI 332 
HM HMD 334 
HN HND 340 
HK HKG 344 
HU HUN 348 
IS ISL 352 
IN IND 356 
ID IDN 360 
IR IRN 364 
IQ IRQ 368 
IE IRL 372 
IL ISR 376 
IT ITA 380 
JM JAM 388 
JP JPN 392 
JO JOR 400 
KZ KAZ 398 
KE KEN 404 
KI KIR 296 
KP PRK 408 
KR KOR 410 
KW KWT 414 
KG KGZ 417 
LA LAO 418 
LV LVA 428 
LB LBN 422 
LS LSO 426 
LR LBR 430 
LY LBY 434 
LI LIE 438 
LT LTU 440 
LU L u x  442 
MO MAC 446 
MG MDG 450 
MWMWI 454 
MY MYS 458 
M V  MDV 462 
ML MLI 466 
MT MLT 470 
MH MHL 584 
MQ MTQ 474 
MR MRT 478 
MU MUS 480 
YT MYT 175 
MX MEX 484 
FM FSM 583 
MD MDA 498 
MC MCO 492 
MN MNG 496 
MS MSR 500 
MA MAR 504 
MZ MOZ 508 



Country Codes 

MYANMAR MM MMR 
NAMIBIA NA NAM 
NAURU NR NRU 
NEPAL NP NPL 
NETHERLANDS NL NLD 
NETHERLANDS ANTILLES A N A N T  
NEUTRAL ZONE N T N T Z  
NEW CALEDONIA NC NCL 
NEW ZEALAND NZ NZL 
NICARAGUA NI NIC 
NIGER NE NER 
NIGERIA NG NGA 
NIUE N U N I U  
NORFOLK ISLAND NF NFK 
NORTHERN MARIANA ISLANDS MP IvlNP 
NORWAY NO NOR 
OMAN OM OMN 
PAKISTAN PK PAK 
PALAU PW PLW 
PANAMA PA PAN 
PAPUA NEW GUINEA PG PNG 
PARAGUAY PY PRY 
PERU PE PER 
PHILIPPINES PH PHL 
PITCAIRN PN PCN 
POLAND PL POL 
PORTUGAL PT PRT 
PUERTO RICO PR PRI 
QATAR QA QAT 
REUNION RE REU 
ROMANIA RO ROM 
RUSSIAN FEDERATION U RUS 
RWANDA RW RWA 
ST. HELENA SH SHN 
SAINT K I n s  AND NEWS KN KNA 
SAINT LUCIA LC LCA 
ST. PIERRE AND MIQUELON PM SPM 
SAINT VINCENT AND THE GRENADINES VC VCT 
SAMOA WS WSM 
SANMARINO SM SMR 
SA0 TOME AND PFUNCIPE ST STP 
SAUDI ARABIA SA SAU 
SENEGAL SN SEN 
SEYCHELLES sc SYC 
SIERRA LEONE SL SLE 
SINGAPORE SG SGP 
SLOVAKIA SK SVK 
SLOVENIA SI SVN 
SOLOMON ISLANDS SB SLB 
SOMALIA SO SOM 
SOUTH AFRICA ZA ZAF 
SOUTH GEORGIA AND THE SOUTH SANDWICH ILANDS GS 
SPAIN ES ESP 
SRILANKA LK LKA 

m-111 
DEC 96 

104 
516 
520 
524 
528 
532 
536 
540 
554 
558 
562 
566 
570 
574 
580 
578 
512 
586 
585 
590 
598 
600 
604 
608 
612 
616 
620 
630 
634 
638 
642 
643 
646 
654 
659 
662 
666 
670 
882 
674 
678 
682 
686 
690 
694 
702 
703 
705 
090 
706 
710 
239 
724 
144 



Country Codes 

SUDAN 
SURTNAME 
SVALBARD AND JAN MAYEN ISLANDS 
SWAZILAND 
SWEDEN 
SWITZERLAND 
SYRIAN ARAB REPUBLIC 
TAIWAN, PROVINCE OF CHINA 
TAJIKISTAN 
TANZANIA, UNITED REPUBLIC OF 
THAILAND 
TOGO 
TOKELAU 
TONGA 
TRINIDAD AND TOBAGO 
TUNISIA 
TURKEY 
TURKMENISTAN 
TURKS AND CAICOS ISLANDS 
TUVALU 
UGANDA 
UKRAINE 
UNITED ARAB EMIRATES 
UNITED KINGDOM 
UNITED STATES 
UNITED STATES MINOR OUTLYING ISLANDS 
URUGUAY 
UZBEKISTAN 
VANUATU 
VATICAN CITY STATE (HOLY SEE) 
VENEZUELA 
VIET NAM 
VIRGIN ISLANDS (BRITISH) 
VIRGIN ISLANDS (U.S.) 
WALLIS AND FUTUNA ISLANDS 
WESTERNSAHARA 
YEMEN, REPUBLIC 0 
YUGOSLAVIA 
ZAIRE 
ZAMBIA 
ZIMBABWE 

SD SDN 736 
SR SUR 740 
SJ SJM 744 
SZ SWZ 748 
SE SWE 752 
CH CHE 756 
SY SYR 760 
TW TWN 158 
TJ TJK 762 
TZ TZA 834 
TH THA 764 
TG TGO 768 
TK TJSL 772 
TO TON 776 
TT TTO 780 
TN TUN 788 
TR TUR 792 
TM TKM 795 
TC TCA 796 
TV TUV 798 
UG UGA 800 
UA UKR 804 
AE ARE 784 
GB GBR 826 
US USA 840 
UM UMI 581 
lJY URY 858 
UZ UZB 860 
W VUT 548 
VA VAT 336 
VE VEN 862 
VN VNM 704 
VG VGB 092 
VI VIR 850 
WF WLF 876 
EH ESH 732 
YE YEM 887 
YU YUG 890 
ZR ZAR 180 
ZM ZMB 894 
ZW ZWE 716 

m-112 
DEC 96 



I 

I 

. . ,' 1 
I 

cBJ1.23 
LW1.233 
LW1.234 
LBJ1. 2 41 
LW1.249 
LWl.251 
LW1.252 
LW1.253 
LEJ1.256 
LBJ1.260 
LBJ1.281 
LW1.33 
L W 1 . 3 6  
L W 1 . 4 1  
L W 1 . 4 4  
LBY.BLRlOA 
LCA.HWCL1 
LCF1.11423 
LCF1.11699 
LCF1.1189 
LCF1.1286 
LCF1.4010 
LCF1.4018 
LCF1.4023 
LCF1.4033 
LCF1.4044 

;l. LCF1.4050 
LCF1.4054 
LCF1.4055 
LCF1.4058 
L C F 2  .GAN 
LCF2. SAS 
LCI1.17con 
LCI1.39con 
LCI1.4lcon 
LCI1.46con 
LCI1.4con 
LCI1.Slcon 
LCI2.CI14 
A-CI2 .CI2 
A-CI2.CI20 
LCI2.CI3 
A_CI2.C1326 
A-CI2.CI327 
LCI2.CI329 
LCI2.CI330 
LCI2.CI42 
L C I 2  .CI45 
LCI2.CI47 
A-CM1 . CA 
A-CM1 .CA1 
A-CMl.CA15 
L C M 1  .CA17 
LCMl.CA18 
A-CMl.CA19 
L C M 1  .CA2 
A-CM1 . CA2 
LCMl.CA22 

-I-KR---N.-------R-..-E..--R....-D...-S--- . -R 

9 
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A-CONSENSUS-96 
LCM1 . CA6 
LCM1 .CA7 
A-CY . HOcon 
AJJ.DJ258 
A-DJ. W263 
A-DJ.DJ264 
A-GA .VI19 
LGA1 .G135 
A-GAl.G41 
A-GAl.LBV23 
A-GAl.LBV2310 
A-GAl.VI1076 
A-GAl.VI685 
A-GH.D687 
A-INl.CMCHl4 
A-INl.CMCH9 
LKE. K89 
A-KE.KENll2 
A-KE.KEN29 
AJE . KEN3 
A-KE.KEN88 
A-KE.KEN965 
AJE .KEN967 
A-KE.KEN968 
LKE.KEN97O 
A-KE.KEN973 
AJE.KEN977 
A-KE.KEN978 8 A-KE.KEN979 
A-KE.KEN98 
A-KE.KEN98 
A KE.KEN980 

cKE.KEN983 
A-KE.KEN984 
A-KE.KEN985 
A-KEl.NA111 
AJEl.NA112 
A-KEl.NA114 
A-KEl.NA115 
A-KEl.NA117 
LKEl.NA118 
A-NG . IBNG 
AJLl.AO9246 
AJLl.GH9023 
AJLl.GH9152 
AJLl.GH9299 
AJLl.GH94014 
AJLl.GH95012 
AJLl.KE9135 
AJLl.RW8903 
A-NLl.RW8935 
AJLl.TZ925825 
A-NLl.TZ94016 
A-NLl.UG9283 
AJLl.ZR93033 
A-RUl.GAN1 
A-RUl.IVA6 
A-RUl.MLY10 
LRUl . SHL9 K---E-m-----KT--Q-- ----G-----. -1H-..----..-I-,--E..-.-.-N--R.--- -I-AGL--E.--YE-----..--..H-N....--...-.-S-.KP-.T---I.--A- 
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A3lW2.561Wcons 
LRW2.R2235 
AJtW2.R2235W 
LRW3. PVP 
LRW3. PVP2 
LRW3. PVP3 
LRW3. PVP4 
LRW3. PVPS 
LRW4.074 
LRW4.081cons 
LRW4.082cons 
LRW4.226 
LRW4.439cons B A-RW4.538cons 
A-RW4.564cons 
LRW4.566cons 
LRW4.618cons 
LRW4.730cons 
LTZ.TAN142 
LTZ.TAN1SCON 
L T Z  . TAN8 
LTZ.TAN9CON 
LTZ2.016 
LTZ2.017 
LTZ3.1574 
LTZ3.1576 
LTZ3.1577 
LTZ3.1584 
LUG.1033 
LUG.92UG037 

..-.--- .NS-.- 
c w 
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A-CONSENSUS-96 
AJG2.84 
AJJG4.UG273 
A-UG4.UG275 
A-UG5.94UG003 
LUG5.94UG004 
LUG5.94UG009 
AJJG5.94UGOll 
LUG5.94UG012 
AJJG5.94UG016 
AJJG5.94UGO18 
AJG5.94UGO19 
A-ZR.232 
A-ZR1.6557.Sh 
A-ZRl. 6559 
LZR1.6563 
AJR1.6569 
A-ZR1.6571.sh 
AJR1.6649 
A-ZR1.6653 
A-ZR1.6655.sh 
A-ZR1.6657 
LZR1.6663 
L Z R 3  .K114 
AeZR3.L414 
L Z R 3  .P104 
A-ZR3.PZ61 

--- SSS--R.--EHG-K--..-E..HYN....-N. ------- - D.--SK--A--..--..H-V....-TS 
T-N--K--N.--D--KA--..E-..--N....-T 
E-N-AV--N.---R--A--..GS..--G....--. 
TIN ------.------- R-..-E..--TT...-TT --- KKD--E.A-HK-----..-N..H-N....--. 
-I---A-YA.---K-VK--..--..H-P.. .- 
----A--S-.---D----- ..- T..H-N....--. ---- AA-- N.---K---K-..--..--G....-R. 

---- E---E.--HK-VE--. .GT..--R....-T. 



B A R I  . 0 6 
B-AR1.13 
B-AR1.21 
B-AR1.22 
B-AR1.23 
B-ARl .24 
B-AR1.29 
B-AR1.33 
B-AR1.34 
B-AR1.35 
B-ARl. 5 6 
B-AUl . MRC 
B A U 1  .MRC2 
B A U 1  .MRC3 
B-AUZ.Cl8C 
B-BE. SIMI84 
B-BR.OO2con 
B-BR.BZ 
B-BR1.10553 
B-BR1.1056 
B-BR1.10565 
B-BR1.10575 
B-BR1.1058 
B-BR1.1059 
B-BR1.10593 
B-BR1.7930 
BJR1.7932 
B-BR1.7934 
B-BRl. 7 93 6 
B-BR1.7940 
B-BR1.7942 
B-BR1.7946 
B-BR1.8615 
BgRl. 862 
B-BRl.8623 
B-BR1.8625 
B-BR1.8629 
B-BR1.8633 
BJR1.8635 
B-BR2.W2BR003 
B_BRZ.W2BR004 
BJR2.W2BR014 
BJRZ.W2BR017 
BJR2.W2BR018 
BJR2.W2BR019 
B-BRS.W2BR02 
BJR2.W2BR020 
B-BR2.W2BR023 
B-BR2.W2BR024 
B-BR2.W2BR026 
B-BR2.W2BR028 
BJR2.W2BR030 
B-BR3.HRJ17 
B-BR3.HRJ27.Sh 
BJR3.HRJ477 
BJR3 .HRJ625 
BgR3.HRJ626 
BJR3 .HRJ636 
BJR3 .HRJ70 

s 
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BBR3. RJ14 
B-BR3.RJ19 
BJ3R3. RJ379 
B-BR3.RJ478 
B-BR3.RJ483 
B-BR3.RJ484 
BJR3.RJ49 
BBR3.RJ54 
B-BR3.RJ59 
BgR3. RJ62 
BaR3.RJ623 
BgR3.RJ626 
BBR3 .RJ636 
B-BR3.RJ64 
BgR3.RJ102 
B3R3 .SPB 
BJR3. SPB2 
B-BR3.SPB3 
B-BR3.SPB4 
BJRQ.BZ167A 
B3R4 .BZ2OOA 
BJRS. 504 
BBR5.505 
BBR5.506 g;;;. BgR5.507 
BJ3RS. 51 
B-BRS.510 
B-BR5.512 
B3R5.513 
B-BR5.514 
B-BRS. 515 
B-BR6. P3 
B-BR6. P4 
BBR6. P6 
BBR6. P7 
B-BR6. P8 
BBR6. P9 
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E-TH3.W2TH019 
E-TH3.W2TH02 
E-TH3.W2TH020 
E-TH3.W2TH022 
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E-CONSENSUS-96 
E-TH3.W2TH023 
E-TH3.W2TH024 
E-TH4.D3TH966 
E-TH4.D3TH975 
E-TH4.D3TH976 
E-TH5. CMUO 
E-TH5.CMUOZ 
E-THS.CMU03 
E-THS.CMUO4 
E-TH5.CMUO5 
E-TH5.CMUO6 
E-TH5.CMUO7 
E-TH5.CMU08 
E-THS.CMU10 
E-TH5.El058 
E-TH5.KHOO 
E-TH5.KH003. 
E-TH5.KH004 
E-THS.KH005 
E-THS.KH007 
E-THS.KH008 
E-THS.KH009 
E-TH5.KHO1 
E-THS.KH012 
E-TH5.KH013 
E-THS.KH014 
E-THS.KH015 
E-TH6.0182 
E-TH6.1012 
E-TH6.194 
E-TH7.1018 
E-TH7.1110 
E-TH8.0103 
E-TH8.0289 
E-TH9.100 
E-TH9.106 
E-TH9.111 
E-TH9.115 
E-TH9.119 
ELTH9. 126 
E-TH9.135 
E-TH9.179 
E-TH9.81 
E-TH9.83 
E-TH9. 84 
E-TH9.89 
E-TH9.97 
E-TH9.98 
E-TWl. 286 
E-TWl .346 
E-TW1 .3 9 6 
E-UK1.11643 
E-US.WC30506 
E-UY . UR2 
E-UY .UR4 
E-UY .UR6 
E-UY .UR7 
E-VNl . BX6 
E-VNl .CT5 



*** 
v3 LOOP ..* * t 

I 

E-CONSENSUS-96 
E-VNl . DN3 
E-VN2 .VN1 
E-VN2 .VN2 
E-VN2 .VN3 
E-VN2 .VN4 

F-CONSENSUS-96 
F-AR1.20016 
FAR1.21280 
F-AR2.15 
FJiR2.16 
F-AR2 .18 
F-BR. 79 44 
F-BR. WI03 
F-BRl.BZ126 
F-BRl.BZ162 
F-BRl.BZ163 
F-BR2.HSP209 
F-BR2.HSP229 
F-BR2.HSP238 
F-BR2.HSP255 
F-BR2.HSP255A 
F-BR3.93BR029 
F-CM . CA16 
F-CM . CA20 
F-CM . CA4 
F-GA.VI354 

FJLl.BR94009 
FJLl.ZR8908 
FJLl.ZR93069 
F-R01.14018 
F-R01.14020 
F-RO1.14024 
F-RO1.14027 
F-RO1.14028 
F-RO1.14034 
F-RO1.14036 
F-RO1.1404 
F-RO1.14046 
F-RO2.RM53002 
F-RO2.RM5301 
F-RO2.RM53012 
F-RO2.RM53013 
F-RO2.RM53014 
F-RO2.RM53015 
F-RO2.RM53018 
FLR02.RM5302 
F-RO2.RM53022 
F-RO2.RM53023 
F-RO2.RM53024 
F-RO2.RM53027 
F-RO2.RM53029 
F-RO2.RM5303 
F-RO2.RM5303 
F-RO2.RM53032 
F-RO2.RM53034 
F-RO2. RM5 3 03 5 
F-RO2.RM53037 

a F-CY.HO44-1 

cl F-GAl.VI354 
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0-CONSENSUS-96 
0-CM.ANT70 
0-CM.MVP5180 
0-ES1.1158 
0-FR.CFBCFO1 
0-FR.CFBCFO2 
0-FR.CFBCF03 
0-FR.CFBCFO6 
0-FR.CFBCFO7 
0-FR.CFBCFO8 
0-FR . DUR 
0-FR . VAU 
0-GAl.VI686 

U-CONSENSUS-96 
U-AR.20021 
U-BR3.RJIO 
U-BU1.91BUOO9 
U-CF1.4040 
U-CF1.4056 
U-CFl .408 
U-CF1.4087 
U-KE.Kl24 
U-KE.KEN976 
U3L. RW94028 
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Sequences wilh unusual inserts (continued): * 
ALL-CONSENSUS F...YCNT 
LCF1.11423 
LCF1.1189 
LCF1.1286 
LCI2.CI326 
L C I 2  .CI47 
L U G  .U455 
LUGl.W2UG029 
B-AUZ.Cl8CG 
B-BE.SIMI84 
B-BR3.HSP204 
B-GB1.CPHL 
B-GB3.CPHL7 
B-GB5.4657 
B-HTl.D2HA599 
B-HTZ.Hl3968 
B-IN1.20016 
B-IN1.20023 
B-IN1.30005 
B-IT . PD 
BJJL . Xlcon 
BJJL5.ptl2COn 
B-SKl.BTS15 
B-TW1.84 
B-TW1.90 
B-US . PD 
B-US . RJS 
B-US10.SFBUcon 
B-ZA.ZA510 
C-IN3.IND5 
DJJL2.ZR94022 
D-TZ2.023 
D-TZ2 .053 
D-TZ2.064 
D-TZ2 . 0 80 
D-TZ3.1627 
0-TZ3.4622 
D-UG.U44342 
D-UGl.W2UG00 
D-UGl.W2UG038 
D-UGl.W2UG040 
D-UGl.W2UG053 
D-UGl.W2UG065 
D-UGl.W2UG070 
D-UG2.1665 
D-UG2.1685 
D-UG2.653 
D-UG2. G 
DJG2 .G2 
D-UG3.70 
D-UG5.UG266 
D-UG6 .9 80 
0-UG7.963 
D-ZR . JY 
F-RO2.RM53012 
GJJL ,127C 
GJJLl.UM92101 
H-CM.CA13 

-LLQ-I 

-...-- Y -...--- 
-. . .--- 
-. . .---s -. . .---s 
-. . . - --- -. . . - --- 
-. . . - - - - - 

-. . .---. 
-. . .s--. 
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Sequence Descriptions 

A Subtype 
At this time there are viral sequences from 207 HIV-1 infected individuals associated with HIV-1 subtype 
A. The A subtype consensus sequence (A-CONSENSUS-96) generated from these sequences was based 
on the most common amino acid found in each position in an alignment of these sequences. All of these 
sequences have been published and/or have been made available for printing in the database by their 
authors. 

1) B Jl.ID#: These 18 sequences are from female prostitutes, born in either Ghana or Togo, who live in 
Benin. 15 are from directly sequenced PCR products, derived via RT-PCR from patient serum RNA. 3 
(233,251 and 253) are from cloned PCR products, also by RT-PCR from serum RNA. Another subtype A 
sequence (366, U61870) is not included here, because it was nearly identical (254 of 255 bases identical) 
to the SF170 (M66533) sequence from Rwanda isolated in 1988, and thus it likely represents a lab artifact. 
[Heyndrickx et al.(1996)]. GenBank accession numbers U61854-U61869, U61871 and U61873. Two 
subtype G isolates were also found in this study. 

2) BY.BLR1OA: This sequence is from Byelorussia. [Lukashov et a1.(1995)]. GenBank accession number 
L38411. 

3) CA.HWCL1: This sequence is the first published sequence of subtype A HIV-1 in Canada. The patient 
had moved from Uganda in 1983, and was diagnosed as HIV+ in 1989. Vial RNA was recovered from 
archived, stored patient serum by binding viral particles to CDCcoated wells of an ELISA plate. The 
RT-PCR amplification product was cloned and 10 clones were sequenced. It is not clear whether this 
sequence is from a single clone, or a consensus of all 10. montpetit(l995)l. GenBank accession number 
U34049. 

4) CF1.m: These thirteen sequences are from a set of sequences obtained from 27 symptomatic patients 
from the Central African Republic, from whom blood was drawn in 1990-1991. The sequences are 
consensus sequences fkom cloned PCR products. DNA was isolated from co-cultured PBMCs. [Murphy 
etal.(1993)] GenBankaccession numbersLl1457-L11458, L11461-L11463,L11469-L11471, L11474- 
L11475, L11477-L11479, L11484-L11496, L11498, L11518 and L11523-L11524. Some of them were 
sequenced again by Schmitt et al. unpublished: U43275, CF1.4023; U43109, CF1.4054; U43139, 
CF1.11423; U43136, CF1.1286. 

5) CF2.GAN and SAS: These sequences were kindly provided prior to publication by Dr. MP Kieny of 
Transgene, Strasbourg, France. They are part of a set of 14 HIV-1 gp120 isolates from Bangui, Central 
African Republic. The gp120 proteins have been expressed in a hybrid gp160 vaccinia virus expression 
system. Year of isolation and health status of individuals from which the virus was isolated were not 
provided. Viruses were isolated in the CAR by C Mathiot and B You (Pasteur Inst., Bangui), grown by F 
Barre-Sinoussi and A Deslandres (Pasteur Inst., Paris), and cloned and sequenced by D Schmitt and MP 
Kieny. GenBank accession numbers U43111, U43171, M81063, M81064. 

6) CIl.ID#: These six sequences are from six different AIDS patients suffering from pulmonary tuberculosis 
at the Pneumology Hospital of Cocody, Abidja, Ivory Coast. In this study sequences from viral RNA from 
viruses from serum cocultured on donor PBMCs, proviral DNA sequences from each patients’ PBMCs 
after coculture with donor PBMCs, and proviral DNA sequences directly from uncultured PBMCs were 
determined. For the cocultured samples viral RNA was harvested from the culture supernatant. PCR 
or RT-PCR was used to amplify the env V3 region, and 4-7 cloned PCR products were sequenced. A 
total of 66 sequences from the six patients were published. All 66 were subtype A, and intrapatient 
sequences were more similar than interpatient sequences. [Audoly et al.( 1996)l. GenBank accession 
numbers U59559-U59624. 

7) CU.CI-ID#: These sequences are from 11 of 13 isolates from individuals from Abidjan, Cote d’Ivoire. 
CI-14 and CI-20 were symptomatic, and the others were asymptomatic. CI-14, CI-45 and CI-47 were 
serologically dually reactive for HIV-1 and HIV-2. The C2V3 region is part of a900 bp sequence. Samples 
were collected between May 1990 and Sept. 1991. Virus was cultured with donor PBMCs, nested PCR 
amplified, 3 4  clones were sequenced, and the consensus of those clones is presented here. [Janssens 
et aL(1994a)l. GenBank accession numbers X72024X72027, X72030-X72039, X72043-X72056, and 

8) CMl.CA-ID#: These sequences are 11 of 17 sequences from a very diverse set of isolates from Yaounde 
and Douala, Cameroon. The sequences were derived from asymptomatic (CA7, CAI 1, CA15, CA17, 
CA18, and CA21) and symptomatic (CAI, CA2, CA6, CA19 and CA22) individuals. Virus was isolated 

X72059-X72065. 

III-144 
DEC 96 



11 

Sequence Descriptions 

by culture with donor PBMCs, and nested PCR amplified. A single clone was sequenced representing 
each HN-1 isolate. [Nkengasong et aL(1994)I. GenBank accession numbers for the entire set of 17 
envelope sequences: X80438-X80454. 

9) CY.HOcon: This is a consensus sequence from four individuals who were epidemiologically linked to 
one another: a father, a mother, their child and a woman who was a heterosexual partner of the father. 
These samples, like others in this study (see also subtypes B, C, F and I) were collected in February 
1994 from the AIDS clinic in Nicosia, Cyprus. PBMC DNA was PCR amplified and cloned. Individual 
clones were sequenced. The father (patient H034) was 36 years old and asymptomatic. He was known 
to have been seropositive for at least 2 years and had a CD4 count of 410. The mother (patient H017) 
was 35, had been infected for at least two years, had a CD4 count of 2 and died in May 1994. The child 
(patient H049) was 2 years old, had been infected since birth, and was asymptomatic, with a CD4 count 
of 1,211. The partner of the father (patient H042) was 45 years old, had been infected for at least 4 years, 
was symptomatic with CD4 count of 80, and died in August 1994. Because of the close epidemiological 
linkage, a consensus of all 5 sequences is presented here. [Kostrikis et a1.(1995)]. GenBank accession 
numbers U28683 (child); U28674, U28719 (father); U28677 (father's partner); U28665 (mother). 

10) D J.D J-ID#: These three sequences from Djibouti were from a set of HIV-1 viral isolates from Africa. 
Health status of the individual from which the virus was cultured was unspecified, and the year of viral 
isolation was probably between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. 
Full length env (gp160) was amplified, cloned and sequenced. [Louwagie et a1.(1995)]. GenBank 
accession numbers L22939, L22941, and L23064. 
GA.VI191: This sequence from Gabon was from a set of HIV-1 viral isolates from Africa. Health status 
of the individual from which the virus was cultured was unspecified, and the year of viral isolation was 
probably between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length 
env (gp160) was amplified, cloned and sequenced. [Louwagie et al.( 19931. GenBank accession number 
L22952. 

12) GAl.ID#: These 6 sequences are from Gabon. Two (G41, G135) are from 1988-1989 samples from 
patients with AIDS living in Franceville Gabon. VI685 is from a 1992 sample of an AIDS patient from the 
Libreville General Hospital. VI1076 is from a 1993 sample of an AIDS patient from the Libreville General 
Hospital. LBV2310 and LBV23 are from 1988 samples from asymptomatic individuals sampled from 
the general population. Method of proviral DNA isolation was not described. DNA was PCR amplified 
and cloned. One clone per isolate was sequenced. [Delaporte et a1.(1996)]. GenBank Accession numbers 
X90914, LBV23; X90915, G135; X90917, G41; X90918, LBV2310; X90921, VI1076; X90924, VI685. 
See also subtypes C, D, F, G and 0 sequences from this same study. 

13) GH.D687: A single sequence from an individual from Ghana. Virus was cocultured on PBMCs and 
the env gene was PCR amplified. Provided by Georg-Speyer Haus, Frankfurt, Germany (Dr. Ursula 
Dietrich). [Dietrich et a1.(1993)]. GenBank accession numbers L07652, X68407. 

14) INl.ID# These two entries are from 1992 dried blood spot samples from Vellore near Madras, in 
Tamil Nadu state in southern India. DNA was extracted from the blood spots and PCR amplified. The 
PCR products were directly sequenced. Samples came from previously identified HIV seropositive 
homosexual men. Other samples from the same region were all subtype C (see C-IN4.#). [Cassol 
et a].( 1996)l. GenBank accession numbers U53286 and U53291. 

15) KJLK89: This sequence is named "KENYA" in the GenBankentry, but is identified as K89 in the original 
manuscript. It is a Kenyan sequence from a set of HIV-1 viral isolates from Africa. Health status of the 
individual from which the virus was cultured was unspecified, and the year of viral isolation was probably 
between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length env (gp160) 
was amplified, cloned and sequenced. [Louwagie et al.( 19931. GenBank accession number L22943. 

16) KE.KEN-ID#: These 19 sequences were derived from patients who were part of a 1990-1992 cohort 
study of maternal risk factors in mother to child transmission, including 22 pregnant women and an infant 
from Kenya. The C2V3 region was sequenced. [Janssens et a1.(1994c)]. GenBank accession numbers 
for the entire set of 23 patients surveyed in this study: U12984-U13006. 

17) KEl.-ID#: These 6 sequences were derived from patients who were part of a May-June 1992 study of 
pregnant women from the Pumwani Maternity Hospital in Nairobi, Kenya. Viral RNA was concentrated 
from patient serum just prior to delivery, and the envelope C2-V3 region was amplified by RT-PCR. The 
PCR product was cloned and 20 clones from each patient were sequenced. Two other patients from this 
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study had viral subtypes C and D. [Zachar et a1.(1996a)]. Genbank accession numbers U32658, U33763, 
U33764, U33766, U33767 and U34905. 
NG.IBNG: An envelope gp120 sequence from Nigeria was kindly provided by Dr. Tom Howard from 
the University of Southern California (USC) [Howard et a1.(1994)] and the complete genome has now 
been sequenced [Howard & Rasheed( 1996)l. Genbank accession numbers U48628 and L39106. 
NLl.ID#: These 13 sequences are from recent immigrants to The Netherlands from various countries. 
The fist two letters of the ID# represent the two letter country code for the previous residence of the 
patient. The next two numerals represent the year of isolation. Viral RNA was prepared from patient 
serum and RT-PCR was used to amplify the V3 region of the env gene. The PCR products were di- 
rectly sequenced. [Lukashov et a1.(1996)]. GenBank accession numbers L76877, GH902304; L76903, 
GH9401488; L76883, GH915200; L76913, GH9501283; L76893, GH929927; L76896, ZR9303337; 
L76870, RW890388; L76875, RW893568; L76905, TZ9401664; L76881, KE913514; L76891, 
UG928308; L76887, A0924646 L76889, T2925825. 
RUl.ID#: These 4 sequences are from Russia. Bobkov et al. 1996 Unpublished. GenBank accession 
numbers: U33098, IVA6; U33097, GANl; U33104 U33105, MLYlO; U33106 U33107 U33108, SHL9. 
RW.564C This sequence represents 10 identical sequences generated from PCR amplified plasma RNA 
from one of three infants in a Dutch motherhnfant study. Patient pair 564 was from Rwanda. A sample 
wwcollected from the infant at 30 months of age. Samples were also collected from the mother at 
12 and 30 months after the birth. Mother sequences are not included in this consensus. Wulder- 
Kampinga et aL(1993)J. [Mulder-Kampinga et al.(1995)J. The child 564 Env sequence is from the 
entry with GenBank accession number 247881. Mother 564 sequences are in entries with GenBank 
accession numbers 247882-247902. Mother sequences are not included in this alignment. Gag gene 
sequences from motherkhild pairs are also available in Genbank accession numbers 247903-247911, 
2479 12-247928,247929-247935 and 247936-247950. The second motherkhild pair was from the 
Netherlands, see G-NL.127C. The third motherhnfant pair in this study was from the Netherlands, see 
B-NL.114C. 
RW.SF1703: This sequence is from Rwandan isolate sf170, a biologically active clone reported to 
be macrophage-tropic. [Cheng-Mayer et al.( 198811. GenBank accession number M66533. See also 
U61870, which is not reported to be from SF170, but is greater than 99% identical to it. 
RWl.W2RW-ID#: Seven sequences from asymptomatic individuals from Rwanda sampled in 1992. 
Consensus, PCR-clones, cell-culture DNA and RNA. These sequences were provided by the WHO Global 
Programme on AIDS Vaccine Development Study. The complete set of C2V3 region WHO sequences 
can be found in the April supplement to the Human Retroviruses and AIDS 1993 database. Relevant 
papers are: [De Wolf et a1.(1994)J; [Osmanov et aL(1994)J; [Gao et a1.(1994a)]. GenBank accession 
numbers UO8630-UO8640, U08645, UO8647-UO8665, UO8763-UO8766, and UO8793-UO8794. One of 
these sequences may be mislabelled in the database; U08634 is labelled as patient 016, but is identical to 
sequences from patient 008. Sequences from samples 92WR020 and 92RW021 were greater than 98each 
other, so only 92RW021 is presented here. 
RW2-IDk Nine consensus sequences from Rwanda. Saah, A. Unpublished 1994. GenBank accession 
numbers U23216423373. 
RW3.PV#: Bex,F. et al. Unpublished. These five sequences are from Rwandese patients with AIDS. The 
sequencing was done by the EEC Centralized Facility for HIV genome characterization, Georg-Speyer- 
Haus, Frankfurt, Germany. The complete envelope gene for PVPl is available from a clone obtained after 
short-term co-culture on donor PBMCs. Two other shorter sequences of PVPl env direct from patient 
PBMCs are also available. GenBank accession numbers LO7082-LO7091. LO7088 and LO7089 were 
withdrawn from GenBank by the authors, who felt they may represent PCR artifacts. 
RW4.#: Kampinga,G.A. et al. Unpublished. These 8 consensus sequences and 2 individual sequences, 
are from 7 infants and 3 mothers in a study of mother-infant transmission in Rwanda. Mother 566 was ap- 
parently infected with both subtype A and subtype C HIV- 1, but the env regions from the child clones were 
all subtype A. See also C-RWl.ID#. GenBank accession numbers for child 566 are 276160-276161, 
276167-276168, 276169-276176, 276233-276248, 276262-276273 and 276717-276724; mother 
730,276353-276362; child 564,276074-276083; mother 226,276046; child 538,276134-276143, 
276373-276382,276393-276412; child 074,275958; child 082,275998-276009,276650; child 081, 
275959-275968; child 618, 276198-276207; mother 439, 276048-276057, 276064-276068 and 
276070. 

. , 

III-146 
DEC 96 



Sequence Descriptions 

27) TZ.TAN-ID# These four sequences are from a set of 14 Tanzanian samples from symptomatic individ- 
uals, using serum samples taken in 1988 to generate PCR clones from viral RNA for sequencing. [Zwart 
et a1.(1993)]. GenBank accession numbers L01313, LO1315-LO1316, L01335, LO1337-LO1339. 

28) TZ2.IDk These two sequences were from patients at aclinic in Dares Salaam, Tanzania. The individuals 
from which the virus was cultured showed clinical signs of AIDS, and the year of viral isolation was 
1988. Viral cDNA was PCR amplified from donor PBMC, and one cloned PCR product per donor was 
sequenced. [Siwka et a1.(1994)]. GenBank accession numbers U12408, U12409. 

29) TZ3.IDk These4 sequences are from the Mara region of rural northwest Tanzania [Robbins et al.( 1996)l. 
Subtype D was also found in this study. GenBank accession numbers U6187SU61878. 

30) UG.1033: This sequence is a consensus sequence of blood and CSF samples taken from a Ugandan patient 
1033, CDC class IV-A. [Keys et a1.(1993)]. GenBank accession numbers 223177,223182-223184, and 
223220-223223. 

3 1) UG.92UGO37: This sequence is from a complete genome PCR amplified from proviral DNA. The patient 
was a 31 year old asymptomatic female from Entebe, Uganda. [Gao et a1.(1996b)]. GenBank accession 
number U5 1190. 

32) UG.964: A single sequence used in a study of the impact of sequence variation on the distribution 
and seroreactivity of linear antigenic epitopes. The sequence was derived from PCR amplified DNA 
from peripheral blood leukocytes. The patient was an asymptomatic individual from Uganda. [Pestano 
et a1.(1995)]. GenBankaccession numberU11599. See alsoB-US17.ID#, C-UG1.45, andD-UG7.ID#. 

33) UG.U455: This sequence is from the 1985 Ugandan isolate U455; the complete genomic sequence is 
available. [Oram et a1.(1990)]. The env ORF in this sequence is interrupted by an in-frame stop codon 
beyond the COOH end of the V5 region. GenBank accession number M62320. 

34) UG.UGO6: This sequence is from blood collected from the Mulago Teaching Hospital in Kampala, 
Uganda. Viral RNA was harvested after 10-14 days of coculture with donor PBMCs and reverse- 
transcribed with AMV-RT. The env V3 region was pCR amplifed and cloned. This sequence is from an 
individual clone. [Atkin et al.(1993)], [Pestano et a1.(1993)]. GenBank accession number M98503. 

35) UGl.W2UG-ID#: Three sequences from asymptomatic individuals from Uganda in 1992. Consensus, 
PCR-clones, cell-culture DNA and RNA. These sequences were provided by the WHO Global Programme 
on AIDS Vaccine Development Study. The complete set of C2V3 region WHO sequences can be found 
in the April supplement to the Human Retroviruses and AIDS 1993 database. Relevant papers are: [De 
Wolf et a1.(1994)]; [Osmanov et al.( 1994)l; [Gao et a1.(1994a)]. GenBank accession numbers U08666 

36) UG2-ID#: These 11 sequences are part of a set of sequences derived from 22 Ugandans who were 
attending an AIDS clinic, sampled in 1990. Consensus, PCR-clones, peripheral blood DNA. [Albert 
et al.( 1992)l. GenBank accession numbers M98902-M98905, M98908-M98910, M98914M98917, 
M98919, M98924M98928, M98938-M98941, M9894GM98966, and M98976- 
M98978. 

37) UG4.UG-ID# Two Ugandan sequences from a set of HIV-1 viral isolates from Africa. Health status 
of the individual from which the virus was cultured was unspecified, and the year of viral isolation was 
probably between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length 
env (gp160) was amplified, cloned and sequenced. [Louwagie et a1.(1995)]. GenBank accession numbers 
L22957 and L2295 1. 

38) UGS.ID#: These 8 sequences are from Gulu, northern Uganda. They are from direct sequence of PCR 
product amplified from uncultured PBMCs. Blood samples were drawn from 217 pregnant women 
attending a clinic in Gulu, northern Uganda. Ages ranged from 17 to 37 years. The 29 seropositive 
women (13.4% of the 217 tested) were all asymptomatic. [Buonaguro et a1.(1995)]. Genbank accession 
numbers U44878-U44880, U44882, U44883 and U448854J44887. Two subtype D sequences were also 
found in this study (see D-UG8). 

39) ZR.Z321: This sequence is from the 1976 Zairean isolate 2321. [Srinivasan et a1.(1989)]. GenBank 
accession number M15896. 

40) ZRl.ID#: These ten sequences are part of a set of 14 A and D sequences from women from Zaire; 8 were 
healthy, 4 showed minor signs of illness, and 2 had AIDS. PCR-direct, peripheral blood DNA. [Potts 
et a1.(1993a)]. GenBank accession numbers L19624-L19626, L19628-L19630, L19632-L19634, and 
L19636. 

41) ZR3.ID#: These sequences are from Zaire. They are unpublished, by M. Reitz et al. GenBank accession 
numbers U43097-U43 100. 

U08669, UO8767-UO8770, UO8788-UO8792, U08795, U09124, U09125 and U09127 
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B Subtype 
At this time we have included viral sequences from 975 HIV-1 infected individuals associated with HIV-1 
subtype B. The B subtype consensussequence (B-CONSENSUS-96) generated from these sequences 
was based on the most common amino acid found in each position in an alignment of these sequences. 
Please note that none of the studies which have published sequences of only the V3 loop sequences are 
included here, as the DNA sequences were deemed too short for phylogenetic analyses. (For example, 
LaRosa G, et al., Science 249:932-935 (1990) and Fouchier RAM, et al., J. Virol. 663183-3187 (1992).) 

AR.21281: This, sequence is from direct sequencing of PCR product from uncultured PBMCs, from a 
1993 sample from Buenos Aires, Argentina. The patient had A I D S  and reported promiscuous heterosexual 
risk behavior. 'Ibo other samples taken from unrelated patients in 1993 were subtypes F and one was 
found to be a subtype B E  recombinant. marquina et a1.(1996)]. GenBank accession number U68525. 
ARl.ID#: These 11 sequences are from Rosario, Argentina. A total of 24 patients from different risk 
groups visiting a clinic in Rosario were included in this study. Of the 14 sequences determined, 11 
were found to belong to subtype B and 3 were found to belong to subtype F. DNA was extracted from 
whole blood and PCR amplified. PCR products were directly sequenced. Subtypes of all 24 patients 
were tested by HMA. [Campodonico et al.(1996)]. GenBank accession numbers U37030, U37031 and 
U37034-U37042. 
AUl.ID#: Put forth as evidence that coinfection by multiple HIV-1 s&ains can occur in vivo, these three 
concensus sequences (MRCl,MRC2, and MRC3) come from an Austrailian homosexual male who had 
been infected by more than one sexual partner, and harbored three distinct strains of HIV-1 B. The authors 
also found recombinant sequences, not included here. The sequences were PCR amplified from plasma 
RNA and PBMC DNA. [Zhu et a1.(1995)]. GenBank accession numbers U16372-U16388. 
AU2.Cl8CG: This sequence is one of a group relating to an Australian blood donor infected with HIV-1 
and six Australian recipients, all of whom remain symptom free with normal CD4 counts 10 to 14 years 
after infection. [Deacon et a1.(1995)]. Samples from only the donor, D36 (U37271), and two patients, 
C18 (U37267, U37270) and C98 (U37268, U37269), appear to have been sequenced. These sequences 
have deletions in the nef gene and in the region of overlap of nef and the U3 region of LTR. The authors 
point to the importance of NEF or the U3 region of LTR in determining the pathogenicity of HIV-1 and 
suggest this strain of HIV-1 as a possible basis for a live attenuated vaccine. The complete genome of 
the virus from recipient C18 is in the entry with accession number U37270. 
BE.SIMIS4 One of two cloned env sequences from a patient with AIDS from Belgium. A vaccinia 
construct that expresses this gene was created to vaccinate the patient's non-infected brother with the goal 
of immune therapy by adoptive transferof lymphocytes. [Bex et al.(1994)]. GenBank accession number 
L07421. 

6) BR.002con This consensus sequence is from Genbank accession numbers L35489-L35493. These se- 
quences were provided by the WHO Global Programme on AIDS Vaccine Development Study. Ranjbar,S. 
et al. Unpublished (1994). 

7) BR.BZ This sequence is from an individual in a Brazilian HIV cohort study. PBMC DNA was PCR 
amplified in two sequential rounds, and six cloned PCR products were sequenced on both strands. A single 
clone containing an uninterrupted envelope open reading frame was reported. [da Costa et a1.(1995)]. 
Genbank accession number U28336. 

8) BRl.ID#: These 21 sequences represent the B env subtype sequences found among 22 Brazilian out- 
patients with varying degrees of disease progression. They are consensus sequences from cloned PCR 
products. PCR was performed on PBMC DNA. [Potts et a1.(1993b)]. GenBank accession numbers for 21 
of the 56 clones from which consensus sequences were calculated: L19225-L19237, L19240-L19246 
and L20963. 

9) BR2.W2BR-ID#: These 13 sequences are from individuals from Brazil. They are consensus sequences 
from cloned PCR products. Some of the clones were from cell-culture DNA, and some from cell-culture 
supernatant RNA. These sequences were provided by the WHO Global Programme on AIDS Vaccine 
Development Study. The complete set of C2V3 region WHO sequences can be found in the April 
supplement to the Human Retroviruses and AIDS 1993 database. [De Wolf et a1.(1994)], [Osmanov 
et a1.(1994)], [Gao et al.( 1994a)l. GenBank accession numbers UO8670-UO8714, UO8771-UO8778, 
UO8780-UO8782, U08792, U08796, UO8797-UO8800. 

HI-148 
DEC 96 

. .  



Sequence Descriptions 

10) BR3.RJ- or SP-ID These 32 sequences came from the Brazilian cities Rio de Janeiro and Sao Paulo. 
Some of the sequences that are very short, containing V3 loop fragments insufficient for phylogenetic 
analysis, are not included here (4 of the 36). The full set included 34 viral sequences of the B subtype, 
an F subtype and a B-F recombinant (see subtypes F and U). The year of isolation for the sequences 
ranged from 1990-1992 for Rio de Janeiro, and 1992 for Sao Paulo. The only two with CD4+ cells 
e 200 were RJ636 and RJ27. The CDC clinical class ranged from 11-IV. DNA extracted from PBMCs 
of HIV infected individuals was amplified, and the PCR product was directly sequenced. worgado 
et a1.(1994)] and [Sabino et al.(1994c)]. More recent unpublished sequences from the same isolates are 
also included here. GenBank accession numbers UOO400-UOO401, U00403, U00405, UOO407-UOO414, 

11) BR4.BZ-ID#: These 2 sequences are from seropositive Brazilian patients. Virus was cultured on donor 
PBMCs and proviral DNA was harvested from positive cultures. PCR was used to generate sequencing 
templates. [Louwagie et a1.(1994)]. GenBank accession numbers L22087 and L22088. The gag gene 
sequences from these same isolates are also available in L11752 and L11754. See also F-BR2.BZ-ID#. 

12) BR5.IDk These 10 sequences are from entries with GenBank accession numbers L19328-L19337. 
Bandea, C. I. Unpublished (1993). 

13) BR6.IDk These six sequences are from patients living in cities in Brazil (p3, Sao Paulo; P4, P6 and P7, 
Bahia; P8, Parana; P9, Rio de Janeiro) and sampled between 1987 and 1989. Sequences were determined 
from directly sequenced PCR products (except P6 which was a cloned PCR product), after coculture 
of patient PBMCs with donor PBMCs. [Couto-Fernandez et al.( 1994)l. Genbank accession numbers 

14) CHl.ID#: These 19 sequences came from 24 individuals living in Geneva, Switzerland who were recently 
infected at the time of blood drawing. Samples werecollected between January 1988 and September 1993. 
Sequences were determined directly from PCR products of uncultured PBMC DNA or serum cDNA. All 
subjects were asymptomatic, 19 subjects had p24 antigen levels ranging from 5 to 6,357 pg/ml and 5 
subjects had no detectable p24 antigen. Two subjects were epidemiologically linked (K1 1 and K16) so 
only one of those two is presented here. Two other individuals showed identical DNA sequences over 
the entire V3 region (W3 and K77) so only one of them is presented here. Three other individuals (K13, 
K42 and P4) had sequences nekly identical to the LAI (IIIB) laboratory strain of HIV. Although the 
authors are convinced that these are not contaminants, and that a IIIB-like strain of HIV is circulating in 
Geneva, they are not included in this alignment. [Antonioli et a1.(1995)]. GenBank accession numbers 

15) CI.CI-22: A single B subtype sequence from a set of 13 isolates from individuals from Abidjan, Cote 
d’Ivoire. CI-22 was symptomatic. The C2V3 region is part of a 900 bp fragment that was sequenced for 
each individual. Samples were collected between May 1990 and Sept. 1991. Virus was cultured with 
donor PBMCs, nested PCR amplified, 3 clones were sequenced, and the consensus of those clones is 
presented here. [Janssens et al.( 1994a)l. GenBank accession numbers X72040-X72042. 

16) CM.CA5: A single B subtype sequence from a set of 17 sequences from a very diverse set of isolates 
from Yaounde and Douala, Cameroon. The sequences were derived from asymptomatic and symptomatic 
HIV infected individuals, specifically, patient CA-5 was asymptomatic. Virus was isolated by culture 
with donor PBMCs, and nested PCR amplified. A single clone was sequenced representing each HIV-1 
isolate. [Nkengasong et a1.(1994)]. GenBank accession numbers for the full set of 17 sequences which 
includes CA5 are X80438-XS0454. 

17) CN1.-ID#: These 54 sequences are form the Yunnan Province, China. No information is yet available. 
Unpublished 1995, Y. Shao and H. Wolf. Several of these sequences (U20009, U20012, U20013, U20018, 
U20023, U20024) are greater than 96GenBank Accession numbers U20001-U20054. 

18) CN.1798: This sequence is from a dried blood spot collected in 1992 from the spouse of an IV drug user 
in China. DNA was extracted from the blood spots and PCR amplified. The PCR products were directly 
sequenced. [Cassol et al.( 1996)l. GenBank accession number U53316. 

19) CU.94CUO53: This sequence is from a bisexual male, most probably infected via heterosexual contact 
in 1992, in Cuba. Virus was isolate in 1994, 2 years after seroconversion, by cocultivation of patient 
PBMCs with donor PBMCs. This isolate exhibits a rapidhigh, syncytium-inducing phenotype. [Gomez 
et a1.(1996)]. GenBank accession number U48855. 

20) CYl.HO#: These sequences are from samples, like others in this study (see also subtypes A, C, F and I), 
which were collected in February 1994 from the AIDS clinic in Nicosia, Cyprus. PBMC DNA was PCR 

UOO416-UOO418, U00421, UOO424-UOO425, U00427, U08975, U31586, U31587 andU31589-U31591. 

X785 12-X785 17. 

U10957-U10980. 
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amplified and cloned. Individual clones were sequenced. Patient 04 was a.24 year old man, asymptomatic 
with a CD4 count of 516, who had lived abroad, and had been seropositive for at least 4 years. Patient 
11 was a 29 year old homosexual man, symptomatic with a CD4 count of 277, and seropositive for at 
least 7 years. Patient 21 was a 38 year old bisexual man, asymptomatic with a CD4 count of 743, who 
was infected in Greece and seropositive for at least 4 years. Patient 25 was a 34 year old heterosexual 
man, asymptomatic with a CD4 count of 650, who had lived in the U.S. and was seropositive for at 
least 6 years. Patient 27 was a 20 year old homosexual man, asymptomatic with a CD4 count of 709, 
infected in Cyprus and seropositive for at least 2 years. Patient 28 was a 39 year old homosexual woman, 
asymptomatic with a CD4 count of 430, infected in Cyprus and seropositive for at least 1 year. Patient 
29 was a 49 year old heterosexual man, asymptomatic with a CD4 count of 420, infected in Cyprus and 
seropositive for at least 2 years. Patient 39 was a 37 year old heterosexual man, asymptomatic with a 
CD4 count of 470, had lived in Greece and was seropositive for at least 5 years. Patient 40 was a 29 
year old heterosexual woman, symptomatic with a CD4 count of 92; who had lived in the U.S. and was 
seropositive for at least 6 years. Patient 43 was a 36 year old homosexual man, symptomatic with a CD4 
count of 396, who had lived in the U.K. and Greece and had been seropositive for at least 6 years. Patient 
45 was a 32 year old heterosexual man, asymptomatic with a CD4 count of 453, who was infected in 
Cyprus and seropostitive for at least 1 year. Patient 46 was a 32 year old heterosexual man, whose partner 
had died of AIDS, asymptomatic with a CD4 count of 107, had lived in the U.K. and was seropositive 
for at least 4 years. Patient 48 was a 22 year old hemophiliac man, asymptomatic with a CD4 count of 
276, who had been seropositive for at least 11 years. Patient 50 was 32 year old homosexual man, whose 
partner had AIDS, asymptomatic with a CD4 count of 315, who had been seropositive for at least 1 year. 
GenBank accession numbers U28663, U28666 (04); U28664 (11); U28667-U28671(21,25,27,28,29); 
U28675, U28676 (39,40); U28678 (43); U2868GU28682 (45,46,48); U28684 (50). 
CZ.BTSPR: This sequence is from a 32 year old homosexual man from Prague, Czech Republic. It 
was included as part of a study of HIV-1 sequences from the neighboring Slovak Republic. DNA from 
cocultured PBMCs was PCR amplified and the PCR product cloned. Eight clones were sequenced from 
each patient, although only one sequence is presented in the publication and in Genbank. It is not stated 
whether each single sequence is a consensus of the eight clones or a single clone. [Zachar et a1.(1996b)]. 
GenBank accession number U53 195. 
DE.D31: This sequence is from isolate D31. [Kreutz et a1.(1992)]. It has never been well described, it is 
only shown as HIV1-D31 in figure 3 of the paper. The complete genome has been sequenced. GenBank 
accession number U43096. 
DE.HAN: This sequence is from an infectious clone from the.German isolate DE.HAN-2. [Sauermann 
et al.(1990)]. GenBank accession number U43141. 
DE.Serocons: This sequence is a consensus sequence from 7 hemophiIia patients who all received the 
same lot of beta-propiolactone and W-light inactivated clotting factor in Bonn or Goetingen, Germany, 
from November 1989 to March 1990. The virus and the patients have been extensively studied over 
time, since initial seroconversion. The sequences which were combined to create the consensus were 
from proviral DNA from cultured PBMCs, PCR amplified and cloned. [Kasper et a1.(1994)]. GenBank 
accession numbers S76444 and S76446. 
DEl.ID#: These 7 sequences are from a Neurology thesis by I. Weber of Rostock, Germany. They are 
from blood and CSF specimens from 6 patients. For each of the patients, phylogenetic analysis showed 
that blood and CSF sequences were more similar to each other than to other database sequences. For 
one patient, one of the two blood sequences was different enough from another blood and CSF pair to be 
included here. GenBank accession numbers 278482,278485-278493. 
DEZID#: These 4 sequences are from a set containing 15 Dutch homosexuals, 19 Dutch intravenous 
drug users, 2 German homosexuals, 2 German intravenous drug users, 5 Scottish homosexuals and six 
Scottish intravenous drug users. The sequences were used in a study of HIV-1 vpr, vpu, and env V3 
regions and how they vary between risk groups. [Kuiken et a1.(1996b)]. GenBank accession numbers 
268529,268530,268537 and 268538. 
ES.IMI: These 36 sequences are from 41 patients sampled in Madrid, Spain between 1985 and 1991. 
Proviral DNA was extracted from uncultured patient PBMCs and the C2V3 region was PCR amplified. 
The PCR products were directly sequenced. Two of the sequences reported in this set (D22-28 and D22- 
48) were 99.5% identical to the LAI (LIIB) lab strain of HIV-1 and are not included here. 3 other goups 
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of sequences had members that were greater than 98% identical to each other (Rl, R2 and R3; THF13-2, 
THF12-24; S1, S4) and only one of each of them is presented here. [Quinones-Mateu et a1.(1996)]. 
GenBank accession numbers U40533-U40552 and U45286445307. 

28) FR. J91: This sequence is from one of the JBB clones from the French patient Bru. [Wain-Hobson 
et a1.(1991)] and [Guo et a1.(1991)]. GenBank accession numbers X57449-X57459 and X57461. 

29) FR.LAI: This sequence is from the French isolate LA1 (formerly BRU) which is also referred to as 
IIIB. wain-Hobson et al.(1985)]. Also see: [Alizon et al.(1986)], [Lukashov & Goudsmit(l995)l and 
[Wain-Hobson et al.( 1991)l. GenBank accession numbers K02013, L23090-L23103, X01762, L48380- 
U8399, M64178-M64223, M64406M64415 and M64768-M64775. Other sequences which are of 
this type include: PV22, K02083; MFA, M33943 [Stevenson et a1.(1990)]; un-named, 211530; BH8, 
K02011; BHlO, M15654; TH4, L31963; MCKl, D86068; PM213, D86069; F12CG, 211530; and-, 
K03455, M38432, M64775 and M14100. This isolate of HIV-1 has also been extensively studied in cases 
such as the infected lab worker. See for example [Jr et a1.(1994)], Pincus et al.(1994)] U12030-U12055. 
Recombinant virus pNL4-3, with envelope from LAI(BRU) and gag-pol from NY5 has also been studied: 
[Adachi et a1.(1986)] GenBank accession number M19921, [Duensing et al.(1995)] GenBank accession 
number U2371 and [Salminen et a1.(1995)] GenBank accession number U26942. Other GenBankentries 
with IIIB-LA1 sequences can be found in the patented sequences section and in the cloning vector section 
(for example U19867 and A00647). 

30) FRl,ID#: These 4 sequences are from Toulouse, France. In this study, 4 mother-infant pairs were 
followed during pregnancy and after birth. The inter- and intra-patient sequence similarities of this set of 
308 sequences has been controversial, because some infant sequences were identical to sequences from 
other mothers. For purposes of this V3 section, only one sequence from each of the 4 infants is presented 
here. [Briant et a1.(1995)], [Korber et a1.(1995)] and [Learn et a1.(1996)]. GenBank entries for all 308 
sequences are found with accession numbers U24717-U24999 and U25001-U25025. 

31) GA.0YI: This sequence is from the Gabonese isolate OYI (designated elsewhere as isolate 397), isolated 
from a healthy HIV-1 infected individual. GA.0YI appears to have been the first viral sequence from 
Africa that phylogenetically clustered with North American viruses. [Huet et a1.(1989)]. GenBank 
accession number M26727. 

32) GB.AIT: This sequence is from an individual at the time of seroconversion. Proviral DNA was extracted 
from PBMCs from a patient who was viraemic and had an equivocal HIV-1 antibody status, and the env 
V3 region was PCR amplified. The PCR products were cloned and the DNA sequence determined for 
15 clones. These data showed that the V3 region contained only limited sequence heterogeneity with 
a major variant (shown here) accounting for 66% of the protein quasispecies present. [Ait-Khaled & 
Emery(1993)l. GenBank accession number S69598. 

33) GB.CAM1: This sequence is from the British isolate CAM1. McIntosh A, and Karpas A, Thesis (1991), 
Cambridge University, England. GenBank accession numbers D10112, D00917. 

34) GB.Man This sequence was PCR amplified from the 1959 ”Manchester sailor” kidney tissue. The 
sequence of the complete genome is available and clusters with subtype B contemporary HIV-1 sequences. 
[Zhu & Ho(1995)l. GenBank accession number U23487. 

35) GI3.V-ID# A set of six sequences from a study of hemophiliacs from Scotland who were originally 
thought to have been infected by the same batch of factor WI. (ScV12 is a sequence from a hemophiliac 
from the U.S., included as a control). All are consensus sequences of multiple direct PCR sequences 
obtained from limiting dilution of PBMCs. The Scottish hemophiliacs were infected in 1984 and the 
PBMCs were obtained for analysis in 1989. Although the samples were potentially related, they were 
deemed sufficiently divergent in this region for inclusion in this set. [Simmonds et al.(1990)], and [Balfe 
et al.( 1990)l. GenBank accession numbers M61327-M61346 and M61391-M61407. GenBank entries 
with accession numbers M84240-MS4317 are more sequences from patient 82, taken over the period 
from 1984-1991. [Holmes et a1.(1992)]. GenBank entries with accession numbers L13488-L13497 are 
also from these patients [Zhang et a1.(1993)] 

36) GBl.CPHL1: This is a consensus from the British isolate 93-08020, clones 1, 4, 7, 18, 19 and 43. 
It was referred to as 93-08020 in [Arnold et a1.(1995c)] and was isolated from the patient referred to - as CPHLJ in [Arnold et a1.(1995a)]. CPHLl is a surgeon and CPHL2 was a patient of his in 1986, 
approximately 7 years prior to sampling for this study. Because sequences from CPHLl and CPHL2 
are no more similar to each other than to sequences from the general population, transmission cannot 
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be concluded, and both sequences are included in this alignment. GenBank accession numbers U21100 
(clone 1) and U23112-U23116 (clones 18,19,4,43 and 7 respectively). 

37) GB2.CPHL2: This is a consensus from the British isolate 93-17305, clones 3, 11, 18 and 25 [Arnold 
et al.(1995c)]. It was isolated from the patient referred to as CPHL2 in [Arnold et a1.(1995a)]. GenBank 
accession numbers U23117-U23120 (clones 11,18,25 and 3 respectively). 

[Arnold et al.(1995c)]. It was isolated from the patient referred to as CPHL7 in [Arnold et a1.(1995a)]. 
GenBank accession number U23126. U23127 is a second clone from this same isolate. Sequences from 
three other patients epidemiologically linked to CPHL7 (CPHL6, accession numbers U23130423132; 
CPHL8, U23 128-U23129; CPHL9, U23133-U23135) are not included in this alignment. 

39) GBIIDk These sequences are fromBritish isolates from St. Bartholomew’s Hospital, London (M23470, 
M26864, M30156, M737677 and M737658) and Hammersmith Hospital, London (AC, JB and WB). 
Sequences were determined from cloned PCR products from PCR amplified DNA from either cocultured 
(M23470 andM26864) or uncultured (M30156, M737677, AC, JB and WB) patient PBMC proviral DNA. 
[Douglas et a1.(1996)]. Complete envelope gp160 sequences were determined for at least one clone from 
each patient. Ugandan samples also sequenced in this report were subtypes D or D/A recombinant. 
GenBank accession numbers for London samples were U36859-U36864, U36869, U36870, U36872- 
U36880 and U36882. 

40) GB5.ID#: These 11 sequences arefromScotland. They are part of asetcontaining 15 Dutch homosexuals, 
19 Dutch intravenous drug users, 2 German homosexuals, 2 German intravenous drug users, 5 Scottish 
homosexuals and six Scottish intravenous drug users, from which regions of vpr, vpu and env were 
sequenced. The authors found consistent differnces in the sequences between the homosexuals and IV 
drug users. Only 34 of the 47 patients’ sequences are reported in the publication. [Kuiken et a1.(1996b)]. 
See also B-NL12 and B-DE2 sets. 

41) GM.GM6: A sequence from Gambia, as yet unpublished. Bobkov et al. 1996 unpublished. GenBank 
accession number U33101. See also Gambian sequences of subtypes C and J. 

42) HT.W: This sequence is from the full-length lambda clone HAT-3, from Haitian isolate RF. RF is from 
a 28 year old Haitian male who had moved to the United States at age 25, in 1980. He had no history 
of IV drug use, homosexuality or blood transfusions. In October 1983 he had 20 lb weight loss, giardia 
with diarrhea, thrush, and diffuse lymphadenopathy. His CD4/CD8 ratio was 0.08. He died in December, 
1983. Primary culture from a November 1983 blood sample was co-cultured on HUT-78 cells. [Jr 
et a1.(1992)] [Starcich et al.(1986)] [popovic et al.(1984)]. GenBank accession numbers M17451 and 
M12508. 

43) HT1.D-ID#: These seven sequences are from Haitians, and are part of a set of sequences generated 
as part of the DAIDS variation program in the laboratories of Dr. Beatrice Hahn at the University of 
Alabama, and Dr. Marcia Kalish at the Centers for Disease Control, Atlanta, GA. Except for D2HA590, 
the full gp160 was sequenced from clones derived from expanded culture stocks. D2HA590 is a direct 
sequence from PCR amplified DNA from expanded culture. The sequence ID numbers are abbreviated, 
for example D2HA590 can be read as DAIDS sequence (D), isolated in 1992 (2), Haitian (HA), patient 
301590 (590). Full length env for some of these have been expressed [Gao et a1.(1996a)]. GenBank 
accession numbers: UO8441-UO8447, U04900. Both U08441 and U08442 are sequences from patient 
HTl.DlHA651 and are identical over the region of interest. GenBank accession numbers for additional 
clones derived from these patients: UO4901-UO4906. 

44) HT2.H-IDk These 25 sequences are from Haitians. All sequences were PCR amplified from the infected 
individuals PBMCs, and this set includes direct sequences of PCR amplification products, consensus 
sequences of multiple clones of PCR products plus one direct sequence, and single clones of PCR 
products. Full length env for some of these have been expressed [Gao et a1.(1996a)]. These sequences 
were provided by the Centers for Disease Control, Atlanta, GA USA (Dr. Chin-Yih Ou), and John 
Hopkins University School of Hygiene and Public Health, Balimore, MD USA (Dr. Neal Halsy), and 
the Centers for Development and Health, Complexe Medico Sociale de la Cite Soleil, Port-au-Prince, 
Haiti (Dr. Reginald Boulos). GenBank accession numbers LO7145-LO7161, LO7163-LO7165, L07167- 

45) ID.1701: This sequence is from a dried blood spot collected in 1992 from a male homosexual patient in 
Indonesia. DNA was extracted from the blood spots and PCR amplified. The PCR products were directly 
sequenced. [Cassol et al.( 1996)]. GenBank accession number U53317. 

38) GB3.CPHLE This sequence is a sequence from the British isolate 94-24612, clone 13. 

L07207, LO7209-LO7239, LO7241-LO7246, UO8441-UO8447. 
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46) IN.IND9: This sequence was from a heterosexually infected patient from New Delhi, India. DNA was 
isolated from cocultured PBMCs after one week of culture. PCR product was cloned and a single clone 
was sequenced. [Tripathy et al.(1996)]. GenBank accession number U31364. See also C_IN3.ID#. 

47) INLID#: These four sequences were isolated in Hyderabad, Andhra Pradesh, in southern India. The 
C2V3 region of env was amplified by nested priming from DNA from PBLs from fresh blood samples. 
Date of sampling and health status of HIV-1 infected individuals is unknown. [Baskar et a1.(1994)]. 
GenBank accession numbers L29091-L29094. 

48) IT.ID#: These two sequences are consensus sequences from 4 clones each. They were obtained from 
PCR-amplified proviral DNA from Langerhans cells from skin patches from a deceased AIDS victim 
in Italy [Sala et al.(1995)]. Small Vl-V2 region sequences and V3-100~ sequences from the same skin 
samples were published in [Sala et al.(1994)]. GenBank accession numbers U20670420677 used here. 
GenBank Accession numbers 234376-234458,234470-234513 and 234515 were V1-V2 and V3-100~ 
sequences from the same patient. 

49) 1T.PD: This sequence is from the thymus of a 26 year old male with CDC stage III disease. Proviral 
DNA was PCR amplified from genomic DNA extracted from patient thymocytes, and the PCR product 
was directly sequenced. A V3 sequence from PBMC proviral DNA was also determined, as were gp41 
sequences from both thymus and blood. [Calabro et a1.(1995)]. GenBank accession numbers U09254- 
U09255. 

50) ITl.ID#: These 10 sequences are from infants infected in utero. The sequences came from PCR amplified 
DNA of uncultured PBMCs, PCR amplified DNA of cultured PBMCs, or from RNA from serum collected 
at or shortly after delivery. [Scarlatti et al.(1993)]. GenBank accession numbers LO8277-LO8286. 
Sequences from the mothers of these infants are also available in entries with accession numbers L08287- 
L08372. 

5 1) I T 2 . M  These 3 sequences are from unpublished sequences in GenBank entries with accession numbers 
X92426X92426. 

52) JRETR: A Japanese isolate from long-term cell culture with a truncated env gene, due to a point mutation 
of a CAG codon to a TAG stop codon. [Shimizu et a1.(1992)]. GenBank accession numbers D12582, 
D01205-D01207, D12584 and D12571. 

53) JRGUNA: A Japanese 1989 isolate HIVGUN, infectious to Tcells, was adapted to grow in fibroblast-like 
BT cells. A single amino acid change at the tip of the V3 loop was shown to be responsible for the change 
in tropism, GPGR to GSGR. [Takeuchi et a1.(1991)]. GenBank accession number M59192. 

54) JP.JH32: This is a sequence from a lambda clone of Japanese isolate JH3, which was isolated in 1986 from 
a 10 year old Japanese Hemophiliac. [Komiyama et a1.(1989)]. GenBank accession number M21138. 

55) JP.KM03: This sequence is from a 28 year old hemophilia B patient with CDC stage IV disease and 
T-cell count of 20, living in Japan. The authors [Hattori et a1.(1991)] also sequenced the V3 region from 
28 other Japanese individuals, but only the V3-100~ amino acid sequence is available from the other 
patients. GenBank accession number S70936. 

56) JRJNMlM This sequence is from a Myanmarese (Burmese) individual living in Japan, obtained by 
direct sequencing of PCR-amplified proviral DNA from peripheral blood mononuclear cells. [Weniger 
et al.( 1994)]. GenBank accession number L32084. 

57) KP.Krl21 This sequence is from an unpublished GenBank entry with accession number X93580. 
58) LT.LIT#: These 5 sequences are from Lithuania. [Lukashov et a1.(1995)]. GenBank accession numbers: 

L38417, LITMA; L38412, LIT1 1A; L38419, L I n l A ;  L38416, LIT17A; L38420, LIT17A. 
59) MYl.ID#: These two sequences are from Myanmarese (Burmese) individuals living in Myanmar, ob- 

tained by direct sequencing of PCR-amplified proviral DNA from peripheral blood mononuclear cells. 
[Weniger et a1.(1994)]. Patient 02 is a male IV drug user, and 05 is a female prostitute, both were from 
Mandalay. GenBank accession numbers L32088, L32089. 

60) MY2.ID#: These 11 sequences are from IV drug using prisoners in a prison in Kuala Lumpur, Malaysia. 
PCR products amplified from uncultured PBMCs were directly sequenced. [Brown et a1.(1996)]. This 
report also included subtypes C and E in Malaysia. GenBank accession numbers U65538-U65548. 

61) MY3.IDk These 5 sequences are from dried blood spots collected in 1992 from a male STD patient 
(1782), a female prostitute (1739), and 3 IV drug users (1748, 1755 and 1763) in Myanmar. DNA was 
extracted from the blood spots and PCR amplified. The PCR products were directly sequenced. [Cassol 
et al.( 1996)]. GenBank accession numbers U533WU53308. 
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67) 

70) 

71) 

NL.114C This consensus sequence represents sequences generated from PCR amplified plasma RNA 
from one of three infants in a Dutch motherhnfant study. Samples were collected from the infant at birth, 
at 6 weeks and at 9 months of age. Samples were also collected from the mother before birth, at birth 
and after birth. Mother sequences are not included in this consensus. [Mulder-Kampinga et a1.(1993)]. 
[Mulder-Kampinga et al.( 19931. Infant 114 is from GenBank accession numbers L21111-L21153. 
Mother 1 14 sequences are from GenBank accession numbers L21028-L21110. Infant 127 sequences are 
from GenBank accession numbers 247817-247832. Mother 127 sequences are from GenBank accession 
numbers 247833-247880. Gag gene sequences from mothedchild pairs are also available in Genbank 
accession numbers 247903-247911; 247912-247928; 247929-247935; 247936-247950. The second 
motherkhild pair was also from the Netherlands, see G-NL.127C. The third motherhfant pair in this 
study was from Rwanda, see A-RWS64C. 
NL.168: This is aconsensus sequence of 3 clones after culturing in PBMC. The isolate was originally from 
an AIDS patient in Amsterdam. w r i n  et a1.(1995)]. GenBank accession numbers U15030-Ul5032. A 
V3-loop (105 bp) segment from the original isolate has been previously reported. [Fouchier et a1.(1992)]. 
GenBank accession number L06694. 
NL.wolfscon: This is a consensus sequence from 6 patients infected with the same unit of blood in 
Amsterdam. [et al(1992)l. GenBank accession numbers UO4530-UO4537. 
NL.Xlcon: This is a consensus sequence of 10 clones from a recipient in a donor-recipient study. 
Sequences from donor Y and recipient X 2  are also part of this study, but are not included here. [Cornelissen 
et al.( 19931. GenBank accession numbers 247505-247514 are from X1. Other new sequences analyzed 
in this paper include 247411-247540. Sequences M91828-M91838 (donor H and recipient 0, referred 
to as patients A14 and A13, respectively in wolfs et al.(1992)] see B-NLl.Al3) were also re-analyzed 
in this study. 
NLl.ID#: These eight sequences are part of a study of presumed donor-recipient pairs from an HIV-1 
transmission study conducted in the Netherlands. If pairs were extremely close or identical, only the recip- 
ient is included here. Recipient samples were fromthe first sample to be antibody positive, and are numbers 
1,3,5,7,9, and 13. These sequences are consensus sequences of multiple clones from PCR amplified serum 
RNA. wolfs  et a1.(1992)]. Recipient A1 was also studied as patient H1 in [Kuiken et a1.(1993)] and so is 
not included here (see B-NLA.Hl). GenBank accession numbers M91819-M91827, M91829, M91831- 

M91908, M91910, M91911-M91926. Number 13, and the donor were also analyzed in [Cornelissen 
et al.( 19931. 
NL2.IDk These two sequences are part of a Dutch study of mutations occurring over a five year period 
(starting in 1985) in two patients. Serum RNA was PCR amplified and multiple clones were sequenced. 
The consensus for each patient is shown. wolfs et aL(1991)l and [Zwart et a1.(1992)]. GenBank 
accession numbers M74591-M74684. 
NLS.F5J3T-ID# These six consensus sequences from the Netherlands are samples from AIDS patients, 
using serum samples to generate PCR clones from viral RNA for sequencing. [Zwart et a1.(1993)]. 
GenBank accession numbers LO1282-LO1297. 
NL4.IDk These 74 sequences represent a study of early seroconverters from different times with different 
risk factors for transmission during the AIDS epidemic in the Netherlands. The year the sample was 
taken is indicated in the last part of the sequence name. The risk group of the individual from whom the 
virus is derived is indicated in the first letter of the sequence name (I, B and H for NDUs, hemophiliacs, 
and homosexuals, respectively). Viral genomic RNA from sera was PCR amplified and amplification 
product was directly sequenced. [Kuiken et al.( 1993)l. GenBank accession numbers 229219-229225, 
229256-22925 8, and 229262-229325. 
N L 5 . m  These 18 consensus sequences are from a study of patients with, and without, AIDS dementia 
complex (ADC) in the Netherlands. Not all patients were from the Netherlands. Samples were collected 
between 1986 and 1992. Viral genomic RNA from sera and/or cerebral spinal fluid was reverse transcribed 
and PCR amplified and clones were sequenced. [Kuiken et a1.(1995)] GenBank accession numbers 

NL6.ID#: 16 is a consensus sequences of four sequences used in a study of HN-1 envelope-mediated 
syncytium formation. The consensus represents four clones from one patient, two clones of the consensus 
are SI and two are NSI. 320 is a single SI clone. The sequences were derived from PCR amplified DNA 

M91832, M91839, M91857-M9 1870, M9 1872, M91874, M9 188 1-M91884, M91891, M91893,91895- 

237531-237534,237734-237963,237970-237971 
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from provirus cultured in MN cells. [Andeweg et al.( 1992)l. GenBank accession numbers L08655- 
L08662. 

72) NL7.ID#: These two consensus sequences are from sets of sequences (GenBank accession numbers 
U05797, U13240, U13241, U13243-U13247 for consensus 537 and U13242, U13248-U13252 for 1058) 
used in a study on the dynamics of HIV sequence changes in vivo and the utility of heteroduplex analysis. 
Both sequences were derived from PCR amplified PBMC DNA. Consensus 537 represents a set of 
sequences from a Dutch patient with arelatively stable CD4+ cell count at 62 months post-seroconversion. 
Consensus 1058 represents sequences from another Dutch patient whose CD4+ cell count at 73 months 
post-seroconversion was declining faster than 537's. [Delwart et al.( 1994)l. See also USlO.ID#. 

73) NL8.672 This is a sequence from a patient early in infection, before, or around the time of seroconversion. 
Three other patients studied in this paper (537, 1058 and 594), had previously been reported. See 
B-NL4.594, B-NL7.1058con and B-NL7.537con. [Shpaer et al.(1994)] and [Delwart et a1.(1995)]. 
GenBank accession numbers U23651-U23663, U23667, U23670. See also US1 1.m. 

74) NL9.h#: These sequences are from a cohort of homosexual men living in Amsterdam who seroconverted 
between 1985 and 1989. The sequences are from direct sequencing of PCR products after RT-PCR from 
serum RNA. Samples for hl ,  h139, h491, h1140 and h1234 were obtained at seroconversion. Samples 
for h138 and h1136 were obtained 12 months and 29 months after seroconversion respectively. The 
sequence for h320 was obtained from proviral DNA, 2 months after seroconversion. [Zwartet al.( 1994a)l 
and [Zwart et a1.(1994b)]. GenBank accession numbers L25884 and UO5786-UO5808. More sequences 
from this same cohort of men were published in [Kuiken et a1.(1996b)] and [Kuiken et a1.(1996a)] 
GenBank accession numbers 267875-267876, 267885-267939, 267941-267960, 268015-268089, 
268109-268110. Some vpr, vpu and other region sequences are available from some of these patients 
as well. Some of the GenBank entries for this set appear to be duplicates of sequences reported in other 
studies, for example patient H537 entries U05797 and 

75) NLlO.ID#: These 13 sequences are from recent immigrants to The Netherlands from various countries. 
The fist two letters of the ID# represent the two letter country code for the previous residence of the 
patient. The next two numerals represent the year of isolation. Viral RNA was prepared from patient 
serum and RT-PCR was used to amplify the V3 region of the env gene. The PCR products were di- 
rectly sequenced. [Lukashov et al.(1996)]. GenBank accession numbers L76878, SR903853; L76897, 
SR9304737; L76879, SR911515; L76874, UM893272; L76912, UM9403860; L76888, SR925752; 
L76890, SR926969; L76894, GQ9301341; L76882, MA913670; L76886, SR923572; L76873, 
BR891413; L76910, UM9403051; L76885, GF921953. 

76) NLll.ID#: These 2 sequences are consensus sequences of 81 clones (patient N) and 105 clones (patient 
F) from serum, sigmoid tissue and fecal matter from each patient. All sequences from patient N were 
more similar to other sequences from patient N than to any other sequence in the database. Likewise all 
sequences from patient F were most similar to other patient F sequences. van der Hoek et al. In Press 
(1996). GenBank accession numbers 276463-276648. 

77) NL12.ID#: These sequences are part of a set containing 15 Dutch homosexuals, 19 Dutch intravenous 
drug users, 2 German homosexuals, 2 German intravenous drug users, 5 Scottish homosexuals and six 
Scottish intravenous drug use;, from which regions of vpr, vpu and env were sequenced. The authors 
found consistent differnces in the sequences between the homosexuals and IV drug users. Only 34 of 
the 47 patients' sequences are reported in the publication. [Kuiken et aL(1996b)l. See also B-GB5 and 
B P E 2  sets. Some of the patients in this study have been previously studied. For example, entries with 
accession numbers 268061 and U05787 are both from the same patient. 

78) NOl.ID#: These 36 sequences are from unpublished Norwegian sequences with Genbank accession 
numbers X92902-X92912, X92915, X92916, X92919-X92941. Four subtype C sequences were also 
part of this set (X92913, X92914, X92917, X92918). 

79) PRl.D-ID#: These four sequences are from Puerto Rico, and were generated as part of the DADS 
variation program in the laboratory of Dr. Marcia Kalish at the the Centers for Disease Control, Atlanta, 
GA. The C2V3 region was directly sequenced from PCR amplification of DNA from viral culture. The 
sequence ID numbers are abbreviated; for example D2PR732 can be read as DAIDS sequence (D), isolated 
in 1992 (2), Puerto Rico (PR), patient 301732 (732). A full description of these sequences can be found in 
the April 1994 supplement to the HIV database, part III. GenBank accession numbers UO4926-UO4929. 

80) PY.ID#: Ten sequences from 10 patients living in Asuncion, Paraguay. All 10 were male patients 
with symptoms of AIDS. Virus was propagated in tissue culture for an unstated length of time prior to 
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harvesting proviral DNA for PCR and sequencing. PCR products were directly sequenced. PY.3614, 
PY.3615 and PY.12837 were syncytium-inducing and the other 7 were not. The tenth sequence, PY.3614~ 
was PCR amplified directly from patient PBMCs with no culturing. The significant differences between 
the cultured sequence from this patient (PY.3614~) and the direct sequence, indicates that the virus that 
grew out in culture was aminority of the virus present in PBMC. The sequence of PY.3614~ is not included 
in this alignment. [Cabello et al.( 19931. GenBank accession numbers U28949-U28959. 

81) RU.RUS# These 2 sequences are from [Lukashov et a1.(1995)]. GenBank accession numbers: L38405, 
RUSSA, L38407, RUS4A. 

82) RU2.ID#: These 15 sequences are from homosexuals living in St. Petersburg, Russia. Malykh et a1 
unpublished (1995). GenBank accession numbers U40283-U40285 and U403 19-U40330. 

83) SE.ptllsll3: This sequence is from one (patient 11 sample 113, collected in 1988) of a set of 13 
sample from 9 epidemiologically linked individuals. The index case (patient 1) was a Swedish male 
who is believed to have contracted HIV while visiting Haiti in 1980. Six Swedish females were infected 
(patients 2,4,5,7,8 and 11) by patient 1. Two males (patients 6 and 10) were then infected by these females, 
and two HIV-infected children (patients 3 and 9) were born to the women. Sequences from each patient 
were determined by PCR amplification from uncultured PBMCs and direct sequencing. Heterogeneous 
sites were indicated with IUPAC codes. Extensive phylogenetic analysis was done to determine which 
methods accurately reconstructed the true phylogeny. [T. Leitner et al.( 1996)l. GenBank accession 
numbers U68496U68521. 

84) SEl.ID#: Seven sequences that are consensus sequences of blood and CSF samples taken from each 
patient. The CDC disease stage class for the patients are as follows: II pts 930,2815; III pt 931; IV-E pt 
2951; IV-Apt 1032; andIV-C2pts 1433,1866. [Keysetal.(1993)]. GenBankaccessionnumbersZ23178- 
Z23181,223185-223187,Z23192-Z23195,Z23200-Z23219,Z23224-Z23227,Z23232-Z23235, and 
223240-223255. 

85) S E 2 . m  These five sequences are from patients in Goetebotg, Sweden each of whom had recently 
seroconverted at the time of sampling in 1985-1990. Sequences from the sexual partners of all five 
patients who were believed to have transmitted the virus to these recipients were also determined, but are 
not shown here due to the great similarity to the recipient sequences (94% to 99% identity). Three of the 
recipients (Rl, R3 and R4) were homosexual, and the other two were heterosexual. [Furuta et al.(1994)]. 
GenBank accession numbers U10929-U10950. 

86) SKl.ID#: These nine sequences are from homosexual men living in the inner city of Bratislava, in the 
Slovak Republic. Patients 11, 12, 15 and 23 were classified as CDC stage A1 and were not taking any 
medication. Patients 18 and 20 were CDC stage B2 and were taking AZT. Patients 9 and 28 were CDC 
stage C3 and were taking AZT. No information is available for patient 22. Two other patients (10 and 
51) were included in this study, but their sequences are not shown here because after their sequences 
proved to be similar to sequences from patients 9 and 28, respectively, epidemiological investigation 
indicated that they (9 and 10; 28 and 51) had been sexual partners. DNA from cocultured PBMCs was 
PCR amplified and the PCR product cloned. Eight clones were sequenced from each patient, although 
only one sequence is presented in the publication and in Genbank. It is not stated whether the single 
sequence is a consensus of the eight clones or a single clone.[Zachar et ai.(1996b)]. GenBank accession 
numbers U53192-U53194, U53196U53203. 

87) TH.93TH067: This sequence is from Thailand. It is one of several complete env gene sequences obtained 
for the World Health Organization. HMA subtyping as well as sequence-determined subtyping was done 
on each one. Sequences were PCR amplified from cocultured PBMCs. Two to three clones from each 
isolate were sequenced. [Penny et a1.(1996)]. GenBank accession numbers U39258 and U39259. 

88) TH.TS174: This sequence comes from a study of the genetic heterogeneity and epidemiological dis- 
tribution of HIVl in Thailand. The host was an intravainous drug user and the sequence was obtained 
from PCR amplified PBMC DNA. [Ou et al.(1993)]. GenBank accession number L19238. See also 
E-TH.T8 178. 

89) THl.ID# These ten sequences are from individuals from Thailand. PCR-direct, peripheral blood PBMC 
DNA. [Ou et al.(1992b)] and [Ou et a1.(1993)]. (Published erratum appears in Lancet 342250 (1993).) 
GenBank accession numbers L07442, LO7449-LO7456 and L07460. 

90) TH2.ID#: The TB 132 sequence is from a set of isolates from HIV seropositive individuals from Thailand. 
PCR, PBMC co-culture, DNA. Full env sequence is available. [McCutchan et a1.(1992)]. Please note: 
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the TB132 locus name in the database corresponds to the McCutchan et al. “BK132” isolate. GenBank 
accession number L03697. The CM237 sequence is from PBMC proviral DNA. mascola et al.(1994)]. 
GenBank accession number L14570. See also B-US14 

9 1) TH3.W2TH-ID#: 2 sequences from Thailand from asymptomatic individuals. Consensus, PCR-clones, 
cell-culture DNA and RNA. These sequences were provided by the WHO Global Programme on A I D S  
Vaccine Development Study. The complete set of C2V3 region WHO sequences can be found in the April 
1994 supplement to the Human Retroviruses and AIDS I993 database. De Wolf et al.( 1994)l; [Osmanov 
et al.( 1994)l; [Gao et a1.(1994a)]. GenBank accession numbers UO8715-UO8718, UO8801-UO8802, and 

92) TH4.IDk These twelve sequences are B subtype sequences from Thailand. Ten were genetically most 
similar to HIV-1 found in the Americas and Europe; these sequences were derived from people infected 
prior to 1988 (diagnosed in 1986 or 1987). The other two (N762 and N763) were designated B’ and were 
isolated from people with more recent infections, 1988 and 1992. The sequences were obtained from 
PCR amplified PBMC DNA. The naming of the sequences submitted to GenBank does not correspond 
with the naming of the sequences in the paper. [Kalish et al.(1994)]. GenBank accession numbers for 
the entire set of thirteen sequences studied in this publication: U15576-U15588. .. 

93) THS.ID#: These three sequences are B subtype sequences from Thailand. Two individuals believed to 
be dually infected with subtypes B and E were analyzed. It is not clear from the paper or the GenBank 
entries, which sequences came from individual 1 and which from 2. [Artenstein et al.(1995)]. Genbank 
accession numbers U21471, U21473, U21475. See also E-TH6.m. 

94) TH6.IDk These 4 entries are from 1992 dried blood spot samples from Thailand. DNA was extracted 
from the blood spots and PCR amplified. The PCR products were directly sequenced. Samples came 
from 3 previously identified HIV seropositive IV drug users (58, 11, 15) and a homosexual (86). Other 
samples from the same region were all subtype E (see E-TH8.#). [Cassol et a1.(1996)]. GenBank 
accession numbers U53310, U53311, U53314 and U53315. 

95) TH7.ID#: These 70 sequences are from IV drug users in Bangkok, Thailand, who were undergoing 
methadone treatment at 14 treatment clinics. Blood samples were collected between January and April, 
1994. Uncultured PBMC DNA from each patient was PCR amplified, and the PCR product was directly 
sequenced (except for patient 108, in which PCR product was cloned and 2 clones were sequenced, 
one shown here). Of the 84 patients sampled, 69 were Thai B, one (091) was typical subtype B, and 
14 were subtype E. [Kalish et al.( 1995)l. GenBank accession numbers U22543-U22547, U22549- 

U22605-U22608, U22610, U22613-U22616, U22618-U22623 and U22626. See also E-TH9. 
96) TT.QZ5489: This sequence is from Trinidad. W. Blattner et al. Unpublished 1995. Genbank accession 

number U32396. 
97) TWl.ID#: These 16 sequences are from healthy HIV-1 carriers or A I D S  patients from Taiwan [Chang 

et a1.(1996)]. Three subtype B sequences in this set were greater than 97% identical to the HXBULAI 
lab strain (see B-FR.LAI) of HIV-1, and are not included here (TW83, U73049; TW271, U73059; and 
TW335, U73061). The manuscript reports that 123 of 143 sequences from Taiwan were subtype B, but 
only 27 of the 143 sequences were submitted to the sequence databases. Other subtypes found in Taiwan 
in this study were E (17 cases), C (1 case), F (1 case) and G (1 case). GenBank accession numbers for B 
subtype are U73045-U73054, U73056, U73057, U73059, U73061 and U73063-U73069. 

98) US.ACP1: This virus was cultured from a seronegative man with Kaposi’s sarcoma. (See: [Ho 
et a1.(1989)]). ACPl was the sequenced after one passage in PBMCs. GenBank accession number 
M80660. The sequence AC-H9 (GenBank M80661) was also derived from this patient. [Ashkenazi 
et a1.(1991)]. 

99) US.ADA: This sequence is from the monocytropic U.S. isolate ADA. [Westervelt et a1.(1991)]. GenBank 
accession number M60472. 

100) US.ALA1: This sequence is from an infectious clone of the 1985 U.S. isolate AL-1, taken from a patient 
with AIDS. Buckler-White, A. et al., Unpublished (1988). GenBank accession number M38430. 

101) US.BAL1: This sequence is from the macrophage tropic U.S. isolate BAL, harvested from lung alveolar 
tissue. Reitz M, et al., Unpublished (1990). GenBank accession numbers M68893, M68894. GenBank 
entry M63929 is 98% identical to this sequence and is also derived from the BAL isolate [Hwang 
et al.( 199 l)]. 

UO8783-UO8784. 

U22552, U22554422556, U22558-U22560, U22562-U22566, U22568-U22574, U22576-LJ22603, 
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102) US.BCSG3: This is a fragment of a full genomic sequence from the provirus SG3, cloned as a single 
proviral unit. This clone replicates more efficiently in chimpanzeee than in human lymphocytes, and 
is extremely cytopathic in immortalized human T-cell lines. [Ghosh et a1.(1993)]. GenBank accession 
number LO23 17. 

103) US.BRVA: This sequence is from U.S. isolate BRVA, which was taken from the brain tissue of a AIDS 
patient with neurological disorders. [Anand et a1.(1989)]. GenBank accession number M21098. 

104) US.BWB: This consensus sequence is from sequences derived from PCR amplified PBMC DNA from 
brain tissue. wonken et a1.(1995)]. GenBank accession numbers L17088-L17126. 

105) US.CDC42: This sequence is from an infectious clone of the U.S. isolate CDC-451. [Desai et a1.(1986)]. 
GenBank accession number M13137. 

106) US.Diaz: This sequence is one of a set of 124 closely related sequences. All 124 sequences came from 
patients who had been infected by a common source. Unpublished (1995) Diaz,R., Zhang,L., Busch,M., 
Mosley,J. andMayer,A. Genbank accession numbers for all 124 sequences are U29433-U29437, U29956- 
U30054, and U43035-U43054. Gag sequences from 12 clones are also available in GenBank entries 

107) US. JFL: This sequence is from a non-infectious clone from the monocytropic U.S. isolate JFL. [McNear- 
ney et a1.(1990)]. GenBank accession number M31451. Other sequences from HIV-1 isolates epidemio- 
logically linked to this isolate can be found in GenBank entries with accession numbers LO6256-LO6273. 
WcNearney et a1.(1993)1. 

108) US. JM: This sequence, along with B-US.WM, came from viral isolates after short term culture in 
PBMCs, PCR amplification, and cloning of PCR products. Both are from asymptomatic, seropositive 
individuals. [Ashkenazi et al.( 199 l)]. GenBank accession number M80662. 

109) US. JRCSF This sequence is from an infectious clone of the 1986 U.S. isolate JRCSF, derived from from 
the CSF of a patient who died with Kaposi’s sarcoma and severe AIDS encephalopathy. The infectious 
clone JRFL was isolated from the brain of the same patient. [O’Brien et al.(1990)]. GenBank accession 
numbers U63632, M38429, U45960. Also see: [Pang et a1.(1991)], [Klasse et a1.(1996)]. 

110) US.MN: This sequence is from 1984 U.S. isolate MN, taken fr0m.a 6 year old male pediatric AIDS patient 
from the Newark, New Jersey area in 1987. His mother was an N drug user who died of pneumonia in 
1982. His father was also HIV seropositive. A complete genome of isolate MN is found in M17449. 
Other sequences from this patient from the 1984 blood sample and from a 1987 sample taken shortly 
before death (U72495) are available also. [Jr et a1.(1992)] [Gurgo et a1.(1988)]. GenBank accession 
number M17449. See also L48364L48379 [Lukashov & Goudsmit( 1995)l. 

11 1) US.NY5CG: This sequence is from the 1984 U.S. isolateNY5. [willey et a1.(1986)]. GenBankaccession 
number M38431. See also GenBank accession number K03346. A recombinant between NY5 and LA1 
has also been extensively studied, see B-FR.LAI entry. 

112) US.PS96 This sequence represents a molecular clone from an primary isolate derived from a Jamaican 
man who immigrated to Philadelphia 15 years earlier. At the time of viral isolation, he had no antiviral 
therapy, but was an AIDS patient with < 10 CD4 cells per mm3. The infectious molecular clone from 
which this sequence was derived is both macrophage-tropic and extremely cytopathic in lymphocytes. 
[Collman et a1.(1992)] and [Kim et a1.(1995)]. GenBank accession numbers M96155, U39362. 

113) US.RJS: This is a consensus of six biologically characterized clones from patient RJS, isolate 4. The 
HIV-1 infected individual had been infected for five years at the time of isolation. Complete env sequence 
is available. [Daniels et a1.(1991)] and [Fisher et a1.(1988)]. GenBank accession numbers M37491 and 

114) US.SB(A-C): These three sequences are from 1988 U.S. isolates taken from a woman, her daughter and 
her sexual partner. The three viruses are epidemiologically linked, however the amino acids sequences 
appeared sufficiently divergent in this region to merit the inclusion of all three samples. Sequences 
were directly sequenced from PCR amplification products after the virus was briefly cultured. [Burger 
et al.( 199 l)]. GenBank accession numbers M77228-M77230. 

115) US.SC: This sequence is from the 1984 U.S. isolate SC, from an AIDS patient. [Gurgo et a1.(1988)]. 
GenBank accession number M17450. 

116) US.SF128: This clone was isolated from the spinal cord tissue of a patient with dementia, after coculture 
with PBMCs, and infects macrophages but not T-cells [Liu et a1.(1990)]. GenBank accession numbers 
M95292 and M38673. The ability to infect macrophages vs. HUT 78 cells was mapped to the region 

U3 1573-U3 1584. c 

M37573-M37577. 
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between a StuI site in env and a XhoI site in nef, by replacing this region in SF2 with the same region 
from SF128. 

117) US.SF162: This sequence is from an infectious clone from the U.S. isolate SF162, cultured from the 
’ cerebrospinal fluid of a patient with toxoplasmosis. [Cheng-Mayer et a1.(1990)]. GenBank accession 

numbers M38428, M65024. 
118) US.SF2: This sequence is from an infectious clone from the U.S. isolate ARV-2. ARV-USF2 was 

isolated from a patient with oral candidiasis after co-culture with mitogen-stimulated PBMCs in 1984 
[Levy et al.( 1984)l. [Sanchez-Pescador et a1.(1985)]. GenBank accession numbers KO2007 and 107977. 
HIVSF13 (GenBank accession number L07422) is a more infectious virus taken from the same patient 
five months later, when he had developed Kaposi’s sarcoma and Pneumocystis carinii pneumonia [Cheng- 
Mayer et a1.(1991)]. SF2 and SF13 are 98% identical to one another. 

119) US.SF33: This sequence is from an infectious clone from the 1984 U.S. isolate SF33. [York-Higgins 
et a1.(1990)]. GenBank accession number M38427. 

120) US.TN-ID#: These eight sequences are from asymptomatic individuals identified after donating blood 
in Memphis, Tennessee, USA. [Slobod et a1.(1994)]. GenBank accession numbers UO9140-UO9175. 

121) US.twinABcon: This sequence is a consensus of a set of 27 env sequences from a pair of heterozygotic 
perinatally HIV-1 infected twins who were observed during their first 2 years of life. Twin A remained 
asymptomatic through her first 2 years while twin B developed AIDS at six months and died at 22 
months of age. Patient PBMCs were cocultured with donor PBMCs, prior to DNA extraction and PCR 
amplification. Approximately 500 copies of HIV proviral DNA per PCR reaction were used. PCR 
products were cloned prior to sequencing. Viral phenotypes from both infants, and all time points were 
also assessed. All were found to be non-syncytium inducing, but they differed in their ability to infect 
primary macrophages. Overall, it seems that the production of neutralizing antibodies by the healthy 
twin was the most important clinical factor. [Hutto et a1.(1996)]. GenBank accession numbers U47562- 
U47588 for the envelope sequences and U47589-U47613 for tat sequences from the same blood samples. 

122) US.WM: This sequence, along with B-US.JM, came from viral isolates after short term culture in 
PBMCs, PCR amplification, and cloning of PCR products. Both are from asymptomatic, seropositive 
individuals. [Ashkenazi et a1.(1991)]. GenBank accession number M80663. 

123) US.WMJ22: This sequence is from the isolate WMJ22, isolated from a person of Haitian descent living 
in the U.S. Virus was cocultured on an immortalized T-cell line. [Hahn et a1.(1986)] and [Starcich 
et a1.(1986)]. GenBank accession numbers M12507, K03457. 

124) US.WR27: This sequence is from a complete genome. It represents first complete PCR-derived sequence 
of a U.S. clinical isolate of genotype B expanded only in primary PBMC. This provirus harbors a uniquely 
truncated V3 loop. [Salminen et a1.(1995)]. GenBank accession number U26546. 

125) US.W: This is a consensus sequence of eight lambda phage clones and 12 PCR amplified clones 
derived from the uncultured brain tissue of a patient with A I D S  dementia complex. A macrophage 
tropic clone (YU-2) is almost identical to the consensus sequence of W in this region, with only a 
single amino acid change (K to N) 10 amino acids from the carboxy-terminal end of the sequence. [Li 
et a1.(1991)]. Complete genomic sequences are available for two of the HIVlYU clones,.along with 
biological characterizations of four of the H I V l W  clones: p i  et a1.(1992)]. The GenBank accession 
numbers for the YU-10 and YU-2 complete genomes are M93259 and M93258, respectively. GenBank 
accession numbers-for the other clones are M89972-MS9984. 

126) USl.HC-ID#: These are forty 1990-1991 U.S. samples, from the study of the dentist who was thought 
to have been the source of HIV-1 infection of six of his patients. Only the dentist’s viral sequence 
and the Florida control sequences are shown here; the six epidemiologically and genetically linked 
patients are excluded from this alignment because their viral sequences were very similar to the den- 
tist’s. All sequences were PCR amplified from patient PBMCs. Most are direct sequences from the 
amplification products, although some are consensus sequences of multiple clones of PCR products and 
one direct sequence. [Ou et aL(1992a)l. GenBank accession numbers for the 75 sequences in this 
set: M90847-M90853, M90881-M90886, M90894-M90900, M90907-M90912, M90914-M90956, 
M90958-M90964, M92100-M92133, L2259GL22606 and UO6872-UO6919. See also [Korber & 
Myers(1992)], [Cranda11(1995)], [Smith & Waterman(l992)], [DeBry et a1.(1993)], [Palca(1992b)], 
[Palca(1992a)], [Abele & DeBry(1992)], [Hillis & Huelsenbeck(l994)], [Ciesielski et a1.(1992)] and 
[Ciesielski et a1.(1994)]. 
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127) 

128) 

129) 

130) 

131) 

132) 

133) 

US2.D-ID#.These 15 sequences are from the USA, and are part of a set of sequences generated as part 
of the DAIDS variation program in the laboratory of Dr. Marcia Kalish at the the Centers for Disease 
Control, Atlanta, GA. The C2V3 region was directly sequenced from PCR amplification products of 
DNA from viral culture. The sequence ID numbers are abbreviated, for example D2US7 1 1 can be read as 
DAIDS sequence @), isolated in 1992 (2), United States (US), patient 30171 1 (71 1). A full description 
of these sequences can be found in the April 1994 supplement to the HIV database, part III. Full length 
envelope genes from some of these clones have been expressed, [Gao et a1.(1996a)]. GenBank accession 
numbers UO4907-UO4915, UO4918 and UO4921-UO4925, UO8448-UO8452. 
US3.D-ID#: These four sequences are from the US, and are part of a set of sequences generated as part 
of the DAIDS variation program in the laboratory of Dr. Beatrice Hahn at the University of Alabama. 
gp160 sequences of clones from expanded culture stocks are available. The sequence ID numbers are 
abbreviated, for example D2US711 can be read as DAIDS sequence @), isolated in 1992 (2), United 
States (US), patient 30171 1 (71 1). A full description of these sequences can be found in the April 1994 
supplement to the HIV database, part III. GenBank accession numbers UO8448-UO8449 and U08451- 
U08452. GenBank accession numbers for additional clones from these patients: UO4916-UO4917 and 

US4.ZhuPt-ID# Sequences from five primary seroconverters. Consensus, PCR-clones, peripheral 
blood PBMC DNA. Although sequences were also available from two of the donors, only sequences 
from five recipients are shown here. [Zhu et a1.(1993)]. GenBank accession numbers L21224L21324, 

L21398, L21400-L21401, L21404, L2 1405, L21408, L21410- 

UO4919-UO4920, 

L21372-L21373, L21376L21377, L213 8O-L2138 1, L21386L2 1389, L21393-L21394, L21397- 

L21411, L21414, L21417-L21418, L21426L21427, L21430-L21432, L21436L21437, 
L21440-L21442, L21445, L21447, L21449-L21450, L21453-L21454, L21457, L21459, 
L2 1462-L21463, L215 19-L21520, L2 1522-L21523, L2 1525-L21526, L2 1528-L21533, 
L21535-L21536, L21538-L21539, L21541, L21543, L21545-L21546, L21548, L21550- 
L2 155 1, L2 1553-L2 1554, L21556, L2 155 8-L2 1559, L2 156 1-L2 1569, L2 157 1-L2 1578, 
L21580, L21582, L21584, L21586, L21588 and L21590. 
USS.pt-ID#: A consensus of PCR-clones, peripheral blood DNA. These two sequences were part of 
a study of blood sequences compared to brain sequences from six individuals. [Korber et a1.(1994)]. 
GenBank accession numbers UO5360-UO5568. 
USd-ID# Each sequence is a consensus sequence of several cloned PCR products from PBMC proviral 
DNA from an individual infant. These sequences were part of a study of mother-infant transmission. 
Infant blood samples were taken from 1 week (infant 7) to 34 months (infant 4) post-partum. Dates of 
sample collection were: Infant 1, 10/25/91; Infants 2-4, 10/31/91; Infant 5, 2/6/92; Infant 6, 8/30/93; 
Infant 7 5/13/93. Maternal sequences were also reported as part of this set, but are not used in building 
these consensus sequences. [Ahmad et al.(1995)]. GenBank accession numbers U1639GU16652. 
US7.-ID#: Each sequence is a consensus sequence of several cloned PCR products from PBMC proviral 
DNA from an individual patient. These sequences were part of a study of early samples (1984-1986) 
from the San Francisco region. One of the samples (552-3) was HIV negative but was determined to be 
contaminated with blood from another (565-3) so the six samples from 552-3 and 565-3 are made into one 
consensus here (565). Another sample (552-5) from patient 552 was not contaminated, and it is presented 
as B-USll.552, because a larger region was reported in that publication. [Sabino et a1.(1994b)] GenBank 
accession numbers L20371-L20380. More V3 and tat sequences from these individuals are discussed in 
[Sabino et aL(1994a)I. GenBank accession numbers UOO243-UOO399 and UO1513-UO1529. 
US&-ID#: These sequences were from a study of three recipients of contaminated blood. Recipient 1 
(Rl) and recipient 2 (R2) each received blood from different donors. A third recipient, not presented 
here, received blood from both donors. All three recipients were neonates. R1 received erythrocytes 
from donor 1 on 19 October, 1984 at the age of 3.5 weeks. For R1 the sequence of one of the two clones 
(2E) is presented here. R2 received erythrocytes from donor 2 on 24 September, 1984 at the age of 2 
months. For R2 a consensus of 6 clones is presented here. Blood samples for this study were drawn 
in March 1986. R1 had slow weight gain, and R2 had lymphadenopathy at time of sample collection. 
[Diazet a1.(1995)]. GenBankaccession numbersU11188 =R1-2E, U11189 not used; U11203, U11196, 
U11199, U11192-U11194 = R2 six clones. The tat and envelope V4-V5 regions of clones from these 
same individuals are also available in U11173-U11178, U11180, U11205-U11209. 
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134) US9.-ID#: These are consensus sequences for samples taken over a range of time from four different 
subjects. Blood samples for S1 were drawn in Nov '85, Jul'87, Jan '88 and May '89. Blood samples for 
S2 were drawn in May '85, Apr '87 and Oct '87. Blood samples for S3 were drawn in Jun '87 and Dec 
'87. Blood samples for S4 were drawn in Jan '85, Jan '89 and Jun '89. S2, S3 and S4 had decreasing CD4 
counts during the study period. S1 had fluctuating CD4 counts. WcNearney et al.(1992)]. GenBank 
accession numbers LO3430-LO3453 and L23575-L23588 = S 1; L0345PL03477 and L23618-L23633 
= S2; LO3478-LO3490 and L23589-L23600 = S3; LO3491-LO3515 and L23601-L23617 = S4. 

135) USlO.ID#: These three consensus sequences are from sets of sequences used in a study on the dynamics 
of HIV sequence changes in vivo and the utility of heteroduplex analysis. All sequences were derived 
from PCR amplified PBMC DNA. The MA145 consensus represents sequences (GenBank accession 
numbers U00821, U00822, UOO831-UOO839) taken from an asymptomatic male from Massachusetts 
over a period of 4.5 years starting April 1989. Patient MA, from the US, was infected in 1984 or 1985, 
and had been experiencing neurological disorders prior to 1989 [Kusumi et a1.(1992)]. The SFBU and 
SFPE consensuses represent sequences (GenBank accession numbers U13373-U13380 and U13381- 
U13388 respectively) taken from two patients with AIDS from San Francisco. [Delwart et a1.(1994)]. 
Other sequences from patient MA can be found in GenBank entries with accession numbers U00804- 
U00822, U00831- U00850, UOO873-UOO888, M79342-M79354 and M90025-M90046. Other SFBU 
sequences can be found in U13240-U13252. See also NL7.m. 

136) USll.ID#: These four consensus and seven individual sequences came from patients early in infection, 
before, or around the time of seroconversion. Sequences for 306, 419, 349, and 074 are consensus 
sequences. [Shpaer et a1.(1994)] and [Delwart et a1.(1995)]. GenBank accession numbers U23664- 
U23666, U23668, U23669, U23671-U23708, L20381. See also B-NL8.ID#. 

137) US12.ID#: These sequenses were used in an investigation into the transmission of HIV-1 from one child 
(CHA), who had received zidovudine, to another child (CHB), who harbored a zidovudine-resistant strain. 
The presence of the zidovudine-resistant strain in child 1 and 2, and the lack of such a strain in child 2's 
mother was used to show that child 2 was infected by child 1 and not by child 2's mother. LC sequences 
are from children used as local controls. All sequences were derived from PCR amplified PBMC DNA. 
[Fitzgibbon et a1.(1993)]. GenBank accession numbers L12751-L12756, L19695, L19697, S66942. 
L12756 is listed as "isolate 100" in GenBank, but seems to be the "group B consensus sequence" used 
for phylogenetic analysis. 

138) US13.ID#: These three consensus sequences are from three N drug users in Florida. Proviral DNA 
sequences were obtained from blood, cerebrospinal fluid and dorsal root ganglia from each of the three 
individuals. Sequences for V1-V5 of env, were PCR amplified, cloned and sequenced. [Shapshak 
et a1.(1995)]. [Xin et a1.(1995)]. The sequence for patient 149 is a consensus of all 24 clones in GenBank 
accession numbers U16094-U16117. The sequence for 141 is a consensus of GenBank entries labelled 
as being from patient 141 with the exception of: R5D, R6D, R7D, R2D and R4D, which were similar to 
IIIB strains of HIV-1; and RlR, R3R, R7R, R8R and R9R, which were similar to samples from patient 
144. The sequence for 144 is a consensus of GenBank entries labelled as being from patient 144 with the 
exception of: R3R, R6R, R9R, R12R, R13R and LlD, which were similar to IIIB strains of HIV-1; and 
C3D, C4D, C7D, C8D and ClOD, which were similar to samples from patient 141. While infection of 
each individual with multiple strains of H N  (including one very similar to the IIIB lab strain) is a possible 
explanation of these findings, we are only including one consensus sequence from each patient for this 
alignment. The authors are currently (1996) resequencing new samples from these patients. GenBank 
accession numbers for patients 141 and 144 are U16032-U16093. 

139) US14.ID#: These four sequences are from DNAfromPBMC. [Mascolaet al.( 1994)l. GenBankaccession 
numbers L14573-L14576. See also B-TH2, E-TH2. 

140) USlS.ID#: These six consensus sequences are from a study of infants. Blood samples were collected 
from six infants over time. [Strunnikova et al.( 19931. GenBank accession numbers U22682-U22810, 
U22834 and U22835. 

141) US16.ID#: These two consensus sequences were used in a study of the impact of sequence variation on 
the distribution and seroreactivity of linear antigenic epitopes. Both sets of sequences were from PCR 
amplified DNA from peripheral blood leukocytes. Patient ARTCl was an asymptomatic individual from 
New York and ARTC3 was an AIDS patient from New York. [Pestano et a1.(1995)]. GenBank accession 
numbers U11586-U11594. See also A-UG1.964, C-UG1.45, and D-UG7.m. 
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142) 

143) 

144) 

145) 

146) 

147) 

148) 

149) 

1.50) 

15 1) 

152) 

US17.IDk CB7 is a consensus sequence for 12 clones from two different samples (six clones each) 
from the same patient, collected in 1988 and 1990, plus two more clones as yet unpublished. The patient 
seroconverted in 1985. The patient did not receive any antiviral therapy until 1992. The patients CD4 
count was 1035 in 1988 and 807 in 1990. The patient's PBMS were cocultured with donor PBMC for an 
unspecified length of time before cultured DNA was isolated and PCR amplified. Individual clones of 
PCR product were then sequenced. [Wang et a1.(1995)]. GenBank accession numbers U16324-U16335 
and U19706-U19711. The other 8 sequences are individual clones from 8 different patients, all from the 
same clinic in Boston, MA. Individual CB7 was again included in this study, [Wang et a1.(1996a)] [Wang 
et al.( 1996b)l. GenBank accession numbers U60152-U60162 and U27658-U27669. 
USlS.ID#: These 22 sequence are from a study of a HIV-1 infected dentist and many of his HIV-1 
infected patients. In this case, no evidence was found for dentist to patient, patient to dentist, or patient to 
patient transmission. [Jaffe et al.( 1994)l. GenBank accession numbers U11454-Ull490. Unfortunately 
the dentist sequences are not available from GenBank. 
US19.ID#: These two sequences are from a comparison of a mother who transmitted HIV to her infant 
and a mother who did not. One of the sequences (nontransmitter-283 accession number U07839) was 
99.4% identical to the LAI strain of HIV-1 and is not included here. Sequences from the transmitter and 
nontransmitter were highly similar with the exception of sequence nontransmitter-217 (U07836). Thus a 
consensus of the similar sequences is included here as VAl-consensus, and the nontransmitter-217 outlyer 
is presented seperately as VA2. [Ayyavoo et a1.(1996)]. GenBank accession numbers UO7833-UO7841 
and UO7891-UO7917. 
US20.ID#: These three sequences are from a study of mother-infant transmission. Only child consensus 
sequences are used here, but mother and child clonal sequences are reported in [Roth et al.( 1996)l. Proviral 
DNA was PCR amplified from uncultured patient PBMCs. Cloned PCR products were sequenced. Child 
1 was 27 months old, child 2 was 5 months old and child 3 was 21 months old when blood was drawn 
for sequencing. Sequences, including those from the mothers, are in GenBank entries with accession 
numbers U47745-U47807. 
US21.IDk These six sequences are from six different patients, all men from the Chicago, Illinois, USA 
MACS cohort. In the study, P1 & P2 were rapid progressors, P3 & P4 normal progressors, and P5 & 
P6 non-progressors. Their estimated years of seroconversion are as follows: P1, 1985; P2, 1985; P3, 
1986; P4, 1986; P5, 1985; and P6, 1984. A total of 292 sequences of the C2-V5 region of envelope 
were completed. In the database entries the sample numbers are of the form Px.y-z, where x stands for 
the patient number, y is the number of months after the estimated date of seroconversion, and z is the 
clone number. Each of the six sequences presented here is a consensus of all clones from that patient. 
[Wolynsky et al.(1996)]. GenBank accession numbers U35895-U36185. 
US22.IDk These 12 sequences are from a study of variability of tat and env genes. Lorenzo et a1 (1996) 
Unpublished. GenBank accession numbers U57 104-U57216. Tat sequences from these clones are also 
available (U57217-U57304). 
US23.*ID#: These 3 sequences are from a study of variability of vif and env genes. [Sova et a1.(1995)]. 
Uncultured or short-term cultured PBMC proviral DNA was PCR amplified, and several clones from each 
PCR reaction were sequenced. Only one clone sequence from each patient is presented here. GenBank 
accession numbers U50615-U50628. Vif sequences from these patients are also available (U41055, 

U S 2 4 . m  These 5 sequences are from unpublished GenBank entries by Schwartz et al. GenBank 
accession numbers U49518-U4964OY U51311-U51326 and U45860-U45876. 
vE.ID#: These 8 sequences are from 8 individuals in Venezuela. Patient PBMCs were cocultured with 
donor PBMCs. Proviral DNA was harvested PCR-amplified. PCR products were directly sequenced. 
Nearly complete env gp120 sequences were determined, as well as pol gene sequences. [Quinones-Mateu 
et a1.(1995)]. GenBank accession numbers U16764-U16778, even numbers are env, odd numbers are 

VNl.HCM9: This sequence is from South Vietnam. wenu et a1.(1996)]. The sequence is from Ho 
Chi Minh city, from a woman infected by her HIV seropositive sexual partner who was thought to have 
been infected while traveling in Europe. Three other sequences in this study were found to be subtype E. 
Genbank accession number U29209. 
ZA.IDk These 7 sequences are from 7 individuals in South Africa. ZA504 was from a 33 year old 
white male homosexual with AIDS and the virus was syncytium-inducing (SI). ZA508 was from a 32 

U41056, U41179-U41182 and U42229442282). 

pol. 
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year old white male bisexual with ARC and the virus was NSI. a 5 0 9  was from a 30 year old white male 
homosexual with AIDS and the virus was SI. ZA524 was from a 49 year old white male bisexual with 
AIDS and the virus was NSI. ZA510 was from a 29 year old white male heterosexual with ARC and the 
virus was SI. ZA512 was from a 26 year old white male homosexual with ARC and the virus was SI. 
ZA513 was from a 3 year old black male blood transfusion recipient with AIDS and the virus was SI. All 
samples were collected at the Tygerberg Hospital in the Western Cape region of South Africa between 
1984 and 1992. DNA was harvested from cocultured PBMCs and the env gene was PCR amplified and 
cloned into pBSKS+ for sequencing. Each sequence is from a single cloned PCR product. Pngelbrecht 
et ale( 1995)l. GenBank accession numbers LA8063-L48066, LA8069, LA8071 and LA8073. GenBank 
entries U33770 and U33774U33779 are shorter env gene fragments from these same clones. 

III-163 
DEC 96 



Sequence Descriptions 

C Subtype 
At this time there are viral sequences from 119 HIV-1 infected individuals associated with HIV-1 subtype 
C. The C subtype consensus sequence (C-CONSENSUS-96) generated from these sequences was based 
on the most common amino acid found in each position of an alignment. All of these sequences have 
been published and/or have been made available for printing in the database by their authors. 

1)' BR.W2BR025: This sequence is part of a gp160 sequence from an asymptomatic individual from Brazil, 
sampled in 1992. A clone was derived from an expanded viral culture, expressed and sequenced. This 
sequence was provided by the WHO Global Programme on AIDS Vaccine Development Study. The 
complete set of C2V3 region WHO sequences from this patient can be found in the April supplement to 
the Human Retroviruses and AIDS 1993 database. Relevantpapers are: [De Wolf et a1.(1994)]; [Osmanov 
et al.(1994)]; [Gao et a1.(1994a)]. GenBank accession number U15121. Entries with accession numbers 
U08720, U08785, U09126, U09132 and U09133 are also from W2BRO25. 
BRl.HSP203 Although this sequence is listed as unpublished in the database, it seems to be an extension 
of work published in [Morgado et a1.(1994)] and [Sabino et a1.(1994c)]. It is from San Paulo, Brazil. 
GenBank accession number U31585. 
BR2.91BR015: This sequence is from Brazil. It is one of several complete env gene sequences obtained 
for the World Health Organization. HMA subtyping as well as sequence-determined subtyping was done 
on each one. Sequences were PCR amplified from cocultured PBMCs. Two to three clones from each 
isolate were sequenced. 91BR015 is similar to another WHO sample; 92BR025. [Penny et a1.(1996)]. 
GenBank accession numbers U39234 and U39238. 
BUl.ID#: These sequences are from Burundi. They are part of several complete env gene sequences 
obtained for the World Health Organization. HMA subtyping as well as sequence-determined subtyping 
was done on each one. Sequences were PCR amplified from cocultured PBMCs. n o  to three clones from 
each isolate were sequenced. 91BU009 groups with subtype D in a neighbor- joining tree of the V3 region 
and is presented as an undetermined subtype in the section of the compendium. [Penny et a1.(1996)]. 
GenBank accession numbers'U39252 and U39233,91BU001; U39248 and U39237,91BU002; U39239 
and U39242,91BU003; U39241 and U39243,91BU004; U39240 and U39257,91BU005; U39244 and 
U39246,91BU006; U39245, U39247 and U39249,91BU007; U39250 and U39251,91BU008; U39253 
and U39254,91BU009. 
BYl.ID#: These 3 sequences are from Byelorussia. [Lukashov et a1.(1995)]. GenBank accession 
numbers: L38410, BLR9A, L38409, BLR8A, L38408, BLRSA. 
CF1.15166: A single sequence from a set of sequences obtained from 27 symptomatic patients from 
the Central African Republic, from whom blood was drawn in 1990-1991. It is a consensus from PCR 
clones from cultured proviral DNA. [Murphy et a1.(1993)]. GenBank accession number L11525. Other 
sequences from this study were subtypes A and E. 
CY.HO02: This is a sequence from a 51 year old woman whose husband had died of m S .  She was 
born and lived in Zambia, before moving to Cyprus. She was asymptomatic, with a CD4 count of 200, 
and she had been seropositive for at least 6 years. This sample, like others in this study (see also subtypes 
A, B, F and I> was collected in February 1994 from the AIDS clinic in Nicosia, Cyprus. DNA was 
extracted from patient PBMCs and PCR amplified. After a second round of PCR, products were cloned 
and sequenced. Two clones from patient 02 were sequenced. [Kostrikis et a1.(1995)]. Genbank accession 
numbers U28321 and U28661. 
DJ1.DJ-ID#: These two sequences from Djibouti were from a a set of HIV-1 viral isolates from Africa. 
Health status of the individual from which the virus was cultured was unspecified, and the year of viral 
isolation was probably between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. 
Full length env (gp160) was amplified, cloned and sequenced. [Louwagie et al.(1995)]. GenBank 
accession numbers L22940 and L23065. 
ET2.IDk These nine sequences of Ethiopian isolates were part of acohort considered to be heterosexually 
infected. PBMC DNA was PCR amplified and directly sequenced. [Salminen et a1.(1996)]. For patient 
2220, who had slim disease and AIDS, almost full length HIV-1 genome was PCR amplified from PBMC 
DNA and cloned. Proviral DNA from others in the cohort was PCR amplified and directly sequenced. 
Other regions of the genome are available for these isolates as well. [Salminen et a1.(1996)]. GenBank 
accession numbers U45481-U45502 (V3 region), U15060-U15066 and U45503-U45504 (LTR NF- 
kB/NRE regions), M64001-M64009 (gag p7 region), M64015-M64018 (env gp41 region) and U46016 
(C2220 complete genome). 
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10) GAl.ID#: These 2 sequences are from Gabon. G134 is from a 1988 or 1989 sample from a patient with 
AIDS living in Franceville, Gabon. LBVlO5 is from a 1988 sample from an asymptomatic individual 
sampled from the general population of Libreville. Method of proviral DNA isolation was not described. 
DNA was PCR amplified and cloned. One clone per isolate was sequenced. [Delaporte et al.( 1996)l. 
GenBank Accession numbers X90912, G134; X90913, LBV105. See also subtypes A, D, F, G and 0 
sequences from this same study. 

11) GB1.00513: This sequence is from the British isolate 93-00513. [Arnold et al.(1995c)]. GenBank 
accession number U21099. 

12) GM.GM3: A sequence from Gambia, as yet unpublished. Bobkov et al. 1996 unpublished. GenBank 
accession number U33098. See also Gambian sequences of subtypes B and J. 

13) IN1.D-ID#: These four sequences are from samples from high risk patients in India, PCR clones, DNA, 
PBMC culture. [Dietrich et al.( 1993)l. GenBank accession numbers LO7651 and LO7653-LO7655; 
X65638-X65640 and X68406. 

14) INZ.D-ID#: These five sequences are from samples from high risk patients in India, primarily stage I. 
They were nested PCR amplified from DNA obtained from uncultured PBMC from patients serologically 
defined as HIV-l/HIV-2 mixed infections. [Grez et a1.(1994)]. GenBank accession numbers U07098 and 
UO7100-UO7103. 

15) IN3.IN#: These 8 sequences sequence were isolated from Pune and New Delhi, India. All 8 sequences 
were from heterosexually infected patients from New Delhi, or Pune, India. DNA was isolated from 
cocultured PBMCs after one week of culture. PCR product was cloned and a single clone was sequenced. 
[Tripathy et a1.(1996)]. GenBank accession numbers U29179, U29694-U29698, U31362 and U31363. 
See also B-IN.IND9. 

16) IN4.ID#: These 24 sequences are from 1992 dried blood spot samples from Vellore near Madras, in 
Tamil Nadu state(in southern India. DNA was extracted from the blood spots and PCR amplified. The 
PCR products were directly sequenced. Samples came from previously identified HIV seropositive STD 
patients (1,3,5,6,7,  11, 12, 13, 19,20,23,29,33), spouses of infected men (2,4, 10, 16,22,26,27), 
female prostitutes (36, 37) or bisexual men (8, 32). Two homosexual men from the same region had 
subtype A HIV-1 (see A-IN19 and 14). [Cassol et a1.(1996)]. GenBank accession numbers U53278- 

17) KE.NA113: This sequence was derived from a patient who was part of a May-June 1992 study of 
pregnant women from the Pumwani Maternity Hospital in Nairobi, Kenya. Viral RNA was concentrated 
from patient serum just prior to delivery, and the envelope C2-V3 region was amplified by RT-PCR. The 
PCR product was cloned and 20 clones from the patient were sequenced. Seven other patients from this 
study had viral subtypes A and D. [Zachar et aL(1996a)l. Genbank accession number U33762. 

18) MW.SM750: This sequence is from cloned PCR amplified cocultured PBMC DNA. SM750 was a black 
male sampled in the gold mines in Malawi in 1989. [Becker et a1.(1995)]. GenBank accession number 
U06719. 

19) MWl.ID#: These 13 sequences are from pregnant women with risk factors from Malawi. PCR-direct, 
peripheral blood DNA. [Orloff et a1.(1993)]. GenBank accesssion numbers LO7427-LO7441, L15721- 
L15735. 

20) MW2.D-ID#: These two sequences are from individuals from Malawi, generated as part of the DAIDS 
variation program in the laboratory of Dr. Beatrice Hahn at the University of Alabama. The C2V3 was 
excised from full gp160 sequences, derived from clones from expanded culture stocks. The sequence ID 
numbers are abbreviated, for example D3MA959 .can be read as DAIDS sequence (D), isolated in 1993 
(3), Malawi (MA), patient 301959 (959). GenBank accession numbers UO8453-UO8454. 

21) MY.ID#: These 2 sequences are from IV drug using prisoners in a prison in Kuala Lumpur, Malaysia. 
PCR products amplified from uncultured PBMCs were directly sequenced. Both of these prisoners had 
received medical treatment in India which included blood transfusion and organ transplants, and it is 
likely that they were infected in India. [Brown et a1.(1996)]. This report also included subtypes B and E 
in Malaysia. GenBank accession numbers U65549-U65550. 

22) NLl.ID#: These 2 sequences are from a Dutch woman whose partner was a recent immigrant to The 
Netherlands from Zaire, and from a recent immigrant to The Netherlands from either Zambia or Zaire. 
The fist two letters of the ID# represent the two letter country code for the previous residence of the 
patient (UN = unknown). The next two numerals represent the year of isolation. Viral RNA was prepared 

U53285, U53287-U532907 U53292-U53303. 
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from patient serum and RT-PCR was used to amplify the V3 region of the env gene. The PCR products 
were directly sequenced. The sequence from the Dutch/Zaire patient is not unequivocably a subtype C 
sequence, it may be subtype A or unclassifiable. [Lukashov et a1.(1996)]. GenBank accession numbers 
L76908, NL9402418; L76898, UN9305091. 
NOl.ID#: These 4 sequences are from unpublished Norwegian sequences with Genbank accession 
numbers X92913, X92914, X92917 and X92918. Thirty-six subtype B-sequences were also part of this 
set (see B-NO 1 .ID#). 
RU.D# These 4 sequences are from Russia. [Lukashov et a1.(1995)]. GenBank accession numbers: 
L38418, RUS2OA; L38404, RUS2A; L38406, RUSlA; L38414, RUS13A. 
RUl.ID#: This sequence is from Russia. Bobkov et al. 1996 Unpublished. GenBank accession number 
U33109. 
RWl.D#: These two sequences are consensus sequences of many clones from mothers infected in 
Rwanda. Mulder-Kampinga et al., Unpublished (1996). Mother 566,was apparently dually infected with 
HIV-1 subtypes A and C. See also A-RW4.ID#. GenBank accession numbers for mother 566 are 276183, 
276188-276197,276284-276293,276295-276299,276301,276303-276311,276322-276342 and 
276725-276732; for mother 134,276039-276042 and 276044. 
SN.SE364: A Senegalese sequence from a set of HIV-1 viral isolates from Africa. Health status of the 
individual from which the virus was cultured was unspecified, and the year of viral isolation was probably 
between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length env (gp160) 
was amplified, cloned and sequenced. [Louwagie et al.( 19931. GenBank accession number L22944. 
S0.1574: This sequence is a consensus sequence of blood and CSF samples taken from the Somalian 
patient 1574, CDC classification II. [Keys et a1.(1993)]. GenBank accession numbers 223188,223190- 
223 19 1, and 223228-22323 1. 
SO.SM145: A Somalian sequence from a set of HIV-1 viral isolates from Africa. Health status of the 
individual from which the virus was cultured was unspecified, and the year of viral isolation was probably 
between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length env (gp160) 
was amplified, cloned and sequenced. [Louwagie et a1.(1995)]. GenBank accession number L22946. 
TW1.252 This sequence is one of a set of sequences from Taiwan. Other sequences in the set were 
subtypes B, E, F or G. [Chang et a1.(1996)]. GenBank accession number U73055. 
UG.45: A single sequence used in a study of the impact of sequence variation on the distrinution 
and seroreactivity of linear antigenic epitopes. The sequence was derived from PCR amplified DNA 
from peripheral blood leukocytes. The patient was an asymptomatic individual from Uganda. [Pes- 
tan0 et al.(1995)]. GenBank accession number U11597. See also A-UG1.964, B-US17.ID#, and 
D-UG7.ID#. 
UG.UG268: A Ugandan sequence from a set of HIV-1 viral isolates from Africa. Health status of the 
individual from which the virus was cultured was unspecified, and the year of viral isolation was probably 
between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length env (gp160) 
was amplified, cloned and sequenced. [Louwagie et al.( 19991. GenBank accession number L22948. 
ZA.NOF: This sequence is from a South African individual who was part of a study of HIV-1 strains 
in India. This sequence was found to be closer to the Indian sequences, than are other isolates from 
Africa. PCR amplified DNA from PBMC cultures were sequenced. [Dietrich et a1.(1993)] and [Becker 
et a1.(1995)]. GenBank accession numbers LO7426 and U06716. See also C-DJ3.ID#, B-IN.IND9. 
ZAl.ID#: These 2 sequences are from 2 individuals in South Africa. ZA514 was from a 59 year old 
mixed-race male heterosexual with AIDS and the virus was NSI. a 5 1 7  was from a 33 year old mixed- 
race male heterosexual with ARC and the virus was NSI. The samples were collected at the Tygerberg 
Hospital in the Western Cape region of South Africa between 1984 and 1992. DNA was harvested from 
cocultured PBMCs and the env gene was PCR amplified and cloned into pBSKS+ for sequencing. Each 
sequence is from a single cloned PCR product. [Engelbrecht et a1.(1995)]. GenBank accession numbers 
L48067-L48068. GenBank entries U33781 and U33782 are shorter env gene fragments from these same 
clones. See also B-ZA and D-ZA sequences from this same study. 
ZA2.D: These sequences are from clones from PCR amplified cocultured PBMC DNA. Dlu was a black 
male sampled at the Tygerberg Hospital in Cape Town, South Africa in 1990. Gom was a black male 
sampled at the Tygerberg Hospital in Cape Town, South Africa in 1990. BooyD was a mixed-race female 
mother sampled at the Tygerberg Hospital in Cape Town, South Africa in 1990. A short sequence from 
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a seropositive child of BooyD is presented in Genbank entry U07015. [Becker et a1.(1995)]. GenBank 
accession numbers U07237, U06717 and U06718. 

36) ZMl.ZAM-ID# Two sequences from Zambia, from a set of HIV-1 viral isolates from Africa. Health 
status of the individual from which the virus was cultured was unspecified, and the year of viral isolation 
was probably between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full 
length env (gp160) was amplified, cloned and sequenced. [Louwagie et a1.(1995)]. GenBank accession 
numbers L22954 and L22956. 

37) 2W.2647: This sequence is a consensus sequence taken from blood and CSF samples taken from Zim- 
babwe patient 2647, CDC classification II. [Keys et al.(1993)]. GenBank accession numbers 2 2 3 1 9 6  
223199 and 223236423239. 
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D Subtype 
At this time there are viral sequences from 107 HIV-1 infected individuals associated with HIV-1 subtype 
D. The D subtype consensus sequence (D-CONSENSUS-96) generated from these sequences was based 
on the most common amino acid found in each position of an alignment. All of these sequences have 
been published and/or have been made available for printing in the database by their authors. 

1) ‘BI.BU009con: This is a consensus sequence from 8 clones from a 36 year old female with CDC stage IV 
A I D S  and pulmonary tuberculosis, from Bujumbura, Burundi. PBMCs from the patient were cocultured 
with donor PBMCs for 2 weeks, at which time large syncytia f o h e d  and the culture became antigen 
positive. The env region was then PCR amplified by nested PCR and cloned. [Ranjbar et al.( 1995)] and 
[Ranjbar( 1995)l. GenBank accession numbers L35452-L35459. 

2) CF.4020: This sequence was the only D subtype from a set of sequences obtained from 27 symptomatic 
patients from the Central African Republic, from whom blood was drawn in 1990-1991. It is a consensus 
from cloned PCR products, derived from cultrued proviral DNA. Murphy et al.(1993)]. A full gp120 
sequence from this isolate was kindly provided prior to publication by Dr. M P  Kieny of Transgene, 
Strasbourg, France. It is a part of a set of 14 HIV-1 gp120 isolates from Bangui, Central African 
Republic. The gp120 proteins have been expressed in a hybrid gp160 vaccinia virus expression system 
[Richalet-Secordel et al.(1994)]. The year of isolation and health status of individuals from which the 
viruses were isolated were not provided. Viruses were isolated in the CAR by C Mathiot and B You 
(Pasteur Inst., Bangui), grown by F Barre-Sinoussi and A Deslandres (Pasteur Inst., Paris), and cloned 
and sequenced by D Schmitt and MP Kieny. GenBank accession numbers L11472-L11473, U43138. 

3) CI.CI-13: A single D subtype sequence from a set of 13 isolates from individuals from Abidjan, Cote 
d’Ivoire. CI-13 was symptomatic, and serologically dually reactive for HIV-1 and HIV-2. The C2V3 
region is part of a 900 bp fragment that was sequenced for each individual. Samples were collected 
between May 1990 and Sept. 1991. V i i s  was cultured with donor PBMCs, nested PCR amplified, 3-4 
clones were sequenced, and the consensus of those clones is presented here. [Janssens et a1.(1994a)]. 
GenBank accession numbers X72028-X72029. 

4) GAl.ID# These 2 sequences are from 1988 or 1989 samples from patients with A I D S  living in Franceville 
Gabon. Method of proviral DNA isolation was not described. DNA was PCR amplified and cloned. One 
clone per isolate was sequenced. [Delaporte et a1.(1996)]. GenBank Accession numbers X90919, G109; 
X90920 G141. See also subtypes A, C, F, G and 0 sequences from this same study. 

5) GBl.CPHL4: This sequence is a consensus from the British isolate 9343424, clones 2. 6 and 35. It 

7) 

was referred to as 93-43424 in [Arnold et a1.(1995c)] and as CPHL4 in [Arnold et a1.(1995a)]. GenBank 
accession numbers U21098 (clone 35) and U23121-U23122 (clones 2 and 6 respectively). CPHL4 is a 
female who is believed to have contracted the virus from CPHL5 through heterosexual contact. Sequences 
from CPHL5 are not included in this alignment due to this epidemiological relationship. 
KE.NA116: This sequence was derived from a patient who was part of a May-June 1992 study of 
pregnant women from the Pumwani Maternity Hospital in Nairobi, Kenya. Vial  RNA was concentrated 
from patient serum just prior to delivery, and the envelope C2-V3 region was amplified by RT-PCR. The 
PCR product was cloned and 20 clones from the patient were sequenced. Seven other patients from this 
study had viral subtypes A and C. [Zachar et a1.(1996a)]. Genbank accession number U33765. 
KELKEN-IDk These three patients were part of a 1990-1992 cohort study of maternal risk factors in 
mother to child transmission, including 22 pregnant women and an infant from Kenya. The C2V3 region 
was sequenced. [Janssens et a1.(1994d)]. GenBank accession numbers for sequences from the entire set 
of 23 uatients studied in this publication: U12984-U13006. 

8) NL.A^11: This sequence is frim a Dutch study of presumed HIV-1 donor-recipient pairs. This sequence is 
from a recipient at the time of seroconversion; the donor was a Zairean woman living in the Netherlands 
(patient A12 GenBank Accession numbers M9184GM91848). The sequences from both donor and 
recipient were extremely similar, so only the recipient (patient A1 1) is shown here. This sequence is a 
consensus sequences of multiple clones from PCR amplified serum RNA. [wolfs et a1.(1992)]. GenBank 
accession numbers M91849-M91856. 

9) NL2.ID#: These 7 sequences are from recent immigrants to The Netherlands from various countries. 
The first two letters of the ID# represent the two letter country code for the previous residence of 
the patient. The next two numerals represent the year of isolation. Viral RNA was prepared from 
patient serum and RT-PCR was used to amplify the V3 region of the env gene. The PCR products were 
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directly sequenced. [Lukashov et a1.(1996)]. GenBank accession numbers L76900, UG9307 184; L76907, 
ZR9402261; L76892, ZR929193; L76904, UG9401525; L76895, A09302187; L76872, ZR891183; 
L76876,ZR901100. 

10) RU.RUS14A This sequence is from [Lukashov et al.(1995)]. GenBank accession number: L38415. 
11) SN.SE365: A Senegalese sequence from a set of HIV4 viral isolates from Africa. Health status of the 

individual from which the virus was cultured was unspecified, and the year of viral isolation was probably 
between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length env (gp160) 
was amplified, cloned and sequenced. [Louwagie et al.( 1995)l. GenBank accession number L22945. 

12) TZ1.TAN-ID#: These ten sequences are from a set of 14 Tanzanian samples from symptomatic individ- 
uals, using serum samples taken in 1988 to generate PCR clones from viral RNA for sequencing. [Zwart 
et a1.(1993)]. GenBank accession numbers LO1298-LO1339. 

13) TZ2.IDk These eight sequences were from patients at a clinic in Dar es Salaam, Tanzania. The 
individuals from which the virus was cultured showed clinical signs of AIDS, and the year of viral 
isolation was 1988. Viral cDNA was PCR amplified from donor PBMC, and one cloned PCR product per 
donor was sequenced. [Siwka et a1.(1994)]. GenBank accession numbers U12406, U12407, U12410- 
U12415. 

14) TZS.ID#: These4sequences arefromtheMararegion ofrural northwestTanzania [Robbins et a1.(1996)]. 
Subtype A was also found in this study. GenBank accession numbers U61875 and U61879-U61881. 

15) UG.U44342: This sequence is from a Ugandan. Consensus of PCR-clones, peripheral blood DNA. 
Intact env sequences are available from this sample. [Bruce et a1.(1993)]. GenBank accession numbers 

16) UG.UG23: This sequence is from blood collected from the Mulago Teaching Hospital in Kampala, 
Uganda. Viral RNA was harvested after 10-14 days of coculture with donor PBMCs and reverse- 
transcribed with AMV-RT. The env V3 region was PCR amplifed and cloned. This sequence is from an 
individual clone. [Atkin et al.( 1993)], [Pestano et a1.(1993)]. GenBank accession number M98504. 

17) UGl.W2UG-ID# Rvelve sequences from asymptomatic individuals from Uganda in 1992. Each se- 
quence is a consensus from cloned PCR products derived from cell-cultured proviral DNA or culture 
supernatant RNA. These sequences were provided by the WHO Global Programme on AIDS Vaccine 
Development Study. The complete set of C2V3 region WHO sequences can be found in the April 
supplement to the Human Retroviruses and AIDS 1993 database. [De Wolf et a1.(1994)]; [Osmanov 
et a1.(1994)]; [Gao et al.( 1994b)l. GenBank accession numbers UO8721-UO8741, UO8786-UO8787, 
UO8803-UO8809 and UO8821-UO8824. 

18) UG2.IDk These twelve sequences are from 1986-1987 Ugandan samples. Each sequence is a consensus 
from cloned PCR products derived from uncultured proviral DNA harvested directly from patient PBMCs. 
[Oram et a1.(1991)]. No GenBank entries exist for these sequences. 

19) UG3.ID# These 11 sequences are part of a set of sequences derived from 22 Ugandans who were 
attending an AIDS clinic. Blood samples were obtained in 1990. Each sequence is a consensus from 
cloned PCR products derived from uncultured proviral DNA harvested directly from patient PBMCs. [Al- 
bert et al.( 1992)l. GenBank accession numbers LOO614-LOO618, LOO733-LOO737, M98894M98899, 

M98942-M98945 and M98967-M98975. 
20) UG4.ID#: One to 4 clones of each these Ugandan isolates were sequenced, but only one clone is 

shown here. [Douglas et a1.(1996)]. Other Ugandan isolates sequenced in this study were subtype D/A 
recombinant. London subtype B clones were also reported. Complete envelope gp160 sequences were 
reported for all isolates. GenBank accession numbers U36867, U36868, U36871, U36884U36887. 

21) UG5.UG-ID# Three Ugandan sequences from a set of HIV-1 viral isolates from Africa. Health status 
of the individuals from which the virus was cultured was unspecified, and the year of viral isolation was 
probably between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length 
env (gp160) was amplified, cloned and sequenced. [Louwagie et a].( 1995)l. GenBank accession numbers 
L22947 and L22949-L22950. 

22) UG6.ID#: Three Ugandan sequences from a set of HIV-1 viral isolates from Africa. All three individuals 
from which the virus was cultured had AIDS, and the year of viral isolation was 1987. Viruses were 
cultured with HUT-78 cells for an unspecified length of time. TheV3 region of env (gp160) was amplified, 
cloned and sequenced. [von A. et al.( 1995)l. GenBank accession numbers U15005, U15006 and U15007. 

M98408-M98416. 

M98901, M98906-M98907, M98911-M98913, M98918, M98920-M98923, M98929-M98937, 
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23) UG7.IDk These sequences were used in a study of the impact of sequence variation on the distribution 
and seroreactivity of linear antigenic epitopes. Both sets of sequences were from PCR amplified DNA 
from peripheral blood leukocytes. All patients were asyptomatic individuals reporting for regular blood 
drawing at the Nakasero blood transfusion service, Kampala, Uganda. [Pestano et al.( 19931. GenBank 
accession numbers U11595, U11596, and U11598. See also A-UG1.964, C-UG1.45, and D-UG7.m. 

24) UG8.k These 2 sequences are from Gulu, northern Uganda. They are from direct sequence of PCR 
product amplified from uncultured PBMCs. Blood samples were drawn from 217 pregnant women 
attending the clinic in Gulu, northern Uganda. Ages ranged from 17 to 37 years. The 29 seropositive 
women (13.4%) were all asymptomatic. [Buonaguro et a1.(1995)]. Genbank accession numbers U44881 
and U44884. Eight subtype A sequences were also found in this study (see A-UG5). 

25) US.AMK: This sequence comes from a student living in Alabama, who moved from Zaire to the US in 
1988. Virus was isolated from the patients PBMCs; this isolate was PCR amplified, and amplification 
products from both gag (U08192) and env were subcloned and sequenced. His CD4 count was < 
5 cells/mm3, and he was symptomatic at the time of viral isolation. [Gao et a1.(1994b)] and [Gao 
et a1.(1996a)]. AMK is also known as 93ZR001. GenBank accession numbers U08193, U27419. 

26) ZA.ID#: These 5 sequences are from 5 individuals in South Africa. ZA500 was from a 41 year old white 
male homosexual with ARC and the virus was non-syncytium-inducing (NSI). ZA501 was from a 24 
year old white male bisexual with AIDS and the virus was SI. ZA505 was from a 36 year old white male 
homosexual with AIDS and the virus was SI. ZA506 was from a 33 year old white male homosexual with 
AIDS and the virus was SI. ZA507 was from a 37 year old white male homosexual with AIDS and the 
virus was SI. All samples were collected at the Tygerberg Hospital in the Western Cape region of South 
Africa between 1984 and 1992. DNA was harvested from cocultured PBMCs and the env gene was PCR 
amplified and cloned into pBSKS+ for sequencing. Each sequence is from a single cloned PCR product. 
[Engelbrecht et a1.(1995)]. GenBank accession numbers L47608, L48061, L.48062, LA8070 and L48072. 
GenBank entries U33769, U33771-U33773 and U33780 are shorter env gene fragments from these same 
clones. See also B-ZA and C-ZAl sequences from this same publication. 

27) ZR.ELI: This sequence is from the Zairean isolateEL1. [Alizon etal.(1986)] and [Goodenow et al.( 1989)l. 
The complete genomic sequence and an infectious clone are available. GenBank accession numbers 
M27949, KO3454 and X04414. 

28) ZR.JY1: This sequence is from Zairean isolate 284 ,  clone JY1. [Yourno et a1.(1988)]. GenBank 
accession number J03653. 

29) ZR.MAL: This sequence is from anon-infectious clone of thezairean isolate=. [Alizon et a1.(1986)]. 
The complete genomic sequence and an infectious clone from the isolate MAL are available. MAL is 
known to be recombinant between subtypes A and D. GenBank accession numbers KO3456 and X04415. 

30) ZR.NDK: This sequence is from an infectious clone of the Zairean isolate NDK. The molecular clone is 
highly cytopathic in vitro. [Spire et a1.(1989)]. The complete genomic sequence is available. GenBank 
accession number M27323. 

31) ZR.ZiZ6: This sequence is from an infectious clone of Zairean isolate 22. Theodore T, and Buckler- 
White A, unpublished. The complete genomic sequence is available. GenBank accession number 
M22639. See also [Srinivasan et a1.(1987)]. GenBank entry with accession numbers KO3458 and 
M16322, which is from the same isolate. 

32) ZRl.ID#: These four sequences are part of a set of 14 A and D sequences from women from Zaire. 8 
were healthy, 4 showed minor signs of illness, and 2 had AIDS. Sequences were determined by directly 
sequencing PCR products derived from uncultured proviral DNA harvested directly from patient PBMCs. 
[Potts et a1.(1993a)]. GenBank accession numbers L19623, L19627, L19631 and L19635. 
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E Subtype 
At this time there are viral sequences from 124 HIV-1 infected individuals associated with HIV-1 subtype 
E. The E subtype consensus sequence (E-CONSENSUS-96) generated from these sequences was based 
on the most common amino acid found in each position of an alignment. All of these sequences have 
been published and/or have been made available for printing in the database by their authors. 

1) CF.90CR402 90cr402, previously named CAR-E 4002, was obtained from a man from Bangui, Central 
African Republic, who had lymphadeopathy, diarrhea, severe weight loss and recurrent respiratory in- 
fections. He was infected through heterosexual contact, but the year of infection is unknown. The virus 
was first adapted to growth in chimpanzee cells, expanded in chimpanzee cells, and then re-expanded 
in human PBMCs before lamba cloning and sequencing. [Gao et aL(1996b)l. The complete genome is 
found with GenBank accession number U51188. 

2) CF.4039: This is a subtype E virus from the Central African Republic. Schmitt,D. et al. unpublished 
(1995). GenBank accession number U43112. 

3) CFl.ID#: These eight sequences are from a set of sequences obtained from 27 symptomatic patients from 
the Central African Republic, from whom blood was drawn in 1990-1991. Consensus, PCR-clones, cell 
culture, DNA. Murphy et a1.(1993)]. GenBank accession numbers L11459-L11460, L11463-L11468, 
L11476, L11480-L11481, L11504-Ll1505, L11511-L11513, L11519-L11521 and U43137. 

4) CF2.IDk These three sequences were kindly provided prior to publication by Dr. M.P. Kieny of 
Transgene, Strasbourg Cedex, France. They are part of a set of 14 HIV-1 gp120 isolates from Bangui, 
Central African Republic. The gp120 proteins have been expressed in a hybrid gp160 vaccinia virus 
expression system. Year of isolation and health status of individuals from which the virus was isolated 
were not provided. Viruses were isolated in the CAR by C. Mathiot and B. You (Pasteur Inst., Bangui), 
grown by F, Barre-Sinoussi and A. Deslandres (Pasteur Inst., Paris), and cloned and sequenced by D. 
Schmitt and M.P. Kieny. Genbank accession numbers U43110, U43170 and U43173. 

5)  CM.CA10: A single E subtype sequence from a set of 17 sequences from a very diverse set of isolates 
from Yaounde and Douala, Cameroon. The sequences were derived from asymptomatic and symptomatic 
HIV infected individuals, specifically, CAlO was symptomatic. Virus was isolated by culture with 
donor PBMCs, and nested PCR amplified. A single clone was sequenced representing each HIV-1 
isolate. [Nkengasong et a1.(1994)]. GenBank accession numbers for the entire set of 17 sequences in this 
publication: X80438-X80454. 

6) GB1.11643: This sequence is from the British isolate 94-11643. The sequence was determined from 
PCR-amplified lymphocyte DNA. The gag gene from this isolate was subtype A, as is the gag gene from 
all subtype E virus studied to date. The patient is thought to have contracted the virus in Thailand, but 
currently lives in the United Kingdom. [Arnold et aL(1995c)l. GenBank accession number U21109. 

7) JPl.ID#: These three sequences are from one Japanese and two Thai individuals living in Japan, obtained 
by direct sequencing of PCR-amplified proviral DNA from peripheral blood mononuclear cells. meniger 
et a1.(1994)]. NIH3J is from a male Japanese national. NIH2T and NIH4T are from Thai female 
prostitutes, living in Japan. GenBank accession numbers L3208SL32087. 

8) My.92-14103: This sequence is from a Thailand infant who was adopted by Malaysians, and now 
lives in Malaysia. PCR products amplified from uncultured PBMCs were directly sequenced. [Brown 
et a1.(1996)]. This report also included subtypes B and C in Malaysia. GenBank accession number 
U65551. 

9) MY.1786: This sequence is from a dried blood spot collected in 1992 from a Female STD patient in 
Myanmar. DNA was extracted from the blood spots and PCR amplified. The PCR products were directly 
sequenced. [Cassol et al.( 1996)l. GenBank accession number U53309. 

10) NL.TH94037: This sequence is from a recent immigrant to The Netherlands from Thailand. The blood 
sample was collected in 1994. Viral RNA was prepared from patient serum and RT-PCR was used to 
amplify theV3 region of the env gene. The PCR product was directly sequenced. [Lukashov et a1.(1996)]. 
GenBank accession number L76911. 

11) TH.93TH253: This sequence is from a 21-year-old man from Chiang Mai, Thailand and was previously 
named CMUOlO or 302053. The patient had end-stage AIDS. The mode and year of infection are 
unknown. 93th253 was isolated in 1993 and expanded in human PBMCs, then expanded in H9 cells, 
and followed by lambda cloning and sequencing. The complete genome has been sequenced. [Gao 
et a1.(1996b)]. GenBank accession number U51189. 
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12) TH.CMZd0: This sequences is from a 21 year old asymptomatic man from northern Thailand. The route 
of infection is believed to be heterosexual transmission. The blood sample was collected in 1990. The 
patient’s PBMSCs were codultured with stimulated donore PBMCs and proviral DNA was harvested for 
PCR amplification and sequening of a cloned full-length genome PCR product. [Carr et a1.(1996)]. The 
complete genome is found in GenBank with accession number U54771. 

13) TH.TS178: This sequence comes from a study of the genetic heterogeneity and epidemiological distri- 
bution of HIVl in Thailand. The host was a female prostitute and the sequence was obtained from PCR 
amplified PBMC DNA. [Ou et al.(1993)]. GenBank accession number L19239. See also B-TH.T8174. 

14) TH.N764: This sequence is from a survey of IV drug using prisoners in Thailand. 12 of 13 sequences 
from Thai prisoners were of subtype B; N764, from patient (THP13) represents the only subtype E 
sequence identified in this set, from a prisoner infected in 1989. The sequences were obtained from PCR 
amplified PBMC DNA. [Kalish et a1.(1994)]. GenBank accession number U15588. 

15) THl.ID#: These twelve sequences are from a set of 23 individuals from Thailand. PCR-direct, peripheral 
blood PBMC DNA. Referred to as Thai subtype A in [Ou et al.(1992b)] and [Ou et al.( 1993)l. (Published 
erratum appears in Lancet 342250 (1993).) GenBank accession numbers LO7443-LO7445, L07447- 
L07448, LO7457-LO7459 and LO7461-LO7464. 

16) TFI2.ID# Six of these eight sequences are from 16 isolates from HIV seropositive individuals from 
Thailand. Sequences were from PCR products derived from co-cultured PBMC DNA. The full length 
envelope gene sequences are available. [McCutchan et a1.(1992)]. Please note: the “‘INID#” locus 
names in the database correspond to the McCutchan et al.’s “CM-ID#” isolates. GenBank accession 
numbers LO3698-LO3701 and LO3703-LO3704. The other two (TH238, TN240) are also from Thailand, 
DNA from PBMC. [Mascola et a1.(1994)]. GenBank accession numbers L14571, L14572. 

17) TH3.W2TH-ID#: Fifteen sequences from asymptomatic individuals from Thailand in 1992. Consensus, 
PCR-clones, cell-culture DNA and RNA. These sequences were provided by the WHO Global Programme 
on AIDS Vaccine Development Study. The complete set of C2V3 region WHO sequences can be found in 
the April supplement to the Human Retroviruses and AIDS 1993 database. [De Wolf et al.(1994)]; [Os- 
manov et al.(1994)]; and [Gao et a1.(1994a)]. GenBank accession numbers UO8810-UO8811, U08825- 
U08836 and UO8742-UO8761. Entry with accession number U09131 is also TILW2TH022. 

18) TH4.D-ID#: These three sequences are part of a set of sequences generated for the DAIDS variation 
program in the laboratory of Dr. Beatrice Hahn at the University of Alabama. They are clones from 
expanded culture stocks, and are excised from full gp160 sequences. The sequence ID numbers are 
abbreviated, for example D3TH966 can be read as DAIDS sequence (D), isolated in 1993 (3), Thai (TH), 
patient 301966 (966). [Gao et al.(1996a)]. GenBank accession numbers UO8456-UO8458. 

19) THUD#: These seventeen consensus and five individual sequences are from twenty two patients with 
AIDS involved in a study of genotypic and phenotypic characteristics of Thai HIV-1. Blood samples were 
collected between July and December 1993. All sequences were derived from PCR amplified PBMC 
DNA, after patient PBMCs were cocultured with virus-free donor PBMCs. CMUOl, CMU03, CMU04, 
CMU05, CMUO7, and CMUlO are NSI, the rest are SI, as determined by syncytium formation in the 
cocultured cells. CM = Chaing Mai University Hospital. KH = Kavila Army Hospital. All subjects were 
males and reported past contact with commercial female sex workers, but no history of drug injection, 
blood transfusion or homosexual contact. [Yu et al.( 1995)l. GenBank accession numbers U25550- 
U25626. Longer sequences from samples KH003, KH005, KH008, CMUO2, CMUO8 and CMUOlO 
were determined in 1996 [McCutchan et al.( 1996)l. GenBank accession numbers U48264448269. 

20) TH6.ID#: These three sequences are E subtype sequences from Thailand. Two individuals believed to 
be dually infected with subtypes B and E were analyzed. It is not clear from the paper or the GenBank 
entries which sequences came from individual 1 and which from 2. [Artenstein et a1.(1995)]. Genbank 
accession numbers U21472, U21474, U21476. See also B_THS.ID#. 

21) TH7.IDk These two sequences are from samples collected in 1993 in Thailand. Patients 1018 and 11 10 
were asymptomatic. [McCutchan et a1.(1996)]. GenBank accession numbers U48273-U48274. 

22) THS.ID# These two sequences were from dried blood spots collected in 1992 from a heterosexual 
(0289) and an IV drug user (0103). DNA was extracted from the blood spots and PCR amplified. The 
PCR products were directly sequenced. [Cassol et a1.(1996)]. GenBank accession numbers U53312 and 
U53313. 

23) TH9.IDk These 14 sequences are from 84 IV drug users in Bangkok, Thailand, who were undergoing 
methadone treatment at 14 treatment clinics. Blood samples were collected between January and April, 
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1994. Uncultured PBMC DNA from each patient was PCR amplified, and the PCR product was directly 
sequenced. Of the 84 patients sampled, 69 were Thai B, one (091) was typical subtype B, and 14 were 
subtype E. [Kalish et a1.(1995)]. GenBank accession numbers U22542, U22548, U22553, U22557, 
U22561, U22567, U22575, U22604, U22609, U22611, U22612, U22617, U22624 and U22625. See 
also B-TH7. 

24) THlO.ID#: These sequences are from Thailand. They are part of several complete env gene sequences 
obtained for the World Health Organization. HMA subtyping as well as sequence-determined subtyping 
was done on each one. Sequences were PCR amplified from cocultured PBMCs. Two clones from 
each isolate were sequenced. [Penny et a1.(1996)]. GenBank accession numbers U39256 and U39260, 
92TH002; U39255 and U39261,92TH011. 

25) TWl.ID#: These 3 sequences are from healthy HIV-1 carriers or AIDS patients from Taiwan [Chang 
et a1.(1996)]. Other subtypes found in Taiwan in this study were B, C, F and G. Genbank accession 
numbers U73060, U73062 and U73070. 

26) US.POC30506: This sequence is from a U.S. serviceman who aquired an HIV-1 infection while deployed 
in Thailand. He was asymptomatic when the sample for this sequence was collected in 1993. [McCutchan 
et a1.(1996)]. GenBank accession number U48272. 

27) UY.ID#: These four sequences are from Uruguayan servicemen who aquired HIV-1 infections while 
deployed as United Nations peacekeepers in Cambodia in 1993. All four were asymptomatic when 
samples were collected for these sequences in 1993. [McCutchan et a1.(1996)]. GenBank accession 
numbers U48275-U48278. 

28) VNl.ID#: These 3 sequences are from South Vietnam. [Menu et al.(1996)]. The sequences were from 
IV drug users in Ho Chi Minh city and Dong Nai, and a female prostitute in Can Tho. A fourth sequence, 
from Ho Chi Minh city, was found to be subtype B. Genbank accession numbers U29206-U29208. 

29) VN2,ID#: These 4 sequences are from South Viet Nam. VN1 and VN2 were from healthy 17 and 25 
year old female prostitutes from Can Tho and An Giang. VN3 and VN 4 were from male IV drug users. 
VN3 was 43, had pruritus and splenomegaly, and was from Nha Trang. VN4 was 31, healthy and was 
also from Nha Trang. [Nerurkar et a1.(1996)]. Genbank accession numbers U45239, U45240, U48719 
and U48720. 

NOTE: 

1) While the sequences in this subtype were distinct over this region of env from the other four env subtypes, 
in the gag gene it is not possible to make a distinction between this subtype and subtype A. What this 
means is that the isolates for which both gag and env are sequenced which cluster together as the “A” 
subtype in gag, are very distinctive in env and are broken down into two subtypes. env “A” and env “ E .  
This holds true for the E subtypes sequences that originated in Thailand, as well as the E subtype isolate 
from the Central African Republic for which gag sequence was obtained. [McCutchan et a1.(1992)]; 
[Louwagie et a1.(1993)]; and [Murphy et a1.(1993)1. Complete genomes of subtype A and subtype E 
viruses became available in late 1996 [Gao et a1.(1996b)], genbank accession numbers U51188-U51190. 

2) The relative lack of diversity in the Thai sequences in this subtype relative to the other subtypes is likely 
to be a consequence of the short time span of the HIV-1 subtype E epidemic in Thailand. [McCutchan 
et a1.(1992)], and [Ou et aL(1992b)l. 
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F Subtype 
At this time there are viral sequences from 59 HIV-I infected individuals associated with HIV-1 subtype 
F. The F subtype consensus sequence (F-CONSENSUS-96) generated from these sequences was based 
on the most common amino acid found in each position of an alignment. All of these sequences have 
been published. 

ARl.ID#: These two sequences are from direct sequencing of PCR products from uncultured PBMCs, 
from 1993 samples from Buenos Aires, Argentina. Patient 21280 had AIDS and reported IV drug abuse. 
Patient 20016 was asymptomatic and HIV risk behavior was unknown. Two other samples taken from 
unrelated patients in 1993 were subtypes B or B/F recombinant. [Marquina et al.(1996)]. GenBank 
accession numbers U68522 and U68524. 
AR2.IDk These 3 sequences are from Rosario, Argentina. A total of 24 patients from different risk 
groups visiting a clinic in Rosario were included in this study. Of the 14 sequences determined, 11 were 
found to belong to subtype B and 3 were found to belong to subtype F. DNA was extracted from whole 
blood and PCR amplified. PCR products were directly sequenced. Subtypes of all 24 patients were 
also tested by HMA. [Campodonico et al.(1996)]. GenBank accession numbers U37032, U37033 and 
U37043. 
BR.7944: This sequence represents a single env F subtype sequence found among 22 Brazilian outpatients 
with varying degrees of disease progression. It was identified by Potts et al. as the single sequence 
which did not cluster with North American sequences in phylogenetic analysis. Consensus, PCR clones, 
peripheral blood PBMC DNA. [Potts et a1.(1993b)]. GenBank accession number L19237. 
BR.RJ103: An F subtype sequence from Rio de Janeiro, Brazil. 26 additional B and a B-F recombinant 
were also observed in this set. Year of isolation for RJI03 was 1993, from a woman of CDC clinical 
stage II. worgado et a1.(1994)]. DNA was amplified directly from PBMCs of an HIV infected woman 
with CDC stage 11 disease, and the PCR product was directly sequenced. GenBank accession number 
U00422. See also [Sabino et a1.(1994c)] GenBank accession number U08974. 
BRI.BZ-ID#: Three sequences from Brazil of the Fsubtype. Full length env (gp160) was amplified from 
proviral DNA of cultured PBMCs, cloned and sequenced. [Louwagie et a1.(1994)]. GenBank accession 
numbers L22082, L22084 and L22085. The gag gene of these same isolates is found in L22083, L22086 
and L11751. The gag region of BZ126 seems to be a subtype A outlier with a strong similarity to subtype 
C at the 3' end. See also BBR4.BZID#. 
BR2.HSN: These 5 sequences are from Sao Paul0 Brazil. Although these sequences are listed as 
unpublished in the database, they seem to be an extension of work published in worgado et a1.(1994)] 
and [Sabino et aL(1994c)l. GenBank accession numbers U31588, U31592-U31595. 
BR3.93BR029: This sequence is from Brazil. It is one of several complete env gene sequences obtained 
for the World Health Organization. HMA subtyping as well as sequence-determined subtyping was 
done on each one. Sequences were PCR amplified from cocultured PBMCs. Two to three clones from 
each isolate were sequenced. [Penny et a1.(1996)]. Another env sequence from this same patient was 
determined by a second group. [Gao et a1.(1996a)]. GenBank accession numbers U27413, U39235 and 
U39236. 
CM.CA-ID#: These sequences are 3 of 17 sequences from a very diverse set of isolates from Yaounde 
and Douala, Cameroon. The sequences were derived from asymptomatic and symptomatic HIV infected 
individuals; specifically patients CA16 and CA20 were asymptomatic and patient CA4 was symptomatic. 
V i s  was isolated by culture with donor PBMCs, and nested PCR amplified. A single clone was sequenced 
representing each HIV-1 isolate. The F subtype designation of these sequences is tentative. Although 
the F subtype sequences from Cameroon and Brazil consistently form a clade in phylogenetic analyses, 
the branch lengths between isolates from the two countries are typical of inter-subtype distances, and 
sequences from the two countries each form their own distinct clade within the F subtype (HIV database 
and Wouter Janssens, personal communication). [Nkengasong et al.( 1994)l. GenBank accession numbers 
for the entire set of 17 sequences studied in this publication: X80438-X80454. 
CY.HO44-1: This is a single sequence from two individuals who were heterosexual partners of one 
another. Patient 16 was a 29 year old bisexual male who was born and lived in Zaire, before moving 
to Cyprus. He was symptomatic with a CD4 count of 60 and had been seropositive for at least 6 years. 
Patient 44 was a 32 year old heterosexual female. She was asymptomatic with a CD4 count of 1,136. 
These samples, like others in this study (see also subtypes A, B, C, and I) were collected in February 1994 
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from the AIDS clinic in Nicosia, Cyprus. DNA was extracted from patient PBMCs and PCR amplified. 
After a second round of PCR, products were cloned and sequenced. One clone from patient 16 and one 
from patient 44 were sequenced. [Kostrikis et a1.(1995)]. Because of the close epidemiological linkage, 
only the clone from patient 44 is presented here. Genbank accession numbers U28662 (16) and U28679 
(4). 

10) GAl.VI354: This sequence is from a 1989 sample from a patient with AIDS living in Libreville, Gabon. 
Method of proviral DNA isolation was not described. DNA was PCR amplified and cloned. One clone 
per isolate was sequenced. [Delaporte et a1.(1996)]. GenBank Accession number X90923. See also 
subtypes A, C, D, G and 0 sequences from this same study. 

11) NLl.ID#: These 3 sequences are from recent immigrants to The Netherlands from Brazil and Zaire. 
The fist two letters of the ID# represent the two letter country code for the previous residence of the 
patient. The next two numerals represent the year of isolation. Viral RNA was prepared from patient 
serum and RT-PCR was used to amplify the V3 region of the env gene. The PCR products were di- 
rectly sequenced. [Lukashov et al.(1996)]. GenBank accession numbers L76899,ZR9306911; L76871, 
ZR890819; L76901, BR9400960. 

12) ROl.ID#: These nine sequences are from isolates from Romanian children, in different clinical stages. 
All isolates showed cytopathic properties in peripheral blood mononuclear cells. DNA sequences are 
direct sequences of PCR products amplified from co-cultured PBMCs. The patients are also known as 
RM(A-J). [Dumitrescu et al.( 1994)l. GenBank accession numbers L19571-L19579. 

13) R02.RM-IDk These 24 sequences are from isolates from orphaned Romanian children, ranging in age 
from 2.5 to 6 years, admitted to a clinic in Tirgu Mures, Romania. All children were referred to this 
clinic with serious infections and are believed to have been infected horizontally in different orphanages. 
Virus was isolated after coculture with donor PBMCs. Proviral DNA from cocultured PBMCs was 
PCR amplified and the PCR products were directly sequenced. [Holm-Hansen et a1.(1995)]. GenBank 
accession numbers X77964X77987. 

14) TW1.252: This sequence is one of a set of sequences from Taiwan. Other sequences in the set were 
subtypes B, C, E or G. [Chang et a1.(1996)]. GenBank accession number U67765. 
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G Subtype 
At this time there are viral sequences from 23 HIV-1 infected individuals associated with HIV-1 subtype 
G. The G subtype consensus sequence (G-CONSENSUS-96) generated from these sequences was based 
on the most common amino acid found in each position of an alignment. All of these sequences have 
been published and/or have been made available for printing in the database by their authors. 

1). B Jl.ID#: These 2 sequences are from female prostitutes, born in either Ghana or Togo, who live in 
Benin. 43 is from directly sequenced PCR product, derived via RT-PCR from patient serum RNA. 259 
is from cloned PCR product, also by RT-PCR from serum RNA. [Heyndrickx et a1.(1996)]. GenBank 
accession numbers U61872 and U61874. Subtype A sequences were also determined in this study. 

2) CF.4067: This sequence was associated with the C subtype in first analysis of the C2V3 region ([Murphy 
et al.(1993)]), but when a full gp120 sequence became avaliable from this isolate, and phylogenetic 
analysis was performed including some of the new subtype G sequences, it was more closely associated 
with G. The full length sequence was kindly provided prior to pub ication by Dr. MP Kieny of Transgene, 

Republic. The gp120 proteins have been expressed in a hybrid gp160 vaccinia virus expression system. 
Year of isolation and health status of individuals from which the virus was isolated were not provided. 
Viruses were isolated in the CAR by C Mathiot and B You (Pasteur Inst., Bangui), grown by F Barre- 
Sinoussi and A Deslandres (Pasteur Inst., Paris), and cloned and sequenced by D Schmitt and MP Kieny. 
GenBank accession numbers L11499 and L11500, U43169. 

3) GA.LBV21-7: A sequence from Gabon from a set of HIV-1 viral isolates from Africa. This sequence 
was derived from a clone of PCR amplified DNA from cultured PBMCs. It represents a fragment of a 
full length env sequence. [Janssens et al.( 1994b)l. GenBank accession number U09664. 

4) GA.VI525: A sequence from Gabon from a set of HIV-1 viral isolates from Africa. Health status of 
the individual from which the virus was cultured was unspecified, and the year of viral isolation was 
probably between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length 
env (gp160) was amplified, cloned and sequenced. [Louwagie et a1.(1994)] and [Janssens et a1.(1994b)]. 
GenBank accession numbers L22953 and U09665. The same isolate was classified as subtype H in gag, 
[Louwagie et al.(1993)], GenBank accession number L11792. 

5) GAl.ID#: These 2 sequences are from Gabon. G98 is from a 1988 or 1989 sample from a patient with 
A I D S  living in Franceville, Gabon who moved there from Niger. VI526 is from a 1990 sample from an 
AIDS patient at the Libreville General Hospital. Method of proviral DNA isolation was not described. 
DNA was PCR amplified and cloned. One clone per isolate was sequenced. [Delaporte et a1.(1996)]. 
GenBank Accession numbers x90916, G98; X90922, VI526. See also subtypes A, C, D, F and 0 
sequences from this same study. 

6) GB1.22: This seauence is a consensus of three clones from an infected infant in a mother-infant trans- 

Strasbourg Cedex, France. It is part of a set of 14 HIV-1 gpl 2? 0 isolates from Bangui, Central African 

mission study. The sequences were obtained via PCR from cell lysates, with sequencing of cloned PCR 
products. The infant was 3 months old at the time of blood drawing, and had pneumonia. [Arnold 
et al.( 1995b)l. GenBank accession numbers U26304-U26306. Envelope sequences for the mother are 
found in GenBank entries U26301-U26302, and gag sequences for moaer and infant are in U26303 and 
U26307. 
KP.Krl21 This sequence is from an unpublished GenBank entry with accession number X93469. 
NGl.ID#: These four sequences are G subtype sequences fromNigeria [Abimiku et a1.(1994)]. JP882 and 
JV832 were derived from AIDS patients, and G3 and G9 from healthy women. G9 was cultured on the T 
cell line CEM-SS, and the other three isolates were cocultured with uninfected donor PBMCs. DNA from 
viral cultures was PCR amplified, cloned and sequenced. GenBank accession numbers U13208-U13209, 
U13211 and U13213. 
NL.127C This consensus sequence represents sequences generated from PCR amplified plasma RNA 
from one of three infants in a Dutch motherhnfant study. A sample was collected from the infant 
at 1.5 months of age. Samples were also collected from the mother before birth, at birth and after 
birth. Mother sequences are not included in this consensus. [Mulder-Kampinga et al.( 1993)l. Wulder- 
Kampinga et a1.(1995)]. Infant 127 sequences are from GenBank accession numbers 247817-247832. 
Mother 127 sequences are from GenBank accession numbers 247833-247880. Gag gene sequences from 
motherkhild pairs are also available in Genbank accession numbers 247903-24791 1; 247912-247928; 
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247929-247935; 247936-247950. The second motherkhild pair was also from the Netherlands, see 
B-NL.114C. The third motherhfant pair in this study was from Rwanda, see A-RWS64C. 

10) NLl.ID#: These 4 sequences are from recent immigrants to The Netherlands from Brazil and Zaire. 
The fist two letters of the ID# represent the two letter country code for the previous residence of the 
patient. The next two numerals represent the year of isolation. Viral RNA was prepared from patient 
serum and RT-PCR was used to amplify the V3 region of the env gene. The PCR products were di- 
rectly sequenced. [Lukashov et a1.(1996)]. GenBank accession numbers L76880,ZR911976; L76906, 
LR9401885; L76884, UM9210113; L76902, GH9401230. 

11) RU.RUS12A: This sequence is from [Lukashov et al.(1995)]. GenBank accession number L38413. 
12) RUl.ID#: This sequence is from Russia. Bobkov et al. 1996 Unpublished. GenBank accession numbers 

U33095, U33096. 
13) TW1.267: This sequence is from directly sequenced PCR product from uncultured PBMCs from Taiwan. 

[Chang et a1.(1996)]. Most of the Taiwanese sequences determined in this study were subtype B, but 
subtypes C, E and F were also found. GenBank accession number U73058. 

14) UG.JW3: This single sequence of G HIVl is from a female patient with stage IV disease and CD4 
count of 20, from Uganda. The patient had recently migrated to the United Kingdom from Uganda, but 
contracted the HN in Uganda. The sequence is referred to as JW3 in [Kaleebu et a1.(1995)] but was 
previously referred to as K1, by the HIV database. It has been given the name 92UG975.10 by the World 
Health Organization. GenBank accession numbers U22010, U27426. 
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H Subtype 
At this time there are viral sequences from 2 HIV-1 infected individuals associated with HIV-1 subtype 
H. The H subtype consensus sequence (€-CONSENSUS96) generated from these 2 sequences was 
based on the most common amino acid found in each position of an alignment. Both of these sequences 
have been published andor have been made available for printing in the database by their authors. Eight 
sequences that are too short for classification are closer to H than to other subtypes. The locus names 
(ID’S) and sources of the sequences are: 

I )  CM.CA13: A sequence from Cameroon from a set of HN-1 viral isolates from Africa used to define 
the prototype G and H env sequences. This sequence was derived from a clone of PCR amplified DNA 
from cultured PBMCs. It represents a fragment of a 900 base pair sequence. [Janssens et a1.(1994d)] 
and [Nkengasong et a1.(1994)]. The H subtype association is not always clearly apparent using some sets 
of background sequences for comparison, and neighbor joining trees (HIV database, Wouter Janssens, 
personal communication), although parsimony trees confirmed the original association documented in 
[Janssens et a1.(1994b)]. GenBank accession number U09667. 

2) ZR.VI557: A sequence from Zaire from a set of HIV-1 viral isolates from Africa used to define the 
prototype G and H env sequences. This sequence was derived from a clone of PCR amplified DNA 
from cultured PBMCs. It represents a fragment of a 900 base pair sequence. [Janssens et a1.(1994b)]. 
GenBank accession number U09666. 
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I Subtype 
At this time there are viral sequences from 2 HIV-1 infected individuals associated with HN-1 subtype 
I. The subtype I consensus sequence reflects the sequencing of two clones from one individual and one 
clone from the other. Both of these sequences have been published. 

1) CY.HOcon: This is a consensus sequence from two individuals who were heterosexual partners of one 
another, and former IV drug users. They had lived for several years in Athens, Greece as well as in Cyprus. 
These samples, like others in this study (see also subtypes A, B, C, and F> were collected in February 
1994 from the A I D S  clinic in Nicosia, Cyprus. Patient H031 was a 24 year old asymptomatic female 
known to have been HIV seropositive for at least 5 years. Patient H032 was a 35 year old asymptomatic 
male, also seropositive for at least 5 years. DNA was extracted from patient PBMCs and PCR amplified. 
After a second round of PCR, products were cloned and sequenced. ' b o  clones from H032 and one 
from H031 were sequenced. [Kostrikis et a1.(1995)]. Genbank accession numbers U28672, U28673 and 
U28685. 
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J Subtype 
At this time there are viral sequences from 5 HIV-1 infected individuals associated with HN-1 subtype J. 
The J subtype consensus seqience (J-CONSENSUS-96) generated from these sequences was based on 
the most common amino acid found in each position of an alignment. All of these sequences have been 
published or made available to the database for printing. 

l).SEl.SE#: l b o  sequences from Sweden, both from patients who were recent immigrants from Zaire. 
[Leitner et al.(1995)]. Sample 2022 as collected in December 1993 from an asymptomatic female with a 
CD4 count of 184. Her first know seropositive sample is fromMay 1990, but epidemiological investigation 
indicated that she was infected in Zaire between 1981 and 1986. Sample 7887 was collected in October 
1994 from an asymptomatic male who had tested seronegative in Sweden in January 1993, and who had a 
seropositive sample in August 1994. His CD4 count was normal at 567. Both patients were heterosexual 
and a thorough epidemiological investigation revealed no contact or shared contacts between the two. 
The two sequences were 95% identical to each other over 255 bases of env and 98% identical to each 
other over 460 bases of gag. GenBank accession numbers L41176 and L41177. Gag gene sequences 
from these same individuals are in L41 178 and L41 179. 

2) GMl.GM#k Three sequences from Gambia, as yet unpublished, which seem to cluster with the two 
Swedish sequences by Leitner. GenBank accession numbers U33099, U33100, U33102. Bobkov et al. 
1996 unpublished. See also Gambian sequences of subtypes B and C. 
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0 Subtype 
At this time there are viral sequences 13 W-1 infected individuals associated with HIV-1 subtype 0 
that have been published and/or have been made available for printing in the database by their authors. 
The 0 subtype consensus sequence (0-CONSENSUS-96) generated from these sequences was based 
on the most common amino acid found in each position of the alignment; when there was no consensus 
in a position an ‘ X ’  was used. These sequences represent a set of sequences that are extremely divergent 
relative to other HIV-1’s. The subtypes A-H have been grouped together under the heading “ M  for 
main. “0” sequences are as different from one another as are sequences from different “M“ subtypes. A 
more complete discussion of 0-group viral sequences is also included in this section of the Compendium 
(Korber, B.T., Loussert-Ajakai, I. Blouin, J. and Saragosti, S .  1996 A Comparison of HIV-1 Group M 
and Group 0 Functional and Immunogenic Domains in the Gag p24 Protein and the C2V3 Region of the 
Envelope Protein). 

1) CM.CA9: This sequence is from an individual living in Cameroon. [Janssens et al.( 1994e)I. No GenBank 
entry is yet available. The pol gene from this isolate has GenBank accession number X78476. 

2) FR.DUR: This sequence is as yet unpublished, by J.H.M. Cohen et al. GenBank accession number 
X84327. 

3) GAl.VI686: This sequence is from a 1992 sample from a Gabonese woman with AIDS, taken at the 
Libreville General Hospital in Gabon. Method of proviral DNA isolation was not described. DNA was 
PCR amplified and cloned. One clone per isolate was sequenced. [Janssens et a1.(1994e)], [Delaporte 
et al.( 1996)l. GenBank accession number X96526. The pol gene from this isolate has GenBank accession 
number X78477. See also subtypes A, C, D, F and G sequences from this same study. 

4) CM.ANT70: The complete viral genome has been sequenced from this viral isolate derived from a symp- 
tomatic Cameroonian, CDC stage III. [R. et a1.(1990)] and [Vanden Haesevelde et al.(1994)]. GenBank 
accession number M31171. LTR and partial env sequences were also presented in L20587 and L23119. 

5) CM.MVP5180: The complete viral genome has been sequenced from an isolate derived from a Cameroo- 
nian woman, sampled in 1991; the donor died of AIDS in 1992. The viral isolate Mvp-5180 was grown 
in several human T-cell lines and the monocytic U937 line. [Gurtler et a1.(1994)]. GenBank accession 
number L20571. 

6) ES.1158: This sequence was from a 35 year old man from Spain. Two blood samples from this same 
man were collected in April and September 1995. The V3 region was PCR amplified from uncultured 
PBMCs, cloned into pGEM-5ZF and an indiviudal clone sequenced. The April sequence is shown here. 
The sequence from the September blood sample (681, GenBank accession number U62617) is also 
available. GenBank accession number U62618. 

7) FR.VAU: This sequence was derived from an isolate from a French woman who died of AIDS in 1992. 
DNA was extracted from VAU infected PBMCs, PCR amplified, cloned, and gp160 env was sequenced. 
The viral isolate was highly cytopathic. [Charneau et a1.(1994)]. GenBank accession number X80020. 

8) FR.CF#: These seven consensus sequences are from Cameroonian patients living in France. Eoussert- 
Ajaka et a1.(1995)]. PBMC proviral DNA was PCR amplified and 3-6 clones from each patient were 
sequenced. The consensus of the 3-6 clones is presented. GenBank accession numbers U24562-U24568. 
Gag gene sequences for these patients are also available with GenBank accession numbers U24706- 
U247 12. 
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Uncertain Classification 
At this time there are viral sequences from 15 HIV-1 infected individuals that are not clearly associated 
with any of the HIV-1 genetic subtypes A through J. They either appeared distinct from the subtypes A-J in 
phylogenetic analysis, or else the subtype association was unclear, with different associations in different 
analyses. For some of the shorter gene fragments, subtype associations might have been established if 
more sequence information was available or if a different set of sequences was included in the background 
set used to define subtype associations. Some of these sequences may be representatives of subtypes as 
divergent as A-J, but only a single limited sample is yet available. Still others may represent recombinant 
genomes. 

1) AR.20021: This B/F recombinant sequence is from direct sequencing of PCR product from uncultured 
PBMCs, from a 1993 sample from Buenos Aires, Argentina. The patient was asymptomatic and HIV 
risk behavior was unknown. Three other samples taken from unrelated patients in 1993 were subtypes F 
(2) or B (1). [Marquina et a1.(1996)]. GenBank accession number U68523. 

2) BR3.RJIO1 This sequence is B-Frecombinant in the V3 region. DNA was amplified directly from PBMCs 
of an HIV infected woman with CDC stage WA disease in August, 1992, and the PCR product was directly 
sequenced Worgado et a1.(1994)]. More V3 region sequences from this individual (RJ549 from April 
1992) and her sexual partner (RJ548 from April 1992) were also sequenced [Sabino et a1.(1994c)]. 
GenBank accession numbers U00420, UO8953-UO8955, UO8957-UO8960, UO8962-UO8964, U10019- 

3) BU1.91BU009: This C/D sequence is from Burundi. It is one of several complete env gene sequences 
obtained for the World Health Organization. HMA subtyping as well as sequence-determined subtyping 
was done on each one. Sequences were PCR amplified from cocultured PBMCs. ' h o  to three clones 
from each isolate were sequenced. 91BU009 groups with subtype D in a neighbor- joining tree of the V3 
region and with subtype C in other regions. [Penny et a1.(1996)]. GenBank accession numbers U39253 
and U39254. 

4) CF1.m: These four sequences are from a set of sequences obtained from 27 symptomatic patients from 
the Central African Republic, from whom blood was drawn in 1990-1991. Consensus, PCR-clones, cell 
culture, DNA. Wurphy et a1.(1993)]. GenBank accession numbers L11482-Lll483, L11497, L11508- 
L11510 and L11514L11515. Janssens et al. classified 4056 as an H subtype sequence [Janssens 
et a1.(1994d)]. D. Schmitt provided an unpublished sequence of CF.4081, U43174. 

5) KE.Kl24: A Kenyan sequence from a set of HIV-1 viral isolates from Africa. Health status of the 
individual from which the virus was cultured was unspecified, and the year of viral isolation was probably 
between 1989-1992. Viruses were cultured with donor PBMCs for 2 to 3 weeks. Full length env (gp160) 
was amplified, cloned and sequenced. [Louwagie et a1.(1995)]. This isolate is not clearly associated with 
D subtype; however, Louwagie and colleagues found that it associated with the D subtype in env, and the 
A subtype in gag. Using parsimony analysis, we found that it was difficult to determine a clear association, 
and this observation was confirmed by Wouter Janssens (personal communication). GenBank accession 
number L22942. 

6) KE.KEN976 This is a single unclassified sequence from a set of patients who were part of a 1990-1992 
cohort study of maternal risk factors in mother to child transmission, including 22 pregnant women and 
an infant from Kenya. The C2V3 region was sequenced. [Janssens et a1.(1994a)]. GenBank accession 
number U12992. 

7) NL.RW94028: This sequence is from a recent immigrant to The Netherlands from Rwanda. The blood 
sample was collected in 1994. Viral RNA was prepared from patient serum and RT-PCR was used to 
amplify the V3 region of the env gene. The PCR product was directly sequenced. Pukashov et al.( 1996)l. 
GenBank accession number L76909. 

8) UGl.ID#: Two clones from each of these two D/A recombinant Ugandan isolates were sequenced, but 
only the sequences of 92UG035 clone 21 and C6080 clone 09 are shown here. [Douglas et a1.(1996)]. 
The publication shows C6080 as subtype A, but analyses done at Los Alamos indicate that it is a D/A 
recombinant, like 92UG035. Other Ugandan isoaltes sequenced in this study were subtype D. London 
subtype B clones were also reported. Complete envelope gp160 sequences were reported for all isolates. 
GenBank accession numbers U36865, U36866, U36881 and U36883. 

9) SE.KI4803: This sequence is from patient number 24 described in [Asjo et a1.(1986)]. Several molecular 
clones from this patient have been extensively characterized in [Tan et a1.(1993)]. Complete env gp120 

U10029, U08972, U08973 and UO8965-UO8971. 
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sequences for 8 clones were determined in [McKeating et a1.(1996)] and one of the 8 sequences (clone 13) 
is presented here. Genbank accession numbers for 7 if the 8 clones (clone 32 does not apear in GenBank) 
are U57788-U57794. 

10) ZM.ZAM184: This Zambian sequence is an outlier, though in some phylogenetic analysis it appears 
most closely associated with the A subtype. In particular it is closely associated with A-CESAS U43171 
(100/100 replicates in parsimony analysis of gp120). Health status of the individual from which the virus 
was cultured was unspecified, and the year of viral isolation was probably between 1989-1992. Viruses 
were cultured with donor PBMCs for 2 to 3 weeks. Full length env (gp160) was amplified, cloned and 
sequenced. [Louwagie et al.( 1995)l. GenBank accession number L22955. 

11) ZR.Z3: This sequence is from the 1983 Zairean isolate 2-3 (non-infectious, possibly due to frame-shift). 
[Willey et a1.(1986)]. GenBank accession number K03347. 
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Introduction 

Studies on the feasibility of a subunit vaccine to protect against human immunodeficiency virus 
(HIV) infection have principally focused on the third variable (V3) loop of the envelope surface protein. 
One of the neutralizing determinants of HIV-1 is located inside the V3 loop. However, progress toward 
a vaccine based on neutralizing determinants has been impeded by the amino acid sequence variability 
in the V3 loop of different HIV isolates. The elusive nature of the V3 loop structure prompted us to 
carry out a systematic study on different isolates in an attempt to identify a common structural motif in 
the V3 loop regardless of the amino acid sequence variability. We have performed 2D NMR structural 
studies on three different V3 loop peptides: MN, Haiti (Haiti 6004; L07201), and RF (Catasti et al., 
1995 & 1996). The three V3 loops were all 35 residues long and S-S bridged at the terminals. The NMR 
studies were carried out first in water, then in a 70%/30% mixture of water/trifluoroethanol 1 (TFE). 
TFE is a solvent widely used in NMR on peptides, for its property to unmask helical propensities of 
hydorphobic residues. 

Figure 1 shows that similar secondary structures are observed for the three different V3 loops: a 
GPG(KiR) crest in the center of the neutralizing determinant, two extended regions flanking the central 
crest, and a helical region in the C-terminal domain observed only in the water/TFE mixture. The RF 
V3 peptide did not dissolve in the water/TFE mixture, therefore we could run the experiments only in an 
aqueous solution. Structural prediction studies revealed that the .variability in sequence and stnjcture of 
the V3 loop is confined to the N and C-terminal side of the conserved GPG crest. Figure 2 is a summary 
of the NMR secondary structural assignments (Catasti et al., 1995 & 1996), and the results of several 
secondary prediction algorithms. With the exception of the PSA method, most of the algorithms fail to 
identify the alpha helix in the C-terminal portion of the V3 loops. 
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Figure 1. Ribbon diagram showing the average folding patterns of the structures of the MN, Haiti and RF 
V3 loops in water and in a mixture of 70%/30% water/TFE. In each case the average is done over 70 
sampled low energy structures. Note that, in each case, the neutralizing epitope containing the central 
GPG(R/K) sequence forms a protruding loop even though the local structure and presentation of the loop 
in the different cases are noticeably different. Structures that satisfy the NMR constraints of the V3 loops 
in water show ahigher degree of flexibility than those in agreement with t h e m  datain themixed water/ 
TFE solvent. This is due to the formation of the alpha helix in the mixed solvent. Color code is as follows: 
GPG(R/K) crest is red, extended regions are green, disulfide bridges are yellow and the alpha helical 
region is cyan. 
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v3 Loop Structure 

v3MN 
NMR (water) 
NMR (TFE) 
PSA method 
Gibrat method 
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DPM method 
SOPMA predict 
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V3Hai t i 
NMR (water) 
NMR (TFE) 
PSA method 
Gibrat method 
Levin method 
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SOPMA predict 
DSC method 
PHD method 
nnpredict method 

V3RF 
NMR (water) 
PSA method 
Gibrat method 
Levin method 
DPM method 
SOPMA predict 
DSC method 
PHD method 
nnpredict method 

1 10 20 30 
I I I I 
CTRPNYNKRKRIHIGPGRAFYTTKNIIGTIRQAHC 
.EECTTTTCCEEEETTTTEEEECCCCTTTTTTCC. 
.EECTTTTEEEECCTTTTCCCCCHHHHHHHHHHC. 
CCCCCCCCCCEEEECCTCCCCCCCHHHHHHHHHHH 
ECCCCCCCEEEEEECCCCEEEEEEEHEEEEEECCC 
.TSSSSCSSSCEEECTTCCEEEEECCCCHHHHSSC 
CCCTTCTCHHHECCTCCCHHCEECCEEEEEHHHCC 
ECCTTHCTEEEEEEECCCCCCTTTCCCCTTCCCCE 
CCCCCCCCCEEEEECCCCCEEECCCCCCCCCCCCC 
CCCCCCCCCEEEE.CCC.EE..CC........CCC 
CCCCCCCCCCCCCCCCCEEEECCCCEEECHHCCCC 
1 10 20 30 
I I I I 
CTRPNDNTRKSIPMGPGKAFYATGDIIGNIRQAHC 
.CECTTTTEEECCCTTTTEECCCCCCTTTTTTTC. 
.EECTTTTCCEEEETTTTCCTTTTCHHHHHHHHH. 
CCCCCCCCCCCCCCCCCCCCCCCCCHHCCHHHHHC 
ECCCCCCCCCCCCCCCCCCEEEEEHHEEEEEECCE 
TCCCCCCSSCCCCCCSTCCECCTSCCSCSCCHCCC 
CCCCTCTCCCCCCCTCCCHHCHECCEECCEHHHCC 
ECCCCTTCCCCETTTCHHHHHETHHHECCCTTCCC 
CCCCCCCCCCCCCCCCCCEEECCCCCCCCCCCCCC 
CCCCCCCC.....CCCC.EE.CCC..........C 
CCCCCCCCCCCCCCCCCCCEECCCCCEECHHCCCC 
1 10 20 30 
I I I I 
CTRPNNNTRKSITKGPGRVIYATGQIIGDIRKAHC 
.CTTTTEECEECCCTTTTEECCCTTTTCCTTTTC. 
CCCCCCCCCCCCCCCCCCEEEECCCHHHHHHHHHH 
ECCCCCCCCEEEECCCCEEEEEECEECEEEEEHCC 
CCCCCCCSHS..CCCTTCEEEECCCCCCSCCCCC. 
CCTTTCTCCCCECCTCCCEEEEECCEECCEHHHCC 
ECCCCCCCEEEECCCCCCCEEETTCEEEHHHHHHH 
CCCCCCCCCEEECCCCCEEEEECCCCCCCCCCCCC 
CCCCCCCC..E..CCCC.EEE.CC.EE.......C 
CCCCCCCCCCCCCCCCCEEEECCCCEEECHHCCCC 

Figure 2. Comparison of secondary structure assignments of the 
NMR determined structures and secondary structure prediction 
for the three V3 loops, MN, Haiti and RF. The different prediction 
algorithms are indicated on the left. Some of these methods are 
discussed by Myers and Farmer in Part III of this compendium. 

Meaning of Symbols 

H alphahelix T turn 
C random coivloop S bend 
E strand . unassigned 

Key to Prediction Algorithms 

PSA Stultz et al. Gibrat Gibrat et al. 
Levin Levin et al. DPM Deleage et al. 
SOPM Geourjon et al. DSC King et al. 
PHD Rost etal. nnpredict McClelland et al. 
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Introduction 

The emergence of drug-resistant variants of HIV continues to be of prime interest in the fields 
of HIV disease pathogenesis and antiretroviral chemotherapy. Drug resistance is the inevitable conse- 
quence of incomplete suppression of HIV replication. The rapid replication rate of HIV and its inherent 
genetic variation lead to the generation of a seemingly limitless number of viral variants that exhibit 
drug resistance. The growing number of drug resistance mutations listed in these revised tables stands 
as a testimony to the genetic flexibility of HIV. When the Itst  resistance table was published in 1994 
(International Antiviral News 2(5):72-75) only 42 different mutations were listed. This new update 
lists 143 mutations, a 240 per cent increase over a 2-year period. The revised tables include, for the first 
time, sections on HIV bindinglfusion inhibitor resistance, and multidrug resistance. Although the tables 
are quite comprehensive, the reader should be reminded that the mutations described are predominately 
found in clade B virus and not in other HIV genotypes. 

These tables are presented here in a modified format courtesy of the International Medical Press, 
which previously published them in International Antiviral News August, 1996 4(6):95-107. 

Acknowledgments 

The authors would like to gratefully acknowledge their colleagues for assistance in assembling 
this table, and in particular the following: E Anton, J Balzarini, CAB Boucher, RW Buckheit, JM 
Cherrington, J Condra, R D'Aquila, M P  de Bethune, K De Vreese, E De Clercq, LM Demeter, R 
Deziel, JA Este, J Eberle, E Emini, JW Erickson, A Fridland, S Gulnik, D Havlir, JP Kleim, D Lamarre, 
P-F Lin, TC Merigan, M Moermans, A Molla, T North, AK Patick, W Shao, S Sharma, R Swanstrom, 
A-M Vandamme, K Van Rompay, MA Wainberg, G Werner, SS Yang, SD Young, S Yuasa, and H 
Zhang. The authors wish to thank A Juodawlkis for her excellent assistance with the table. This work 
was supported in part by the Department of Veterans Affairs and the Georgia VA Research Center for 
AIDS and HIV Infections. 

III-206 
DEC 96 

--.' I 

-- I 



Mutations in HN-1 RT that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

M41 L 

K 65 R 

K 65 R 
K 65 R 

K 65 R 

K 65 R 
D 67 N 

T 69 D 
K 70 E 

ATG to TTG/CTG Nucleoside RTI 

AAA to AGA Nucleoside RTI 

AAA to AGA Nucleoside RTI 
AAA to AGA Nucleoside RTI 

AAA to AGA Nucleoside RTI 

AAA to AGA Nucleoside RTI 
GAC to AAC Nucleoside RTI 

ACT to GAT Nucleoside RTI 
AAA to GAA Nucleoside RTI 

AAA to AGA Nucleoside RTI 

m 

1592U89 

ddC 
ddI 

DXG 

PMEA 
AZT 

ddC 
PMEA 

? Y  4 M41uT215Y: 60-70-fold; (1 X3) 
M41LJD67N/ K70R/T215Y: 180-fold. 
K65Rn74V and/or Y115F with (45) 

(6.7) 
(6.7) 

(8,9) 

(10,ll) 
D67N/K70R/T215Y/K219Q: 120-fold; (1,2,3) 
M41LJD67N/K70R/T215Y 180-fold. 

M184V: 10 fold; K65wM184V: 8-fold 

Infrequently observed in patients re- 
ceiving ddI or ddC 
K65R reverses AZT resistance in 
D67NIK7ORK215YK219Q background 

(12) 
(13) 

Y N  3 

Y Y  
Y Y  

4-10 
4-10 ddI; ddC; PMEA, 

3TC 
8 other dioxolane 

derivatives 
10-25 

Y ?  

Y ?  
Y Y  

5 
9 3TC, PFA: 2-fold 

hypersusceptibility 

N Y  
Y ?  

Y Y  
Y ?  
Y ?  
Y N  

D67NK70~15YK219Q: 120-fold (1,2,3) K 70 R 
L 74 I 
L 74 v 
L 74 v 

AZT 
TTA to ATA HIV-1 Specific RTI HBY 097 
TTA to GTA HIV-1 Specific RTI HBY 097 
TTA to GTA Nucleoside RTI 15921389 4 K65Rn74V and/or Y115F with 

resistance; L74VTY115Fh4184V: 11- 
fold 
Can reverse effect of T215Y AZT resis- 
tance mutation 

M184V: 10 fold; L74Vh4184V: 9-fold 

(14) 

(9) 
(15) Compensates for negative effect of the 

G190E mutation on RT activity 

(4.5) 

L 74 v I T A  to GTA Nucleoside RTI ddI N Y 5-10 ddC 

L 74 v 
v 75 I 

TTA to GTA Nucleoside RTI DXG 
GTA to TTA HIV-1 Specific RTI HBY 097 

Y ?  4 
Y ?  

GTA to ATA HIV-1 Specific RTI HBY 097 Y ?  v 75 L 



Mutations in HIV-1 RT that confer drug resistance, ordered by position. 

, ., 

Amino Acid Codon 
Change Change Class of Drug Compound 

In In Fold- Cross-resistance 
vitro vivo resistance (-fold) Comments Refs 

V 75 T GTAto ACA NucleosideRTI d4T Y Y 7 ddI; ddC; d4C; (-)- Observed with d4T selection in vitro, (16.17) 

W 88 G TGG to GGG Pyrophosphate Analogue RTI Foscamet (PFA) Y Y 5 Hypersusceptibility to Observed after selection with AZT and (18,19) 
FTC 

AZT 

and rarely in patients receiving d4T 

PFA; suppresses effects of AZT muta- 
tions while maintaining 3.5- to 4.7-fold 
PFA resistance 

tations, but resistance to PFA is lost 

ddGTP resistance 

mutations 

mutations 

W 88 S TGG to TCG Pyrophosphate Analogue RTI Foscamet (PFA) N Y 2 4  Wild-type susceptibil- Partially suppresses effects of AZT mu- (18,20) 
ity to AZT 

E 89 G GAA to GGA Pyrophosphate AnalogueRTI Foscamet (PFA) Y N 14 Isolated by screening RT clones for (21) 

E 89 K GAA to GGA Pyrophosphate AnalogueRTI Foscamet (PFA) Y N > 16 Suppresses effects of AZT resistance (19) 

L 92 I ITA to ATA Pyrophosphate AnalogueRTI Foscamet (PFA) Y N 8 Suppresses effects of AZT resistance (19) 

A 98 G GCA toGGA HIV-1 SpecificRTI L-697,661 N Y  8 (22) 
A 98 G GCAtoGGA HIV-1SpecificRTI Nevinpine N Y  (23) 
L 100 I TTA to ATA HIV-1 Specific RTI BHAPU-88204E Y , ? (24,251 
L 100 I TTA'to ATA HIV-1 Specific RTI DMP 266 (L Y ? 8-11 Combinations of mutations needed for (26,27,28) 

743,726) high-level resistance; LlOOW1081: 
1,000-fold; LlOOW179DIy18 1 C: 
1,000-fold 

L-697,661 Y N  2 
Nevirapine N Y  
TIBOR82150 Y ? >lo0 

L 100 I TTA to ATA HIV-I Specific RTI 
L 100 I TTA to ATA HIV-I Specific RTI 
L 100 I ITA to ATA HIV-1 Specific RTI Can reverse effects of AZT resistance 

mutations 



Mutations in HIV-1 RT that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

L 100 I TTA to ATA HIV-1 SpecificRTI TIBO R82913 Y ? 
L 100 I T?A to ATA HIV-I SpecificRTI UC-68 (638532) Y ? 70 
L 100 I TTA to ATA HIV-1 Specific RTI UC-70 (638534) Y ? 758 
L 100 I TTA to ATA HIV-I Specific RTI UC-781 Y ? 20 

L 100 I TTA to ATA HIV-1 Specific RTI UC-84 (615985) Y ? > 40, > 33 
K 101 E AAA to GAA HIV-1 Specific RTI 8-Chloro-TIBO ? Y 

K 101 E AAA to GAA HIV-1 Specific RTI BHAP U-87201E N Y 
R09 1767 

(atevirdine) 

K 101 E AAA to GAA HIV-1 Specific RTI DMP 266 (L- Y ? 1,000 

K 101 E AAA to GAA HIV-1 Specific RTI L-697,661 N Y  8 
743,726) 

K 101 E AAA toGAA HIV-I SpecificRTI UC-IO (645129) Y ? 
K 101 E AAA to GAA HIV-1 Specific RTI UC-38 (629243) Y ? 

K 101 E AAA to GAA HIV-I Specific RTI UC-57 (647014) Y ? 

Y ?  
K 103 N AAA to AAC HIV-1 Specific RTI 8-Chloro-TIBO ? Y 

K 103 N AAA to AAC HIV-I Specific RTI BHAP U-87201E N Y 

K 101 I AAA to ATA HIV-1 Specific RTI UC-16 Y ?  10 
K 101 Q AAA to CAA HIV-1 Specific RTI Trovirdine 

R09 1767 

(atevirdine) 

Found in combination with E138K (31.33) 
(34) 
(35) 
(36,371 Activity of UC-781 versus LIOOI, 

K103N, V106A. E138K, Y181C and 
Y188L reduced by 2-, 7-, 1.5-, 1.5-, 5- 
and 150-fold, respectively, compared to 
wild type 

(35,381 
(39) 

KlOlE, Y188H, E233Y and K238T 
observed with U-87201WAZT combi- 
nation therapy 

(4041) 

(2627) 

(22) 
KlOIWYlSlC: 200-fold (35) 
K101WG190E > 100-fold; cross re- (34,42) sistance to: TSAO-m 3 T, Nevirapine, 
TIBO R82913, BHAP U88204; suscep- 
tible to L697,661 
KlOIE(Y181C: 58-fold (35) 

Found in combination with V108I 
K101 YG 141E 10-fold (34) 

(43,441 
(39) 

K103N and Y181C observed with (40) 
monotherapy 
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Mutations in HIV-1 RT that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance P, 

T: 
B 
F Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

49 
K 103 N AAA to AAC HIV-1 Specific RTI BHAP U-90152 ? Y 

K 103 N AAA to AAC HIV-1 SpecificRTI DMP 266 (L Y ? 67 
(delavirdine) 

743,726) 
K 103 N AAA to AAC HIV-1 Specific RTI L-697,593 Y ? 20 
K 103 N AAA to AAC HIV-1 Specific RTI L697,661 Y Y  8 

K 103 N AAAto AAC HIV-1 SpecificRTI Loviride Y Y  
(R89439, Cr-APA) 

K 103 N 

K 103 N 
K 103 N 
K 103 N 
K 103 N 
K 103 Q 
K 103 R 

K 103 T 

K 103 T 
V 106 A 
V 106 A 
V 106 A 
V 106 A 
V 106 A 

AAA to AAC HIV-1 Specific RTI MKC-442 (1- 

AAA to AAC HIV-1 Specific RTI Nevirapine 
AAA to AAC HIV-1 Specific RTI TIBO R82913 
AAA to AAC HIV-1 Specific RTI UC-10 (645129) 
AAA to AAC HIV-1 Specific RTI UC-81 (615727) 
AAA to CAA HIV-1 Specific RTI L697,661 
AAA to AGA HIV-1 Specific RTI Trovirdine 

EBU) 

AAA to ACA HIV-1 Specific RTI BHAP U-90152 

AAA to ACA HIV-1 Specific RTI UC-42 
GTA to GCA HIV-1 Specific RTI BHAP U-88204E 
GTA to GCA HIV-1 Specific RTI E-EBU-dM 
GTA to GCA HIV-1 Specific RTI Nevirapine 
GTA to GCA HIV-1 Specific RTI TIBO R82913 
GTA to GCA HIV-l Specific RTI UC-69 (646989) 

(delavirdine) 

Y ?  

N Y  
Y ? >loo 
Y ?  5 
Y ? 40 
N Y  8 
Y ?  

? Y  

Y N 100 
Y ?  
Y ?  
Y Y 100 
Y ? 100 
Y ?  

F K103NIY181C seen with monotherapy (45) 
and combination therapy lf 

8 
(46) 
(22,47) 

(48) 

K103NIY181C > 1,000-fold 
K103N and Y181C most common with 
monotherapy 

(49) 

(29) 
(24 
(34) 

K103NIY181C > 1,000-fold 

(47) 
Nevirapine; 9-chloro- K103RN179D: 500-fold; Found in (43,441 
TIBO combination with V179D or Y181C 

(45) 

(34) 
(25) 

No effect on AZT resistance (23,24,29,33) 
No effect on AZT resistance (33) 
V106AN181C: 166-fold (35) 

(50) 
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Mutations in RnT-1 RT that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

Y ? 13 V 106 A GTA to GCA HIV-1 Specific RTI UC-82 

V 106 I GTA to ATA HIV-1 Specific RTI HBY 097 

', ! 

V 108 I 

V 108 I 
V 108 I 

V 108 I 

V 108 I 
V 108 I 
V 108 I 
Y 115F 

GTA to ATA HIV-1 Specific RTI DMP 266 (L- Y ?  

GTA to GCA HIV-1 Specific RTI L-697,661 Y Y  4 
GTA to ATA HIV-1 Specific RTI Loviride Y ?  

GTA to GCA HIV-1 Specific RTI MKC-442 (I- Y ?  

743,726) 

(R89439, CY-APA) 

EBU) 
GTA to ATA HIV-1 Specific RTI Nevinpine N Y  
G'IT to GAT HIV-1 Specific RTI TIBO R82913 N Y >lo0 R82150 (>loo) 
GTA to ATA HIV-1 Specific RTI Trovirdine Y ?  
TAT to TIT Nucleoside RTI 1592U89 Y N  2 

E 138 K GAGtoAAG HIV-1 SpecificRTI TSAO Y ? >IO0 

E 138 K GAG to AAG HIV-1 Specific RTI MKC-442 (I- Y N  TSAOs 

E 138 K GAG to AAG HIV-I SpecificRTI TIBO R82913 Y ? TSAOs 
E 138 K GAGto AAG HIV-I SpecificRTI UC-82 Y ?  5 TSAOs 

EBU) 

Activity of UC-82 versus LIOOI, 
K103N, V106A, E138K, Y181C and 

and 200-fold, respectively, compared to 
wild type 
Appears under lowered drug concentm- 
tion selection 

Y188L reduced by 2-, 6-. 1.5-, 2-. 4- 

LlOOW108I: 1,000-fold 

Found in combination with KlOlQ 
K65RL74V andlor Y115F with 
M184V: 10 fold; L74VIYl15FIM184V: 

E138A (GAG to GCG) in TSAO-naive 
patients confers TSAO resistance 
Obtained in the concomitant presence 
of low 3TC concentrations 
Found in combination with LlOOI 
Activity of UC-82 versus LIOOI, 
K103N, V106A, E138K, Y181C and 

and 200-fold, respectively, compared to 
wild type 

1 1-fold 

Y188L reduced by 2-, 6-. 1.5-. 2-, 4- 

(53.54,55) 



z 
6 

z 
8 
8' 

0, 
1 Amino Acid Codon In In Fold- Cross-resistance a 

Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 
09 

: %. 

F 
B 
B 

E 138 K GAG to AAG HIV-1 Specific RTI UC-84(615985) Y ? > 100 TSAOS (34,57) 
T 139 I ACA to ATA HIV-1 Specific RTI Calanolide A Y ? >70 Not other NNRTIs (38) 
G 141 E GGG to GAG HIV-1 Specific RTI UC- 16 Y ?  KlOlYG141E 10-fold (34) 
S 156 A TCA to GCA Pyrophosphate Analogue RTI Foscamet (PFA) Y N (19) 
Q 161 L CAA to CTA Pyrophosphate Analogue RTI Foscamet (PFA) Y Y Q161UH208Y: 9-fold; Q161IJH208Y (18) 

reverses effects of AZT mutations 
D67N/K70R/T215Y/K219Q 
LlOOW 179D/Y 18 1C: 1,000-fold V 179 D GTT to GAT HIV-1 Specific RTI 

V 179 D GTT to GAT HIV-1 Specific RTI 
V 179 D GTT to GAT HIV-1 Specific RTI 
V 179 D GTT to GAT HIV-1 Specific RTI 

V 179 D GTT to GAT HIV-1 Specific RTI 
V 179 E GTT to GAG HIV-1 Specific RTI 
Y 181 C TAT to TGT HIV-1 Specific RTI 

Y 181 C 

Y 181 C 
Y 181 C 

TAT to TGT HIV-1 Specific RTI 

TAT to TGT HIV-1 Specific RTI 
TAT to TGT HIV-1 Specific RTI 

DMP 266 (L- 
743,726) 
L-697.661 
TIBO R82913 
Trovirdine 

Y ?  

4.5 
5 

R82150 (20) 
N Y  
N Y  
Y ?  

4 
20 

UC-lO(645129) Y ? 16 
L-697,661 N Y  8 

(loviride analog) 

(atevirdine) 

a-APAR18893 Y ? 

BHAPU-87201E N Y 

BHAPU-88204E Y ? 
BHAP U-90152 ? Y 
(delavirdine) 

(22) 
Untreated patient (58) 
Found in combination with K103R or (43,44) 

(34) 
(22) 
(59) 

Y181C; V179DIY181C > 1,000-fold 

K103N and Y181C observed with (40) 

(25) 
monothenpy 

K103NIY181C seen with monothenpy (45) 
and combination therapy 

I .  . 



Mutations in HIV-1 RT that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

Y 181 C 
Y 181 C 

TAT to TGT HIV-1 Specific RTI BM+51.0836 
TAT to TGT HIV-1 Specific RTI DMP 266 (L- 

TAT to TGT HIV-1 Specific RTI E-EBU 
TAT to TGT HIV-I Specific RTI E-EPSeU 

743,726) 

Y ?  
Y ?  

(60) 
(26,27,28) LlOOW 179D/Y 18 IC 1,000-fold 4 

Y 181 C 
Y 181 C 

Y ?  
Y ?  > 50 Y188C confers greater resistance than 

Y181C 
Y188C confers greater resistance than 
Y181C 
K103NIY181C: > 1,000-fold 
K103N and Y181C most common with 
monotherapy 

Y 181 C TAT to TGT HIV-1 Specific RTI E-EPU Y ?  > 95 

Y 181 C 
Y 181 C 

TAT to TGT HIV-1 Specific RTI L-697,593 
TAT to TGT HIV-1 Specific RTI L-697,661 

Y ?  
Y Y  

> 100 
> 30 

Y 181 C TAT to TGT HN-1 Specific RTI Loviride 

TAT to TGT HN-1 Specific RTI Nevinpine 
TAT to TGT HIV-1 Specific RTI NSC 648400 (E- 

TAT to TGT HIV-I Specific RTI TIBO R82913 
TAT to TGT HIV-I Specific RTI Trovirdine 

(R89439. (r-APA) 

BPTU) 

? Y  

Y 181 C 
Y 181 C 

Y Y  
Y ?  

> 100 
160 

Other NNRTIs 
Other NNRTIs 

Can suppress effects of AZT mutations 

Y 181 C 
Y 181 C 

Y ?  
Y ?  

> 100 K103N/Y181C > 1,000-fold 
Nevinpine; 9-chloro- V179DN181C > 1,000-fold; Found in 
TIBO combination with K103R or V179D 

KlOIE/YlSlC: 200-fold Y 181 C 
Y 181 C 
Y 181 C 
Y 181 C 
Y 181 C 
Y 181 C 
Y 181 C 
Y 181 C 

TAT to TGT HIV-I Specific RTI UC-10 (645129) 
TAT to TGT HIV-1 Specific RTI UC-32 (645542) 
TAT to TGT HIV-I Specific RTI UC-38 (629243) 
TAT to TGT HIV-I Specific RTI UC-57 (647014) 
TAT to TGT HIV-I Specific RTI UC-68 (638532) 
TAT to TGT HIV-I Specific RTI UC-69 (646989) 
TAT to TGT HIV-1 Specific RTI UC-80 (639475) 
TAT to TGT HIV-I Specific RTI UC-81 (615727) 

Y ?  
Y ?  
Y ?  
Y ?  
Y ?  
Y ?  
Y ?  
Y ?  

38 
8-149 Other NNRTIs 

KlOIWY181C 58-fold 
5 

V106AN 181c 166-fold 
18 
53 
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w Mutations in HIV-1 RT that confer drug resistance, ordered by position. c3 

Amino Acid Codon In In Fold- Cross-resistance PI 
E 

Refs ii Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments 
09 

Y 181 C TAT toTGT HIV-I SpecificRTI UC-84 (615985) Y ? > 118 
Y 181 I TGT to ATT HIV-I SpecificRTI BHAP U-88204E Y Y 

Y 181 I TAT to ATT HIV-1 Specific RTI MKC-442 (1- Y N 1,000 All NNRTIs 

Y 181 I TGTtoATT HIV-1 SpecificRTI Nevirapine N Y High-level 
M 184 I ATG to ATA Nucleoside RTI 3TC (lamivudine) Y Y 

EBU) 

M 184 V ATG toGTG NucleosideRTI ddI 

M 184 V ATG to GTG Nucleoside RTI L-FddC 
Y 188 C TAT to TGT HIV-I Specific RTI E-EPSeU 

F (35) 
(68) f Appeared after treatment of Y181C- 

mutated virus with BHAP; high-level 
resistance to BHAP, nevirapine and 
TIBO; observed in one nevirapine- 
treated patient 

0 
(0 

Observed in one patient (69) 
M184V and M184I can suppress effects 
of AZT resistance mutations 

activity 

of AZT resistance mutations; GTA seen 
in MT-2 cells in culture 

(70,71,72,73) 

M 184T Nucleoside RTI 3TC (lamivudine) Y ? Reduced replication capacity and RT (74) 

M 184 V ATG to GTG Nucleoside RTI 3TC (lamivudine) Y Y >IO0 ddk ddC; (-)-FTC M184V and M184I can suppress effects (70,71,72) 

M 184 V ATG toGTG NucleosideRTI ddC Y Y 2-5 ddI; 3TC; (-)-FTC (75) 
M 184 V ATG to GTG Nucleoside RTI (-)-FTC Y ? >IO0 3TC M184V can suppress effects of AZT (70,71) 

mutations 
M 184 V ATG to GTG Nucleoside RTI 1592U89 K65RL74V and/or Y115F with (495) 

M184V: 10 fold; K65FUM184V: 8- 
, fold; L74VM184V: 9-fold resistance; 

L74V/Y115F/M184V: 11-fold 
Y Y 2-5 ddC; 3TC;(-)-FTC Rarely obseied in patients receiving (75) 

Y ? >IO0 3TC;(-)-FTC (76) 
Y ? >250 Y188C is the predominant mutation 

ddI 

for E-EPSeU; Y188C confers greater 
resistance than Y181C 

Y N  3 3TC; ddI; ddC 



i 

Mutations in HIV-1 RT that confer drug resistance, ordered by position. 
~ ~~ 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs i 

Y 188 C TAT to TGT HIV-1 Specific RTI E-EPU Y ? >EO Y188C confers greater resistance than 
Y181C 

Y 188 C 
Y 188 C 
Y 188 H 

TAT to TGT HIV-1 Specific RTI HEFT 
TAT to TGT HIV-I Specific RTI Nevirapine 
TAT to CAT HIV-1 Specific RTI BHAP U-87201E 

(atevirdine) 

Y ?  
N Y  
N Y  KlOlE, Y 188H, E233Y and K238T 

observed with U-87201EIAZT combi- 
nation therapy 

Y 188 H 
Y 188 WL 

TAT to CAT HIV-1 Specific RTI TIBO R82913 
TAT to CAT/ ClT HIV-1 Specific RTI Loviride 

(R89439, a-APA) 
TAT to lTA HIV-1 Specific RTI DMP 266 (L- 

TAT to 'ITA HIV-I Specific RTI TIBO R82913 
GTA to ATA HIV-I Specific RTI HBY 097 
GGA to GCA HIV-1 Specific RTI Loviride 

GGA to GCA HIV-1 Specific RTI Nevinpine 
GGA to GAA HIV-1 Specific RTI AAP-BHAP (U- 

GGA to GAA HIV-1 Specific RTI HBY 097 

743.726) 

(R89439, a) 

104489) 

Y ?  
? Y  

Y 188L Y ? 1.000 

Y 188 L 
V 189 I 
G 190 A 

N Y  
Y ?  2 Other NNRTIs (2-6) 
? Y  

G 190 A 
G 190E 

N Y  
Y ?  

G 190E Y ?  Other NNRTIs Reduces enzymatic activity of RT and 
viral replication competency 

Y ?  Mutation decreases RT activity and vi- 
nl replication competency 

Y N  K101EIG190E > 100-fold; cross re- 
sistance to: TSAO-m3 T, Nevirapine, 

tible to L697.661 

V179D change 

TIBO R82913, BHAP U88204; SUSRP- 

Y ?  Other NNRTIs Appears exclusively in connection with 

(79) 

G 190E GGA to GAA HIV-I Specific RTI S-2720 (80) 

(34,42) 
El 

G 190E GGA to GAA HIV-I Specific RTI UC-38 (629243) 

8' 

G 190Q GGA to CAA HIV-1 Specific RTI HBY 097 
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Mutations in HIV-1 RT that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance p. 

?r: 
n? 
3 

Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs f 
09 

G 190 T GGA to ? HIV-1 Specific RTI HBY 097 Appears under lowered drug concentra- 
tion selection 

H 208 Y CAT to TAT Pyrophosphate Analogue RTI Foscamet (PFA) Y Y 2 Q161LIH208Y: 9-fold PFA resistance; 
increased susceptibility to AZT (100- 
fold), nevirapine (20-fold) and TIBO 

verses effects of AZT mutations D67N, 
K70R, T215Y and K219Q 
Mutation arises after prolonged AZT 
therapy in the context of mutations 
M41L and T215Y 

R82150 (30-fold); Q16WH208Y re- 

L 210 w TTG to TGG Nucleoside RTI AZT Y Y  

T 215 F 
T 215 Y 

ACC to TTC Nucleoside RTI 
ACC to TAC Nucleoside RTI 

AZT 
AZT 

? Y  
Y Y  

K67N/K70RfT215Y/K219Q: 120-fold 
K67N/K70R/T2 15Y/K219Q: 120-fold 
Effect of T215Y is reversed by a ddI 
mutation a74V). NNRTI mutations 
(LIOOI;Yi81C) or (-)-FTC/3TC muta- 
tions (M184W); M41LJT215Y: 60-70- 
fold 
Arises on background of T215Y AZT 
resistance 

Y 215 C TTC to TGC Nucleoside RTI ddC N Y  4 

K 219 E AAA to GAA Nucleoside RTI 
K 219 Q AAA to CAA Nucleoside RTI 
E 233 V GAA to GTA HIV-1 Specific RTI 

AZT Y N  
AZT ? Y  
BHAPU-87201E N Y 
(atevirdine) 

K67N/K70R/T215Y/K219Q: 120-fold 
KlOlE, Y188H, E233Y and K238T 
observed with U-87201EIAZT combi- 
nation therapy 

P 236 L 

P 236 L 

CCT to CTT HIV-1 Specific RTI BHAP U-87201E Y N 
(atevirdine) 

(delavirdine) 
HER Y ?  
BHAPU-87201E N Y 
(atevirdine) 

BHAPU-90152 Y Y 

(84) 

CCT to CTT HIV-1 Specific RTI Sensitizes RT 10-fold to nevinpine, (84) 

(65) 
TIBO R82913 and L-697,661 

KIOlE, Y188H, E233Y and K238T (40) 
observed with-U-87201EIAZT combi- 
nation therapy 

P 236 L CCT to CTT HIV-1 Specific RTI 
K 238 T AAA to ACA HIV-I Specific RTI 

*.., 



Mutations in Protease that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

R 8 K  
R 8 Q  

L 10F 
L 10F 
L 10F 

L 10F 

L 10F 
L 101 

L 10 I 

L 10R 

L 10 v 

K 20 M 

K 20 R 

K 20 R 

CGA to AAA Protease Inhibitor A-77003 
CGA to CAA Protease Inhibitor A-77003 

CTC to TTC Protease Inhibitor DMP 450 
CTC to GGC Protease Inhibitor VB 11,328 
CTC to CGC Protease Inhibitor VX-478 

(14 1 W94) 
CTC to CGC Protease Inhibitor XM323 

CTC to CGC Protease Inhibitor SC-55389A 
CTC to ATC Protease Inhibitor MK-639 (L- 

135,524, 
indinavir) 

Protease Inhibitor Ro 31-8959 
(saquinavir) 

CTC to CGC Protease Inhibitor MK-639 (L- 
735,524, 
indinavir) 

735,524, 
indinavir) 

735,524, 
indinavir) 

AAG to AAA Protease Inhibitor ABT-538 
(ritonavir) 

AAG to AAA Protease Inhibitor MK-639 (L- 
735,524, 
indinavir) 

CTC to GTC Protease Inhibitor MK-639 (L- 

AAG to ATG Protease Inhibitor MK-639 (L- 

Y ? 10 
Y ? 10 

Y ?  
Y ?  
Y ?  

Y ?  
? Y  

Y 

N Y  

? Y  

? Y  

N Y  

? Y  

R8WM46UG48V: 20-fold 
M46I improves replication competency 
of RSQ mutant 
Probably compensatory 
LIOF/I84V: 8-fold 

L10FN82A 2-fold; LlOFIK45YI84V: 
50-fold 
LlOFM88S: 10-fold 

Found in combination with G48V in 
vivo 
LIORM46YL63PN82T: 4-fold; LlOW 
M46YL63PN82T/I84V 8-fold 

K20RIM36YI54VIV82A: 4 I-fold 
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cd 

P Mutations in Protease that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance (P 

Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs E a 
L 23 I CTA to ATA Protease Inhibitor BILA 2185 BS Y ? 

L 24 I 

L 24 V 

D 30 N 

V 32 I 

V 32 I 

V 32 I 

V 32 I 

V 32 I 

V 32 I 

TTA to ATA Protease Inhibitor MK-639 (L- 
735,524, 
indinavir) 

TTA to GTA Protease Inhibitor SC-52151 

GAT to AAT Protease Inhibitor AG1343 
(nelfinavir) 

GTA to ATA Protease Inhibitor A-75925 

GTA to ATA Protease Inhibitor A-77003 

? Y  

Y ?  

Y Y  

Y ?  

10-20 

40 

Y ? 7 (enzyme resist.) 

GTA to ATA Protease Inhibitor BILA 1906 BS Y ? 

GTA to ATA Protease Inhibitor BILA 201 1 
(palinavir) 

GTA to ATA Protease Inhibitor KNI-272 

Y ?  

Y ?  

GTA to ATA Protease Inhibitor MK-639 (L-735, Y Y 
524, indinavir) 

1200 

2 

pl/p6 cleavage site mutation (L to 
F (CIT to TlT) at Pl'); p7(NC)/pl 
cleavage site mutation (Q to R (CAG 
to CGG) at P3. A to V (GCT to G") 
at I"); L23W32I/M461/I47V/I54M/ 

(99) 
09 

1 A71VD84V: 1300-fold 
8 (95) 

(87,102) 

L24V/G48V/A71VN75YP8lT 1000- (94) 
fold 

are most common in vivo after 24 
weeks of therapy; they do not cause 
cross-resistance to other protease 
inhibitors 
V32I and V82I are synergistic mu- 
tations yielding 20-fold enzyme 
resistance 
V32I appears first; progression to V32Y 
M46V and V32Y/M46V/A71VN82A 
occurs even in the absence of drug 

D30N/A71V 7-fold; D30N and N88D (100,101) 

(87,103) 

V32VA7 1V: 3-fOld; V32YA7 1 V/M46I/ 
I84V 500-1,000-f0ld 

(99,104,105) 

Other mutations found in pl/p6 cleav- 
age site 

(105) 

V32IIM46M84V: 37-fold; V32I/L33F/ (106) 
K45UF53UA7 lV/I84V/L89M: 130-fold 
V32VM46LN82A: 3-fold; V32M46U (86) 
A71VN82A: 14-fold 
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Mutations in Protease that confer drug resistance, ordered by position. 

Amino Acid Codon 
Change Change Class of Drug Compound 

In In Fold- Cross-resistance 
Refs vitro vivo resistance (-fold) Comments 

N Y  L 33 F TTA to TTC Protease Inhibitor ABT-538 
(ritonavir) 

M 36 I ATG to ATA Protease Inhibitor ABT-538 
(ritonavir) 

N Y  

Y 

M36yI54VIA71TN82T: 8-fold; K20RI 
M36IA59VN82A 41-fold; In vivo, 
V82 occurs first, often followed by 
changes at 154, A71 and M36 
M46vL63PIA7 1Vfi84V: 30-fold M 36 I Protease Inhibitor AG1343 

K 45 I AAA to ATA Protease Inhibitor XM323 
M 46 F ATG to TTC Protease Inhibitor A-77003 
M 46 I ATG to ATA Protease Inhibitor A-77003 

(nelfinavir) 
(100,101) 

LIOFIK45UI84V: 5O-fOld 
Y ? 4(enzymeresist.) 
Y ?  

Seen with V82A 
No effect on susceptibility but improves 
replication competency of R8Q mutant; 
R8WM46VG48V: 20-fold 
M46IIL63PIA71VN82FA84V: 27-fold M 46 I ATG to ATA Protease Inhibitor ABT-538 

(ritonavir) 
ATG to ATA Protease Inhibitor AG1343 

(nelfinavir) 
ATG to ATA Protease Inhibitor BILA 1906 BS 
ATG to ATA Protease Inhibitor DMP 450 
ATG to ATA Protease Inhibitor MK-639 (L- 

735,524, 
indinavir) 

ATG to ATA Protease Inhibitor VB 11,328 
ATG to ATA Protease Inhibitor VX-478 

(141W94) 
ATG to TIC Protease Inhibitor A-77003 
ATG to TTG Protease Inhibitor BILA 1906 BS 

Y Y  

M 46 I Y Y  

M 46 I 
M 46 I 
M 46 I 

Y ?  V32UA7 IV/M46IA84.V: 500-1,OOO-fold (96,104,105) 
(88,891 
(95,107) z 

E 
8 
U. 

(8690) 

t. 
(87) a w 

(99,104,105) 
(0 

Y ?  
N Y  

Probably compensatory 
M46vL63PN82T: 4-fOld; LlORIM46Y 
L63PN82T 4-fOld; LlOR/M46YL63P/ 
V82Tfi84V: 8-fold 
15OV/M46YI47V: 20-fold M 46 I 

M 46 I 
Y ?  
Y ?  Nil 

M 46 L 
M 46 L 

Y ? 2-3 (enzyme resist.) 
Y ?  plIp6 cleavage site mutation (L to 

F (Crr to TlT) at Pl’); p7(NC)/pl 
cleavage site mutation (Q to R (CAG to 
CGG) at P3. A to V (GCT to GT”) at 
p2’) 
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1 itations I P n  ase tha 

Amino Acid Codon 

cd 
:onfer drug resistanc ordered by position. .g 

rD 
b? In In Fold- Cross-resistance (0 

Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs B a 
M 46 L 

M 46 L 

M 46 V 

I 47 v 
I 47 v 

G 48 V 

G 48 V 

G 48 V 

I 50 V 
I50  V 

I 54 L 

ATG to TTG Protease Inhibitor MK-639 (L- 
735,524, 
indinavir) 

ATG to CTG Protease Inhibitor XM323 

Protease Inhibitor A-77003 

ATA to CTA Protease Inhibitor VB 11,328 
ATA to CTA Protease Inhibitor VX-478 

(141 W94) 
GGG to GTG Piotease Inhibitor A-77003 

GGG to GTG Protease Inhibitor Ro 31-8959 
(saquinavir) 

GGG to GTG Protease Inhibitor SC-52151 

ATT to GTT Protease Inhibitor VB 11,328 
ATT to GTT Protease Inhibitor VX-478 

(141 W94) 
ATC to ? Protease Inhibitor ABT-538 

(ritonavir) 

Y 

Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 
Y 

N 

Y 

? 

? 

? 
? 

? 

Y 

? 

? 
? 

Y 

Nil 

3 
3 

V32YM46LIA71VlV82A: 14-fold; 
V32UM46LN82A: 3-foId 

M46W82A 7-fold; M46UV82A/ 
L97V: 11-fold 
V32I appears first; progression to V32Il 
M46V and V32YIM46VIA71VN82A 
occurs even in the absence of drug 
15OVIM46YI47V 20-foId 

R8WM46YG48V 20-foId; G48VlI82T 
100-fold 
Found in comb. with LlOI in vivo; 

L90M: >100-fold enzyme resistance; 
G48VL90WI54V > 50-fold (subtype 
B or 0); No back mutation seen in ab- 
sence of drug at passage 26 
G48VN82A. G48VL63PN82A or 

G48VII84VL90M: 30-fold; G48Vl 

154T 10- to 20-fold; L24VlG48Vl 
A71VN75YP81T 1000-fold 
15OVIM46YI47V 20-fold 

In vivo, V82 occurs first, often fol- 
lowed by changes at 154, A71 and M36 

(109,110) 

i 



Mutations in Protease that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

I 54 V ATC to GTC Protease Inhibitor ABT-538 N Y  
(ritonavir) 

I 54 v 

I 54 v 

I 54 v 

D 60 E 
L 63 P 

L 63 P 

L 63 P 

A71 T 
A 7 1 T  

A71 V 

ATC to GTC Protease Inhibitor MK-639 (L- 
735,524, 
indinavir) 

ATA to GTA Protease Inhibitor Ro 31-8959 
(saquinavir) 

ATC to GTC Protease Inhibitor Ro 31-8959 
(saquinavir) 

GAT to GAA Protease Inhibitor DMP 450 
CTC to CCC Protease Inhibitor AG1343 

(nelfinavir) 
CTC to CCC Protease Inhibitor BILA 2011 

(palinavir) 
CTC to CCC Protease Inhibitor MK-639 (L- 

735,524, 
indinavir) 

GCT to ACT Protease Inhibitor BMS 186,318 
GCT to ACT Protease Inhibitor MK-639 (L- 

735,524, 
indinavir) 

Protease Inhibitor A-77003 

? Y  

Y 

Y 

Y ?  
Y 

Y ?  

N Y  

Y ?  
? Y  

Y ?  

154VN82T 9-fold; K20R/M36YI54V/ 
V82A 41-fold; M36VI54V/A71V/ 
V82T: 8-fold; 154V/A71V/L90M 7- 
fold; In vivo, V82 occurs first, often 
followed by changes at 154, A71 and 
M36 

In subtype 0 

In subtype B 

Probably compensatory 
M46I/L63P/A7 1V/I84V: 30-fold 

M46IL63PN82T: 4-fOld; LlOR/M46I/ 
L63PN82TA84V: 8-fold; LlOIUM46Y 
L63PN82T: 4-fold 
A71TN82A: 15-fold 

V32I appears first; progression to V32Y 
M46V and V32VM46VIA71VN82A 
occurs even in the absence of drug; 
M46IL63P/A71VN82F/I84V: 27-fOld 

(95) 

(109,110) 

(109,110) 

(8 1,88) 
(100,101) 

(95,107) 

(1 1 1,112) 
(95) 

(87,103) 
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Mutations in Protease that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance (0 
[ 

Refs B vitro vivo resistance (-fold) Comments Change Change Class of Drug Compound 

A 71 V GCT to GTT Protease Inhibitor ABT-538 Y Y  
(ritonavir) 

A 71 V GCT to GTT Protease Inhibitor AG1343 

A 71 V GCT to GTT Protease Inhibitor BILA 1906 BS 
(nelfinavir) 

A 71 V GCT to GTT Protease Inhibitor BILA 201 1 

A 71 V GCT to GTT Protease Inhibitor MK-639 (L- 
(palinavir) 

735,524, 
indinavir) 

A 71 V GCT to GTT Protease Inhibitor SC-52151 

V 75 I GTA to ATA Protease Inhibitor SC-52151 

V 71 I Protease Inhibitor AG1343 

P 81 T CCT to ACT Protease Inhibitor SC-52151 
(nelfinavir) 

I 82 T ATC to ACC Protease Inhibitor A-77003 

Y ?  

Y ?  

Y ?  

Y Y  

Y ?  

Y ?  

Y Y  

Y ?  

Y ?  

5 

K20R/M36I/I54V/A7 1VN82T: 28-fold; 
M36VI54VIA71VN82T: 8-fold; I54V/ 
A71VNV82AL90M: 7-fold; In vivo, 
V82 occurs first, often followed by 
changes at 154, A71 and M36 
D30NIA7 1 V 7-fold; M46I/L63P/A7 1V/ 
I84V 30-fold 
V32VA71W 3-fold; V32VA71Vhl46Y 
I84V 500-1,OOO-fold 

(100,101) 

(99,104,105) 

V32UM46UA71VN82A 14-fold 

A71VN75IIP81T: 20- to 30-fold; (93,94) 
L24V/G48V/A7 1VN75IIP8 1T: 1000- 
fold; N88D or IllV/M46VF53L/A71V/ 
N88D:lO- to 20-fold 
L24V/G48V/A7 1VN75YP8 1T: 1000- (93,94) 
fold; A71VN75YP81T: 20- to 30-fold; 
LUV/G48V/A7 lVN75YP8 1T: 1000- 
fold 

A71VN75W81T 20- to 30-fold; (93,941 
L24V/G48V/A7 1 VN75W8 1T: 1000- 
fold 
G48VA82T: 100-fold (82T was derived 
from in vitro passage of 821) 

(1 11) 
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Mutations in Protease that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

V 82 A 

V 82 A 

V 82 A 
V 82 A 

V 82 A 
V 82 A 

V 82 A 
V 82 A 

V 82 F 

V 82 F 

V 82 F 
V 82 I 

GTC to GCC Protease Inhibitor A-77003 

GTC to GCC Protease Inhibitor ABT-538 

GTC to GCC Protease Inhibitor BMS 186,318 
GTC to GCC Protease Inhibitor MK-639 (L- 

(ritonavir) 

735,524, 
indinavir) 

GTC to GCC Protease Inhibitor P9941 
GTC to GCC Protease Inhibitor SC-52151 

Protease Inhibitor SKF108922 
GTC to GCC Protease Inhibitor XM323 

GTC to TTC Protease Inhibitor ABT-538 

GTC to TTC Protease Inhibitor MK-639 (L- 
(ritonavir) 

735,524, 
indinavir) 

GTC to TTC Protease Inhibitor XM323 
GTC to ATC Protease Inhibitor A-77003 

Y ?  

N Y  

Y ?  
Y Y  

Y ?  
Y ?  

Y ?  
Y ?  

Y Y  

? Y  

Y ?  
Y ?  

2 

6-8 

V 82 I GTC to ATC Protease Inhibitor XM323 Y ? < 2  
V 82 S GTC to TCC Protease Inhibitor ABT-538 N Y .  6 

(ritonavir) 

Rare; seen with M4@, V32I appears 
first; progression to V32yM46V and 
V32YIM46VIA71VN82A occurs even 
in the absence of drug 
In vivo, V82 occurs first, often fol- 
lowed by changes at 154, A71 and M36 
A71TN82A: 15-fold 
V32yM46LN82A 3-fold; V32JfM46U 
A71VN82A 14-fold 

G48VN82A, G48VL63PN82A or 
I54T: 10- to 2O-fold 

V82A/M46L: "-fold; V82AIM46U 
L97R 11-fold; L10FN82A 2-fold; 
V82An97V: 3-fold 
V82Ffi84V: 8- 10 IO-fOld; M46IiL63PI 
A7 1 VN82FA84R 27-fold 

(87,103.1 11) 

(97,98) 

(112,113) 
(86,95,107.114) 

(115) 
(93,941 

(92) 

(9799 

(95,107) 

V82FA84V 92-fold 
No resistance alone but V32I and V82I 
are synergistic mutations yielding 20- 
fold enzyme resistance (82T was de- 
rived from in vitro passage of 821) 

In vivo, V82 occurs first, often fol- 
lowed by changes at 154, A71 and M36 
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Change Change' Class of Drug Compound vitro vivo resistance (-fold) Refs J 

Mutations in Protease that confer drug mistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance E 
D) 

a 
Comments 

V 82 T GTC to ACC Protease Inhibitor ABT-538 N Y  3 
(ritonavir) 

V 82 T 

V 82 T 
I 84 A 
I 84 A 

I84  V 

I 84 V 

I 84 V 
I 84 V 
I 84 V 

I 84 V 

I 84 V 
I 84 V 
I 84 V 
I 84 V 

GTC to ACC Protease Inhibitor MK-639 (L- 
735,524, 
indinavir) 

Protease Inhibitor SKF108842 
ATA to GCA Protease Inhibitor BILA 1906 BS 
ATG to ATA Protease Inhibitor BILA 201 1 

(palinavir) 
ATA to GTA Protease Inhibitor ABT-538 

(ri tonavir) 

ATA to GTA Protease Inhibitor AG1343 

ATA to GTA Protease Inhibitor BILA 1906 BS 
ATA to GTA Protease Inhibitor DMP 450 
ATA to CTA Protease Inhibitor MK-639 (L- 

(nelfinavir) 

735,524, 
indinavir) 

ATA to GTA Protease Inhibitor Ro 31-8959 
(saquinavir) 

ATA to GTA Protease Inhibitor RPI-312 
Protease Inhibitor SKF108842 

ATA to GTA Protease Inhibitor VB 11,328 
ATA to GTA Protease Inhibitor VX-478 

(141W94) 

N Y  

Y ?  
Y ?  
Y ?  

Y Y  

? 

Y ?  
Y ?  
N Y  

Y ?  

Y ?  5 
Y ?  
Y ?  
Y ?  

H 
F 
f 

In vivo, V82 occurs first, often fol- 

M36; V82T has reduced replication 
efficacy in natural background; M36Y 

lowed by changes at 154, A71 and 09 

154VIA71VN82T &fold; 154VN82T 
9-fold 
M46YL63PN82T 4-fold; LIOR/M46I/ (95,107) 
L63PN82T 4-fold; LlOR/M46I/L63P/ 
V82TII84V &fold 

0 
(P 

I84A is the most common mutation 

M46I/L63P/A7 1VN 82F/I84V 27-fold; 
V82F/I84V: 8- to IO-fold; M46VL63P/ 
A71VN82F/I84V 27-fold 
M46I/L63P/A71V/I84V 30-fold 

V32I/A71V/M46I/I84V 500-1,000-fold 
S1 subsite 
G48V/I84V/L90M 30-fold; LlOW 
M46I/L63PN82T/I84V %fold 

LlOFII84V: %fold 

(1 16) 
(99,104,105) 
(99,104,105) 

(100,101) 

(99,104,105) 
(88,891 
(95,107) 



Mutations in Protease that confer drug resistance, ordered by position. 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 

I 84 V ATA to GTA Protease Inhibitor XM323 

N 88 D Protease Inhibitor AG1343 
(nelfinavir) 

N 88 D AAT to GAT Protease Inhibitor SC-52151 

N 88 S AAT to AGT Protease Inhibitor SC-55389A 
L 90 M TTG to ATG Protease Inhibitor ABT-538 

(ritonavir) 
L 90 M TTG to ATG Protease Inhibitor AG1343 

(nelfinavir) 
L 90 M TTG to ATG Protease Inhibitor MK-639 (L- 

735,524, 
indinavir) 

L 90 M TTG to ATG Protease Inhibitor Ro 31-8959 
(saquinavir) 

L 97 V 'ITA to GTA Protease Inhibitor XM323 

Y ? 12 

Y Y  

Y ?  

Y ? 20 
N Y  

N Y  

? Y  

Y Y  

Y ?  

V82FII84V: 92-fold; LlOFK45M84V: 
5O-fOld 
D30N and N88D are most common in 
vivo after 24 weeks of therapy; they 
do not cause cross-resistance to other 
protease inhibitors 
N88D or I1 1VIM46YF53LIA71Vl 
N88D:IO- to 20-fold 
N88SL10F IO-fold 
82N54VIY7 lVI9OwM: 7-fOld 

Rare in patients 

G48VL90M: s100-fold enzyme re- 
sistance; double mutant rare in vivo; 
L90M most common in vivo; G48V/ 

No resistance alone; V82AL97V: 3- 
184VL90M 30-fold 

fold; V82Ah446LL97V: 1 I-fold 

(86,921 

(100,101) 

(93,941 

(100,101) 

(95,107) 



_ I  

. ._  

m 
Mutations in Envelope that confer drug resistance, ordered by position. 4 

B Amino Acid Codon In In Fold- Cross-resistance PI 

F Change Change Class of Drug Compound vitro vivo resistance (-fold) Comments Refs 
m 

S 113N 

S 134N 

F 145 L 

N 188 K 

I 228 V 
K 269 E! 

N 270 S 
R 272 T 
S 274 R 

S 274 R 
Q 218 H 

Q 278 H 
Q 278 H 
I288 V 

N 293 D 

N 293 H 
A 297 T 
A 297 T 
N 323 S 

AGT to AAT FusionlBinding Inhibitor Dextran sulphate 
(DS) 

AGC to AAC FusionlBinding Inhibitor Dextran sulphate 

'ITC to 'ITA FusionlBinding Inhibitor JM-3100 
(DS) 

AAT to AAA FusionlBinding Inhibitor Siamycin I 

ATA to GTA FusionlBinding Inhibitor JM-2763 
AAA to GAA FusionlBinding Inhibitor Dextran sulphate 

AAT to AGT FusionlBinding Inhibitor JM-3100 
AGA to ACA FusionlBinding Inhibitor JM-3100 
AGT to AGA FusionlBinding Inhibitor JM-2763 

(DS) 

AGT to AGA FusionlBinding Inhibitor JM-3100 
CAG to CAT FusionlBinding Inhibitor Dextran sulphate 

CAG to CAT FusiodBinding Inhibitor JM-2763 
CAG to CAC FusionlBinding Inhibitor JM-3100 
ATA to GTA FusionlBinding Inhibitor JM-3100 
AAT to GAT FusionlBinding Inhibitor Dextran sulphate 

AAT to CAT FusionlBinding Inhibitor JM-3100 
GCA to ACA FusionlBinding Inhibitor JM-2763 
GCA to ACA FusionlBinding Inhibitor JM-3100 
AAT to AGT FusionlBinding Inhibitor Dextran sulphate 

(DS) 

(DS) 

(DS) 

Y ?  

Y ?  

Y ?  

Y ?  

Y ?  
Y ?  

Y ?  
Y ?  
Y ?  

Y ? DS(>7 to6,667) 
Y ?  

Y ?  
Y ?  
Y ?  
Y ?  

Y ?  
Y ?  
Y ?  
Y ?  

- _  

E 
B 

S113N/S134N/K269E/Q278E/N293D/ (1 18,119) 
N323S/R387I: 250-fold; 113 is in the 
V1 loop region 
V2 loop region; S113N/S134N/K269W (118,119) a 
Combination of mutations: 2- to 100- 
fold 
N188WG332EM35 lDIA550TM633DI (122) 

Combination of mutations 
V3 loop region; S113N/S134N/K269E/ (118,119) 

Q278EM293DM323SIR3871: 250-fold tD 

(120,121) 

L762S: 9-fold 

Q278EM293DM323SiR387I: 250-fold 

Combination of mutations: 95- to 792- 
fold 

(120,121) 

V3 loop region; S113N/S134N/K269E/ (118,119) 
Q278EM293DiN323SIR3871: 250-fold 

V3 loop region; S113N/S134N/K269E/ (118,119) 
Q278EM293DM323SIR3871: 250-fold 

C3 region; S113N/S134N/K269E/ 
Q278Eflr1293DM323SiR387k 250-fold 

(118.119) 



' 1  ! 

Mutations in Envelope that confer drug resistance, ordered by position. 
~ ~ ~ 

Amino Acid Codon In In Fold- Cross-resistance 
Change Change Ciass of Drug Compound vitro vivo resistance (-fold) Comments 

~ 

Refs 

G 332 E 

N351 D 

P 385 L 
P 385 L 
R 387 I 

Q 410 E 
s 433 P 
v 457 I 
A 550 T 

N 633 D 

L 762 S 

GGA to GAA FusionlBinding Inhibitor Siamycin I Y ?  

AAT to GAT FusionlBinding Inhibitor Siamycin I Y ?  

CCA to CTA FusionlBinding Inhibitor JM-2763 Y ?  
CCA to CTA FusionlBinding Inhibitor JM-3100 Y ?  
AGA to ACA FusionlBinding Inhibitor Dextran sulphate Y ? 

(DS) 

CAA to GAA FusionlBinding Inhibitor JM-3100 
TCC to CCC FusionlBinding Inhibitor JM-3100 
GTA to ATA FusionlBinding Inhibitor JM-3100 
GCC to ACC FusionlBinding Inhibitor Siamycin I 

AAT to GAT FusionlBinding Inhibitor Siamycin I 

TTG to TCG FusionlBinding Inhibitor Siamycin I 

Y ?  
Y ?  
Y ?  
Y ?  

Y ?  

Y ?  

N188WG332EN35 lDIA550TM633DI (122) 

N188WG332WN35 lD/A550T/N633DI (122) 
L762S: 9-fold 

L762S: 9-fold 

CD4 binding region; S113N/S134N/ (118,119) 
K269EIQ278EM293DIN323SIR387I: 
250-fold 

N188WG332EN35 lDIA550TM633Dl (122) 

N188WG332EM35 lDIA55OTM633DI (122) 

N188WG332EN35 lD/A550T/N633D/ (122) 

L762S: 9-fold 

L762S: 9-fold 

L762S: 9-fold 



z 
i3: 
C 

F 
r? 

r 
B 

C as 
Mutations that confer multiple drug resistance, ordered by position. 

Amino Acid Codon In In -Fold Cross-resistance t;' 
E 

Refs Comments Change Change Class of Drug Compound vitro vivo -resistance (-fold) 

A 62 V GCCtoGTC MultipleDrugResistance AZT+ ddYddC N Y 

V 75 I GTA to ATA MultipleDrug Resistance AZTi  ddYddC N Y 

F 77 L 'ITCtoCTC MultipleDrug Resistance AZT+ ddYddC N Y 

F 116 Y TIT to TAT Multiple Drug Resistance AZT+ ddYddC N Y 

Nil 

Nil 

Nil 

Nil 

Q 151 M CAG to ATG Multiple Drug Resistance AZT+ ddYddC N Y UT: 10; ddYddC 5 

Associated with 75, 77, 116 & 151; 
A62VN75W77LIFI 16Y/Q151M AZT 

Associated with 77, 116 & 151; A62V/ 

fold 

( 123,124) 

190-fold 
(123,124) 

V75I/F77IfF116Y/Q151M: AZT 190- 

Associated with 75, 116 & 151; A62V/ 

fold 

(123,124) 
V75IIF77IfFl16YIQ151M: AZT 190- 

(123,124,125) 

Associated with 75, 77 & 151; A62V/ 

fold 

(123,124) 
V75IiF77LiF116Y/Q151M: AZT 190- 

Pivotal MDR mutation (first to occur 
and is then found in association with 
various of the other four mutations); 
A62VN75I/F77L./F116Y/Q151M. AZT 
190-fold; ddI 50-fold; ddC 20-fold; d4T 
> 10-fold 



Abbreviations 

Abbreviations 

Amino acids 
A alanine 
C cysteine 
D aspartate 
E glutamate 
F phenyalanine 
G glycine 
H histidine 
I isoleucine 
K lysine 
L leucine 
M methionine 
N asparagine 
P proline 
Q glutamine 
R arginine 
S serine 
T threonine 
V valine 

Y tyrosine 
W tryptophan 

Compounds 
1592U89 

3TC 
CX-APA R18893 
A-77003, A-75925 

and A-80987 
AAP-BHAP 

’ ABT-538 
AZdU 
AZT 
AZT-p-ddI 
BHAP 
BILA 1906 

BILA 2185 

BM+5 1.0836 
BMS 186,318 

( 1S,4R)-4-[2-amino-6-cyclopropyl-amino)-9~-pu~n-9-y1]-2- 
cyclopentene-1-methanol succinate (a carbovir analogue, Glaxo Well- 
come) 
(-)-P-L-2’,3’-dideoxy-3’-thiacytidine (Glaxo Wellcome) 
a-nitro-anilino-phenylacetamide 
C2 symmetry-based protease inhibitors (Abbott Laboratories) 

bisheteroarylpiperazine analogue (Pharmacia & Upjohn) 
C2 symmetry-based protease inhibitor (Abbott Laboratories) 
3‘-azido-2‘,3‘-dideoxyuridine 
3’-azido-3’-deoxythymidine (Glaxo Wellcome) 
3‘-azido-3’-deoxythymidilyl-(5’,5‘)-2‘,3’-dideoxyinosinic acid (Ivax) 
bisheteroarylpiperazine 
N-{ 1s-[ [ [3-[2S-( 1 , l-dimethylethyl)amino]carbonyl-4R- 
]3-pyridinylmethyl)thio]- l-piperidinyl]-2R-hydroxy-14 
(phenylmethyl)propyl]amino]carbonyl]-2-methylpropyl}-2- 
quinolinecarboxamide (Bio-Megaoehringer Ingelheim) 
N-( 1 , 1-dimethylethy1)- 1 - [2S- [ [2-2,6-dimethyphenoxy)- 1 - 
oxoethyl] amino]-2R-hydroxy-4-phenylbutyl]4R-pyridinylthio)-2- 
piperidine-carboxamide (Bio-Megaoehringer Ingelheim) 
thiazolo-isoindolinone derivative 
aminodiol derivative HIV-1 protease inhibitor (Bristol-Myers Squibb) 

Et-229 
DEC 96 



Abbreviations 

Abbreviations (cont) 

Compounds (cont) 
d4API 

d4C 
d4T 
ddC 
ddI 
DMP 266 
DMP 450 

DXG 
EBU-dM 
E-EBU 
DS 
E-EPSeU 
E-EPU 
(-)-FTC 

HBY 097 

HEPT 
JM2763 

JM3100 

KNI-272 
L-697,593 
L-697,661 

L-FDDC 
L-FDOC 
MK-639 
MKC442 

nevirapine 

NNRTI 
NSC648400 
P9941 
PFA 
PMEA 
PMPA 
RO 31-8959 

9-[2,5-dihydro-5-(phosphonomethoxy)-2-furanel]adenine (Gilead Sci- 
ences) 
2‘,3’-didehydr0-2’,3‘-dideoxycytidine 
2‘,3’-didehydro-3’-deoxythymidine (Bristol-Myers Squibb) 
2’,3’-dideoxycytidine (Roche) 
2’,3’-dide,oxyinosine (Bristol-Myers Squibb) 
a 1,4-dihydro-2H-3,1-benzoxazin-2-one 
[4R-(4-(r,5-(r,6-P,7-P)1-hexahydro-5,6-bis(hydroxy)- 1,3-bis(3- 
amino)phenyl]methyl)-4,7-bis(phenylmethyl)-2H- 1,3-diazepin-2-0ne- 
bismesylate (Avid Therapeutics) 
(-)-P-D-dioxolane-guanosine 
5-ethyl- 1-ethoxymethyl-6-(3,5-dimethylbenzyl)uracil 
5-ethyl- 1-ethoxymethyl-6-benzyluracil 
dextran sulphate 
l-(ethoxymethyl)-(6-phenylselenyl)-5-ethyluracil 
l-(ethoxymethyl)-(6-phenyl-thio)-5-ethyluracil 
(-)-P-L-2’,3’-dideoxy-5-fluoro-3‘-thiacytidine (Triangle Pharmaceuti- 
cals) 
(S)-4-isopropoxycarbonyl-6-methoxy-3-(methylthi0-methyl)-3~4- 
dihydroquinoxalin-2( 1H)-thione 
1-[(2-hydroxyethoxy)methyl]6-(phenylthio)thymine 
1,l’-( 1,3-propanediyl)-bis-1,4,8,11-tetraazacyclo-tetradecane (Johnson 
Matthey) 
1, 1’-[ 1,4-phenylenebis-(methylene)]bis-( 1,4,8,1 l-tetraazacyclotetra- 
decane) octahydrochloride dihydrate (Johnson Matthey) 
(2S,3S)-3-amino-2-hydroxy-4-phenylbutyric acid-containing tripeptide 
5-ethyl-6-methyl-3-(2-phthalimido-ethyl)pyridin-2( lH)-one 
3-[(-4,7-dichloro-1,3-benzoxazol-2-yl)methyl]amino-5-ethyl-6- 
methylpyridin-2( 1H)-one 
(-)-P-L-5-fluor0-2‘ ,3’-dideoxy-cy tidine 
(-)-P-L-5-fluoro-dioxolane cytosine 
hydroxy-aminopentane amide HIV-1 protease inhibitor (Merck & Co) 
6-benzyl-1-ethoxymethyl-5-isopropyluracil (I-EBU, Triangle Pharma- 
ceuticalsMitsubishi) 
1 1-cyclopropyl-5, 1 l-dihydro-4-methyl-6H-dipyridol[3,2-b:2‘,3’-e] 
diazepin-6-one (Boehringer Ingelheim) 
non-nucleoside reverse transcriptase inhibitor 
l-benzyloxymethyl-5-ethyl-6-(alpha-pyridylthio)uracil (E-BPTU) 
[2-pyridylacetyl-IIePheAla-y(CHOH)I, (Dupont Merck) 
phosphonoformate (foscarnet, Astra) 
9-(2 phosphonylmethoxyethy1)adenine (Gilead Sciences) 
(R)-9-(2-phosphonyl-methoxypropyl)adenine (Gilead Sciences) 
hydroxyethylamine derivative HIV-1 protease inhibitor (Roche) 
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Abbreviations 

Abbreviations (cont) 

Compounds (cont) 
RPI-312 

RT 
S-2720 

SC-52151 
SC-55389A 
TIBO R82150 

TJBO 82913 

TSAO-m3T 

U-90152 

uc 
UC-78 1 

UC-82 

VB 11,328 

VX-478 

XM 323 

l-[(3S)-3-(n-alpha-benzyloxycarbonyl)-l-asparginyl)-~no-2-hy~oxy- 
4-phenyl-butyryl]-n-tert-butyl-l-proline amide (peptidyl protease in- 
hibitor) 
reverse transcriptase 
6-chloro-3,3-dimethy1-4-(isopropenyl-oxycarbonyl)-3,4-dihydro- 
quinoxalin-2( 1H)thione 
hydroxyethylurea isostere protease inhibitor (Searle) 
hydroxyethyl-urea isostere protease inhibitor (Searle) 
(+)-(5S)-4,5,6,7-tetr~ydro-5-methyl-6-(3-methyl-2-butenyl)- 
imidazo[4,5,l-jk][ 1,4]-benzodiazepin-2( 1H)-thione (Janssen) 
(+)-(5S)-4,5,6,7,-tetr~ydro-9-chloro-5-methyl-6-(3-methyl-2-butenyl)- 
imidazo-[4,S,ljk]-[ 1,4]benzo-diazepin-2( lit H)-thione (Janssen) 
[2’,5’-bis-O-(tert-butyl-dimethylsilyl)-3’-spiro-5‘-(4‘-amino-1’,2’- 
o x a t h i o l e - 2 ’ , 2 ’ - d i o x i d e ) ] - ~ - D - p e n t o f u r a n m i n e  
1-[34( l-methylethyl)-amino]-2-pyridinyl]-4-[ [5-[(methylsulphopyl)- 
amino]-1H-indol-2yl]carbonyl]-piperazine 
thiocarboxanilide derivatives (Uniroyal Chemical Co) 
N-[4-chloro-3-(3-methyl-2-butenyloxy)phenyl]-2-methyl-3-~an- 
carbothioamide 
N-[4-chloro-3-(3-methyl-2-butenyloxy)phenyl]-2-methyl-3-thiophene- 
carbothioamide 
hydroxyethyl-sulphonamide protease inhibitor (Vertex Pharmaceuti- 
cals) 
hydroxyethylsulphonamide protease inhibitor (Vertex Pharmaceuti- 
cals) 
cyclic urea protease inhibitor (Dupont Merck) 
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Introduction 

Viruses are obligatory parasites of cells. Thus it is expected that host cell factors contribute 
importantly to the life-cycle of viruses. In this section, we survey, for HIV-1, four types of virus- 
cell interactions. These four areas include: 1) DNA-binding proteins that recognize target motifs in 
proviral LTR; 2) RNA-binding proteins that bind HIV-1 RNAs; 3) cellular factors that form protein- 
protein complexes with HIV-1 regulatory proteins; and 4) cellular genes which are modulated upon 
viral infection. With rapid increases in knowledge in the area of virus-cell interactions, we anticipate 
that this initial survey would be expanded extensively in future editions of the data base. Additional 
discussions on HIV-cell interactions are found elsewhere (Jones and Peterlin, 1994; Jeang and Gatignol, 
1994; Garcia and Gaynor, 1994; Gatignol et al., 1996; Dayton, 1996). 

I. DNA-binding Proteins 

The promoter-enhancers of the human immunodeficiency virus (€3IV) are contained in the U3 of 
the viral long terminal repeat (LTR). HIV-1 U3 is typically 454 nucleotides long and has binding sites 
for many transcription factors. Some of these are diagrammed in figure 1. With the exception of NF-kB 
and Spl (Ross et al., 1991; Kim et al., 1993; Huang and Jeang, 1993; Huang et al., 1994), verification 
of the importance of the various sequences in viral contexts has not been directly performed. 

-357 -324 -254 -216 -174-159 -105 -80 -45 
AP-I/couP NFAT USF/NRF HIV-I 

LEF-1 PRDII-BFl LBP LBP 
IST 

USF PRDII-BFI -142 -122 454 n. 

YYI 
-17 i25 

Fig. 1. Diagrammatic representation of the positions in U3 and R for some of the DNA-binding proteins 
that recognize the HIV-1 LTR. 

Subgenomic assays in cultured cells indicate that the primary contributors to HIV-promoter ac- 
tivity are the NF-kB, Spl, and TATAA (sequences from +1 to -105; Berkhout and Jeang, 1992). 
Nonetheless, it is likely that other DNA-binding factors also contribute in vivo. Beginning directionally 
from the 5' end of U3, binding sites for AP-1 (a fos/jun hetero-complex; van Straaten et al., 1983; 
Hattori et al., 1988) and COUP (a member of the steroidthyroid receptor superfamily; Cooney et al., 
1991) are found between -324 to -357. Both COUP and AP-1 are expressed in human T-cells, and thus 
could compete with each other for the same proviral DNA sites during HIV-1 infection. 

More proximally, between -216 and -254 are binding motifs for nuclear factor from activated 
T-cells (NFAT; Shaw-e~aL,-l-988).-~A~is-an-intermediating transducer of signals initiated at the T-cell 
antigen receptor. Recent evidence suggests that NFAT binding activity is composed of three discrete 
polypeptides, NFATp (IvlcCaffrey et al., 1993), Fos and Jun (Yaseen et al., 1993). 
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In the region between -159 to -174 is a binding consensus sequence for USF (Gregor et al., 1990). 
USF was characterized initially as a positive activator of adenovirus major-late-promoter transcription. 
In the HIV context, there is conflicting information on whether this factor has moderating (and thus be 
regarded as a negative regulatory factor; NRF; Lu et al., 1990) or stimulating (Maekewa et al., 1991) 
effects. Interestingly, USF also binds a second unrelated sequence (-5 to +11) that surrounds the HIV-1 
initiator (Hu et al., 1993). USF interaction at the initiator-proximal site activates strong expression 
from the TATAA-promoter (Hu et al., 1993). Of note, a factor distinct from USF, but which binds the 
same DNA-sequence, has also been cloned and characterized (TFE3; Bechmann and Kadesch, 1991). 

LEF-1 is a T-cell specific transcription factor (Waterman and Jones, 1990). Once bound to its 
cognate site, LEF-1 bends DNA and thereby facilitates the assembly of nucleoprotein complexes at the 
promoter (Giese et al., 1992; reviewed in Jones and Peterlin, 1994). A high affinitiy LEF-1 binding site 
is present at -122 to -143. Two low affinity binding sites exist at -37 to -51 and +17 to +32 (Waterman 
and Jones, 1990). 

NF-kB (Nabel and Baltimore, 1987) and Spl (Jones and Tjian, 1985; Jones et al., 1986) motifs are 
perhaps the best characterized sequence elements in the HIV-1 LTR. These sequences directly impact 
viral replication (Ross et al, 1991; Kim et al., 1993; Huang and Jeang, 1993; Huang et al., 1994), viral 
transcription (Hanich et al., 1990; Berkhout and Jeang, 1992; Pazin et al., 1996), and Tat transactivation 
(reviewed in Jones and Peterlin, 1994; Jeang and Gatignol, 1994). For more extensive discussions of 
the biochemical and functional properties of NF-kB (Ghosh et al., 1990; Kieran et al., 1990; Nolan et 
al., 1991; Liou et al., 1991; and references cited therein) and Spl (Dynan and Tjian, 1983; Briggs et 
al., 1986; Kadonaga et al., 1987; and references cited therein), readers should consult elsewhere. 

PRDII-BF1 is a 300 kDa zinc-finger containing protein (Baldwin et al., 1990; Seeler et al., 1994). 
PRDII-BF1 recognizes and binds the NF-kB motif; however, it also binds a divergent sequence in R 
(+27 to +52; Seeler et al., 1994). 

Positioned at the junction of U3 and R are sites for LBP (Yoon et al., 1994) and YY 1 (Useheva and 
Shenk, 1994; Set0 et al., 1991). While the role for LBP in HIV-1 transcription is not wholly understood 
(Jones et al., 1988; Kat0 et al., 1991), binding of YY1 to the LTR has been shown to repress HIV-1 
expression and production of virions (Margolis et al., 1994). Besides LBP and YY1, a DNA-mediated 
activity for the induction of short transcripts (IST) has also been mapped to the same general vicinity 
(-5 to +26; Sheldon et al., 1993). The cDNA for the cellular factor that mediates IST-activity has not 
been isolated, and thus the authentic identity of this factor is unknown. HIP 116 is another newly cloned 
cDNA that binds to the TATAinitiator of the HIV-1 promoter (Sheridan et al., 1995). 

There are a number of reports of sites for DNA-binding proteins in the HIV-1 genome that occur 
downstream of the +1 start for transcription. These include NF-kB motifs (Mallard0 et al., 1996) and 
sites for AP-1, AP-3-like, DBF-1, and Sp-1 (El Kharroubi and Martin, 1996). The full implication of 
these downstream DNA-motifs in the setting of HIV-1 infection remains to be clarified. 

II. RNA-binding Proteins 

In recent years, it has become evident that RNA-binding proteins play important roles in gene 
regulation (see reviews, Keene and Query, 1991; Mattaj, 1993; Burd and Dreyfuss, 1994). For HIV-1, 
cellular proteins that bind viral regulatory RNAs have been studied in detail. In particular, at least 
eight host cell factors have been described to bind TAR RNA. Similarly, two RE-binding factors have 
been characterized. There are also biologically compelling reasons as to why TAR- and RRE- binding 
proteins are meaningful contributors to the HIV-1 lifecycle. 

The HIV- 1 leader RNA, TAR, forms a stem-bulge-loop structure of approximately 60+ nucleotides 
(Muesing et al., 1987; Berkhout and Jeang, 1989). Early, it was reported that many human cellular 
proteins bound TAR RNA (Gatignol et al., 1989; Gaynor et al., 1989). Since then, some of these factors 
have been defined further. Tabulating from extant studies, eight proteins associate with either the bulge, 
loop, or stem of TAR RNA (see fig. 2). TAR loop-binding proteins include p68 (Marciniak et al., 1990), 
and TRPl/TRP185 (185 kDa; Sheline et al., 1991; Wu et al., 1991), while TRP2 (70-110 kDa; Sheline 
et al., 1991) binds to TAR-bulge. Proteins that complex with the double-stranded stem of TAR RNA 
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consist of Pl/dsI (newly renamed as PKR, McCormack et al., 1992; Roy et al., 1991), SBP (140 kDa; 
Rounseville and Kumar, 1992), and TRBP (Gatignol et al., 1991; Gatignol et al., 1993). Two human 
autoantigens have been identified as TAR RNA-binding factors: Lupus antigen Ku (Kaczmarski and 
Khan, 1993) binds to the loop of TAR, while La (Chang et al., 1994; Svitkin et al., 1994) recognizes 
U-residues within the overall context of the TAR secondary structure. 

Ku, p68 G G  
U G  

C G  
C A  TRPIflRP185 

G C  
A U  
G C  

U 

U 
C TRP2 

A U  
G C  
A U  
C G  
C G  

G C  
A 

A U  
TRBP, PKR, U A  

U A  
SBP, La G C  

G U  
U A  
C G  
U G  
C G  
U A  

U A  
G C  
G C  
G C  

C 

A 

TAR 1 

Fig. 2. Structure of the HN-1 TAR RNA. Identities of the proteins that bind to the loop, bulge or stem 
of the TAR hairpin are indicated. 

Recently, additional TAR-RNA-binding proteins and co-factors have been reported. Wong-Staal 
and colleagues have described the binding of TARBP-b (Reddy et al., 1995) to the bulge structure of 
TAR. A set of cellular co-factors that enhances the binding of TRP 185 and RNA polymerase II (RNAP 
11) to TAR have been described by Gaynor and colleagues (Wu-Baer etal., 1996a; 1996b). Finally, Hart 
and co-workers have characterized the elusive human chromosome 12-associated TAR loop-binding 
factor as an 83-kilodalton primate cell-specific protein whose expression is constitutively absent in 
hamster cells (Hart et al., 1995). 

RRE-binding proteins have also been studied extensively. We know that TRBP also can bind 
RRE (Park et al., 1994). A 56 kDa factor (Vaishnav et al., 1992) and a 49 kDa protein that belongs to 
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the heterogeneous nuclear ribonuclear protein family (Xu et al., 1996) have been reported to bind RRE. 
Two other factors of 120 kDa and 60 kDa in molecular size have been reported to be primate-specific 
RRE-binding factors that are not expressed in rodent cells (Shukla et al., 1994). It is expected that other 
RRE-factors would emerge from future studies. How these, as yet poorly characterized, factors might 
contribute to Rev/RRE function is reviewed in detail elsewhere (Dayton, 1996). 

m. Protein-protein interactions 

Protein-protein interactions are well-documented to be important in gene regulation (see reviews, 
Lewin, 1990; Greenblatt, 1991). Recent studies suggest that many HIV-1 proteins complex with host 
cell factors. We briefly describe below some examples pertaining to Tat, Rev, Gag, and Nef. 

Although Tat is best known for transcription, it has other functions (Huang et al., 1994; reviewed 
in Chang et al., 1995; Goldstein, 1996) and has been reported to be a secretable factor that promotes the 
growth of Kaposi-like cells (Ensoli et al., 1990). There is evidence that Tat can be taken up actively into 
cells (Frankel and Pabo, 1988) through binding to a cell-surface protein (Weeks et al., 1993) implicated 
to be a,P5 integrin (Vogel et al., 1993). Once inside cells, Tat interacts with multiple partners in 
activating transcription (see also Tat Structure and Function section; Part III). 

Two factors that bind Tat are themselves critical components of the eucaryotic RNA polymerase 
11 transcription machinery. Genetic evidence supports a critical role for Spl in HIV-1 Tat-mediated 
transactivation (Harrich et al., 1989; Kamine et al., 1991; Southgate and Green, 1991; Berkhout and 
Jeang, 1992). Interestingly, direct protein-protein interactions between Tat and Spl (Jeang et al., 1993) 
and Tat and the thyroid hormone receptor (which in certain cells bind at the Spl sites in the HIV-1 
LTR; Desai-Yajnik et al., 1995) have been documented. In addition, there is evidence that Tat also 
contacts TBP (Kashanchi etal., 1994) and that Tat-Spl-TFIID could present as a multiprotein complex 
(Huang et al., 1993) inside cells. The critical nature of Tat-TBP contact has been questioned recently 
(Wang et al., 1996). These investigators found that a trans-activation defective Tat protein bound TBP 
with the same avidity as wild type Tat protein, suggesting that binding to TBP cannot solely reflect the 
trans-activation property of Tat. 

A large family of proteins related to the 26s protease from human erythrocytes (Dubiel et al., 
1994) are Tat-binding polypeptides. Members of this family include TBP-1 (Nelbock et al., 1990; 
Ohana et al., 1993), TBP-7 (Ohana et al., 1993; Shaw and Ennis, 1993), MSSl (Shibuya et al., 1992), 
and SUGl (Swaffield et al., 1992). The exact role of this family of proteins in cellular metabolism 
is not wholly clear; however, the 26s protease seems to regulate the degradation of some cyclins and 
in this manner has been implicated in modulating the stability of oncoproteins such as c-Mos, c-Myb, 
c-Myc and p53 (Dubiel et al., 1994). 

Other cellular proteins, a 36 kDa protein (Desai et al., 1991), a 60 kDa protein (Kamine et al., 
1996), and different cellular protein kinases (Hermann and Rice, 1993; McMillan et al., 1995; Zhou 
and Sharp, 1996; Chun and Jeang, 1996), have been reported to bind Tat. Mavankal and colleagues 
have suggested that RNA polymerase 11 (RNAP 11) is itself a specific Tat-binding protein (Mavankal et 
al., 1996). The findings that RNAP 11 and kinases that phosphorylate RNAP I1 are Tat-binding factors 
suggest that these components contribute a part to explaining Tat function in transcription. 

Multiple cellular factors also interact with Rev. Rev localizes to the nucleoli, and work by 
Laemmli and colleagues (Fankhauser et al., 1991) and others (Miyazaki et al. 1995; Szebeni et al., 
1995) have demonstrated a tight association between the basic nuclear-localizing domain of Rev and 
nucleolar B23 protein. This protein-protein complex likely directs the subcellular localization of Rev. 

By contrast, many investigators have studied the nuclear export function of Rev (Fischer et al., 
1994; 1995; Wen et al., 1995; Myer et al., 1996; Fridell et al., 1996). Using the yeast two-hybrid 
cloning approach, three groups have isolated closely related nucleoporin proteins that bind wild type 
but not mutant Rev (Fritz et al., 1995; Bogerd et al., 1995; Stutz et al., 1995). These results suggest 
that the nucleoporin class of proteins are the Rev activation-domain specific co-factors involved in the 
nuclear to cytoplasmic export of RNAs. 
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Rev function can also be modulated by associations with other cellular factors. Two additional 

proteins have been shown to bind Rev. These are translation factor eF-SA (Ruhl et al., 1993; Bevec 
et al., 1996), and serine-arginine (SR)-rich factors (Gontarek and Derse, 1996) such as the p32 protein 
(Luo et al., 1994; Tange et al., 1996) originally characterized by Krainer and colleagues (Krainer et 
a[., 1991) as a splicing factor-SF2-associated polypeptide. SR-rich proteins can also bind to the basic 
domain of the HIV-1 and HIV-2 Tat proteins (Trinh and Jeang, unpublished observation; B.R. Cullen, 
personal communication). 

Other less-characterized Rev-binding proteins include human prothymosin alpha (Kubota et al, 
1995) and nuclear lamin B (Nikolakaki et al, 1996). 

Both HIV Gag and Nef also have cellular partners. p55 and p24 Gag bind cyclophilin A and 
cyclophilin B proteins (Luban et al., 1993). The cyclophilins are cellular polypeptides originally 
characterized for their specific binding to cyclosporin A. 

Nef has been found to bind p-COP, a coat protein from non-clathrin-coated vesicles (Benichou et 
al., 1994). This interaction may be important in promoting the intracellular sequestration of CD4. Nef 
has also been shown to interact directly with CD4 (Rossi et al., 1996). Recently many kinases have 
been described to associate with Nef (Sawai et al., 1994; Saksela et al., 1995; Bodeus et al., 1995; Luo 
and Garcia, 1996). The identity of some of these kinases include Lck (Salghetti et al., 1995; Collette 
et al., 1996), Hck (Lee et al., 1995), and PAK (Nunn and Marsh, 1996). Undoubtedly, there is much 
more to be learned from this area of research. 

IV. Cellular Genes Modulated by HIV 

Infection of cells by HIV results in activation and repression of many cellular genes. Because 
of the complexity of ambient gene expression inside cells, it is logistically difficult to dissect those 
genes that are upregulated from those that are downregulated from others that remain unperturbed. 
Nevertheless, several examples of genes that respond to HIV.infection are known. Some of these 
include IL-2 (Westendorf et al., 1994), IL6 (Scala et al., 1994), and TGF-f? (Buonaguro et al., 1994; 
Rasty et al., 1996). 

Recent investigations have shown that HIV-1 proteins such as Tat and Nef potently affect cellular 
metabolism. Tat, for example, has been shown to modulate the expression of cytokines including 
MIP-1 alpha (Sharma et al., 1996), second messengers including nitric oxide (Barton et al., 1996), 
and housekeeping genes such as Bc12 (Zauli et al., 1995a). Both Tat and Nef participate in signal 
transduction pathways that include NF-kB (Demarchi et al., 1996), phosphatidylinositol kinase (Zauli 
et al; 1995b; Gramagli et al., 1996), and protein kinase C (Conant et al., 1996) 

The identification of genes modulated by HIV has been based on classical approaches; however, 
with !he advent of mRNA differential display technology (Liang and Pardee, 1992) the exhaustive 
characterization of cellular genes that respondto infection by HIV should be accomplished with greater 
ease. One such example has recently been reported. Zeichner and colleagues, using a differential display 
approach, found that expression of the human glucose transporter protein (GLUT3) is upregulated by 
HIV-1 infection. We anticipate reports on others, shortly. 
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For more than three decades, molecular mimicry has been considered a contributing factor in 
viral pathogenesis. The phenomenon comes about when viral antigens share epitopes with host cell 
proteins. Because tolerance is thought never to be complete, the mimicking microbe can induce 
anti-self antibodies, a state of autoimmunity, with resulting immunopathogenesis. This mode of attack 
seems preeminently possible with immunosuppressive viruses such as HSV-1 and HIV; it is also thought 
likely when cross-species-induced pathogenesis is involved. For some general discussions of molecular 
mimicry and autoimmunity brought about by viruses, see [1,2]. 

In the context of AIDS pathogenesis, some have argued over the years that HIV mimicry could 
be the crucial factor in the disease expression, for example [3-71. If this be so, clearly the chances for 
a safe and successful HIV vaccine are seriously weakened [8,9]. Thus it is of considerable interest to 
examine mimicry claims that have been brought forward over the last decade of AIDS research. In this 
section, we offer a general critique of mimicry claims in so far as they have been based upon sequence 
similarities; experimentally-derived data will be cited on occasion, however the focus is primarily upon 
amino acid sequences and peptide structures. For his reason, this section appears in both the genetic 
and immunologic sections of the 1996 database compendium. 

A. PROLEGOMENA 

An important distinction that is often blurred in the literature is the distinction between similarity 
and homology. The correct meaning of similarity, according to the prevailing school of thought, is as an 
empirical relationship that can be quantified; whereas homology is an inference, a qualitative prediction 
about common ancestry [lo-121. Accordingly, it is impossible to prove that any two sequences are not 
homologous [12]. Two sequences can be similar without being homologous as a result of evolutionary 
convergence, and we imagine this to be the basis for viral molecular mimicry. 

From this point of view, it is careless to speak of homologies in the context of mimicry, which 
by definition implies similarity. A pair of sequences, or a pair of structures, can be lo%, 30%, 95% ... 
similar, but they are either homologous or they are not; philosophers speak of the first kind ofjudgement 
as determinate, whereas the judgement about homology is indeterminate. Finally, the term similarity 
usually makes allowances for equivalencies as well as identities: the amino acids serine and threonine 
may be regarded as equivaIent in certain positions in a character string, and a scoring matrix would 
assign partial credit to one substituted for the other. 

Sequences with similarity of 50% or more will typically have similar structures, although it is now 
well-known that two identical pentapeptides could have different shapes or presentations in space [ 131. 
On the other hand, sequences that are marginally similar, say 30%, may have equivalent structures, thus 
it is not a trivial matter to show that two dissimilar sequences are also structurally dissimilar. While the 
emphasis herein will be upon sequence similarities, the complex relationship between sequence space 
and shape space must be held in mind throughout. 

Moreover, it may be the case that for effective breakthrough of tolerance a mimicking epitope of 
a virus will not be perfectly identical to the host “self” protein. For example, an experimentally-verified 
mimicry between rabbit myelin basic protein (MBP) and hepatitis B virus polymerase (HBVP) is [2]: 

MBP TTHYGSLPQK 

HBVP IGCYGSLPQE 
YGSLPQ 

In other cases, however, it is known that a single amino acid replacement can alter binding of an 
antibody to a protein [14]. 
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We understand that some epitopes are discontinuous. Mimicry involving these epitopes will not 
be addressed herein. Antigen presentation is yet another complexity that will be sidestepped. 

It is tempting to evaluate mimicry claims by invoking secondary structure prediction algorithms 
such as SOPM, discussed in an accompanying Part III section of the 1996 compendium. But we 
must also keep in mind long-range interactions, oligomerization, and protein residue modification 
(phosphorylation, glycosylation, etc.), all of which can invalidate judgements based on the primary 
sequence comparison and secondary structure prediction. Furthermore, we must ask whether the 
putative mimicking epitope on the viral antigen represents a host “self” peptide that is similarly presented 
on a surface [15]. 

It would appear from these manifold complications that mimicry can only be satisfactorily cri- 
tiqued from an experimental standpoint, and indeed Oldstone emphasizes testability in his review of 
viral mimicry (see figure 1 in reference 2, for example). Be that as it may, untested mimicry hypotheses 
fill the literature of HIV-some have gained strength from time alone-and therefore critique at the 
sequence level might provide some insight in the absence of experimental test. 

It occurs to us, in particular, that many mimicry claims made on the basis of suspected sequence 
similarities in the 1980’s should be revisited today when the database is orders of magnitude larger. 
If mimicry is a pervasive factor in AIDS pathogenesis, then the sequence/structural similarity would 
probably be observed across many diverse variants and homologous types. In 1987, for example, 
a borderline similarity between HIV envelope and a molecule called neuroleukin was claimed; the 
story was an intriguing one in so far as it offered a basis for AIDS neuropathogenesis [16]. An 
experiment performed with an SIV envelope accompanied the sequence claim, but unfortunately the 
authors neglected to also assess the similarity between the SIV envelope and the so-called neuroleukin 
molecule, which turned out to be weaker than borderline. It was subsequently shown that the putative 
neuroleukin was, in fact, a commonplace enzyme; yet the neuroleukin hypothesis for AIDS-related 
neuropathy persisted in the literature after the sequences and experiment had been fully critiqued [3]. 

In the following section, we shall first discuss the potential contribution of compositional simi- 
larities to mimicry. Subsequent sections will include, among other things, a catalog of mimicry claims 
related to HIV envelope protein. At a later time, this discussion might be expanded to cover other HIV 
proteins, especially Gag and Nef epitopes, which are also thought to be involved in mimicry (see Part 
111 section on Alignqents, Database Searching, and Structure Prediction). 

B. COMPOSITIONAL CONSIDERATIONS 

One strategy for discovering similarities between HIV antigens and host proteins is to start with 
the amino acid composition of the former. Lentiviruses have skewed base compositions (high A, low 
C) and unusual codon preferences that result in significant compositional differences from what is 
generally seen in the PZR and Swiss-Prot protein databases [17]. HIV has a relatively high tryptophan 
content, for example, and tryptophan is one of the least frequently found amino acids in eukaryotes 
and most viruses. Polar residues are relatively high in HIV. Starting from this fact, Fitzgerald and 
coworkers cataloged microbial sequences that shared with HIV the unusual base composition [18]. 
Of these, most were bacterial virulence factors, Le., surface antigens, hence the authors speculated 
about similarities of immune dysfunction brought about by such diverse pathogens as protozoans, 
Pneumocystis, Treponema, and HIV. While the Fitzgerald study does not direct itself to HIV mimicry 
of host antigens (so much as it is concerned with antigen switching), the overall premise is heuris- 
tic: mimicry probably begins with gross similarities-similar charge, similar presentation, similar 
extent of glycosylation, etc. PROPSEARCH (http://www.heidelberg.de/aaa.html) and AACompIdent 
(http://expasy.chuge.ch/ch2d/aacompi.html) are two programs accessible through Internet for identify- 
ing a protein from its amino acid composition. 

Taking a more focused approach from what has just been described for HIV and compositional 
similarities, Douvas and Sobelman conducted sweeping sequence comparisons involving three pre- 
selected sequence sets: a set of nuclear antigens, some of which are known to be involved in autoimmune 
disorders; a set of viral proteins, some of which are related to immunosuppression; and a set of 41 control 
proteins not known to have autoimmune significance I: 191. Pentameric and hexameric similarities were 
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found to the human nuclear antigens in both the viral and control sets, but an excess of “hits” was 
observed for viral proteins and two nuclear antigens-the 70 kDa component of RNP particles, which 
is characteristically involved in mixed connective tissue disease (MCTD), and CENP-B, a centromere 
protein which is associated with scleroderma. Both proteins are highly hydrophilic. Several viruses, 
HIV-1, HSV-1, EBV, SRV-1, and CMY, were implicated. The proposed matches to HIV were to both 
gp120 and gp41, and because the strongest instances involved the 70 kDa splicing protein, the authors 
followed that up in [20]. 

The similarity between HIV-1 gp41 and the hydrophilic COOH-terminus of the 70 kDa ribon- 
cleoprotein component has undeniable compositional implications, as is evident beIow 

Hh’fM COnSenSUS (gp41) GPDRPEGIEEEGGEQDRDR 
GPD P G EE G ++DR R 

Ul-snRNP 70 kDa GPDGPDGPEEKGRDRDRER 

A comparable situation of sequence compositional bias is found with a stretch of the HIVJSIV 
Nef protein and the CENP-B centromere antigen studied in [19]: 

Hh’fM Consensus Wef) DDWDDEDEEEVGFP 
DD D+ED +EV +P 

CEW-B DDDDEEDGDEVPVP 

These alignments were taken from a Smith-Waterman (S-W) search using an HMM-generated 
consensus for HIVs, as described in an accompanying section of Part III of the 1996 compendium. The 
log-odds score in each case (in bits) is about 1, which implies a two-fold greater than even probability 
that the similarity does not obtain from chance alone; as a rule a score should be 20 or more to have 
high specificity. The similarities and the marginal scores seen in these alignments stem from the low 
complexity (relative monotony) of the sequences involved. 

The HMM Env consensus, which was generated from about 400 HIV and SIV sequences, extends 
the observations of [19] and [20] to primate immunodeficiency viral sequences in general, but it also 
reveals the ease with which such a weak match can be found: for comparison, the similarity score 
between the relevant region of gp41 and the homologous CAEV transmembrane protein is 5.5, not a 
high score but more than twenty-fold higher than the score implied by 1. This is not itself a judgment 
that the mimicry claim is false; rather, it merely points to a weakness in the sequence argument that led 
to, and helps sustain, the claim. Supporting the claim are the observations that: 1) the COOH-terminus 
of the 70 kDa can itself beget autoantibodies (which can interfere with splicing function); 2) the region 
of gp41 involved is known to be immunogenic; 3) similarities, however lacking in complexity, are found 
in clusters rather than at a single locus; 4) the authors find a 50 to 100% enhancement over control 
sera of binding of anti-RNP antibodies to gp41 in an ELISA assay; and 5 )  HIV sera show reactivity to 
snRNP 70 kDa in western blotting [ZO]. 

In the face of weak similarities such as those shown above, it is instructive to search a database 
larger than 41 control proteins to discover the ease with which matches to the 70 kDa and gp41 regions 
in question are encountered. Running a BLASTP search with the 70 kDa splicing protein sequence 
(BLAST also computes log-odds scores), more than 900 matches can be uncovered which have scores 
and Poisson probabilities superior to those associated with the relevant gp41 fragment. Among viruses, 
many represent more likely matches to 70 kDa peptides than does HIV gp41; and not all of these possibly 
mimicking viruses are immunosuppressive (e.g. human papillomaviruses). Hence, what we might call 
“dry mimicry” (computer-based similarity) of the 70 kDa splicing protein may be commonplace; it 
remains to be seen how extensive the “wet mimicry” will be. 

If gp41 mimics the 70 kDa splicing protein, it might also have the potential to mimic other 
cellular proteins on the same basis of hydrophilicity. BLASTing the database for other matches to 
just the relevant C-terminal portion of the HMM consensus gp41 sequence produces an array of weak 
matches to several cellular proteins. One of the strongest of these borderline matches is indeed the 70 
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kDa RNP (Poisson probabilities between 0.07 and 0.1 1). This is in some contrast to the comparatively 
weaker score from the S-W search based on the entire HMh4 consensus for Env (see above). 

Mimicry analyses can also be fruitfully conducted using the BLOCKS database, version 9.1, 
which consists of 3300 multiply aligned, gapless arrays of similarities and which features position- 
dependent scoring [21,22] (http://www.blocks.fhcrc.org). The s n W  family of proteins is represented 
in the BLOCKS database as three blocks, BL00030A,B,C, the third of which is most representative of 
the COOH-terminus of the 70 kDa splicing protein. One of the distinct advantages of the BLOCKS 
search strategy is that clusters of similarity can be identified. A search of the database using the relevant 
COOH-terminus of the gp41 consensus sequence did not reveal a significant match to any of the 3300 
blocks. We will have reason to return to the BLOCKS search strategy below. At this point in our 
assessment, we have some experimental evidence in support of the claim, but the sequence arguments 
that underpin the claim appear to be insignificant. 

Before leaving the topic of compositional bias, a brief comment about probabilities is in order. 
A priori probabilities based on the fraction 1/20 raised to some power are generally neither accurate 
nor useful for sequences of epitope length; they typically underestimate the likelihood of meaningless 
similarities, especially when compositional bias is present. In general, statistical relationships between 
a query sequence and target database sequences will be strongly affected by sequence length and 
composition, and the presumption of a normal distribution in sequence searching can distort the results 
[23]. Log-odds scores, used in PAM matrices, BLAST, and =-related database searching, are more 
trustworthy. For example, the W S - W  search strategy [24], 

where the alignment of each sequence in the database, Si, is compared to both the HMM generated 
model, M ,  and a random model, R. The latter should have the same amino acid composition as the 
database at large and it should be as likely, a priori, as M. The log-odds score corrects for sequence 
length. With BLAST, as we have seen in a previous paragraph, Poisson probabilities are also calculated 
and reported alongside the log-odds score [25]. Output from a BLOCKS search includes a nomogram 
to assist the user in interpreting the probability of a chance similarity. 

C. SEQUENCE DEGENERACY and MIMICRY 

A second mimicry claim regarding HIV envelope and the 70kDa splicing protein involves the 
well-studied gp120 V3 loop of the former and the nucleic acid binding sequence of the latter, both 
of which are immunogenic [20]. In this instance, low complexity, or compositional uniformity, is not 
obviously involved; on the other hand, widespread variability in the V3 loop calls into question the 
breadth of the claim: 

Hw-1 IIIB RGPGRAFVTIGK 
Ul-SnRNP 70 kDa KPRGYAFIEYEH 

HIV-1 B subtype consensus IGPGRAFYTTGE 
mawrkvwfar-d 
lqlkqtlhr-eq 
v qwssvv-ark 
t f ggiigidg 
f a -ryrsnkr 
k g qmwvkta 
r v xsdysnn 
s s tt yqh 
y t x pss 
m xp 

The authors in [20] took note of the similarity between the HIV-1 IIIB V3 loop and the 70 kDa 
splicing protein, shown in the top two lines of the alignment. Shown below them is the comparison 

IV-17 
DEC 96 

http://www.blocks.fhcrc.org


HIV and Molecular Mimicry 

with the B subtype consensus sequence and in lowercase letters, in descending order of frequency, the 
observed replacements at the various positions in B subtype loops as catalogued in Part III of the HIV 
database compendium. Other HIV-1 subtypes, A, D, E, 0, etc., manifest variable V3 loops and HIV-2s 
have a very different sequence and structure altogether. This raises the question whether mimicry occurs 
with select variants when it doesn’t occur throughout a viral type. 

We do not find that the HMM consensus for the HIV/SIV V3 loop region takes part in any 
significant matches in a S-W/HMM search. Furthermore, a meaningful similarity is not found in a 
BLOCKS database, even though the 70 kDa region of interest, the nucleic acid binding sequence, is 
represented as block BL00030B. On the other hand, reactivities between anti-FWP sera and the IIIB V3 
antigen in an ELISA assay were found to be as great as those between HIV positive sera and the IIIB 
loop. Furthermore, in one MCTD patient who was infected with HIV, anti-V3 and anti-70 kDa titers 
were observed to vary in tandem [20]. Finally, we should note that an established case of mimicry, 
the rabbit myelin basic protein and the hepatitis B viral polymerase discussed above, would not yield 
significant BLAST similarity. 

We must tentatively conclude that some serological effects are being captured, yet we must also 
wonder how extensive they can be given the well-documented sequence degeneracy. (It is conceivable 
that some of the V3 loop sequences in the database were taken from defective viruses, but it is also 
certainly the case that the IIIB loop sequence is not the only viable sequence.) Finally, it is simply 
possible that the effects seen for the mB V3 and the 70 kDa RNP component are not biologically 
significant, in spite of the cross-reactivities and some sequence Similarity (however weak) [26]. 

HIV is one of the most degenerate (variable) microbial pathogens. The previous example suggests 
that hypotheses based on sequences from the earliest characterized HIV-1 strains, such as IIIB, may not 
be indicative of a general picture of mimicry, unless viral mimicry is thought to be sometimes particular, 
rather than being uniformly generic. The following table of mimicry claims in the literature involving 
HIV envelope and host-cell proteins sequences attempts to summarize this situation. The summary is 
not exhaustive, but it covers the majority of claims about mimicry involving HIV gp120 and gp41 and 
known host protein sequences. The table lists the original claim, reports a best individual match set 
(first three columns), then presents the claim in light of the variation encountered in both the viral and 
the cell protein (fourth column). HMM-generated consensus sequences have been taken from Part 11 of 
the 1996 database compendium; their generation is discussed in a separate section of Part LII. In some 
instances, a consensus could be deduced for the cellular protein (fourth column). 

One immediately notes that amajor fraction of the HIV envelope mimicry claims involve immune- 
related host proteins-HLA, Ig, complement, etc. This is partly an historical artifact: many of these 
claims were brought forward in the 1980’s when an overabundance of immunoglobulin-related se- 
quences was present in the protein libraries, hence a database search with any query sequence was 
likely to stumble upon borderlink.matches to immune-related molecules [23,27]; and in the case of an 
HIV sequence query, any connection to immunopathology is suggestive. This situation was of course 
exacerbated by the fact that the full range of HIV variation was unappreciated at the time. 

Many of the claims included in the table have been critiqued at the bench by Neurath and coworkers, 
who simply conclude that “immunization with gp120/gp160 is unlikely to elicit harmful autoimmune 
responses” [8]. 
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Protein 
Coordinate Sequence 

I 

Source Consensus Ref 

88-97 NHKPSNTKVDK nHKPSNTKVDK 28 
55-65 DAKAYDTEVHN dakay?tevhn 

DAKAYDTEVHN 

IgG1, IgG2, IgG3 

Most-likely HIV12-SIV 
HIV-l/gp120@J258A) 

142- 151 
275-280 
251-260 

WSTGLIHNG 
VQLIRN 
WSTQLLLNG 

29,30 
5 

wst?(?)li?ng HLA DR I1 beta 
Fas antigen 

Most-likely HIVl2-SIV 
HIV-llgpl20 (IBNG) wstqlllnG 

WSTQLLLNG 

HLA DR alpha 

Most-likely HIV 12-SIV 
HIV- l/gp 120 (2HT596.4) 

28-40 
270-282 

EEHVIIQAEFYLN 
EEWIRSANFTDN 

29 
e (3) e??irsen?tnn 
EEIVIRSENFTDN 

HLA class I C alleles 

Most-likely HIV12-SIV 
HIV-llgpl20 (HXB2R) 

66-69,79-82 KYKR, RKLR 
485-487,500-503 KYK, KAKR 

31 
KYK, ?(?)akr 
KYK, KAKR 

115-124 
292-301 

VEINCTR 
VEINCTR 

6,32 Fas protein 

Most-likely HIVl2-SIV 
HIV- llgp 120 v?rnctr 

VEINCTR 

33,6,5 60-64 
108-112 

CD4 receptor 

Most-likely HIV12-SIV 
HIV- llgb120 (IBNG) 

SLWDQ 
SLWDQ slwd?q 

SLWDQ 

189- 199 
30-40 
30-40 
164-174 

CDIFTNSRGKR 
CDAFCSIRGKR 
CDAFCSSRGKV 
FNISTSIRGKV 

34,35 
34,35 
34,35 

RV glycoprotein 
a-cobratoxin 
a-bungarotoxin 

Most-likely HIVlZSIV 
HIV- l/gp 120 €n?tt??rdk? 

FNITTEIRDKK 

PILILKQMCHKVRILMCISQT 6,5,36 
PIPIHYCAPAGFAILKCNNKT pipihycapagfailkcndk? 

PIPIHYCAPAGFAILKCNDKK 

TCR alpha-chain 

Most-likely HIV 12-SIV 
HIV- llgp120 

26-46 
212-232 

QQHPGKAPKLVI 
QRGPGRAFWTI 

QQkPGkAP? ? iI 
???gpg?(??)a€y??t 
TIGPGQAFYATG 

37 Ig light chain V region 

Most-likely HIV 12-SIV 
HIV- l/gp120 (NL43) 

37-48 
308-328 

319-330 
3 16-423 

KPRGYAFIEYEH 
RGPGRAFVTIGK 

20 
?gpg? (??)afy? (? )  tg? 
IGPGQAFYATED 

70 kDa splicing protein 

Most-likely HIVl2-SIV 
HIV-l/gpl20(LAI) 

29-39 
453-463 

LLHSDGFDYLN 
LLTRDGGNSNN 

37 Ig light chain V region 

Most-likely HIVl2-SIV 
HIV- 1 lgpl20 (HXB2R) 

LL??Dg????n 
lltrdgg(??????)n??? 
LLTRDGGDNNSTN 

CSTDINGYFLF 
CSSNITGLLLT 

38 Ig light chain 

Most-likely HIV12-SIV 
HIV-l/gpl2O (LAI) 450-460 c?snitGlllt 

CSSNITGLLLT 

rheumatoid antigen (70-kDa) 488-492 

Most-likely HIVIZSIV 
HIV-l/gpl20 (IBNG) 462-466 

GGGDM 
GGGDM 

19 
gggdm 
GGGDM 
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gP41 
Protein 

Source Coordinate Sequence Consensus Ref 
HLA DR I1 alpha 169-1 83 VEHWGLDQPL vehwgld?PL 29 
HIV-l/gp41 (SF1703) 588-597 VERYLKDQQL vErylkd?qql 
Most-likely HIV12-SIV VERYLKDQQL 

rheumatoid antigen (70-kDa) 407-413 RDRDRDR 19,20 
rheumatoid antigen (70-kDa) 524-528 RDRDR 
rheumatoid antigen (70-kDa) 542-552 RDRDRDRDRDR 
HIV-l/gp41 (SF2) 739-743 RDRDR ?drdr 
rheumatoid antigen (70-kDa) 562-566 ERGRD 
HIV-lIgp41 (ELI) 737-741 ERGRD e?drdr 
Most-likely HIV 12-SIV ERDRDR 

rheumatoid antigen (CENP-B) 428-433 EEEGGE 19 
HIV-l/gp41 (SF1703) 739-744 EEEGGE eeeGGe 
Most-likely HIV12-SIV EEEGGE 

HLA DR I1 beta 19-25 NGTERVR ngterv? 39,40,41,3 
HIV-I/ gp41 (LAI) 829-835 EGTDRVI egtDrvi 
Most-likely HIV 12-SIV EGTDRVI 

IL-2 34-39 LEHLLL 42,43 
HIV-l/gp41 (LAI) 856-861 LERILL 1eraLl 
Most-likely HIV 12-SIV LERALL 

D. CONCLUDING REMARKS 

Molecular mimicry involving viral peptides does occur, however the extent and specificity are not 
easy to establish. By the nature of the problem, short, typically hydrophilic, sequences are involved, 
making rigorous similarity searches difficult. At a minimum, sequence analysts must critique their 
claims with respect to 1) compositional factors; 2) statistical significance; and 3) sequence degeneracy. 
Other important considerations include secondary and tertiary structure, amino acid modifications, and 
insignificant cross-reactivities, that is to say in vitro cross-reactivities that have no biological meaning. 
Whether autoimmune complications play a major or a negligible role in AIDS pathogenesis remains to 
be seen. 
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V 
Communications 

Part V of Human Retroviruses andAZDS I996 is divided into two sections. The first introduces ways 
of accessing HIV information from the World Wide Web (WWW), the second is a list of references. 

HIV Information on the World Wide Web 

All of the information in Human Retroviruses and AIDS 1996, its predecessors in 1994 and 1995, 
as well as numerous sequence and alignment data files, are available to the public through the World 
Wide Web, a system of links between Internet locations that can be navigated with graphical “browsing 
tools” such as Mosaic and Netscape. We are strenuously urging our subscribers to make use of our Web 
site. Using electronic documents and data offers many advantages over the production and use of paper 
documents. 

0 It saves paper, ink, metal, solvents, plastics, postage, fossil fuels, and time that go into the printing 
and distribution of hundreds of copies of this large book. 

0 Electronic documents that contain all the formatting and complex graphics of a printed document 
can now be produced and placed on the Web where users may view and print them. For example, 
an exact replica of this entire document, Human Retroviruses and AIDS 1996 is available from 
our Web site. 

0 Electronic documents are readily corrected and kept up to date. As we prepared sections of this 
year’s compendium we have been “prepublishing” them on our Web site. In this way the latest 
and most accurate information is always available to users. 

0 There is also the possibility of interaction between users and the database staff at Los Alamos. 
Just as documents and data can be retrieved from the Web site, so can they be posted to the site. 

0 Data and documents on the Web, far from being static pieces of paper, are embedded in a system 
that allows searching for items of interest-references, sequences, author names, etc. Our search 
capabilities are relatively primitive now but will become more powerful in the future. 

0 The Web, as its name implies, is a system of links spread throughout the world. Our Web site 
provides links to other sites that are useful to virologists and sequence biologists. 

In order to access the WWW, you must have, (1) a windowing capability such as X Windows, MS 
Windows, or Apple Macintosh, (2) an Internet Protocol (IP) connection, and (3) a copy of a browser 
program such as Mosaic or Netscape for the appropriate windows environment. If you are not already 
using Mosaic (a free program) you can get a copy by anonymous ftp from f tp . ncsa . uiuc . edu. 
Netscape may be purchased by sending e-mail to sales@netscape. corn or phoning 415-528-2555. 
Our use of Netscape in the following description of our Web site is purely illustrative and should not 
be construed as an endorsement of that product. 

The browsing tools designed for the WWW make it easier than before to locate and acquire 
information on the Internet because, instead of typing arcane commands into your computer, you 
simply point and click at text and objects on your screen. These objects are either links to files, which 
cause the files to be sent to your local computer, or they are links to other machines from which files may 
be accessed. “Files” can mean words, pictures, sounds, or movies. The WWW address (or “URL”) for 
the HIV database is: 

http://hiv-web.lanl.gov 
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Using the World Wide Web 

Tour of the World Wide Web 
We reprint here the short tour of our Web site which we originally published in last year’s Compendium. 
It will give the uninitiated a feel for how the Web works. You begin by “launching” your browser 
program. (The browser in the illustrations here is Netscape.) In the Netscape window on your screen 
there appears the starting point for your navigation of the Web (Screen 1). This starting point can be 
any address you have specified, it could even be the HIV database URL; by default it is the Netscape 
“home page.” 

r File Edit Uiew Go Bookmarks Options Directory Window 

Screen 1 

v-2 
DEC 96 



Using the World Wide Web 

From your starting point you select “Open Location” from the File menu in the upper left comer of the 
window. A small window entitled Open Location appears, you type in the URL of the HIV Database 
h t  t p  : / /hiv-web . lard. gov in the space provided (Screen 2), and click Open. You can also store 
frequently visited URLs in a list called “bookmarks” or “hotlist” and select your destination from this 
list rather than typing its URL. 

r L _ _ _  - .-. ..- A - .  A .- -- . ...- . 

W € L C O M E  T O  N E T S C A P E  1 

Open Location: http://hiu-web.lanl.go4 

1 7 
I 

Screen 2 
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Using the World Wide Web 

After a few seconds a new image appears in the window (Screen 3), the home page of the HIV Database. 
The text in the window is formatted and pleasantly readable. All the text on the home page cannot fit 
on the screen at once, but you can scroll through it by clicking your mouse on the down arrow in the 
lower right. 

Screen 3 
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Using the World Wide Web 

As you move down in the document you come to an area labeled "I. Data" (Screen 4). Some of the text 
is underlined and, on color monitors, shows in a different color. These underlined words are links to 
other locations on the WWW. The locations may be local or they may be on computers half way around 
the world; the links to them look exactly the same and are activated in the same way. If we position our 
cursor arrow at one of the links, as we have in Screen 4, the arrow turns into a pointing hand. Pressing 
the mouse button transfers us quickly and automatically to the location attached to that link. In our 
example the finger points to HIV Seauence Search. 

r l L  
98) File Edit Uiew Go Bookmarks Options Directoru Window - _ -  

;m Netscape: HIU Sequence Database WWW Home Page ====z== 

Screen 4 
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Using the World Wide Web 

The result of the search, an abbreviated GenBank file, auuears (Screen 6). We can retrieve the entire - 
file by positioning the pointing hand on the link in Screen 6 called Seauence and clicking. 

Screen 6 
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Using the World Wide Web 

The result is shown in Screen 7, the complete GenBank file. This file may be transferred to your local 
computer in its entirety by clicking on "File" in the menu bar at the top of the screen and selecting 
"Save As . . . " from that menu. 

r & File Edit New Go Bookmarks Options Directory Window _ -  - 
I3 Netscape: hiuui415.nf 

smxce c 

Screen 7 
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Using the World Wide Web 

As we follow a series of links on the WWW, the browser remembers the places we have been and 
allows us to return to them by clicking the “Back” button located at the top left corner of the window. 
If we return to the HIV home page (Screen 3) we can follow a different path of links (not shown here) 
that carries us to another area of the site, the “on-line version of the Human Retroviruses and AIDS 
compendium.” Screen 8 shows a part of the table of contents. The pointing hand is about to retrieve 
an article on HIV Vpr. This link, though it looks the same as others, behaves differently. A copy of 
the Vpr article is automatically transferred to your local computer and the Adobe Acrobat viewer is 
automatically launched. Acrobat is a “helper application” used to read files that are in a format which 
is nonstandard for the WWW. Our Web site shows you how to obtain a copy of the Acrobat viewer. 

Screen 8 
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Using the World Wide Web 

The Acrobat viewer, available free from the WWW (http: //www. adobe. com/Acrobat), displays 
the Vpr article (Screen 9), which is written in "portable document format" (PDF) and allows you to 
print out a perfect copy of it, exactly as it appears in the printed compendium. Acrobat viewer has a 
search mechanism that allows you to search in a document for words that might lead you to a subject of 
interest. For example, Part V of the compendium lists hundreds of HIV references. Those references 
are searchable with Acrobat Viewer. Searches for specific nucleotide sequences in Part I (e.g. AATAAA) 
will be less useful because of the way GenBank files are formatted, with spaces and sequence numbers 
embedded in the file. 

& Fi le  Edit Uiew Tools Window 

# 

Screen 9 
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Using the World Wide Web 

Our Web site provides users an opportunity to communicate with us from several points on the site. An 
electronic "comments" form (Screen 10) can be activated that allows you to write us a letter to which 
we promise to respond. 

you enter your comments in this space. 

when you have finished f i l l  in the 2 boxes below 
and then click on the " S e n d  comments" buttm below. 

r- & File Edit Uiew Go Bookmarks Options Directory Window 

~oure-maifedc~~s; "-, Imvusescaatbox. ,, ,,__ "-." ,,_ d u  xl- I 

Yawmtxfprof. . ,. , H.I .V.  , ,,,, ,, user ,", , I 

Screen 10 
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Using the World Wide Web 

Finally, we have connected our site to several other locations of utility to biologists as shown on 
Screen 11, below. 

r & File Edit Uiew Go Bookmarks Options Directory Window 
Netscape: HIU Sequence Database WWW Home Page, pJ 

Screen 11 
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Using the World Wide Web 

Data Access by FTP 
The complete database of sequences and alignments are also available electronically from a server here 
at Los Alamos called “atlas”. In the first section of Part V we described accessing this, and other, 
information using the WWW. You may also retrieve information from atlas by the “anonymous ftp” 
method. In the following instructions for accessing atlas, what you actually type at your terminal is 
shown in boldface type [with an explanation shown in square brackets]. What the server responds with 
is shown indented in italic type. 

ftp atlas.lanl.gov [this ftp command connects your computer to atlas] 

anonymous [for offsite users anonymous is the only name that works] 
Name (atlas.lanl.gov): [atlas asks for your user name] 

Guest login ok, send ident as password. 
Password: 

[enter your e-mail address or your name as ident] 
Guest login ok access restrictions apply. 

cd pub [change to the directory called pub] 
CWD command successful 

cd aids-db 
Is [this lists the files and directories inside of aids-db] 

ROADMAP 
pwd [to show your location in the file hierarchy] 

“/pub/aids-db ” is current directory. 
cd NUC-ALHIV-1 [move down 2 directories] 
Is [all the GenBank format files are listed] 
get hivrls4 [this copies the file hivrls4 to your home computer] 
mget *.nf [this copies all files in the current directory with the suffix .nf to your home computer] 
bye [this disconnects you from the server] 
A map of the aids-db directories and files on atlas is reproduced on the following page. Many of the 
directories contain ReadMe files that describe the contents. 

. 

AIDS-A.TAR.Z, AIDS-E.TAR..Z, NUC-A, PRO-A, ALIGN, NUC-E, PRO-E, PROGS, README..TXT, 
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