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Summary

The first episode of HIV-1 in South Africa was documented in 1982,
Homosexual transmission of the virus was the predominate mode of
transmission in an epidemic of mainly HIV-1 subtype B and D infections. To
date, no full-length sequences of subtype D strains from South Africa has been
reported. Here we describe the characterization and some of the unique
features of the Tygerberg HIV-1 subtype D strains.

A near fulldength 9 kb fragment was obtained through a one step PCR using
high molecular weight DNA. Cloning was done successfully with the pCR-XL-
TOPOQ cloning kit. Large quantities of plasmid DNA was grown and sequenced
on both strands of the DNA. ORF determination and subtyping was followed by
standard phylogenetic methods to construct evolutionary phylogenetic trees.

Subtyping and similarity plots revealed that fhe sequences from Tygerberg are
pure subtype D. All the Tygerberg strains had intact genes with no premature
stop codons. At the tip of the V3 loop, the Tygerberg strains have the GQGQ
motif. R214 has a more variable vpu gene than the rest of the Tygerberg
strains, but is still subtype D in this region. No premature stop codons have
been observed in the taf gene and the glycosilation of the strains are less than
the subtype D consensus.

We are the first to report fulldength sequences of HIV-1 subtype D strains from
South Africa. The seguences represent non-mosaic genomes of subtype D. Our
results confirm that the subtype D sequences from the beginning of the HIV-1
epidemic differ from the subtype D sequences from recent isclates.
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Opsomming

Die eerste episode van HiV-1 infeksie in Suid Afrika is in 1982 gedokumenteer.
Die epidemie het hoofsaaklik uit subtipe B en D bestaan en was deur
homoseksuele kontak corgedra. Geen vollengte subtipe D DNS volgordes van
Suid Afrika is tans beskryf nie. Hier beskryf ons die karakterisering van
vollengte subtipe D stamme asook sommige van die unieke eienskappe van dié
virusse.

Die vollengte 9 kb genoom volgorde was verkry deur 'n eenstap PKR reaksie
met ho& molekulére gewig DNS uit te voer. Die 9 kb fragment was suksesvol
gekloneer met behulp van die pCR-XL-TOPO klonerings toetsstel. Groot
hoeveelhede plasmied DNS was opgegroei en die nukleotied volgorde bepaal
op beide stringe van die genoom. Die stamme was gesubtipeer en filogenetiese
analise was uitgevoer met standaard metodes.

Die volledige DNS volgordes was bepaal en subtipering het daarop gedui dat
die stamme van Tygerberg suiwer subtipe D is. Geen premature stop kodons is
in die nukleotied volgordes van die Tygerberg stamme gevind nie. By die draai
van die varieérbare deel (V3) het al die Tygerberg stamme die GQGQ motief
gehad. R214 het 'n meer varieérbare vpu geen, maar behoort steeds tot die
subtipe D groep in dié gedeelte. Daar was geen premature stop kodons in die
tat geen gevind nie en die glikosilasie van die stamme is minder as dié van die
konsensus subtipe D stam.

Ons is die eerste groep om vollengte subtipe D stamme van Suid Afrika te
karakteriseer. Die DNS volgordes verteenwoordig suiwer subtipe D genome.
Ons resultate bevestig die van ander dat die nukleotied volgordes van die ouer
subtipe D stamme verskil van die nuwer stamme.
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“Humanities ancient enemies are, after all, microbes. They didn't go
away just because science invented drugs, antibiotics, and vaccines
{(with the notable exception of smalipox). They didn't disappear from
the planet when Americans and Europeans cleaned up their towns
and cities in the post-industrial era. And they certainly won't become
extinct simply because human beings choose to ignore their
existence. *

Laurle Garrett, "The Coming Plague”, Farrar, Strauss and Giroux, New York,
1994

"AIDS cannot be explained by a single virus causing a single and
continuous epidemic. Instead, worldwide spread is the work of a virus
family of types, subtypes, and strains that cause more or less related

epidemics. Each member of the family has its own distinctive
behaviour, and each epidernic runs its own distinctive course.”

J. Goudsmit. 'Viral Sex: The Nature of AIDS.' 1987
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Chapter 1

INTRODUCTION AND LITERATURE REVIEW
INTRODUCTION

The Acquired immune deficiency syndrome (AIDS) is caused by two related
viruses, human immunodeficiency virus (HIV) type 1 and type 2.
Epidemiological analyses indicate that HIV-1 has spread all over the world,
while HIV-2 is largely restricted to West Africa {Essex and Mboup, 2002}). The
majority of HIV-infections worldwide are caused by HIV-1 group M (major)
viruses. Group M can be further divided into nine genetic subtypes and 15
circulating recombinant forms (CRF) (HIV sequence compendium, 2002).

The World Health Organization estimates that a total of 40 million people are
currently infected with HIV-1, of which 26.6 million infected individuals live in
sub-Saharan Africa (UNAIDS, 2003). In Africa, the most prevalent subtype is
HIV-1 subtype C (Esparza and Bhamarapravati, 2000; McCutchan, 2000;
Novitsky ef al, 1999). The second most common subtype is the CRF02_AG
{Essex and Mboup, 2002; Moore et al, 2001; Cornelissen et al, 2000). Other
common subtypes are HIV-1 subtypes A and D (Hu ef al, 2000, Rayfield ef al,
1998).

Biological markers in epidemiological research and the tools to study the
etiology, prevention and surveillance of infectious diseases comprise a major
part of molecular epidemiology. HIV-1 subtypes and the genetic similarity
between these strains can be used as such markers. Molecular epidemiology of
HIV can provide detailed information on the spread and variation of HIV-1 and
the data may help in designing vaccine trials and may even have relevance for
understanding the biology of the virus (Ho and Huang, 2002).

In South Africa, the HIV-1 epidemic was initially associated with the homosexual
population (Sher, 1989). Subtypes B and D were sequenced between 1984-
1989 from homosexual men, who are thought to have introduced HIV-1 into
South Africa from other countries (Becker et af, 1985).



The aim of this study was to characterise the HIV-1 subtype D strains
sequenced from the beginning (1984-1986)} of the epidemic in South Africa. The
literature review of chapter 1 attempts to give an overview of the history of the
HIV/AIDS epidemic and the origin of the virus. The diversity of HIV-1 subtype D
are highlighted as part of the molecular epidemiology of the virus. The section
on phylogenetic analysis gives an overview of some of the techniques that are
used to model the HIV epidemic.

LITERATURE REVIEW
1.1 History
1.1.1 The beginning of the AIDS epidemic

AIDS was first recognised as a new and distinct clinical entity in 1981, when a
clustering of an unusual opportunistic infection (Pneumocystis carinii
pneumonia) and a rare neoplasm (Kaposi's sarcoma) was observed in young
homosexual men in the United States of America (USA) (Gottlieb et al. 1981).
Because this new clinical manifestation involved gay men, it was thought that
the cause of this syndrome might be related to a life-style habit unique to this
cohort of people. AIDS cases were soon reported in other groups as well,
including intravenous (IV) drug users (CDC, 1982), haemophiliacs, blood
transfusion recipients (Curran et al, 1984) and infants (Oleske ef al, 1983). In
Africa, the same clinical manifestations were observed, not only in homosexual
men, but also in the heterosexual population (Piot et al, 1984). AIDS was
subsequently defined as the appearance of certain dramatic and often life-
threatening infections and cancers accompanied by a measurable depletion of
immune competence (Ammamm et a/, 1983). These observations made it clear

that an infectious aetiology for AIDS should be considered.

In 1983, the first indication that AIDS could be caused by a retrovirus came,
when Barre-Sinoussi ef al (1983) recovered a reverse transcriptase containing
virus from the lymph node of a man with persistent lymphadenopathy syndrome
(LAS) which they later called Lymphadenopathy virus (LAV). A year later,
Robert Gallo and his colieagues independently postulated that a variant T-
lymphotropic retrovirus might be the causative agent of AIDS (Gallo ef al, 1984).
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Levy and co-workers also reported the identification of retroviruses, which they
called AlDS-associated retroviruses (ARV) (Levy et af, 1984). By this time there
were three prototype viruses: (a) LAV, {b) HTLV- lll and (c) ARV. Because of
the widespread interest in AIDS and its origins, the International Committee on
the Taxonomy of viruses proposed that the AIDS retroviruses be officially
designated as the human immunodeficiency viruses (HIV) (Coffin ef al, 1986).

1.1.2 The origin of HIV

HIV is a member of the lentivirus subfamily of retroviruses (Retroviridae), with a
diploid genome comprising two single-stranded RNA molecules. Since the
discovery and subsequent recognition of HIV as the etiological agent of AIDS,
more than 40 million people have been infected with HIV-1 (UNAIDS, 2003). A
plasma sample from 1959 obtained from central Africa (Democratic Republic of
the Congo, DRC) highlighted the fact that the epidemic might have originated in
Africa (Nahmias ef al, 1986). Even though AIDS was first described in America,
the European epidemic may have started in the 1960's as the first reported
case came from a Norwegian family who were missionaries in Africa, before
1970 (Froland et al, 1988).

There is now considerable evidence for a simian origin of HIV (Hahn ef al, 2000;
Myers et al, 1992). Viruses related to HIV, the simian immunodeficiency viruses
(SIV), are found in many species of non-human primates. (Fig.1.1). It seems
that HiV originated through cross-species transmission from naturally infected
African primates to human (Hahn ef al, 2000), a process referred to as zoonotic
infections. Phylogenetic analysis indicates that multiple interspecies
transmissions from simian species have introduced two genetically distinct
types of HIV into the human population: HIV-1 and HIV-2, which are closely
related to primate lentiviruses infecting chimpanzees (SIV;) and sooty
mangabeys (SIVsm) respectively (Korber ef al, 2000; Gao et al, 1992).
Chimpanzees are commonly hunted for food, especially in west equatorial
Africa (Hahn et al, 2000) and as a consequence represent a ready source for
zoonotic transmission of SIVcpz to man. HIV-1 is most similar to StV sequenced
from chimpanzees, particularly to the strains sequenced from the subspecies,



Pan troglodytes trogiodytes (Gao et al, 1999). The phylogenetic positions of
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Figure 1.1. Evolutionary relationship of primate lentiviruses for which full-length
sequences are available. Relationship based on the neighbour-joining phylogenetic
analysis of full-length Pol and Env aminc acid sequences. The six major lineages are
indicated in black and the recently described SIVs with discordant phylogenies are in
grey using an asterisks (*). Branch lengths are drawn to scale and only bootstrap
values ahove 80% are shown. (Peeters and Courgnaud, 2002).

HIV-1 groups M, N and O within the HIV-1/SIVepz radiation indicate that the
three HIV-1 groups have each arisen as a consequence of independent
zoonotic transmissions (Gao et al, 1999). More support for the zoonotic
infections of humans is the fact that natural SIV infections fail to cause disease
in infected animals (Rey-Cuille et al, 1998; Cichutek and Norley, 1993), which
indicates that the virus has leamned to adapt to the host or that they co-exist to

mutual benefit.

The timing of SIVcpz transmission to humans, leading ultimately to the HiV-1
pandemic, has been a challenging question. Phylogenetic methodology has
estimated 1930 +/- 20 years as the timing of the last common ancestor of the
HIV-1 group viruses (Hahn et al, 2000; Korber ef al, 2000). This estimation

relies on the assumption of a molecular clock, which postulates that molecular
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change is a linear function of time and that substitution accumulates according
to a Poisson distribution {Korber ef a/, 2000). The date of the most recent
ancestor of HIV-2 subtype A strains was estimated to be 1940 +/- 16 years and
that of the B strains was estimated to be 1945 +/- 14 years (Lemey et al, 2003).

A recent article by Salemi et al (2003) clarified the origin and evolution of the
primate lentiviruses (PLV), the group which include the human
immunodeficiency virus type 1 and 2 as well as their simian relatives. The PLV
strains are currently assigned to six approximately equidistant phylogenetic
lineages (Hahn et al, 2000): the SIVcpz, (i) the SIVsm clade, (iii) the SIVagm
clade, the SiVihoest clade, (v) a SIVsyk clade and (vi) the divergent SIVcol
strain. Salemi and colleagues’ (2003) analysis confirmed the existence of at
least five putative recombinant fragments in the PLV genome with different
clustering patterns. The findings not only imply that the six so-called pure PLV
lineages have in fact mosaic genomes, but also make more unlikely the
hypothesis of co-speciation of SIVs and their simian hosts. This is in correlation
with Bailes ef al (2003) who, through phylogenetic analyses found a hybrid
origin of SIV in chimpanzees. The findings of these two groups has important
implications: first, it provides evidence that, in addition to humans, other ape
species acquired SIV by cross-species transmission which caused the
formation of recombinant viruses and secondly, it showed that recombinant
éhimpanzee viruses is capable of spreading to humans.

HIV-2, the other causative agent of AIDS, has been found predominantly in the
heterosexual populations in West Africa (countries such as: Guinea Bissau,
Ivory Coast, and Senegal), but has spread very little to other areas (De Cock et
al, 1993). Clavel and co-workers (1986) also reported on the isolation of this
new human retrovirus from West African patients. HIV-2 infection of humans in
western Africa may have arisen, and may still be occurring, by cross-species
transmission from sooty mangabey (sm) monkeys. The natural habitat of
mangabey monkeys, the forested regions of western Africa, is nearly coincident
with the region where human infection with HIV-2 is endemic, and the
sequences of HIV-2 sequences are within the range of variation of known
SIVsm sequences. The immunologic abnormalities associated with HIV-2 are



similar but milder than those in persons with HIV-1 infections (Egboga ef al,
1992).

1.2 The HIV-1 virus
1.2.1 The Virion Structure

Studies have shown that HIV exhibits a characteristic cone-shaped core that is
surrounded by a bilayer lipid envelope derived from the host cell membrane
(Fig. 1.2). The inner core is comprised of the major capsid (CA) protein p24
(Gag protein), which surrounds two copies of the viral RNA (Briggs ef al, 2003).
Closely associated with the RNA strands is the viral RNA-dependant DNA
polymerase (Pol) including the protease, reverse transcriptase (RT) and
integrase and the nucleocapsid (NC) proteins (Briggs ef al, 2003; Levy, 1994,
Hahn, 1994). The inner portion of the viral membrane is surrounded by a
myristolated p17 core (Gag) protein that provides the matrix (MA) for the viral
structure and is vital for the integrity of the virion. MA is required for the
incorporation of the Env proteins into the mature virions. The surface of the
virus is characteristically made up of 72 knobs containing trimers or tetramers of
the envelope glycoproteins. They are derived from a gp160 precursor, which is
cleaved inside the cell into a gp120 external surface (SU) envelope protein and
a gp41 transmembrane (TM) protein (Goettlinger, 2001, Levy, 1994). These
proteins are transported to the cell surface, where part of the central and N-
terminal portion of gp41 is also expressed on the outside of the virion. The
central region of the TM protein binds to the external viral gp120 in a

noncovalent manner.
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Figure 1.2. A cartoon illustration of the HIV-1 virion displaying the viral envelope,
gag, and pol protelns. Also visible in the cartoon is the single stranded RNA
maolecules.
{http://www.chemsoc.org/exemplarchem/entries/2002/levasseur/images/hiv. GIF)

It is estimated that a single HIV-1 virion contains about 1200 molecules of p24,
roughly 80 molecules of the reverse transcriptase and up to 280 molecules of
gp120 (Hahn, 1994).

1.2.3 HIV-1 genome organisation

The genomic size of the HIV virion is about 9.2 kb, with open reading frames
coding for several proteins (Fig.1.3). HIV contains long terminal repeats (LTR)
that do not encode proteins but are essential for the regulation of viral gene
expression (Briggs ef al, 2003). The LTRs are on both sides of the HIV genes:
structural genes (gag, pof and env), the regulatory genes (faf, rev and nef) and
the accessory genes (vif, vpr and vpu). An overview of the HIV-1 genes and
their products, as well as their function in the life cycle of the virus is given in
Table 1.
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Figure 1.3. The HIV-1 genome. The different genes of the virus as well as the U3, U5
and R regions of the LTR’s are showed on the figure (Briggs et al, 2003).

Table 1. The HIV-1 genes and their products (HIV Sequence Compendium, 2002)

Gene Protein Function

gag MA p17 Membrane anchoring; env interaction;
nuclear transport of viral core,
(myristylated protein)-

CA p24 Core capsid
NC p7 Nucleocapsid, binds RNA
p6 Binds Vpr
protease (PR) p15 gag/pol cleavage and maturation
reverse transcriptase (RT) p66 Reverse transcription, RNase H activity
p51
RNase H integrase (IN) DNA provirus integration
env gp120 External viral glycoproteins bind to CD4
gp41 and secondary receptors
tat p16/p14  Viral transcriptional transactivator
Rev p19 RNA transport, stability and utilisation
factor (phosphoprotein)
Vif p23 Promotes virion maturation and
infectivity
Vpr p10-15 Promotes nuclear localization of

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

Vpu p16 Promotes extra cellular release of viral
particles; degrades CD4 in the ER;
(phosphoprotein only in HIV-1 and SIV

cpz
Nef p27-p25 CD4 and class | down regulation
(myristylated protein)
Vpx p12-16 Vpr homologue (not in HIV-1, only in
HIV-2 and SIV)




1.2.4 HIV-1 replication (The life cycle)

The life cycle of HIV-1 can be divided into two phases, establishment of
infection and productive infection (Goettlinger, 2001; Haseltine, 1992). Infection
of the target cell is established through a set of virus-cell interactions that
include binding of the virus to the cell surface, fusion of the virus and cell
membranes, entry of the virus capsid into the cytoplasm, conversion of viral
RNA into DNA and the entry of the viral DNA into the nucleus (Fig.1.4).

genomic RNA

Nuclear localisation Reverse
and Integration Transcription
cDNA

Transport

genomic RNA
T aY o a =
Translation Gag-PolGag \ .‘\ Virion

%’ envelope 4 Assembl

Tat,Rev, Nef

Maturation

Immature particule

Figure 1.4. The HIV-1 replication cycle. The stages of viral replication are depicted
in the cartoon. Viral attachment and integration, transcription, translation, transport and
budding of the virus are illustrated on the cartoon (Gatignol and Jeang, 2000).

Once the viral DNA enters the nucleus, infection is established. The viral DNA
may be integrated into the host DNA or may form stable circles. Once
integration has occurred, the progeny of the infected cell will also be infected
(Goettlinger, 2001). Viral expression begins when viral DNA is transcribed into
RNA by the host DNA polymerase Il. The viral RNA is processed by splicing
and exported to the cytoplasm, where it is translated into viral protein. The virus
capsid, which assembles on the inner surface of the membrane, incorporates
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full-length viral RNA into newly formed particles (Briggs ef al, 2003; Luciw,
1996).

New virions are produced as the virus buds through a region of the celi
membrane. The outer surface protein of the virus, located on the surface of the
cell membrane, becomes associated with the progeny virus particles during the
budding process (Goettlinger, 2001; Haseltine, 1992). Replication of the virus is
controlled by host cell as well as by viral genes. The state of differentiation and
activation of the infected cell may determine the rate of each step in the virus
life cycle. Additionally, some of the proteins specified by the virus affect the rate
of accumulation of the primary RNA transcript in the nucleus, the processing
and export of the viral transcripts and the rate of assembly and budding of the
virus particles (Briggs ef al, 2003).

1.3 The diversity of HIV-1

The HIV-1 genome can accommodate a high degree of sequence variation
while maintaining replication competence and structural integrity (Balfe ef al,
1990). The development of variation is facilitated by the ‘“infidelity” of HIV-1
reverse transcriptase, which lacks an editing function (Preston et al, 1988).
Therefore, no two HIV strains are alike and even within a single individual, HIV
is present as a ‘quasispecies’ - a swarm of micro variants that are highly
related, yet genetically distinct from each other (Goodenow ef al, 1989;
Vartanian ef al, 1992).

In Africa, where the effects of HIV-1 have been most devastating, there are
muitiple subtypes of the virus. The distribution of different subtypes within
African populations is generally not linked to particular risk behaviours (Neilson
et al, 1999) unlike in some Asian countries where the spread of HIV-1 subtype
E (CRF01_AE) is linked to the intravenous drug users (Weniger et al, 1994).
Africa is therefore an ideal setting in which to examine in more detail the
diversity and mixing of viruses of different subtypes on a population basis
{Neilson et al, 1999).
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Phylogenetic analyses of numerous strains of HIV-1, sequenced from diverse
geographical origins, have revealed that they can be subdivided into groups,
subtypes and sub-subtypes (Robertson ef al, 1999). HIV-1, the variant
responsible for the majority of HIV/AIDS infections (99% worldwide) (Moore ef
al, 2001), has been further divided into 3 groups: M (major), N (New, or non-M,
non-0) and O (outlier) (Peeters, 2001). Within group M, at least nine subtypes
have been identified;: A-D, F-H, J and K} (Peeters, 2000). Subsequent to the
designation of group M subtypes, it was realized that certain sequences do not
display a single subtype cluster pattern when different regions of their genomes
where phylogenetically analysed. These mosaic HIV-1 genomes have been
identified in several, apparently unlinked, individuals and some (A/E; B/C etc)
play a major role in the global AIDS epidemic and are now designated
circulating recombinant forms (CRFs) (Robertson et al, 1999; Moore et al,
2001). Separate sub-clusters are distinguished within subtypes A and F (A1 and
A2, F1 and F2), each pair of sub-subtypes being more related to each other
than with other subtypes. Subtypes B and D should be the same subtype, but
their original designation as different subtypes has been retained for
consistency with earlier published work. The identification of new clades of HIV-
1 and the realisation of the existence of CRFs, characterised by full-length
genome sequence analysis, have led to several re-adjustments in the taxonomy
of HIV-1 (Thomson ef af, 2002).

1.3.1 Distribution of HIV-1 subtypes

The distribution of subtypes varies from country to country and sometimes also
between different risk groups in a specific area (van Harmelen ef al, 1997,
Williamson et al, 1995). The occurrence of a certain subtype in a population can
be a consequence of a founder effect: introduction and rapid spread of a
pathogen in a virgin population, which leads into a genetically highly
homogenous epidemic (Daniels ef af, 2003).

Central Africa is thought to be the origin of all subtypes of HIV-1. The initial
diversification of group M may have occurred within or near the territory of the
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DRC, where the highest diversity of group M has been reported (Vidal et al,
2000}, and the earliest case of HIV-1 infection been documented (Nahmias of
al, 1986).

Since 1992, the env coding sequence of HIV has been used to classify globally
prevalent viruses (Janssens ef al, 1997). Subtypes form clusters roughly
equidistant with each other in phylogenetic trees, being separated by 25-35%
amino-acid distance between env sequences (Gaschen ef al, 2002; Thomson ef
al, 2002). Of the 9 subtypes identified for HIV-1, the subtype C viruses have
been implicated for causing 47.2% of infections in 2002 (Osmanov ef a/, 2002).
The highest incidence of subtype C was observed in the southern part of Africa,
Ethiopia, India and China (Thomson et al, 2002). In the regions with the highest
incidence of subtype C, the prevalence of subtype C infections can exceed 30%
of the adult populations (UNAIDS, 2002). The subtype C virus is also circulating
as a minor form in Brazil and Russia {Fig.1.5). The second most prevalent
genetic variant of HIV-1 is represented by env subtype A, which is in a large
proportion of cases, is represented by CRF02_AG strains (Osmanov et al,
2002). Subtype B is the main genetic form in western and central Europe, the
Americas and Australia, and is common in several countries of Southeast Asia,
North Africa, and the Middle East. In South Africa and Russia, subtype B
infections are almost exclusively seen in homosexual men (Thomson ef al,
2002). This subtype has accounted for a significant number of HIV-1 infections
in 2000, estimated at around 12.3% of global cases. Other globally prevalent
HiV-1 genstic forms, common on a localized scale, are subtype D (Uganda,
Tanzania and Kenya; 34% to 53% of infections in east Africa), Subtype F
(Romania), subtype G (west and central Africa), and the circulating recombinant
form, CRF12_BF (Thomson ef a/, 2002).
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Figure 1.5. Regional spread of HIV-1 genetic subtypes. The different subtypes are
indicated in black and the circulating recombinant forms of South America and Western
Europe indicated in red. (Thomson et al, 2002)

1.4  HIV-1 subtype D

Subtype D viruses was first recognized in Zairian patients in 1983 when Alizon
et al (1986) described the LAVEg, and the recombinant LAVyaL sequences. The
LAV, strain (DRC) became the first HIV-1 subtype D strain to be sequenced
fully. This allowed the comparison of full-length clones from Africa and the
United States. Partial sequencing of the gag and env genes of an HIV-1
subtype D sequence, obtained from a Zairian male student in Alabama, by Gao
et al (1994) underlined the fact that the early HIV-1 epidemic in America could
have been due to the introduction of HIV-1 from Africa. Currently, subtype D
sequences accounts for 7.43% of the full-length viruses characterised thus far,
all of which are from Africa. Even though subtype B and subtype D was
associated with the initial HIV-1 epidemic in South Africa (Puren, 2002), to date,
not a single full-length genome has been sequenced for the early strains from
South Africa.

It has been suggested that HIV-1 subtypes could influence viral transmissibility
and pathogenesis, but the existence of many other factors that influence these
14



features makes it difficult to establish the true effect of viral subtypes. Factors
such as the V3 loop sequence and chemokine receptor usage have been
shown to play a role in syncytium inducing phenotype and viral tropism
(O’Hagen et a/, 2003; Dragic ef al, 1996). The two principal co-receptors used
by HIV-1 are CXCR4 and CCR5, members of the CXC and CC chemokine
receptor family, respectively (Fenyo et al, 1997). Tscherning et al (1998}
showed that subtype D sequences do not show dual tropism for CXCR4 and
CCRS. The particular co-receptor used by a strain of HIV-1 to enter a host cell
is primarily determined by the amino acid sequence of the V3-loop region (35
amino acids) of the viral envelope (Pillia et a/, 2003). Compared to other group
M subtypes, subtype D strains demonstrate a highly variable pattern of V3-loop
amino acids (Spira et al, 2003). There is an elevated rate of nonsynonomous
(amino acid altering) substitutions in the third variable region of subtype D
viruses (Korber ef al, 1994). The number of amino acid changes within the V3-
loop regions compared to changes outside the V3-loop region in subtype D
genomes is larger than in other subtypes of HIV-1 (Korber et al, 1994).

A recent study in Tanzania suggested that the maternal subtype could play a
role in the incidence of vertical transmission, with subtypes A, C and
recombinant viruses being more likely to be perinatally transmitted than subtype
D (Renjifo et al, 2001). Viruses containing subtype C LTR's are 6.1 times more
likely to be transmitted than those with subtype D LTR’s (Blackard et al, 2001;
Gordon et al, 2003). A prospective study of female sex workers in Senegal
showed that women infected with C, D or G subtypes were eight-fold more likely
to develop AIDS than were those infected with subtypes A, suggesting that HIV-
1 subtypes differ in rates of progression to AIDS (Kanki ef a/, 1999). An
Ugandan study, looking at 1045 adults infected with subtypes A or D showed
that subtype D was associated with faster progression to death and with a lower
CD4 cell count than subtype A. In conirast to Kanki et a/ (1999), a study by
Kaleebu and co-workers (2001) found no significant difference in disease
progression between individuals infected with subtype A and D. Subtypes A and
D are also the predominant HIV-1 subtypes in Uganda (Hu et af, 2000, Kaleebu
et al, 2002).
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The neutralization profile of a specific subtype of HIV plays an important role in
the diversity of HIV. Even though Kitabwalla ef a/ (2003) showed that a
quadruple combination of human monoclonal antibodies (MADb) raised against
subtype B were able to neutralize subtypes A — D, Zwick ef a/ (2001} showed
that a neutralizing MAb, Fab Z13, wasn't able to neutralize any of the primary
subtype D sequences. A study by Palmer ef al/, {1998) found subtype D viruses
to function with diminished drug sensitivity owing to rapid growth kinetics,
whereas subtypes A, B, C and E demonstrated comparable results.

1.5 Phylogenetic analysis of HIV
1.5.1 Concepts of molecular evolution

The idea of evolution originated early in the 1800s when naturalists realised that
species have changed over time but was uncertain as to what have changed.
Since the time of Chares Darwin, it has been a dream for many biologists to
reconstruct the evolutionary history of all organisms on earth and express it in
the form of a phylogenetic tree (Ayala and Fitch, 1997). The primary cause of
evolution is the mutational change of genes. A mutant gene or DNA sequence
caused by nucleotide substitution, insertions/deletions (indels), recombination or
gene conversion may spread through the population by genetic drift and/or
natural selection and eventually be fixed in a species (Hartl and Clark, 1997).

A phylogenetic tree is a mathematical structure, which is used to model the
actual evolutionary history of a set of relationships among groups or organisms
(Posada ef al, 2001; Page and Holmes, 1998). The tree consists of nodes
connected by branches (or edges). Terminal nodes (operational taxonomic unit,
OTU) represent sequences or organisms for which we have data; they may
either be extant or extinct (Nei and Kumar, 2000; Page and Holmes, 19986,
Vandamme, 2003). Internal nodes represent hypothetical ancestors; the
ancestors of all the sequences that comprise the tree are the roots of the tree.
An unrooted tree only positions the individual taxa relative to each other without
indicating the direction of the evolutionary process. In an unrooted tree, there is
no indication of which node represents the ancestor of all OTUs (Vandamme,
2003). The easiest way to calculate divergence times is to assume that
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sequences divergence accumulates linearly over time; this is called a molecular
clock. When the molecular clock holds, all lineages in the tree have
accumulated substitutions at the same rate, so that the evolutionary rate is
constant (Vandamme, 2003; Page and Holmes, 1998). The molecular clock
theory is an assumption of evolution, therefore for each set of data to be
analysed, the molecular-clock hypothesis should be tested with the statistical
methods available (Nei and Kumar, 2000).

1.5.2 The multiple alignment

Once sequences are obtained, the sequences need to be error-checked and
assembled into contiguous fragments (contigs). With HIV sequences it is
important to check if any of the sequences are potential contaminants (Korber
et al, 1995). In addition, if multiple HIV sequences have been obtained, these
need to be aligned so that homologous sites appear in the same column.
Sequences normally have different lengths, which mean that gaps must be
used in some positions to achieve the alignment. The generation of alignments
is one of the most common tasks in computational sequence analysis because
alignments are required for many other analyses, such as structure predictions
or to demonstrate sequence similarity within a family of sequences (Higgins,
2003). The most commonly used software to do alignments with is the Clustal
W (Thompson et a/, 1994) and Clustat X (Thompson et al, 1997) programmes.

1.5.3 Nucleotide substitution models

DNA sequences are not very informative about their evolutionary history. When
comparing homologous sites in DNA sequences, we simply observe that the
sequences are the same or not (Page and Holmes, 1998). A basic process in
the evolution of DNA sequences is the substitution of one nucleotide for another
(transitions and transversions} during the evolutionary time (Graur and Li,
1999). To study the dynamics of nucleotide substitutions, it is necessary to use
a mathematical mode! of nucleotide substitution. For this reason, many
scientists have developed different substitution models (Li, 1997). The models
range from the simple Jukes and Cantor method to the more sophisticated
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general time-reversible (GTR) model. The most frequently used model for HIV
datasets, Kimura’s two-parameter model will be discussed further.

1.5.3.1 Kimura 2-parameter model (K2P)

The rate of transitional nucleotide substitution is often higher than that of
transversional substitution in real data (Nei and Kumar, 2000). Kimura (1980)
proposed a method for estimating the number of nucleotide substitutions per
site, taking into account this cbservation. Kimura's 2-parameter model assumes
that the rate of transitions per site (@) may differ from the rate of transversions
(B), giving a total rate of substitution per site of a +2B (Page and Holmes, 1998).
One should keep in mind that for any nucleotide there are three possible
changes, one of which is a transition, the remaining two being transversions.
The K2P model is the most widely used model to study HIV phylogenies.

1.5.4 Phylogeny inference based on distance methods
1.5.4.1 Tree-inferring methods based on genetic distance
Neighbour-joining (NJ)

Saitou and Nei (1987) developed an efficient tree-building methed that is based
on the minimum evolution principal. This method does not examine all possible
topologies, but at each stage of taxon clustering a minimum evolution principal
is used. One of the important concepts in the NJ method is neighbours, which
are defined as two taxa that are connected by a single node in an unrooted tree.
The algorithm to construct a NJ tree begins with a star tree, which is produced
under the assumption that there is no clustering of taxa (Nei and Kumar, 2000).

1.5.4.2 Evaluation of inferred trees using Bootstrap analysis

One way to measure sampling error is to take multiple samples from the
population being studied and compares the estimates obtained from the
different samples. The spread of those estimates gives an indication of the
extent of sampling error, that is, how much our conclusions would vary
depending on what sample we took (Page and Holmes, 1998). The bootstrap is
a computational technique for estimating a statistic for which the undertying
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distribution is unknown or difficult to derive analytically (Felsenstein, 1985; Efron
et al, 1996). The bootstrap belongs to a class of methods called resampling
techniques because it estimates the sampling distribution by repeatedly
resampling data from the original sample data set (Graur and Li, 1999). The
value obtained for this repeated process is called the bootstrap confidence
value (Pg) or simply the bootstrap value (Nei and Kumar, 2000} and is
expressed as percentages.

AIM OF THE STUDY

In 2002, when this study was initiated, no full-length sequences for subtype D
from South Africa were available. At that stage, only five subtype D sequences
were described in the Los Alamos database. Three of the sequences are from
the DRC (ELI, NDK and Z2) and the other sequence, 94UG114, from Uganda.
The fifth sequence, MB2059 is from Kenya. Other full-length subtype D
sequences available were published later in 2002 and 2003 (Kijak and
McCutchan, 2003; Koulinska et al, 2003; Vidal, 2003; Dowling et al, 2002;
Harris ot al, 2002; Novelli ef al, 2002). Therefore, determining the full-length
sequences of HiV-1 viruses from the beginning of the epidemic may shed light
on the origin of HIV-1 in South Africa.

The objective of the study was to characterise HIV-1 subtype D sequences, by
means of cloning, sequencing and phylogenetic analysis of the clones of HIV-1
subtype D, sequenced at the start (1984-1986) of the HIV-1 epidemic in South
Africa.
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Chapter 2

MATERIALS AND METHODS

2.1 Viral Isolates and patient data

Since 1984, blood samples from HIV-1 infected patients were obtained at the
Tygerberg Academic Hospital in the Western Cape. From 1984 to 1986, four
HIV-1 subtype D viruses were sequenced. Viruses R2, R214 and R286 were
isolated by Brenda Robson and virus R482 was isolated by Susan Engelbrecht
(Engelbrecht, 1992). Viruses were co-cultured with donor peripheral blood
mononuclear cells (PBMC) obtained from healthy HIV negative individuals. High
molecular weight (hmw) genomic DNA was sequenced from virus-infected cell
cultures and stored at 4 °C.

The current study makes use of the same DNA used in an earlier study
(Engelbrecht et a/, 1995). The project was approved by the Ethical Committee
of the University of Stellenbosch (Research Committee C) on 23/05/1995, with
project number, 95/127 and Susan Engelbrecht as responsible person. The title
of the project was: Molecular epidemiology and analysis of the HIV-1 env gene.
The demographic and clinical data of the patients used in this study as well as
the viral phenotypes, are summarised in Table 2.1.

2.2 Plasmid vectors and Bacterial strains

The pCR-XL-TOPO plasmid (Invitrogen Corporation, Carlsbad, CA, USA) is a
3519 bp expression plasmid, which is linearised for TA-cloning in the TOPO®
XL PCR Cloning Kit. The plasmid has a T7 promoter site for in vitro RNA
transcription and sequencing as well as the M13 forward and reverse sites for
sequencing. Kanamycin and Zeocin® resistance genes for flexible antibiotic
selection are included in the vector.

The competent bacterial strain E.coli Top 10 was used in the transformation
reactions. The bacterial strain is provided at a transformation efficiency of 1 x
10° cfu/ug super coiled DNA and is used for high-efficiency cloning and plasmid
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propagation. The genotype of the E.coli Top 10 competent cells stored at -80°C
is:

F-merA A{mrr-hsdRMS-mcrBC) ®80/acZAM15 AlacX74 deoR recAt araD139
Alara-leu)7697 gall galK rpsL (Str™) endA1 nupG

Table 2.1. Demographic and Clinical data of patients and viral phenotype of HIV-1
isolates (Adapted from Engelbrecht ef al/, 1995)

Sample Demographic env
Patient number date  data” atisolation Clinlcal stage® Viral phenotype® subtype

R2 15-11-1984 24 W MBI AIDS

Sl D
R214 20-6-1985 36 WMHo AIDS Si D
R286 17-6-1985 33 WMHo AIDS Sl D

R482 30-1-1986 37 WMHo AIDS Sl D

a) Demographics (number indicates age in years): W, white; M, male; Ho, homosexual; Bi,
bisexual

b) Clinicat data: AIDS, acquired immune deficiency syndrome
c) Phenotype: S|, syncytium inducing

2.3 PCR amplification and purification of the PCR fragment

To amplify virtually full-length HIV-1 genomes in one continuous segment, three
primer pair combinations were tested initially on DNA from sequence R286.
These included: MSF12/MSR5 (Salminen et al, 1995b), UP1A/LOW2 (Gao ef
al, 1998) and UP1A/S2Full (zur Megede ef al, 2002). The primer pair that gave
the best amplification of the DNA fragments was used further to amplify the
other sequences (R2, R214 and R482). MSF 12 (5'- AAA TCT CTA GCA GTG
GCG CCC CGA ACA - 3" primer was used as the forward primer with the MSR
5 (GCA CTC AAG GCA AGC TTT ATT GAG GCT -3') as the reverse primer.
For the PCR reaction, 3 pl (0.3 pg/Ml) of hmw DNA with the Expand long

22



template PCR system (Roche Molecular Biochemicals, Mannheim, Germany)
with buffer 2 was used. The reaction was performed on a GeneAmp PCR
System 9600 thermal cycler (Perkin Elmer, Boston, MA, USA) using a method
adapted from Salminen ef a/ (1995b): template DNA was denatured at 94°C for
2 minutes, followed by ten cycles of denaturing at 94°C for 2 minutes, annealing
at 60°C for 30 seconds and elongation at 68°C for 8 minutes. This was followed
by 20 cycles of denaturing at 94°C for 10 seconds, annealed 60°C for 30
seconds and elongated at 68°C for 8 minutes with 15-second increments per
cycle. A final elongation step at 68°C for 30 minutes was added. After
amplification, the DNA was stored at 4°C.

The amplified DNA was visualised by electrophoresis through a 0,6% agarose
gel containing 5 pg/ml ethidium bromide in TAE buffer (0.04M Tris-acetate,
0.001M EDTA). A 1 kb DNA ladder (Promega, Madison, WI, USA) was included
in the electrophoresis to compare DNA fragment sizes. After electrophoresis,
the DNA fragments were purified from the gel, using the QIAEX |l Gel Extraction
kit (Qiagen, GmbH, Germany). The manufacturer's protocol was used without
any modifications. The peliet was air-dried, the DNA eluted in TE buffer, and the
DNA concentration determined using the foliowing equation {Sambrook ef al,
1989):

0D 260
DNA concentration = 20 x dilution factor

0oD260
DNA purity = 0OD280

OD= optical density, measured in a Spectronic® Genesys 5 spectrophotometer
(Spectronic Instruments, Rochester, NY, USA). Optical density readings of the
DNA at 260nm were used to calculate the concentration of the DNA.
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2.4 Cloning of the PCR fragments
2.41 Cloning

For efficient cloning of the near full-length genome of HIV-1, the TOPO® XL
PCR Cloning kit (Invitrogen Corporation, Carlsbad, CA, USA) designed for
cloning large fragments was used. The manufacturer’'s protocol was followed.
Briefly, cloning reactions were prepared for sequences R2, R214, R286 and
R482. The purified DNA products was cloned into the pCR-XL-TOPO cloning
vector at a 1:4 (vector: insert) ratio and transformed into the Top10 chemically
competent cells. These reactions were then plated onto Luria-Bertani (LB) agar
(10g/L bacto-tryptone, 5g/L bacto-yeast-extract, 10g/L NaCl, 15g/L bacto-agar)
(Hispanlab, SA) plates for growth overnight at 33°C.

2.4.2 Plasmid DNA isolations

Foilowing an overnight incubation, single colonies from the LB agar plates were
inoculated into 3 ml LB media (10g/L. bacto-tryptone, 5 g/L bacto-yeast extract,
10 g/l. NaCl) (Hispanlab, SA) containing Kanamycin (50ug/mi) and incubated in
a Labcon shaking incubator (Labmark, Roodepoort, RSA) at 33°C for 16 hours.
DNA extractions were done using the small-scale plasmid DNA protocol
(Sambrook et al, 1989). Plasmid DNA was separated by gel electrophoresis on
a 0.6% agarose gel.

2.4.3 Preparation of glycerol stocks

Glycerol stocks were prepared from all positive clones by adding the bacterial
culture in a 1:3 ratio to the glycerol. (Adapted from Sambrook ef al, 1989). The
stocks were stored in cryogenic vials at —80°C.

2.4.4 Preparation of plasmid DNA for sequencing

To prepare large enough volumes of plasmid DNA of high purity for sequencing,
we used the QIAfilter plasmid Midi kit and protocol (Qiagen, Heidelberg,
Germany). The concentration, as well as the purity of the plasmid DNA was
determined as described before.
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2.5 DNA Sequencing and analysis

2.5.1 DNA sequencing

The near complete genome was fully sequenced using the ABI Prism 310

Genetic Analyzer (Applied Biosystems, USA) and the BigDye® terminator cycle

sequencing kit. Sanders-Buell ef a/ (1995) described the HIV-1 sequencing

primers that were used. Additional primers designed for sequencing the gaps in

the near full-length genome are shown in Table 2.2. The primers for sequencing

Table 2.2 Additional primers designed to sequence the HIV-1 subtype D genomes
Primer Primer sequence Strand Tm- °C
GO5 5'- ATG CAG AGA GGC AATTTTAAG G- 3 + 54.9
Pol1D 5-TCCCTC AAATCACTC TTT GGC - 3 + 56.3
Pol2D §-CTATTGAAACTGTACC -3 + 40.1
Pol2Drev 5-CCATCCATTCCT GGC - 3 - 49.0
Pol3D 5. CAG TAC TGG ATG TGG G- 3/ + 48.5
Pol3Drev §-CCCACATCCAGTACTG -3 - 485
Pol-DF 5'- TTG TAC AGA TAT GGA AAA GGA AGG- 3 + 54.1
Pol-DR 5-AAT TTAGGAGTC TTTCCC -3 - 46.6
Env-DF - GGTCACAGTTTATTATGG G- ¥ + 48.5
Env-DR 5. GAATTG CAAAACCAGCTG G- 3 - 53.6

Pol = Polymerase; G=Gadq; Env = Envelope

the pCR-XL-TOPO vector were obtained with the kit. The primers for
sequencing the accessory genes (TatX1F, Nef F and Nef R) were described by
Scriba et af (2001).
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2.5.2 Sequence analysis
2.5.2.1 Fullength sequence assembly

The DNA sequences obtained was edited using the Chromas program (Griffith
University, Brisbane, Queensland, Australia). The short sequence fragments
were then incorporated into the Auto Assembler program (Applied Biosystems,
Foster City, CA, USA), to put together longer fragments of DNA that overlap
one another. These sequences were then put together as contigs. The different
contigs were adjusted manually and full-length DNA sequences were verified
using the DNA sfrider program (Marck, 1998).

2.5.2.2 Annotation of the genes

After the full-length sequences had been constructed, it was necessary to
determine the open-reading frames of the full-length sequences. Viral
sequences were imported to the DNAman program {Lynnon Biosoft, Vaudreuil-
Dorion, Quebec, Canada), and converted to amino acid sequences for the three
different reading frames. The HIV/SIV sequence locator tool at the HIV
sequence database website (http://hiv-web.lanl.gov) was used to give an
indication of the starting points of the different genes. Viral genes were then
annotated from the first ‘atg’ codon observed, after the long terminal repeat

region.

2.5.2.3 The NCBI subtyping of full-length sequences

The full-length sequences obtained were compared to other full-length
sequences in Los Alamos, using the NCBI Subtyping Tool availabie at the Los -
Alamos website (http://hiv-web.lanl.gov). This subtyping program gives a fast
indication of the composition (whether the sequence is that of HIV) of the DNA
and to what subtype the sequence belongs to.
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2.5.2.4 Simplot

To identify any recombination breakpoints, we used the similarity plot method
as implemented in the SIMPLOT program for Microsoft Windows (Salminen et
al, 1995a). In this program, a panel of reference sequences is moved across the
query sequence. Analysis was done with a window of 400 bp moving along the
alignment in increments of 20 bp. A total of 100 replicates were generated for
each query seguence, piotting the percent similarity values of the query
sequence with the sequence from the reference panel. The program uses the
Kimura 2-parameter nucleotide substitution model (Kimura, 1980), with a
transition/transversion value of 2.

2.6 Phylogenetic analysis
2.6.1 Datasets used for phylogenetic analysis

Phylogenetic analysis of the full-length sequences was carried out with the
current 2001 HIV-1 subtype reference alignments obtained from the HIV
sequence database (http://hiv-web.lanl.gov). Full-length subtype D sequences
(Table 2.3) were downloaded to perform subtype specific phylogenetic analysis.
From the full-length subtype D, the individual gene sequence of each strain was
excised, for the comparison of subtype D specific genes.

2.6.2 Multiple alignment

Multiple alignments of the sequences were done using the Clustal X program
(Thompson et al, 1997). All the gaps in the sequences were removed and full
alignments were performed. Alignments were checked manually for any
inconsistencies. The subtype D segquences from Tygerberg were compared to
the current 2001 HIV-1 subtype reference sequences (http://hiv-web.lanl.gov) in
a multiple alignment.

2.6.3 Phylogenetic tree analysis

Eleven phylogenetic trees were constructed for the following comparisons:

1. Tygerberg HIV-1 subtype D with 2001 HIV-1 subtype reference set

27



Table 2.3 Full-length Subtype D isclates (http://www hiv.lanl.gov) (Accessed: 13-2-2004)

Accession

Subtype  Straln number Country Author

HIV-1D MB 2059 AFD 133821 KE Neilson et & (1999)
01KE_NKU30086 AF 457090 KE Dowling et al (2002)
99UGAD7412 AF 484477 uG Harris et al (2002)
99UGB21875 AF 484480 uG Harris st af (2002)
99UGB25647 AF 484481 UG Harris et al (2002)
93UGB 32394 AF 484483 uG Harsis et af (2002)
99UGD23550 AF 484485 uG Harris et a/ (2002)
99UGD26830 AF 484486 UG Harris et al {2002)
99UGEGB364 AF 484487 UG Harris et af (2002)
90UGE23438 AF 484489 UG Harris ot al (2002)
Q9UGF05734 AF 484490 uG Harrig et af (2002)
Q9UGF 10555 AF 484494 UG Harris et af (2002}
99UGG35093 AF 484495 uG Harris ef af (2002}
99UGJ27597 AF 484497 uG Harris ef af (2002)
99UGK 09259 AF 484498 UG Harris ef af (2002)
99UGK 09958 AF 484499 uG Harris et al (2002)
98UG57128 AF 484502 uG Harris et al (2002)
98UGS57130 AF 484504 uG Harris et al (2002)
98UGS57131 AF 484505 uG Harris of af (2002)
9BUGS57132 AF 484506 uG Harris et al (2002)
98UG57140 AF 484511 uG Harris ef al (2002)
98UG57146 AF 484513 UG Harris et al {(2002)
98UG57143 AF484514 uG Harris et al (2002)
99UGE 13613 AF 484515 uG Harris et af (2002)
99UGJ32228 AF 484516 uG Harris et af (2002)
99UGA03349 AF 484518 UG Harris ef af (2002)
99UGF03726 AF 484519 UG Harris ef af {2002)
92UG001 1-2 AJ 320484 uG Novelli et af (2002)
99TCD.MNO11 AJ 488926 TO Vidal (2003)
99TCD.MNO12 AJ 488927 TD Vidal (2003)
TZBFL0170-3-2 AY 237166 T2 Koulinska et af (2003)
99UGA08483 AY 304486 uG Unpublished
ELI K 03454 CG Alizon et al (1986)
z2 M 22639 CG Srinivasan et a/ (1987}
NDK M 27323 CG Spire ef af (1989)
842r085 U 88822 ZR Gao ef al (1998)
94UG114 usss24 UG Gao et af (1998) ‘

KE= Kenya; UG= Uganda; TD= Chad; TZ=Tanzania; CG=Congo; ZR=Zaire
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2.  Full length Tygerberg HIV-1 subtype D with Full length subtype D
sequences from Los Alamos

Tygerberg HIV-1 D gag with Los Alamos HIV-1 D gag
Tygerberg HIV-1 D pof with Los Alamos HIV-1 D pof
Tygerberg HIV-1 D env with Los Alamos HIV-1 D env
Tygerberg HIV-1 D vif with Los Alamos HIV-1 D vif
Tygerberg HIV-1 D vpr with Los Alamos HIV-1 D vpr
Tygerberg HIV-1 D vpu with Los Alamos HIV-1 D vpu
Tygerberg HIV-1 D faf with Los Alamos HIV-1 D taf
10. Tygerberg HIV-1 D rev with Los Alamos HIV-1 D rev

© ® N o 0 b ow

11. Tygerberg HIV-1 D nef with Los Alamos HIV-1 D nef

For the comparison of the complete genomes with the reference set and the
full-length sequences with the full-length subtype D sequences, neighbour-
joining phylogenetic trees (Saitou and Nei, 1987) were constructed using the
Treecon W program (Van de Peer and De Wachter, 1994). In the construction
of the tree, all alignment positions were used to calculate the best tree. The
Kimura 2-parameter nucleotide substitution model was used and 100 bootstrap
replicates were performed. The subtype O sequence, 0.CM.91.MVP.5180, was
used as out-group to root all the trees with. This sequence is represented as
follows: O indicates the subtype; CM represents Cameroon, the country of
origin; 91 indicate the year of the sample followed by the sequence name
MVP.5180.

The sub genomic regions of the virus was analysed with the same method as
described above. These regions included were compared to the sub genomic
regions of the LANL HIV-1 D sequences. The regions are: structural genes
(gag, pol and env), regulatory genes (vif, vpr and vpu) and the accessory genes
(tat, rev and nef).

2.6.4 Similarity between HIV subtypes

The similarity between the full-length sequences and the reference set as well
as the similarity between the different genes was determined with the BioEdit
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program (Hall, 1999). The PAM 250 matrix was used as the model to determine
the similarity between the sequences.

2.7 Amino acid alignment and analysis of the subtype D Env protein
2.7.1 V3 alignment

The nuclectide sequences for the env gene of the subtype D sequences were
converted to amino acid sequences in the DNAMAN program (Lynnon Biosoft,
Vaudreuil-Dorion, Quebec, Canada). An alignment of the Env protein was then
constructed in Clustal X {Thompson et al, 1997). The V3 region was excised
from the alignment for comparison with the other subtype D sequences.

2.7.2 Glycosylation

The total number of N-linked glycosylation sites (Marshall, 1974) was
determined with the N-GLYCOSITE program implemented in the HIV sequence
database. The glycosylation was determined for each of the Tygerberg
sequences as well as for the subtype A-D, F-H and K consensus sequences.
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Chapter 3

RESULTS

3.1 PCR Amplification and purification of the HIV-1 genome

PCR amplification was the first step in the project to characterise the HIV-1
subtype D sequences from South Africa. High molecular weight DNA was
available and through a modification of the protocol by Salminen et al (1995a), it
was possible to amplify the near full-length 9 kb genome of sequences: R2,
R214, R286 and R482 with a single amplification reaction using the Expand
long template PCR system. The PCR samples were loaded on an agarose gel
(Fig 3.1) and a DNA fragment of the correct size was observed.

9.5kb

ne14 AUz

Figure 3.1. Near full-length PCR amplification of the HIV-1 subtype D DNA. Gel A
represents R286 DNA amplified with three primer pairs: a) MSF12/MSR5 (lanes 3-4),
b) UP1A/LOW2 (lanes 5-6) and c) UP1A/S2Full (lanes 7-8). Two reactions were loaded
for each of the primer combinations. Gel B represents 2 reactions of each sample R2
(lanes4-5), R214 (lanes7-8) and R482 (lane10-11) amplified with the MSF12/MSR5
primer pair. On both gels, M is the 1kb molecular weight marker. The negative control
is marked (-). The arrow points to the band size between the top (10kb) and second
band (8 kb) of the DNA ladder.

32



In fig 3.1(A), it is clear that the primer pair MSF12/MSR5 gave the best DNA
amplification of R286. The UP1A/LOW2 combination also gave a better
amplification result than the UP1A/S2Full pair that was designed by J. zur
Megede for subtype C {(zur Megede et al, 2002). From this result, it was decided
that the remaining sequences would all be amplified with the MSF12/MSR35
primer pair. Visible on the top gel is the non-specific amplification observed for
each of the primer pair sets. In fig 3.1 B, sequences R2, R214 and R482 gave
clear amplification results with the MS-primer set, even though some non-
specific amplification was observed here as well. In both gels, no bands are
visible in the negative control lane, indicating that no contamination was
present. The PCR products that displayed the expected 9 kb banding size were
excised from the agarose gel with a sterile razor. After purification with the
QIAEX Il Agarose Gel Extraction Kit (Qiagen, GmbH, Germany), the
concentrations of the purified plasmid are indicated in Table 3.1.

Table 3.1. DNA concentration of the Skb gel purified PCR fragments

DNA OD260 Concentratlon (ug/pl)
R2 0.019 0.066

R214 0.048 0.168

R286 0.033 0.115

R482 0.015 0.052

3.2 Cloning the PCR fragments and small-scale DNA preparations

The TOPO cloning vector and cloning kit, designed for cloning large fragments,
made it easy to clone all four purified DNA products (R2, R214, R286 and
R482) into the vector. The recombinant vector grew stable at 33°C making it
possible to grow and extract large quantities of plasmid DNA for sequencing.
Because of the large size of the insert (9kb), only a few colonies were observed
on the agar plates. It is suggested that less than 20 colonies per plate should be
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observed if the correct insert had been cloned (Salminen et al, 1995a). The total
number of minipreps performed for each sequence is indicated in Table 3.2.

Table 3.2. The number of recombinant clones obtained for each strain

Strain Number of | Number of | Names of | % Efficlency
minipreps positive clones
clones
R2 18 6 pR2.7 33
pR2.8
pR2.9
pR2.10
pR2.11
pR2.12
R214 6 1 pR214.5 16
R286 21 1 pR286.2 4
R482 15 3 pR482.3 20
pR482.7
pR482.9

In total, 60 DNA miniprep isolations had been performed for the 4 samples. R2
yielded the most clones. One clone was obtained for each of the recombinant

plasmids, pR214 and pR286.
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One clone of each of the 4 samples was randomly selected for sequencing. The
optical density and concentration of the selected clones are indicated in Table

3.3.

Table 3.3. Concentration of HIV-1 plasmid DNA for sequencing

Plasmid 0D260 0OD280 | Concentration Purity
(ng/pl)

R2.7 0,637 ND 1.1 ND
R214.5 0.454 ND 0.7 ND
R286.2 0.281 0.149 0.491 1.88
R482.9 0.620 0.721 1.086 1.16

ND=Not determined.

The plasmids generally gave ODzso values above 0.450, except for plasmid
pR286 whose reading was 0.281. Even though plasmid pR482 gave a higher
ODag reading than plasmid pR286, it was less pure. For sequencing only 1ug
DNA per reaction is needed, which means that plasmids pR2 and pR482 had to
be diluted to obtain the correct input concentration. The input volume of
plasmids pR214 and pR286 had to be increased in the reaction to obtain the
correct concentration for sequencing.

3.3 DNA sequencing

The primers used for sequencing the complete genome worked weli. In total, 81
different primers were used to sequence the 4 plasmids. All the primers
designed to fil the gaps in the genome gave readable sequence
electropherogram results. The primers used to sequence the DNA are listed in

Appendix A.
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3.4 Analysis
3.4.1 Annotatlon of genes

The Auto Assembler program enabled us to assemble the sequenced DNA
fragments to construct contiguous fragments. Once the near full-length
sequence was obtained, the HIV/SIV sequence locator tool at the HIV sequence
database was used to give an indication of the starting points of the different
viral genes. The viral genes were then annotated from the first ‘atg’ codon
cbserved. The full-length sequence for each plasmid pR2, pR214, pR286 and
pR482 has been determined as well as the open reading frames of the
sequences. The full-length sequences with the coding amino acids are given in
Appendix B. In Tables 3.4 — 3.7 the gene positions of the sequences from the
gag gene are indicated. All the sequences had genes of similar length as the
full-length HIV-1 subtype D sequences from Los Alamos. No premature stop
codons had been observed in any of the genes for the plasmids pR2, pR214,
pR286 and pR482.

3.4.2 NCBI Subtyping of the Tygerberg plasmid sequences

The subtyping results for plasmids pR2, pR214, pR286 and pR482 are shown in
Appendix C. The results show that the 4 plasmids are complete HIV-1 subtype
D sequences. It should be noted that the subtyping tool might give very
misleading results in cases where the query sequence has large inserts or
deletions and should only be used for exploratory work and should be followed
up by analyses based on aligned sequences (Kuiken and Leitner, 2001).
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Table 3.4 Nucleotide position on the HIV genome relative to plasmid pR2

Region of the Start End
genome nucleotide nucleotide

Gag gene
gag Pr55 precursor 234 1739
gag p17 Matrix 234 632
gag p24 Capsid 633 1326
gag p2 1326 1370
gag p7? 1371 1535
gag p1 1536 1583
gag pb 1584 1739
Pol gene
Pol polyprotein 1535 4546
Pol p10 Protease 1700 1996
Pol p51 RT 1997 3319
Pol p15 Rnase 3320 3679
Pol p31 integrase 3680 4548
Vif gene 4491 5069
Vpr gene 5009 5299
Tat gene
Exon 1 5280 5494
Exon 2 7798 7888
Rev gene
Exon 1 5419 5494
Exon 2 7798 8072
Vpu gene 5511 5756
Env gene
gp 160 5674 8214
gp 41 7201 8214

Nefgene 8216 8839
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Table 3.5 Nucleotide position on the HIV genome relative to plasmid pR214

Reglon Start nucleotide End nucleotide
Gag gene

gag Pr55 precursor 214 1710
gag p17 Matrix 214 612
gag p24 Capsid 613 1302
gag p2 1303 1344
gag p7 1345 1506
gag p1 1507 1554
gag p6 1555 1710
Pol gene

Pd polyprotein 1506 4502
Paol p10 Protease 1671 1967
Pol p51 RT 1968 3278
Pol p15 Rnase 3279 3638
Paol p31 integrase 3639 4502
VIf gene 4447 5022
Vpr gene 4962 5252
Tat gene

Exon 1 5233 5444
Exon 2 7748 7838
Rev gene

Exon 1 5369 5444
Exon 2 7748 8018
Vpu gene 5461 5709
Env gene

gp 160 5624 8155
gp 41 7138 8155

Nef gene 8157 8780
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Table 3.6 Nuclectide position on the HIV genome relative to plasmid pR286

Start

Raglon nucleotide End nucleotide
Gag gene
gag Pr55 precursor 235 1743
gag p17 Matrix 235 633
gag p24 Capsid 634 1326
gag p2 1327 1368
gag p7 1369 1539
gag p1 1540 1587
gag p6 1588 1743
Pol gene
Pol polyprotein 1539 4547
Pol p10 Protease 1704 2003
Pol p51 RT 2004 3320
Pol p15 Rnase 3321 3680
Pol p31 integrase 3681 4547
Vif gene 4492 5070
Vpr gene 5010 5300
Tat gene
Exon 1 5281 5495
Exon 2 7805 7892
Rev gene
Exon 1 _ 5420 5495
Exon 2 7805 8076
Vpu gene 5513 5758
Env gene
gp 160 5676 8225
gp 41 7191 8225

Nef gene 8227 8850
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Table 3.7 Nucleotide position on the HIV genome relative to plasmid pR482

Start End
Reglon nucleotide nucleotide

Gag gene
gag Pr55 precursor 231 1736
gag p17 Matrix 231 629
gag p24 Capsid 630 1322
gag p2 1323 1367
gag p7 1368 1532
gag p1 1533 1580
gag p6 15681 1736
Pol gene
Pal polyprotein 1532 4540
Pol p10 Protease 1697 1993
Pol p51 RT 1994 3313
Pal p15 Rnase 3314 36873
Paol p31 integrase 3674 4540
Vif gene 4485 5069
Vpr gens 5009 5293
Tatgene
Exon 1 5274 5488
Exon 2 7807 7897
Rev gene
Exon 1 5413 5488
Exon 2 7807 8081
Vpu gene 5505 5750
Env gene
gp 160 ' 5668 8223
ap 41 7186 8223

Nef gene 8225 . 8848
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3.43 Simplot

The similarity plots of the Tygerberg full-length sequences with the selected
reference full-length sequences are depicted in Figure 3.4 (A-D). The grouping
system implemented in Simplot was used to screen our sequences against full-
length subtypes A, B, C and D strains from Los Alamos. The subtype D strains
consisted of reference subtype D (Eli, NDK, Z2Z6 and 84ZR085), Ugandan
subtype D (subtype D sequences from Uganda between 1998-1999) and NKU
(a subtype D strain from Kenya 2001). The Simplot graphs indicate that there is
more than 95% similarity between the Tygerberg sequences and the reference
subtype D sequences. An average of 90% similarity is seen between the
Tygerberg and the subtype B sequences in the graphs. The Simplot graphs also
indicate that the Tygerberg sequences are least similar to the subtype A
sequence. A window size of 400 bp and 20 bp increments for the similarity plots
was enough to show that the Tygerberg plasmid sequences displayed

nonmosaic sequences.
3.5 Phylogenetic analysis

We constructed evolutionary phylogenetic frees to determine the relationship
between the near full-length genomes of sequences R2, R214, R286 and R482
and non-recombinant reference and Ugandan subtype D strains from the
database. A total of 11 multiple alignments had been performed. Two full-length
alignments were also performed: one alignment to compare the Tygerberg
subtype D sequences to the full-length reference alignment and the other to
compare the Tygerberg full-length strains to the full-length subtype D
sequences in the database.
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Figure 3.4 (A-D). Similarity Plot (Simplot) of the HIV-1 plasmids (R-strains). The
legend on the right hand side indicates the different subtypes. The Y-axis represents
the similarity (%) of the sequences. On the x-axis is the position relative to the HIV-1
sequence in question. A window size of 400 bp with 20 bp step increments was used.
The Kimura (2-parameter) model with a transition: transversion ration of 2 was used.
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3.5.1 Complete genomes
3.5.1.1 Alignment of Tygerberg complete genomes with the reference set

The phylogenetic tree depicting the sequences of the Tygerberg sequences
compared to the 2001 reference strains is shown in figure 3.6. From figure 3.6,
the genetic subtypes of HIV-1 can clearly be distinguished, as the different
subtypes cluster together. Comparing the full-length reference dataset from Los
Alamos with our sequences, a clear cluster with 100% bootstrap values of our
sequences can be observed. Closely related to the Tygerberg sequences are
the reference subtype D strains, which forms a cluster with 100% bootstrap
value. Sequence R2 forms a branch with sequence R214 and sequences R286
and R482 cluster together. From the figure, it is also evident that the NDK and
Eli strains are closer related to the Tygerberg strains than to the other subtype
D reference strains (94UG114 and 84ZR085). The subtype B strains cluster
with high bootstrap support (100%) close to the subtype D sequences. A 10%
sequence divergence is indicated on the scale in figure 3.6. The phylogenetic
tree is rooted with the subtype O strain from Cameroon.

3.5.1.2 Full-length subtype D strains

The phylogenetic comparison between the full-length Tygerberg strains and the
other full-length subtype D sequences in the LANL database are shown in
figure 3.7. Compared only to full-length subtype D sequences, the Tygerberg
strains are more than 70% related fo the other full-length sequences and up to
92% similar to each other. The Tygerberg strains again forms a separate cluster
with 100% bootstrap values. From the tree, three groups can be seen. The top
group (indicated with a biue bracket) with a bootstrap value of 94% consist
mainly of the 1998-1999 full-length subtype D sequences from Uganda. Also
present in this group is the Kenya strains (MB2059 and NKU3006). This group
represent strains that seem to have evolved at the same rate or was sampled at
the same time, as indicated by the almost similar branch lengths. The bottom
group (indicated by the red and green brackets) of the tree is divided into two
sections. The group indicated by the red bracket contains the strains from Chad
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and the group indicated by the green bracket contains the Tygerberg and the
reference D strains. From figure 3.7 there seems to be a separation between
the older (1983-1985) subtype D sequences and the newer (1999-2001)
sequences. An interesting observation is the fact that the strains from Chad
(99TCD.MN0Q11 and 99TCD.MNO12) are more closely related to the reference
subtype D strains then to the strains from Rakai (Harris ef a/, 2002), Uganda
from the same year. This is in conjunction with Vidal ef af (2003) who found the
full-length sequences from Chad to be different from the sequences from East
Africa. The strains from Chad share a similarity with the Tygerberg strains
ranging between 72 and 77%. Bootstrap values greater than 70% are indicated
on the tree.

3.5.2 Subgenomic fragments
A) Gag gene

The gag gene is 1.5 kb in length and is translated into a 55 kDa polyprotein
precursor (Pr55%29), which can produce non-infectious, virus-like particles in the
absence of other viral proteins or packageable viral RNA (Freed, 1998).
Comparing to the other genes in the HIV-1 genome, intersubtype diversity
within the gag gene ranges from 15% (Caumont ef al, 2001; Harris et a/, 2002),
making gag one of the most conserved genes of the virus. Phylogenetic
analysis of the gag gene shows that the Tygerberg strains and the reference
subtype D strains cluster with 2 100% bootstrap value. The similarity between
the Tygerberg sequences range from 86.4% (R214 with R286) to 92.4% (R2
with R214). The structure of the gag phylogenetic tree resembles that of the full-
length subtype D tree. The gag phylogenetic tree is shown in figure 3.8. In the
gag p7 region, a duplication of 12 nucleotides corresponding to a 4 amino acid
duplication, NFKG, is seen in the Tygerberg sequences, except for R286 who
has the sequence NFYG (data not shown). The sequence is situated close to
the first zinc finger motive in HIV. Conservation of the sequence suggests that
the region has functional significance, perhaps the NFKG sequence has a role
in binding to the viral RNA (Laukkanen ef a/, 1996).
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B) Pol gene

The pol phylogenetic tree is depicted in figure 3.9. The pol sequences of the
Tygerberg strains had greater similarity than the gag gene. The similarity
between the Tygerberg strains ranged from 89.6% (R214 with R286) to 95.7%
(R2 with R482). The phylogenetic analysis resulted in a similar tree as gag. In
comparison with the other strains, the Tygerberg strains are more than 90%
similar in gene sequence, except for strain R214 who had similarities of 80%
with the other subtype D pol sequences.

C) Envgene

Sequence heterogeneity is a characteristic of the env gene and five variable
regions (V1-V5) interspersed with more conserved regions (C1-C5) have been
identified (Starcich ef al, 1986). Great similarities (86%-90%) had been
achieved between the Tygerberg strains. Similarities between the Tygerberg
strains and the other subtype D env sequences ranged from 78% to 86%. The
Tygerberg strains forms a separate cluster with 100% bootstrap value.

The V3 loop plays an important role in syncytium inducing phenotype and viral
tropism (O'Hagen et al, 2003; Dragic et al, 1996). Compared to other group M
subtypes, subtype D strains demonstrate a highly variable pattern of V3 loop
amino acids (Spira ef al, 2003). This is alsc evident from the Env alignment in
figure 3.11. The alignment shows the V3 region and the flanking amino acids.
The length of the V3 loop in the alignment below varied from 34 - 37 amino
acids. All the sequences have a cysteine residue on both sides of the loop. At
the crown of the V3 loop, seven different tetrameric sequences are visible. Most
of the sequences have the GPGQ motif. All four the Tygerberg sequences have
the GQGQ motif. The other motifs seen are the GPGA, GIGQ GPGL, GPGR
and GLGQ. At position 11 and 25 of the V3 loop, all the Tygerberg sequences
have positively charged amino acids (arginine (R) and lysine (K)), and their viral
phenotype are therefore of the syncytium inducing (Sl) type. This is in
correlation with the results obtained by Engelbrecht et a/, 1995 who grew the

isolates in culture.
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Figure 3.11. The partial env alignment of the different subtype D strains showing the
V3 loop. Indicated in the figure is the 33-37 amino acid V3 loop, with the cysteine
residues on both ends of the loop. Indicated with the red arrows are positions 11 and
25 relative to the Tygerberg strains.
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D) Vif gene

Vif (virion infectivity factor) protein is essential for productive HIV-1 infection of
peripheral blood lymphocytes and macrophages, the two major HIV-1 target
cells in vivo. However, Vif is not required for production of infectious particles in
several human cell lines in vitro. In spite of the dominant genotype of Vif
mutations, the mechanism of its action remains unknown (Baraz and Kotler,
2004). In the phylogenetic tree of the vif gene, the Tygerberg strains again
forms a separate cluster, this time with lower bootstrap values (85%).
Similarities between the Tygerberg sequences ranged from 90.4% (R214 with
R482) to 94.3% (RR2 with R286). Compared to the other strains, the vif
similarity ranged from 88.7% to 93.2%.

E) Vprgene

HIV-1 viral protein R (Vpr) is a small, highly conserved accessory protein
encoded by the HIV genome that serves many functions in the viral life cycle.
Vpr induces G2 cell cycle arrest, which is thought to indirectly enhance viral
replication by increasing transcription from the LTR. Vpr has also been
implicated in facilitating infection of non-dividing cells, most notably
macrophages (Heinzinger et al, 1994). Because Vpr is a nucleo-cytoplasmic
shuttling protein, its role in enhancing viral replication in macrophages may be
mediated through enhanced entry of the HIV preintegration complex through the
limiting nuclear pore (Sherman et al, 2002). In the vpr phylogenetic tree, the
gene is conserved amongst the Tygerberg strains as can be seen from the high
sequence similarity between the strains. Strains R2 and R214 share a 97%
similarity. In the tree, R2 and R214 group together, while strains R286 and
R482 group together. Similarities between the Tygerberg strains and the other
subtype D vpr sequences are as high as 84%.

F) Vpu gene

Vpu, a membrane protein from HIV-1, folds into two distinct structural domains
with different biological activities: a transmembrane (TM) helical domain
involved in the budding of new virions from infected cells, and a cytoplasmic
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Figure 3.12. A neighbour joining phylogenetic tree comparing the complete vif DNA
sequences of the Tygerberg sequences (R-strains; Red) with the HIV-1 subtype D
sequences. Bootstrap values greater than 70% are indicated. The horizontal scale

indicates the percentage variation between sequences.
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domain encompassing two amphipathic helices, which is implicated in CD4
degradation. The molecular mechanism by which Vpu facilitates virion budding
is not clear. This activity of Vpu requires an intact TM helical domain. In
addition, it is known that oligomerisation of the Vpu TM domain results in the
formation of sequence-specific, cation-selective channels. It has been shown
that the channel activity of Vpu is confined to the TM domain, and that the
cytoplasmic helices regulate the lifetime of the Vpu channel in the conductive
state (Montal, 2003). In the vpu phylogenetic tree the Tygerberg strains share a
similarity above 83%. In the tree, strain R214 groups with NDK, while R2 and
R286 group. The Tygerberg sequences share similarities of greater than 75%
with the other subtype D vpu sequences. R214, however, is very different from
strain 99UGD23550 whit whom it shares a similarity of only 68.4%. There is
also a low similarity between 99UGD23550 and the other sequences if taken
into account that vpu are conserved.

Transmembrane Cytopiasmic
f it P |
% z!;' 3 52 % a;.r 8i'1
BITVAIVREVVALY TATUVHE xvrxnmxmmmznm:mémsmmvmmmmmm
o - &g o o O8O F B B
r ohelix 1 t ¢ a-blis 2 /

7 st S
Comyserved region

[ i BT PTG

Ismuaieodoniisest ) brwrmuiiodomitient 2

Filgure 3.14. Annotated sequence of the HIV-1 (NL4-3) Vpu protein. The + and -
symbols represent the global charge of the amino acid residues depicted. The two
highly conserved and phosphorylated (P) serine residues are indicated at positions 52
and 56. The location of the two alpha-helical structures and the three immunodominant
epitopes is also indicated (Bour and Strebel, 2003).

The amino acid alignment of the vpu gene of the subtype D strains is given in
figure 3.16. In the alignment, it is clear that the amino acid sequence of R214
is different to the other subtype D vpu sequences. The sequence of R214 differs
from the other D sequences in an area of conserved amino acids. Strain
UGD23550 has an 8 amino acid insertion in the Vpu sequence. It is the only
sequence with the insertion and may account why it differs so much from R214.
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G) Tat gene

Tat is an 86-101 amino acid protein (Bayer ef a/, 1995). The amino terminus of
tat, which extends from residues 1 to 21, contains three repeats of Proline-XXX-
Proline in addition to acidic amino acids at positions 2, 5 and 9 (Gaynor, 1995).
This region is followed by a domain extending from residues 22 to 37, which
contains seven cysteine residues potentially capable of binding divalent ions
such as cadmium and zinc (Gaynor, 1995). The tat phylogenetic tree has the
same picture as the full-length tree, indicating that the Tygerberg strains are
non-mosaic in the fat region. Similarities between the Tygerberg sequences are
as high as 95.7%. When compared to the other sequences, similarities between
the Tygerberg sequences and the other subtype D taf sequences reach 94%.
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Figure 3.15. A neighbour joining phylogenetic tree comparing the complete vpu DNA
sequences of the Tygerberg sequences indicated in red colour with the HIV-1 subtype
D sequences. Bootstrap values greater than 70% are indicated. The horizontal scale

indicates the percentage variation between sequences.
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Figure 3.16. The Vpu amino acid alignment of the Tygerberg strains and the other
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sequences of the Tygerberg sequences indicated in red colour with the HIV-1 subtype
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indicates the percentage variation between sequences.
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Most subtype D viruses contain an in-frame stop codon in the second exon of

tat, which removes 13 to 16 amino acids from the carboxy terminus.

the Tygerberg sequences to have the complete tat gene (Figure 3.18).
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Figure 3.18

sequences. Indicated by the red arrow is the position in exon 2 of Tat where most strains
have a stop codon. Also visible is the fact that the tat protein is 101 or more amino acids
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o weos we e e e ae

R

The complete

KEEKVES-AEADQLDW-———
KREEVESKAEADPF DW———

KEEKVEE—-AEADPLDW———
KEKVESKAEADPFDW———

KEKVESEAETNQF DW———
KEEEKVESEAETNQFIWRTD
KEKVESEAETDPFD————

K—KVESKAEADPFDC———
KEKVESKAETDPFDC———

Tat protein alignment of the HIV-1 subtype D amino acid

if the stop codon is not present.

60

The
Tygerberg strains do not possess a stop codon, but a glutamine, which makes



H) Revand Nefgenes

Rev is the second necessary regulatory factor for HIV expression and is a 19
kD phosphoprotein, localized primarily in the nucleolus. Rev acts by binding to
the Rev Responsive Element (RRE) and promoting the nuclear export,
stabilization and utilisation of the viral mRNAs containing RRE. Rev is
considered the most functionally conserved regulatory protein of the lentiviruses
(HIV Sequence compendium, 2002). The rev phylogenetic tree shows a cluster
of the Tygerberg strains, with a bootstrap value of 84%. The rev phylogenetic
tree is depicted in figure 3.19.

Nef is a multifunctional 27 kD myristylated protein produced by an ORF located
at the 3 end of the primate lentiviruses. Nef is predominantly cytoplasmic and
associated with the plasma membrane via the myristyl residue linked to the
conserved second amino acid (glycine). Again, in the nef phylogenetic tree, the
Tygerberg strains forms a separate cluster with bootstrap values of 95%.
Closely related to the Tygerberg strains are the subtype D reference strains
(figure 3.20).

3.5.3 N-linked glycosylation of the Tygerberg amino acid sequences

The glycosylation patterns of the Tygerberg sequences are depicted in figure
3.21. The number of glycosylation sites over the env gene is indicated in section
of 100 base pairs. Sequence R2 has 29 glycosylation sites over the env gene.
Sequence R214 has 28 sites, sequence R286 has 25 sites and sequence R482
has 27 sites over the env gene. The subtype D sequences are generally highly
glycosylated as can be seen in Appendix E. The first 500-600 bases of the env
gene are the most glycosylated areas for the subtype D sequences. The
glycosylation patterns of consensus sequences of subtypes A — K are also
indicated in Appendix E. When compared to the other subtypes, subtype D
consensus does not have the most glycosylation sites, even though it is highly
glycosylated. The only subtype to have more sites is subtype B.
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Flgure 3.19. A neighbour joining phylogenetic tree comparing the complete rev DNA
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scale indicates the percentage variation between sequences.
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Chapter 4

DISCUSSION AND CONCLUSION

In the present study, four HIV-1 subtype D strains obtained at the Tygerberg
Academic Hospital between 1984 and 1986 were sequenced and characterised.
The four full-length strains characterised indicated no intersubtype
recombination. Evolutionary phylogenetic trees and sequence identity matrices
proved useful to determine the similarity of the Tygerberg full-length sequences
and the reference sequences from the Los Alamos database and highlighted
the differences.

41 The HIV-1 epidemic in South Africa

The first reported cases of HIV-1 infection in South Africa occurred in 1982 (Ras
et al, 1983). In South Africa, unlike the rest of sub-Saharan Africa, HIV-1 was
initially spread by homosexual contact (Kustner, 1994). HIV-1 subtypes B and
D were sequenced from these patients between 1984 and 1990 (Becker ef al/,
1985; Becker ef al, 1995; Engelbrecht ef a/, 1995). Subtype D viruses were
reported in five out of 11 South African male homosexual patients diagnosed in
the early to mid 1980s (Engelbrecht ef al, 1995). The first epidemic in the early
eighties was almost exclusively confined to HIV-1 infections in men (Kustner,
1994).

By 1989, the second HiV-1 epidemic in South Africa was recognised primarily in
the black population (Williamson ef af, 1995). Infections of the second epidemic
were predominantly heterosexual in origin and involved mainly HIV-1 subtype C
(van Harmelen e! al, 1997). This epidemic had attained a rapid global
distribution and, whereas the transmission of the initial subtypes B and D
seemed to be on the decline, HIV-1 subtype C spread at alarming rates
(McCutchan et al, 1996). On the basis of the age of the epidemic and the
genetic distance between gag sequences, an early study suggested multiple
introductions of subtype C strains into South Africa (van Harmelen et a/, 1999).
HIV-1 subtype C has established itself as the most prevalent subtype in Africa
(Esparza and Bhamarapravati, 2000; McCutchan, 2000).
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4.2 HIV-1 subtype D and complete genomes in South Africa

Apart from the five subtype D viruses described by Engelbrecht ef af (1995), not
a lot of focus has been placed on the subtype D viruses from this counfry. In
1997, van Harmelen ef al (1997), found subtype D in one male homosexual
patient and one heterosexual patient through analysis of the partial gag
sequences and heteroduplex mobility assays (HMA) of the V3-V5 region.
Bredell of al (2002) identified subtype D viruses as recombinant viruses in gag
and env. These recombinants inciuded a C/D and D/U strain and one subtype
D not amplifiable in the env region (D/-).

in earlier classifications, HIV-1 sequences were grouped in different subtypes
based on partial gag and env sequences, representing clusters branching from
a common node in phylogenetic trees, which suggest common ancestry.
Subsequently, the characterisation by full-length genome sequencing has led to
the identification of new HIV-1 clades and the realisation of the existence of
CRFs (Thomson et al, 2002). FullHlength HIV-1 genomes have been used to
study the genomic organization of the virus, the structure and functions of viral
genes and pathogenesis. The recognition of dual infections {Zhu et a/, 1995}
and the occurrence of recombination between subtypes (Robertson ef af, 1995)
suggest that cloning an intact plasma virus genome as a single full-length and
determining the sequence thereof is desirable. Full-length genomes have now
been obtained for 9 subtypes and about 15 recombinant forms of HIV-1. The
HIV sequence database contains nineteen full-length sequences from South
Africa mostly of subtype C, the strain responsible for the current epidemic
(Table 4.1).

Alizon et al (1986) described the first full-length subtype D sequence, Eli, which
was recovered in 1983 from a 24-year-old woman with AIDS. Today, 42 full-
length subtype D sequences have been described, 27 of which are from
Uganda (Harris et af, 2002). The other full-length sequences are from: Kenya
(Dowling et al, 2002; Neilson et al, 1999}, Chad (Vidal et a/, 2003), Democratic
republic of the Congo (Gao ef al, 1998; Spire et al, 1989; Srinivasan ef al, 1987,
Alizon et al, 1986) and Tanzania (Koulinska ef a/, 2003). These 42 sequences
are also pure subtype D sequences.

67



Table 4.1 Fulldength HIV-1sequences from South Africa (http://mww.lanl.gov)

Accession
Sequence name  number Subtype Year Reference
972A012 AF286227 c 1997  Rodenburg 2001
CM4 AF411964 A1CDGKU 1998  Papathanasopoulus 2002
DU178 AF411965 A2C 1998  Papathanasopoulus 2002
SwW7 AF411966 c 1999  Papathanasopoulus 2002
997ACMY AF411967 c 1999 Papathanasopoulus 2002
TVOO1 AY162223 c 1998 zur Megede 2002
TV002 AX455929 C 1998  zur Megede 2002
DuU151 AY043173 c 1999  van Harmelen 2001
DuU179 AY043174 Cc 1999  van Harmelen 2001
bu422 AY043175 c 1999  van Harmelen 2001
CcTsC2 AY0431786 C 1999  van Harmelen 2001
972A003 AY118185 C 1997  Unpublished
97ZA009 AY118166 c 1997  Unpublished
982A445 AY158533 C 1998  Hunt 2003
982A502 AY158534 C 1998 Hunt 2003
98ZA528 AY158535 ol 1998  Hunt 2003
T™V012 AY162225 C 1998  zur Megede 2002
99ZATM10 AY228556 c 1999  Papathanasopoulos 2003
01ZATM45 AY228557 cC 2001 Papathanasopoulos 2003

68



In Sudan, the largest country in Africa little is known about the HIV epidemic. In
the capital Khartoum, the prevalence among antenatal clinics was between 1
and 5% in the 1996 to 1998 time frame, with no data about HIV-1 subtypes.
This would be interesting because Hierholzer ef af (2002) found that 50% of the
samples from Sudan were subtype D in partial analysis of the po/ and env
genes. Globally subtype D consists of two different lineages, one circulating in
East and another in West Central Africa (Vidal ef al, 2003, Hierholzer ot af,
2002). Genetically they are distinguishable as two significant subclusters within
subtype D (Hierholzer et al, 2002), illustrating different founder effects of
subtype D in East and West Central Africa (Vidal et af, 2003).

Subtype D sequences has also been described in CRFs. Eight viruses of the
CRFO5_DF type have been described by Laukkanen et al (2000) and Casado et
al (2003). These viruses are restricted to Europe, even though virus X492, from
a 49-year-old woman is suspected to be infected by a sailor who had travelled
to Africa (Casado et a/, 2003). Another suspected case is of virus, R890820,
which was sequenced from a Dutch man with a female partner from the DRC
(Bikandou ef al, 2000; Laukkanen ef a/, 2000). The DRC has been reported to
have a relatively high prevalence of subtypé D compared to many other African
countries (Vidal ef al, 2000). The genetic distances in the phylogenetic trees
drawn by Laukkanen et a/ (2000) suggest that the recombination event leading
to the putative D/F CRF occurred relatively long ago, close to the divergence of
the F1 and F2 subclusters, The fact that these recombinants are linked to the
DRC suggests that the original recombination event took place in central Africa.

The second form of subtype D recombinants in the database, CRF10_CD has
been mostly described by the group of Essex (Koulinska et a/, 2001; Renijifo et
al, 1999). Eleven CD recombinants have been described, 10 of which are from
Tanzania. Bums et al (2002) described the other recombinant, from Kenya,,
when they looked at sequence variability of the integrase protein from a diverse
collection of HIV-1 sequences that represent several subtypes. In 1982 to
1984, subtypes A and D were present in Malawi. In 1987 to 1989 a survey
found only eight more individuals who had been infected with subtypes A and D

and by that time there were also recombinant viruses of the AD and DC
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(gag/env) type (McCormack et al, 2002). Although subtype D was present early
in the epidemic in Malawi, it did not spread in a comparable fashion as did
subtype C. In Tanzania, Koulinska ef a/ (2002) found that five out of six full-
length recombinants were mostly subtype D in the gag, pol, faf, rev and the
intracytoplasmic domain of gp41. The most common recombination patterns
observed were D (gag) — A (env) and D (gag) — D/C/D (env).

4.3 Unique features of the HIV-1 subtype D genome
4.3.1 Tatexon2

Tat is a small protein of 80 to 101 amino acids, which is encoded from two
separate exons. Studies have shown that the Tat protein separately is largely
unfolded (Metzger ef al, 1997; Bayer ef al, 1995). The Tat sequence has been
subdivided into several distinct sequences on the basis of its amino acid
composition: a N-terminal activation region (aa 1 - 19}, a cysteine-rich role
domain {(aa 20 — 31), a core region (aa 32 — 47), a basic region (aa 48 — 57) and
a glutamine-rich region (aa 60 — 76) (Metzger of a/, 1997; Klostermeier et af
1997), each of these regions being essential for Tat function. In comparison
with exon 1, the second coding exon of Tat has been less studied, since it is
assumed that the second exon of Tat does not greatly alter measurements of
Tat activity. Findings from HIV-2 Tat, however, are quite clear in demonstrating
that this exon contributes towards optimal trans-activation (Tong-Starksen et a/
1993). In other assays, the second exon of HIV-1 Tat has been shown to be
important for trans-activation (Jeang et a/ 1993) and virus replication (Neuveut
and Jeang, 1996). Two short motifs in the second exon of HIV-1 Tat could have
been identified. The first is an RGD sequence (Fig. 3.18; pos 78-80) that is
used as a cell adhesion signal for binding to cellular integrins (Brake ef al,
1990). This RGD motif, however, is not found in HIV-2 or SIV Tat proteins. The
second exon also had an E (Q/S) KKKVE motif, which is conserved in most
HIV-1 Tat proteins. The functional significance of this motif has not been
examined in detail. Most HIV-1 subtype D viruses contain an in-frame stop
codon in the second exon of Tat, which removes 13 to 16 amino acids from the
carboxyl terminus of the Tat protein (Fig. 3.17; Gao et al, 1998; Spira et a/,
2003). The Tygerberg sequences (R2, R214, R256 and R482) all contain a Q
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(glutamine) instead of the stop codon and have the complete faf gene.
Although this change is unlike to alter the function of the respective gene
products in a major way, it is possible that they could influence their mechanism
of action in a subtle (but nevertheless biological important) manner (Gao et al,
1998).

4.3.2 HIV-1 V3 Loop

The third hyper variable (V3) domain of HIV-1 gp120 is a disulfide-linked loop of
approximately 40 amino acids with a high degree of sequence diversity among
different viral sequences (Stanfield ef a/, 1999). The V3 loop of all four the
Tygerberg sequences has 35 amino acids (Fig. 3.11). The V3 loop is one of
the major immunogenic sites on the virus and is sometimes called the principal-
neutralizing determinant (PND) {Jahaverian ef al, 1989). The accessibility or
exposure of the V3 loop on gp120 appears to vary depending on the viral
sequence type and increases significantly when the virus interacts with CD4
through a conformational change that is triggered in gp120 (Sattentau and
Moore, 1991). The variation in the V3 loop has been the focus of extensive
research efforts because sequence changes in the V3 can alter viral cell
tropism, antibody neutralization, syncytium formation and chemokine receptor
usage (Hoffman et al, 2002; Janse van Rensburg et al, 2002; Treumicht et a/,
2002; Fouchier et al, 1995; Zhong et al, 2003; Milich ef al, 1993). The turn at
the apex of the loop is characterised by a range of tetrameric sequences
including: GPGQ, GPGR, GLGQ and GPGL. All four of the Tygerberg strains
share the GQGQ motif with positive amino acids at positions 11 and 25. The
amino acid at position 25 in HIV sequences is usually different for macrophage
tropic and T-cell-line tropic viruses (Stanfield ef a/, 1999). Most of the
macrophage tropic viruses have either an acidic amino acid or alanine at
position 25, in contrast to the T cell-line tropic viruses, which usually have a non
acidic amino acid at this position (Milich et af, 1993). Positively charged amino
acids in these positions in the V3 loop are therefore correlated with syncytium-
inducing (SI) viruses and negatively charged amino acids with the non
syncytium-inducing viruses (NSI). Compared to other group M subtypes,
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subtype D strains demonstrate a highly variable pattern of V3 loop amino acids
(Fig. 3.11; Spira ef al, 2003).

4.3.3 HIV-1 glycosylation

In the course of co-translational transfer into the lumen of the rough
endoplasmic reticulum (RER), retroviral env gene products are modified by the
addition of oligosaccharide side chains through N-linked glycosylation of
asparagine residues in the nascent polypeptide (Hunter and Swanstrom, 1990).
The number and distribution of N-linked glycosylation sites varies widely
between different retroviruses, with the HIV-1 gp120 being one of the most
extensively glycosylated proteins known (Lee ef al, 1992; Myers and Lenroot,
1892). HIV-1 has as many as 30 of the canonical Asn-X-Ser/Thr
oligosaccharide addition sites, with the majority (25) located in gp120. The
glycans attached to these sites account for approximately 50% of the protein’s
total mass (Ogert ef a/, 2001). Numerous studies using glycosylation and
glycosidase inhibitors have revealed the importance of the carbohydrate
moieties in determining the conformation of the HIV-1 envelope glycoprotein, a
property that undoubtedly affects its processing, intracellular transport and
ability to interact with CD4 (Pal et a/, 1989; Montefiori ef a/, 1988). The N-
glycosylation site at N306 protects HIV-1 from neutralizing antibodies and the
elimination of this particular glycan may influence HIV-1 infectivity (Schonning et
al, 1996). In the present study, we determined the glycosylation of the
Tygerberg strains and compared it with the consensus sequences of subtypes
A-K. The glycosylation patterns of the Tygerberg sequences compared well: R2
has 29 sites, R214 has 28 sites, R286 has 25 sites and R482 has 27. The
Tygerberg sequences had generally less glycosylation sites than the consensus
subtype D, which had 32 sites. Most of the glycosilation sites of the other
subtypes vary between 30 and 32, except for the subtype B consensus that has
33 and the subtype C consensus that has 29 sites.

4.3.4 R214 vpu gene

The Vpu protein of HIV-1 is a small integral membrane protein of 81 residues
that is synthesized and localised in the RER of infected cells (Strebel ef al,
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1988). Vpu is unique to HIV-1. The vpu protein has one transmembrane
hydrophobic helix and two amphipathic helices in its cytoplasmic domain (Ma et
al, 2002). Residues 1-27 constitute the N-terminal hydrophobic membrane
anchor, followed by 54 residues that protrude into the cytoplasm. Experiments
with canine microsomal membranes have revealed that the 27 amino acid
region of Vpu is responsible for membrane association (Strebel ef a/, 1989).
The Vpu cytoplasmic domain contains a high proportion of charged residues
followed by a series of acidic residues in the C-terminal part of the protein that
confer an overall negative electrostatic charge to the molecule (Fig. 4.1). A
highly conserved region spanning residues 47-58 contains a pair of serine
residues that are constitutively phosphorylated by casein kinase Il (Schubert
and Strebel, 1994). Vpu and env are expressed from the same bicistronic
mRNA in a Rev-dependant manner (Schwartz et al, 1990) and it is possible that
this unusual utilisation of viral transcripts might reflect a requirement for the
coordinate action of the two viral gene products (Strebel, 1996). Several HIV-1
sequences were found to carry point mutations in the Vpu translation initiation
codon but have otherwise intact vpu genes (Strebel, 1996). The Tygerberg
sequence, R214, has an intact vpu gene, but differs considerably (up to 30%
from strain 99UGD23550) from the other subtype D sequences (Appendix D7).
The serine residues of strain R214 is in place at positions 52 and 56, indicating
that the phosphorylation by the ubiquitous casein kinase |l can continue, but the
RAED sequence prior to the first serine had changed to DSKT. The change in
amino acid sequence might play a role in the assembly of the Vpu protein of
R214, vyielding it more efficient for particle release from the plasma membrane
of infected cells (Bour and Strebel, 2003; Paul et al, 1998).

73



CONCLUSION

This work represents the first full-length characterisation of HIV-1 subtype D
from South Africa. The study points out that the Tygerberg sequences (R2,
R214, R286 and R482) are more closely related to the subtype D strains from
Waest Central Africa than to the strains from East Africa, indicating two different
founder effects for the viruses from east (more recent subtype D) and west
(older subtype D) Africa. Given the potential impact of nonsubtype C viruses on
ongoing vaccine and natural history studies, the extent of HIV-1 diversity in
South African populations should be closely monitored. It would therefore be
necessary to characterise in full, the subtype B strains sequenced at the
beginning of the epidemic in South Africa in our attempt to reconstruct the
epidemiclogy and evolutionary history of HIV in South Africa and the rest of the
world. This will allow us to track the diversity and early evolution of the HIV-1
epidemic in South Africa so that: 1) The ancestoral subtype B/D strains can be
used for vaccine design, 2) various issues regarding public health policy and
planning can be addressed and 3) a more accurate estimation of the origin of
the epidemic can be made.
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Appendix A

The table gives the primers that were used to sequence the Tygerberg plasmids: pR2,
pR214, pR286 and pR482. The primers for the gag and env genes was designed and
described by Sanders-Buell et al (1995). The primers designed to sequence gaps in
the Tygerberg plasmids: G05D, Pol 1D, Pol 2D, Pol 2Drev, Pal 3D, Pol 3Drev, Pol DF,
Pol DR, Env DF and Env DR are described in thesis for the first time.
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Appendix A — Primers used to sequence the Tygerberg HIV-1 D plasmids

Primer Sequance (5'-3') Primer Sequence Reference
G oo GACTAGCGGAGGCTAGAAG GO AGGGGTCGTTGCCAMAGA 3325‘2?9'95,
G10 CAGTATTAAGCGGGGGAGAATT GO5 TGTTGGCTCTGGTCTGCTCT

G20 GTATGGGCAAGCAGGGAGCTAGAA G15 CTTTGCCACAATTGAAACACTT

G CAGTAGCAACCCTCTATTGTGT 625 ATTGCTTCAGCCAAAACTCTTGE

Gan GACACCAAGGAAGCTTTAGA G35 CATGCTGTCATCATTTCTTCTA

G50 CACAGCAAGCAGCAGCTG G45 TTGGACCAACAAGETTTCTGETE

G6O CAGCCAAAATTACCCTATAGTGCAG G55 ATTTGTCCCACTGGGATAGGTGE

G70 ATGAGGAAGCTGCAGAATGGG 065 ATGCTGAAAACATGGGTA

¢80 ATGAGAGAACCAAGGGGAAGTGA G675 CTTCTATTACTTTTACCCATGC

GO0 ATAATCCACCTATCCCAGTAGGAGAAAT Ges TGCACTATAGGGTAATTTTG

G100 TAGAAGAAATGATGACAG

G110 AGGCTAATTTTTTAGGGA

ED TAGAGCCCTGBAAGCATCCAGGAAGTCAGCCTA EN TCCAGTCCCCCCTTTTCTTTTAAARA
E0O TAGAAAGAGCAGAAGACAGTGGCAATGA E03 TAAGTCATTGGTCTTAAAGBTACCTG
E10 TTGTGGGTCACAGTCTATTATGGOGET E05 TATTTGAGGGCTTCCCACCCCE

E20 GGGCCACACATGCCTGTGTACCCACAG Et5 CTCTCTCTCCACCTTCTTCTTC

E30 GTGTACCCACAGACCCCAGCCCACAAG E25 GGTGAGTATCCCTGCCTAAC

E40 CATGTGGAAAAATGACATGGTGGATCA E35 GGTGAGTATCCCTGCCTAACTCTATT
E50 CATGGTAGAGCAGATGCAGGAGGATG E45 CCTGCCTAACTCTATTGAC

E6O TAATCAGTTTATGGGATCARAGC Ess GCOCCAGACTGTGAGTTGCAACAGATG
E70 GGGATCAMGCCTAAAGCCATGTGTAA E85 AGTGCTTCCTGOTGETCC

£80 CCAATTCGCATACATTATTGTG E75 GCGCCCATAGTGCTTCCTGCTGCTCO
E90 CACAGTACAATGTACACATGGAAT E85 GTCOCTCATATCTCCTCCTCCAGGTCT
E100 ACACATGGAATTAAGCCAGT E95 GATGGGAGGGGCATACAT

E110 CTGTTAAATGGCAGTCTAGCAGAA E105 GCTTTTCCTACTTCCTGCCAS

E120 GTAGAAATTAATTGTACAAGACCE EN5 AGAAARATTCCCCTCCACAATTAA

E130 ACAAATTATAAACATGTGGCAGG E126 CAATTTCTGGGTCCCCTCCTGAGG
E140 GTGAATTATATARATATAAAGTAG E135 AGCTGTACTATTATGGTTTTAGCATTGT
E150 CCAGGGCAAAGAGAMGAGTGGTG E145 CAGCAGTTGAGTTGATACTACTGG
E160 GTGGGAATAGGAGCTGTETTCCTTGGE E155 CTGTTCTACCATGTTATTTTTCCACATGT
E170 AGCAGGAAGCACTATEGS E165 GGAGTCTRTGGGTACACAGGCATATGT
E180 GTCTGGTATAGTGCAACAGCA E175 TTTAGCATCTGATGCACAASATAG

E180 CCTGGAACTCCACTTGGAG

E200 GGGATAACATGACCTGGATGCAGTGGE

E210 TAACAAATTGGCTGTGGTATATAA

E220 TATCAAAATGGCTGTGGTATATAA

E230 AATATTCATAATGATAGTAGGAGS

E240 ATAATGATAGTAGGAGGCTTGATAGGE

E250 GGAGGCTTGATAGGTTTAAGAATA

E280 TTCAGCTACCACCGCTTGAGAGACT

E270 GTGGAACTTCTGGGACGCAG

G0SD ATG CAG AGA GGC AAT TTT AAG G

Pal1D TCG CTC AMA TCA CTC TTT GGG

Poi2D CTA TTG AAA CTG TAC ©

Pol2Drev  GCA TCCATT CCT GGC

Pol3D CAG TAC TGG ATG TGG G

Pol3Drev CCCACATCCAGTACT G

Pol-DF  TTG TAC AGA TAT GBA AAA GGA AGS

Pol-DR  AAT TTA GGA GTC TTT CCC

Env-DF  GGT CACAGTTTATTATGG G

Env-DR 5. GAA TTG CAAAACCAG CTG G- 3
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Appendix B

Full-length nucleotide and amino acld sequences for HiV-1 subtype D plasmids:
PR2, pR214, pR286 and pR482

B1: Full-tength sequence of pR2

B2: Full-length sequence of pR214
B3: Fuil-length sequence of pR286
B4: Full-length sequence of pR482

The full-length sequences in B1-B4 contain both the nucleotide and amino acid
sequences of the plasmids. The start and end of the viral genes as well as the
nucleotide positions are indicated.

54



B1: pR2 Full-length sequsnce (nucleotide and amino acid)

181 GACTGGTGAGTACGCTAARAATTTTGACTAGCCGAGGCTAGARGGAGACAGATCGETCCG
({gag start) M G A
241 AGAGCGTCAGTATTAAGCGEGEEAAAATTAGATGCATGGGAAAGAATTCGGETTAAGGCCA
(gag) R A & VvV L &8 ¢ G X L D AWEU RTIT ERTILTERTP
301 GGAGGGAAGAAARAATATAAACTAAAACATATAGTATGGECAAGCAGCGAGCTAGAACGA
{gag) ¢ ¢ K X K Y KL X HI V WA G SURETLE R
361 TTTGCACTTAATCCTAGCCTTTTAGARACAGCAGAAGGATGTAAACAAATAATAGGACAS
{gag) F A L NUP S L L ETAZEBEGTCZEKQQTITIGQ
421 CTACAACCAGCTGTTCAGACAGGATCAGARGARCTTAAATCATTATATAATACAGTAATA
{gag) L Q P AV Q T™&@ S EETLIZ XK S5 L Y NTV I
481 ACCCTCTATTGTGTACATGARACCATACGATCTAAAAGACACCAAGGAAGCTTTACAAAAG
(gag) T L Y ¢ VH E®RI DV KDTUEXKTEA ATLTE K
541 ATAGAGGAAGAACAAAACARRLCTAAGAAAAACGAAGGCACAGCAAGCAGCAGCTGACACA
(gag) I EE E O N K & K XK K K A Q 0 A A ATDT
601 GGAAACAGCAGCCAGGTCAGCCAAAATTATCCTATAGTGCAGAACCTACAGGEECAAATG
{gag) G N § 8§ Q V 8§ g N Y P I ¥V Q NL Q G QM
661 GTACATCAGGCCATATCACCTAGAACTTTGAATGCATGGGTAAAAGTAATAGARGAAAAG
(gag) V H @ A I 8 P RTUILN AWV KUYV I ETE K
721 GCCTTCAGCCCAGAAGTAATACCCATG T TTTCAGCATTATCAGAAGGAGCCACCCOACAR
{(gag) A F & P EV I PMPF & AL 8 EGHU ATP
781 GATTTAAACACCATGCTARACACAGTGGEGGGACATCAAGCAGCCATGCAARTGCTAARA
(gag} D L NTMTULNTUTUVGEGOEH QA AMAMMGOMTL K
841 GAGACCATCAATGAAGRAGC TGCAGARTGGEATAGGCTACATCCAGTGCATGCAGEGLCT
{gag) E T I NEEAAZEWDU RILHUPUVYV HA G P
901 ATTGCACCAGGCCAGATGAGACAACCAACGGGAACTCATATAGCAGGAACTACTAGTACC
{gag) I A P G Q M REUPU RUGSDIAGT®TTS S T
961 CTTCAGGAACAAATAGCATGGATGACAAGCAACCCACCTATCCCAGTAGGAGAAATCTAT
(gag) L QBE QI A WMT S NUP P I PV G E I Y
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1021 AAAAGATGGATAATCCTGGEATTAAATAMAATAGTAAGAATGTATAGCCCTGTCAGCATT

(gag) K R W I I L ¢ L N X I VU RMY S P V 8§ 1
1081 PIGGACATAAGACAGGGACCAAAGGAACCTTTTAGAGATTATGTAGACCGGTTCTATAAA
(gay) L DI R Q G P K EP F RD Y V DURF ¥ K
1141 ACTCTAAGAGCCGAGCAAGCTTCACAGGATGTARAARACTGGATGACAGAAACCTTGTTG
fgag) T L R A E ¢ A § 0D V KENU®WMTETTLL
1201 GTCCAAARTGCARACCCAGATTGTAAAACCATCTTAARAGCATTAGGACCACAGGCTACA
{gag} Vv Q N AN P DCI KT I L KAULGU?POQA AT
1261 CTAGAACGAAATGATCGACACCETETCAGGGAGTEGEGEGECCCAGCCATAAAGCAAGAGTT
{gag) L EEMMTATCQG V G G P &8 HEXK ARV
1321 TTGEGCTGAGCCAATCAGCCAAGCAACAANT TCAGC TACTGCAGTAATGATGCAGAGAGGT
{gag) L A E A M S Q A T™ N S A T AV MMOQGTR G
1381 AATTTTAAGGGCCAAAGAAAANT TATTAACTGTTTCAACTGTGCCAAAGAAGGGCACATA
(gag) N F K G ¢ R K I I K ¢ F N CGZ KEUGHI
1441 GCAAAAAATTGCAGGGCCCCTAGGARRANGGGCTGTTGCGAAATCTGGAAGGGARGCACAC
{gag) A K N ¢ R A P R K X 6 ¢C W EKOCGUREGH
1501 CARATGAAAGAGTGCACTGAAAGACACGGCTAAT T TTTAGGGARAATTTGECCTTCCCAC
{gag) 0 M K EC T E&R Q A NVJFILGZ KTI WP S5 H
(pol start) ¥F ¥F R E N L A F P @
1561 AAGOGAAGGCCEEEEARCTTTCTTCAGAGCAGACCAGAGCCAACAGCCCCACCATCAGAG
{gag) K ¢ R P @G N F L Q S R P E P T AP P § E
(pol) G K A G EL S8 8 E Q TR ADNJGS P T TI R E
1621 AGCTTCGGGTTTOGEGAGGACATAACCCCCTCTCAGAAACAGGAACAGAAAGACARGGAA
(gag) s F G F G EE I T P 8 Q K Q E Q B D K E
(pol) L R VW& G DN P L S ETGTTETZRIGQG T
1681 CTGTATCCTTTAACCTCCCTCAAATCACTCTTTECCGAGCGACCCCTTGTCACAATARAAR
(gagend) L Y P L T § L K 8 L F @ 8 D P L S @ *
{pol) v &8 F N L P Q I T L WU EUZ R P?PULVTTIIZEKTI
1741 TAGCGGEACAGCTAAAGGAAGCTCTATTAGATACAGCAGCAGATCGATACAGTATTAGAAG
(pol) G ¢6 QL K EA L L DTG ADUDTV WV L E E
1801 AAATGAATTTECCAGGAAARTGGAAACCAAARATGATAGCCGCAATTGGAGGTTTTATCA
(pol) M N L P 6 K W K P KM I G G I G G F I K
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1861
(pol)

1921
{pol)

1981
(pol)

2041
(pol)

2101
(pol)

2161
(pol}

2221
(pol}

2281
fpol}

2341
(pol)

2401
{pol)

2461
{pol)

2521
(pol)

2581
(pol)

2641
(pol)

2701
(pol)

AAGTAAGACAGTATGATCAAATACCCCTAGAARTCTGTGGGCATAAAGC TATAGGTACAG

vV R Q Y D 0

I P L E I € G B K A TI G T V

TATTGATAGGACCTACACCTGTCAACATAATTGGAAGAAATTTGT TGACTCAGCTTGGCT
L I G P T P V N I

I G R N L L T QL G C

GCACTTTAAATTTTCCAATTAGTCCTATTGAAACTGTACCAGTARAATTARAGCCAGGARA

T L N F P I

5 P

I

E TV PV KL K P G M

TGGATGGCCCAAARGTTAAACAATGGCCATTGACAGAAGAARAAATAMAAGCATTAACAG
D G P K VK g W P L T ETEIZ KTIIE KA AIULTE

AAATTTGTACAGATATGGAAARGGAAGGARRAATTTCAAGAAT TGGGCCTGAARATCCAT
I ¢ T DM E K EG K TI S RIGUPEUNUPY

ACAATACTCCAATATTTGCCATAAAGAARARAGACAGTACTAMATGCGAGAAAATTAGTAG

N T P I F A I K K KD S T XK WURI KLV D

ATTTCAGAGAACTTAATAAGAGAACTCAAGATTTUTGGGAAGTACAATTAGGAATACCAC
F R E L N K R T Q D F W E UV Q L G I P H

ATCCTGCAGGGCTGAARAAGAAAAAATCAGTAACAGTACTGGATGTGGGTCATGCATATT
P A G L K K K K 5 vTT VL DV G D ATY F

TTTCAGTTCCCTTATGTGARGACTTTAGGAAATATACCGCATTTACCATACCTAGTATAA
§ v P L C EDVFRE KXY T AU FTTIUPS I N

ACAATGAGACACCAGGGATTAGATATCAGTACAATGTGCTTCCACAGGGATGGAAAGGAT
R Y Q Y NVULGPOQGTWZE KOG S

N E T P G I

CACCGGCAATATTCCAAAGTAGCATGACAAARATCTTAGAGCCCTTTAGARARCARARTC

P A I F Q 8§

S M T K I L E P F R K Q N P

CAGAGATGGTTATCTATCAATACATGGATGATTTGTATGTAGCGATCTGACTTAGAARATAG
EM V I ¥ 0Q Y MM DDILY V G & DULETIG

GECARCATAGAACAARAATAGAGGAATTAAGAGAACATCTATTGAGGTGGGGATTTACCA
E EL R EHTULTULIRWGT F T T

@ HR T K I

CACCAGATARAAAACATCAGAAGGAACCTCCATTTCTTTGGATGGGTTATGAACTCCATC
P DK K H Q K EU?PPVF L WMGYETLHP

CTGATAAATGGACAGTACAGCCTATAATACTGCCAGACAARAGARAGGTTGGGACTETCA

DKW TV Q

P I

I

L P D K R KV G T V N
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2761
(pol)

2821
(pol)

2881
(pol)

2941
(pol}

3001
(pol}

3061
{pol)

3121
{pol)

3181
(pol)

3241
(pel)

3301
{pel)

3361
(pol)

3421
(pel}

3481
{pol)

3541
(pol)

3601
{pol}

ATGATATACAGAAGTTAGTAGGGAAATTAARCTCGGCAAGCCAGATTTATCCAGGAATTA
D I Q KL VG KL NW A S 0 I Y P G I K

AAGTAAAGCAATTATGTARACTCCTTAGGGGAACCARAGCACTAACAGAAGTAATATCAC
vV K ¢ L ¢ KL L R GG T XK AULTEV I S L

TARCAGCAGAAGCAGAATTAGRACTGGCACAAAACAGGGARATTCTAAAAGAACCAGTAC
T A E A EL EL A ENURETIULUEKEUPVH

ATCGAGTGTATTATGACCCATCAAAAGACT TAATAGCAGAAATACAGAAACAAGGGAATG
G VvV Y ¥ D P § K DUL I A BT 0 KOG GN G

GCCAATGGACATACCAAATTTATCAAGARCCATTTARAAAATCTGARRACAGGAAAGTATG
Q w T Y Q I ¥ Q E P F K N L K T G K Y A

CAAGAACGAGGGGETGCCCACACTAATCGATGTAAALCAATTAGCAGACGCAGTGCARAAAR
R T R G A HTNDV K QL AEAV Q KI

TAGCCACAGAAGGCATAGTAATATGGGGAMAGACTCCTAAATTTAGACTGCCCATACAAR
A T EG I VvV I WG EK TP K F RUL P I Q K

AGCGAAACATGGAAARCATGEGTCGATAGAGTATTGGCAAGCCACCTGCATTCCTGAGTGGG
E T WK T W W I E Y W AT WTI P E W E

AATTTGTCAATACCCCTCCTTTAGTAAAATTATGGTACCAATTAGAGAAGGAACCCATAR
F v N T P P L V KL WY Q LEZXEUPTIM

TGGGAGCAGARACTTTCTATGTAGATGGGGCAGCTAATAGAGAGACTAAAGTAGGRAARG
G A ETVF Y VDGAAMAMUNINERETIEKV G KA

CAGGATATGTTACTGACAGAGGAAGACAGAAACGTTGTCCCTTTAACTGACACAACAAATC
G ¥ vT™T™DRGUR Q KV V P L T DTTUNQ

AGAAGACTGAGTTACAAGCAGTTAATCTAGCTTTGCAGGATTCGGGATTAGARGTARMACA
K T E L @ A VvV NL A L @Q D S G L E V NI

TAGTAACAGATTCACAATATCTATTAGGAATCATTCAAGCACAACCAGATARARGTGAAT
v T D S Q ¥ VL G I I ¢ A Q P DK S8 E 8

CAGAGTTAGTCAGTCAARATAATAGAGCAGCTAATARARARGGAAAAGGTTTACCTGGCAT
E L ¥ S g I I E Q L I X K E K V Y L A W

GGGTACCAGCACACAAAGGAATTGGAGGAAATCGAACAAGTAGATAARTTAGTCAGTCAGG
vV P A H XK G I GG NEOQV DI KTLV S QG
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3661 GAATCAGGAAAGTACTATTTTTGGATGGARTAGATARGGCTCAAGAAGAACATGAGAMAT

{pol} I R K V L F LD G I D KA AO QT ETEUHTETZKY
3721 ATCACAACAATTGGAGAGCAATGGCTAGTGATTTTAAC CTACCACCTGTGGTAGCARRAG
(pol} H N NWRAMASTUDT FNTLZ PPV V A K E
3781 AAATAGTAGCTAGCTGTGATAAATGTCAGC TAAARGGAGAAGCCATGCATGGACARGTAG
(pol} I v A 8§ ¢C D K C QL K G E AMUHBGUGQUV D
3841 ACTGTAGTCCAGGAATATGGCAATTAGAT TG TACACATTTAGARGGAAAAGTTATCATAG
{pol) ¢ 8 P G I WQ L D CTHTULETGUEXUWVTITIV
3901 TAGCAGTTCATGTAGCCAGTGECTATATACAACCAGAAGTTATTCCAGCAGAAACAGGGC
(pol} AV HV A § ¢ ¥ I EA EV I P AETG QO
3961 AGGAAACAGCATACTTTCTCTTAAAATTAGCAGGAAGATGGCCAGTAARRGTAGTACATA
{pol) E T A VY FF L L K L A GRUW PV KV V HT
4621 CAGACAATCEGCAGCAATTTCACCAGTGCTGCAGTTAAGGCCGCCTGCTGGTGEGCAGGTA
(pol) D NG S N F T™ 8 A A V KA A CW WA G I
4081 PCAAACAGGAATTTGGAATTCCCTACAATCCCCAAAGTCAACGGACTAGTACAATCTATCA
{pol) XK Q EF G I P Y NP Q 8 Q G V V ESMN
4141 ATAAAGAATTARAGAAMATACAACCACACGGTTAGAGATCAAGCTGAACATCTTAAGACAG
{pol) K EL K K I § 66 ¢Q v R D OQAEUHTULZEKT A
4201 CAGTACARATGGCAGTATTCATCCACAATTTTAAAAGARAAGEGEEEATTGEGGGATACA
(pol) VvV 0 M AV P I HNT FI XU RIEKGOGTI GG Y 8
4261 GTGCAGGGGAAAGAATAGTAGACAT TAGAGCAACAGACATACAAACTARAGAATTACARA
{pol) A G ERI VDI RZAZAZTDIOQTI KT ETL ¢ K
4321 AGCAAATCACAAAAATTCAARATTTTCGEGTTTATTACAGGGACAGCAGAGATCCAATTT
(pol) ¢ I T K I ¢ N F R V ¥ Y R D S R D P I W
4381 GGAAAGGACCAGCAAAACTTCTCTGGARAGGTGAAGGGGCAGGAGARATACARGACAATA
{pol) K @ P A K L L W K ¢ EC A E I ¢ DN S
4441 GTGACATTAAGGTACTACCARCAAGAAAAGTGCAAATCATTAGGGAT TATGGARRACAGA
(Vif starg) M E N R
{Pol) D I K VvV L P RRZX V ¢ I I RD Y G K QM
4501 TGGCAGGTGATGATTGTGTGGCAACTAGACAGCATCAGCGATTAGCACATGGAAMAGTTTA
{Vif) W Q VM I VW VDU RUMEBERTIUSTWIE K S L
(Pol end) A G DDOGCV A S R G DETD *
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4561 GTAAAACACCATATGTATGTTTCARAAAAGGCTARAGGATCGTTTTATAGACATCACTAT

(Vif} VvV K H HM ¥ V §8 KK A K G WU F ¥ R HH Y
4621 GACAGCCCCCACCCAARAATARGCTCAGAAGTACACATTCCACTAGGAGARGARAGACTG
{(ViE) D § P HP K I 8 8 EVHTIUPILGTETETRTL
4681 ATAGTAAAAACATATTCEGETCTECATACAGGAGAARGAGAATGGCATCTGGGTCAGGGA
(Vif) I VvV K T Y WG UL HTGETZ RTETWUHTULGOGQ G
4741 GTCTCCATAGAATGEAGGAAAAAGGAATATAGCACACAAGTTGACCCTEGCCTGGCAGAL
{Vif) Vv 8 I EWRU KU X Y 8T Q VD PGUILATD
4801 CAACTCATTCATATATATTATTTTGATTGTTTTTCAGACTCTGCTATCAGAAAAGCCTTA
(Vif) ¢ L I H I ¥YYFDOCT FS D S A I REKAZ AL
4861 TTAGGACATATGGTTAGACCTAGGTGTGAATACCAAGC AGGACATAACARGETTGGATCC
(Vif) L G HMVRPU RUGCETYQQAOGHNTZ KUV G S
4921 TTACAGTATTTGGCACGAACAGCATTATTACCACCAARAAAGACARAGCCACCTTTGCCT
(Vif) L § ¥ L a&aRTATULTLT PUFPZKZ K TIEX P P L P
4981 AGTGTTAGGAAGCTATCAGAAGATAGATGGARCAAGCCCCAGAAGACCAAGGGCCACACGA
(ViF) S VR XKL 8 EDURTWMNIEKUPOQI KTIEKGHR
{Vpr start) M E 0Q AP E D QG P Q R
5041 GGEGAGCCATACAACGAATGGACATTAGAAC TTTTGGAGGAGCTTARGAGTGARGCTGTTA
(vifend) 8 § H T T N & H *

(Vor) E P Y N EWTLETULTULTEZETULIEKSEATVR
5101 GACACTTTCCTAGATTATGGCTCCATAGCTTAGGACAACATATCTATCAAACTTATGGEGE
{Vpz) H P P RLWILUHSTILGOQHTI Y EBETTUY G D
5161 ATTCCTGGECAGGASTTGAAGCTATAATAAGAATTC TGCAACAATTACTGTTTATTCATT
{Vpr) 8 WA GV EA I I RIULGOQTULLVFTIUHTF
5221 TCAGAATTGGETGTCAACATACCAGAAGAGGTATTAC TCGGECAGAGAACAGCARGAAATGE
{Tatxl start) M
(Vor) R I 6 ¢C Q H™®™ R RGITI RUOU RIERA ATZ RUDNG
5281 GATCCAGTAGATCCTAGCCTAGAGCCCTGRARC CATCCAGGAAGTCAGCCTARGACTGCT
(Tatxl) D PV DUPSLEUVPWNU HEUPEPGS QP KT A
{Vpr end) § &8 R 8 *
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5341 TATAACAAGTGTCATTGTAAARAGTGTTGCTTTCATTGTCAAGTTTGCTTCATAACGALA

(Tatxl) ¥ N K ¢ H C K K ¢ ¢ F HCQVOCUPTITTK
5401 GGCTTAGCCATCTCCTATGGCAGCGAAGAAGCGRAGACAGCCACGARAACCTCCTCACGGC
{Tatxl) 3 LL 3 I 8 ¥ G R K K R R Q R R K P P H G
{Revxl start} M A &G R §S 6 D 5 D EDNULTUL T A
5461 GGETCAGGCTCATCAAGTTCCTATAC CAGGGCAGTAAGTAGTTCATGTAATGCAACCTTTA
{Tatxlend) @ ¢ A H Q Vv P I P G ( * M ¢ P L
{Vpu start)

(Revx1 end) V R L. T K F L Y @ G & K *

5521 GTGATAATAGCAATAGCAGCATTACTAGTAGCACTAATAATAGCAATAGTTGTATGCACC
(Vpu) v I I A I A ALYV V AL I I A I V VWT

5581 ATAGTATTCATAGAATATAGGAGAATAAAAAAGCAAGGAAAAATAGACTGTTTAATTGAT
(vpw) I v F I E Y R R I K K QQ ¢ K I DCUL I D

5641 AGAATAATAGAAAGAGCAGAAGACAGTGGCAATGAGAGCGAGEEEGATAGAGAGGAATCG
(Vpu) R I I E R A EUD S GDNIE S E G DR E E 8

(Env start) M R A R G I E R N R
5701 ACAAAACTTGTCECACATEGEECATCATGCTCCTTGGRATGTTGATGATCTGTAATGCTGC
(vpuend) T K L V¥V D M ¢ H H A P WDV DD L *

( Env) 0 NL WT WG I ML L G M L M I CN A A
5761 AGAAAATTTGETGGGTCACAGTTTAT TATGEGETCCCTGTATCCGAAGBAAGCAACCACTAC
(Env) E N L WV TV Y Y ¢V PV WEKEW ATTT
582t TCTATTTTGTGCATCAGATGC TAAATCCTATGARACRGAGGCACATAATATC TGGGCTAC
(Env) L F ¢C A §S DAI K S Y ET EAUHDNTIWAT
5881 ACATGCCTGTGTACCCACGEACCCCAGCCCACARGARATAGAACTAGAAARTATGACCGA
(Env) HACUV PP D P S P §ETIETILZEUNUYVTTE
5941 AAACTTTAATATCTGGARRAATAACATCETAGACCAGATGCATGAGGATATAATCAGTTT
{Env) N F N M W XK N NMV YV D QM HETDTIT IS L
5001 ATGGGATCAAAGCCTAARAC CATGTGTAAAATTAACCCCACTC TG TGTCACTTTAARCTG
{Env) W D Q S L K P CV XKLTU PULOGCVV TTULNTC

6061 CAATAATAATGTTACCTTARAACAGCACTGGGECCATCTGCARCARGACTACGGGCARAGC
(Env) N N N VvV T L N $ T G A I ¢ N XK T TG K A
6121 CACTGTGEAGTCAGAACTCGAGCTAAAARACTGCTCTTTCAATAT AACTACAGTAGTAAG

{ Env} T v E 8 E L E V K N C 5§ F N I T T V V R
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6181
{Env)

6241
(Env)

6301
{Env)

6361
{Env)

€421
(Env)

8481
(Env)

6541
{Env)

6601
(Env)

6661
{Env)

6721
{ Env)

6781
(Env)

6841
(Env)

6901
(Env}

6961
(Env)

7021
{Env}

AGATARGAGAATGCAAGTACGTGCGCTTTTTTATAGACCTGATATAGTATCAATAGACAR
DK RM {Q V RALF Y R P DI V S5 I DN

TGATAATACCAGTTATAGGTTAATAAATTGTAATACCTCAGCCATTACACAGGCTTGTCC
D NT S5 ¥ RL I NCNT S A ITOGQATZUCTP

AAAGGTATCCTTTCAACCAATTCCAATACATTATTGTGCCCCAGCTGGTTTTGCAATTCT
K v 8 F Q P I P I HY C A PAGVPF A I L

TAAGTGTAGAGATAAGAAGTTCAATGGAACAGGCCCATGCACARATGTCAGCACAGTACA
K ¢ R DK KFNGTG P CTDNWV S TV ©

ATGTACACATGGAATTAAGCCAGTGGTGTCAACTCAACTGCTGTTGAATGGCAGTCTAGC
¢ TH G I K P V V 8T QL L L NG S5 L A

AGAAGAAGAGATCATAATTAGATCTGAAARTCTCACARACAATGCTAAAAACATAATAGT
E E E I I I R & ENL T NN AU KNTITIV

ACAGTTTAATGCATCTGTAGAAATTAATTGTACAAGGCCCTACAAATATACARTACAANA
Q F N A S8 V EI NCT™U R P Y K Y T I @ K

AACATCAATAGGACAAGGGCAAGCATTACATACAAGCAAGAGCGATAATAGGAGACATARG
T 8 I &6 Q G ¢ A L H T $ KR I I &6 D I R

ACAAGCACATTGTAACATTAGTGGAGAAAAATGGTATGAAACTCTACAACAGGTAGCTAT
Q A H CNTI S G E K WY ETTULOQQV A I

AAAATTAGGAGACCTTCTTAACAARACAACAATAACTTTTCGACCACCCTCAGGAGGGGA
KL 66D L L N XT7T1TTV FUZRUPUZPZS G G D

CCCAGAARATTACAACACACAGTTTTAATTGTGGAGGGGAATTTTTCTACTGTAATACATC
P E I T TH S F NCGGEVFVF Y CNT S

AAGGCTGTTTAATAATACATGGAATGGTACAACATGGTCARATARGACAGACACCAATGG
R L F NN T WNGT T WS NX TUDTN G

GACAGTCACACTCCCATGCAGAATAANACAAATTATAAACATATGGCAGGAAGTAGGAAA
T ¥V T L P C R I K Qg I I N MW ¢ E V G K

AGCAATGTATGCCCCCCCCATAGAAGGACTACTTAGATGTTCATCARATATTACAGGGTA
A M Y A P P I E &L L RCS S5 NTIT TG Y

TATATTGACAAGAGATGGTGETTATACCAGTTCTGGCAATGCGACCTTCAGACCTGGCGG
I L. T RD G G Y T™S5 S &G NATU FURUP G G
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7861 AGGCAGAGACAAATCAATTCGATTGGTGARCGGATTCTCCGCACTTATC TGGGACGATCT
(Revx2) R Q R Q I N 8S I 6 E R I L R T ¥ L G R S
{ Env) G R DK 8§ I RL VN GF S AL I WD DL
(Tatx2 end) A E T N Q F D W *

7921 GCGEAACCTGTGCCTCTTCAGCTACCACCGCTTCAGAGACTTACTCTTGTTTGCAGCGAG
{Revx2) A E PV P L Q L P P L QRUIL T™UIL V C § E
(Bnrv) R N L ¢ L F §S YHRPFRUDILTULTILUVFA A R
7981 GATTGTGGAACTTCTGEGACGCAGEGEETGRGAAGCCCTCAAGTATC TGTGGAATCTCCT
(Revx2) D ¢C G TS G T QG V E S P RV S V E S P
(Env) I vVELTLG® GRIRGWEA BATILIE KT YTLWNTLL
8041 GCAGTATTGGAGTCAGGAACTCAAGAATAGTGCTATTTACTTGCTTGCTACCATCGCAAT
(RevxZ2 end)A V L E &§ G T Q E *

( Env) O ¥ W & Q EL K N & aA I ¥ L L A T I A I
8101 CETACCAGCAGAGEGEACAGACACGETTATACAACTTGTACGAAGAGCTTGCAGAGCTAT
{ Env) v P A E G T DU RV I @ VvV VRU ERWATCTERD AT
8161 TCTTACCATACCCACAAGARTACGRACAGGGCTTGEARAGGCTTTTGC TATAARATGGGTG
{Env end) L T I P T®RTUIU RGO GILUEU RTILTIL L *

(Nef start) M G G
8221 GCAAARTGCTCAARAAGTAGTATACTTGCATGGTCTGCTATALGGGARAGAATAAGAAGAA
{Nef) K W 5 K § § I v 6 WS ATIUZREIT RTITZ RT RT
8281 CTGATCCAGCAGCAGATGEERTECCAGCAGTATCTCGAGACCTGEARARAACATGEGECAA
{Nef) D P AAD GV GA VYV S RDIL EUZ XKHGAI
8341 TCACARGTAGCAATACAGCAAGTAC TAATGCTGAC TGTGCCTEGCTAGAAGCACAAGAAG
{Nef) T 8§ S N T A & T N A D CAWULTEW AGQTEE
8401 AGAGTGAGGAGGTGEECTTTCCAGTCAGACCTCAGGTACCTTTAAGACCAACGACTTACA
{Nef) S E E V @ F P VR P Q UV PLRUPTT Y K
8461 AAGCAGCTCTAGATCTTAGCCACTTTTTAAAAGARAAGGGEGGACTGGAAGGGCTTATTT
{Nef) A AV DL S HF L KEZ XKOGGOa&TULEG GTLTI W
8521 GETCCAARARGAGACAAGAGATCCTTGATCTTTGGGTCTACARCACACAAGGCTACTTCC
(Nef) $ K K R § E I L DL WV Y NTOQUG Y F P
8581 CCGATTGGCAGARACTACACACCAGGEGCCAGGGATCAGATATCCACTTACCTTTGEGATCGGET
(Nef) D W QNJY T™OPQGP @ I R Y P L TTF G WC
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7081 AGGAGATATGAGGGACAATTGGAGAAGAGAATTATATACATACARACGTAGTACARATTGE
{ Env) G DM R DNWU RURETLYTYZX V V Qg I G
7141 ACCRATAGGAGTAGTGCCCACCAGGGCAARGAGAAGAGTGGTGGAAAGGGARARAAGAGG
(Env) P I 3 V V P T R A KU RU RVYVY YV ET RTEIZKTR G
7201 GETTTTCTTGGGAGCAGCAGGRAAGCACGATGGECGCAGCGTCATTATCGCTGCCGGTACA
(Env} v F L. 3 A A G S TMOGAAUSL S L P V Q
7261 GECCAGACAGETATTCTCTCETACAGTGCAACAGCAAAGC AATTTGC TCAGGGC TATATC
{Env) A R Q VL 8§ G TV Q € 0 5 N L L RAT 8
7321 GGCGCAACAGCATCTGTTECAACTCACGGTC TGGEGCATTAAACAGC TCCAGGCAAGAGT
(Env) A @ @Q HL L QL TV WG&TIU KOGQTULGQA AT RV
7381 CCTAECTGTGGAARGATACCTTAAGGATCAACGGCTCCTGGGACTTTGEAETTCCTCTEG
{Env) i AV E R Y L X D ¢ R L L GL WGE&UTLC 8 G
7441 AAAACACATTTGCACCACTACTGTGCCCTGGAACTCTAGTTEGACTANTAGAACTCAAGA
(Env) K H I ¢ T T TV P WNS S WS N R T QD
7501 TGAGATTTGGCATAACATGICCTGSATGCAGTECCAAACACAAATTCGACAATTACACAGG
{Env) E I W HNM S WM Q W EURE ETTDINY T G
7561 ACTATTATACACCTCAATTGARAGTTCOCAGETTC AGCAAGAAAACAATGAACAAGAATT
(Env) L L Y TS I E 8 § Q VvV Q Q EEKNZEUGQTEL
7621 ATTGGAATTGGACAAGTGEECARGTCTGTEEAATTGET P TAACATCACARACTEGCTATG
(Env) L BEL DD K WA S L WNWPFNTITWNWILW
7681 GTATACAAAAATATTCAGAATCATATGGGGAGGCTTACCAGGTTTTAGAATGGTTTTTGC
{Env) ¥y T K I F R I I W& G L P @G F R MV F A
7741 TETGOTTTC TGTGETACATAGAGTTAGGCAGGGATACTCACCTCTGTCATTTCAGACCCT
[RevxZ2 start) S D P

{ Env) v L 8 VV HRVRQOGGY & PUL S F Q TUL
{Tatx2 start) P 5
7801 COTCCCAGCCCCEAGGEGACTCGCACAGGCCCCAAGGAACAGAAGARAGANGETGGAGAGCG
{Revx2} P P S P EG T ROQOOAUZRT EREINU ERIRUERET RWR A

{ Env) L P A P RGP DRUP EGTETETETUGTGE R
(Tatx2) & @Q P R GG D PTG P K EOQ K K KV E 8§ E
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8641 GTTTCGAGCTATTACCAGTTGATCCACAGGAGGAAGAAGAGGL CACTGAGGGAGAGACTCA

(Nef) ¥F EL L P VvV D P Q EEETEA ATEGETN
8701 ACTGCTTGTTACACCCTATCAACCAGCATGGAATGGAGGACCCGRAGAGACAAGTGTTCA

{Nef) ¢ L L H P I NQ HGMETDU PUETZRUGQV F K
8761 AGTGGAGATTTAACAGCAGACAAGCATTTGAGCACAAGGCCCGCCAGTTACATCCGGAGT

(Nef) W R F NS R QA F EH KA AURUGOQTULHUPE Y
8821 ACTACAARGACTGCTGACACCGAGTTTTCTACAGGGGACTTTCCGCTGAGGACTTTCCAG

(Nef end) Y K b C *
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B2: pR214 Full-length sequence (nuclectide and amine acid)

181 AAATTTTTCGACTAGCGCGAGGCTAGAGCGAGACAGATGEGETGCGCGAGCGTCGGTTTTAAGC
{Gag start) M @ A R A S5 V L s
241 GGGGGAGAATTAGATAGGTGGGAMAMTTCGTTTAAGGCCGGCGAGEGAAGAAAAANTAT
{Gag) G 6 E L D R W E X I R L R P & G K K EK Y

301 ARACTTARACATATACTATGGGCAAGCAGGGAGCTGGAACGATTTGCACTTAATCCTAGC
{Gag) K L KX H I L w A 8 R EL RV F A L NP S5
361 CTTCTAGAGTACAGCGAAGGATGTAAACAAATATTAGGACAGCTACAACCATCTCTTCAG
{Gag) L L E Y & E G C K ¢ I L ¢ @ L @ P S8 L 9
421 ACAGGATCAGAAGAAC TTAAATCATTATATATTACAGTAGTAACCCTCTATTGTGTACAA
(Gag) T @G § E E L K § L Y I T VvV VvV T™ 1L ¥ C VvV Q
481 GAAAGGATAGAGGTAMAGGACACCAAGGAAGCTTTCAGAAAGATGGAGGAAGAACAAMAC
(Gag) E R I E v K o "™ K E A F R KMZEETEDOGQN
541 AAATGTARGAADAAGAACGGCACAGCAAGCAGCECCTGACACAGGGAACAGCAGCCAGGTC
(Gag) K ¢ K K K X A Q Q A A A DTGNS S Q V
601 AGCCAAAATTATCTATATTGCAGAAC TACACGGOCAAATGETACATGGGGCCATATCACCT
(Gag) & ¢ N ¥Y L ¥ ¢ R T T GG Q M vV HG & I 8§ P
661 AGAACTTTGAATGCATGGGTARAAGTAATAGAGGAAMGGCCTTCAGCCCAGAAGGAATA
(Gag) R T LN A WV K VYV I EEKOAUVF S P E G I
721 CCCATGTTTTCAGCATATTCAGARGGAGCCACCCCACAAGATTTARACACCATGCTAARC
(Gag) P M F 8 A Y 8§ E G A T P QDL N T M L N
781 ACAGTGGGEEEGACATCARGCAGCCATGCARATGTACARGGAGACCATCAATGAGGARGCT
{Gag) T v ¢ ¢ H Q A A M QMY XK ETTINEE A
841 GCAGAATGECGATACGGCTACATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAGATCAGA
(Gag) A E WD RUL H P VHAG P I A P G QO I R
901 GAACCAAGGGGAAGTGATATACCAGGAACTACTAGTACCCTTCAGGAACAAATAGGATGG
(Gag!} E P R @ 5 DI P & TTS TUL QEIOQTIGW
961 ATTACAAGCAACCCACCTATCCCAGTCGGAGAAATCTATAAAAGATGGATTATCCTGGGA
(Gag) I T S N P P I P V G E I ¥ X R W I I L G
1021 TTCARTAAAATACATAGAATGTATAGCCCTGTCAGCAT TTTGGACATAAGACAGGGACCA
{Gag) F N K I H R M ¥ &8 P ¥ 8 I L D I R Q G PF
1081 ALGGAACCTTTTAGAGATTATGTATACCGGTTCTATAAAACTCAAAGAGCCGAGCAAGCT
(Gag) K E P F R D Y VvV ¥ R F ¥ K T @ R A E Q A
1141 TCACAGGATGGAAAAAACTECGATGCCAGAARCCTTGTTGGTCCARAATGCARACCCAGAT
({Gag) 5 o D@ K N wM P E T L L VvV Q N B N P D
1201 TGTAARACCATCTTACARGCATCAGGACCACAGGCTACACTAGAAGAAATCGATGACAGCG
{Gag) ¢C K T I L @Q A 8 G P Q A T L EE M M T A
1261 TGETCAGGEAGTAGCGAGGGCCCAGCCATAAAGCARGAGTTTTGGCTGAGGCAATGAGCCAA
(Gag) ¢c Qg G VvV G 66 P S HEKAURUVL AZEW AMMSE Q
1321 GOAACAAATAGCECAACGATCTACTGCCAGAGAGGCAATTTTAAGGGCCARAGAAALLTT
(Gag) A T N S5 A T I Y C Q R G NJF XK @ Q R K I
1381 CTAMAGTGTTTCAACTGTGECAAGAAGGCACATACGCAAAAAATTGCAGGGCCCCAAGGAR
(Gag) v K ¢ F N ¢ 6 K K A HS K XKL Q G P K E
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1441

AAGGGCTGTTGGAAATGTGGARGGGARGGACACCAAATGAAAGATTCCACTGAAAGACAG

T

P

1

I

I

E

F

(Gag) K @ ¢ W K ¢ @ R EG H g M KD CTE R Q
1501 GAAAATTTTTTAGAGAAAATTTTGCCTTCCCACAAGEGACGCCCGGGGAACTTTCTTCAG
{Gag) E N F L E K I L P 8 HK GU R PG DNV F L Q
{Pol start) F F R ENVJFW AV F P Q G TP G E L 8§ 5 E
1561 AGCAGACCAGGGCCAACAGCCCCACCACTAGAGAGCTTCGEETTTGEEGAGGAGATAACC
({Gag) s R P G P ™ A P P L E S5 F G F G EE I T
{Pol) g ™ R A N § P T TR EL R V W G G P N P
1621 CCCTCTCAGAAACAGGAACAGAAAGACAAGGAACTGTATCCTTTAACCTCCCTCARATCA
(Gag) P 8§ Q K ¢ EQ K D K E L Y P L T S L K 8§
{Pcl) L §8 E T e T™ E R Q G T V §8 F NL P Q0 I
1681 CTCTTIGGGAGCGACCCCTTATCACAATACGAGATACGGGGACAGCTCARGGAAGCTCTAT
{dag end) L F G & D P L 8 Q *

{PoOl) L W E R P L ¥V » I E I R G @ L K E A L L
1741 TATATACAGGAGCAGATGATACAGTATTTGAAGARRTTAATTTGCCAGGARAATGGAAAC
{POl) Yy T ¢ A P T VYV F E E I N L P G K W K
1801 CAAAARCGATAGGEGCAATTGEAGGTTTTATCAAAGTCAGACAGTATGATCAAATACCCC
{Pol) K T I G ¢ I 6 G F I X vV R Q Y D Q I P L
1861 TACAAATCTGTGGGCATARAGCTARAGGTACAGTACTCGTTGEGGGCTACGCCTGTCARCA
{Pol) Qg I ¢ G H K A XK &6 ™V L Vv AT P V N
1921 TAATTGGAAGAAATTTGCTGACTCAGCTTGGTCGCACTTTAAATTCCCCAATCTCTGARA
(Pol) I 6 R N L, L. T §Q L & R TULNGS P I § E T
1981 CTETACCAGGAAMAGTTARAGCCAGGAATGGATERCCCARAAGT TTACCAATIGCCATTGA
(Pol) v P G K L K P @ M DG P K V Y Q WP L T
2041 CAGAAGAARAMATAAMAGCATTAARCAGAAATTTGTACAGATATGGARAAGGAAGGAMARLA
(Pol) E E XK I X AL T ETICCTUDMETZ KE G K
2101 TTTCAAGAATTGGGCCTGAAAATCCATACAATTACTTCCAATTTGCCATAAAGAARARAAG
{Pol) S R I @ P E N P Y N Y F Q F A I K K X D
2161 ACAGTACTAAMTGGAGAARATTAGTAGATTTCAGAGAACTTAATAAGAGAACTCAAGATT
{Pol) 5 T K W R K L v O FR EL NHKURTOQQUDTF
2221 TCTGGGAAGTACAATTAGGARTACCACATCCTGCAGGGCTGAAANAGAAAAANTCAGTAR
(Pol} W E®E V Q L 6 I P H P A G L K XK KK S VT
2281 CAGTACTCGATCTCEETGATGCATATTTC TTCGTTCCCTTATGTGGAGCTTTTAGAAART
(Pol} v L DV ¢ DAY F F VvV P L ¢ &6 A FURIKY
2341 ATACCGCATTTACCATACCTTCAATAACARARTGAGACACCAGGGATTAGATATCAGTACA
(Pol} T »n F T I P 8 I T N ET P G I R Y Q ¥ N
2401 ATGTGCTTCCACAGGGATGERARAGEATCACCGGCAATATTCCARAGTAGCATETCAAARAA
{Pol) vy L P Q G W X @ 8 P A I F g 5 5 M 8 K
2461 TCTTACAGCCCTTTAGGAAACAABRATCCAGAGATGGTTATCTATCARTACATGGATGCTT
{Pol) L § P F R K Q N P EMV I ¥ Q Y M D A L
2521 TGTATGTAGGATCTGCCTTAGAANTAGGGCAGCATAGAACAAAAATAGAGGAATTAAGAG
(Pol) Yy v ¢ 8 AL EI G ¢ H R T™Z X I EE L R
2581 AACATCTATTGAGATGGEGATTTACAACACCAATAMAARACATCAGAAAGARACCTCCAT
(Pol) H L L R W GGV F T™TT P I K K HQQ K E P P
2641 TTCTTTGGATGGCTTATGAACTCCATCCTGATAATTGGACAGTACAAGCCTATACTCTGT
{Fol) L, W M @ ¥ E L H P D N W TV ¢ A Y T L
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2701
{Pol)

2761
{Pol)

2821
{Pol)

2881
(Pol)

2941
{Pol)

3001
(Pol)

3061
{Fol)

3121
{Pol)

3181
{Pol)

3241
{Pol)

3301
(Pol)

3361
{Pol)

3421
{Pol)

3481
(Pol)

3541
{Pol)

3601
{Pol}
3661
(Pcl)

3721
(Fol)

3781
(Pol)

3841
(Pol)

3901
(Pol}

3961
({Pol}

4021
{Pol)

CAGACAAAGAAAGCTGGACTGTCAATGATATTCAGAAGTTAGTAGGGAAATTAGTGGGAR
D K E 8§ W T V NDTIQQZ XKL V G KL V G 8

GCCAGATTTATCAGGAATTGAAAGTARAGCAATTATGTAAACCCT TAGGGGAACCCARAG
Q I ¥ ¢ EL K V K Q L ¢ K P L G E P K A

CACTAACAGAAGTAATATCACTATCAGCAGAAGCAGAATTAGAACTGGCAGAAAACAGEG
§ . 585 A EA EL EUL A ENR E

L T E V I

AAATTTATAAGCGAACCAGTACATGGAGTGTATTATGACCCATCAAAAGACTTACTACCAG
I ¥y K E P VH G V ¥ ¥ D P S8 KDL L P E

AAATACAGAAACARAGGGAATGGCCAATGGACATACCAAATTTATCAAGAACCATTTAARA
I ¥ Q E P F K N

I Q K ¢ G N G Q W T Y Q

ATCTGAAAACAGGGAAGTATGCAAGAMACGAGGGGTGCCCATACTAATGATGTARAACAAT
L K T G K ¥ A R TJR G A HTWNUDUV K @ L

TACCAGAGGCAGTCGCAAARRATGGCCACAGAARGGATAGTAATATGGCCAAAGACTCCTA
P E AV Q KM ATERI

vV I w GG K T P K

AATTTAGACTGCCCATACAAAAGGAAACATGGGAAACATGGTGGATAGAGTATTGGCARG
g K ET W ET W W I E Y W Q A

F R L P I

CCACCTGGATTCCTGAGTEGGAATTTGTCAATACCCCTCCTTTGGTARARTTATGGTACC
T W I P EWEVF V NT P PL V KL W Y Q

AATTTAGAGGAACCCCCATAGTGGGAGCAGAAACTTTCTATGGAGATGEGGCAGCTAATA
I v&@ A ETVF Y G D GE A AN R

F R G T P

GAGAGACTAGAGCAGGAARAGCAGGATATGTTACTGACAGAGGAAGACAGARAGTTGTCC
E TR RAG K A G Y VTDURGUPRDQIEX V V P

CTTTTACTGACACAACAANTCAGAAGACTGAGTTACATGCAGTTARTCTACCTTTGCAGG
F T DT TN Q K T E L H A V NL P L Q D

ATTCGEGATTTGAAGTTAACAGCGTACCAGATTCACAATATGTATTTGGAATCATTCARG
S G F EV NJSUVV PUD S QY VvV F G I I Q A

CACARCCAGATAARAAGTGAACCAGAGTTTGTCAGTCAAATATTATACCAGCGAATCAARA
Q P DK S EZPETF UV S Q

I L ¥ ¢ R I EKE K

AGGAAAAGGTTTACCTGGCATGGGTACCAGCACACAARGGAAT IGGAGGAAATGAACARG
E K V YL AWV P AHIE KGTIGGDNTE Q0 E

AAGATACGTITGETCAGTGCGGGAATCAGGAAAGTACTAT TTTTGGATCGGAATAGACAAGG

D T F V 8 A G I

R K VvV L. F L b G I D K A

CTCAAGAAGAACATGTGAAATATCACAACAAT TGGAGAGCAATGGCTAGTGATTTTAGCC
Q E E HV K ¥ H N N W R AM B BSDVF 8§ L

TACCACCTGTACTACCARAAGAAATACTACCTACCTG IGATAAATGTCAGCTACAAGARA
¥ ¢ I L P T CDZEXKTGCOQTLSGQTET

P P V L P

CCATGCATGGACAAGTACACTGTAGTCCAGGAATATGGCAATTACATTGTACACATTTAG
M H G Q@ v H C 8§ P G I WOUL HOCTHTIL E

AAGGAAAARGTTATCATAGTAGCAGTTCATGTACCCAGTGGCTATATACAAGCAGAAGTTA
vV AV HYVY P S G Y I Q A EBE V I

G K Vv I I

TTCCGGCAGAAACAGGCCAGGAAACAGCATACTTTCTCTTTACAT TATCAGGARGATGGC
P A ET G Q ET A Y F L F TUL S G R W P

CAGTTACAGTACTACATACAGACAATGGCAGCAATTTCACCAGTGCTGCAGTTATGGCCE
vV T v L. H T D N G S N F T S A AV M A A

CCTGCTGCTEEGCAGGCATCARACAGGAATTTGGAATTCCCTACAATCCCCAARGTCARG

C W W a G

I

K Q E F G I
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4081 GAAGTATTACAATCTATAATATAGAATTARAGAAAATTATTGGGCAGGTARGAGATCARG

{Pcl) S I T 1 ¥ N I E L X K I I 66 Q vV R D ¢ A
4141 CTGAGCATCTAAAGACAGCAGTACAAATGGCAGTATTCATCCACAATTTTAAAAGAARAG
{Pol) E H L KT AWV QM AV Y F I HNU FZ KR K G
4201 GEGGEATTGCEEEATACAGTGCAGEGEAAAGAATATTACACATATTACCAACAGACATAC
{Pol) G I @ ¢ ¥ § A ¢ E R I L B I L P T D I ¢Q
4261 AAACTAAAGAATTACAAAAGCARATCACARRAATTCAAAATTTTCEGETTTATTACAGSES
{Pol) T ¥ E L g X g I T K I § N F R VvV ¥ Y R D
4321 ACAGCAGAGATCCAATTTGGAARGGACCAGCAARACTTCTCTGGAAAGGTCAAGGGGCAG
{Pol) S R D P I W K G P A K L L W K G Q G & WV
4381 TAGTAATACAAGACAATCGTTACATAARGGTAGTACCAAGAAGAAAAGTGAAAATCATTC
{Pol) v I 9§ D N R ¥ I X vV v P R R K V K I I R
4441 GGGATTATGGAAAACACGATEECAGGAGACGATTGTGTGGCAAGTACACAGGACGAGGATT
{Vif start) M E N R W Q E T I V W Q@ V H R T R I
{Pol end) DY @ K § M A G DD CV A S5 TOQUDETD *
4501 AGCACATGGAAAAGTTTAGTAAARATACCATATGTATGTTTCAARAAAGGCTAAAGGATSG
{Vif) § T w K &8 L ¥V K ¥ H M Y VvV §8 K K a8 K G W
4561 TTTTATAGACACCATGGCAGCCCCCACCCAARAATARGCTCAGAAGTACACATTCCACTA
(Vif) F ¥ R H H G S8 P H P K I 5 858 E V H I P L
4621 GGAGAAGAAAGACTGGTCGTACARACATATTGGEETCTGCATACAGGAGARAGAGAATGG
(ViE) G E E R L VvV VvV @ T Y W GG L H T GG EE R E W
4681 CATCTEGEETCAGGGAGTCTCCATAGAATGGAGGAAARGGAAATATAGCACCCAAGTATAC
(Vif) H L &€ Q 6 Vv 8 I E WU RZEKU®RIE K Y 5 T Q VvV ¥
4741 CCOTGECCTGGCAGACCAACTAATTCATATATAT TATTTTGATTGTT T TCAGACTCTGCT
(Vif) P G L A D @ L I H I Y Y F D CVF 8 D S A
4801 ATAAGARAARGCCTTATTAGGACATATAGTTACACCTCGGTEGTGAATATCARGCAGGACAT
(Vif) I R K A L L G H I v T™PRCE VY Q A G H
4861 CACAARGETAGGATCCTTACAGTATTTGGCACTARCAGCATTAATAGCACCAAAAARNGACH
(Vif) H KV G $§$ L Q ¥ L A L T™HaATILTI A P KI KT
4921 ARAGCCACCTTTGCCTATTGT TATGARGCTAACAGAAGATACATGGAACAARGCCCCAGAAG
(Vif) K P P L P I VM K L ™ EUDTWDNZ K P Q@ K
{(Vpr start) M E Q A P E D
4981 ACCAAGGGCCACAGAGGGAGCCATACAATGARTGGACATTAGAACTTCTGGAGGAGCTTA
(Vifend) T K G H R G § H T M N G H *

(Vpr) P ¢ P 2 R E P Y N EWTL EL L E E L K
5041 AGAGTGAAGCTETTAGACACTTTCCTAGARAATATGGCTCCATAGCTTAGGACAACATATCT
{Vpr) S E A YV R HUPF FP R I WL H S L G @ HI Y
5101 ATGAARCTTATGGGGATTCCTGGACAGGAGTTGARGCTATAATARGAATTCTGCAACALT
(Vpr} E T Y D S WT GV EATI I RTITULGQOGQL
5161 TACTGT ITATTCATTTCAGAATTGRETATCAACATCGCAGAATAGGTATTACTCGGCAGA
{(Vpr) L F I HF R I G C Q HJRU RTIGTITRQR
5221 GAAGAGCAAGAAATGEATCCAGAAGATC CTAGCTTGAGCTGGAACCATCCAGGAAGTCAG
{Tatxl start) M D P E D P 8 L &8 W N H F G S5 Q
{Vpr) R A R N G 8§ R K § *

5281 CCTAAGACTGCTTETAACAACGTGTCATTGTAARAAGTGTTGCTTTCAT TG TCARGTTTGC
{Tatxl) P K T A CN K CHUCI KU XCOCV FHTU CQVWV C
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5341 TTCATCACGAAAGGCTTTCGGCATCTCCTATGGCAGGAAGAAGCGGAGACAGCGACGAANA

{Tatxl) F I T K G F G I 8 ¥ ¢ R K K R R QR R K
{Revxl start) M A G R S G D S D E N
5401 CCTCCTCACGGCGATCACGCTCATCAAGTTCCTATACCAGAGCAGTAAGTAGTTCATGTA

{Tatxl end)P P H G D ¢ A H Q V P I P E Q *
(Revxl end) . L. * A I R L I K F L Y § & S8 K *

5461 ATGCAGCCTTTAGTGATAATAGCAATAGCAGCATTAGTAGTAGCAATAATARTAGCAATA
(Vpu start)M ¢ P L Vv I I A I A A L V V A I I I A I

5521 GTICTGTGGACCATAGTATTCATAGAATATAGCGAGAATAAAAAGGCAAAGAAARATACAC
{Vpu) v v w T I VvV F I E Y R R I K R Q R K I H
5581 TETTTACTTCATAGAMTTATAGAAGACAGCAAGACCAGTGGECAATGAGAGCGAGGGGATA
[(Vpu) ¢ L L DR I I ED S KT S G NE S EG T
(Env start) M R A R G ¥
S641 CCACAGGAMATTOTCCACCAACTTGETGGACATGGGGCATCATGCTCCTTGGGATGTTGAC
(Vpu) P E E L 5 T NL VvV DM G HHAUP WD V D
({Env) Q R N C P P T WWT WG I M L L G M L T
5701 GATCTGTAGCGCTGCARGAAATTTGTGEETCACAGTTTATTATGEGGGTCCCTGTATTGG
(Vpu end) D L *

(Env) I ¢ 8 A A R NL WV T™ YV Y Y G G A C I G
5761 ACTCTCTTTTTGTGATCAGATGTACTCTATTCAACAGAGRCCCATAATATTTGGGCTACA
(Ery) L 8§ F ¢ D g M Y 8§ I Q9 @ R P I I F G L H
5821 CATGCCTGTGTACCCACGGACCCCAGCCCACAAGARATATAACTGGAAAATGETGGCCGAA
(Env) M P VvV Y P R T P A H K K Y N W K MW F K
5881 AACTTTAATATGTGGAARMAATAACATGGGAGACCAGATGCATGAGGATAGAATCAGTTTA
(Env) T L, I ¢ G K I ™ w E T™ R C M R I E S V Y
5941 TEGEGATCAAAGCCCTAANGCCATGTGTAARATTAACCCCACTCTGTGTCACTTTAANCTG
{Env) G I K AL K P CWV XKL T?PL C WV TULNUZC
6001 CAGTAATAATATTACCACCTTAAACAGCACTGGGAATGCCACCTTAAACAGCACTAGGAAR
{ Env) S NN I T TUL NS TGNLATULNS TR N
6061 CGCCACTGTGGAGTCAGAACTGGAGATGARAANCTGCTCTTTCAATATAACTACAGTAGT
{Env) A T VvV E &8 E L EM K N C S8 F N I T TV V
6121 AAGAGATAAGAADATGCAAGTACATGCGCTT I T M TATAGACCTGATATAGTATCAATARD
(Env) R D K X M 0 vVH A L F Y R PDIWV S I N
6181 CAATGATAACACCAGTTATAGGTTAATAAATTGTAATACCTCATCCATTACACAGGCTTG
(Env} N D NT S ¥ R L I N CNT S S I T QA C
6241 TCCAAMMGGTATCCTTTGAACCAATTCCAATACATTATTGTGCCCCAGCTGGTTTTGCAAT
{Env) P ¥ v &8 F E P I P I H Y C A P B G F A I
6301 TCTARAGTETAGAGATAAGAAGTTCAATGGAACAGGCCTATGCACARATATCAGCACAGA
(Env} L K ¢C R D K K F N GG T GUL CTWNTIS T E
6361 ACAATGTACACATGGAATTAAGCCAGTGGTCACAACTCAACTGCTGTTGAATGGCAGTCT
{Env) Qg C T H G I ¥ P VYV ™TT™ @ LL L NG 8§ L
6421 ACGCACAAGAAGAGATCATAATTAGATCTGAMAATC TCACAARC RATGCTAAAAACATAAT
{Env) A E E E I I £ R &8 E N L T N N &8 K N I 1
6481 AGTACAGTTTAATGCATCTGTAGAAATTAATTGTACAAGGCCCTACAGATATATAAGACA
{Env) v  F N A S VvV E I N C T R P ¥ R Y I R Q
6541 AARAACGTCAATAGGACARGGGCAAACATTACATACAAGCAAGAGGATAATAGGAGACAT

(Env) E TS I &6 Q 60 T™ULHTT S KUERTI I G DI
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6601
(Env)

6661
(Env)

6721
{Env)

6781
{Env)

6841
(Env)

6901
{Env)

6961
{ Env)

7021
[{Env)

7081
(Env)

7141
{Env}

7201
(Enwv}

7261
{Env)

7321
(Env)

7381
{Env)

7441
{Env)

7501
{Env)

7561
{Env)

7621
{Env)

7681
(Env)

7741

AAGACAAGCACATTGTAACATTAGTGGAAGAAAATCGCATAAARACTTTACAACAGGTAGC
R Q A HCNI S GR K WHZEKTUL QO Q V A

TACAAAATTAAGAAACCTTCTTAATAAAACAACAATAATTTTTCGACCACCCCCAGGAGG
T ¥ L RN L L N KT TITI FRUP P P G G

GGACCCAGAAATTACAACACACAGTTTTAATTGTGGAGGGGAATTTTTCTACTGTAATAC
D P EI ™ THSF NCGGEU/FVF Y CNT

ATCTAGGCTGTTTAATAATACATGGAATGETACACATGTCAATARGACAGACACCAATGG
8 RL FNNTWNGTHV YV®NUZEXTUDTNG

GGCAGTCACACTCCCATGCAGAATAAAACAAATTATAAACATGTGGCAGGGAGTGGGARA
A vV T L P CR I K OQTIIDNMMWQEGV G K

AGCAARTGTATGCCCCTCCCATAGAAGGACTAATTAGATGTTCATCAARATATTACAGGGCT
A MY A P P I EG L I RC S 8§ N1 T G L

AATATTGACAAGAGATGGGGGTAATAGTAGTTCTGACAACGAGACCTTCAGACCTGETGG
I L T R DG GG NS S8 8§ D N EETTF R P G G

AGGAMATATGAGGGACAATTGGAGAAGTGAATTATATAAATACARRGTAGTACAAATTGA
G NM R D N WER S EL Y K Y K V V Q I E

ACCAATAGGAGTAGTGCCCACCAGGGCAAAGAGAAGAGTGGTGGAAAGGGAARRAAGAGC
P I G VvV VP T R A KU RI RVYV V EREIZ KR A

AATAGCACTAGGAGCCATGTTCCTTGGETTCTTGGCGAGCAGCAGGAAGCACGATGGGCGA
I ¢ L 63 AMF L G FUL G A AUG S TMG E

GTCATTGACGCTGACGGTACAGGCCAGACAGGTAT TGTCTGGTATAGTGCAACAGCAANG
s L T L TV Q AROQV L &8 G I V Q Q Q =8

CAATTTGCTGAGGGCTATAGAGGCGCAACAGCATCTGTTGCAACTCACGETCTGGGGCAT
N L L R A I E A Q Q H L L @ L TV W G I

TATACAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACGGCTCCT
I ¢ L Q A R I L AV ER Y L KD QU RUL L

AGACTTGTGGEGETTGCTCTGGARAACACATTTGCACCACTACTGTGCCCTGGAACTCTAG
D L WG C S G KHTIOCCTT TV P WN S 8

TTGGAGTAATAAATCAAGATGCGATTTGCATACCATGACCTGGATGCGGGGAARGARANT
W S N K 8 R CDUL HTMTWMR G K K I

TCACAATTACACGGACTATTATACAGCTTATTGCAGTTCGCAAATTCAGCAAGAAAAGARA
H N Y T D Y ¥ T A Y C S 5 Q I Q Q E K N

TGACAAGGAATTATTGGAATTGCGACAAGTGGECAAGTCTGTSGAATTGGTTTACAATAAC
p X EL L EL D K WA S L WNWPF TTIT

AAACTGGCTGTGETATATAAGAATATTCATAATGATAGTAGGAGGCTTAATAGGTTTATG
N W ¥ W Y I R I F I M I VvV ¢ ¢ L I & L C

TATAGTTTTTTCTGTGCTTTCTGTACTACATAGAGTTAGGCAGGGATACTCACCTCTGTC
I1 vV F 8 VL 8 VL HRVIEREKDQGY S P L 8§

GTTTCAGACCCTCCTCCCGGCCCCGAGGGGACCCGACAGGCCCGAAGGARCAGRAGAAGA

(Revx2 start) S D P P P G P E G T R Q¢ A R R N R R R

(Env) F ¢ T L L P A P R G P DR P EGTEE E
(TatxZ start) P §$ S R P R G D P T G P K E Q K K K
7801 AGGTCGAGAGCGAGGCAGAGACAAATCAATTCATT TGGCGAACGGATTAGCAGCACTTAT
(Revx2) R WRAURIGQ®ROGQTIDNSV F G EURTIS S T Y
{Env) ¢ 6 E R GRDI K S [ HL A NGTULAA ATLI

(Tatx2 end) vV E 8 E A E T N Q F I W R T D *
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7861 CTGEGACGATCTGCGEARCCTETGCCTCTTCAGCTACCACCGCTCGAGAGACTTACTCTT

{Ravx2) L ¢ R 8 A EPV PL L P PLETZ RTLTL
{Env) W D DL RN UL CL F S Y HR S R DL L F
7921 TATTGCAGCGAGEATTOTCRACCTTCTGEEACGCAGGEEGTCGGAATCAAGTATCTGTGG
{Ravxd} Y ¢ 8 EDCGP S GET QR G V G I K Y L W
{Env) I A AR I VDILULGGZRU RTGTWES S5 I C G
7981 ATCCTCCTGCAGTATTGGAGTCAGGAATGACCAAATACGAGCTATTAACTTGCTTGATACA
{Revx2 end)I L L Q ¥ W S @ E *

{Env) S § ¢ 8 I 6 VR NDETIUZ ETVLTLTT CTILTIZQ
8041 ATATCAATACTTACAGCTGCGGGGACAGATACGETTACAGAAGTACTACAAAGAGCTTGE
{Env) ¥ Q YL Q L R G Qg I R L Q K Y ¥ K EUL A
8101 AGAGCTAACCOTACCCACAAGAATACGACAGGECTTGGARAGGCT T T TGCTATAARATGG
(Env end) E L TV P TRIRQQOGULEUZ RIU LIULTUL ™* N G
(Nef start) M G
Bl61 GTGEGCAARTGGTCAAARACGTACTATAGTTGCGATGETCTGC TATAAGGGAARGALTAAGAR
(Nef) @ K W 8 K § T I Vv @ WS A TIRETZ RTIRRER
8221 GARCTGATCCAGCAGCAGATCGCATGEGAGCAGTATCTCGAGACCTGGAARMACATGGRG
(Nef) T O P A LMD G V G A V S R DULEZEKUHG A
8281 CAATCACARGTAGCAATACAGCAAGTACTAATGCTGACTGTGCCTGGCTAGAAGCACRAG
(Nef) I T & 8§ N TA ST NAMDMDTCGCATWIULTEWAUOQE
8341 AAGAGAGTGAGGAGETEEGCTTTCCAGTCAGACCTCAGEGTACCTTTACGACCAATGTCTT
{Nef) E 8 EEV @G F P VR P Q V P L R P M &8 Y
8401 ACARAGCAGCTCTCGATCTTAGCCACTTTTTARAAGARARGEGGGGACTGGAAGGGCAAR
{Nef) K A A2 L DL S HF L K EUZ KGOGULEU GO QI
8461 TTTGATCCAAAAARGAGACAGGAGATCCTTCATC TT TEGGETCTACCACACACAAGGCTACT
(Nef} W $ K X R @Q E I L HL WV Y HTOGQGYF
8521 TCCCCGATTGCCAGAACTACACACCAGGGCCAGGCATCAGATC TCCACTGACTTTTGGAT
{Nef) P DWQ N Y T PGP G I RS PL TV F G W
8581 GGTGCTTCGAGCTACTACCAGTTGATCC ACAGGAGGTAGAAGAGGCCACTGAGGGAGAGA
{Nef) ¢ F E L L PV DU?P?P Q EV EZEZ- ATETGTET
8641 CCAACTGCTTGETTACACCCTATGAACCAGCATCGAATGGAGGACCCGGAGEGACARGTGET
{Nef) N ¢ L L H P M N (¢ EGMEDUPZEUGGOQV L
8701 TARAGTGGAGATTTAACAGCAGACTAGCATTTGAGCACAAGGCCCGRACAGCTACATCCGGE
(Nef) K WR F N S RL A F ERKUEKARTUDGQTILH P E
8761 AGTACTACAARGACTGCTGACACCGAGTTTTCTACAGEGEGACTTTCCGCTEGGEGACTTTC
(Nef end) Y ¥ K o ¢ *
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B3: pR286 Full-length sequence (nucleotide and amino acid)

181 AGCGACTGGTGAGTACGCTARAATTTTTGACTAGCGGAGGCTAGRAGGAGAGAGATGGGET
(Gag start) M G
241 GCGAGAGCGTCAGTATTAARGCGGGGGAAAATTAGATGCATGGGAAAGAATTCGGTTAAGE
{Gag) A R A S VL 5§ G G KL D A WEUR I ERTULR
301 CCAGGAGGAAAGAAACAATATAAACTARAACATATAGTATGGGCARGCAGGGAGCTAGAR
(Gag} P G 6 K K ¢ ¥ KL K HI Vv w A S5 R EL E
361 CGATTTGCACTTAATCCTGRCCTTTTAGAAACATCAGRAGGCTGTAAACAAATAATAGGA
(Gag) R F A L N P @G L L E T S E G CEK g I I G
421 CAGCTCCAGCCATCTCTTCAGACAGGATCAGAAGARCTTAGATCATTATATCTARCAATA
{Gag) g L ¢ P 8§ L Q T @S EEL R S UL Y L T I
481 GCAACCCTCTATTGTGTACATGCAAGGATAGATGTARAAGACACCAAGGAAGCTTTAGAA
{Gag) A T L Y ¢ v # AR I D V K D T K E A L E
541 AAGATAGAGGAAGAGCAARACAAAAGTARGAAAAAGAAGGCACAGCAAGCAGCGGCTGAC
(Gag) ¥ I E E B ¢ N K 8 K K K K A 0 Q A A A D
601 ACAGGAAACAGCAGCCAGGTCAGCCAAAATTATCCTATAGTGCAGAACCTACAGGGEGCAA
(Gag) T G N 8 8 ¢ V 8 Q N Y P I V Q N L @ G Q
661 ATGGTACATCAGGCCATATCACCAAGRACTTTAATCCCATGGCTAAAATATGTAGARGAA
(Gag) M vV H § A I 8 P R T UL I A WV K Y V E E
721 AAGGCCTTCAGCCCAGAAGT TATACCCATETTTTCAGCATTATCAGAAGGAGCCACCCCA
(Gag) K A F 8 P E V I PMVF 5 A L 8 E G AT P
781 CAAGATTTATACACCATGCTATACACAGTGGGGGGACATCAAGCAGCCATGCAAATGCTC
(Gag) ¢ DL ¥ T ML Y T V G G HQQ@AAMOQMTL
841 AAAGAGACCATCAATGAGCACGCTGCAGAATGEGATACGCTACATCCAGTGCATGCAGGG
(Gag) K ET™ I N E E A A E W DTL HUP V HA G
901 COTATTGCACCAGGCCAGATCAGAGAAC CAAGGGGAAGTGCTATAGCAGGAACTACTATT
{Gag) P I A P & Q M R E P RG S A I A G T TI
961 ACCCPTCAGGAACAAATAGCATGCATGACARGCAACCCACCTATCCCAGTAGGAGARATC
(Gag) T L Q E Q I A WM T S NP P I P V @G E I
1021 TATACAAGATGGATAATCCTGGGATTATATAAAATAGTAAGAATGTATATCCCTGTCAGC
(Gag) Yy T R W I I L ¢ L ¥ K I VvV R M Y I P V 8§
1081 ATTTTGGACATAAGACAGGGACCARAGGAACCTTTTACAGATTATGTAGACCGGTTCTTA
(Gag) I L. DO I R 0O G P K E P F T DY ¥V DR F L
1141 AAAACTCTACGAGCCGAGCAAGCITCACAGGATGTATACAACTGEGAAGACAGARACCTTG
{Cag) K T L R A E § A 5 Q DV ¥Y N W K TET L
1201 TTGETCCAAAATGCARACCCAGATTGTAAAACCATCTTACAAGCATTACGACCACAGECT
(Gag} L vV Q N AN PDCIE XK ® I L @Q AL R P QA
1261 ACACTAGAAGAAATGCTGCCAGCATGTCAGEGAGTGGAGGEECCCAGCCATARAGCAAGA
{Gag) T L E EM L P A CQ GV G G P S5 HEKA AR
1321 GTTTTGCECTGAGGCAATCAGCCARGCAACAAATTCAGCTACTATAATGATGCTGCAGAGA
(Gag) Y L A E A I & @ A TN S A T I M M L QO R
1381 GGCAATTTITACGCCCARAGAAANATTGTTCAGTGTTTCAACTCTCGGCAAAGARGGGCCA

(Gag)

G N F Y ¢ QR K I VO0QCVFNUOCGI KTETGTP
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1441 CATACCGCAARAANTTGCAGGGCCCCTAGGARARAGGGCTGTTGGARATGTGGAAGGGAA

(Gag) H T A XK N ¢ R A P R K K G C W K C G R E
1501 GGACACCAAATCAAAGAATGCACTGCAAGACAGGCTACTTTTTTTGGGAAGATTTGGCCT
(cag) G H QI K ECT AURUG QU BATT FUPFGEGUEKIWEP
(Pol start) F F W E D L A F
1561 TCCCARAAGGGGAGGCCGGGGAACTTTCTTCAGAGCAGACCAGAGCCAACAGCCCCACCA
(Gag) S § K G R P G N F L §Q 8 R P EP T AP P
{Pol) P K ¢ E A G EL 8§ 8 E Q TZR AN S P T 5§
1621 GCAGAGAGCTTCGGETTTGGGGAGGACGATTACCCCCTCTCAGAAACAGGAACCAATAGAC
(Gag) A E 5 F @ F @ E E I TP S Q K Q E P I D
(Pol) R EL RV WG D Y P L S E TG TUN R D
1681 AAGGAACTCTATCCTTTTACCTCCCTCAAATCACTCTTTGGGAACGACCCCTTGTCACAA
(Gag) K EL Y P F T S L K S TL F @ NDPUL S5 Q
{Pol) G T v §8 F Y L P Q I T L W E R P L ¥V T I
1741 TAARGATAGGGGGACAGCTARAGGARGCTCTATTAGATACAGGAGCAGATETTACAGTAT
(Gag end) * '

{Pol) XK I ¢6 ¢ Q L K E A L L DT GG & DV T V L
1801 TAGAAGAAATGAATTTGCCAGGAARATGGAAACCAAARATGATAGGGGGAATTGGAGGTT
{Pol) E E M N L P @ K W K P KM I &6 G I G G F
186l TTATCAAAGTAAGACAGTCATGTTCAAATACCCCCTTAGAAATCTGTGGGCATAAAGCTA
{Fol) I K v R g 8 ¢ §8 NT P L E I ¢ G H K A I
19821 TTGGETACAGTATTCATAGCGACCTACACCCGTCARCATAATTGGAAGAAATTTGTTGACTC
{Pol) & T v F I G P T P V N I I @ R N L L T Q@
1981 AGCCTCCCTGCACTTTACATTTTCCAATTAGTCCTAGTGAAACTGTACCAGTTAAATTCA
(Pol} P & ¢C T L HF P I 8 P 8 E T V P V K F K
2041 AGCCAGGAATGGATGGCCCAARAGTTARGCAATGGCCATTGCCAGARGAMARATACAAGG
{Pol) P &6 M DG P KV K QWUPULPEEIZEKYZEKSA
2101 CATTACCAGAAATTTGTACAGAAATGGAMAAGCGAAGGAAARANTTTCAAGAATTGGGCCTG
{Pol) L P E I ¢ T EME K E G K I &8 R I G P E
2161 ABAATCCATACAATACTCCAATATTTGCCATAAAGAAARAAGACAGTACTATATGGAGAA
{Pol} N P Y N T P I F A I K K K D 88 T I W R X
2221 ARTTACTATACTTCAGAGAACTTAATCAGAGAACTCAAGATTTCTGGGAAGTACAATTAG
{Pol) L L Y F R EULWNWUGOIRTOGQUDV FWEV QL G
2281 GAATACCGCATCCTGCAGGGCTGAARAAGARAARATCAGGAACAGTACTGGATGTGGGTG
{Pol) I P H P A G L K XK K K S GG T VL DV G D
2341 ATGCATATTTTTCAGTTCCCTTATGTGAAGACTTTAGAAAATATACTGCATTTACCATAC
{Pol) A Y F &8 VvV P L ¢ E D F R EKUY T A F T I P
2401 CGAGTATAAACAATGCCACACCGGGAATTAGATATCAGTACAATGTGCTTCCACAGGGAT
{Pol) S I N N A T P G I R Y 0 ¥ NV L P Q G W
2461 GGAAAGGATCACCGGCAATATTCCAAAGTAGCATTACAAAAATCTTTGAGCCCTTTAGAA
(Pol) K 6 8 P A I F Q 8 8 I T K I ¥ E P F R K
2521 AACAAAATCCAGAGAAAGCTATCTATCAATACATGGATGATTTGTATGTACGATCTGACT
(Pol) N P E K A I Y Q ¥ MDD LY V R S8 B S
2581 CAALRTATGGCCAGCATACAACAALAATAGAGGAATTACGAGAACATCTATTACEGTEES
{Pol) XK Y G  H T T K I E E L R E HUL L R W G
2641 GATTTACTACACCAGAARAAMAACATCAGAAAGAACCTCCATTTCTTTGGATGGGTTATG
(Pol) F T P E K K H Q K E P P F L W M & Y E
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2701
{Pol}

2761
{Pol)

2821
(Pcl}

2881
(Pol}

2941
{Pol)

3001
{Pol)

3061
{Pol)

3121
{Pol)

3181
{pol)

3241
{Pol)

3301
(Pol)

3361
(Pol)

3421
(Pol)

3481
(PO1)

3541
{Pol)

3601
{Pol}

366l
(Polj

3721
(Pol)

3781
{Pol)

3841
{Pol)

3901
(Pol)

3961
(Pol)

4021
(Pol)

AACTCCATCCTGTCAAATGBACAGTACAGCCTATACAACTGCCAGAAARAGARGACTGGA
L H P V XK W TV Q0 P I ¢ L P E XK E D W T

CTGTCAATGCTATACAGAAGTTATTACGGAAATTATACTGGGCAAGCCAGATTTATCCAG
vV N A I 9 K L L R KUL Y WA 8 Q I Y P G

GAATCAAAGTATGGCAATTATGGAAACTCCTTATGGGAACCAAAGCACTACCAGAAGTAC
I X v w ¢ L W KL L M G T X AL P E V L

TACCACTATCAGAACGAAGCAGAATTAGAACTGECAGAAAACAGGGARATTCTACAAGAAC
P L § E E A EL EL A ENUZRETITULSGQE P

CAGTACATGGGETGTATTATGCCCCATCAAMAGACTTAATAGCGGARATACAGAARCARG
vV H & vV Y ¥ A P § K DUL I A ETI QK Q G

GGCAAGGACAATGGACATACCAAAT TTATCAAGAACCATTTATACATCTGCARACAGCAR
g G Q wT Y Q I ¥Y Q E P F I HL QT G K

AGTATGCAAGAACGAGGGGTGCCCACACTATTCATGTACAACARTTATCAGAGECACTGC
Y ARTRGAHTTIHVYVQQOQULSEH& ATV Q

ARAAAATATCCACAGAAGGCATAGTGATATGGGGARAGACTCCTAAATTTAGACTGCCCA
K I 8 T 8 ¢ I VvV I WG EKTPE XK F RUL P I

TACARAAGGAAACATGGGAAACATGGTGGATAGAGTATTGGCARGCCACCTGGATTCCTG
Q K E T W ET W W I E Y W Q A T W I F A

CGTGGGAATTTGTCAATACCCCTCCTTTAGTARAATTATGGTCCATTACARAAGGACCCA
W E F vV N TP PL V KL W S I TE KGUPTI

TAATAGGAGCAGAAACTTTCTATGTAGATGEGECAGCTAATAGACGAAACTARAATAGGAA
I G A ET™ F ¥ V D &AADNU RETIZ K I G K

AAGCAGGATATATTACTGACAGGEGGAAGACAGARAGTTGTCCCTTTAACTGCCACAACAR
A @ YV TDURGRQQEKUVV PLTATTN

ATCAGAAGACCGAGTTACARGCAGTTTATCTAGCTTTGCAGGATTCGGGATTAGAAGTAA
g ¥ ™" E L ¢ AV Y L AL QD S G L E V N

ACATAGTAACAGATTCACRATATGTATTGGGAATCATTCAAGCACAACCAGATCAAAGTC
I v b g8 Q ¥V L G I I ¢ A Q P D Q S5 Q

AATCAGAGTTAGTCAGTCAAATAATAGAGCAGCTAATAAARAAGGAAAGGGTTTACCTGG
s EL VvV &8 ¢ I I E Q L I K K E R V Y L A

CATGGETACCAGCACACAAAGGAATTGGAGGAAATGCACAAGTAGATAAGTTAGTCAGTC
W Vv P A H K GI GG GNSBUGQQVVDE KLUV E Q

AGGGRATTCGAARAGTACTATTTTTGGATGGAATAGATCAGGCTCAAGAAGAACATGCGA
G I R K VvV L F L D ¢ I D Q A Q E E H A K

AATATCACAACAATTGGAGAGCAATGGCTACTGCTTTTATCCTACCACCTGTAGTAGCCA
Y H N N W R A M A T A F I L P P V V A K

AAGAAATACTATCTAGCTGTGATAAATGTCAGCTACAAGBAGAAGCCATGCATGGACAAG
E I L $§$ 8 ¢C b K C QL Q G EA M HG Q V

TATACTGTAGTCCAGGAATATGGCAATTAGATTGTACACATCTAGAAGGAARAGTTATCA
Yy ¢ 58 P 6 I w @ L D CT™HTULEUZGIE KV ITI

TAGTAGCAGTTCATGTAGCCAGTGECTATATAGRAAGCAGAAGTTATTTCAGCAGARACAG
VvV A VvV HV A 8 G Y I E A E V I &8 A E T G

CGCCAGGAAMACAGCATACTTTCTCTTARAATTAGCAGGAAGATGCCCAGTARANGTAGTAC
g E T A Y FL L KL A& RW P V K V V H

ATACAGACAATGOCAGARATTTCACCAGTEGCTGCAGTCAAGGCCGCCTGCTGGTGGGCAG
T D N G R NF T S A A YV KA AMC WWA G
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4081

GTATTTATCAGGAATTTGGAATTCCCTACAATCCCCAAAGTCAAGGAGTACTACAATCTA

(Pol) I Y ¢ E F &3 I P Y N P @@ 8 @ G V L R S M
4141 TGCATAAAGAATTACAGAARATTATTGCGACAGETTACAGATCAAGCTGCACATCTTACGA
{Pol) H K E L Q XK I I ¢ ¢ VvV T D Q@ A A H L T T
4201 CAGCAGTACAMATGGCAGTATTCATCCACAATTTTACAAGARA AGGEGGEGAT TGGEGGAT
{Pol) AV g M A V F I HNPF ™R K G G I G G Y
4261 ACAGTGCAGCGGAAAGANTACTATACATATTACCAACAGACATACAAACTAARGAATTAC
(Pol) $ A G E R I L ¥ I L P TDTI Q T K E L @
4321 AAAMACARAATCACAAAANTTCAAAATTTTCGCGTTTATTACAGGGACAGCAGAGATCCAA
({Pol) K g I ™ K I Q N F R VvV ¥ ¥ R D § R D P I
4381 MITGGAAAGGACCAGCARAACTTCTTTCGGAAAGGTGCAGGGEGCAGTATTATTACAAGACA
{Pol) W K ¢ P A X L L W K G A G A V L L QDN
4441 ATACTGTCATACAGGTTGTACCAAGAAGAARAGTCAAATCATTACCECGACTATGGAARAC
(Vif start) M E N
{Pol) T VI §Q VVPBRIRIEKTYZEKTZSTLTZ RDYGZEK §
4501 AGATGGCAGGTCATCATTGTGTGGCARGCAGACAGGATGAGGATTAGCACATGGARAARGT
(Vif) R W Q VvV I I V W QQ A DRMU®BRTI S T W K 8
(Pol end) M A G H H C WV A S8 R g D E D *

4561 TTAGTAARATACCATATGCATCTTTCAAAGAAGGCTAAAGGATGGTTTTATAGACATCAC
(Vif) L v K ¥ H M HV 5§ K K A K G WUF Y R H H
4621 TATGACAGCCCCCACCCAAMAATAAGTTCAGAAGTACACATTCCACTAGGAGAAGCTAGA
{Vif) Y D 5 P H P K I 8 8 E V H I P L G E A R
4681 CTGGTAGTAAAARCATATTGGGGTCTGCATACAGGAGAARGAGAATACCATCTGGGTCAG
(Vif) L v vV X T ¥ W G L H T™ G E R EY HUL G Q
4741 GGAGTCTCCATACAATGGAGGAAAAGGAGATATAGCACACAAGTAGACCCTGGCCTGGCA
(Vif} G v 8§ I ¢ W R KU RUR Y S TV D P G L A
4801 GACCAACTAATTCATATATATTATTTTGTT TGTTTTTCAGACTCTGCTATAAGAAAAGCC
(Vif) D @ L I H I ¥ Y F v C F 8 D 8 A I R K A
4861 ACATTAGGACATATAGTTAGCCCTACGTGTGAATATCAAGCAGGACATAACAAGGTCGGA
(Vif} T L @ H I VvV 8§ P T C E Y Q A G H N K V G
4921 TCCTTACAGTATTTGGCACTACCAGCATTATTACCACCAAAMAAGACAAAGCCACCCTTS
{Vif) s L §Q ¥ L. AL P AL L P P K K T™ XK P P L
4981 CCTAGTGTTAGGAAGCTACCAGAAGATAGATGGAACAAGCCCCAGARGACCAAGGGCCAC
(Vif) P 8 V R KL P E DU RWNIEKUPOQZHKTUEK G H
(Vpr start) M E Q A P EDQ G P Q
5041 AGCGGGAGCCATACAATGAATGGACATTAGAACTTTTGGAGGAGCTTATGAGTCAAGCTG
{(Vif end) S 6 5 H T M N G H *

{(Vpr) R E P Y N E W % L E L L E E L M 8 @ A V
5101 TTAGACACTTTCCTACAATATGGCTCCAAMNGCTTAGGACAATATATCTATGCARCTTATG
{Vpr) R HF P T I WL Q 58 L G Q Y I Y AT Y G
5161 GGGATACCTGGGCAGGAGTTCAAGCTTATTACAGAATTCTGCAACAACTACTGTTTATTC
{Vpr) D T WA GV YOQAUYYRIULOGIGQQZLTILTF I H
5221 ATTTCAGARTTGGGTGTCAACATAGCAGAATAGGTATTACTCGCCAGAGARGAGCAAGARA
(Vor) ¥ R I G ¢ Q H & R I @ I T R Q R R A R N
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5281 ATGGATCCAGTAGATCCTAGCCTAGAGCCCTGGAACCATC CAGGAAGTCAGCCTAAGACT

[Tatxl) M o P VvV D P &8 L E P WNHEG S8 Q P K T
(Vpr end) G & 8 R 3§ *

5341 GCTTGTAACAAATGTCATTCTAAAMNAGTGT TGO TATCATTGCCARGTTTGCTTCATARCG
(Tatxl) A C NEXKOCHOCI KU XKXKOCTCVYHOCGCGQV VCT FIT
5401 AAAGGCTTTGGCATCTCCTATGGCAGGAAGAMGCGGAGACAGCGACGAAAACCTTCTCAC
(Tatxl) K 6 F ¢ I 8§ ¥ G R K X R R Q R R K P £ H
(Revxl start) M A G R §$ @ DS DEWNILTLT
5461 GGCGATCAGGATCATCAAGTTCCTATACCAGAGCAGTAAGTAGTTTAATGTAATGCARCC
(Tatxl) G D Q D EQ V P I P E @Q * (Vpu start)
(Revxl end) A I R I I K F L Y @ &8 & RK * M Q@ P
5521 TTTAGTGATAATAGCAATAGCAGCATTAGTAGTAGCACTAATAATAGCAATAGTTGTGTG
{(Vpu) L v I I A I A A L vV V AL I I AT Vv V W
5581 GACCATAGTATTCATAGAATATAGGAGAATAARRAGGCARRGAARRATAGACTGTTTAAT
{Vpu) T I ¥ F I E ¥ R R I K E Qp R K I D ¢ L I
5641 TGATAGAATAAGAGAAAGAGCAGAAGACAGTGGCAATGAGAGCGAGGGGGATGAAGAGGA
{(vpu) P R I R E R A ED S G NE S E GG DE E E
(Env start) M R A R G M K R N
5701 ATTGTCARAACTTATGCACAAGGGGCATCATGC TCCTTGGGATGTTGATGATCTGTAGTG
(Vpu end) L 5§ K L v D K 6 H H A P WDV D DTIL *
{Env) C Q N L W T RG I MULIULGMTULMTITCS V
5761 TTGCAGARAATTTGTGCGTCACAGTTTATTATGGGGTGCCTGTATGGAAGGARGCAACCA
(Env) A E N L W V T V Y ¥ G V P V W K E A T T
5821 CCACTCTATTTTGTGCATCAGATGCTAAAGCATATAARACACGAGECACATARCATCTGEG
({Env) T L F ¢ A 8 D A K A Y KT E AHDNTI W A
5881 CTACACATGCCTGTGTACCCACGGACCCCAGCCCACAAGARATAGAACTGGAARATGTGT
{Env) T H A CV P TD P S P O E I EL ENUV S8
5941 CCGAARACTTTAATATGTGGAAAAATAACGTGGTATACCAGATGCAGGAGGATATTATCA
({Env} E N F N M w K N NVV Y (CCMOETDTITI S
6001 GTTTATGGGATGAAAGCCTACAACCATGTGCARAATTAACCCCACTCTGTGTCACTTTAA
(Env) L w o E S L @ P C A KL ™ PUL CWV T L N
60561 ACTGCACTAATGCCATCTTACATAATGTCACCTCARACAGCATTGTEGAGCCARAAACTSG
(Env) C T N A I L HNV TS N S I Vv E P K L E
6121 AGETGAAAAACTGCTCTTTCAGGAAAACTACAGAAGGAAGAGAGAAGAAAAAGAARGCAR
{Env) v K N ¢ 5 F R KT T™TE G UREZ K K KK A N
6181 ATGCGCTTTTTTATAGACCTGATATACTACCAACARACAATGATAATAGTAGTACTAATT
{Env) A L F ¥ R P D I L P T NNUDDNS S TN Y
6241 ATACCRAGTATAGGTTATTATATTGTAATACCTCAGCCATTACACAGGCTTGTCCAAAGG
{Env) T K ¥ R L L ¥ ¢ N T 5 A I T Q A C P K V
6301 TATCCTTTGAACCAATTCCAATACATTATTGTGCCCCAGCTGGTTTTGCAATTCTCAAGT
{Env) s F E p I P I H Y ¢C A F A G F A I L K C
6361 GTAGASATALGAACTTCAATGGAACAGCGCCCATGCACAGATGTCAGCACAATACARTGTA
(Env) R D K X F NGT G P CTUDV S T I Q C T
6421 CACATGGAATTAAGCCAGTEGTGTCAACTCAACTGCTGTTCAATGGCAGTCTCGCAGARG
(Bnv) H ¢ I K P VvV V &8 7 p L L F N G 8 L A E E
6481 AAGAGATCATCATTAGATCTGAAALTCTCACAMAC AATGC TAAARMCATATTATTACAGT

{Env) E I I I R 8 E N L T N NAIZ KNI L L Q F
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6541 TTAATGCATCTGAAGAAATTAATTGTACAAGGCCCTACCAATATGCAAGACAALRGACAT

(Env) N A S EE I NCTU RUPJY QY AR QK T 8
6601 CAAGAGGACAAGGGCAAACACTCTATACAAGCAAGAAGATTATTGGAGACATAAGACALG
{Env) R G Q ¢ g T™1L Y TS K K I I G D I R Q A
6661 CATATTGTAACATTAGTGCAGAAAAATGGAATAAAACTTTACAACAGGGAGCTATACAAT
{Env) ¥y ¢ NI 8 G EZ XK WUNI KTTULGQOQG & I 0 &
6721 CAGGAAAACTTCTTAACAAAACAACAATATTTTTTCAACCACCCTCAGGAGGGEGACTCAG
(Env) ¢ K L L N K TT IV FF QP P &G G D S E
6781 AARATTACAACACACAGTTTTAATTGTGGAGGGGAATTTTTC TACTGTAATACATCAAGEC
{Env) I T T H S FNCGGETFVF Y CNT S R L
6841 TGTTTAGTAATACATGGATGGTACATGECATAATAATACATGGTTCARATCAGACAGTCA
{Env) F 8 N T W M V ¥ G I I I HG S N QT V R
6901 GACTCCCATGCAGAATAAAACAARTTATARACATGTGGCAGGALGTAGGAARAAGCAATGT
{Env) L P ¢ R I XK @Q I I N M WOQEV VGIU K AMMTZY
6961 ATGCCCCTCCCATAGAAGGAACANT TAGGTGTTCATCAAATATTACAGGGCTARTATTGA
{Env) A PP I ECGTIURTCSSUNTITGTU LTITILT
7021 CAAGAGATGGTGGTAATAATAGTTCTAACARCGAGACCTTCAGACCTGGCEGAGGAGATA
{Env) R D 6 G N N & 8 NN ET™FIRUPGOG G DM
7081 TGAGGGACAATTGGAGAAGTGAATTATATAAATACAARCTAATACAAATTGARCCAATAG
(Env) R D NWR S EL Y XY KV I QI E P I G
7141 GAGTAGCGCCCACCAAGEGCAAAGAGAAGAGTGGTGGAAAGGGAARAAAGAGCAATAGGAC
(Enwv) v 2 P T K A KR RV V EREU KU RA ATIOGIL
7201 TAGGAGCTATGTTCCTTGGETTC TTGGEAGCAGCAGGARGCACAATEGECGCAGCETCAG
(Env) @ A M F L 6 F L G A AG 8§ T™MGA AU&A S V
7261 TEACGCTGACGGTACAGGCCAGACAGGTATTOTCTGGTAGAGTGCAACAGCARAACAATT
(Env) T L TV Q A R Q V L S8 G RV Q0 Qg NDNIL
7321 TGGCCAGGECTATAGAGGCGCAACAGCATC TETTGCARCTCACGETC TGEGGGCATTARAL
(Env) A R A I E A Q 0 HL L QQULTTV WG TITZEKDQ
7381 AGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACGGCTCCTAGGCA
{Env} L ¢ AR I L AV EZ RJTYTLIEKUDOGERTULTILGI
7441 TTACGGGTTGCTCTGGAAAACATATTTGCACCACTAATGTGCCCTGEGAACTCTTCTTGGA
{Env) T @3 C S G K H I ¢ T TNV P WWNS S5 W S
7501 GTAATAMATCCTTAGATGAGATTTGGCAAAACTTGCCCTGGAAGRAMGTGGEGAAGAGAAA
{Env) N ¥ 8 L. D E I W{NTUILUPWIEKI KV G RE I
7561 TCGACAATTACACAGGACTAATATACAACTTAATTGAAGAATCGCAGATCCAGCAGGAGA
{Env) DN ¥Y ® ¢ L I ¥ N L I EE S I Q Q@ E K
7621 AGAATAAGACAGAATTATTGGAATTGGACAAGTGGGCAAGCCTGTGGAATTGGTTTGACA
{Env) N KT E L L EL D K WA S L WNUWTF DI
7681 TAACAAACTGGOTGTGETATATAAAAATATTCATAATGAT TGTAGGAGGCTTAATAGGTT
(Env) T N W L W Y ¥ K I F I M I VvV ¢ G L I G L
7741 TARGAATACTTTTTGCTSTGCT T TC TG TAGTAAACAGAGTTTGGCAGGGATACTCACCTC
(Errv) R I L F A V L 8 V V N R V W Q G Y 5 P L
7801 TETCATTTCAGACCCTCCTCCCAGE COCGAGEGGACCCEACAGEC CCGAAGGAACAGAAG
(Tatx2 start) P 3 8 Q P R GDP TGP EKEOQQZK
(Revx2 start) & D P P P S P E G TURQAURU ERDNTRR

{Env) $ F Q T L L P AP RGUPUDUZ RU®PEGTE E
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7861 AAGARACOTEGAGAGCGAGECGRAGACAGATCCATTCEGATTGATGAACSEGATTCTCAGCCT
{Tatx2 end) K K VvV E § E A E T D P F D *

{Revx2) R R W R A R RUR Q I H S I D EUZ RTI L 85 L
(Env} E ¢ ¢ ER GG DR S I RULM®NGT F S AL
7921 TATTCTGEGACGATCTGCGGAACCTGTECCTCTTCAGCTACCACCGCTTGAGAGACTTAC
{Revx2) I ¢+ ¢ R 8 A E PV P L QL P P L EZ RTILT
(Env) F WDDILRNTULOGECULF S ¥ HR L RKRDTIL L
7981 TCTTGATTGCAGCGAGGATTGTGGAACT TCTGGGACGCCGEEEGTEEEARGCCCTCAAGT
(Revx2) L DC S8 EDCOGTSGTUP GGV G S P Q V
(Env) L I A AR I V ELLUG G RIRTGTWEA ATL K Y
8041 ATCTETGGAATTTCCTGCAGTATTGGAGTCAGGAACTCAGGAATAGTGC TTCTTCOTTGE
(Revx2 end) 8 vV E F P A V L E 5§ G T Q E ¥

{Env) L WNUPFIL Q Y WS ¢ EL RDNS A S S L L
8101 PTGCTACCATAGCAATAGCAACAGC TECEEGEACAGAAAGGETTATAGAAGTAGTACTAR
{Env) A T I A I A TAAOGTEUZ RUVYV I EV V L R
8161 GAGCTTGCAGAGCTCTTAACATACCCACARGAATAAGACAGGGCTTGGAAAGGCTTTTGC
{Env) A C R AL NTI P TR RTIWU RIGQU GTULET&RTILTILL
g221 TATAAAATGGGTGGCAAATECTCARAAACTAGTATAGT TGGATCGCCTGCTATAAGGGAR
(Nef start) M @ @ K W S8 K 8 §8 I vV G WP ATITRE
(Env end) *

8281 AGAATAAGAAGAACTGATCCAGCAGCAGATGEGETGGRAGCAGTATCTCGAGACCTGGAA
(Nef) R I R R T D P A A DGV G A YV S R DIUL E
8341 AGACATGGGGCAATCACAAGTAGTAATACAGCAAGTACTAATGCTGACCTTGCCTGGCTA
(Nef) R H & A I T S S N T A S TN ADIULAWL
8401 GAAGCACAAGAGAAAGGTGAGCAGGTGEGECTTTCCAGTCAGACCTCAGGTACCTTTAAGR
(Nef) E A Q E K GEEVWVGGF P VR P?P Q V P L R
8461 CCAATGACTTTCARAGGAGCTGTAGATCTTAGCCACTTTTTAARAGARAAGGGGGGACTG
{(Nef) P M T F K G A V D L 8 HF L K E K G G L
8521 GATGGGATAATTTGCTCCARRAGGAGACAAGAGATCCTTGATCTITGGETCTACALCACA
(Nef} D ¢ I I W S KRR QETILDULWV Y NT
8581 CAAGGCTACTTCCCTGATTGGCAGAACTACACACCAGRECCAGGGACCAGATATCCACTG
{Nef} Q @ Y F P D W QN NUYT®T®P G PG TR Y P L
8641 ACCTTTGEATGGTGC TTCGAGCTAGTACCAGTTGATCCACAGGAGGTAGAAGAGGCCACT
{Nef) T F ¢ W ¢ F E L V PV D P Q EV EE A T
8701 GGGGGAGAGACCARCTGCTTGTTACACC CTATGAACCAGCATGGAATGGATGACCCGGAG
{Nef) G 8 E " N ¢ L L. H P M N Q HG MDD P E
8761 AGACARGTGCTAAAGTCGAGATTTAACAGCAGACTAGCATTTGAGCACAAGGCCCGACAG
{Nef) R Q VL KW R FDNS5 RULATFTEHTUE XBATZRQ
8821 CTACATCCGGAGTACTACAAAGACTGCTGA

{(Nef end) L H P E ¥ ¥ K D C *
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B4: pR482 Full-length sequence (nucleotide and amino acid)

181

241
(Gag)

301
(Gag)

361
(Gag)

421
(Gag)

481
(Gag)

541
(Gag)

601
(Gag)

661
(Gag)

721
(Gag)

781
(Gag}

841
{Gag}

901
{Gag)

961
(Gag)

1021
{Gag)

1081
(Gag)

1141
{Gag)

1201
{Gag)

1261
{Gag)
1321
(Gag)

1381
(Gag)

ACTGGETGAGTACGCTAAMAATTTT TGACTAGCCGAGGCTAGAAGGAGAGAGATCEGGTGCGA
(Gag start)

M G A R

GAGCGTCAGTATTAAGCGGGGGAARATTAGATGCATGGGAAAGARTTCGGTTAAGGCCAG
A 8 VL S8 &G G KL DAMWEWZRTIUZ RTILUZERUPOG

GAGGAAAGRAANAATATCAACTAAAGCATATAGTATGGGCAAGCAGGGAGCTAGAACGAT
G K K K ¥ 0L K HI VWASZRETLEHRTF

TTGCACTTAACCCTGGCCTTTTAGAAACATCAGAAGGCTGTAAACAAATAATAGAACAGC
A L NP &G L L ET S EGCKOQETITIEZQL

TACAGCCATCCATTCAGACAGGATCAGAAGAACTTAARTCATTATATAATACAGTAGCAA
¢ P 5 I ¢ ™G & E EL K SL Y NT VAT

CCCTCTATTGTGTACATGAARGGATAGATCTAAARGACRCCAAGGAAGCTTTAGAAAARR

L ¥Y ¢ VvV H E R

I o v KD T KEAULEIZ KI

TAGAGGAAGAACAAARCARAAGTAAGAAARAAGARGGCACAGCARGCAGAGGCTGACACAG
E E E ¢ N X &8 K X K KA QR AMEATDT G

GGAACAGCAGTCAGGTCAGS CAAAATTATCCTATAGTGCAGAACCTACAGCCGCARATAS
N &§ 8§ Q VvV &§ Q N Y P I V Q N L Q G Q M V

TACATCAGGCCATATCACCTAGAACTTTGAATGCATGGGTAAAAGTAATAGAAGARAAGG
H Q AI 8 PRTULNA AWV KV I EEIZKBAR

CCTTCAGCCCAGAAATAATACCCATGTTTTCAGCATTATCAGAAGGAGCCACCCCACAAG
P M F S AL 8 E & a TP Q D

F 8 P E I I

ATTTARACACCATGCTAAACACAGTGGEGGGACATCAAGCAGCCATECAAATGCTARARNG
L N T ML NT”V &6 G H QA AMOGOQMTLK E

AGACCATCAATGAGGAAGCTGCAGACTGGGATAGGCTACATCCAGTGCATGTAGGGCCTA
T I N E E A A D WU DUERTULHUPV HV G P I

TTGCACCAGGCCAGATGAGAGAACCAAGGGGAAGTGATATAGCAGGAACTACTAGTACCC
A P G Q MR EUPURG S DI AGTTSTL

TTCAGGAACAAATAGCATGCGATGACAAGTAACCCATCTGTCCCAGTAGGAGAAATCTATA
¢ E Q I A W M T S NP S V P V G E I Y K

AAAGATGGATAATCCTGGGATTARATAAAATTGTAAGAATGTATAGCCCTGTCAGCATTT
R W I I L & L N K I V R MY g P V 5§ I L

TGGACATARGACAGGGACCAAAGGAACCTTTTAGAGATTATGTAGACCGGTTCTATAARR
D I R Q G P K EP F RD Y V DURP Y KT

CTCTAAGAGCCGAGCAAGCTTCACAGGATCTAAAARACTGGATGACAGALACCTTGTTGG
L R A EQ A S @Q DV KNWMT ETTTLULV

TCCAARATGCAAACCCAGGTTGTAAAACCATCTTARAAGCATTAGGRCCACAGGCTACAL
Qg N AN P G C K T™ I L K AL G P Q ATL

TAGAAGARATGATGACAGCATGTCAGGEAGTCEGEGGGECCCGECCATAAAGCAAGAGTTT
E EMMTACQ G V &G P G HZEKXAUZRV L

TGECTGAGGCAATGAGCCAAGCAACARATTTAGCTACTGCAGTAATGATGCAGAGAGGCA
A E A M S Q A TN NILATAYV MM Q R G N

ATTTTAARCGGGCCAAAGAAGAATTATTAAGTGTTTCAACTGTGCGCARACGAAGCGCACGTAG

F K G Q R R

I

1 K ¢ F N C G K E G H V A
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1441

CAARARATTGCAGEGCCCCTAAARAAAAGGGCTGT TGCGAAATGTGGARGGGAAGGACACT

(Gag) K N ¢ R A P KX K G CWUEKCGURE G H Q
1501 AAATGAARGATTGCACTGAMMGACAGGCTAATTTT TTACGGAAGATTTGGCCTTCCCACA
(Pol start) F F T E DL A F P 0
(Gag) M K D T ER QAN FULZRIEKII WP S HK
1561 AGGGAAGGCCGRGGAATTTTCTTCAGAGCAGACCAGAGCCAACAGCCCCACCAGAAGAGA
{Pol) G K A G BE F 8 8 EQ TR AN S P TR R E
(Gag) G R P G N F L Q 8 R P E P T AP P E E 8
1621 GCGTCEEETTTEEGETGGAGACAACCCCCTCTCAGARACAGGAACCCATAGACRAGGAAC
{Pcl) R RV WG G DDNUPILS ETGTTHURZGQG T
(Gag) v 6 F GV ETTUP S Q K Q E P I DEKEUL
1681 TGTATCCTTTATCCTCCCTCARATCACTCTTTGGGAGCGACCCCTTGTCACAATAAAGAT
{Pol) v 8§ F I L P Q I "™ UL W EZR P L V T I K I
{Gag end) Y P L § § L. X 8 L F 6 S DPULS Q *

1741 AGGGGEGACAGCTAARGGAAGCTCTATTAGATACAGGAGCAGATGATACAGTATTAGAAGA
{Pol) G 6 Q L K E AL LDUTGGADZEDTV L E E
1801 AATGAATTTGCCAGGARAATGGARAACCAANAATGATAGGGGGAATTGGGGGTTTTATCAA
{pol) M N L P G K WK P K M I G G I ¢6 &G F I K
1861 AGTAAGACAGTATGATCAAATACCCTTAGAAATCTGTGGGCATARAGCTATAGGTACAGT
(Pol) vV R Q YDQ I PLETI CGHIEATIGTV
1521 ATTAATAGGACCTACACCTGTCAACATAATTGGAAGARATTTGTTGACTCAGCTTGGCTG
(Pol) L I @ P T PV NI TIGRWNTUZ LTULTOGQULG C
1981 CACTTTAAATTTCCCAATTAGTCCTATTGAAACTGTACCAGTAARATTAAAGCCAGGAAT
{Pol) T L. N F P I 5 P I ET VWV PV KTILZ KP G M
2041 GGATGECCCAAAAGTTAAACAATGGCCATTGACAGAAGARAAMATAARAAGCATTAACAGA
{Eol) D @G P K V K Qg W©PULTEEIZ KTIIZ K ATLTE
2101 AATTTGTCTAGARATGGAAARGGAACGAAAAAATTTCAARGAATTGGGCCTGAAAATCCATA
{Pol) I ¢ L EME K EE K T1I 8§ R I G P EN P Y
2151 CARTACTCCAATATTTGCCATAAAGAARNAAGACAGTACTARATGCAGAARATTAGTAGA
{Pol) N TP 1 F A I KK KD S TZXUCRI KLV D
2221 TTTCAGAGAACTTAATAAGAGAACTCAAGATTTCTGGGAAGTACAATTAGGAATACCGCA
{Pol) F R E L N K R T Q D F W EV Q L G I P H
2281 CCCTGCAGGGCTGARAAARARLARATCAGTARCACTACTGGATGTGEGTGATGCATATTT
(Pol) P A G L K K K KR &8 VvV TV L DV G DAY F
2341 TTCAGTTCCCATATGTGAAGACT TTAGCGAAATATACCGCATTTACCATACCTAGTACARA
(Pol) s v P vV C EUDF R EK Y T AV FTI P S T N
2401 CAATCGAGACACCAGGGATTATATATCAGTACAATGTGCTTCCACAGGGATGGARAGGATC
(Pol) N E T P G I I ¥ Q ¥ NV L P QG G W XK G 8
2461 ACCGGCAATATTCCAATCAAGCATGACAAAAATCTTAGAGCCCTTTCAARARCAARATCC
(Fol) P A I FP Qg 8 & M T K I L E P F g K Q N P
2521 AGATATAGTTATCTATCAATACATGCGAAGATTTGTATGTAGGATCCGATTTAGARATAGG
{Pol) rp I v I Y Q Y M ED L Y ¥V &S DL E I G
2581 GCAGCATCGAACAAAAATAGAGGAATTAAGAGAACATCTATTGAGATGGGGATT TACTAC
{Pol) Q HR T X I E 2L R EHTILULIZRWGU?FTT
2641 ACCAGATCAAAAACATCAGARAGAACCTCCATTTCTTTGGATGGGTTATGAACTCCATCC
(Pol) P DO K HQ K EP P F L WMOGCG Y EULHP
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2701
{Pol}

2761
(Pol)

2821
{Pol)

2881
{Pol)

2941
{Pol)

3001
{Pol)

3061
(Pol)

3121
(Pol)

3181
(Pol)

3241
{Pol)

3301
{Pol)

3361
(Pol)

3421
{pol)

3481
{Pol)

3541
{Pol)

3601
(pol)

366l
(Pol}

3721
(Pol)

3781
(Pol)

3841
{Pol)

3901
(Pcl}

3961
{Pol)

4021
{Pol)

TGATARATGGACAGTACAGCCTATAGTACTGCCAGAAARAGAMAACTGGACTGTCARTGA
D K W™V Q P I VL P EZEKENWTV N D

TATACAGAAGTTAGTAGEGARAATTAAACTCGECAAGCCAGATTTATCCAGGAATTARRGT
I ¢ K L v & K L NWAS QI Y P G I K V

AAARGCAATTATGTAAACTCCTTAGGGGAACCAAAGCACTAACAGAAGTAATACCACTAAC
K § L ¢ ¥ L LR G T™K AL TEV I P L T

AGCAGAAGCAGAATTAGAACTCGCAGAARAACAGGGARATTCTABAAGAACCAGTACATGSE
A E A EL EL A ENUZRETIULZEXEUPV H G

AGTGTATTATGACCCATCAAAAGACTTAATAGCAGARATACAGAAACARGGGAATGGCCA
v ¥ Y D P 8§ K DL I A ETI QUEKGQUGNG Q

ATGGACATATCAAATTTATCAAGAACCATTTAAAAATCTGAAAACAGCGAAAGTATGCAAG
wW T Y Q I ¥ Q E P F K NL KT G K Y A R

AACGAGGGGTGCCCACACTAATGATGTAAAACAATTAGCAGAGGCAGTGCAAAAAATAGC
T R G A H T N D V K Q L A E A V Q K I A

CACAGAAGGCATAGTGATATGGGGAAAGACTCCTARATTTAGACTGCCCATACAAARGGA
T E G I VI WG K TUP KV FURULUPTI Q K E

AACATGGGAAACATGGTGGATAGAGTATTGGCAAGCCACCTGGATTCCAGAGTGGGAATT
T W E T W W I E Y W Q A TWI P EWE F

PETCAATACCCCTCCCTTAGTAAAATTATGETACCAATTAGAGAGGGAACCCATAGTAGG
vV N T P P L V KL WY QL EREPTI V G

AGCAGAAACTTTCTATGTAGATGGEGCAGCTARTACAGANACCAGACTACAAAAAGCAGG
A E T F Y VD GA ANTETZRULQIZEKASG

ATATGTTACTTACAGAGESAAGACAGAAAGTTGTCCCTTTAACTGCCACAACAAATCAGAA
Y v T ¥ R & R Q KV VvV P L TATTN QK

GACTGCATTACARGCAGTTATTCTAGCTTTGCAAGATTCGGGATTAGAAGTAAACATAGT
T AL Q AV I L AL QDS GL EVNIEIWV

AACAGATTCACAATATGTATTAGRAATCATTCAAGCACAACCAGAGAAGAGTCAATCAGA
T D S QY VL I I ¢ A Q P EK S ¢ 5 E

GTTAGTCAGTCAAATAATAGAGCAGCTAATARAAANCGGAAAAGGTTTACCTGGCATGGGT
L vV $ Q@ I I E QL &I K KEZ XKV Y L AWV

ACCAGCACACAAAGGAATTGGAGGAAATGTACAAGTAGATATATTAGTCAGTCAGGGAAT
P A HKGI GGUNUV QVDTIULWVVSESE QG I

CAGGAAAGTACTATTTTTGCATGCGAATAGATATCGCCTCAAAAAGAACATETGAAATATCA
R K V L F L P I b M A Q KEUHV K Y H

CAACAATTGGAGAGCAATGGCTATTGCTTTTACCCTACCACCTGTGEGTAGCAARAARRAT
N N W R A M A I A F T L P P V V A K K I

AGTAGCAAGCTGCGATATATGTCAGCTAARAGGAGAAGCCATGCATGGACAAGTAGACTG
Y A 5 ¢ DI ¢ QL K G E AAMHGUGQV D C

TTGTCCAGGAATATGGCAATTAGATTGTACACATTTAGAAGCGAARAGTTATCATAGTAGC
¢ P G I W ULUDOCTHTULESGI XV I I V A

AGTTCATGTAGCTACTGGCTATATAGAAGCAGAAGTTATTTCAGCAGARACAGGGCAGGA
vV HV AT G Y I EAE VYV I 8 A ETG Q¢ E

AACAGCATACTTTCTCTTAAARTTAGCAGCGAAGATGECCAGTARAAGTAGTACATACAGA
T » Y F 1 L K L A G R W P V KV V HT D

CAATGGCAGCAACTTCACCAGTGCTGCAGTCAAGGCCGCCTGCTGGTGGECAGGTATCAA
N & &8 N F T S A AV K A A CWWAG I K
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4081 ACAGGAATTTGGAATTCCCTACAATCCCCAAAGTCAAGGAGTAGTAGAATCTATAAATAC

{Pol) ¢ E F G I P Y N P @Q 8 0 G YV VvV E S I N T
4141 AAAATTARAAGAAAATTATAGGACAGGTAAGAGACCAAGCTGAACATCTTAAGACAGCAGT
{Pol) K L ¥ ¥ I I GG Q VvV R D Q A E H L K T a V
4201 ACARATGGCAGTATTCATCCACAATTTTAAANCGAAAAGGGGGCGATTGGEGETTACAGTEC
{Pol) g M A V F I H N F KR K GG GI G G Y 5 A
4261 AGGGGAMGAATACTACACATACTATCAACAGACATACAAACTAAAGAATTACAAARRCA
(Pol) G E R I L H I L 8 ™ D I @ T K E L Q ¥ ¢
4321 AATTACAAABATTCAAMATTTTCGEGCTTTATTACAGGGACAGCAGAGATCCAATTTGGAR
(Pol} I ™ K I Q N F R V ¥ Y R D 8 R D P I W K
4381 AGGACCAGCAAAACTTCTCTGGAAAGGTTACGGGGCAGTAGTAATACAAGACAATACTGE
(Pol) G P A K L L W K G Y G A V V I Q0 D N T A
4441 CATAAAGGTACGTACCAAGAAGCAAAGTGARAATCATTACGGATTATGGAAARCAGATSGT
{Pol) I K V vV P R § KV K I I T D Y G K Q M A
(Vif start) M E N R W Q
4501 AGCTCTTGTTTGTGTEGCAAGTATACAGGATGGGGAT TAACACATGGAARAGCCTTGTAA
{Pol end) G vV vV ¢ Vv A 8§ I Q D G b *

(Vif) v L F VYV W Qg VY R M G I N T WK S5 L V K
4561 AAARATACCATATGCATGTTTCAARGAAAGCTAATCGATGGTTTTATARACATCACTATG
(Vif) K ¥ H M H V 8 X K A NR WUV F Y K HUH Y D
4621 ACAGCCCCCACCCARAAATAMGTTCAGAAGTGCACATTCCACTAGGAGAAGCTAGACTGG
(Vif) 5 P H P K I § 8 E V H 1 P L. G E A R L V
4681 TAGTAAAAACATATTCGGGTCTGCATACAGGAGARRAGGAATGGCATCTGGETCAGGGAG
(Vif) v K T ¥ W 3 L H T G EE K E WHUL G Q G V
4741 TCTCCATAGAACCCTGGAGGARAAGGAGATATACCACACAAGTAGACCCAGGCCTGGCAG
(Vif} s I E P W R K R R Y TT Qg V D P & L A D
4801 ACCAACTAATTCATATATATTATTTTGATTGTTTTTCAGACTCTGCTATARGAAARGCCA
(Vif) P L I H I ¥ ¥ F D CF &8 D S A TIURIEKATI
4861 TATTAGGACATATAGTTAGACCTAGGETGTGAAT AT CAAGCAGGACATAACCAGGTAGGAT
(Vif) L & H I vV R P R C E Y Q A G H N Q V G 8
4921 CCTTACAGTATTTGGCACTAACAGCATTARATAGCACCAAARANGGACAMAGCCACCTTTAC
{Vif) L 0 ¥ L A L T AUL I A P K R T™ XK P P L P
4981 CTAGTGTTAGGAAGCTAACAGAAGACAGATGGAACAAGCCCCAGAAGARCAAGGGCCACA
{Vpr start) M E Q A P E E Q G P @
{Vif) S vV R K L T E D R W NI K P Q K N K G H R
5041 GACGGAAGCCACACARCGAATGGACATTAGAACTTTTGGAAGAGCTTCAGAAGGAAGCTET
{Vpr) R K P H N E W T L E L L E EL Q K E A V
(Vif end) @ S H T T N G H *

5101 TACACACTTTCCARAGCATATGGCTCCTCAGCTTAGCGACACTATATCGAAACTTATGGGGA
(Vpr) T H F P 8 I W L L. S L G H Y I E T Y G D
5161 TACCAGGGCAGGAGTCCAAGCTATAAGAATTCTGCAACAACTACTGTTTATTCATTTCAG
(Vpr) T R A G VvV E A I R I L ¢ Q L L F I H F R
5221 AATTGGGTGTCAACATACCAGRATAGGTATTACTCGACAGAGAAGAGCAAGAARTGGATC
{VpT) I ¢ ¢ g H TR I G I ™ ROQURIRWABAU®BRDNUG 8
(Tatxl start) M D P
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5281 CAGTACATCCTAGCCTACAGCCCTGGAACCATCCAGGAAGTCAGCCTAAGACTGCTTGTA
(Vpr end) g T 8 *

(Tatxl) vV H P §S L ¢ P WNUHU PG S Q P KT A C N
5341 ACAAATGTCATTGTAAAAAGTETTGCTATCATTGCCAAGTTTGCTTCATCACGAAAGGCT
(Tatxl) XK C HC K XK CC Y HCQVCCPF I T™Z XKGTF
5401 TCRGCATCTCCTATGECAGGARGAAGCEGAGACAGCGACGARGATCTCCTCAAGGCGATC
(Revxl start) M A G R S G D S DEDTULTLZ KA AT
{(Tatxl) @ I § ¥Y G R KX UREREI QU RU RTE RS P Q @& D Q
5461 AGGCTCATCAACTTCOTATACCAGAGCAGTAAGTAGTTCATGAAATGCAACCTTTACAGA
(Revxl end)R L I K F L Y Q & 8 K * {Vpu start)
(Tatxl end) A H Q Vv P I P E Q * M Q P L g I
5521 TATTATCAATATTAGCATTAGTAGTAGCAGCAATACTAGCARTAGTTGTGTACACCATAG
(Vpu} L 8§ 1 L AL V VvV A ATIULATIVVV YT I V
5581 TATTCATAGAATATAGGAAAATARAAAGGCARAGARCAATAGACTGTTTAATTGATAGAA
{(Vpu) F I E YR K I KR QU&RTT 11 DOCULTIUDZ R I
5641 TAAGAGAAAGAGCAGAAGACAGTGGCAATGAGAGCGAGEGEGATAGRGAGGAATTGTCAR
{Env start) M R A R & I BE R N C Q
{(Vpu) R ER AED S GNUESEGDU RTETETL 8 K
5701 ARCTTGTGGAAATGGGGCATCATGCTCCTGGEGATGTTGATGATC TGTAGTGCTECAGGA
{Env) N L W K W GG I M L L G M L M I C S A A G
{Vpu end) L vV EMGGHHAU P GDUVDDTIL *

5761 AATTTGTGEATCACAGTTTATTATGGGETGCCTGCTCTGGAGEGAAGCARCCACTACTCTA
(Env) N L WV TV Y Y @GV PV WEREH ATTTL
5821 TTTTGTGCATCAGATGCTAAAGCATATAAAACAGAGGCACATAATATCTGGGCTACACAT
(Brrv) F C A S DA K A Y K T EA AUHU NI WATH
5881 GCCTATETACCCACGGACCC CAGCCCACARGAANTAGARCTGETARATGTGACCGARBAL
{Env) A C ¥V P TDUP S P Q E I EL V NV T EN
5941 TTTAACATGTSGAARAATAACATGG TAGACCAGATGCATGAGGATATAATCAGTTTATGG
(Enwv) F N M W K N N M VvV D MHEDTITIS L W
6001 GATCAAAGTCTAARACCATGTGTAAAATTAACCCCACTCTGTGTCACCTTARACTGCACT
(Bnv} D Q S L K P C V KL TP L CVTTILUHNKUI CT
6061 AATGCCAACATAAACAGCACTGGRAGCAACGCCCTATGEGAGCCAACAAAGGAGGTGAAA
{BEnv) N A N I N § 7T @ &8 NAL WUEUPTIEKE V K
6121 AACTGCTCTTTCAATGTAACTACAGTAGTAAGAGATAAGAARRAGCAAGTATATGCGCTT
{Env) N ¢C 8 F N Vv T ™ V VvV RDEKEKIZ X (¢ V Y A L
6181 TTTTATAAACCTGATATCGTACCARRAGACAATGATAATAATAGGACCAATTATAGGTTT
{Env) F ¥ K P D I V P K D NDNNU RTDNUY R F
6241 ATATGTTGTAATACCTCAGCCATTACGCAGGCTTGTCCAAAGATATCCTTTGAGCCAATT
(Env) I ¢ ¢ N T S8 A I T QATCUPI K I S F E P I
6301 CCRAATACATTATTGTGCCCCAGCTEETTTTGCGAT TCTTAAGTGTAGAARATAAGARGTTC
(Env) P I H Y ¢C A P A G PF A I L K CERNIEKZEKF
6361 AATGGAACAGGCCCATGCAAAAATGTCAGCACAGTACAATGTACACATGGAATTAAGCCA
(Env) N G T G P C KE NV S TV Q CTH G I E P
6421 GTGETGTCAACTCAACTGCTGTTCAATGGCAGTCTACCAGAAGAAGAGATCATTATTAGA
(Env) v v § T Q L L FN G &L P EZEETITITIR
6481 TCTGAAMATCTCACARACARTGC TARAAACATTATACTACAGT I TAMTGCATCTGTTAAA
{Env) € EN L T NN&BUEKNTII L Q F N A 8 V K
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6541 ATTAATTGTACAAGGCCCTACGAAATTAGAATACAAAAGACATCAATAGGACAAGGGCAR

{Env) I N CTURUPVYETIT RTIGQIE KTTSTIGT QG Q
6601 GCACTCAATACAAACAAGAGGATTATACGAGACAARTAGACAAGCARATTGTACCATTAGT
{Env) A L N TN XK R I I RDUNTU RTGQTBINTECECTTI S
6661 GGAGAAAAATGGAATAAAACTTTACAACAGGCAGCTATACAATTGAGARACCTTCTTAAC
{Env) G E K WNUZXTTTULOGQOQA AATIGQTLTGNTLTLN
6721 AARACAACAATACCTTTTCGACCACCCTCAGGAGGGGACCCAGAAATTACAACACACAGT
{Env) K T T I P F R P P S G G D PETITTH S
6781 GTTAATTGTGGAGGGGAATTTTTC TACTGTARTACATC AGGGCTGTTTAATARTACATGE
{Env) vV N CGGETFTF Y CUNT S GLFNUNTW
6841 GATAATAGTAATAGGACATGGTCAAATARGGGAGCATGGTCAAATCAGACAGTCACACTC
(Env) D N S NRT WS NI KGA ATWSENIGQOTUVTTL
6901 CCATECAGAATACGACARATTATATACATGTGGCAGARAGTTGGAARAGCAATGTATACE
(Env) P CR I R Q@ I I Y M WOQZ XKV G K AMTY A
6961 COTCCCATACAAGGAACACTTAGATGCTCATCARATATTACAGGACTACTATTCACARGA
(Env) P PI Q G TILUZRTGCSSNTIT®TTOGTULULFTR
7021 GATGGTGGTAATAATAGTTCTAACAACGAGACCTTCAGACCTGGCGGAGGAGATACGAGG
(Env) D G G N NS $ NNZETTP¥RDP GG G DTR
7081 GACAATTGGAGAAGTGAATTATATAAATACAAAGTACTACAAATTGAACCARGAGGAGCA
(Env) D N WR S EL Y XK Y X VL Q IEUFPTRG A
7141 GCGCCCACCARGGCAAAGAGAAGAGTGG TGGARAGGGARAAAAGAGCAATACGACTCGEA
(Env) A P T KA XKRU RVJVETRTETZ KT ERATIR RTLCGC
7201 GOTATGTTCCT TGGET TCTTGOGAGCAGCAGEARGCACAATEGECECAGCETCAGAGACE
(Env) A M F L @ F L. @ A AGSTMGA AU ATSTET
7261 CGGACGOTACAGGCCAGACAGETATTGTCTGETAT ACTGC AACAGCARAACAATTTGCTC
{Env) R TV 0Q AR QU VL S G I L g QQ DNIJNILL
7321 AGGGCTATCGAGGCGCAACAGCATCTGTTGCAACTCACCGTCTEGGGECATTAARCAGCTC
(Env} R A I EA Q CHL L OQLTUVWOGTIZ KOQL
7381 CAGGCAAGAATCCTGGCTGTGGAAAGATACCTCAAGGATCGACGGCTCCTATGCCTTTGG
(Env) Q AR I L AV ETZRTYTULJZ XU DU RI RIETLT ESCTL W
7441 GGTTGCTCTGEARAACACATTTGCACCACTACTETGCCCTCGARCTC TAGTTGGAGTAAT
(Env) G ¢ 8 ¢ X H I ¢ T™™TTV P WNTGS S WS N
7501 ARAACTCAAACTGAGATTTGGCAGAACATTACCTGGCTGCAGTCCGARACAGAAATTCAA
(Env) K T ¢ ™ BE I W Q NI T WUV Q WET RE I E
7561 AATTACACAGEACTATTATACAACT TATTTGAGGAATCGCAGATCCAGCAAGARAARGAAT
(Env) N ¥ T @ L L ¥ NL F ETZEGSGQTIGQGQE K N
7621 GAACAAGAATTATTGGAATTGGACARGTGGEGCAAGTCTGTECANT TAGTTTGACAAAACA
{Env) EQ ELULETILTDTEXWAG STLWNWTFTDI KT
7681 AGCTGECTCTGETATAGAAAAATATTCATTATGCTACTACGAGETTTGCTACGTTTTAGA
{Env) $ W L W ¥ R K I F I ML LU RGTULTULTERTF R
7741 ATATTTTITGCTGTGCTTTCTGTATTATACAGAGTTAGECAGEGATACTCACCTCTGTCS
(Env) I » FP AV L S V L Y RVYVIRGEQGUY & P L 8
7801 TTTCAGACCCTCTTCCCAGCCCCGAGGGGACCCEACAGGCCCCAACGAACACAAGAAGAR
(Env) F Q T L F P A P R G PDJU RUPEGTTEE E
(Tatx2 start) P s S ¢ PR GDUETGT?PZHKEQZ K X K

(Revx2 start)s b P L P 8 P E G T R Q A R R N R R R R
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7861 GGTGGAGAGCAAGGCAGAGACARATACATTCGATTGATGCEGCGGATTCTCCGCACTTATC

{Env) G G E Q G R D X ¥ I RULMUBRGU? F S5 AL I
(Tatx2 end) vV E S K A E T N T F D *

{Rewx2) W R A R Q R Q I H S I DA RTIULURTYL
7921 TGCGACGATCTGCEGAACCTGTGCCTCTTCGGCTACCACCGCTCGAGAGACTTACTCTTSG
{Env) WD DL RDNILUCILF G Y HR S R DL L L
{Rewvx2) G R S A E P V P L R L P P L EURULTUL A
7981 CTTGCAGCGAGGATTGTEGAACTTCTEECACGLAGGGGETGEGAAGCCCTCAAGTATCTG
{Env) L A A R IV ETLTLGIURIRUGWEWA ATLIZ KY L
{Revx2)} ¢ § EDC GG TS G T QG V & 8 P Q V 5 V
BG4l TGGAATCTCCTGCAGTATTGGAGTCAGGAACTCAAGAATAGTGTTAT TAGCTTGCTTGAT
{Env) W N L L @Q Y W S5 Q EL KNS VI S L L D

{(Revx2 end) E &8 P A V L E 5§ ¢ T @ E *

8101 ACCATCGCAATCGCAACAGCTGACGGGACAGATAGGETTACAGAACTACTACTACGAGCT
{Env) T I A I A T A E@ETDU®RVYV TEV L L R A

8161 TGCAGAGCTATTCTTAACGTACCCAGAAGAATC AGACAGGGCTTTGARAAGGATTTTGCTA
(Env) ¢ R A I L NV P RRIUPREQGV FEZ RTIULTL

8221 TAAAATGGGTGGCARATGETCAAAAAGTAGTATAGTTGGATGGCCTGCTATAAGGGAMAG
(Env end) ¥

(Nef start) M ¢ @ K W 8§ K 8§ 8§ I VvV G WP ATIUZRER
8281 AATAAGAAGAACTAATCCAGCAGCAGATGGGGTGGGAGCAGTATC TCGAGACCTAGADAA
(Nef) I R R T™NUPOAR ADOG UV G A YV S R DIUL E K
8341 ACATGCGECAATCACAAGTAGCAATACAGCAAGTACTAATGCTGACTGTGCCTGGCTAGA
(Nef) H ¢ A I T S 8 NT A S T™NAUDUCA AMWTL E
8401 AGCACAAGAAGAGAGTGAGGAAGTGGGCTTTCCAGTCARACCTCAGGTACCTTTAAGACC
(Nef) A Q E E S E E VvV G F P VvV K P  V P L R P
8461 AATGACTTACAAAGCAGCTGTAGATCTTAGCCACTTTT TAAAAGADAAGGEGGCGACTGGA
(Nef) M T ¥ XK &4 A VYV DL 8 HVPF L KUEIZ KGGTUL E
8521 AGGGCTAATTTGGTCCAAAGAGAGACAAGACATCCTTGATCTTTGGGTCTACAACACACA
(Nef) G L I W S XK E R ¢ D I L DL W VWV Y NT @
8581 AGGCTACTTCCCCGATTGGCAGAACTACACACCAGGGCCAGGGATCAGATATCCAATAAL
(Nef) G Y F P D W QNY TP @GP @I R Y P I T
8641 CTTTGGATGGTGCTTCGAGCTAGTACCAGTTGACCCACAGGAAGTAGAAGAGGCCACTGA
(Nef) F G W CF E L VvV P VD P Q EV EE AT E
8701 GGGAGAGAACAACTECTTETTACACCCTATGAACCAGCATGGAATAGAGGACACGGAGAG
(Nef} G E N N ¢ L L HP M N Q H G I EDT E R
8761 ACAAGTGTTAAAGTGGAGATTTAACAGCAGACTAGCATTTGAGCACAAGCCCCGAGAGAA
(Nef) Q V L K WR F NS R LAV FEUHIZ KAUZR E K
8821 ACATCCGGAGTACTACAARGACTGCTGA

(Nef end) H P E Y Y K D C *
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Appendix C

The similarity plots of the NCBI HIV-1 subtyping database for the different Tygerberg
plasmids are shown in figures C1-C4. The right hand legend indicates the different
reference subtypes, which the query sequence was compared to. The solid bar at the
top of the graph represents the subtype most similar 1o the query sequence. The x-axis
represents the nucleotide position, while the y-axis represents the score of identity
obtained when comparing the query sequence to the individual reference sequences.
The similarity between the query and the reference sequences increases with an
increase in score.
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Appendix C

NCBI Subtyping Results of the Tygerberg plasmid sequences (pR2-pR482)

C1: pR2 -
C2: pR214
L :
oo SAVW e e

'lIlI!!lII!!IElIlIlllllllllllll!lllllllll!ll
?lll!ltll!'llltfmlm’l  EESERNREEERNEN
C3: pR286
Hlll!!l!llllllwmlllIIIIIIlIII!

C4:pR482

l"II!HIIIllllHIllllllHHIIIHIIHIIIHIIIH

[POETTION TH SEQURNCE]
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Appendix D

Distance Matrices

The distance matrices are generated by BioEdit and is a function describing the
relationship between pairs of sequences. The similarity between sequences are given
as percentage similarity. The distance matrices are given for the full-length dataset
(D1), gag (D2), po! (D3), env (D4), vif (D5), vpr (D6), vpu (D7), tat (DB), rev (D9} and
nef (D10).
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Appendix E

The glycosylation graphs of the HIV-1 subtype A-K consensus env sequences are
given. The x-axis indicates the position of the glycosylation sites in the sequence and
the y-axis represents the number of N-linked glycosylations sites.
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Appendix E

HIV-1 subtype A-K consensus glycosylation patterns
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Appendix E:

HIV-1 subtype A-K consensus glycosylation patterns
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Appendix E:

HIV-1 subtype A-K consensus glycosylation patterns
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