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To determine the interstrain genomic diversity and molecular phylogeny of the recently identified variants of human
T-cell lymphotropic virus type | (HTLV-I} in Melanesia, we enzymatically amplified, then directly sequenced representa-
tive regions of the gag, po/, and env genes of HTLV-| strains from 10 members of four families, including one family from
Papua New Guinea and three families from the Solomon Islands. When aligned and compared to a Japanese strain of
HTLV-1 (ATK), the Melanesian HTLV-| strains differed by 7.6 to 8.7% in the gag, 7.1 t0 9.3% in the pof, and 7.3 t0 8.2% in
the env gene regions. Based on 931 nucleotides, the overall sequence divergence of the 10 Melanesian HTLV-I strains
from HTLV-l ATK was 7.3 to 8.1% (68 to 75 base substitutions). The intrafamilial genetic heterogeneity among these
virus strains was nil to 0.2%, while the interfamilial sequence variation between HTLV-| strains from the Solomon
Islands and those from Papua New Guinea was 3.4 to 4.2%, and the genetic heterogeneity among virus strains from
the three Solomon Islands families was 0.2 to 0.9%. Using the maximum parsimony and neighbor-joining methods,
phylogenetic analysis indicated that the HTLV-| strains from Papua New Guinea and the Solomon Islands formed a
monophyletic group and that the Melanesian and cosmopolitan strains of HTLV-l have evolved along two major geo-
graphically dependent lineages. © 1993 Academic Press, Inc.

INTRODUCTION

Sexual intercourse and breast-feeding are the princi-
pal modes of horizontal and vertical transmission for
the human retroviruses, human T-cell lymphotropic
virus type | (HTLV-l), and human immunodeficiency
virus type 1 (HIV-1). Sequence comparisons between
strains of HIV-1 from mother—infant pairs and from sex-
ual partners indicate a relatively high degree of intrafa-
milial genetic dissimilarity, in the order of 2 to 8%, com-
pared to 6% to more than 20% among viral isolates
from unrelated individuals (Burger et a/., 1991; Wike et
al., 1992; Wolinsky et al., 1992). For HTLV-l, seroepi-
demiological data indicate familial clustering of infec-
tion {Tajima et a/., 1982; Kajiyama et a/., 1986; Yanagi-
hara et al., 1990), but sequence information on virus
strains within families or between close contacts is al-
most nonexistent. Thus, to better understand the de-
gree of genomic variability of HTLV-! strains within and
between families, following presumed horizontal (sex-
ual) or vertical {mother-to-child) transmission, we am-
plified by polymerase chain reaction (PCR) then directly
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sequenced selected regions of the gag, pol, and env
genes of HTLV-I strains from 10 members of four Mela-
nesian families. The considerable intrafamilial se-
quence similarity among these virus strains from Pa-
pua New Guinea and the Solomon Istands resembles
that from families in equatorial Zaire (Goubau et a/.,
1992), southern India (Nerurkar et a/., 1993), and from
a French patient with transfusion-acquired HTLV-I my-
elopathy, his wife, and the blood donor (Gessain et af.,
1992).

MATERIALS AND METHODS
Families and virus strains

HTLV-I strains from 10 asymptomatically infected
members of four Melanesian families (Table 1), includ-
ing one family from Papua New Guinea and three fami-
lies from the Solomon Islands, and HTLV-I strains BEL
1 and BEL 2, respectively, from two unrelated life-long
residents {both women, 50- and 60-years old) of the
Polynesian Outlier Bellona within the Solomon archipel-
ago, were studied. T-cell lines harboring HTLV-l were
available from three Melanesians (strains MEL 1, MEL
3. and MEL 5) and from one Polynesian (strain BEL 1)
(Yanagihara et a/., 1991). Informed consent was ob-
tained from all study participants.
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The New Guinean family, consisting of a mother and
her two sons, was part of a 260-member, recently con-
tacted hunter-horticulturalist group {Hagahai) living
along the northern banks of the Yuat River Gorge, at
altitudes of 200 to 1800 m, in the fringe highlands ot
Madang province {Jenkins et af., 1989). While the Ha-
gahai have certain cultural practices akin to those of
lowland and highland New Guinean groups, analysis of
HLA-DR antigens suggests that they are distinct from
both coastal and highland groups and may represent
descendants of migrants who arrived more than 5000
years ago (Bhatia et a/., 1993).

The three unrelated Melanesian families from the
Solomon Islands resided in different villages or towns
{Honiara, Kolosulu, Marau) on Guadalcanal. Members
of two families were born elsewhere in the Solomon
Islands {two on Morovo Lagoon and one on Rendova in
New Georgia, approximately 250 km west of Guadal-
canal). None of these seven individuals had traveled
outside the Solomon Islands and four had never left
Guadalcanal.

PCR and direct sequencing of amplified products

High molecular weight DNA, extracted using a non-
organic method (Oncor, Gaithersburg, MD) from fresh,
uncultured peripheral blood mononuclear cells
(PBMC), from PBMC maintained in culture for 4 weeks,
and from T-cell lines (Table 1), and enzymatically ampli-
fied products were handled by different personnel in
separate rooms. QOligonucieotide primers for PCR and
for direct DNA sequencing were derived from se-
quences of the Jlapanese HTLV-| strain ATK (Seiki et al.,
1983) for the amino-terminal p24-encoding region of
gag (bases 1423-1444, 5-CCATCACCAGCAGCTAG-
ATAGC-3' and bases 1560-1537, 5-AGTTGCTGGTA-
TTCTCGCCTTAAT-3'), the 3-end of po/ (bases 4757-
4778, 5-CCCTACAATCCAACCAGCTCAG-3' and
bases4942-4919,5'-GTGGTGAAGCTGCCATCGGGT-
TTT-3'), the 5-end of the gp46-encoding region of env
(bases 5228-5246, 5-TTTATTCTTCCAGTTCTGC-3'
and bases 5596-5572, 5-TAGGGGCTGGAGACGGC-
TCCTGTAT-3') and the gp21-encoding region of env
(bases 6068-6087, 5-TCATAACTCCCTCATCCTGC-
3' and bases 6481-6462, 5-CAGCCAGTCAGGACT-
CGATT-3'). Primers were used at a final concentration
of 1 uM in a reaction mixture of 100 ul containing 2 ug
of DNA and 2.5 units of Thermus aquaticus DNA poly-
merase (Perkin-Eimer/Cetus, Norwalk, CT) and com-
prised of 50 mM KCI, 10 mM Tris-HCl (pH 8.3), 1.5 mM
MgCl,, and 0.2 mM each dNTP. Reaction mixtures
were cycled as described previously (Nerurkar et al.,
1992).

Enzymatically amplified DNA, purified and concen-
trated using Centricon 100 microconcentrators (Ami-

con Division, Danvers, MA), was sequenced manually,
as well as with an automated sequencer (Model 373A,
Applied Biosystems, Inc., Foster City, CA), in both di-
rections, by the dideoxy ¢hain-termination method. Di-
rect DNA sequencing, which obviates the need for
cloning, was employed since it facilitates the rapid
identification of the predominant virus genome within
an infected individual and because this methodology
has been shown to be well suited for molecular analy-
sis of HIV-1 between close contacts (Burger et a/.,
1991).

Sequence and phylogenetic analyses

Nucleotide sequences were aligned and compared
with sequences of HTLV-l strains from various geo-
graphic regions, including Japan (ATK, H5, TSP-1, MT-
2)(Seiki et al., 1983; Tsujimoto et a/., 1988; Evangelista
et al., 1990; Gray et al., 1990), the Caribbean basin
(HS-35, CH) (Malik et al., 1988; Paine er a/., 1991;
Ratner et a/., 1991), Chile (ST) {Dekaban et al., 1992)
and Zaire (EL) (Paine et al., 1991; Ratner et af., 1991),
as well as with sequences of simian T-cell lymphotro-
pic virus type | {STLV-I) strain PtM3 from a pig-tailed
macaque (Macaca nemestrina) from Indonesia (Wa-
tanabe et al,, 1985) and sequences of HTLV-Il strain
Mo from the United States (Shimotohno et al., 1985).

The nucleotide- and amino acid-sequence align-
ments were facilitated by using the GAP program avail-
able on the VAX system, as part of the Genetics Com-
puter Group, which employs the algorithm of Needle-
man and Wunsch (1970). To maximize our confidence
in the derived topologies, we employed both the neigh-
bor-joining (Saitou and Nei, 1987) and maximum parsi-
mony methods (Fitch, 1977), which accommodate vari-
able rates of genetic change, to construct unrooted
phylogenetic trees. Evolutionary distances {(number of
nucleotide substitutions) between the sequences were
estimated based on the one-parameter (Jukes and
Cantor, 1969) and two-parameter methods (Kimura,
1980}, and these distances were used for constructing
trees by the neighbor-joining method. PAUP version
3.0 (Swofford, 1990) was used for maximum parsi-
mony analysis and for estimating boot-strap probabili-
ties.

Estimated branch lengths (number of substitutions
per nucleotide site), obtained by using the neighbor-
joining method, were multiplied by the number of nu-
cleotides being analyzed, and the resulting values
were rounded. If an internal branch was assigned a
distance of zero, the branch was truncated. When the
estimated number of substitutions at any branch was
smaller than the minimum possible number of substi-
tutions required by the maximum parsimony method,
the minimum number was used.
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FiG. 1. Alignment and comparison of nucleotide sequences of {A) the p24-encoding region of the gag gene (bases 1445 to 1536), (B) the 3"-end
of the po/ gene (bases 4779 to 4918), (C) the 5"-end of the gp46-encoding region of the env gene (bases 5247 to 5571), and (D) the gp21-encod-
ing region of the env gene (bases 6088 to 6461} in HTLV-l strains from 10 members of four Melanesian families. Family groupings with
relationships are listed in Table 1. Sequence uniformity in the (A} gag and (B) po/ regions among viruses from Papua New Guines and the
Solomon Islands is indicated by strains MEL 1 and MEL 3, respectively. For comparison, corresponding sequences are shown for HTLV-! strains
from Japan (ATK. MT-2, TSP-1), the Caribbean basin (CH, HS-35), Chile {ST), Zaire (EL), the Polynesian Outlier Bellona (BEL 1, BEL 2), and for
STLV-I strain PtM3 from Indonesia, as well as for HTLV-Il strain Mo from the United States.
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FiG. 1—Continued

RESULTS

Nucleotide sequence analysis of the gag, po/,
env genes

and

As verification that the sequences of the Melanesian
HTLV-l strains from DNA extracted from cultured
PBMC or T-cell lines did not result from selection of
aberrant virus populations during the 4-week culture
period or the long-term maintenance of T-cell lines in
culture, identical proviral sequences were obtained
from DNA extracted from fresh, uncultured PBMC.
Thus, the viral sequences presented here represent
those of the predominant virus population in vivo and
do not reflect selection artifacts from in vitro manipula-
tion.

Nucleotide sequences for each of the Melanesian
HTLV-I strains, arranged by family group, were aligned
and compared to representative strains of HTLV-I| from
other geographical regions. Multiple, unique base sub-
stitutions were found in the gag, po/, and env genes

(Figs. 1A to 1D). Compared to the Japanese HTLV-I
strain ATK, the Melanesian HTLV-I strains diverged by
7 to 8 of 92 bases (7.6 to 8.7%} in the gag, 10 to 13 of
140 bases (7.1 10 9.3%) in the po/, and 51 to 57 of 699
bases (7.3 to 8.2%) in the env gene regions (Table 1).
The overall sequence similarity between the Melane-
sian HTLV-1 strains and HTLV-1 ATK was 91.910 92.7%
{68 to 75 substitutions in 931 nucleotides), with an in-
trafamilial sequence heterogeneity among the Melane-
sian HTLV-| strains of 0 to 0.2%. Between HTLV-I
strains from the Solomon Islands and those from Pa-
pua New Guinea, the interfamilial genetic variation was
3.4 t0 4.2% (32- to 39-nuclectide differences), while it
was 0.2 to 0.9% (2- to 8-nucleotide differences, all in
the env gene) among virus strains from the three Solo-
mon Islands families.

The tendency for some of the base substitutions to
occur at identical positions in cosmopolitan and Mela-
nesian HTLV-| strains suggested a nonrandom nature
to the point mutations (Figs. 1A to 1D), but no differ-
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TABLE 1

MELANESIAN HTLV-I STRAINS AND DNA SOURCE FOR GENE AMPLIFICATION AND SEQUENCE COMPARISON WITH COSMOPOLITAN HTLV-I (ATK)

DNA source for PCR Percent divergence

from HTLV-I ATK

Age/ Uncultured Cultured T-cell
Country of origin Family Relation sex Virus name PBMC PBMC line gag pol env
Papua New Guinea | Son 21M HTLV-I MEL 1 + + 8.7 9.3 7.7
Mother 60F HTLV-I MEL 2 + + 8.7 9.3 7.6
Son 31 HTLV-I MEL 7 + + 8.7 9.3 7.6
Solomon Islands ] Wife 39F HTLV-I MEL 3 + + 7.6 71 7.4
Husband 49M HTLV-I MEL 8 + 7.6 7.1 7.3
1] Mother 60F HTLV-t MEL 4 + + 7.6 7.1 7.3
Father 75M HTLV- MEL 9 + 7.6 7.1 7.3
Daughter 13F HTLV-I MEL 10 + 7.6 7.1 7.3
v Husband 58M HTLV-I MEL + + + 7.6 71 8.2
Wife 42F HTLV-I MEL 11 + 7.6 7.1 7.9

ence in genetic variability was noted among the pre-
dominant virus populations presumably acquired by
horizontal (husband-to-wife) or vertical (mother-to-
child) transmission. Nucleotide changes for each of
the virus strains consisted primarily of transitions (71 to
90%), with the majority being deoxycyltosine to deoxy-
thymidine substitutions or vice versa. Furthermore, no
insertions, deletions or frame shifts were detected in
the regions sequenced.

Despite the geographical proximity of Bellona to is-
lands endemic for the Melanesian HTLV-l variants,
HTLV-l strains BEL 1 and BEL 2 (which were geneti-
cally identical) were much more similar to cosmopoli-
tan than to Melanesian strains of HTLV-|, differing by
only 13 (1.49%) of 931 nucleotides from the Japanese
HTLV-i strain ATK. Complete sequence identity in the
140-bp region of the po/ gene between the Japanese
HTLV-I strain ATK and the virus strains from Bellona
(Fig. 1B) was, therefore, consistent with the high de-
gree of sequence similarity elsewhere in the viral ge-
nome.

Deduced amino acid sequence analysis of the gag,
pol, and env genes

All of the base substitutions in the 31-amino acid
region of the p24 capsid-encoding gag gene of the Mel-
anesian HTLV-I strains were silent. On the other hand,
in the 46-amino acid region of the po/ gene, the HTLV-|
strains from Papua New Guinea and the Solomon Is-
lands differed by four (8.7%) and two {4.4%) residues,
respectively, from the Japanese HTLV-l strain ATK.
Like the HTLV-I| variant EL from Zaire, but unlike other
cosmopolitan strains of HTLV-| from Japan, the Carib-
bean basin and the Americas, the Melanesian HTLV-I
strains had a codon-altering substitution at position
4910, which resulted in an asparagine to histidine
change.

In the 108-amino acid gp46- and 124-amino acid
gp21-encoding regions of the env gene, the Melane-
sian HTLV-I strains diverged by 6 to 7 (5.6 to 6.5%) and
4 t0 7 (3.2 to 5.6%) amino acids, respectively, from
HTLV-I ATK. Despite this overall degree of amino acid
sequence dissimilarity, the amino-terminal neutralizing
domain (comprised of amino acids 88 to 98, Trp-
lleLysLysProAsnArgAsnGlyGlyGly), encoded by bases
5463 to 5495, on the external envelope glycoprotein
gp46 was totally conserved between Melanesian and
cosmopolitan HTLV-I strains (as well as in the STLV-|
strain PtM3), except for HTLV-l ATK, in which the
corresponding sequence was TrpThrLysLysProAsn-
ArgAsnGlyGlyGly. As further evidence for the structural
conservation of functionally important domains, the
amino acid sequences of the cleavage site on the gp61
envelope precursor protein, encoded by bases 6126 to
6143, and of the immunosuppressive region on the
transmembrane envelope protein, encoded by bases
6330 to 6407, were identical between Melanesian and
cosmopolitan HTLV-| strains.

A region of variability at the 5’-end of the env gene, in
the region of the signal peptide, resulted in a deduced
sequence for amino acids 16 to 21 of ProProlleLeuSer-
Ser and ProProlieLeuCysTyr for the HTLV-l strains
from Papua New Guinea and the Solomon Islands, re-
spectively. For cosmopolitan HTLV-| strains, the corre-
sponding sequences were ProLeullePheGlyAsp (for
HTLV-I strains ATK, H5, BEL 1, BEL 2), ProLeullelLeu-
GlyAsp (for HTLV-| strains MT-2, CH, HS-35, ST, SP)
and ProLeulleLeuSerAsp (for HTLV-l strain EL). To
what extent these changes are functionally important
is unclear.

Phylogenetic analysis of the gag, pol/, and env gene
sequences

Unrooted phylogenetic trees constructed from the
gag (92 bp) and po/ (140 bp) and from the gp46 env
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ﬁ- HTLV-I BE!
74 XN - L 1 (Bellcna)
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. 84 5
6 — HTLV-l MEL 3 (Solomon Islands)
91 0
5
69 3 HTLV-i MEL 5 (Solemon Islands)
4
T- HTLV-1 MT-2 (Japan)
5 HYLV-l ST (Chile}
64
1 HTLV-l CH (Caribbean)
68 59 1
2 1
5 HTLV-l TSP-1 (Japan)
HTYLV-t BEL 1 (Beliona)
75
2 HTLV-l H5 (Japan)
HTLV-I ATK (Japan)
75
6

HTLV-] HS-35 (Caribbean)

HTLV-l EL (Zalre)

FiG. 2. Phylogenetic trees based on (A} the 92-bp region of the p24-encoding gag gene and 140-bp region of the pof gene and on (B) the
325-bp region of the gp46-encoding env gene of Melanesian and cosmopolitan strains of HTLV-I, and of STLV-| strain PtM3 from a pig-tailed
macaque, constructed by the neighbor-joining and maximum parsimony methods {see text for details). The trees were rooted by assuming
HTLV-H as the outgroup. Branch lengths (number of nucleotide substitutions) are given below each branch, and the boot-strap probabilities (in
percentage), calculated from 1000 resamplings by the maximum parsimony methad, are given above the internal branches. The placements of
HTLV-I MEL 1 and of HTLV-I MEL 3 and HTLV-I MEL 5 on these trees are representative of the HTLV-| strains from Papua New Guinea and the

Solomon Islands, respectively.

(325 bp) gene sequences of the Melanesian HTLV-|
strains, and from corresponding sequences of virus
strains from other geographical areas, had nearly iden-
tical branching patterns and branch lengths using ei-
ther the maximum parsimony or neighbor-joining
methods. The two equally parsimonious trees con-
structed from the gag and po/ gene sequences re-
quired 115 nucleotide substitutions, while the single
maximum parsimony tree based on the env gene se-
quences required 168 nucleotide substitutions. Repre-

sentative trees, which were rooted by assuming HTLV-
Il as the outgroup, were generated by combining the
results from the maximum parsimony and neighbor-
joining methods (Figs. 2A and 2B). Branch lengths
were identical with those of the maximum parsimony
tree when the ACCTRAN option of PAUP was used.
Boot-strap probabilities (in percentage), as deter-
mined by PAUP for 1,000 resamplings, for the
branches clustering Melanesian strains and cosmopoli-
tan strains, respectively, in both composite trees were
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relatively high (=740%), demonstrating that the Melane-
sian and cosmopolitan strains of HTLV-| have evolved
along two major geographically dependent lineages.
Congruency of the phylogenetic trees (Figs. 2A and 2B)
based on different gene regions indicated that the Mel-
anesian strains of HTLV-1 were monophyletic and oc-
cupied a unique position among all HTLV-|, with the
Melanesian strains diverging from the common ances-
tor of HTLV-I prior to the divergence of cosmopolitan
strains of HTLV-I.

DISCUSSION

Considering the presumed slow mutation rate of
HTLV-I, a high degree of sequence similarity was not
unexpected among HTLV-| strains from members of
the same family. As demonstrated, the nucleotide se-
quences of selected regions of the gag, pol, and env
genes of HTLV-I strains within each of the four Melane-
sian families were nearly or completely identical. These
data support the notion that the virus within each fam-
ily was introduced by one member and was transmit-
ted to the others, either vertically (as from mother-to-
child via virus-infected breast milk) or horizontally (as
from husband-to-wife via virus-infected genital secre-
tions). Although all three families from the Solomon
Islands resided on Guadalcanal, it is possible that
HTLV-l infection was acquired when some of these
individuals lived on islands geographically distant to
Guadalcanal. If true, this would indicate that geneti-
cally similar strains of HTLV-| exist among Melanesian
groups throughout the Solomon Islands.

Our data also indicated a marked degree of se-
quence conservation of a linear neutralizing domain
{defined by amino acids 88 to 98) on the amino-ter-
minal external envelope glycoprotein of HTLV-I strains,
regardless of geographic origin. The threonine to iso-
leucine difference at position 89 between HTLV-1 ATK
and all other HTLV-I strains, including those from Mela-
nesia {while probably the result of sequencing error),
appears to be functionally irrelevant (Palker et al.,
1992). Antigenic determinants for neutralization on the
mid-portion of the outer envelope glycoprotein are also
highly conserved among HTLV-| strains, including the
Melanesian variants (Melland, 1992). Not unexpect-
edly then, the neutralizing epitopes of cosmopolitan
and Melanesian HTLV-I strains are functionally indistin-
guishable as determined by cross-neutralization as-
says using vesicular stomatitis virus pseudotypes
bearing envelope antigens of HTLV-l, indicating that
HTLV-| exists as a single serotype worldwide (Hoshino
et al., 1993).

Recent sustained contact between the Hagahai and
outsiders, beginning in late 1983, has resulted in
changing patterns of communicable diseases and in
the acquisition of new infectious agents, such as

mumps and hepatitis B viruses (Jenkins et a/., 1989).
However, it is unlikely that the Hagahai are a recent
“virgin-soil population’” for HTLV-I because of the ages
of the infected individuals and the nonrandom distribu-
tion of infection (Yanagihara et al., 1990). We suspect
that HTLV-Il variants genetically similar to the virus
strains from the Hagahai occur elsewhere in Papua
New Guinea and West New Guinea, and possibly else-
where in Indonesia. Unfortunately, since there are no
other HTLV-l isolates from Papua New Guinea to date,
itis unclear if the HTLV-| variants from the Hagahai are
truly representative of virus strains circulating among
other fringe highland populations. Nevertheless, the
high degree of sequence similarity among HTLV-I
strains from Melanesian Solomon Islanders, as demon-
strated in this study, would predict that HTLV-| strains
harbored by other virus-infected fringe highland New
Guinean populations are genetically similar to those
found among the Hagahai. Whether or not HTLV-I
strains circulating among coastal New Guinean popula-
tions are more closely related to strains from the Solo-
mon Islands, than to the viral isolates from the Haga-
hai, awaits further study.

Although it is unclear when HTLV-I was introduced
into these remote Melanesian populations, our se-
quence and phylogenetic analyses indicate that the
HTLV-I strains from Melanesians of Papua New Guinea
and the Solomon Islands are genetically related but
distinct from each other, suggesting evolution from an-
cestral strains of virus introduced by one of several
founder populations. By contrast, the genetic similarity
between HTLV-| strains from the Polynesian Qutlier
Bellona and other cosmopolitan HTLV-I strains, rather
than to Melanesian viral strains, suggests a different
source and subsequent evolution of HTLV-1 in Bellona.
In any event, the total absence of nonhuman primates
in Melanesia and Polynesia precludes any possibility
that HTLV-l among these genetically and culturally dis-
tinct populations evolved recently from STLV-I.
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