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Human T-cell leukemia virus type I (HTLV-I) causes T-cell leukemia and tropical spastic paraparesis (TSP)
in a minority of infected people, whereas the majority remain healthy. No association between a particular
HTLV-I sequence and disease manifestation has been found in previous studies. We studied here the sequence
variability of the gene for the HTLV-I Tax protein, which is the dominant target antigen of the very strong
cytotoxic T-lymphocyte response to the virus. In HTLV-I infection, the intraisolate nucleotide variability is
much greater than the variability between isolates. The predicted protein sequence of Tax was significantly
more variable in the healthy seropositive individuals' proviruses than in those of the patients with TSP. Thus,
tax sequence heterogeneity, rather than the presence of particular sequences, distinguishes healthy HTLV-I-
seropositive individuals from patients with TSP.

Human T-cell leukemia virus type I (HTLV-I)-infected
individuals may develop adult T-cell leukemia (ATL) or trop-
ical spastic paraparesis (TSP) (9, 16, 26). The pathogenesis of
these diseases is unresolved, and no link between disease
progression and viral strain has been found so far. Little
sequence difference between HTLV-I isolates has been found,
although there are enough nucleotide differences to allow
isolates to be grouped according to geographical regions (5, 6,
11, 19, 24). In contrast to the low level of variability of HTLV-I
between isolates, recent studies have shown some intrastrain
variability, indicating a quasispecies structure of HTLV-I (1, 4,
5).
We have investigated the nature of the HTLV-I quasispecies

by sequencing 20 clones of the proviral tax gene from each
of four TSP patients and four healthy seropositive individ-
uals. TD, HD, HH, and HM have been described else-
where (20-22). Each subject is denoted by a two-letter
code: for the first letter, T denotes a patient with TSP and
H denotes a healthy HTLV-I carrier. The subjects TD, TB,
TG, and TI were 63-, 56-, 56-, and 57-year-old females from
the West Indies, who developed TSP 12, 27, 21, and 3 years
earlier, respectively. HD was a 69-year-old male, and HH was
a 22-year-old female from the West Indies. HM and HN,
respectively, were 45- and 36-year-old females. HN was diag-
nosed HTLV-I seropositive 2 years previously. The duration of
infection for all the patients is not known, although it is
presumed from their personal histories to have been many
years. Genomic DNA was extracted from 5 x 106 to 10 X 106
peripheral blood lymphocytes by the proteinase K technique
(15). One-microgram quantities of DNA were amplified by
PCR using buffer containing 50 mM KCl, 10 mM Tris (pH 8.3),
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1 mM MgCl2, 0.2 mM deoxynucleoside triphosphates, 2.5 U of
Taq polymerase (Perkin-Elmer Cetus), and 1 ,uM primers. A
nested set of primers was used: HT1 (5'-GATAGCAAACCG
TCAAGCACAG-3'; positions 7158 to 7179) and HT2B
(5'-TTGAGCCATATGCGTGCCATGA-3'; 8608 to 8587) for
the primary amplification and BG II (5'-TACAGATCTC-
CATGGCCCACTTCCCAGG-3'; 7309 to 7336) and TSRII
(5'-CTGAGAATTCAGAGCCTTAGTCT-3'; 8396 to 9019)
for the secondary. The amplified DNA products were inserted
into M13mpl8. DNA was purified and sequenced as described
previously (15), with T7 polymerase and a DNA sequencing kit
(United States Biochemical) with the M13 forward primer,
TS1 (5'-GCI'CTACAGTTCCYTATC-3'; 7518 to 7535), TS2
(5'-GAACCTGTACACCCTCTG-3'; 7743 to 7758), TS3
(5'-CCTlTTCCAGCCTGTTAG-3', 7967 to 7984), or TS4
(5'-CTCATACAGTACTCTTCCT-3'; 8205 to 8223).
Consensus sequences difer little between isolates. In order

to obtain a reference sequence for the tax gene, a grand
consensus was generated by comparing sequences from four
healthy seropositive individuals (this study) and the patients
with TSP (four subjects from this study and H5 [27], Xav, Bou,
Akr, and Jap3 [11]). The grand consensus differed from the
first reported ATK-1 sequence (25) at four nucleotide posi-
tions (nucleotide 7919 C->T, 7981 C-4T, 8230 A-*.G, and 8366
A-*C [Table 1]; nucleotides are numbered according to the
HTLV-I [ATK-1] sequence in the EMBL database). The
consensus sequences from our eight subjects differed from the
grand consensus in only 1 to 6 nucleotides (0.1 to 0.6%) (Table
1). There was no association between a particular consensus
sequence and the presence or absence of disease. The data
obtained in this study confirm the strong sequence similarity
between different HTLV-I isolates, as reported elsewhere (2,
3, 6, 11, 14, 19, 24).
The tax gene is highly variable within isolates. The low

degree of variability between consensus sequences from differ-
ent subjects contrasts markedly with the variability within a
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patient. This is unlike human immunodeficiency virus, where
interisolate variation exceeds intraisolate variation (28). The
20 clones sequenced per patient were compared with the
patient's own consensus sequence. Within the viral swarm,
between 16 and 100 mutations were found, that is, 0.8 to
4.8 mutations per clone (Table 2). The percentage of var-
iable nucleotide positions within the viral swarm (1.5 to
9.4%) was higher than that of positions varying between iso-
late consensus sequences (0.1 to 0.6%). In each isolate,
we found between 12 and 17 distinct tax sequences (Table 2,
with the exception of HH). Individual clones differed in 1
to 8 positions from the patient's own consensus. This varia-
bility within an isolate confirmed the quasispecies nature of
HTLV-I (1, 4, 5). However, one-third to one-quarter of the
clones were identical to the consensus sequence (with the
exception of HH). Therefore the master sequence (i.e., the
most common sequence) was identical to the consensus. The
consensus sequence does not seem to change over time (5, 13,
18).
The proportion of nonsynonymous nucleotide changes is

higher in healthy HTLV-I carriers. The quasispecies did not
seem to differ between healthy seropositive subjects and
patients with TSP, except in respect of the percentage of
nucleotide mutations that changed the amino acid code
(healthy seropositive subjects, 78 to 87%; and patients with
TSP, 52 to 64%). By random genetic drift, between 66 and 77%
of the mutations would be expected to be nonsynonymous (10).
In absolute numbers, the proportion of nonsynonymous to
synonymous changes was 157/190 (83%) for healthy seroposi-
tive subjects and 66/107 (62%) for patients with TSP. This
difference is significant (chi-square test, P < 0.001), indicating
that the virus population in healthy seropositive subjects is
more variable, at the protein level, than that in patients with
TSP.
The percentage of nonsynonymous nucleotide mutations

gives only an approximate indication of the intensity of
selection for amino acid change. Nei and Gojobori (17)
developed an algorithm to estimate the rate of nonsynonymous
changes per nonsynonymous site (dN) and the rate of synony-
mous changes per synonymous site (ds). The ratio dN/ds gives
a more accurate measure of the selection intensity for amino
acid change, corrected for the proportion of nonsynonymous
sites in the sequences examined, and so allows a formal
comparison to be made between samples. A dN/dS ratio of
<0.5 is usually interpreted as showing conservation of amino
acid sequence, while a ratio of >0.5 implies selection for amino
acid change (12, 17). This algorithm has been widely used
to compare gene sequences between animal species but has
not been used to analyze intraisolate sequence variation in a

virus.
The calculation of the dN/ds ratio for the different clones

within an isolate revealed a marked difference between the two
groups of subjects. Whereas the ratio for the viral swarm

within the patients with TSP was relatively low (dNlds between
0.3 and 0.6), the ratio for the healthy seropositive subjects was
around or slightly above 1 (Table 3). The clustering of the
patients with TSP in a group with a low ratio and the healthy
seropositive subjects in a group with a high ratio is significant
(P < 0.03; two-tailed sign test). The difference between the
highest dN/ds ratio observed for a patient with TSP and the
lowest ratio in a healthy carrier was significant (P < 0.05;
two-tailed t test): Comparing the respective consensus se-

quences between isolates, we found again that the dNIds ratio
is higher among healthy carriers than among patients with TSP
(Table 4). This demonstrates that the smaller protein sequence
diversity observed for the patients with TSP is not due to the

VOL. 68, 1994

-tZCLt

00

0(

CAD

00

CD C

0. D
3 (D

LCL

"'-

(0(

-(CD

0.

0~

CD

CD~

e CD

L CD
(CD

0D

~0

CD

=I

0

CD

$0

0$

0

0.

CD

_0

0t

4'I

*

*

z

I

c)
co

0
c)

c)

5*

Ie



6780 NOTES

TABLE 2. Comparison of HTLV-I quasispeciesa

patiet No. of No. of No. of mutations No. of different Difference from grand Variability within Coding
Patient clones mutations per clone sequences consensus (%) isolate (%) changes (%)
HD 20 24 1.2 15 0.1 2.3 80
HH 21 100 4.8 21 0.5 9.4 87
HM 22 28 1.3 16 0.6 2.6 79
HN 20 38 1.9 14 0.2 3.6 78

TB 19 36 1.9 17 0.5 3.4 64
TD 22 29 1.3 13 0.5 2.7 52
TG 21 16 0.8 12 0.2 1.5 63
TI 19 31 1.6 14 0.3 2.9 64
a Eight subjects were included in this comparison; four healthy seropositive subjects (signified by the prefix H) and four patients with TSP (signified by the prefix T).

Up to 22 clones of the tax gene per individual were sequenced, and comparisons were made between the viral clones and the subject's own consensus sequence.
The only exception is the column showing differences from the grand consensus, where the patient's own consensus sequence was compared with the grand con-
sensus.

proliferation of a small number of HTLV-I sequences in these
patients and strengthens the conclusion that the observed
difference in the dNIds ratio is real. Interestingly, the dNIds
ratio among ATL isolates was very low (Table 4), in agreement
with a previous study by Ina and Gojobori (7). This suggests
that there are stronger constraints on sequence variation in
Tax among patients with ATL than among those with TSP or
healthy carriers.
These results indicate that there is stronger selection for

amino acid change in Tax, or less constraint on sequence
variation, in healthy HTLV-I carriers than in patients with
TSP. The question arises: what are the selection forces that act
on Tax which might explain this difference? We consider two
possibilities here. (i) Although the age at infection with
HTLV-I in these subjects is not known, the average age of
the patients with TSP is greater (58 years) than that of the
healthy carriers (43 years). It is possible that synony-
mous changes accumulate randomly during long-term in-
fection, and this might lower the dN/ds ratio of the patients
with TSP. However, the frequency of synonymous changes
we observed for patients with TSP was not significantly
higher than that for healthy carriers, so we reject this ex-
planation. (ii) Nonsynonymous changes in tax may lead to
less efficient recognition of the protein by cytotoxic T lympho-
cytes (CTL), which are present in large numbers in HTLV-I-
infected people (8, 21, 22). We have found that naturally
occurring amino acid changes abolish the recognition of
CTL epitopes in Tax (18), so we conclude that CTL may
indeed exert a significant selection force on Tax in vivo.
However, we cannot yet explain the difference in selection

TABLE 3. Comparison of the dNIds ratios for the tax genea
Isolate dN ds dNIds

HD 0.0025 0.0028 0.892
HH 0.0091 0.0071 1.281
HM 0.0031 0.0026 1.192
HN 0.0052 0.0042 1.238

TB 0.0034 0.0054 0.629
TD 0.0026 0.0074 0.351
TG 0.0015 0.0049 0.306
TI 0.0028 0.0068 0.411

a The rate of synonymous changes per synonymous site (ds), the rate of the
nonsynonymous changes per nonsynonymous site (dN), and the dNlds ratio were
calculated by pairwise comparison of the viral clones from each patient by the
method of Nei and Gojobori (17) for the full-length tax genes.

intensities between patients with TSP and healthy carriers on
this basis. One possibility is that the higher copy number of
HTLV-I in patients with TSP leads to a different pattern of
selection by CTL.

Exclusion of Taq polymerase errors. Half of the described
nucleotide substitutions were seen in more than one PCR
amplification and are therefore highly unlikely to be Taq
polymerase errors. Random substitutions will produce a dN/ds
ratio of 1. The consistently low dN/ds ratios for genomic DNA
of patients with TSP, which indicates selection against amino
acid changes, therefore suggests that Taq errors contributed
little to the observed variation in tax sequences. However, with
substitutions that were found only once, it is not possible to
exclude Taq errors.

In summary, we have analyzed HTLV-I quasispecies by
examining the sequence variation in the tax gene. We found
that within-isolate variation in tax exceeded the between-
isolate variation. Unexpectedly, we found a significantly
higher proportion of nonsynonymous nucleotide changes
in healthy HTLV-I carriers than in patients with TSP, indi-
cating that the selection for amino acid conservation in
Tax is stronger for patients with TSP. We conclude that
although no particular sequence of HTLV-I was associated
with a distinct disease outcome, the virus populations of
patients with TSP and healthy carriers differed significantly.

S.N. was supported by AIDS-Stipendienprogramm (Bundesministe-
rium fur Forschung und Technologie). C.R.M.B. and S.D. were
supported by Welcome Trust. C.E.P. was supported by an MRC
training fellowship.

TABLE 4. Comparison of the dN/ds ratios for the tax consensus
sequences of healthy seropositive individuals,

TSP patients, and patients with ATh'
Group (n) dN ds dlds

Patients with ATL (6) 0.0016 0.0210 0.076
Patients with TSP (9) 0.0046 0.0125 0.368
Healthy carriers (4) 0.0033 0.0052 0.635

a The rate of synonymous changes per synonymous site, the rate of the
nonsynonymous changes per nonsynonymous site, and the dN/ds ratio were
calculated by pairwise comparison of consensus sequences from patients with
ATL and TSP and healthy seropositive subjects by the method of Nei and
Gojobori (17). n represents the number of sequences used. In the ATL group, six
previously published sequences were included (ATK-1 [25], HS-35 [14], MC-1
[23], and Sie, Japl, and Jap3 [11]). The TSP group consisted of four subjects from
this study and H5 (27), Xav, Bou, Akr, and Jap3 (11); the sequences used for the
healthy seropositive subjects were obtained from this study.
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