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Abstract

The HTLV-1 is the first human retrovirus and is associated with several clinical
syndromes, however, the pathogenesis of these clinical manifestations is still not fully
understood. Furthermore, there are few complete genomes publicly available, about
0.12 complete genomes per 10,000 infected individuals and the databases have a major
deficiency of sequences information. This study generated and characterized 31 HTLV-
1 complete genomes sequences derived from individu~'s with Tropical Spastic
Paraparesis/HTLV-1-Associated Myelopathy (TSF/HAM), Adult T-cell
leukemia/lymphoma (ATL), infective dermatitis asscriated to HTLV-1 (IDH) and
asymptomatic patients. These sequences are assc*iate 1 to clinical and epidemiological
information about the patients. The sequenr.u,j data generated on lon Torrent PGM
platform were assembled and mapped caa.st the reference HTLV-1 genome. These
sequences were genotyped as Cosmopo.itan subtype, Transcontinental subgroup. We
identified the variants in the ccun.> regions of the genome of the different clinical
profiles, however, no statistic:! rei.tion was detected. This study contributed to increase
of HTLV-1 complete gencmes in the world. Furthermore, to better investigate the
contribution of HTL\’-1 1 1utations for the disease outcome it is necessary to evaluate

the interaction of the v'ral genome and characteristics of the human host.
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Introduction

Nearly four decades ago, Human T-Cell Lymphotropic Virus Type 1 (HTLV-1) was
isolated (Poiesz et al., 1980). HTLV-1 was the first human retrovirus to be described
and has been associated with several diseases: Tropical Spastic Paraparesis/HTLV-1-
Associated Myelopathy (TSP/HAM) (Gessain et al.,, 1985), Adult T-cell
leukemia/lymphoma (ATL) (Yoshida et al., 1982) and other inflammatory diseases,
such as infective dermatitis associated to HTLV-1 (IDH) (L. Srenade et al., 1998).

It has been estimated that approximately 5-10 million peo,‘le a e infected with HTLV-1
worldwide. Its distribution is heterogeneous and is n.~ir,y concentrated in endemic
regions, such as Southwest Japan, the Caribbear Isla1ds, South America and Central
Africa (Gessain and Cassar, 2012). Studies i ve shown that HTLV-1 is endemic in
some areas of Brazil, with variable rr>va:~nce according to geographic region and
population (Carneiro-Proietti et al., 2u2?). A population-based study revealed that
Salvador, the capital of the state ~r 2ahia, has a prevalence of 1.76% (reaching 8.4% in
women aged 51 years or olde:\. Besides an elevated prevalence in women, the virus has
also been associated with 1o\wer education and depressed income levels, in addition to
areas with poor indicz tors 2f socioeconomic status (Dourado et al., 2003).

The HTLV-1 genome containing the genes gag, pol and env, in addition to the pX
region, is flanked by two long terminal repeat (LTR) regions at both 5" and 3' ends.
Many enhancer/promoter genetic elements are found in these regions, which are critical
in viral RNA transcription. High genetic variability of LTR regions has proven useful in
molecular epidemiology studies to classify HTLV-1 isolates in seven subtypes (a-Q)
described until this date (Neto et al., 2011). The Cosmopolitan subtype (a) is distributed

worldwide with its molecular diversity giving rise to five subgroups: Transcontinental



(A), Japanese (B), West African (C), North African (D), Black Peruvian (E) and
Ethiopian (F) (Gessain and Cassar, 2012).

Although the HTLV-1 has been the first described human retrovirus, the pathogenesis
underlying some clinical manifestations of this infection remains obscure. Although
many studies have attempted to associate specific gene mutations with infection
outcomes, there are few complete genomes publicly available (0.12 complete genomes
per 10,000 infected individuals) (Barreto et al., 2016; Mota-Miranda et al., 2013; Neto
etal., 2011). As in some associated diseases such as IDH, thare i< no record of complete
genomes. This holds true even in areas considered cni'emic, such as Salvador. In
addition, databases containing genomic sequence data e rather deficient with regard to
highly relevant patient information, including pioviral load, clinical profile and
sampling date data. Here, we generated ccm, (et2 HTLV-1 genome sequences derived
from 31 individuals with four distinc cliaical profiles and perform molecular analysis
to identify variations/mutations in (e genome that are associated with these clinical

profiles.

Material and MN=ohods

Patients

The present study included 31 peripheral blood samples from HTLV-1 infected patients
with defined clinical profiles: 10 samples from patients with TSP/HAM, seven samples
from ATL patients, nine samples from asymptomatic patients and five samples from
patients with IDH. All patients were recruited by means of convenience sampling at
either the HTLV Reference Center, Bahiana School of Medicine and Public Health —
Salvador, Bahia, the Prof. Edgar Santos University Hospital (HUPES) — Salvador,

Bahia, or at the Regional Blood Center of Ribeirdo Preto, Sdo Paulo. The inclusion



criteria were the positive result to HTLV-1 infection, and information about clinical
classification performed by medical experts in accordance with the criteria established
by the World Health Organization (WHO). The exclusion criteria were the presence of
these infections such as HIC, HCV. All samples were anonymous and unlinked, and
informed written consent was obtained from each study subject. The present research
proposal received approval from the Institutional Review Board of the Gongalo Moniz

Research Center (Fiocruz-Bahia).
Sample collection and DNA extraction

Peripheral blood samples (10 mL in EDTA) for each p wrticipant were collected at
diagnosis and during follow-up. Peripheral blocd \~ononuclear cells (PBMC) were
separated by density gradient centrifugation ''<ing Histopaque 1077 (Sigma Aldrich).
DNA was extracted using a QlAamp DNA blood Mini kit according to the

manufacturer’s instructions (QIAGEN, { ermany).
Amplification of the preoviral genome

To design primers for HTLV * product amplification, all complete HTLV-1 genome
information available in Gei."ank was obtained to create a consensus sequence. Using
IDT SciTools® Web Tor s online software, we have generated 32 pairs of primers
capable of amplifying the most prevalent variant of HTLV-1 (Supplementary Table 1).
Each pair of primers had the capacity to amplify a 400-base pair fragment with 50
overlapping base pairs.

The PCR conditions were the same for all fragments, as follows: denaturation at 94°C
for 3 minutes, annealing steps at 94°C (15 sec), 65 °C (45 sec) and 72 °C (1 minute),
performed for 35 cycles, followed by a final extension at 72°C for 8 minutes. All
amplified products were analyzed on 1% agarose gel and quantified using a QubitTM

dsDNA HS Assay Kit (Invitrogen).



Library preparation and sequencing

The amplicons of each patient were pooled and later fragmented in 200 pb using a
Bioruptor ® standard sonication device (Diagenode). Libraries were built using the
automated AB Library Builder System (Thermo Fisher Scientific), using fon ™ Plus
Library Kit. To normalizing the number of molecules required for emulsion PCR
(ePCR), a quantitation step was performed in LightCycler& 480 Instrument Il (Roche
Life Science). The ePCR was performed in an automate Irn OneTouch 2 platform
(Thermo Fisher Scientific) in accordance with manufactu.er protocols. Finally, the mix
was loaded on an fon 318™ Chip Kit- lon Torre.t T1(Thermo Fisher Scientific) and
sequencing reactions were performed on an 1r Pzrsonal Genome Machine™ (PGMT™)

System using lon PGM™ HI-Q™ Viev > queacing (Thermo Fisher Scientific) Kit.
Data analysis

To perform molecular analysis the fustq files, from each generated viral genome, were
trimmed and mapped to th.» Hi'LV-1 reference sequence ATK-1 (J02029) using the
highest sensitivity and fu.~-tuning settings, followed by editing and manual alignment
of the mapped reaas, tnicse steps were performed using the Geneious software (Kearse
etal., 2012).

The genetic distances among 31 new complete genomes and others 69 reference
sequences were measured using MEGA 7.0 software (Kumar et al., 2016), both within
and among the four distinct groups: asymptomatic, ATL, IDH and TSP/HAM. Next, the
LTR sequences were submitted to the HTLV-1 Automated Subtyping Tool Version 1.0

to identify the HTLV-1 subtype of each genome (Alcantara et al., 2009).



The non-coding region (LTR) was used to identify motifs for transcription factors using
the TFScan plugin in Geneious R6 software. After annotating the major motifs: Tax
responsible elements - TXRE (three 21- base pair imperfect repetitions), TATA BOX
(TATAA) and E-Box (CANNTG), we have searched for any nucleotide variants that
could possibly influence the binding of transcription factors at these motifs.

Coding region analysis was carried out by searching for variants using Geneious R6
Software. All statistical analyses were conducted using STATA software 14.0 using
Fisher’s nonparametric test, with P values under 075 -onsidered statistically
significant. Any possible influences exerted by these vunicts on protein structures was
evaluated by amino acid family change analysis b:.:/sico-chemical analysis and by
searching for post-translational modification sitrs =xarchos et al., 2009). Physico-
chemical analysis was performed using Nzt 0r Protein Sequence Analysis (NPSA)
(http://npsa-pbil.ibcp.fr/) and the sea ch .or post-translational modifications sites was
carried out using GeneDoc software ‘Nicholas K.B.; Nicholas Jr., 1997) and the Prosite
tool (Sigrist et al., 2005).

Next, the 31 complete HTL" /-1 yenome sequences, generated herein, were compared to
all available HTLV-1 Cuemopolitan Transcontinental complete and partial sequences
found at the Geiib.k uatabase containing clinical form data (accession numbers):
AF042071.1, AF259264.1, AB979451.1, M86840.1, L36905.1, KF797815.1 -
KF797835.1, KF797839.1 - KF797850.1, KF797852.1, KF797853.1, KF797855.1,
KF797857.1, KF797860.1 - KF797873.1, KF797875.1 - KF797882.1, KF797884.1 -
KF797886.1, KF797888.1, KF797889.1, DQ005564.1 - DQ005566.1, AY342300.1 -
AY342302.1, AY342305.1, AY342306.1, DQ512875.1, DQ512874.1, DQ471187.1 -
DQ471209.1, AY499185.1, AB036351.1, ABO036350.1, AB036348.1, L42255.1,

AB211217.1, AB211216.1, AB211214.1, AF124043.1, AF014664.1 - AF014670.1,



AF014662.1, AF014659.1, AF014653.1 - AF014657.1, GU126475.1, GU126478.1,
EU622583.1, EU622582.1, EU392164.1, DQ512873.1, DQ897682.1 - DQ897686.1,
AB036349.1, AF014644.1- AF014646.1, U25140.1, U25139.1, U25062.1, L42225.1,
AB211220.1, AB211218.1, AB211215.1, AF097525.1 - AF097528.1, AF014647.1 -
AF014652.1, GU126474.1, GU126476.1, GU126479.1 - GU126483.1, L42253.1.1,
GU126487.1, DQ663637.1, GU126484.1, GU126488.1, GU126489.1, DQ663642.1,

GU126485.1, X56949.2, AB036377.1.1, AB211204.1, AB211201.1 and AF485381.1
Phenotype Identification by Phylogenetic Analysis

The 31 complete HTLV-1 genome sequences and the secJence J02029 were aligned
using Geneious software in order to verify the paenntype relationship. The reference
sequence J02029 was used as outgroup. The dataset was submitted to JModeltest to
verify the suitable model for analysis (Pc-ada, 2008). The Tamura—Nei with gamma
distribution and proportion of invaria.’= sites was selected as the best evolutionary
model for the data. Bayesian ar.c'vs.s was performed in Beast software using the
evolutionary model described ab. e as prior (Posada, 2008; Suchard et al., 2018). The

tree reliability was analyze u.ng the effective sample size (ESS) parameter.
Data mining

The Bayesian netwc:'. (BN) learning algorithm (using B-course software adapted by
(Deforche et al., 2006) was used to describe and visualize conditional dependencies
among the variables of interest: clinical profiles (Asymptomatic, ATL, TSP/HAM and
IDH) and mutations identified in the coding regions of the genome (Friedman N, 2013).
Dependencies are qualitatively represented by a directed acyclic graph in which each
node corresponds to a variable, and a direct arc between nodes represents a direct
influence. Robustness of the arcs was scored using a nonparametric bootstrap test (100x

replicates), and only arcs with 30% or more support were depicted.



Results

The present study population consisted of 31 HTLV-1 infected individuals with
different clinical profile: ATL (n=7), TSP/HAM (n=10), IDH (n=5) and asymptomatic
HTLV-1 infection (n=9). Patient age ranged between 12 and 67 years, with a median of
41 vyears. Females represented 61% of the sample. Median proviral loads were
measured: ATL (419 copies per 10° PBMCs), TSP/HAM (117 copies per 10° PBMCs),
IDH (99 copies per 10° PBMCs) and asymptomatic (41 copi > per 10° PBMCs).
Proviral DNA samples, from each individual, were suciessfully amplified and
submitted to lon Torrent Platform to generate 31 comaic*e '{TLV-1 genomes sequences
(8,998 base pairs each). Posteriorly the HTLV-1 Auvymated Subtyping Tool revealed
that all sequences were classified as csuuiype a (cosmopolitan), subgroup A
(transcontinental). The overall genetic :-tai.~e observed on genomes was 0.005 and the
genetic distances both within and among Jroups ranged from 0.006 to 0.008 (Table 1).
The sequences were submitted t . 2lecular characterization through the comparative
analysis between them, this ‘maae possible the identification of variants in the non-
coding region (LTR) and v~aing regions (gag, pro, pol, env and the pX region). No
phylogenetic relatioshiy, was found related to the different groups studied
(Supplementary Figure 1).

Table 1: Genetic distances in different clinical forms of HTLV-1 complete genomes.

IDH TSP/HAM ATL Asymptomatic
IDH 0.006 0.007 0.006 0.006
TSP/HAM 0.007 0.008 0.007 0.007
ATL 0.006 0.007 0.007 0.006
Asymptomatic 0.006 0.007 0.006 0.006

IDH, infective dermatitis associated to HTLV-1; TSP/HAM, Tropical Spastic Paraparesis /HTLV-1-Associated
Myelopathy; ATL, Adult T-cell leukemia/lymphoma. P- values were calculated by the Fisher's exact test. Were tested
31 new complete genomes and others 69 reference sequences.

Non-coding region analysis



About LTR analysis, we specifically have investigated variants in the TXRE, TATA
BOX and E-Box motifs, considering that the transcription factor motifs are important in
regulating the transcription of HTLV-1 provirus and that mutations associated with the
loss or gain of any of these motifs could be responsible for changes in viral gene
expression. Of the motifs evaluated, we have identified only two mutations in TxRE
that demonstrated potential to abrogate the Sphl binding site. The A125G mutation,
which could abrogate TXRE1, was found in four isolates from TSP/HAM individuals,
three isolates from ATL patients and four isolates from asyrmntumatic carriers, while the
G174A mutation, which could abrogate TxRE2, w7s fund in four isolates from
TSP/HAM individuals, two isolates from ATL inaq. iduals and three isolates from
asymptomatic carriers.

We then have searched for these two mutetic 1s «n the GenBank database, considering
all the LTR Cosmopolitan Transcor: tne'ital sequences with available clinical profile
data. The A125G mutation was fou..1 in 15 isolates from TSP/HAM individuals, in 26
isolates from asymptomatic carries and in one isolate from ATL patient. While the
G174A mutation was founo in .7 isolates from TSP/HAM individuals, in 31 isolates
from asymptomatic carn.vs and in one isolate from ATL patient. Similarly, to our
sample sequences, ‘he Al125G and G174A mutations were not detected in any
sequences of the IDH clinical profile. Despite these findings, we have found no

statistical association between these mutations and the four clinical profiles available.
Coding region analysis

We have identified 377 mutations in the coding regions, 226 of which were
synonymous (i.e. no amino acid alterations). A total of 151 non-synonymous mutations
were identified in the gag (n=28), pro (n=9), pol (n=26), env (n=37) genes and the pX

region (n=51). To evaluate the possible influence of these mutations on HTLV-1



proteins, we have analyzed whether these non-synonymous mutations would introduce
amino acid family changes. Accordingly, a total of 63 mutations capable of inducing
amino acid family alterations were found, distributed throughout the entire genome.
The frequency of these mutations in each coding region was then analyzed with respect
to the four clinical profiles and no statistical difference was observed between them (Fig
1A).

Completing the search for functional relation between mutations and clinical profiles,
we have decided to evaluate the possible conditional Adepcndencies between the
variables of interest: clinical profiles and mutations id~nufed in the coding regions of
the genome. For this analysis, 12 mutations were cnn_*dered, representing a frequency
higher than 5% in the data set. We have identif:'eu only the dependence relationship
between the mutations, with robustness ‘:a 4ny from 33 to 100%. Confirming the
previous result, there was no relation ! -etw ecen mutations and clinical profile (Fig 1B).
Considering the twelve variants, 1« amino acid changes were identified in the coding
genes and were submitted to the c12,acterization of the post-translational modification
sites and the physical-cherr.'~al rofiles. Seven of these alterations (P8S, P77R, Q44R,
Wa88S, P92S, G307R, N.C415) in the corresponding proteins were found to be capable
of creating post-tiai.clauunal modification sites, while four mutations (G201D, T40A,
R47C, R37C) were determined to abrogate post-translational modification sites. These
changes were found in all clinical profiles at random, with no statistical significance.
About physical-chemical analysis, two mutations were found to reduce antigenicity
(T1061 and V2471) and one mutation (1153V) was associated to increase the
antigenicity profile. The T1061 mutation was found in viral isolates from TSP/HAM
and ATL clinical profile, while the V2471 was found in almost all clinical profiles

except for IDH. The 1153V mutation was found in viral isolates from asymptomatic



carriers and IDH individuals. However, we did not find statistical significance between

theses mutations and clinical profiles (Table 2).

Table 2: Physical-chemical and post translational analysis of 31 HTLV-1 complete genomes.

Gene Physical- Post translational  Clinical Profile p-value
(protein) chemical analysis  modifications Frequency (%)
ASY IL.! T[SP/HAM ATL
n=9 n--  n=10 n=7
Gag (p15)
P8s - Creation CcAMP- and cGMP-
dependent protein kinase 1 1 - - 0.389
phosphorylation site
P77R - Creation CcAMP- and cGMP- - 1 - - 1.0
dependent protein kinase
phosphorylation site - 4
Gag (p19)
T1061 Reduced - - - 1 3 0.052
antigenicity N
Gag (p24)
1153V Increased - 1 1 - - 0.146
antigenicity
Pro
G201D - Abrogation N-my .1s1-,_"afion site - - 1 - 0.538
Pol v
T40A - Abrogation  pro..m  kinase C - - - 1 0.315
phosphor iatic ~ site
Q446R - Creation  protein  kinase C 3 1 1 1 0.614
phosphc ~lau. n site
Env (gp46)
W88S - C._tion, protein kinase C - - - 1 0.315
©hospi orylation site
P92s - C.~2t)n  protein kinase C - - 1 - 0.538
+ hosphorylation site
V2471 Reduced - 5 - 4 2 0.206
antigenicity
G307R - Creation  protein  kinase C - 1 - - 0.146
phosphorylation site
pX (Tax)
D264G - Creation N-myristoylation site - - 1 - 0.538
pX (p13)
R47C - Abrogation  protein  kinase C 1 - - - 0.471
phosphorylation site
pX (p30)
R37C - Abrogation  protein  kinase C - 1 5 3 0.083

phosphorylation site

Position related to J02029. Asy, asymptomatic; IDH, HTLV-1 associated infective dermatitis; TSP/HAM, Tropical
Spastic Paraparesis /HTLV-1-Associated Myelopathy; ATL, Adult T-cell leukemia/lymphoma. P- values were
calculated by the Fisher's exact test.



From the above results, we expanded our analysis by searching all HTLV-1
Cosmopolitan Transcontinental sequences with data about clinical forms available using
the GenBank database, considering the mutations capable of creating or abrogating
post-translational modification sites, as well as the mutations determined to alter
physical-chemical properties, the results were similar to those found in our sequences

(Supplementary Table 2).

Discussion

Five to ten million individuals are infected worlc'w.%» by HTLV-1, however this
infection is a neglected public health condition ‘Cac et al., 2000; Chou et al., 1995;
Gessain and Cassar, 2012). The low numbzi of complete genomes reflects reduced
investment in HTLV-1-related research. =xc=pt Japan, most countries endemic for this
infection are underdeveloped or undevelued.

The viral infection of HTLV-1 ~a.*ers is quantified by the number of infected cells
expressed as the proviral loac, which has been shown to have a wide range of peripheral
blood among infected individuals (Nagai et al., 1998; Yakova et al., 2005). The mean
proviral load in pati¢nts vith ATL, TSP/HAM, or other inflammatory syndromes is
significantly higher thz.n asymptomatic (Nagai et al., 1998; Yakova et al., 2005). These
results indicate that proviral burden may be an important risk marker for the
development of associated diseases. Among the diseases associated with HTLV-1, the
pathophysiology of ATL favors lymphoproliferation and consequently the highest value
of proviral burden in infected individuals (Iwanaga et al., 2010; Okayama et al., 2004).
Their main associated clinical manifestations or do not have treatment or it is not

efficient.



HTLV-1-infected cells are resistant to apoptosis-inducing agents, so treatment of ATL
patients using conventional chemotherapy has very limited benefit (Ohsugi et al., 2004).
Some chronic and acute ATL patients are, however, efficiently treated with a
combination of interferon a and zidovudine (IFN-0/AZT), to which arsenic trioxide is
added in some cases (Zanella et al., 2012). On the other hand, no efficient treatment for
IDH and TSP/HAM patients has been described yet.

Therefore, genomic studies with the objective of investigating the mechanisms involved
at pathology manifestation and the development of therapi~s v at could either prevent
the occurrence of HTLV-1-associated diseases or at '¢a.* plock the evolution of the
disease in the early stages are very appropriate and <ho.!d be very explanatory.

It is important to note however, that the results shaw. in this report, as others obtained
in our group or others already published, inu: "at: that those genomic studies only will
be forceful if they bring together sc.ne aspects such as: 1- more appropriate
methodology; 2- the greatest poss.~le number of individuals per clinical group; 3-
different clinical forms; 4-ana'vse~ Of viral complete genomes; 5- and evaluation of
different markers, not only e vi.al ones, but host (genetic) also.

In this point of view. n.vt generation sequencing (NGS) employs high throughput
sequencing technulougV capable of generating data from millions of base pairs in a single
run. NGS platforms generate a greater amount of data, in a shorter period of time and at
a lower cost per base sequence in comparison to Sanger sequencing (Cassar et al., 2013;
Kuramitsu et al., 2015). Therefore, the fact that we have used the NGS is a positive
argument, especially for evaluation of low frequency SNPs.

Researchers with expertise in the area of HTLV-1 investigation have cited the need for
comprehensive studies involving the genetic characterization of complete genomes to

aid in the understanding of virus pathogenicity and disease development (Cassar et al.,



2013; Kuramitsu et al., 2015; Ma et al., 2013; Martin et al., 2011). Here, we generated
and characterized 31 complete HTLV-1 genome sequences with four clinical profile
classifications: ATL, TSP/HAM, IDH and asymptomatic infection.

In aspect of studying different clinical forms, besides the three more common: ATL,
TSP/HAM and asymptomatic carriers, this report could generate seven complete
genomes of IDH. The sequences obtained from patients with IDH represent the first
complete genome sequences of this clinical type to be made publicly available.

All new sequences generated in this work in the clusters be!'~ny:ng to the Cosmopolitan
subtype and subgroup Transcontinental confirms previcus Jata that indicate that there is
a predominance of this subtype/subgroup circulatina :~ the Bahia state (Durkin et al.,
2006; Lodewick et al., 2011; Lodewick et al., 29u.). The genetic distances between
intragroup and intergroup were of low ! ‘ersity, these results confirm the low
variability of HTLV-1.

Regarding to non-coding region (L 17) analysis, two variants abrogate Sp1 binding sites
in specific TXRE regions. Spl trenecription factor is critical for basic leucine zipper
factor (HBZ) transcription, . ‘hici, plays a significant role in the proliferation of infected
cells (Peloponese et al 2904) . These variants were not associated, in our casuistic,
with the different ci.nicarl profiles analyzed, maybe because they do not have clinical
and functional importance, in separated. However, the lack of statistical significance
can be due to reduced number of isolates of each clinical group. It is interesting to
observe that both mutations were also identified at others sequences available at
GenBank database, in an increased number, but with insufficient statistical support yet
probably because the lack of information about clinical profile associated to sequences

available at public databases.



About the analysis of the coding region, among 151 non-synonymous mutations that
were identified, almost 34% of them were found in a single genomic region, pX region,
which encodes regulatory proteins, while the other mutations were distributed at
structural genes. When we have analyzed the 63 found mutations capable of inducing
amino acid family alterations, it is possible to observe the same phenomenon, once 66%
of them were identified at regulatory proteins, including Tax. Maybe this observation
could signal/confirm the importance of these proteins to viral survival and persistence
and therefore, contribute to clinical profile. However, th2 1cund variants were not
associated with the clinical profiles evaluated, cor ou>rating with earlier studies
demonstrating that the nucleotide variants in some ticaments of the HTLV-1 genome
were specific for the geographic origin of the pacents rather than for the type of
associated pathologies (Kfoury et al., 2002; .“foury et al., 2012; Lamsoul et al., 2005;
Nasr et al., 2006).

We have also identified two mutaticns in coding regions that were capable of reducing
antigenicity, and one of that wa< sl.myn to increase antigenicity. Although these variants
were not associated to any s;ecinc clinical profile, they may become biomarkers as they
are located in important b, ~t¢in domains.

Post-translational mcdncation events play an important role in viral replication and cell
transformation. Our analyses demonstrated a high identity among the sequences,
suggesting the influence of these sites on the host immune response, and virus
persistence. We have identified a low frequency of mutations associated with the
creation or abrogation of these sites in different clinical profiles. Some modifications as
phosphorylation, ubiquitination and acetylation are critical for Tax transactivation via
both ATF/CREB and NF-kB pathways and this could act in inhibition of DNA repair,

cell cycle control and activation of p53 tumor suppressor (Andonov et al., 2012;



Capobianchi et al., 2013; Jeang, 2001; Malik et al., 1988; Radford et al., 2012) . The
post-translational modifications in other proteins are not well documented. Therefore,
there is a lack of evidence of the importance of these sites for viral infection (Ellerbrok
etal., 1998).

And finally, we suggest, once we have not found any association of mutation to clinical
profile, that the viral genomic background should be evaluated together with genetic
host factors. A study, analyzing the genotypes of 66 infected individuals, between
asymptomatic and TSP/HAM, and 192 control individuals. rev~aled that FAS-670A/G
polymorphism may be associated not only with suscept.ui.*ty to infection, but also with
progression to TSP/HAM (Vallinoto et al., 2012). Sn.~e the location of this SNP may
favor its binding to the transcription factor STAT1, ~hich would be enough to trigger
upregulation or negative regulation of FAS e e ~.xpression.

In evolutionary processes, genetic “<ari.tion, whether in the host or in the virus,
undergoes selective pressures until .* is selected positively or negatively, revealing the
functional changes of each op=ne irfformation. Infectious agents, for example, may
represent a powerful selec:ve 1orce, especially on regulatory molecules, such as T.
cells. A reported study ha. tested 15 genes encoding proteins associated with T-cell co-
stimulation in 3S 1. anuwnalian species, which revealed that 9 of these genes were
positively selected. When the SNPs evaluated sought association with disease
manifestation or susceptibility to infection, it was possible to demonstrate that disease-
associated variations in T-cell genes are preferentially the targets of pathogen-directed
selection (Forni et al., 2013).

The reduced number of our cohort, especially intra-group is a negative point, but this
reflect the difficulty of conducting neglected infection studies, even if it is an infection

that can lead the individuals to death. However, this study contributed to increase the



number of HTLV-1 complete genomes published with comprehensive information
about viral load and clinical profile data. Furthermore, they are the first 31 complete
genomes of an endemic region, highlighting the first associated with IDH. The results of
molecular characterization not suggest association between mutations and clinical
profile. To investigate better the contribution of HTLV-1 mutations for the disease
outcome it is necessary to evaluate the interaction of the viral genome and

characteristics of the human host.

Supporting data

All sequences newly reported herein were deposited i1te th: NCBI’s GenBank database

(accession numbers KY007244-KY007274).
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Figure 1: Analysis of non-synonymous mutations, found in HTLV-1 complete genome,
that alter amino acid families.

(A) Distribution of 63 mutations according to the clinical status and genomic region.
The Fisher nonparametric test was conducted and no statistical significance was
observed. (B) Analysis of interactions among 12 mutations found with frequency of at

least 5% in HTLV-1 complete genome.



Highlights:

e There are few complete genomes publicly available, about 0.12 complete genomes per
10,000 infected individuals.
e The databases have a major deficiency of HTLV-1 sequences information.
e The project generated and characterized 31 complete HTLV-1 genome sequences with four
clinical profile classifications: ATL, TSP/HAM, IDH and asymptomatic infection.
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ATS53 ATLL
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DIH105 DIH

DIH103 DIH

ASS3461 Asymptomatic
HAM16 TSPHAM
HAM7134 TSPHAM
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HAM6948 TSPHAM
ASS7016 Asymptomatic
ASS7080 Asymptomatic
HAM7 TSPHAM

AT64 ATLL
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HAM15 TSPHAM
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ASS5 Asymptomatic
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