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Abstract

A central database to aggregate sequence information from a range of epidemiological aspects including
HTLV-1 pathogenesis, origin, and evolutionary dynamic would be useful to scientists and physicians
worldwide. This Chapter describes two online tools for studies related to HTLV-1, the HTLV-1 Molecular
Epidemiology Database and the HTLV-1 Subtyping Tool. The HTLV-1 Molecular Epidemiology
Database is a tool for sequence management and data mining which allows researchers to download
sequences with clinical and demographic information. The HTLV-1 Subtyping Tool is an online software
used for HTLV-1 genotyping, the algorithm consists in the alignment of a query sequence with a carefully
selected set of predefined reference strains, followed by phylogenetic analysis.

Key words HTLV-1 genotyping tool, HTLV molecular epidemiology, HTLV-1 database, LTR
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1 Introduction

The sequence analysis of HTLV is being a very useful tool with
different approaches depending on the analyzed genomic region. The
analysis of the LTR and envelope sequences of this virus is being
used, in addition to mtDNA and Y chromosome analysis, to study the
human migration and virus genotyping [1]. The HTLV pX gene
analysis are useful to understand the functions of its generated pro-
teins and their location into the cell [2], while the analysis of env, pol,
and gag sequences has improved the knowledge of possible epitopes
for vaccine design and helping to improve diagnostic methods [ 3, 4].

The HTLV nucleotide sequences, as well as from other viruses,
are usually stored in the GenBank (http://www.ncbi.nlm.nih.gov).
However, the GenBank lacks the task of giving appropriated sequences
with clinical and demographic data for analysis and does not genotype
viruses. Because of this was developed the HTLV-1 Molecular
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Epidemiology Database, an online data mining tool that retrieves and
stores annotated HTLV-1 proviral sequences from clinical, epidemio-
logical, and geographical studies and the HTLV-1 Subtyping Tool
[5-7].

2 Materials

In this case, all is needed is a computer with Internet connection
and a spreadsheet reader. For analysis beyond the scope of this sec-
tion, most of the software available can be viewed at http://www.
bioinformaticssoftwareandtools.co.in/index.php.

3 Methods

3.1 HTLV-1
Molecular
Epidemiology
Database

The website interfaces were developed in HTML and server-side
scripting written in PHP. The website interface contains specific
search fields to allow various data combinations. User queries cre-
ate a form (form tag) containing the values (variables) selected.
This form generates a script that retrieves the data stored in the
MySQL database. A second script organizes the data for display on
the website, allowing for visualization of the information with the
option to download the organized data. The developed database
provides information regarding the indexed sequences in GenBank
(see Note 1). In addition, all the sequences were genotyped using
the LASP HTLV-1 Automated Subtyping Tool [7]. The user is
able to choose search criteria and perform a query to generate an
output of relevant sequences and information. The sequence out-
put may be downloaded in FASTA format and the information
table in Microsoft Excel spreadsheets .xIs format. The HTLV-1
Molecular Epidemiology database is hosted on the Gongalo Moniz
Research Center/Oswaldo Cruz Foundation Research Center
server with access at http: //htlvldb.bahia.fiocruz.br/.

1. The HTLV-1 Molecular Epidemiology Database homepage
displays interface (Fig. 1) that contains numerous fields for
refining database queries.

2. One or more fields may be selected.

3. The remaining unused fields will be ignored when searching
the database, but their values will be presented in the final
result.

4. In the fields identified by the asterisk “*,” the user may select
multiple choices to make the search more efficient.

5. After choosing the search criteria (Fig. 2), click Run.

6. Next, the browser will be directed to a new page containing
the results in table format (Fig. 3).



HTLV Database and Genotyping Tool 27

Choose a criteria and make a search in our HTLV-1 Database.

Genomic Region* Sampling Date Subtype

Geographic Origin*

Asia

Central America
Europe

North America ~

Gender  Ethnicity Proviral Load CD4 Count CDS Count Age Clinical Status
| L [+ L~ L] L] | |
*For multiple selections hold "ctr]l"

Clear | Run |
Fig. 1 HTLV-1 Molecular Epidemiology Database homepage displays interface

Choose a criteria and make a search in our HTLV-1 Database.

Genomic Region* Sampling Date Subtype

Geographic Origin*

North America v

Gender  Ethnicity ProviralLoad CD4 Count CDS8 Count Age Clinical Status
I VL v [ 7] L] L] [ | [Asymptomatic |
*For multiple selections hold "ctrl" t

Clear | Run |

Fig. 2 Selection criteria to search in HTLV-1 Molecular Epidemiology Database homepage (example)

7. Next, select the sequences of interest (Fig. 4). If the user wants to
select all sequences, the user should click in the first checkbox.

8. Next, the browser will be directed to the download page
(Fig. 5), where the sequence can be downloaded as FASTA
or CSV file (se¢ Notes 2 and 3).

9. The downloaded sequences in FASTA format can be opened in
almost all bioinformatics programs.

10. The CSV file can be imported into softwares (STATA, R) for
statistical analysis of clinical and demographic information.
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HTLV-1 Database output

Your search has 7 results | Order by: | Accession Number ¥ |
Please, select the sequences you need before clicking the download button. To select all the sequences, click in the first checkbox

Japan Asia  Asymptomatic
C] m]. LTR 158 Japan Asia  Asymptomatic
(] $80212.1 LTR 184 Japan Asia Asymptomatic
(@] 1422551 LTR 704  female 55 Kuwait Asia  Asymptomatic
@ AB211217.1 LTR 510 Iran Asia  Asymptomatic
) AB211216.1 LTR 505 Iran Asia  Asymptomatic
@ AB211214.1 LTR 498 Iran Asia Asymptomatic

Fig. 3 Data presentation containing the search results

S$80215.1 292 Japan Asia  Asymptomatic
@ $80213.1 LTR 158 Japan Asia Asymptomatic
v 0212. LTR 184 Japan Asia Asymptomatic
142255.1 LTR 704  female 55 Kuwait Asia  Asymptomatic

Fig. 4 Selection of sequences of interest (Checkbox marking)

HTLV-1 Download page
~ formaton

Download FASTA file Download CSV file
Back to home Back to previous page

Fig. 5 Page to download the sequences in Fasta format and CSV file containing
clinical, phylogenetics and epidemiological data

3.2 HTLV-1 The HTLV-1 Subtyping Tool was developed using Java program-

Subtyping Tool ming and PHP scripts. This tool accepts up to 1000 sequences at a
time (see Notes 4 and 5). In the first step of the analysis, the
genomic region of reference sequence (ATKI1 for HTLV-1) is
identified using BLAST software. The second step involves the
alignment of the query sequence with a complete reference dataset
composed of all subtypes. The final step involves the construction
of'a phylogenetic tree using Tamura-Nei or HKY distance methods
with a gamma distribution among site rate heterogeneity, as imple-
mented in PAUP software [8].

A series of PHP scripts are used to read the XML output for-
mat produced by the JAVA program and create HTML report
pages. The batch report contains information on the sequence
name, length, assigned subtype and subgroup, and an illustration
of the virus’ genome. The HTLV-1 subtyping tool is hosted on the
Africa Centre for Health and Population Studies bioinformatics
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LASP HTLV-1 Automated Subtyping Tool (Version 1.0)
This tool uses phylogenetic methods to identify the subtype of query sequences.

Please note: The HTLV-1 subtyping 1s based only in the LTR region of the genome.

Note for batch analysis: The LASP HTLV-1 subtype tool accepts up to 1000 sequences at a time.

Enter here your input data as FASTA format.

Choose a mirror to subtvpe vour sequences or choose another virus to genotvpe.

>HTLV24_DQ@e5565_
TCA

AGG

CGGGGGCTTAGAGCCTCCCAGTGAAAAACATTTCCGCGAAACAGAAGTCTGAAAAGG[:
GGGCCCAGACTAAGGCTCTGACGTCTCCCCCCCGGAGGGACAGCTCAGCACCGGLCTC

CTAGGCCCTGACGTGTCCCCCTGAAGACAAATCATAAGCTCAGACCTCCGGGAAGCC

-

v

clear || Run

Fig. 6 HTLV-1 Subtyping Tool homepage interface: adding the sequence in FASTA format to run

group, UKZN, South Africa server with access at http://www.
bioafrica.net/rega-genotype /html/indexhtlv.html / (see Note 1).

1.

This tool uses phylogenetic methods to identify the subtype of
query sequences.

. Enter here your input data as FASTA format, after, click Run

(Fig. 6).

. The batch report (Fig. 7) will be the batch report and contain

information on the sequence name, length, assigned subtype,
and a figure of the HTLV-1 genome. Accessing the report link
will take the user to a report to each submitted sequence.

. The sequence report (Fig. 8) will be composed of three areas

named: sequence assignment, analysis details, and phyloge-
netic analyses.

. The Sequence assignment contains information on (Fig. 8):

(a) The sequence submitted (name and length).
(b) The classification assignment (subtype, subgroup, and
bootstrap support).

(c) A graphical representation of the HTLV-1 genome show-
ing the genomic region of the query sequence with the
start and end positions related to the ATKI1 genome.

(d) The motivation of the classification (this is based on the
decision tree).

6. The Phylogenetic analysis section contains (Fig. 8):

(a) The phylogenetic tree in PDF and Nexus format,

(b) The log file generated by PAUP (contains info on the
model of evolution and its parameters).

(¢) The alignment used.



HTLYV Genotyping Tool Results
Name Length Report Assignment 'Support | Genome

HTLV24_DQO005565_ 719bp Report subtype_a(subgroup_A) 99.0 e ,
Ni3_Y16497_ 719bp |Report subtype_a(subgroup_B) (99.0 D :

IDUSSA_DQO0S555_ 757bp |Report 'subtype_a(subgroup_A) (1000 | ™y

BCII-2_U32552_  |693bp Repom subtype_a(subgroup_A) 1000 | B :
tes2 1190bp Report 'subtype_asubgroup_B) 1000 | e
test 1318bp Report HTLVI NA ———

TV | G b 781 A S L8| g Tt

Download results: XML format, CSV table

Fig. 7 The batch report that contains information on the sequence name, length, assigned subtype, and a fig-
ure of the HTLV-1 genome. Accessing the report link will take the user to a report to each submitted sequence

Sequence name : HTLV24_DQ005565_, length: 719 bps
Assignment: subtype_a(subgroup_A), Bootstrap: 99.0%

Env pX
- e o T
Tax
[] Rex E
HTLV-1 Genome location ATK1 © LASP/FIOCRUZ HTLV1 Subtyping Tool

Your sequence start at position 53 and finish at position 769 in the ATK1 genome.
Motivation: Subtype assigned based on sequence located in the LTR clustering with a HTLV1 subtype and/or subgroup with
bootstrap > 60%

Developed in cooperation with the ivﬂmﬂg g!g::ﬁ ﬁﬁg at University of Oxford, UK, the REGA Institute at the Katholicke Universiteit
Leuven, Belgium and the i C;QGM/FKX:RUZ. Brazil.
Analysis details

Wm alignments, inferred phylogenetic trees, and detailed results of the evolutionary analysis.
Phylogenetic analysis with pure subtypes:
« Export or View the Phylogenetic Tree: PDE, NEXUS format.
* View the PAUP* Log file (Contains bootstrap values for all HIV subtypes)
 Download the alignment (Nexus format).

Fig. 8 The sequence report will be composed of three areas named: sequence assignment, analysis details,
and phylogenetic analyses
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. The access numbers in the output page are actual links to the

respective sequence in the GenBank page.

. The FASTA file features a header with the following structure:

>accession number, serial number, genomic region, isolate,
base pair, subtype and subgroup (if available).

. The CSV file is a table containing all information presented in

the search screen, along with a column called Sequence. That
column matches the CSV file serial number, making it possible
to relate the information in the CSV file with that in the FASTA

. The HTLV-1 subtyping is based only in the LTR region of the

. The LASP HTLV-1 subtype tool accepts up to 1000 sequences

4 Notes

file.

genome.

at a time.
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