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ABSTRACT

Software for analysis and interpretation of nucleotide sequences can display the result in
different ways. color-coded bar, letter to letter and graphical display, etc. However, there is still no
efficient software that can ssimultaneoudly classify the serotypes of Dengue virus and visualy illustrate
the nucleotide sequences of Dengue virus. Therefore, this research aimed to study and devel op software,
called CADVIST, for analyzing the nucleotide sequences of Dengue virus with a novel graphical
representation, called UnitX. The tasks of the thesis were divided into two parts: (1) design a graphic to
represent the nucleotide sequences of Dengue virus, then (2) develop software that provides the
following functions: (2.1) developing a nuclectide sequence search engine of the Dengue virus, (2.2)
assigning the serotype to the unknown Dengue virus sequence, and (2.3) displaying the Basic Local
Alignment Search Tool (BLAST) search result.

This thesis designed UnitX to display the relationship between amino and keto functionsin
graphical display. For the purpose of verification, UnitX was employed to classify the nucleotide
sequences of Dengue virus. All 2,184 sample sequences, from GenBank database of the National Center
for Biotechnology Information (NCBI), USA, comprise four serotypes of Dengue virus sequence:
DENV1 to 4. Each serotype contains 952, 737, 405 and 90, nucleotide sequences, respectively. The
experimental result concluded that UnitX was able to efficiently classify the nucleotide sequences of
Dengue virus serotype. Hence, UnitX was able to be used as the graphical representation of the
CADVIST software for providing a facility to users in nucleotide analysis. For assigning the serotype,
one-tenth of each serotype was randomly selected for constructing the template sequence via multiple
sequence alignment, called ClustalW. BLAST was employed to provide the serotype to the unknown
Dengue virus sequence. The results showed that the template sequence representing each serotype could

efficiently distinguish the different serotypes of Dengue virus.
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CHAPTER |
INTRODUCTION

1.1 Introduction

Dengue virus is a mgjor threat to health in tropical countries around the
world, including Thailand. By this reason, there is a need to develop Dengue virus
research. Signal processing methods are used in various fields of research. One of the
newest of these methods is in the field of genomics. The idea of genomic signal
processing approach is to convert a four letter alphabet, each representing a different
nucleotide: A, C, G and T, to a numerical sequence before digital signal processing

(DSP) is applied for visuaization and analysis.

G 95m Nucleotide | Visualization &
Nucleotide

ST ‘ Numerical - Analysis with

- Representation . DSP Method

Figure 1.1 Steps of genomic signal processing [1]

In this thesis, visualization tool for analyzing nucleotide sequence of
Dengue virus, called UnitX, is proposed. The proposed UnitX can map the four-letter
alphabets (A, T, C and G) of DNA sequence to the corresponding numerical values
with DSP methods. The software that can employ the proposed visualization tool,
caled eApvisr, is aso developed. The benefit of this developed software is to
graphicaly display simultaneously with analyzing the Dengue virus sequence data. A
process map provides an overall graphical view of the sequence and quickly analyzes
the data. The present version of proposed software was developed in C# language with
Net Framework 3.5. Since C# is a modern object oriented language, its source code
tend to be more universally used than other languages such as C and C++ languages.
Hence the proposed software can be easily modified by including more open source or
in house developed mathematica modeling. With .Net Framework, the proposed

software is also easy to use viagraphic user interface (GUI).
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1.2 Thesis objective and scope
The aim of this study is to develop the prototype software for visualization

and analysis nucleotide sequence of Dengue virus.

The objectives needed to be achieved for thisthesis are:
(1) To design the optimal representation for nucl eotide sequence of Dengue virus.
(2) To develop the eapvist software which can perform three kinds of functions, i.e.
(a) nucleotide sequence search engine, (b) assigning serotype to the unknown Dengue

virus sequence and (c) displaying BLAST search results.

1.3 Thesis Organization

This thesis begins with the background on Dengue virus. This chapter also
reviews the existing visualization tools for biological sequence analysis and discusses
advantages and disadvantages of each tool. Chapter 3 describes the methodology for
developing the proposed software called eApvis7. Results and discussion are described
in Chapter 4 and 5, respectively. Finally, Chapter 6 concludes this thesis and indicates

future research direction.
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CHAPTER I
LITERATURE REVIEW

The literature review is divided into five sections. Section 1 provides
background on Dengue virus. Section 2 illustrates the existing visualization tools for
biological sequence analysis. Section 3 provides the idea of sequence comparison.
Section 4 explains BLAST algorithm for which capvisTuses as a supplementary tool

to perform sequence database search. Section 5 describes the multiple sequence

alignment with Clustal programs used as part of caxpvisTdevelopment process.

2.1 Background of Dengue virus

2.1.1 Biological characteristics of Dengue virus

Dengue virus is a member of the Flavivirus genus within the family
Flaviridae. There are four distinct serotypes of Dengue virus, DENV-1 through
DENV-4. The transmission of Dengue virus to humans occurs via the bite of Aedes

mosquitoes [2].

2.1.2 Clinical presentation of Dengue virus infection

Dengue virus infection has three main clinical criteria: (1) Undifferentiated
Fever (UF), (2) Dengue Fever (DF) and (3) Dengue Haemorrhagic Fever (DHF).
According to WHO case definition, clinical characteristics of DHF are (1) high fever,
(2) haemorrhagic tendency, (3) thrombocytopenia and (4) Haemoconcentration equal
or greater than 20% relative to baseline or evidence of plasma leakage. Some patients,
the temperature may be higher than 40 °C for 2 to 7 days. During the acute stage of
illness it is not possible to differentiate DF from DHF. The hallmark of DHF that
differentiates it from DF is plasma leakage as a result of increased vascular

permeability and abnormal hemostasis. The patient suffering from Dengue may
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develop shock, called Dengue Shock Syndrome (DSS). For defining DSS all of above
four criteria of DHF and additionally, evidence of circulatory failure by rapid and
weak pulse, narrow pulse pressure (less than 20 mmHg) and fall of blood pressure,
abdominal pain and hypotension. Patients, who progress to DSS, get into critical
condition usually at the time or soon after the fall of temperature following the
symptoms described in DHF and the additional abdominal pain. Shock occurs two to
six days after the start of symptoms. During shock the pulse and blood pressure
become undetectable. If the patients are not treated immediately they may die within
12-24 hours [2].

Dengue virus infection

|
\ \

asymptomatic symptomatic
Undifferentiated Dengue fever Dengue Haemorrhagic
fever syndrome Fever
\J v I
without with unusual
haemorrhage haemorrhage #
no shack Dengue Shock

Syndrome (DSS)

- - - g
Dengue Fever (DHF) Dengue Haemorrhagic Fever (DHF)

Figure 2.1 Clinical spectrum of Dengue infection [3]

2.1.3 Dengue in the Western Pacific Region

Dengue virus infection has become a major problem in public health.
Dengue information in Western Pacific Regional Office (WPRO), there is 213,190
Dengue cases and 671 Dengue deaths reported in 27 out of 37 countries and territories
in the region. Countries that were hardest hit by Dengue outbreaks in 2008 include
Viet Nam, Malaysia and Philippines. Dengue outbreaks appear to be more frequent not
only in endemic countries of the Asia sub-region of the Western Pacific region but
also in countries of Pacific sub-region where it was often known to have contracted

off-island. Pacific island countries reported experiencing Dengue outbreaks in 2008. Many
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of them reported high incidence rates of Dengue cases. These include Palau,

American, Samoa, Kiribati, New Caledonia, Samoa and Fiji [3].

Countries/areas at risk of dengue transmission, 2008

e i

- Geographic areraion of dangue, 3000-2008

Rk of dengus ransmission ° E
T —
" rdane wrii S ired P iy ] -
el it o o s Dt coaconnr o gl ks oy Coury, Vi, ol e i o 1
il'I'I“'lMd S St s o Dotk T e Sy oy o ol Sy ey i
¥ [ S o p— P ADA A T e

Figure 2.2 Distribution of Dengue [4]

2.1.4 Structure and function
Dengue virus genome is a single stranded RNA approximately 10.7 kb.

According to Fig. 2.3, it can be divided into (1) three structural proteins: C, prM/M
and E; (2) seven non-structural proteins: NS1, NS2A, NS2B, NS3, NS4A, NS4B and
NS5; and (3) short noncoding regions on both the 5” and 3’ end [2], [5].

SUTR 3'UTR

D—l— Structural Nonstructural J—
¥ ¥y L
| priiAd E NS1 NS2A | |NS2B NS3 NS4A| | NS4B M55

L

priv [N

Figure 2.3 The protein position of Dengue virus sequence [5]
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2.1.4.1 Structural protein

Three structural protein of Dengue virus consists of C, prM/M
and E protein. (1) Capsid (C) protein of Dengue virus is a small structural protein
which contains 100 amino acids. C protein is synthesized as the first protein. This
protein is produced in cytoplasm. The peripheral N-terminal of C protein is
hydrophobic amino acids. Hence, this protein is permeable through lipid composition
in endoplasmic reticulum membrane. This protein is a component of the nucleocapsid.
Some part is transported into nucleus. Its function is unknown. (2) Envelope (E)
protein of Dengue virus consists of 495 amino acids. E protein is a major protein on
the membrane surface of flavivirus. The function of E protein is to control the receptor
binding and fusion with the host cell. (3) Dengue virus pre-membrane (prM)
glycoprotein consists of 166 amino acids. A major function of this protein is to prevent
E protein from undergoing acid-catalyzed fusion. Both prM and E proteins synthesized
at rough endoplasmic reticulum will bind with each other to from heterodimers. The
interaction of prM and E proteins contributes to the outer viral membrane surface.
Dengue virus membrane (M) protein is cleavage product of prM protein which
consists of 75 amino acids. It locates on the surfaces of extracellular virions. Its role is
unknown [2], [5].

2.1.4.2 Non-Structural protein

Seven non-structural proteins consist of NS1 to NS5 proteins.
(1) The non-structural 1 (NS1) protein of which glycoprotein consists of 352 amino
acids is essential for viral viability. It involves in recognition of a host immune
response in order to against a viral infection. It also plays an essential role in viral
RNA replication. (2) The non-structural 2A (NS2A) protein is an integral membrane
protein of which hydrophobic consists of 218 amino acids. NS2A protein is the
product of cleavage at the NS1/2A and NS2/2B proteins. It is involved in RNA
replication but its precise biological function is unknown. (3) The non-structural 4B
(NS2B) protein consists of 130 amino acids and also locates at membrane due to a
hydrophobic part of the peripheral N- and C-terminal of NS2B protein. Moreover,
NS2B protein is a cofactor of NS3 protein. The non-structural 3 (NS3) proteins
protease, which consists of 618 amino acids.(4) This protein also acts as

multifunctional enzymes such as serine protease, RNA helicase, RNA-stimulated
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nucleoside 5’ — triphosphatase (NIPase) and RNA 5’ — triphosphatase (RTPase). (5)
The non-structural 4A (NS4A) protein is an integral membrane protein that consists of
150 amino acids: the peripheral N-terminal is hydrophilic and C-terminal is
hydrophobic. The non-structural 4B (NS4B) protein is an integral membrane protein
that consists of 248 amino acids. The combination of NS4A, NS4B and NS4A can
inhibit interferon signaling. (6) It involves in RNA replication but its precise
biological function is unknown. (7) The non-structural 5 (NS5) protein, consists of 900
amino acids, is the largest of the ten flavivirus proteins. It acts as bifunctional
enzymes, which are 2’ -O-methyltransferase (MTase), transfers methyl at the 5’-cap
structure, and RNA-dependent RNA polymerase (RdRP) enzyme, RNA synthesis [2],
[5].

2.1.4.3 Different nucleotide sequence in Dengue virus

Dengue virus consists of a single stranded RNA genome of
approximately 11 kilobases in length. The genome lengths of all four serotypes are
different. Dengue virus 2 has maximum length of nucleotide sequence (including
10,723 nucleotide sequences). Dengue virus 4 has minimum length of nucleotide
sequence (including 10,644 nucleotide sequences). Each serotype of Dengue virus has
68 - 76 % of identical nucleotide sequence. An identification serotype of Dengue virus
process bases on Envelop glycoprotein, Membrane protein and Nonstructural Protein
NS1 genes [2].

2.2 Existing visualization tools for biological sequence analysis
Genomic information is represented by character strings, in which each
character is representing by an alphabet. For DNA sequence, it consists of the
alphabets A, T, C and G; represented adenine, thymine, cytosine and guanine,
respectively. The idea of visualization tool for genomic sequence is to map a genomic
symbolic sequence into a graphical form. Each tool is developed based on some
specific tasks which can be categorized into three approaches, i.e. base vector,

sequential, and Fourier transform (FT) approaches.
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2.2.1 Base vector approach
The method represents four kinds of bases by four unit vectors. In the
literature reviews, many authors have proposed a variety pattern of the vectors
representing the nucleotides in the sequence. Existing examples mainly include two
and three dimensional graphical representations.
2.2.1.1 Three dimensional graphical representations
The graphical approach representing DNA sequences was first
reported in 1982 by Eugene Hamori and John Ruskin at Tulane University in
Louisiana, called H Curve. In this method, the information content of a nucleotide
sequence is mapped into a three dimensional space curves [6]. The unit vectors

representing four nucleotides A, G, C and T are shown in Fig. 2.4.

Figure 2.4 The unit vectors designed by Eugene Hamori and John Ruskin of the four
DNA nucleotides A, G, T and C [6]

In 1991, Zhang CT and Zhang R proposed graphical
representation and numerical characterization for DNA sequences, called Z curve. The
method maps the bases of DNA sequences and plots in three dimensional spaces. Z
curve comprises of three components, x,,, y,,, Z,,, that can be completely described the
DNA sequence being studied by the three independent distributions. The component x
displays the distribution of purine/pyrimidine (R/Y) bases along the DNA sequence.
The component y displays the distribution of amino/keto (M/K) bases along the DNA
sequence. The component z displays the distribution of strong H bond / weak H bond

(S/W) bases along the DNA sequence. Z curve transforms DNA sequence into a series
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of nodes Py, Py, P,, ..., Py whose coordinates x,,, y,, z, (n =0, 1, 2, ..., N) where N is
the length of DNA sequence being studied, where 4,, C,,, G,, and T, are the cumulative
occurrence number of A, C, G and T, respectively, in the subsequence from 1st base to

the n-th base in the sequence being studied by defined Ay = Cy, =Gy =Ty =0

Xn = (An + Gn) - (Cn + Tn)
Yn = (An + Cn) - (Gn + Tn)
Iy = (An + Tn) - (Cn + Gn)

According to the above equation, the subsequence constituted
from 1-st base to the n-th base in the sequence being studied, when the numbers of
purine bases (A and G) are greater than pyrimidine base (C and T), x,, > 0, otherwise,
x, < 0, and when the numbers of purine and pyrimidine bases are identical, x,, = 0.
Similarly, when amino bases (A and C) are greater than keto bases (G and T), y,, > 0,
otherwise, y, < 0, and when the numbers of amino and keto bases are identical,
v, = 0. Also, when weak H bond bases (A and T) are greater than strong H bond
bases (G and C), z, > 0, otherwise, z, < 0, and when the numbers of weak and
strong H bond bases are identical, z,, = 0 [7], [8], [9]. James J Cai and his coworkers
developed this tool in the MATLAB package, called MBEToolbox [10].
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Figure 2.5 The three dimension Z curves for AF180818 Dengue virus type 1,

complete genome

2.2.1.2 Two dimensional graphical representations

The method is based on choosing the cardinal four directions
in (X, y) coordinate system to represent the four bases in DNA sequences. The two
dimensional graphical representation was first proposed by Gates in 1986, and then
rediscovered independently by Nandy and Leong and Morganthaler [11]. In the Gates
axes system plot cytosine (C) with the positive x direction, thymine (T) with the
positive y direction, guanine (G) with the negative x direction and adenosine (A) with
the negative y direction [11], [12]. The Nandy axes system associates G with the
positive x direction, C with the positive y direction, A with negative x direction and T
with negative y direction [11], [13]. In the Leong and Morgenthaler axes system, A is
associated with positive x direction, T with positive y direction, C with negative x
direction, and G with negative y direction [11]. However, all of these methods have

their own weakness.
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Figure 2.6 The unit vectors presented by (a) Gates, (b) Nandy and (c) Leong and

Morganthaler in the Cartesian coordinate plane [11]

For instant, according to Gates’ graphical representation, the
sequences AGTCA, AGTCAG, etc. have the same graphical representation. In 2003,
Stephen S. -T Yau and his coworkers solve the problem by modified Gates’ method.
They constructed a pyrimidine-purine graph on two quadrants of the Cartesian
coordinate system, with pyrimidines (T and C) in the first quadrant and purines (A and
G) in the fourth quadrant [14]. The unit vectors representing four nucleotides A, G, C

and T are shown in Fig. 2.7.

Figure 2.7 The unit vectors presented by Yau in the Cartesian coordinate plane [14]

2.2.2 Sequential approach

The method use to identify similar base pair by pair. In bioinformatics, the
most commonly used algorithms for database similarity searching are Basic Local
Alignment Search Tool, or BLAST. BLAST was first reported by Stephen Altschul
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and coworker in 1990. The method represents the result of database similarity
searching by alignment between a query sequence and sequences in the database being
searched. BLAST uses heuristic algorithm for performing local alignments searches to
find high scoring sequence alignments between query sequence and sequences in the
database. Using heuristic algorithm, BLAST finds homologous sequences by locating
short matches between two sequences, not comparing either sequence in its entirety.
Each initial match is called “seed”. When a match is found, the search process is
suspended, and BLAST tries to extend initial seed match in both directions [15].

2.2.3 FT Approach

The method applies Fourier Transforms (FT) to view sequence of
nucleotides in frequency domain. Fourier analysis of genomic sequences, the major
signal in coding regions of genomic sequences is the three-base periodicity [16], [17].
In 2001, Dimitris Anastassiou applies Fourier Transform to convert four symbolic
DNA sequence consisting of letters A, T, C and G into a visual representation that
highlights periodicities of co-occurrence of DNA patterns. The spectrogram of
biomolecular sequences that provide local frequency information for all four bases is
defined by using three primary colors: red, green and blue. Even though this method
yields an impressive graphical representation, the computational complexity is fairly
high [17].

10
15
20
25
a0

200 1000 1500 2000 2500 3000 3500

Figure 2.8 Color spectrogram of DNA stretch [17]
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2.3 Sequence comparison

Sequence comparison can be defined as the problem of finding “which
parts of the sequences are similar”, and “which parts are different?”. The algorithms
related to this area are: (1) the algorithms for comparing two sequences and (2)

multiple sequence alignment.

2.3.1 Algorithms for comparing two sequences

The idea of aligning two sequences of possibly different sizes is to break
them into smaller pieces by inserting spaces (-) so that identical subsequences are
eventually aligned in a one-to-one correspondence. At last, the sequences end up with

the same size (see Figs. 2.9) [18].

Sequence 1

..

Sequence 2

—-E - -

(a) The original sequence

Sequence 1

..

Sequence 2

(b) Aligned results

Figure 2.9 The idea of aligning two sequences [18]

This work concentrates on efficient algorithm for comparing query
sequence with all database sequences. BLAST is fast search algorithm that is widely
used to find homologous sequence by comparing a query sequence with all the
sequences in database. BLAST services can be accessed through a web service at the
NCBI. User is also able to run BLAST search on their local computer and built into
other tools. The main advantage of standalone BLAST is to be able to create your own

search database. By its merits, the first version of capvist employs standalone
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BLAST+ application to find database sequences related to the query. BLAST
algorithm is described in more detail in section 2.4.

2.3.2 Algorithms for multiple sequences alignment

Multiple sequence alignment is a comparison of a group of related
sequences. The method is used to arrange regions of distributed similarity over the
data sets of interest. Generally, a group belong to the same organism should have
similar sequences. Applying multiple sequence alignment techniques is the way of
arranging the biological sequence to identify the region of similarity over sets of
sequence being studied. Multiple sequence alignment can be performed automatically
using a variety of existing programs. Among many techniques, Clustal programs are
one of the most widely used programs for carrying out automatic multiple alignment

sets of nucleotide sequences [19].
In this thesis, capvist development process employs multiple sequence

alignment with ClustalW program to find one representative sequence of each Dengue
virus serotype. The ClustalW algorithm is described in more detail in section 2.5.

2.4 BLAST algorithm

Nowadays, a number of software tools are available such as the BLAST
which is provided by National Center for Biotechnology Information. This tool is used
for representing the result of genome alignment positions. Within the alignment, there
are three possible outcomes for each genome pair in an alignment: match, mismatch or
gap. Matches represent unchanged in any alignment. Mismatches indicate that a
substitution has occurred in at least one of alignment. Gaps (-) indicate that an
insertion occurred in one of the sequences [20]. The following example illustrates an
alignment between the sequences S1 = ACAAGACAGCGT and S2 = AGAACAAG
GCGT. It should be noted that, in this thesis, we employ the software BLASTN which

is another version of BLAST that is used for searching the nucleotide sequence.



Fac. of Grad. Studies, Mahidol Univ. M. Eng. (Biomedical Engineering) / 15

S1=ACAAGACAG-CGT

AT
S2=AGAACA - AGGCGT

Figure 2.10 Alignment of two sequences

BLAST identifies homologous sequence using heuristic algorithm which
initially finds short matches between two sequences. Thus, the method does not take
the entire sequence. After initial match, BLAST attempts to start local alignments
from these initial matches. This means that BLAST does not guarantee the optimal
alignment, it may miss matches. According to this strategy, it is expected to find most
matches, but sacrifices complete sensitivity in order to increase speed. BLAST works
by breaking a query sequence into a series of word. These words are compared to
words from sequences in the database. Once a match is found, the sequence are
aligned and scored. The basic BLAST procedure is illustrated in following step (see
Fig. 2.12) [21], [22].

Stepl: Filter query sequence to remove low complexity regions.

The regions with low complexity sequence are unusual composition that
can create problems in sequence similarity searching. Normally, the low complexity
region can be recognized by visual inspection. For instance, the nucleotide sequence
AAATAAAAAAAATAAAAAAT has low complexity. Filtering can eliminate these
poor matches. For nucleotide queries, DustMasker program is an application used to

filter low complexity part [23].
Step2: Find all query and target matches as follow:
(A) Extract a word from the query, using a sliding window,

For nucleotide searches, the default number of query word per window
length (word size) is 11 and can be raised (word size =15) or reduced (word size = 7).
When a query is used to search a database, the first step in BLAST algorithm is to
divide the query into a series of a smaller sequence (words) of a particular length
(word size). It should be noted that lower word size yields more accurate but slower

search.
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Wortl siee = 11

I |
Ooery: GTACTGOATOTOAGATOCATOCAANTOT

GTACTGGATCT
FTACTOGGATCTC
ACTGOATCTCA
CTOUATOTOCAL

Figure 2.11 The default word length for DNA/RNA comparisons [24]

(B) Find an exact match of the word in the target sequence (if no match: return to

Step2A, if a match: continue),

(C) Extend match in both directions,

(D) Calculate an E-value for the final match,

(E) Save the matches whose E-value is better than given threshold,

In BLAST search, E-value or expectation value is parameter that describes
quality of alignment expected to be found, assuming that the database sequences are
random. An E-value of 10 means that if you scramble your sequences up and search
again in a random set of sequences, you would expect to be found as good as the one
you are trying to interpret about ten times. The default threshold for E-value is 10. For

further information on calculating E-value, please see [25], [26].
F: Repeat step 2A-2E until all possible query words have been tried.
Step4: Rank the matches by their E-values.

The search results are described by one line summaries called
“Descriptions”. The description lines are sorted by increasing E-value, so the most

significant alignments (lowest E-value) are at the top.

Step5: Print out the top matches.
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=
Filter the query sequence A, Extracta werd from the
toremove reglons oflow query, using a sliding
L complexity window
l Mo match l
-
Find all query-target matchﬂ] |:|'> B.Find an exact match of the
. word in the target sequence
l l Eepeal steps
( : A Euntilall
Rank tha:::ﬂ::hr their } [ C. Extennd match in both 1 possible
| directions query words
haveheen
l tried
-
Printout the top matches ] . Calculate am E-walue for
i the final match

!

[ E. Save matches whose E-walues J

are better than a givem threshold

Figure 2.12 The step of BLAST Algorithm [25], [26]

The default output of BLAST search, in which most users are familiar with
the so-called “tradition BLAST report”, consists of three major sections: (1) a
graphical overview of the results (see Fig 2.13), (2) a series of one-line descriptions of
each database sequence found to match the query sequence (see Fig 2.14) and (3) the

alignment for each database sequence matched (see Fig 2.15) [20].

2.4.1 Graphical overview of the results

Fig. 2.13 shows graphical overview of BLAST results. Thick red
numbered bar at the top of the figure represents the query sequence. The colored bars
below the query sequence represent the matched database sequences. The textbox is
for displaying the information on matching database sequences, when moving mouse
over the colored bars, the definition line for that sequence is shown in this textbox
[20], [27].
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Figure 2.13 NCBI BLAST output form: graphical overview of the results [28]
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2.4.2 Best match listing

This section provides details on the matched database sequences in a table.

Each line composes of seven fields. The first column indicates the name of sequence

found in BLAST search. The second column indicates the definition of each database

sequence. The third column indicates the highest alignment score from that database

sequence. The fourth column indicates the total of alignment scores of all segments

from that database sequence. The fifth column indicates the percent of query that has

been matched by that database sequence. The sixth column indicates E-value, the

measure of quality of match. The last column indicates the number of identical

residues in the query and database sequences [20], [27].

es producing significant ali

Accession Description Total score Query coverage _ E value Max ident

26067 Dengue virus 4 isolate DENV-4/US/BID-V860/1994, complete genor 383 100% 3e-106 87%
Denqgue virus 4 strain 341750 lete genome 378 100% le-104 86%
Dengue virus 4 isolate DENV- fBID-V3412/2005, complete gem 378 100% le-104 86%
Denque virus 4 isolate DENV-4/VE/BID-V2501/2008, complete genc 378 100% le-104 86%
Chimeric Tick-bome encephalitis virus/Dengue virus 4 done p70, ct 378 100% le-104 86%
Chimeric Tick-bomne encephalitis virus/Dengue virus 4 done p39, o 378 100% le-104 86%
Dengue virus 4 isolate DENV-4/VE/BID-V1160/2007, complete genc 378 100% le-104 86%
Denque virus 4 isolate DENV-4/VE/BID-V1161/2007, complete genc 378 100% le-104 86%
Denque virus 4 isolate DENV-4/VE/BID-V1157/2007, complete genc 378 100% le-104 86%
Chimeric denaue virus tvpe 1 vector p4(delta)30-D1-ME. complete : 378 100% le-104 85%
Chimeric denque virus tvpe 1 vector p4-D1-ME, complete sequence 378 100% le-104 B5%
Chimeric Denque virus vector p4{Delta30)-D2-ME. complete sequer 378 100% le-104 86%
Chimeric Dengue virus vector p4-D2-ME. complete sequence 378 100% le-104 86%
Denque virus vector p4(Delta30). complete sequence 378 100% le-104 86%
Chimenic dengue virus vecdor p4{delta30)-D3L-ME, complete seque: 378 100% le-104 86%
Chimeric dengue virus vector p4-D3L-ME, complete sequence 378 100% le-104 86%
Dengue virus type 4 vector p4, complete sequence 378 100% 1=-104 86%

Figure 2.

14 NCBI BLAST output form: best match listing [28]
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2.4.3 Local sequence alignment

This section provides the full definition of database sequences and the
length of matched sequences. The following is the statistical measures of the match.

Finally, the actual alignment is shown with the query on top row and the database

match is labeled as “Sbjct”, in the following row [20], [27].
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Query
Skjct
Query

skjct

Skjet

skjct

Query

Skjct

iz
Length=10606

Query 1

1
10
61

70

Query 121

Score = 383 bits (424), Expect = 3e-10&
Identities = 257/295 (87%), Gaps = 34/285 (11%)
Strand=Plus/PFlus

AGTTCCRRATCGGRAGCTTGCTT.
TERTRERERIInennnl

TCTCTGGA TGRACCARCGARAR AR GETGETTAGRCCACCTTTCARTATGCTGRRAC
GCGRAR- TTAGTCGA: CRACCGGACTTT 1
1l o ARRRRARRRNY
GCEAGAGAAACCGCGTATCARCCCCTCARGEETTGETGARAGAGATTCTCARCCGGACTTT

& TTTIGCGAGTCCTTT
IIIIIIIII IIIIIII\I IIIIII IIIIIIIIII IIIIIII RERRRRRARARY
TTTCIGEGARAGGACCCTTACGEGATGEGTGCTRAGCATTCATCACGTTTITT TGCGAGTCCTTT

CCATCCCACCRRCRAGCRGGGATTCTGRAGACGATEEEGGCAGTTGRAGRRRRATRAR 261
PRRRRTRRR R e e e e e el
CCATCCCACCRRCRAGCRGGGATTCTGRAGACGATEEEGGCACTTGRAGRRRRATRR 304

rg226067.11 [E Dengue virus 4 isolate DENV-4/US/BID-VB&0/1994, complete genome

Figure 2.15 NCBI BLAST output form: local sequence alignment [28]
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2.5 Multiple alignment in Clustal programs

According to Fig 2.16, the basic multiple alignment in Clustal programs
consist of three main stages: (1) perform pairwise alignment on all sequences to
calculate distance matrix, (2) use distance matrix to calculate guide tree, and (3) the

sequences are progressively aligned using the branching order in the guide tree [19].

Calculation of distance matrix

!

[ Creation of Unrooted Neighbor- ]

Joining Tree

[ Rooted NJ Tree (guide tree) and J

{ Quick Pairwise Alignment: ]

calculation of sequence weights

!

[ Progressive alignment following J

the Guide Tree

Figure 2.16 Overview of ClustalW procedure [19]

2.5.1 Calculating distance matrix

The procedure at this stage is to calculate the distance (percent identity) of
each pair of sequences. The first stage is to calculate identity scores by comparing
each sequence with each other. These scores are calculated from the number of match
score divided by the number of position compared. Then, these score are converted
into distance by dividing by 100 and subtracting from 1 to give number of differences
per site. In the original Clustal programs, the assigned match score is 1 and mismatch
score is 0. For instance, the distance matrix of sequences: S1 = ATCG, S2 = ATCT,
S3 = AGGC and S4 = GCAA can be calculated as follows:
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ATCG | ATCG | ldentity Score = 3/4 | Distance = 1-(0.75/100)
| || =1-0.0075
ATCT =0.9925
ATCG | ldentity Score =1/4 | Distance = 1-(0.25/100)
| =1-0.0025
AGGC =0.9975
ATCG | ldentity Score =0/4 | Distance = 1-(0/100)
=1-0
GCAA =1
ATCT | ATCT | ldentity Score = 1/4 | Distance = 1-(0.25/100)
| =1-0.0025
AGGC =0.9975
ATCT | ldentity Score =0/4 | Distance = 1-(0/100)
=1-0
GCAA =1
AGGC | AGGC | Identity Score = 0/4 | Distance = 1-(0/100)
=1-0
GCAA =1

Table 2.1 The original distance matrix [29]

S1 S2 S3
S2 | 0.9925
S310.9975 | 0.9975
S4 1 1 1

2.5.2 Calculating guide tree

The procedure at this stage is to produce rooted tree used to guide the final
multiple alignment process. The Neighbour-Jointing (NJ) algorithm (Saitou and Nei
1987) is used to group sequence. The idea of NJ is to produce a modification matrix
that takes into account the net divergence rate of the entire tree, so nodes close
together but far apart from all other nodes are not necessarily joined directly. The
equation below is a model for calculating the modification matrix. In this equation d is
the original distance matrix. R; is the net divergence matrix for each sequence is
calculated as the sum of each node to all other nodes. N is the set of leaves in the tree.
The number of leaves is |N| [30], [31].
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1 .
R, = lNl—_ZZmEN dim ... (Equation. 2.1)

According to the original distance matrix, the resulting tree is an unrooted
tree with branch lengths proportional to estimated divergence along each branch as

shown in Fig.2.17.

Figure 2.17 The initial branch point [29]

In order to clearly explain the algorithm of the Neighbour Joining method
for reconstructing rooted tree and computing the length of the branches of this tree, we

use the information in section 2.5.1 as the example.

Stagel: Compute the Net divergence matrix R for each sequence by Eq. 2.1

Re = (0.9925+0.9975+1)/(4-2) = 1.495
Ry, = (0.9925+0.9975+1)/(4-2) = 1.495
Rss = (0.9975+09975+1)/(4-2) = 1.4975
Rss = (1+1+1)/(4-2) = 15
Stage2: Compute the modification matrix D by Eq. 2.2
Dsis2 = dsis2 — (Rs1 + Rs2) Ds2s3 = ds2s3 — (Rs2 + Rs3)
Dis» = 0.9925 — (1.495 + 1.495) Dssss = 0.9975 — (1.495+1.4975)
Dsiso = -1.9975 Dsys3 = -1.995
Dsiss = dsis3 (Rs1 + Rs3) Dsasa = ds2sa — (Rs2 + Rss)
Deiss = 0.9975— (1495+1.4975)  Dsyss = 1— (1495 + 1.5)
Dsis3 = -1.995 Dsss = -1.995

Dsisa = dsisa — (Rs1 + Rsa) Dsasa = dsssa — (Rs3 + Rsa)
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Dgiss = 1- (1495 + 15) Dgssy = 1- (14975 + 15)
D s1s4 — -1.995 D S3s4 — -1.9975
S1 S2 S3
S2 | -1.9975

S3|-1.995 |-1.995
S41-1.995 |-1995 |-1.9975

Stage3: According to the original distance matrix, joining S1 and S2 is one of the
minima of the original distance matrix; joining S3 and S4 is also the other minimum.
S1 and S2 are the closest. To construct a tree group them under a new node called X.
Then compute the distances to the new node X. A new node X is the branches join S1,
S2 and the rest of the tree, defined the lengths of the tree branch from X to S1 and S2
by Eq. 2.3 and 2.4, respectively. These distances are the lengths of the new branches.

And the distance from X to each other node use Eq.2.5 to compute.

-
.
o
.
o
X"
.
N

Figure 2.18 Nodes joining S1 and S2

Explanation of Equation 2.3 — 2.4: Define a new node u whose three branches join i,
j and the rest of the branch tree. Define the lengths of the tree branch from u to i and j

as:

d = L+ (ﬂ) .. (Equation 2.3)

djy, = dij —dyy, ... (Equation 2.4)
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Explanation of Equation 2.5: Define the distance from u to each other node (k # i or

J) as:

dyy = (dy +dj — d;;)/2 ... (Equation 2.5)

dsix = (ds1s2/ 2) + ((Rs1 — Rs2) / (2(N - 2))
= (0.9925 / 2) + ((1.495 - 1.495) / (2(4 - 2))
=0.49625

dszx = d3132 - d51x =0.9925 - 0.49625
=0.49625

dssx = (dsis3 + ds2s3 — dsis2) / 2 = (0.9975 + 0.9975 — 0.9925) / 2
=0.50125

dsax = (d51s4 + dgogs — d5152) /2= (1 +1- 0.9925) /2
=0.50375

-
S1 -

0.49625 .0.50125
X

0.49625

Figure 2.19 A rooted tree with branch lengths

Stage4: According to Eq. 2.3 — 2.5, remove distances to nodes i and j from the original

matrix, and increase N by 1.

Stage5: If more than two nodes remain, go back to stagel. Otherwise the tree is fully
defined.
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2.5.3 Progressive alignmer

The procedureat this stages to use a series of pairwise alignment:
align larger and larger group of sequences accgrtdirbranching order in the gui
tree.Basically, most progressive alignment methods oelydynamic programming
perform multiple alignment beginning witthe most related sequences and 1

progressively adding less related sequences titied alignmen [19], [32].

(@)

(==
—

Dynamic Programming
] Using A Substitution Matrix

(b)



Boonyarat Viriyasaksathian Literature Review / 26

Dynamic Programming Using A Substitution Matrix

(©)

Figure 2.20 Three stages of progressive sequence alignment: All progressive
alignment requires three stages: (a) a first stage computes a distance value between
each pair of input sequences to calculate distance matrix giving the divergence of each
pair of each sequences; (b) a second stage calculates guide tree based on distance
matrix; and (c) final stage built multiple sequence alignment (MSA) by adding the
sequences sequentially to growing MSA according to the guide tree [19], [32].

2.5.4 Dynamic programming
Dynamic programming for pairwise alignment consists of three steps: (1)
Initialization, (2) Matrix fill (scoring) and (3) Traceback (alignment) [32].
2.5.4.1 Initialization step
The first step in dynamic programming algorithm is to create a
matrix with (M + 1) columns and (N + 1) rows where M and N is the size of the
aligned sequences. For instance, the two sequences to be globally aligned are S1 =
GAATTCAGTTA and S2 = GGATCGA. Scoring sequences for alignment values are
defined as: match score = 1, mismatch score = 0 and gap penalty for each insertion or

deletion = 0. The score matrix D is initialized by placing each character of sequence
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S1 above each column in the matrix, beginning whih second column, and placi

each character of sequence S1 before each rowriegiwith the second rc [33].

GAATTCAGTTA

a0 = » 00

Figure 2.21Initialization of dynamic programming mat [33]

2.5.4.2 Matrix filling step

The filling step of the ratrix element starts in the letop
corner of the matrixhat requires the score from the diagowvertical and horizonte
neighbor cellsFor each position in the matrix is the maximum gladdignment scor
D(i, j) [33]. The value at positio(i, j) is the maximum score at positi(i, j). Let the

scoring scheme D(i, Ppe defined as follows:

(1) D(i-1, j-1) = D(i-1, j-1) + (Match or Mismatch score in the diago!
) DG, -1 = D(i, j-1) + (Gap score in sequence)S1
(3)D(-1,)) = D(i-1, j) + (Gap score in sequence)S2

D(i, j) = Maximum of [D(i-1, j-1), D, j-1), D(i-1)]

This exampleassumes that thers no gap opening or gap openior gap
extension penaltySo the first row and the first column of the matran be initially
filled with O.
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(=) el ool BollelRel Nl

P a 0O = 0 aQ

Figure 2.22Dynamic programming matr with base case filled i{83]

In position (1,1) of the scoring matrix D(1, 1% the maximum score «
D(0, 0), D(1, 0) and @, 1).

D(1, 1) =Max [1, 0, 0] = 1

GAATTCAGTTA
o[ofofo]ojofo]olo]o]o]0
01

PO A= » 00
o|lolo|lo| oo

Figure 2.23The first element of the matrix that is filled i{D 1, [33]

GAATTCAGTTA

0/90/9/9/9/0/0/0/0]0]0]0

G| O[TFTFTFT I fTl
G| 01
A 0+]
T |0
clofi
G0
A0l

Figure 2.24Initialization of allelements along the second reacond colum [33]
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In column 2, the cell in row 2 will be assigned by thaximum value of .
(mismatch score), 1 (horizontal gap score) or tiged gap score). So its value is
At the position column 2 row 3, the character inhbsequencsis A. So its value i
the maxinum score of 2 (match score), 1 (horizontal gapeycor 1 (vertical ga|

score), its value is 2.
D(2, 2)=Max[1,1,1=1and D(2, 2Fr Max[2,1,1=2

In any row except the last oneoving along thepositioncolumn 2 row 4,
its value will be themaximum of 1 (mismatch score), horizontal gap sco), or 2
(vertical gap scopeso its value is : The value in the final row will be 2 sinct is the

maximum score of 2nfatch score), Ihorizontal gap score) or 2€rtical gap sco)).
D(2, 4) =D(2,5) =D(2, 6) =Max[1, 1, 2] =2

D(2, 7) = Max[2, 1, 2] = 2

GAATTCAGTTA

019199]9/919191919]9/9
G OFTFI [T I T fylrd
G O[]
AOfF1]2
T 0[1]2
c 0f1]2
G Ofllfl‘i
AlO]1]2

Figure 2.25Initialization of all elements along the third colo [33]

Using the same techniques as described for co3, Fig. 2.6 illustrates

the values for column
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GAATTO CAGTTA

019/0]919/9/0/9]019/9/9
G Of*lf*}f*}**l**l**l**l**1**1**1**1
G 071171171?
A Ofl 171?71?
T 0+ 171727172
C 0,1[,1?,1?
clol 71?71?
A OF123

>

01 F2F2 1303
07:1712;‘§f:‘f:?

I
Y Y MY LAY
-

31303

P a = » 00
(W)

Figure 2.27Complete score matrix with trace arrc [33]

2.5.4.3 Traceback step

Traceback step is the algorithm to determine thauah
alignment. Traceback step start from the lower eoand trace back to the upper I
Each arrow represents one character at the endaaf aligned sequence. (1)
horizontal move puts a gap in left sequence. (2) A vertical move puts a gap &
top sequence. (3) A diagonal move uses one charfci®m each sequence. T
current alignment comprised of two conditions to beecked: (1) charact
comparison in both sequence and (2) the relatip between three neighbors
matrix cell (i, j): the neighbor above-1, ), diagonal neighbor (; j-1) and neighbor
left (i, j-1). If the first condition is true, disregard thecend one. The curre

alignment is defined as follow
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First condition: If the position inthe calculated alignment that maes with the same
character, put|® in the current alignmer

Second condition:Relationship between three neighbors of matrix @g):

(2) If the maximum score is D(-1), put gap (**) in left sequence.

(2) If the maximum score is [-1,j), put gap (‘) in top sequenc

D(i-1,-1) | D(-1,))

1
D@, j-1) < D(i,j) —+—— Current Cell

Figure 2.28Three neighbor cell at position (i

After the matrix has been completely filled, thackback step begins
the (M, N) position in the matrix. The current alignment i thesult of thre:
neighbors of matrix cell (M, N): the neighbor abqi-1, N), diagonal neighbor (-
1, N-1) and neighbor left (M, -1). According to Fig. 2.29 (ajhe value of current ce
is 6. So the possible result is the diagonal matghbor. Then decrease the posi
of current cell (i, j) by 1. Now the value of cumtecell is 5. According to th
alignment as described in the above step, so tirerdulignment produces a gap
the left sequencé=ollowing the raceback step until the position of (i, j) is (1; that
means the traceback is compl¢. The solution of possible alignment is showr
Figs. 2.29 [33].

GAATTCAGTTA
0/0(0|0/0]|0|O0/0]0]|0|0]|0O
G|O|1|T|1T/1|1|1 1|11 ]1]1
G|O|1|1|1]1|1|1]1]|2/2]2|2
AlO|T1|2]12 2|22 2(2|2|2]|3
T|{0|1]2]23[3|3 3[3/3/3]|3
cC|0/1(2|2/3|3|4/4|4/4]4/|4
G|0|1]2|2/3|3|4 4|5|/5]|5]|5 S1 A
2 - |
AlO|1]|213[3|3/4|5|5]|5]|56 S A

=z
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GAATTCAGTTA
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GAATTOCAGTTA

0(0|0(0]|0|0]O O

S1 AGTTA

4

¥

Al0|1]2]2 2|22 2
T|I0|1/2]2 33|33

clo[1]2]2 3[3]4—

“G--A

1

S2

(e)

GAATTUCAGTTA
0/0|/0]0]|0 0|0

G 01

A0|1]2/2]2 2|2
T012233§

S
C—
A I
O O
— o
w w

GAATTOCAGTTA
0(0]0]0]|00

G001
G |01

Al0]1]2/2)2 2
T|O[1]|2]2]33

81 TCAGTTA
|
TC -G --A

S2

1

v«



Boonyarat Viriyasaksathii Literature Review / 34

ATTCAGTTA

— = = o
| = =] »

S1 TTCAGTTA
- N
82 -TC-G--A

a0 =3 00

(h)

ATTCAGTTA

»—A»—A»—loﬂ
—_— |

S1 ATTCAGTTA
= || |
S2 A-TC-G--A

a0 = > Q0

(i)

GAATTOCAGTTA

S1 AATTCAGTTA
- [ I I
S2 -A-TC-G--A

00 < 00
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GAATTOCAGTTA

S1 -AATTCAGTTA
- [ T
S2 G-A-TC-G--A

00 < 00

()

GAATTUCAGTTA

G

G

A

T

C

G S1 G -AATTCAGTTA
N I I I N

A 82 GG-A-TC - G- -A

GAATTCAGTTA

G

G

A

T

C

G S1 G -AATTCAGTTA
- [

A 82 GG-A-TC - G- -A

Figure 2.29A graphical procedure of traceback solu [33]
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CHAPTER 111
MATERIALS AND METHODS

3.1 Introduction

BLAST is one of the most popularly used tools iaitsiormatics tcsearch
and compare biological sequer. Fig. 3.1 illustrategshe overall image oeADvist
process.The idea ofeApvist is to extract the essential information from BLA
output to visualize and analyze via grajal display. Therefore, in the propost
software,eApvis7, we propose the graphical representatespecially for nucleotid
sequence of Dengue virus, called UnitX, as therratére tool to visualize ar
interpret the result obtained from BLAS UnitX will also be used as the key feati

for analysis tools ogADvis7.

Query Sequence Standalone
in Fasta Format BLAST BLAST Output

- (= —
EXE

!
-

>l

Visualization & Analysis

Figure 3.1 Idea ofeApvist

3.2 The sear ch of efficient graphical representative

The choice of selecting the graphical represematénr be varied based on
the characteristics of genomic sequences of irtteB@sce the goal of this researct
to find the suitable graphical representation focleotide sequence of Dengue v

and he sequences can be of itrary lengths in huge databaseherefore,
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computational complexity of the graphical repreagah needs to be low and bz
locations need to be easy to visualize. By compgarnmith many graphice
representationsf genomic sequence in the literatithis research proposes the nc
graphical representation base on the modification of Yau'shwe, called UnitX
projection vector.UnitX is the new graphical representation especially for Der

virus sequence analysis based on cumulative anaouimio and keto bas:

3.2.1 UnitX Representation of nucleotide sequence for Dengue virus

In this thesis, we propose graphical representdativepresent nucleotic
sequence of Dengue virus, called UnitX. Tmethodapplies theidea of unit vector
designed by Yau anlis coworker also presented in sectia.2.z. UnitX represents
the distribution of amino/keto bases along the saga on two quadrants of Cartes
coordinate system, the first quadrant is amino @ A) and ket (G and T) in the
forth quadrant [34]The vectcs which have unit length in directionrepresented four
nucleotides, i.e. adenir (A), guanine (G), thymine (T) and cytosine (C), &
illustrated in Fig. 3.2:

\ A=) C=(1,2)
i \e¢ T=(1,-1)  G=(1,-2)

Figure 3.2 Vector of Unitx: The vectors (1, 1), (1, 2), (11} (1,-2) is used to
represent four nucleotide A, C, T and G, respelst [34].
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By given the numbers of nucleic acid occurring e tsequence, tf

(xn, yn) coordinate projection ontx andY axes can be demongtaas follows:
Xp1+ (Cp+ A, +T,+G,) =x, ... (Equation3.1]
Yno1+ 2C, + A, — T, — 2G,) =y, ... (Equation3.2]
whereC,, 4,, T,, andG,, € {0, 1} depend on the nucleotide type at positnt®.

Sections 3.22-3.2.4 show that UnitX is suitable for representi
nucleotide sequence of Dengue virus. The ide« find the relationship betwee
unknown sequence and template represented each Dengue sarag/pe via th
correlation coefficient. The unknown sequence bgdait the serotype that yields tl

maximum correlation coefficient (see Fig 3

The process onreating template is presented in section & Figs. 3.4
(a)-(d) show the templateof all four Dengue virus serotypedhe classificatiol
process is presenté@dsection 3.3.3. The performance of UnitX methedvaluated ii

section 3.2.4.

represented each Dengue virus serotype”

Unit} represemative of Dengus virus serstyset

UnitX represe takve of Dengee virys seroiype2

R >Unknown
B AGTTGTTAGT §

¥ CTACGTGGAC §
B ccacascaac §
E AGTTTCG...  §

Query & DENV-1

Query & DENV-2 - Scrotype [Maximum corrclation cocfficicnt|
Query & DENV-3

UrieX raprasersatve of Denges virus sarstyy

Figure 3.3 The idea to verifithat UnitX is thesuitable representation for nucleot

sequence of Dengue vil
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3.2.2 Creating UnitX template to represent each Dengue virus
serotype
The method used to construct UnitX representatiye nacleotide

sequences of each Dengue virus serotype can beaaechas follow:
Stepl: Find (X, Y,,) coordinateof each sequence by Equation.-3.2

Step2: Find (X,,,Y",) coordinateof each sequence,
Y, =v, -2, ... (Equatior8.3)

whereN is the number of base of the whole sequ. It should be noted thao reduce

R

the variation of ravdatg, Y, is subtracted by =

Step3: Let M be the number of training sequences for each Dewigug serotype, th

single optimal pattern of each serotycan be calculated as the centr(X",Y") of
(X,Sm),Y'ﬁlm)) forallm=1,2,3, ..M andn =1, 2, 3,...N. The maximum value <N

is the minimum length of training sequences fohe@engue virus serotyy

X" = %Z%ZOX,([’” ... (Equation 3.4)
y" = %Z%:o y(m ... (Equation 3.5)

WhereX,Sm) andY’{™ denote the coordina(x, y) of the mth training sequence fi

each serotype [34].

UnitX representative of Dengue virus serotype1l

UnitX Value

2 4 8 8 10
n{bp) (1043)

(a) UnitX representative of Dengue virus seroty|
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UnitX representative of Dengue virus serotype2
250 T T T T
200
150
-
2
=
2 o
100
S
H
50
-50 t t t t t
2 4 8 g 10
n(bp) (10*3)

(b) UnitX representative of Dengue virus seroty|

UnitX representative of Dengue virus serotype3
60 T T T T
0
20
. °
2 1
g -l
5 o
&0 L
80 I
=100 +
=120 t t t t t
2 4 g 8 10
nibp) (10%3)

(c) UnitX representative of Dengue virus seroty

UnitX representative of Dengue virus serotyped

50 T T T T

50 I
S
2 o0 +
s
E -180 +
H

2200 +

250 +

-300 } t t t t

2 4 6 8 10
n{bp) (10%3)

(d) UnitX representative of Dengue virus seroty|

Figure 3.4 UnitX representative of each Dengue virus serc
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3.2.3 Classification method

UnitX method can be used to automatically assign skrotype to the
unknown Dengue virus sequence. The method to deterengue virus serotype
uses the idea of measuring the similarity amongutilenown Dengue virus sequence
and UnitX template of all four Dengue virus ser@ygpTheir similarity is measured by

correlation coefficients [34]. The classificatioropess can be summarized as follows:
Stepl: Follow Stepl and 2 of section 3.2.2

Step2: Compare the output 6f with the UnitX template’”’ of all four Dengue virus
serotypes by measuring similarity via correlatioef@icients. The unknown sequence

belongs to the serotype that yields the maximumetation coefficient.

3.2.4 Validation of UnitX method to classify all four Dengue virus
serotype

To verify UnitX method, we employ this method tetiiguish complete
nucleotide sequence of all four Dengue virus s@edy The sample sequences are
obtained from GenBank database with keyword “Dengues complete genome”. All
2,184 sequences compose of four serotype eactypgerobntains 952, 737, 405 and
90 sequences, respectively. In this thesis, wenasti the performance of this method

by four-fold cross validation, as shown in Tabl&.3.

Table 3.1 Summary of classification results by UnitX metHad]

Round Number of testing sequences Classification accuracy
1 1636 99.02 %
2 1638 98.72 %
3 1639 98.78 %
4 1639 98.90 %
98.86 %

Note: The number of sample are not identical for eacimddbecausthe data sample in
each serotype is divided into 4 segments for folmd cross validation and in fact it is not
divisible by 4.
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According to Table 3.1, we can obviously see thaitX)J method can be
efficiently used to classify the full genome of [Dee virus [34]. However, this
method has a high computational complexity ananétdd performance in processing
partial sequence. The idea @ApvisT process is to search the best result with less
computational time. In bioinformatics, the Basicchb Alignment Search Tool, or
BLAST, is the existing simplification method to flmm sequence similarity search. It
is the available free software that can be usedutiir the web interface or as
standalone tooleApvist process employs standalone BLAST+ application ¢o d
BLAST search.

3.3 Selection database sear ch program
According to the previous section, BLAST stands fasic Local

Alignment Search Tool. BLAST is the tool that ubesiristics algorithm to search for
similarities between query sequence and all seguencdatabase. By heuristic
algorithm, BLAST provides rapid sequence comparisonis not guaranteed to find
the best alignment between query and database remgpieln the first version of
eApvisT, we start with BLAST because it is faster than #dsting sequence
comparison tools and provide all the answers weereBesides, BLAST can be used

to search more than one sequence at a time.

In this thesis, we employ standalone BLAST+ appiicato generate
BLAST result. Standalone BLAST is the local inséitn of NCBI BLAST suite. The
steps for downloading NCBI BLAST to local computan be found from NCBI ftp
site. The main advantage to run BLAST on your maehs to be able to create your
own BLAST database. To create BLAST database, hedl $equence should be
assembled in one file in Fasta format or Multi-Baftes containing all of the
sequences you would like in the database. Thiswilebe processed using program
from NCBI, “formatdb”, to build index for source database before tlatadase can be

searched by BLAST search command.
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>First sequence description

0.0.0.9,9.9.9,90.9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.4

>Second sequence description

0.0.0.9,9.9.9,90.9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.4

>Last sequence description

0.0.0.9,9.9.9,90.9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.4
XXX XXX

Figure 3.5 Source file in Fasta form, Xs are nucleotide codes (A, T, G or

A sequence in Fasta format begins with one linemgeson, followed by
lines of sequence data. The first character of rqa@gm line is greate-than (>")
symbol. All linesof text should be shorter than 80 characters igttemo facilitate

viewing on screefsee Fig. 3.5

In this thesis, we are focusing o on thenucleotide sequence of Denc
virus. The following“formatdb” command is use to create Dengue virus date

from Fasta file calledAll_Seqs.Fastacontaining all nucleotide sequenc

formatdb -p F -0 T -i All_Seqs.Fasta

After executing formatdb” command, three files will be produced frc
the source Fasta file. For nucleotide, the exterssarenhr, nin andnsg. To perform
BLAST search, we u: BLASTN to find the database sequence related to q!
sequenceFirst put giery sequence in a file called “Query_Sempta’. The we use
“blastn” command to searcfor the nucleotide query. When the BLAST searct
completed, the result is reported in text formdte following example command lii

is used for searafg the input query file:

blastn.exedb“All_Segs.Fasta” -query “Query_Seq.Fdstautfmt 7

-num_descriptions -num_alignments 1 -out “Relt.tx!”
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3.4 Function of eApvisr
eADvisT consists of three main functions: (1) Dengue vsearch engine,
(2) UnitX visualization and analysis and (3) Unitiualization referred to the user

defined references. All of these functions can éscdbed in more detail as below.

3.4.1 Dengue virus sear ch engine

The idea of Dengue virus search engine is to lopatéial matches on
sequence data. This function employs standalone HLAoftware to find the
similarity score among the query sequence and Dergus nucleotide database. The
results of tenth closest match show: (1) descmptibeach database sequence found to
match the query, (2) the start and end positiogarceto database sequence found to
match the query sequence and (3) the graphicahzation via UnitX displayed with
database sequence found to match the query sequédnsdunction requires input in
Fasta format. Once the input is inserted, the @®aesidezADvisT can be summarized
as follows (see Fig 3.6):

Stepl: Call the standalone BLAST+ program to generate BLAutput.

Step2: Extract the essential information from its outp(t) description of each
database sequence found to match the query atlde(#)atched nucleotide at the start
and end positions regard to subject sequence flmuntatch the query sequence.

Step3: Provide matched region among query and subjectiesegs via UnitX, then
send the result to the display unit [35].
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Qucry Scquence in
Fasta Format Standalone BLAST BLAST Output

- |- —

EXE

!

Process BLAST
Output

Tenth Closest Matchamong
Query & Subject Sequence

>

Display Tenth Closest Match among,
Query & Subject Sequence via UnitX

Figure 3.6 Flowchart on the process of Dengue virus searcine

3.4.2 UnitX visualization and analysis

The idea of UnitX visualization and analysis isvisualize and analyz
either partial or full length genomic sequencesisTinction employs standalol
BLAST software to find the similarity score amorgetquery sequence and optir
nucleotide sequenaepresented each serotype. The result providededgription o
optimal nucleotide sequendound to match the query, (2) the start and endtipas
regard to the optimaiucleotide sequen that represents the result of the best m
serotype and (3)the graphical visualization via UnitX displayed itthe
corresponding optimanucleotide sequencerlhis function requires input in Fas
format. Once the input is inserted, the processléreApvist can be summarized

follows (see Fig 3.7):
Stepl: Cal the standalone BLAST+ program to generate BLA&Tpaot

Step2: Extract the essential information from its ou: (1) description of optime
nucleotide sequenc®und to match the query and (2) the start and mositions

regard to the optimaducleotide sequen of best match serotype.

Step3: Provide matched region among query and optnucleotide sequen of best

match serotype via UnitX, then send the resuligpldy uni.
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Query Sequence in
Fasta Format Standalone BLAST BLAST Output

mp [ =)
EXE

!

Process BLAST
Qufput

Best Maich
Serotype

>

Display Optimal Nucleotide Sequence of Best
Maitch Serotype & Query Sequence via UnitX

Figure 3.7 Flowchart on the process UnitX visualization and analys

Furthermore eApvisT can concurrently process multiple queries. In o
to match a matching large number of queries, then@bn is saving the executi
time. The work of running BLAST seéh is done in Batch mode in order to incre
speed of time performance. Accordingly, we empl@ABT in batch mode to sear:
a large number of nucleotide sequences fi For more details about findiroptimal

nucleotide sequence represented each Devirus serotype see in section .

3.4.3 UnitX visualization referred to user defined references

The idea of UnitX visualization referred to userfided reference
preferred user to display the Tabular output frobABT+ application that is sorte
by septype and Subject Id. The results of this funcpoovide: (1) description of eac
database sequence found to match the query, (2n#tehed nucleotide at the st
and end positions regard the subject sequence found to match the query seqt
and @) the graphical visualization via UnitX displayedth the subject sequence
found to match the query sequence. Consequendyntin advantagof this function
is that the usersan definetheir ownreference database. This function requires t
inputs (1) the Tabular outpifrom BLAST+ application, (2juery sequence in Fasta
format and (3)reference sequence in Fasta format. Once the ispuiserted, th

process insideApvisT can be summarized as follows (Fig. 3.8):
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Stepl: Extract the essential information from BLAST+ out) (1) description of each
database sequence found to match the query atigde(B)atched nucleotide at the s

and end positions regard to subject sequence flmuntatch the query sequer
Step2: Sat query sequence by serotype and SubD.

Step3: Provide matched region among query and subjecteseguvia UnitX and the
send the results to tlésplay unit

- ug - %
el

BLAST Qutput Sort by Tpye Display BLAST Result
% Subjectld via UnitX

Figure 3.8 Flowchart on the process UnitX visualization referred to user defin

references

3.5 Creating the optimal nucleotide sequence to represent each

Dengue virus serotype

One objective of this thesis is to find one repnéstive nucleotid
sequence for each Dengue virus serotype. Genethlysame group of organisi
should have similar patterns of biological sequerSince the sequens are not
perfectly aligned,we camnot directly make the template by aligning the ve
sequence.Therefore, we apply multiple sequence alignmentfital sequenc
similarity that may be widely dispersed or hiddernthe sequenc In this thesis, we
random ondenth of each serotype, thenoduce multiple sequence alignment
ClustalW (see section 2.. The step to find the optimal representative @he2engue

virus serotype is as follow
Stepl: Random ongenth of each serotype to align using Clust.
Step2: Find the most frequently value of each nucleotideach positic.

Step3: Convert the most frequently value of each serotgpgnitX representati.
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Optimal sequence alignment of Dengue virus serotype1 via UnitX
200 T T T
180 +
100 ¥
H
2 =0 I
s
S
H
50 1
00 +
-150 t t t t t
2 4 6 g 10
n(bp) (10*3)

(a) Optimal sequence alignment of Dengue virus serolypi@ UnitX

Optimal sequence alignment of Dengue virus serotype2 via UnitX

UnitX Value

2 4 & 8 10
n(bp) (1043)

(b) Optimal sequence aligrent of Dengue virus serotype 2 via Ur

Optimal sequence alignment of Dengue virus serotype3 via UnitX

UnitX Value

2 4 & 8 10
n(bp) (1043)

(c) Optimal sequence alignment of Dengue virus seraBypi@ UnitX
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Optimal sequence alignment of Dengue virus serotyped via UnitX

UnitX Value

2 4 8 8 10
n{bp) (1043)

(d) Optimal sequence alignment of Dengue virus serofypi@a Unitx

Figure 3.9 Optimal sequence alignment of each Dengue virust\gas via Unit>

Figs. 3.9illustrate theoptimal sequence alignment of each Dengue \
serotype via UnitX.To verify the optimal sequence alignment createdniwjtiple
sequence alignment technique, employ these sequences as database seque
standaloneBLAST+ application. After thi BLAST search is performed to assi
serotype to the unknown Dengue virus sequencdisrekperiment, all 2,184 samj
sequences compose of four serotypes each pe contains 952, 737, 405 and
sequences, respective We employ 10% of each serotype to create the op
nucleotide represented each serot According to Table 3.2, we can conclude f

this technique is able to classify all four Dengues serotypes with a high accura

Table 3.2 Summary of classification results by multiple satesalignment techniq

Round Number of sample sequences Classification accuracy
1 856 100 %
2 663 100 %
3 364 100 %
4 81 100 %

100 %
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CHAPTER IV
RESULTS

In the previous chapter, we introduced the propcesdaivare eApvis7. We
know thateApvist consists of three main functions: (1) Dengue vsearch engine,
(2) UnitX visualization and analysis and (3) Unit¥ualization referred to the user
defined references. This chapter aim to describerébult of these functions. Firstly,
we introduce the main interface eaApvis7. Then, we illustrate the result obtained
from each function.

eApvist interface are implemented in C# programming laggsawith
.Net Framework. It combines standalone BLAST+ agpion so that it can
automatically perform BLAST search. The nucleotglEguence database includes
Dengue virus sequences available in GenBank daabasordingly,eApvist is good
for local user on a standalone computer.

Fig. 4.1 shows the front page eApvist. The main menu oBADviST
consists of three buttons: (1) “Analyze”, (2) “SdarEngine” and (3) “UnitX
Visualization”. The user can access the desiredtiom by pressing a corresponding

button on the left hand side.
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CADViST™"

\ Classification and Analysis of Dengue Virus Serctype by Visualization Tool, or
CADWVIST, is a visualization tool that can simultaneously visualize nuclectide
sequence of Dengue virus. In bioinformatics, the Basic local Alignment Search Tool,

or BLAST, is one of the most widely used tools for sequence similarity search
oq'\i‘ Sequence glignment technique is the way to arrange bo'ogical sequence (o identify =
regions of similarity between the sequences. This research combines the merit of
both BLAST and sequence alignment algorthm 1o identify regions of simiarity
between the sequences. The UnitX, projection veator (UnitX, vecter) is employed as
the altemative tool to visuglize and interprel the result obtained from BLAST.

UnitX is a graphical representation that .
represented the distrbution of amino/keto

2 c bases alang the sequence on twe quadrants
of the Cartesian ccordinate system. The first lw,a, i
1 N quadrant represents the amount of amina (C Unigy Y

and A) while the fourth quadrant represents
amount of keta (T and G) The unit vectors
represent four nuckeotides, i e, adenines (A),
guanine (G), thymina (T), and eytosina (C), are
demonstrated as follows

A=(11) C=(1,2)
T-(1,-1) G-(1.-2)

Figure 4.1 eApvist maininterface

4.1 Result of Dengue virus sear ch engine

As an example, we emplceApvist to process the partial sequence
GQ199895 Dengue virus 2 isolate DE-2/NI/BID-V2683/1999.The input is copied
and put into the blank space (see F2). According toeApvisT process, the result h
two parts. The first part gives the information abquery sequence. The second |
shows the details of tenth closest match. Accordingig. 43, the first part report
one line description and UnitX rresentative of partial sequence from GQ19¢
Dengue virus 2 isolate DEM2/NI/BID-V2683/1999, complete genome037 — 5067
base position (3031etters) and the second part shows the detailshef first
(GQ19989% and seconcFJ850065) highest scores nted sequenceetc.
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@ CADYiST

> Analyze

earch Engine

> UnilX Visualization

»> Refersnce

CADViIST

earch and Devel

Enter or paste query sequence n FASTA format

ATTGAACCATCATGGGCAGATGTCAAGAAAGAGCTAATATCATA
TGGAGGACGGCTGGAAGCTAGAAGCAG
AATGGAAGGAAGGAGAGGAAG T CCAAGTCCTCGGCATTGGAAC
CTGGAMAAATCCAAGAGCCGTCCAAAC

GAAACCTGGAATTT TCAAAACCAACACCGGAACCATAGGCGCC
GTATCTCTGCACTTTTCCCCTGGAACG
ICACGAICICCAAT 1G] CGACAGAAAAGGAARAG
TTTACGGTAATGGTGTTGTCACAAGGA
GTGGAGCATATGTAAGTGCTATAGCCCAGACCGAAAAAAGCAT
TGAAGACAATCCAGAGATCGAAGAAGA
CATTTTCCGAAAGAAAGATT GACCAT]

15 CGGEIC

Upload Tile:

AT

By
Alig ST
gnme '

Figure 4.2 “Dengue vi

rus search eng’ interface

O L

Faculty of Medldne

» Overview

> Analyze

»» Search Engine

> UnitX Visualization

»> Reflerence

CADVIST

™

Query sequence”  |Inkrown Sequencs

60 T T T T

Unit) Velue
oo

0 500 000 500 2000 2600 a00¢ 2300

1. Subjeci sequence:

Start positicn of query secuence: |

Start positicn of subject sequencs:

End position of query sequence:

End position of subject sequence:

3031

Cuer =

Figure 4.3 Example result a“Dengue virus search engingiterface

Results / 52
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1. Subject sequence:

GQ199895

Dengue virus 2 isolate DENV-

2/NI/BID-V2683/1999, complete genome

Start position of query sequence:

1

End position of query sequence:

3031

Start position of subject sequence:

2037

End position of subject sequence:

[T

Subj

UnitX Value
@
a

2
8

4 5
nibp) (10°3)

(@

2. Subject sequence:

Start position of query sequence: 1

Start position of subject sequence: 2027

FJ850065 Dengue virus 2 isolate DENV-2/NI/BID-V2664/2000, complete genome

End position of query sequence:

End position of subject sequence:

3031

5067

Tue

Subj

300 1

200 +

UnitX Value

100

4 6
nibp) (1042)

(b)
Figure 4.4 (a) The first (GQ199895) and (b) second (FJ850065) siglseore:

matched sequences

Sequences producing significant alignments:
Accession Description

50199895.1 Dengue virus 2 isolate DENV-2/NI/BID-V2683/1999, complete geno
F1850065.1 Dengue virus 2 isolate DENV-2/NI/BID-V2664/2000, complete geno
F1850117.1 Dengue virus 2 isolate DENV-2/NI/BID-V2657/2000, complete geno
F1850119.1 Dengue virus 2 isolate DENV-2/NI/BID-V2662/2000, complete geno
Fl398477.1 Dengue virus 2 isolate DENV-2/NI/BID-V2323/2000, complete geno
F1850064.1 Dengue virus 2 isolate DENV-2/NI/BID-V2663/2000, complete geno
50199898.1 Dengue virus 2 isolate DENV-2/NI/BID-V3076/2001, complete geno
F1850061.1 Dengue virus 2 isolate DENV-2/NI/BID-V2346/2000, complete geno
50199893.1 Dengue virus 2 isolate DENV-2/MX/BID-V2954/2002, complete gent
GQ1935857.1 Dengue virus 2 isolate DENV-2/NI/BID-V2675/2002, complete geno
Fl393478.1 Dengue virus 2 isolate DENV-2/NI/BID-V2324/2000, complete geno
F1873808.1 Dengue virus 2 isolate DENV-2/NI/BID-V2666/2000, complete geno
F1850060.1 Dengue virus 2 isolate DENV-2/NI/BID-V2344/2000, complete geno
F1744705.1 Dengue virus 2 isolate DENV-2/NI/BID-V2363/2000, complete geno
E17 2.1 Dengue virus 2 isolate DENV-2/NI/BID-V2362/2000, complete geno

Figure 4.5 Oneline descriptiorfrom NCBI BLAST webpage
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According to the one line descriptions of each loate sequence that
found to match the query sequence obtained from ING@@nepage, the first and
second highest scores matched sequences is GQ188896J850065, respectively
(see Fig 4.5). The first and second highest saoma &ApvisT analysis (see Figs 4.4)
shows the same as the first and second higheshathtequence of NCBI analysis.

By employing the essential information from BLASEsult, eADvisT
provides an extensive picture of the results fottier analysis. This also provides very
useful information for sequence contamination clregk

4.2 Result of UnitX visualization and analysis

This function is capable of predicting serotypeD&ngue virus in both
partial and full lengths of query sequence. As gangle, we employeApvist to
process the partial sequence of GQ199895 Dengus firisolate DENV-2/NI/BID-
V2683/1999. From the description, we know that gusequence is Dengue virus
serotype 2. Once the input is copied and put imdolank space (see Fig 4.8Apvist
calls standalone BLAST to generate BLAST outputerfhit returns the similarity
score among the query sequence and optimal libepgesented each serotype. By
employing the essential information from BLAST auitpeApvist provides (1)
description of the optimal library found to matdietquery, (2) the start and end
positions regard to the optimal library represertedresult of the best match serotype
and (3) the graphical visualization via UnitX diyped with the corresponding optimal
library. As expected, the optimal library found neatch the query is the optimal
library of Dengue virus serotype 2 (see Fig 4.Artikermore, this function can
simultaneously process multiple queries. Therefibre, benefit of this function is that

the user can simultaneously compare multiple sexmpsen
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Figure 4.6 “UnitX visualization and analy<” interface

@ CADVIST

» Overview

> Analyze
Best

» Search Engine

>> UnitX Visualization

Query sequence:

match library:

Start position of query sequence: 1

Start position of best match library:

Unknown Sequence

CADVIST™

arch and Development,

ring, Mahidol University

End position of query sequence: 3031

End position of best match library:

»> Reference

UnitX Value

L]
nibp) {1043)

Figure 4.7 Example result o*UnitX sequence visualization and anal” interface
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4.3 Results of UnitX visualization referred to the user defined
refer ences

This function is used to display the tabular outgtdm BLAST+
application that users can define their own refegesequence. The user must provide
three inputs to the system: (1) the tabular outporh BLAST+ application (2) - (3)
guery and database in Fasta file format. To explanresults of this function, all 100
guery samples constructed by combining twenty sexpgewith different lengths.

In this section, we first explain the way to credi@bular output from
BLAST+ application. This example assumes that sampkery sequence contained in
a file called “Query_Seq.fasta” and BLAST databasiag the name “All_Seqs.fasta”.
The results are the output as the file called “BIAResult.txt”. The step to create

Tabular output file can be summarized as follow:

Stepl: Use the following command to create BLAST searataldase,

formatdb -p F -0 T -i All_Seqs.fasta

Step2: Perform BLAST search by the command below. WhenBhAST search is

completed, the result is reported in Tabular format

blastn.exe -db All_Seqgs.fasta -query Query_Seda.fasitfmt 7
-num_descriptions 1 -num_alignments 1 -out BLAS&st.txt

Once three inputs are put into the blank space ksge4.8), eADvisT
returns the result from Tabular output file by saytboth serotype and Subject ID (see
Fig. 4.9).
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Upload BLAST Search Result, Reference and Quesy Sequences

Uipioad BLAST Search Result ("0d).  CiTnesiSBLAST_Resuitod  ° &3

Figure 4.8 “UnitX visualization referred to the user defined references” interface

? Page: 1

» Analyze |8 Guery sequence

#» Search Engine Helerence sequence
Start position of quary sequancs End position of query Sequance:
>» UnitX Visualization Start position of relerence sequence. End position of relerence sequence.

2, Query sequence:

Reference sequence

H Start position of auery seauence End position of guery seauence. = |

Figure 4.9 Example result of “UnitX visualization referred to the user defined

references” interface

Table 4.1 illustrates the essential information to explain the result of this
function. This table contains eight columns. Column one to five is the information of
Tabular output from a file named “BLAST_Result.txt” and the last column is serotype
of database sequence found to match query sequence from a file named
“All_Segs.fasta”. The first column contains the ordinal number of that sequence in the

query sequence file from a file named “Query_Seq.fasta”. The second column contains
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the name of query sequence. The third column contains the name of database sequence
found to match the query sequence. Columns four and five contain the start and end
position of query sequence. Columns six and seven contain the start and end position

of database sequence.

Table 4.1 Example data explained the result of “UnitX visualization referred to the

user defined references” function

Index Query ID Subject ID Q.Start Q.End S.Start S.End Serotype
1 FJ226067_1 FJ226067 1 4039 1 4039 4
2 GQ868585 1 GQ868585 1 3505 7102 10606 4
3 GQ868594 1 (GQB868594 1 3071 4049 7119 4
4 FJ882598 1  FJ882598 1 10606 1 10606 4
5 EU854299 1 EU854299 1 10606 1 10606 4
6 DQ863638 1 DQ863638 1 10659 1 10659 3
7 GQ868578_ 1 GQB868578 1 10659 1 10659 3
8 GQ252674 1 GQ252674 1 6594 4089 10682 3
9 FN429918 1 FN429918 1 4075 3065 7139 3

10 FJ390371_1 FJ390371 1 502 10147 10648 3
11  GQ868604_1 GQ868604 1 1010 1 1010 2
12 FJ226066_1 FJ226066 1 1010 5054 6063 2
13 FN429891 1 FN429891 1 106 8095 8200 2
14 AB479042_1 AB479042 1 2066 5053 7118 2
15  EU482639 1 EU482639 1 9600 1080 10679 2
16  FJ469908 1  FJ469908 1 3068 4085 7152 1
17  EF025110 1 EF025110 1 1010 1 1010 1
18 GQ868539 1 GQ868539 1 552 10112 10663 1
19  FJ410205_ 1 FJ410205 1 5616 5061 10676 1
20 EU482481 1 EU482481 1 591 10100 10690 1
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Index Query ID Subject ID Q.Start Q.End SStart SEnd Serotype
21 FJ226067_2 FJ226067 1 1043 8102 9144 4
22 GQ868585 2 GQB868585 1 1010 1 1010 4
23 GQ868594 2 GQB868594 1 503 10105 10607 4
24 FJ882598 2  FJ882598 1 3047 1 3047 4
25 EU854299 2 EUB854299 1 1017 1018 2034 4
26 DQ863638 2 DQ863638 1 2019 2024 4042 3
27 GQ868578 2 GQB868578 1 3028 2026 5053 3
28 GQ252674 2 GQ252674 1 2019 3033 5051 3
29 FN429918 2 FN429918 1 2025 4105 6129 3
30 FJ390371_2 FJ390371 1 4586 6063 10648 3
31 GQ868604 2 GQB868604 1 3029 1015 4043 2
32 FJ226066_2 FJ226066 1 3029 1019 4047 2
33 FN429891 2 FN429891 1 1020 5057 6076 2
34 AB479042_2 AB479042 1 3056 3045 6100 2
35 EU482639 2 EU482639 1 1038 5096 6133 2
36 FJ469908 2 FJ469908 1 5585 5058 10642 1
37 EF025110 2 EF025110 1 1033 6072 7104 1
38 GQ868539 2 GQ868539 1 3540 7124 10663 1
39 FJ410205_2 FJ410205 1 2542 8135 10676 1
40 EU482481 2 EU482481 1 4605 6086 10690 1




Boonyarat Viriyasaksathian Results / 60

Index Query ID Subject ID Q.Start Q.End SStart SEnd Serotype

41  FJ226067_3 FJ226067 4
42  GQB868585_3 Q868585 4
43  GQB868594_3 GQB868594 4
44  FJ882598 3 FJ882598 4
45  EU854299 3 EU854299 4
46 DQ863638_3 DQ863638 3
47  GQB868578_3 (GQ868578 3
48  GQ252674_3 GQ252674 6638 4045 10682 3
49  FN429918_3 FN429918 2023 5124 7146 3
50 FJ390371_3 FJ390371 2565 8084 10648 3
2
2
2
2
2
1
1
1
1
1

1 2020 1 2020
1

1
1

1

1

1

1

1
1

51 GQ868604_3 GQB868604 1 3029 4042 7070

1

1

1

1
1

1

1
1

1

2031 4103 6133
3478 7130 10607
1010 1 1010
1027 5090 6116
2020 2026 4045
10585 75 10659

52 FJ226066_3 FJ226066 2032 5052 7083
53  FN429891_3 FN429891 6660 4064 10723
54  AB479042_3 AB479042 10579 69 10647
55  EU482639_3 EU482639 1067 2076 3142
56  FJ469908_3 FJ469908 103 6102 6204
57 EF025110_3 EF025110 1014 1014 2027
58 GQ868539_3 GQ868539 9632 1032 10663
59  FJ410205_3 FJ410205 3029 1 3029
60 EU482481_3 EU482481 5566 5125 10690
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Index Query ID Subject ID Q.Start Q.End SStart SEnd Serotype
61 FJ226067_4 FJ226067 1 6555 4052 10606 4
62 GQ868585 4 GQB868585 1 1012 1013 2024 4
63 GQB868594 4 GQB868594 1 2020 1 2020 4
64 FJ882598 4 FJ882598 1 1010 1011 2020 4
65 EU854299 4 EU854299 1 2019 2023 4041 4
66 DQ863638_4 DQ863638 1 3045 2061 5105 3
67 GQ868578 4 GQ868578 1 1015 1018 2032 3
68 GQ252674_ 4 GQ252674 1 1009 4041 5049 3
69 FN429918 4 FN429918 1 10706 1 10706 3
70 FJ390371_4 FJ390371 1 9587 1062 10648 3
71  GQ868604 4 GQ868604 1 10679 1 10679 2
72  FJ226066_4 FJ226066 1 2019 4129 6147 2
73  FN429891 4 FN429891 1 10723 1 10723 2
74  AB479042_4 AB479042 1 10647 1 10647 2
75 EU482639_4 EU482639 1 1031 4126 5156 2
76  FJ469908_4  FJ469908 1 10642 1 10642 1
77 EF025110 4 EF025110 1 1010 1 1010 1
78 GQ868539 4 GQ868539 1 10663 1 10663 1
79 FJ410205_4 FJ410205 1 10676 1 10676 1
80 EU482481_4 EU482481 1 1046 4113 5158 1
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Index Query ID Subject ID Q.Start Q.End SStart SEnd Serotype

81 FJ226067_5 FJ226067
82 GQ868585_5 GQB868585
83 GQB868594 5 GQB868594
84  FJ882598_5 FJ882598
85 EU854299 5 EU854299 4
86 DQ863638_5 DQ863638 3
87 GQ868578_5 GQB868578 3
88 GQ252674 5 GQ252674 7616 3067 10682 3
89  FN429918 5 FN429918 8678 2029 10706 3
3
2
2
2

3041 5059 8099 4
3041 5059 8099 4
2526 8082 10607 4
2019 2023 4041 4
2113 1 2113
5640 5068 10707
5108 1 5108

1

1

1

1

1

1

1

1

1

90 FJ390371_5 FJ390371 1 4123 1 4123
91 GQ868604_5 GQB868604 1 5560 5120 10679
92 FJ226066_5 FJ226066 1 531 10154 10684

93 FN429891 5 FN429891 1 1630 9094 10723

94  AB479042_5 AB479042 1 2025 5053 7077 2
95 EU482639_5 EU482639 1 1091 1 1091 2
96 FJ469908_5 FJ469908 1
97 EF025110_5 EF025110 1
98 GQ868539_5 GQ868539 1
99 FJ410205_5 FJ410205 1
100 EU482481_5 EU482481 1

2562 8081 10642 1
633 10103 10735 1
2019 4043 6061 1
1010 5051 6060 1
3619 7072 10690 1

Table 4.2 illustrates the result of this functi@ach row in Table 4.2 is
grouped by both serotype (Column 8) and the nameatdbase sequence found to
match query sequence (Column 3), respectively.rAexample, the fields in the first
fifty rows are grouped by serotypes 1 and 2, respayg. Each serotype is grouped by
the name of database sequence. The first twengyrfiws is a group of Dengue virus
serotype 1. Each row is grouped by the name ofbdata sequence: EF025110,
EU482481, FJ410205, FJ469908 and GQ868539, regplcti



Fac. of Grad. Studies, Mahidol Univ. M. EngidqBedical Engineering) / 63

Table 4.2 Result of query sequence sorted by both serotypgelatabase sequence

Index Query ID Subject ID Q.Start Q.End SStart SEnd Serotype

17 EF025110_1 EFO025110
37 EF025110_2 EF025110
57 EF025110_3 EF025110
77 EF025110_4 EF025110
97 EF025110_5 EF025110
20 EU482481_1 EU482481
40 EU482481_2 EU482481
60 EU482481_3 EU482481
80 EU482481_4 EU482481
100 EU482481_5 EU482481
19 FJ410205_1 FJ410205 5616 5061 10676
39 FJ410205_2 FJ410205 2542 8135 10676

1 1010 1 1010 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
59  FJ410205_3 FJ410205 1 3029 1 3029 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

1033 6072 7104
1014 1014 2027
1010 1 1010
633 10103 10735
591 10100 10690
4605 6086 10690
5566 5125 10690
1046 4113 5158
3619 7072 10690

79  FJ410205_4 FJ410205 10676 1 10676
99 FJ410205_5 FJ410205 1010 5051 6060
16  FJ469908_1 FJ469908 3068 4085 7152
36 FJ469908_2 FJ469908 5585 5058 10642
56  FJ469908_3 FJ469908 103 6102 6204
76 FJ469908_4 FJ469908 10642 1 10642
96 FJ469908_5 FJ469908 2562 8081 10642
18 GQ868539_1 GQ868539 552 10112 10663
38 GQ868539 2 GQB868539 3540 7124 10663
58 GQ868539_3 GQB868539 9632 1032 10663
78  GQB868539 4 GQB868539 10663 1 10663
98 GQ868539_5 GQ868539 2019 4043 6061
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Index Query ID Subject ID Q.Start Q.End SStart SEnd Serotype

14  AB479042_1 AB479042
34 AB479042_2 AB479042
54  AB479042_3 AB479042
74  AB479042_4 AB479042
94  AB479042_5 AB479042
15 EU482639_1 EU482639
35 EU482639_2 EU482639
55  EU482639_3 EU482639
75  EU482639_4 EU482639
95 EU482639_5 EU482639

2066 5053 7118 2
3056 3045 6100 2
10579 69 10647 2
10647 1 10647 2
2025 5053 7077 2
9600 1080 10679 2
1038 5096 6133 2
1067 2076 3142 2
1031 4126 5156 2
1091 1 1091 2

1
1
1
1
1
1
1
1
1
1
1
1
52 FJ226066_3 FJ226066 1 2032 5052 7083
1
1
1
1
1
1
1
1
1
1
1
1

12 FJ226066_1 FJ226066 1010 5054 6063 2
32 FJ226066_2 FJ226066 3029 1019 4047 2

2
72  FJ226066_4 FJ226066 2019 4129 6147 2
92 FJ226066_5 FJ226066 531 10154 10684 2
13 FN429891_1 FN429891 106 8095 8200 2
33  FN429891 2 FN429891 1020 5057 6076 2
53  FN429891_3 FN429891 6660 4064 10723 2
73  FN429891_4 FN429891 10723 1 10723 2
93  FN429891_5 FN429891 1630 9094 10723 2
11 GQ868604_1 GQB868604 1010 1 1010 2
31 GQ868604_2 GQB868604 3029 1015 4043 2
51 GQ868604_3 GQB868604 3029 4042 7070 2
71  GQ868604_4 GQB868604 10679 1 10679 2
91 GQ868604_5 GQB868604 5560 5120 10679 2
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Index Query ID Subject ID Q.Start Q.End SStart SEnd Serotype
6 DQ863638_1 DQ863638 1 3240 4081 7320 3
26 DQ863638_2 DQ863638 1 2019 2024 4042 3
46 DQ863638_3 DQ863638 1 2020 2026 4045 3
66 DQ863638_4 DQ863638 1 3045 2061 5105 3
86 DQ863638_5 DQ863638 1 5640 5068 10707 3
10 FJ390371_1 FJ390371 1 502 10147 10648 3
30 FJ390371_2 FJ390371 1 4586 6063 10648 3
50 FJ390371_3 FJ390371 1 2565 8084 10648 3
70 FJ390371_4 FJ390371 1 9587 1062 10648 3
90 FJ390371_5 FJ390371 1 4123 1 4123 3
9 FN429918 1 FN429918 1 4075 3065 7139 3
29 FN429918 2 FN429918 1 2025 4105 6129 3
49 FN429918 3 FN429918 1 2023 5124 7146 3
69 FN429918 4 FN429918 1 10706 1 10706 3
89 FN429918 5 FN429918 1 8678 2029 10706 3
8 GQ252674 1 GQ252674 1 6594 4089 10682 3
28 GQ252674 2 GQ252674 1 2019 3033 5051 3
48 GQ252674_3 GQ252674 1 6638 4045 10682 3
68 GQ252674 4 GQ252674 1 1009 4041 5049 3
88 GQ252674 5 GQ252674 1 7616 3067 10682 3
7 GQ868578_1 GQB868578 1 10659 1 10659 3
27 GQ868578_2 GQ868578 1 3028 2026 5053 3
47  GQ868578_3 GQB868578 1 10585 75 10659 3
67 GQ868578_4 GQ868578 1 1015 1018 2032 3
87 GQ868578 5 GQ868578 1 5108 1 5108 3
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Index Query ID Subject ID Q.Start Q.End SStart SEnd Serotype
5 EU854299 1 EU854299 1 10606 1 10606 4
25 EU854299 2 EU854299 1 1017 1018 2034 4
45 EU854299 3 EU854299 1 1027 5090 6116 4
65 EU854299 4 EU854299 1 2019 2023 4041 4
85 EU854299 5 EU854299 1 2113 1 2113 4
1 FJ226067_1 FJ226067 1 4039 1 4039 4
21 FJ226067_2 FJ226067 1 1043 8102 9144 4
41 FJ226067_3 FJ226067 1 2020 1 2020 4
61 FJ226067_4 FJ226067 1 6555 4052 10606 4
81 FJ226067_5 FJ226067 1 10539 68 10606 4
4 FJ882598_1  FJ882598 1 10606 1 10606 4
24  FJ882598_2  FJ882598 1 3047 1 3047 4
44  FJ882598 3 FJ882598 1 1010 1 1010 4
64 FJ882598 4 FJ882598 1 1010 1011 2020 4
84 FJ882598_5 FJ882598 1 2019 2023 4041 4
2 GQ868585_ 1 GQB868585 1 3505 7102 10606 4
22 GQ868585 2 GQ868585 1 1010 1 1010 4
42  GQB868585 3 GQ868585 1 2031 4103 6133 4
62 (GQ868585 4 GQ868585 1 1012 1013 2024 4
82 GQ868585 5 GQ868585 1 3041 5059 8099 4
3 GQ868594 1 GQB868594 1 3071 4049 7119 4
23 GQ868594 2 GQ868594 1 503 10105 10607 4
43 GQB868594_3 (GQ868594 1 3478 7130 10607 4
63 GQ868594 4 (GQ868594 1 2020 1 2020 4
83 (GQ868594 5 GQ868594 1 2526 8082 10607 4
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CHAPTER V
DISCUSSION

5.1 Comparison of UnitX representative with Yau’'s methal

Fig. 5.1 (a) isthe unit vector uesdo represent forletter alphabet
(nucleotides A, Y, C and ( proposed by Yau et al [L4The idea of Yau’s method
to convert nucleotide sequence to a sequence ' By comparing with exting
visualization tool in the literatur Yau's method providean extensive picture of th
data and has low computational comple: By these meritwe proposea more
suitable representatiisee Fig. 5.1 (b))o represent nucleotide sequence of Der

virus, called UnitX.

(a) (b)
Figure 5.1(a) The unit vector designed by Yau (b) The ungteeof UnitX

The following (see Figs. 5.2 and 5.3)representativef all four serotype
of Dengue virusFigs. 5.: (a)-(d) show Yau'sepresentative of four Dengue vit
serotypes. The x and y axes of the graph corresptmthe cumulative amount «

pyrimidine and purine bas (a measurement value).



Boonyarat Viriyasaksathii Discussion / 68

Yau representative of ABOTAT60
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Yau representative of NC_002640

Yau Value

Figure 5.2 Yau representative four Dengue virus serotypes:
(a) DENV-1: AB074760, (b) DENV-2: AF169679,
(c) DENV-3: FJ373302 and (d) DENV-4: NC_002640

Figs. 5.3 (a)-(d) show UnitX representative of four Dengue vi
serotypes. The =axis of the graph corresponds to the base pairtiposalong
nucleotide sequence and th-axis corresponds to the cumulative amount of ar

and keto bases (a measurement ve

UnitX representative of AB0T4760

UnitX Value

o
n(bp) (1043)
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UnitX representative of AF169679
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Figure 5.3UnitX representative of four Dengue virus seros:
(a) DENV-1: AB074760, (b) DENV-2: AF169679,
(c) DENV-3: FJ373302 and (d) DENV-4: NC_002640
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According to Figs 5.2 and 5.3, it is clear that Yaunethod is difficult to
visually distinguish all serotypes of Dengue VIr{PENV-1 to DENV-4).
Furthermore, the data plotted on the x-axis aretm®integer numbers (i.e. values on
the x-axis are not directly equal to the numbeades) so that the result is difficult to
interpret compared to the convention base-by-bassch(e.g. BLAST). By using
UnitX representative, we can visually distinguisif@ur Dengue virus serotypes. As a
result, UnitX is a well designed representativevisualization nucleotide sequence of

Dengue virus.

5.2 Comparison of the optimal library created by UntX method and

multiple sequence alignmentechnique
In this section, we aim to discuss the optimal digr created by the

proposed UnitX representation and the multiple eaga alignment technique. In this
experiment, we use 2,184 sample sequences ofwalldengue virus serotypes each
serotype contains 952, 737, 405 and 90 sequeregseatively. According to Tables
3.1 and 3.2, the ability to classify all four sgqmts of Dengue virus of UnitX method
is 98.86 % and multiple sequence alignment tectniqul00 %. In this thesis, the
optimal library represented each serotype is cdebiemultiple sequence alignment

technique. There are two major reasons to use preikequence alignment technique:

(1) The optimal library created by this technique Hlesuhigh accuracy and reliability

because of using ten percent of each serotypedioing.

(2) This technique is extension of pairwise alignmintncorporate more than two

sequences at a time.

5.3 Discussion oreADvist

In bioinformatics, there are numerous tools forusgge analysis. The idea
of this thesis is to take the advantage of the umigbility of visual perception to
detect meaningful patterns that may otherwise rerigiden. The goal of this thesis is
database searching and identification of homolégy.database search tool, both time

and accuracy are necessary to get the best quabtyts. Basic Local Alignment
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Search Tool (BLAST) is one of the most widely ugedls for sequence similarity
search due to its speed and reasonable accuraepah performance. BLAST can be
used via web interface or as a standalone tool.itBymerit, this thesis employs
standalone BLAST+ application to perform BLAST s#arthe essential information
from BLAST results as an input for further analydis this thesis, we employ this
information to propose the software, call@hpvisz, to visualize and analyze
nucleotide sequence of Dengue vir@apvist consists of three main functions: (1)
Dengue virus search engine, (2) UnitX visualizateamd analysis and (3) UnitX
visualization referred to the user defined refeesncrhe merit of each function is

described in more detail below.

5.3.1 Discussion on Dengue virus search engine

Dengue virus search engine is used to perform Isoallarity search
engine. This function employs the results in tekfoemat from BLAST+ application
to provide a simplified method of sequence sintyasearch between query sequence
and sequence in database. After that UnitX is eygolato represent the result of
BLAST in graphic form. Using standalone BLAST+ dpation, this function can
perform database search without the cost or trginim other word, this function of

CADvYisT IS a visualization tool to aid the interpretatmBLAST search results.

5.3.2 Discussion on UnitX visualization and analysi

UnitX visualization and analysis is used to autooadly assign the
serotype to the unknown Dengue virus sequence. ifilba of this function is
construction the optimal sequence alignment reptedeesach Dengue virus serotype.
BLAST is a simplified method of sequence similaggarch between query sequence
and sequence in database. In standalone mode, Blif\@ble to create your own
BLAST database. By its merit, we employ standalBh&ST+ application to find the
best match between the unknown Dengue virus sequamd the optimal sequence
alignment represented each Dengue virus serotype. database sequence of this
function is the optimal sequence alignment reprieserach Dengue virus serotype.
After that, this function employs UnitX to represéime result of BLAST+ application

in graphic form so that this function provides mgie way to visualize and analyze
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the unknown Dengue virus sequence. In other wdiid,ftinction ofeApvist employ
standalone BLAST+ application as a tool to prediet serotype of the unknown
Dengue virus sequence. Using the optimal sequdigpereent as database sequences,
this function provides the result in high accuraaog reliability.

5.3.3 Discussion on UnitX visualization referred tdhe user defined
references

UnitX visualization referred to the user defineferences used to display
the results in textual format from BLAST+ applicati This function requires three
components: (1) the result in “Tabular” format frddbAST+ application, (2) - (3)
guery and database sequences. The merit of thisidans users can select their own
sequence database so that user can compare samhleslesired reference sequence.
This function employs UnitX to create the BLAST ults in a graphical form. By
employing UnitX, this function is useful for uses get a quick overview of search
results. According to web interface for BLAST at BIC graphical overview of
BLAST results (see Fig. 2.29) are rarely completscdptors because of a limited
space to display information and tends to packlteguto a small visible area. In other
word, this function ofeApvist provides a clear picture to aid the interpretatodn
BLAST search results.
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CHAPTER VI
CONCLUSIONSAND FUTURE DIRECTIONS

6.1 Conclusions

This thesis presents the prototype software, called eApvist, to visuaize
and analyze nucleotide sequence of Dengue virus. eADvisT extract the essential
information from BLAST output to visualize and anayze via graphic display. eADvisT
consists of three main functions: (1) Dengue virus search engine, (2) UnitX
visualization and analysis and (3) UnitX visualization referred to the user defined
references. First, we have presented Dengue virus search engine tool to locate partial
matches on sequence data. Second, we have presented visualization and analysis tool
for nucleotide sequence of Dengue virus. Finally, we have proposed visualization tool
to display the Tabular output from BLAST+ application that the user can define their
reference database. The result of this function is sorted by both serotype and database
sequence found to match query sequence. All of these function display nucleotide
sequence of Dengue virus with the proposed representative, called UntiX. eADvisT is
readily useful for all research areas that require BLAST functions. One advantage is to
provide an extensive picture of the results by viewing in a computer screen, regardless
of how long these sequences are. Besides, many options in eADvis7 can also benefit
the bioinformatics experts, e.g. save, print, show the raw numeric values on the graph,
and report in Microsoft Office Excel 2007 file format. With the .net framework of C#,
eADvisT can be easily modified to include more open source or in house devel oped

mathematical modeling, while maintaining the user friendly GUI.
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6.2 Futuredirections
CADViST S prototype software that suitable for visualization and analysis
nucleotide sequence of Dengue virus. In order to improve eADpvis7, the major future

directions can be listed as follows:

(1) In this thesis, we designed and implemented eApvist using C# programming
language. C# is Modern Object-Oriented Programming language that makes it easier
to create multithreaded code. In term of efficiency, it would be interesting to

implement eADvisT using multithreaded programming.

(2) eApvist can be employed to enhance epidemiology as Fig. 6.1. The present version
of eADpvist is developed for a standalone computer. We plan to develop eApvist as
web interface for joining and changing epidemic data between countries. Besides that
¢ADvisT can aso be used as the part of Dengue virus rea-time monitoring to analyze
and inform the tendency of Dengue virus in each area. Genetic data is illustrated

through eADpvisT so that sending serum sample is not necessary.

Figure 6.1 The future idea of eADvisT in web-based interface
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>GQ199895 Dengue virus 2 isolate DENV-2/NI/BID-V388999, complete genome
ACAAAGACAGATTCTTTGAGGGAGCTAAGCTCAACGTAGTTCTAACAGTTTITAATTA
GAGAGCAGATCTCTGATGAATAACCAACGGAAAAAGGCGAGAAGTACGCCTITCAAT
ATGCTGAAACGCGAGAGAAACCGCGTGTCAACTGTGCAACAGCTGACAAARGATTC
TCACTTGGAATGCTGCAAGGACGCGGACCATTAAAACTGTTCATGGCCCTBGTGGCGT
TCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATACTAAAAAGATGGGSAACGAT
CAAAAAATCAAAAGCTATCAATGTTTTGAGAGGGTTCAGGAAAGAGATTGG AAGGAT
GCTGAACATCTTGAACAGGAGACGCAGGACAGCAGGCGTGATTGTTATGTGATTCCA
ACAGCGATGGCGTTCCATTTAACCACACGCAATGGAGAACCACACATGATGTTGGTA
GGCAGGAGAAAGGGAAAAGTCTTCTGTTCAAAACAGAGGATGGTGTTAACATGTGTA
CCCTCATGGCCATAGACCTTGGTGAATTGTGTGAAGATACAATCACGTACAGTGTCC
TCTCCTCAGACAAAATGAACCAGAAGACATAGATTGTTGGTGCAACTCTACGTCCACA
TGGGTAACTTATGGGACATGTACCACCACAGGAGAACACAGAAGAGAAAAAAGATCA
GTGGCGCTCGTTCCACATGTTGGTATGGGACTGGAGACACGAACTGAAACKGGATGT
CATCAGAAGGGGCCTGGAAACATGTTCAGAGAATTGAAACCTGGATCTTGASACATC
CAGGCTTTACCATAATGGCAGCAATCCTGGCATACACCATAGGAACGACAGTTTCCA
AAGGGCCTTGATTTTCATCTTACTGACAGCTGTCGCTCCTTCAATGACAAGCGCTGCA
TAGGAATATCAAATAGAGACTTCGTAGAAGGGGTTTCAGGAGGAAGCTGGATGACA
TAGTCTTAGAACATGGAAGTTGTGTGACGACGATGGCAAAAAACAAACCAACATTGG
ATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAAGT ACTGTAT
AGAAGCAAAGCTGACCAACACAACAACAGAATCGCGTTGCCCAACACAAGGGGAACC
CAGTCTAAATGAAGAGCAGGACAAAAGGTTCATCTGCAAACACTCCATGGTAGACAG
AGGATGGGGAAATGGATGTGGATTATTTGGAAAGGGAGGCATTGTGACCTGGCTAT
GTTTACATGCAAAAAGAACATGGAAGGAAAAGTCGTGCAGCCAGAAAATTT GGAATA
CACCATCGTGATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGAACAGG
AAAGCATGGCAAGGAAATCAAAATAACACCACAGAGTTCCATCACAGAAGCAGAACT
GACAGGCTATGGCACTGTCACGATGGAGTGCTCTCCGAGAACGGGCCTCGATCAAT
GAGATGGTGCTGCTGCAGATGGAAGACAAAGCTTGGCTGGTGCACAGGCARGGTTC
CTAGACCTGCCGTTACCATGGCTACCCGGAGCGGACACACAAGGATCAAATGGATA
CAGAAAGAGACATTGGTCACTTTCAAAAATCCCCACGCGAAGAAACAGGATGTCGTT
GTTTTAGGGTCTCAAGAAGGGGCCATGCACACGGCACTCACAGGGGCCAGRAAATC
CAGATGTCATCAGGAAACTTACTGTTCACAGGACATCTCAAGTGCAGGCTAGAATGG
ACAAACTACAGCTCAAAGGAATGTCATACTCTATGTGTACAGGAAAGTTTAAAATTGT
GAAGGAAATAGCAGAAACACAACATGGAACAATAGTTATCAGAGTACAATA TGAAGG
GGACGGTTCTCCATGTAAGATCCCTTTTGAGATAACAGATTTGGAAAAAAGACACGTC
TTAGGTCGCTTGATTACAGTTAACCCAATCGTAACAGAAAAAGATAGCCCAGTCAACA
TAGAAGCAGAACCTCCATTCGGAGACAGCTACATCATCATAGGAGTAGAGICGGGAC
AATTGAAACTCAATTGGTTTAAGAAGGGAAGTTCCATCGGCCAAATGTTTGAGACAAC
AATGAGAGGAGCAAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGACTTTGGATC
CCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGAGCAATC
TATGGGGCTGCTTTTAGTGGGGTCTCATGGACTATGAAAATCCTCATAGGSASTCATCA
TCACATGGATAGGAATGAATTCACGTAGCACCTCACTGTCTGTGTCGCTAGATTGGT
GGGCGTCGTGACACTGTACCTGGGAGCTATGGTGCAAGCTGATAGTGGTETTGTG
AGCTGGAAAAATAAAGAACTGAAATGTGGCAGCGGGATCTTCATCACAGATAACGTA
CACACATGGACAGAACAATATAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTTCAG
CTATCCAAAAAGCTCATGAAGAGGGCATTTGTGGAATCCGCTCAGTAACAAGATTGG
AGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCATATTCTATCAG AAAATG
AGGTAAAGTTGACCATTATGACAGGAGACATTAAAGGAATCATGCAGGCAGGAAAAC
GATCCTTGCGGCCCCAGCCCACTGAGCTGAAGTACTCATGGAAAACATGGGAAAGG
CGAAAATGCTCTCCACAGAGTCTCACAATCAGACCTTTCTTATTGATGGCCTGAAAC
AGCAGAATGCCCCAACACAAACAGAGCTTGGAACTCGCTGGAAGTTGAAGATATGG
TTTTGGAGTTTTCACCACCAATATATGGCTGAAATTGAGAGAAAAACAGGATGTATTT
TGTGACTCAAAACTCATGTCAGCGGCCATTAAAGACAACAGAGCCGTTCATGCCGATA
TGGGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATGGAGAAAGCCTCCT
TCATTGAAGTTAAAAGCTGCCACTGGCCAAAGTCACACACCCTTTGGAGCATGGAGT
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ATTAGAAAGTGAGATGATAATCCCAAAAAATTTTGCCGGGCCAGTGTCACAACACAA
CTACAGACCAGGCTACCATACACAAACAGCAGGACCTTGGCATCTAGGTAACTTGA
GATGGACTTTGATCTCTGCGAAGGAACTACAGTGGTGGTGACTGAGGACTBGGAAAT
AGAGGACCCTCTTTAAGAACGACCACTGCCTCTGGAAAACTCATAACAGAATGGTGCT
GCCGATCCTGCACACTACCACCTCTAAGATACAGAGGTGAGGATGGATGCBEGTACG
GGATGGAAATCAGACCATTGAAAGAGAAAGAGGAGAATTTGGTTAACTCCTTGGTCA
CAGCCGGACATGGGCAGATTGACAACTTTTCACTAGGAGTCTTGGGAATGGACTGTT
CCTGGAAGAAATGCTCAGGACCCGAATAGGAACGAAACATGCAATACTGCTAGTTGC
AGTATCTTTTGTGACATTGATTACTGGGAACATGTCTTTTAGAGACCTGGRAGAGTG
ATGGTTATGGTGGGCGCTACCATGACGGATGACATAGGTATGGGAGTGACTATCTTG
CCCTACTAGCAGCTTTTAAAGTTAGACCAACTTTTGCAGCTGGACTACTCTGAGAAA
ACTGACCTCCAAGGAATTGATGATGGCCACCATAGGAATCGCACTCCTTTCCAAAGC
ACCATACCAGAGACCATTCTTGAACTGACTGATGCGTTAGCTTTGGGCATABTGGTCC
TCAAAATAGTGAGAAATATGGAAAAATACCAATTGGCAGTGACTATCATGG CTATTTC
GTGTGTCCCAAATGCAGTGATACTGCAAAACGCATGGAAGGTGAGTTGCABATATTG
GCAGCGGTGTCCGTTTCACCACTGCTCTTAACATCCTCACAGCAGAAAGCGATTGGA
TACCACTGGCATTGACGATAAAAGGTCTCAATCCAACAGCCATTTTTCTAACAACTCT
TTCGAGAACCAGCAAGAAAAGGAGCTGGCCGCTAAATGAAGCTATCATGGAGTCGG
GATGGTGAGCATTTTAGCCAGTTCTCTCCTAAAGAATGATATTCCCATGARAGGTCCA
TTAGTGGCTGGAGGGCTCCTTACCGTATGTTACGTGCTCACTGGACGATGRCCGATT
TGGAACTGGAGAGAGCTGCCGATGTAAAATGGGAAGATCAGGCAGAAATATCAGGAA
GCAGCCCAATCCTGTCAATAACAATATCAGAAGATGGCAGCATGTCGATAAAAAATG
AAGAGGAAGAACAAACACTGACCATACTCATCAGAACGGGATTGTTGGTGATCTCAG
GAGTCTTTCCAGTATCGATACCAATTACGGCAGCAGCATGGTACCTGTGGBAGTGAA
GAAACAACGGGCTGGAGTATTGTGGGACGTCCCTTCACCCCCACCAGTGGMAAGC
CGAACTGGAGGATGGAGCCTACAGAATCAAGCAAAGAGGGATTCTTGGATATCTCA
GATTGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCACGTCACACG
TGGTGCTGTTCTGATGCATAGAGGGAAGAGGATTGAACCATCATGGGCAGAGTCAA
GAAAGACCTAATATCATATGGAGGAGGCTGGAAGCTAGAAGGAGAATGGAAGGAAG
GAGAGGAAGTCCAAGTCCTGGCATTGGAACCTGGAAAAAATCCAAGAGCCACCAAA
CGAAACCTGGAATTTTCAAAACCAACACCGGAACCATAGGCGCCGTATCTAGGACTT
TTCCCCTGGAACGTCAGGATCTCCAATTGTCGACAGAAAAGGAAAAGTTGTIGGGTCTT
TACGGTAATGGTGTTGTCACAAGGAGTGGAGCATATGTAAGTGCTATAGCCAGACCG
AAAAAAGCATTGAAGACAATCCAGAGATCGAAGAAGACATTTTCCGAAAGA AAAGAT
TGACCATCATGGACCTCCATCCAGGAGCAGGAAAGACAAAAAGATACCTTCCAGCCA
TAGTTAGAGAAGCCATAAAACGTGGCTTGAGAACATTGATCCTGGCTCCCATAGAGT
AGTGGCAGCTGAAATGGAGGAAGCTCTTAGAGGACTTCCAATAAGATACCAAACCCC
AGCCATCAAAACCGAGCATACCGGGCGGGAGATCGTGGACCTAATGTGTCRAGCCAC
ATTTACTATGAGGCTGCTATCACCAGTCAGAGTGCCAAATTACAACCTGATCATCATG
GACGAAGCCCACTTCACAGACCCAGCAAGTATAGCAGCTAGAGGATACATT CAACT
CGAGTAGAGATGGGTGAAGCAGCCGGGATTTTTATGACAGCCACTCCTCCGGAAGT
AGAGACCCATTTCCACAGAGCAATGCACCAATCATGGATGAGGAAAGAGAAATCCCT
GAGCGTTCGTGGAATTCAGGACACGAATGGGTCACGGATTTTAAGGGAAABGCTGTTT
GGTTTGTTCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGTCTTAGGAAAAATGG
AAAGAAAGTGATACAACTCAGTAGGAAGACTTTTGACTCTGAGTATGTTAAGACTAG
AGCCAATGATTGGGACTTTGTGGTCACAACTGACATTTCAGAAATGGGTGCAACTTC
AAGGCTGAGAGGGTTATAGACCCCAGACGTTGCATGAAACCAGTTATACTAACAGAT
GGCGAAGAGCGGGTGATCTTGGCAGGACCTATGCCAGTGACCCACTCTAGICAGCG
CAAAGAAGAGGGAGAATAGGAAGAAATCCAAAAAATGAAAATGACCAGTAC ATATA
CATGGGGGAACCTCTTGAAAATGATGAAGACTGTGCACATTGGAAAGAAGCTAAAAT
GCTCCTAGATAACATCAACACACCCGAAGGAATCATTCCTAGTATGTTCGMCCAGAG
CGTGAAAAAGTGGATGCCATTGATGGTGAATACCGTTTGAGAGGAGAAGCAGGAAA
ACCTTTGTGGACCTAATGAGAAGAGGGGACTTACCAGTCTGGTTGGCCTABAAGTGG
CAGCTGAAGGCATCAACTACGCAGACAGAAAGTGGTGTTTTGATGGAATTAAGAACA
ACCAAATACTGGAAGAAAATATGGAAGTGGAAATCTGGACAAAAGAAGGGG AAAGG
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AAAAAATTAAAACCCAGATGGTTGGATGCTAGGATCTATTCTGACCCACTGGCACTAA
AAGAATTCAAGGAATTTGCAGCTGGAAGAAAATCTTTGACCCTGAACCTAATCACAG
AAATGGGTAGGCTTCCAACTTTCATGACTCAGAAAGCAAGAAACGCACTGGACAACT
TGGCTGTGCTGCATACGGCTGAGGCAGGTGGAAGGGCGTACAATCATGCTTCAGTGA
ACTGCCGGAGACCCTGGAGACACTGCTTCTACTGACACTCCTGGCAACAGIACAGGA
GGAATCTTCTTATTCTTAATGAGCGGAAAAGGTATAGGGAAGATGACCCTGEGAATGT
GTTGCATAATCACGGCTAGTATCCTCCTATGGTATGCACAGATACAACCARACTGGAT
AGCAGCTTCAATAATACTGGAGTTTTTTCTCATAGTTTTGCTCATTCCAGAACCAGAAA
AACAGAGAACACCCCAAGACAACCAATTGACCTACGTTGTCATAGCCATCCICACAGT
GGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTGGAAAAAACCAAGAAGACCT
CGGATTGGGAAGCATTACAACCCAGGAATCTGAGAGCAATATCCTGGACARGATCT
ACGCCCTGCATCAGCATGGACGCTGTATGCCGTGGCTACAACATTTGTCARCCAATG
TTGAGACATAGCATTGAAAATTCCTCAGTGAATGTCTCCCTAACAGCCATTGCTAACC
AAGCTACAGTGCTAATGGGTCTTGGGAAAGGATGGCCATTGTCAAAGATGACATTG
GAGTTCCCCTCCTTGCCATTGGATGCTATTCACAAGTCAACCCTATAACTTCACAGCA
GCTCTTCTTTTATTGGTAGCACATTATGCCATTATAGGGCCAGGACTTCABCAAAAG
CAACCAGAGAAGCTCAGAAAAGAGCGGCAGCAGGCATCATGAAAAACCCAACAGTC
GATGGAATAACAGTGATTGACCTAGAACCAATACCCTATGATCCAAAATTT GAAAAG
CAGTTAGGACAAGTAATGCTCCTAATCCTCTGCGTGACTCAAGTATTAATATGAGGA
CTACATGGGCTTTGTGTGAGGCTCTAACCCTAGCGACCGGGCCCATCTCTCACTGTG
GGAAGGAAATCCAGGGAGGTTTTGGAACACTACCATTGCAGTGTCAATGGCTAACAT
CTTTAGGGGGAGCTACTTGGCCGGAGCTGGACTTCTCTTTTCCATCATGAMACACA
ACAAACACAAGAAGAGGAACTGGCAACATAGGAGAGACACTTGGAGAAAAA TGGAA
AAGTCGATTAAACGCACTGGGAAAAAGTGAATTTCAAATCTACAAGAAAAG TGGAAT
CCAGGAAGTGGATAGAACCCTAGCAAAAGAAGGTATCAAAAGAGGAGAAACGGACC
ACCATGCTGTGTCGCGAGGTTCAGCAAAACTGAGATGGTTCGTCGAGAGAATATGGT
CACACCGGAAGGGAAGGTGGTGGATCTCGGTTGCGGCAGAGGGGGCTGGATACTA
TTGTGGGGGACTAAAGAATGTAAGAGAAGTCAAAGGCCTAACAAAAGGAGGACCAG
GACATGAAGAACCCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTTGCAAAG
TGGAGTTGACGTTTTCTTCACCCCGCCAGAAAAGTGTGATACATTGTTGTGGACATA
GGGGAGTCGTCACCAAATCCCACGATAGAAGCAGGACGAACACTCAGAGTCTCAAC
TTAGTGGAAAATTGGTTGAACAATAACACCCAATTTTGCATAAAGGTCCTCAACCCAT
ATATGCCTTCAGTCATAGAAAAAATGGAAGCATTACAAAGGAAATATGGAG GAGCCT
TAGTGAGGAATCCACTCTCACGAAACTCCACGCATGAAATGTACTGGGTATTAATGC
CACCGGGAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGATTAACAGATTC
ACAATGAAACACAAGAAAGCCACTTACGAGCCAGATGTTGACCTAGGAAGTGGAACC
CGCAACATTGGAATTGAAAGTGAGATACCAAATCTAGACATAATAGGAAAG AGAATA
GAGAAAATAAAACAAGAGCATGAAACATCATGGCACTATGATCAAGACCAC CCATAC
AAAACGTGGGCTTACCATGGCAGCTATGAAACAAAACAAACTGGATCAGCATCATCT
ATGGTGAACGGAGTGGTCAGATTGCTGACAAAACCTTGGGATGTCGTCCCATGGTGA
CACAGATGGCAATGACAGACACGACTCCATTTGGACAACAGCGCGTTTTCAAGAGA
AAGTAGACACGAGAACCCAAGAACCGAAGGAAGGCACAAAGAAACTGATGAAAATT
ACGGCAGAGTGGCTTTGGAAAGAACTAGGAAAGAAAAAGACACCTAGGATGTGTACC
AGAGAAGAATTCACAAGAAAAGTGAGAAGCAATGCAGCCTTGGGGGCCATATTCACT
GATGAGAACAAATGGAAATCGGCACGTGAGGCTGTTGAAGATGGTAGGTTTGGGAG
CTGGTTGACAGGGAAAGAAATCTCCATCTTGAAGGAAAGTGTGAAACATGTGTGTAC
AACATGATGGGAAAAAGAGAGAAGAAACTAGGGGAGTTCGGCAAGGCAAAAGGTAG
CAGAGCCATATGGTACATGTGGCTTGGAGCACGCTTCTTAGAGTTTGAAGCCTAGGA
TTCCTGAATGAAGATCACTGGTTCTCCAGAGGGAACTCCCTGAGTGGAGTGAAGGA
GAAGGGCTGCACAGGCTAGGCTACATTTTAAGAGACGTGGGCAAGAAGGALGGGG
AGCAATGTACGCCGATGATACAGCAGGATGGGACACAAGAATCACACTAGAAGACTT
AAAAAATGAAGAAATGGTAACAAATCACATGAAAGGAGAACACAAGAAACT AGCCG
AGGCTATATTCAAATTAACGTACCAAAACAAGGTGGTGCGTGTGCAAAGACCAACAC
CAAGAGGCACAGTAATGGATATCATATCGAGAAGAGACCAAAGAGGCAGTGGGCAA
GTCGGCACCTATGGCCTTAATACTTTCACCAATATGGAAGCCCAATTAATAGACAGA
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TGGAGGGAGAAGGAATCTTCAAAAGCATTCAGCACCTGACAGCCACAGAARAATCG
CTGTACAGAACTGGTTAGCAAGAGTGGGGCGTGAAAGGCTATCAAGAATGEAATCA
GTGGAGATGATTGTGTTGTAAAACCTATAGATGACAGATTTGCAAGTGCTTTAACAGC
TCTAAATGACATGGGAAAAGTTAGGAAAGATATACAACAATGGGAACCTTC AAGAGG
ATGGAACGATTGGACACAAGTGCCTTTCTGTTCACACCATTTTCATGAGTRAGTCATG
AAAGATGGTCGCGTGCTCGTAGTCCCATGCAGAAACCAAGATGAACTGATGGTAGA
GCCCGAATTTCCCAGGGAGCTGGGTGGTCTTTGAAGGAGACGGCCTGTTB&BGAAGT
CTTACGCCCAAATGTGGACCCTGATGTACTTCCACAGACGTGACCTCAGATGGCGGC
AAATGCCATTTGCTCGGCAGTCCCGCCACATTGGGTTCCAACAAGTCGAABACCTGG
TCCATACACGCTAAGCATGAATGGATGACGACGGAAGACATGCTGGCAGTTCGGAAC
AGGGTGTGGATCCAAGAAAACCCGTGGATGGAAGATAAAACTCCAGTGGAAICATGG
GAAGAAGTCCCATACTTGGGAAAAAGAGAAGACCAATGGTGCGGCTCATTAATTGGG
CTAACAAGCAGGGCTACCTGGGCAAAGAACATCCAAACAGCAATAAATCAAGTCAGA
TCCCTCATAGGCAATGAGGAATACACAGACTACATGCCATCCATGAAGAGATTCAGA
AGGGAAGAGGAAGAGGCAGGTGTCCTGTGGTAGAAGGCAAAACTAACATGAMAACAA
GGCTAAAAGTCAGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCIGTGAG
CCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCACAAAATGCCACAGCTGAGTA
AACTGTGCAGCCTGTAGCTCCACCTGAGGAGGTGTAAAAAACCTGGGAGGCACAAA
CCATGGAAGCTGTACGCATGGCGTAGTGGACTAGCGGTTAGAGGAGACCCKECCTTA
CAAATCGCAGCAAACAACGGGGGCCCAAGGTGAGATGAAGCTGTAATCTCETGGAA
GGACTAGAGGTTAGAGGAGACCCCCCCAAAACAAAAAACAGCATATTGACCCTGGGA
AAGACCAGAGATCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCAGAAAAT
GGAAT
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>FJ850065 Dengue virus 2 isolate DENV-2/NI/BID-V2&800, complete genome
ACAAAGACAGATTCTTTGAGGGAGCTAAGCTCAACGTAGTTCTAACAGTTTITGATTA
GAGAGCAGATCTCTGATGAATAACCAACGGAAAAAGGCGAGAAGTACGCCTITCAAT
ATGCTGAAACGCGAGAGAAACCGCGTGTCAACTGTGCAACAGCTGACAAARGATTC
TCACTTGGAATGCTGCAAGGACGCGGACCATTAAAACTGTTCATGGCCCTBGTGGCGT
TCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATACTAAAAAGATGGGSAACGAT
CAAAAAATCAAAAGCTATCAATGTTTTGAGAGGGTTCAGGAAAGAGATTGG AAGGAT
GCTGAACATCTTGAACAGGAGACGCAGGACAGCAGGCGTGATTGTTATGTGATTCCA
ACAGCGATGGCGTTCCATTTAACCACACGCAATGGAGAACCACACATGATGTTGGTA
GGCAGGAGAAAGGGAAAAGTCTTCTGTTCAAAACAGAGGATGGTGTTAACATGTGTA
CCCTCATGGCCATAGACCTTGGTGAATTGTGTGAAGATACAATCACGTACAGTGTCC
TCTCCTCAGACAAAATGAACCAGAAGACATAGATTGTTGGTGCAACTCTACGTCCACA
TGGGTAACTTATGGGACATGTACCACCACAGGAGAACACAGAAGAGAAAAAAGATCA
GTGGCGCTCGTTCCACATGTGGGTATGGGACTGGAGACACGAACTGAAACEGGATG
TCATCAGAAGGGGCCTGGAAACATGTTCAGAGAATTGAAACCTGGATCTTRAGACAT
CCAGGCTTTACCATAATGGCAGCAATCCTGGCATACACCATAGGAACGACKEATTTCC
AAAGGGCCTTGATTTTCATCTTACTGACAGCTGTCGCTCCTTCAATGACAAGCGCTGC
ATAGGAATTTCAAATAGAGACTTCGTAGAAGGGGTTTCAGGAGGAAGCTGGSTTGAC
ATAGTCTTAGAACATGGAAGTTGTGTGACGACGATGGCAAAAAACAAACCAACATTG
GATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAAGTACTGT
ACAGAAGCAAAGCTGACCAACACAACAACAGAATCGCGTTGCCCAACACAAGGGGA
ACCCAGTCTAAATGAAGAGCAGGACAAAAGGTTCATCTGCAAACACTCCATGGTAGA
CAGAGGATGGGGAAATGGATGTGGATTATTTGGAAAGGGAGGCATTGTGACTGTGC
TATGTTTACATGCAAAAAGAACATGGAAGGAAAAGTCGTGCAGCCAGAAAATTTGGA
ATACACCATCGTGATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAA GACAC
AGGAAAGCATGGCAAGGAAATCAAAATAACACCACAGAGTTCCATCACAGAAGCAG
AACTGACAGGCTATGGCACTGTCACGATGGAGTGCTCTCCGAGAACGGGCICGACTT
CAACGAGATGGTGCTGCTGCAGATGGAAGACAAAGCTTGGCTGGTGCACAGCAATG
GTTCCTAGACCTGCCGTTACCATGGCTACCCGGAGCGGACACACAAGGATANATTGG
ATACAGAAAGAGACATTGGTCACTTTCAAAAATCCCCACGCGAAGAAACAGGATGTC
GTTGTTTTAGGGTCTCAAGAAGGGGCCATGCACACGGCACTCACAGGGGMTAGAA
ATCCAGATGTCATCAGGAAACTTACTGTTCACAGGACATCTCAAGTGCAGETGAGAA
TGGACAAACTACAGCTCAAAGGAATGTCATACTCTATGTGTACAGGAAAGTTTAAAAT
TGTGAAGGAAATAGCAGAAACACAACATGGAACAATAGTTATCAGAGTACA ATATGA
AGGGGACGGTTCTCCATGTAAGATCCCTTTTGAGATAACAGATTTGGAAAMAGACAC
GTCTTAGGTCGCTTGATTACAGTTAACCCAATCGTAACAGAAAAAGATAGCCCAGTCA
ACATAGAAGCAGAACCTCCATTCGGAGACAGCTACATCATCATAGGAGTAGAGCCGG
GACAATTGAAACTCAATTGGTTTAAGAAGGGAAGTTCCATCGGCCAAATGTTTGAGAC
AACAATGAGAGGAGCAAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGACTTTGG
ATCCCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTGGAGCA
ATCTATGGGGCTGCTTTTAGTGGGGTCTCATGGACTATGAAAATCCTCATASGAGTCA
TCATCACATGGATAGGAATGAATTCACGTAGCACCTCACTGTCTGTGTCGTAGTATT
GGTGGGCGTCGTGACACTGTACCTGGGAGCTATGGTGCAAGCTGATAGTAGGCGTT
GTGAGCTGGAAAAATAAAGAACTGAAATGTGGCAGCGGGATCTTCATCACAGATAAC
GTACACACATGGACAGAACAATATAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTT
CAGCTATCCAAAAAGCTCATGAAGAGGGCATTTGTGGAATCCGCTCAGTAALCAAGATT
GGAGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCATATTCTATC AGAAAA
TGAGGTAAAGTTGACCATTATGACAGGAGACATTAAAGGAATCATGCAGGCAGGAAA
ACGATCCTTGCGGCCCCAGCCCACTGAGCTGAAGTACTCATGGAAAACATGGGAAA
GGCGAAAATGCTCTCCACAGAGTCTCACAATCAGACCTTTCTTATTGATG®&CCTGAA
ACAGCAGAATGCCCCAACACAAACAGAGCTTGGAACTCGCTGGAAGTTGAAGACTAT
GGTTTTGGAGTTTTCACCACCAATATATGGCTGAAATTGAGAGAAAAACAGGATGTAT
TTTGTGACTCAAAACTCATGTCAGCGGCCATTAAAGACAACAGAGCCGTTAATGCCGA
TATGGGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATGGAGAAAGCCTC
CTTCATTGAAGTTAAAAGCTGCCACTGGCCAAAGTCACACACCCTTTGGAGAATGGA
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GTATTAGAAAGTGAGATGATAATCCCAAAAAATTTTGCCGGGCCAGTGTCACAACAC
AACTACAGACCAGGCTACCATACACAAACAGCAGGACCTTGGCATCTAGGRAGCTT
GAGATGGACTTTGATCTCTGCGAAGGAACTACAGTGGTGGTGACTGAGGATGTGGA
AATAGAGGACCCTCTTTAAGAACGACCACTGCCTCTGGAAAACTCATAACAGAATGGT
GCTGCCGATCCTGCACACTACCACCTCTAAGATACAGAGGTGAGGATGGAGCTGGTA
CGGGATGGAAATCAGACCATTGAAAGGAAAGAGGAGAATTTGGTTAACTCCITGGTC
ACAGCCGGACATGGGCAGATTGACAACTTTTCACTAGGAGTCTTGGGAATGCACTGT
TCCTGGAAGAAATGCTCAGGACCCGAATAGGAACGAAACATGCAATACTGCTAGTTG
CAGTATCTTTTGTGACATTGATTACTGGGAACATGTCTTTTAGAGACCTGGAAGAGT
GATGGTTATGGTGGGCGCTACCATGACGGATGACATAGGTATGGGAGTGACLTATCTT
GCCCTACTAGCAGCTTTTAAAGTTAGACCAACTTTTGCAGCTGGACTACTCTGAGAA
AACTGACCTCCAAGGAATTGATGATGGCCACCATAGGAATCGCACTCCTTCCCAAAG
CACCATACCAGAGACCATTCTTGAACTGACTGATGCGTTAGCCTTGGGCAGBATGGTC
CTCAAAATAGTGAGAAATATGGAAAAATACCAATTGGCAGTGACTATCATG GCTATTT
CGTGTGTCCCAAATGCAGTGATACTGCAAAACGCATGGAAGGTGAGTTGCRAATATT
GGCAGCGGTGTCCGTTTCACCACTGCTCTTAACATCCTCACAGCAGAAAGGBGATTGG
ATACCACTGGCATTGACGATAAAAGGTCTCAATCCAACAGCCATTTTTCTAACAACTC
TTTCGAGAACCAGCAAGAAAAGGAGCTGGCCGCTAAATGAAGCTATCATGGRCAGTCG
GGATGGTGAGCATTTTAGCCAGTTCTCTCCTAAAGAATGATATTCCCATGAAGGTCC
ATTAGTGGCTGGAGGGCTCCTTACCGTATGTTACGTGCTCACTGGACGATEIGCCGAT
TTGGAACTGGAGAGAGCTGCCGATGTAAAATGGGAAGATCAGGCAGAAATATCAGGA
AGCAGCCCAATCCTGTCAATAACAATATCAGAAGATGGCAGCATGTCGATAAAAAAT
GAAGAGGAAGAACAAACACTGACCATACTCATCAGAACGGGTTTGTTGGTGATCTCA
GGAGTCTTTCCAGTATCGATACCAATTACGGCAGCAGCATGGTACCTGTGGAAGTGA
AGAAACAACGGGCTGGAGTATTGTGGGACGTCCCTTCACCCCCACCAGTGEAAAAG
CCGAACTGGAGGATGGAGCCTACAGAATCAAGCAAAGAGGGATTCTTGGARTTCTC
AGATTGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCACG CACAC
GTGGTGCTGTTCTGATGCATAGAGGGAAGAGGATTGAACCATCATGGGCAGTGTCA
AGAAAGACCTAATATCATATGGAGGAGGCTGGAAGCTAGAAGGAGAATGGAAGGAA
GGAGAGGAAGTCCAAGTCCTGGCATTGGAACCTGGAAAAAATCCAAGAGCGTCCAA
ACGAAACCTGGAATTTTCAAAACCAACACCGGAACCATAGGCGCCGTATCTCTGGACT
TTTCCCCTGGAACGTCAGGATCTCCAATTGTCGACAGAAAAGGAAAAGTTAGGGTCT
TTACGGTAATGGTGTTGTCACAAGGAGTGGAGCATATGTAAGTGCTATAGCCAGACC
GAAAAAAGCATTGAAGACAATCCAGAGATCGAAGAAGACATTTTCCGAAAG AAAAG
ATTGACCATCATGGACCTCCATCCAGGAGCAGGAAAGACAAAAAGATACCTTCCAGC
CATAGTTAGAGAAGCCATTAAACGTGGCTTGAGAACATTGATCCTGGCTCCACTAGA
GTAGTGGCAGCTGAAATGGAGGAAGCTCTTAGAGGACTTCCAATAAGATACGAAACC
CCAGCCATCAAAACCGAGCATACCGGGCGGGAGATCGTGGACCTAATGTQTATGCC
ACATTTACTATGAGGCTGCTATCACCAGTCAGAGTGCCAAATTACAACCTGRATCATCA
TGGACGAAGCCCACTTCACAGACCCAGCAAGTATAGCAGCTAGAGGATACATTCAA
CTCGAGTAGAGATGGGTGAAGCAGCCGGGATTTTCATGACAGCCACTCCTCGGGGAA
GTAGAGACCCATTTCCACAGAGCAATGCACCAATCATGGATGAGGAAAGAGAAATCC
CTGAGCGTTCGTGGAATTCAGGACACGAATGGGTCACGGATTTTAAGGGAAGACTG
TTTGGTTTGTTCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGTCTTAGGAAAAA
TGGAAAGAAAGTGATACAACTCAGTAGGAAGACTTTTGACTCTGAGTATGTTAAGACT
AGAGCCAATGATTGGGACTTTGTGGTCACAACTGACATTTCAGAAATGGGTCCAACT
TCAAGGCTGAGAGGGTTATAGACCCCAGACGTTGCATGAAACCAGTTATATAACAG
ATGGCGAAGAGCGGGTGATCTTGGCAGGACCTATGCCAGTGACCCACTCTATGCAG
CGCAAAGAAGAGGGAGAATAGGAAGAAATCCAAAAAATGAAAATGACCAGT ACATA
TACATGGGGGAACCTCTTGAAAATGATGAAGACTGTGCACATTGGAAAGAAGCTAAA
ATGCTCCTAGATAACATCAACACACCCGAAGGAATCATTCCTAGTATGTTGSAACCAG
AGCGTGAAAAAGTGGATGCCATTGATGGTGAATACCGTTTGAGAGGAGAAGCAAGGA
AAACCTTTGTGGACCTAATGAGAAGAGGGGACTTACCAGTCTGGTTGGCCACAAAGT
GGCAGCTGAAGGCATCAACTACGCAGACAGAAAGTGGTGTTTTGATGGAATAAGAA
CAACCAAATACTGGAAGAAAATATGGAAGTGGAAATCTGGACAAAAGAAGG GGAAA
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GGAAAAAATTAAAACCCAGATGGTTGGATGCTAGGATCTATTCTGACCCACTGGCACT
AAAAGAATTCAAGGAATTTGCAGCTGGAAGAAAATCTTTGACCCTGAACCTAATCAC
AGAAATGGGTAGGCTTCCAACTTTCATGACTCAGAAAGCAAGAAACGCACTGGACAA
CTTGGCTGTGCTGCATACGGCTGAGGCAGGTGGAAGGGCGTACAATCATATCTCAGT
GAACTGCCGGAGACCCTGGAGACACTGCTTCTACTGACACTCCTGGCAAGATCACAG
GAGGAATCTTCTTATTCTTAATGAGCGGAAAAGGTATAGGGAAGATGACCCIGGGAA
TGTGTTGCATAATCACGGCTAGTATCCTCCTATGGTATGCACAGATACAACACATTG
GATAGCAGCTTCAATAATACTGGAGTTTTTTCTCATAGTTTTGCTCATTCQAGAACCAG
AAAAACAGAGAACACCCCAAGACAACCAATTGACCTACGTTGTCATAGCCATCCTCA
CAGTAGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTGGAAAAAACCAGAAAG
ACCTCGGATTGGGAAGCATTACAACCCAGGAATCTGAGAGCAATATCCTGACATAG
ATCTACGCCCTGCATCAGCATGGACGCTGTATGCCGTGGCTACAACATTTBCACACC
AATGTTGAGACATAGCATTGAAAATTCCTCAGTGAATGTCTCCCTAACAGCCATTGCT
AACCAAGCTACAGTGCTAATGGGTCTTGGGAAAGGATGGCCATTGTCAAAGRTGGAC
ATTGGAGTTCCCCTCCTTGCCATTGGATGCTATTCACAAGTCAACCCTATACTCTCAC
AGCAGCTCTTCTTTTATTGGTAGCACATTATGCCATTATAGGGCCAGGACTCAAGCA
AAAGCAACCAGAGAAGCTCAGAAAAGAGCGGCAGCAGGCATCATGAAAAACCCAAC
AGTCGATGGAATAACAGTGATTGACCTAGAACCAATACCCTATGATCCAAAATTTGAA
AAGCAGTTAGGACAAGTAATGCTCCTAATCCTCTGCGTGACTCAAGTATTAATGATGA
GGACTACATGGGCTTTGTGTGAGGCTCTAACCCTAGCGACCGGGCCCATCTACACT
GTGGGAAGGAAATCCAGGGAGGTTTTGGAACACTACCATTGCAGTGTCAAGGCTAA
CATCTTTAGGGGGAGCTACTTGGCCGGAGCTGGACTTCTCTTTTCCATCAIAAAAAC
ACAACAAACACAAGAAGAGGAACTGGCAACATAGGAGAGACACTTGGAGAAAAATG
GAAAAGTCGATTAAACGCACTGGGAAAAAGTGAATTTCAAATCTACAAGAA AAGTGG
AATCCAGGAAGTGGATAGAACCCTAGCAAAAGAAGGTATCAAAAGAGGAGAAACGG
ACCACCATGCTGTGTCGCGAGGTTCAGCAAAACTGAGATGGTTCGTCGAGBAAATAT
GGTCACACCGGAAGGGAAGGTGGTGGATCTCGGTTGCGGCAGAGGGGGCBGHCATA
CTATTGTGGGGGACTAAAGAATGTAAGAGAAGTCAAAGGCCTAACAAAAGGAGGACC
AGGACATGAAGAACCCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGCTGCAA
AGTGGAGTTGACGTTTTCTTCACCCCGCCAGAAAAGTGTGATACATTGTTGGTGACA
TAGGGGAGTCGTCACCAAATCCCACGATAGAAGCAGGACGAACACTCAGAGCCTCA
ACTTAGTGGAAAATTGGTTGAACAATAACACCCAATTTTGCATAAAGGTCCTCAACCC
ATATATGCCTTCAGTCATAGAAAAAATGGAAGCATTACAAAGGAAACATGG AGGAGC
CTTAGTGAGGAATCCACTCTCACGAAACTCCACGCATGAAATGTACTGGGRTCTAAT
GCCACCGGGAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGATRACAGAT
TCACAATGAAACACAAGAAAGCCACTTACGAGCCAGATGTTGACCTAGGAAGTGGAA
CCCGCAACATTGGAATTGAAAGTGAGATACCAAATCTAGACATAATAGGAAAGAGAA
TAGAGAAAATAAAACAAGAGCATGAAACATCATGGCACTATGATCAAGACC ACCCAT
ACAAAACGTGGGCTTACCATGGCAGCTATGAAACAAAACAAACTGGATCAGCATCAT
CTATGGTGAACGGAGTGGTCAGATTGCTGACAAAACCTTGGGATGTCGTCCTATGGT
GACACAGATGGCAATGACAGACACGACTCCATTTGGACAACAGCGCGTTTTAAAGA
GAAAGTAGACACGAGAACCCAAGAACCGAAGGAAGGCACAAAGAAACTGATGAAAA
TTACGGCAGAGTGGCTTTGGAAAGAACTAGGAAAGAAAAAGACACCTAGGATGTGTA
CCAGAGAAGAATTCACAAGAAAAGTGAGAAGCAATGCAGCCTTGGGGGCCATATTCA
CTGATGAGAACAAATGGAAATCGGCACGTGAGGCTGTTGAAGATGGTAGGTTTGGG
AGCTGGTTGACAGGGAAAGAAATCTCCATCTTGAAGGAAAGTGTGAAACATGTGTGT
ACAACATGATGGGAAAAAGAGAGAAGAAACTAGGGGAGTTCGGCAAGGCAAAAGGT
AGCAGAGCCATATGGTACATGTGGCTTGGAGCACGCTTCTTAGAGTTTGAGCCCTAG
GATTCCTGAATGAAGATCACTGGTTCTCCAGAGGGAACTCCCTGAGTGGATBGGAAG
GAGAAGGGCTGCACAGGCTAGGCTACATTTTAAGAGACGTGGGCAAGAAGBAGGG
GGAGCAATGTACGCCGATGATACAGCAGGATGGGACACAAGAATCACACTASAAGAC
TTAAAAAATGAAGAAATGGTAACAAATCACATGAAAGGAGAACACAAGAAA CTAGC
CGAGGCTATATTCAAATTAACGTACCAAAACAAGGTGGTGCGTGTGCAAAGACCAAC
ACCAAGAGGCACAGTAATGGATATCATATCGAGAAGAGACCAAAGAGGCAGTGGGC
AAGTCGGCACCTATGGCCTTAATACTTTCACCAATATGGAAGCCCAATTAATTAGACA
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GATGGAGGGAGAAGGAATCTTCAAAAGCATTCAGCACCTGACAGCCACAGAGAGAT
CGCTGTACAGAACTGGTTAGCAAGAGTGGGGCGTGAAAGGCTATCAAGAATGGCAAT
CAGTGGAGATGATTGTGTTGTAAAACCTATAGATGACAGATTTGCAAGTGCITTAACA
GCTCTAAATGACATGGGAAAAGTTAGGAAAGATATACAACAATGGGAACCT TCAAGA
GGATGGAACGATTGGACACAAGTGCCTTTCTGTTCACACCATTTTCATGAGTAGTCA
TGAAAGATGGTCGCGTGCTCGTAGTCCCATGCAGAAACCAAGATGAACTGATGGTA
GAGCCCGAATCTCCCAGGGAGCTGGGTGGTCTTTGAAGGAGACGGCCTGTEGGGGA
AGTCTTACGCCCAAATGTGGACCCTGATGTACTTCCACAGACGTGACCTCBACTGGC
GGCAAATGCCATTTGCTCGGCAGTCCCGCCACATTGGGTTCCAACAAGTCRACAACC
TGGTCCATACACGCTAAGCATGAATGGATGACGACGGAAGACATGCTGGCASTCTGG
AACAGGGTGTGGATCCAAGAAAACCCGTGGATGGAAGACAAAACTCCAGTGSAATCA
TGGGAAGAAGTCCCATACTTGGGAAAAAGAGAAGACCAATGGTGCGGCTCATGATT
GGGCTAACAAGCAGGGCTACCTGGGCAAAGAACATCCAAACAGCAATAAATCAAGTC
AGATCCCTTATAGGCAATGAGGAATACACAGACTACATGCCATCCATGAAGAGATTC
AGAAGGGAAGAGGAAGAGGCAGGTGTCCTGTGGTAGAAGGCAAAACTAACAIGAAA
CAAGGCTAAAAGTCAGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGT
GAGCCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCACAAAATGCCACACTTGA
GTAAACTGTGCAGCCTGTAGCTCCACCTGAGGAGGTGTAAAAAACCTGGGGEGCCAC
AAACCATGGAAGCTGTACGCATGGCGTAGTGGACTAGCGGTTAGAGGAGACCCTCC
CTTACAAATCGCAGCAAACAACGGGGGCCCAAGGTGAGATGAAGCTGTAATTCACT
GGAAGGACTAGAGGTTAGAGGAGACCCCCCCAAAACAAAAGACAGCATATTGACGCT
GGGAAAGACCAGAGTCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAAGCCAGA
AAATGGAATG
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APPENDIX B

UnitX: DENGUE VIRUS SEQUENCE GRAPHICAL
REPRESENTATION FOR SEROTYPES CLASSIFICATION

Boonyarat Viriyasaksathian, Yodchanan WongsawatRragat Suriyaphol

Abstract - Searching for the graphical representations thayield the meaningful
interpretation of the long sequences of nucleotidés one of the challenging problems. In this
paper, we present the new graphical representatioaspecially for the Dengue virus sequence
analysis based on the cumulative amount of amino dnketo bases, called UnitX method.
Simulation results show that the proposed graphicalrepresentation can efficiently
distinguish the four serotypes of Dengue virus.

[. INTRODUCTION

S\EARCHING for the efficient and practical graphical repreaéon for analyzing the Dengue
irus sequences is one of the challenging probiarbsinformatics. In the era of information,
fast and automatic analysis method is needed ijuootion with the meaningful graphical
representation that experts can easily maniputatenormous data.

There are many existing tools used for visualizangd analyzing the genomic
sequence. Each tool is developed based on somiicspesks which can be categorized into four
approaches: Base vector, Sequential, Fourier ToemsfFT), and Z-curve approaches.

(1) Base vector approachAbout twenty year ago, Hamori, E. and Ruskin,198@) used a three
dimensional H curve to represent a DNA sequenceAftt¢rwards, Gates, M.A. (1985) suggested
that graphic representation of DNA sequence in dimoensional that is simpler than H Curves.
Gates’ graphical representation represents foudentide bases adenines (A), thymine (T),
cytosine (C) and guanine (G) by the unit vectoitten Cartesian coordinate system with adenines
(A) on the negative y-axis, thymine (T) on the figsiy-axis, guanine (G) on the positive x-axis,
and cytosine (C) on the negative x-axis [2]. Abelgven years later, Nandy A. (1996) presented
an easy graphical representation for distinct dadures of intron and exon segments of eukaryotic
sequences [3]. The four nucleotides A, G, C andefewplotted on an ACGT-axis system. The
graphical representation was similar to use Gatehod. The indicator for clustering of intron
and exon sequences was the slope of this plot. ifeless, the graphical represented by Nandy
and Gates have high degeneracy, e.g. the sequAKES, AGTCA, AGTCAG,etc. would be
displayed in the same graphical representation $#phen S. —T. Yaat al., 2003 solve this
problem by modified Gates’ method. Yau's graphicatépresentation represented a
pyrimidine/purine graph on two quadrants of Cadesioordinate system which the first quadrant
was pyrimidines (T and C) and purine (A and G) #esfourth quadrant [4].

(2) Sequential approach:Altschul et al., 1990 developed the Basic Local Alignment Sediabl
(BLAST) programs. This program is one of the masgtydar tools for DNA and genomic analysis.
This tool can perform a fast similarity search. Tiegram compares the similarity between any
two sequences and displays the difference betwesse tsequences by comparing in the base-by-
base basis [5].
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(3) Fourier Transform (FT) approach: Anatassiou D. proposed about the color spectrogems
biomolecular sequences which are a tool of visatin for the biomolecular sequences analysis
[7], [8]- Spectrograms will represent the magnitofi¢he short-time Fourier transform (STFT) that
uses the discrete Fourier transform (DFT). Analyzisf the genomic sequence in frequency
domain via the Fourier transform (FT) uses the i3epeity property for DNA coding sequence.
The color spectrogram is defined by using the caled, green and blue for the biomolecular
sequences. However, this method consumes high ¢atignal complexity.

(4) z-Curve approach: Zhang C. Tet al., 1994 suggested about a very practical visuaizaool
called Z-Curve [8]-[12]. James &.al developed this tool in the package called MBETorIfA.3].
According to the assumption on the cumulative comepds of the genomic sequence, features
obtained from Z-Curve can be quickly interpretad;hsas the distribution along the sequence of
purine/pyrimidine bases, amino/keto bases, strogiiti/weak H-bond. Since the algorithm of Z-
Curve is very simple, it can be applied to all gaiwsequences regardless of how long those
sequences are. The similar approach with Z-Curlledc8DD-Curve is presented by Zhang Y. and
Tan M. (2008). This approach can be viewed as #ighted version of Z-Curve.

Since our goal is to find the suitable graphicgresentation for Dengue virus. The
sequences can be of arbitrary lengths in huge ds¢ali herefore, computational complexity of the
graphical representation needs to be low and basgidns need to be easy to visualize. By
comparing with many graphical representation ofogeic sequence in the literature, we propose
the novel graphical representation based on theifivatibn of Yau's method [4]. As the
projection along x-axis is changed to unity, thegmsed method provides more physical meaning
of the genomic sequences in the uniformly basedsebbasis while maintains the efficient
computational complexity. Furthermore, the vectoedion of the four bases A, G, T, C are also
modified for the purpose of Dengue virus serotypassification. Moreover, our proposed
graphical representation can be quickly interpreteddistribution of amino/keto bases along the
sequence.

This paper can be organized as follows. Sectiantibduces the previous graphical
representation method (unit vector representaddndf the four nucleotides. The proposed Unit
X-projection Vector (UnitX) method is described $ection 1. In section IV, the simulation
results on classification of Dengue virus sequeraesshown. Finally, section V concludes the
paper.

I STEPHEN S. -T. YAU'S METHOD

Stephen S. -T. Yau’' s graphical representationesgmted the distribution of
pyrimidine/purine base along the sequence on tvealigunts of Cartesian coordinate system where
the first quadrant was pyrimidine (C and T) andini(A and G) in the fourth quadrant [4]. The
unit vectors that represent four nucleotides aden{\), guanine (G), thymine (T), and cytosine
(C), are defined based on rectangular coordinatésllaws:
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By given the numbers of occurrirg ¢, g, t of bases A, C, G, T, respectively, the
coordinate X,y) of the projection onto X and Y axes can be itatsd as follows:

\/§c+a+t+\/§g=2x

c—\/§a+\/§t—g=2

1}' \7
b
2 (
1
T
1 A
C 1
; > X a 2
G
1 T
A
-1
-2 (

(@) (b)

Fig. 1 The unit vectors represent four nucleotides AC@nd T. (a) The unit vectors designed by
Stephen S. —T. Yau method [4]. (b) The proposetbvemethod (UnitX).

[ll. THE PROPOSED UNIT X-PROJECTION VECTOR METHOD ( UNITX)

According to Fig. 2, by using Yau's method, it idfidult to distinguish the four
serotypes of Dengue virus, DENV-1, DENV-2, DENV-8daDENV-4. Furthermore, the data
plotted on the x-axis in Fig. 2 are not the integ@mbers (i.e. values on the x-axis are not diyectl
equal to the number of bases) resulting in difficdibr interpretation compared to the convention
base-by-base basis (e.g. BLAST). Therefore, we gs®ghe new visualization tool that is more
convenient for visualization, interpretation, amdigsis of Dengue virus sequences. Our graphical
representation represented the distribution of afkeio base along the sequence on two quadrants
of Cartesian coordinate system which the first gamdwas amino (C and A) and keto (T and G)
in the fourth quadrant. The vectors represent fautleotides, i.e. adenines (A), guanine (G),
thymine (T), and cytosine (C), are demonstrateiblésvs:

A - (1,1 cC - 12

G - (1,-2) T - (1,-1)

By given the numbers of occurrirgy ¢, g, t of bases A, C, G, T, respectively, the
coordinateX, y) of the projection onto X and Y axes can be itatgd as follows:

cta+t+g=x

2cta—-t—-2g=y



Boonyarat Viriyasaksathian Appendices / 92

By assigning unity to the size of vectors alongxisathe graphical representation
along x-axis is in the uniform pattern and direalyual to the number of bases. This results in
simple visualization for analysis. Figs.3 (a)-(dpw that UnitX yields the representation that can
be used to visually distinguish all four serotypes.

Stephen S. -T. Yau Graphical Representation: AF180817 Dengue virus type 1
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Stephen S. -T. Yau Graphical Representation: AB122020 Dengue virus type 2
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Stephen S. -T. Yau Graphical Representation: AY099336 Dengue virus type 3
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Stephen S. -T. Yau Graphical Representation: AF326573 Dengue virus type 4
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Fig. 2 Two dimensional graphs of four serotypes of dengimas complete genome of (a)
AF180817 dengue virus type 1, (b) AB122020 dengugesuype 2, (c) AY099336 dengue virus
type 3 and (d) AF326573 dengue virus type 4 is gagad by Stephen S. —T. Yau’s method.
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UnitX Graphical Representation: AY099336 Dengue virus type 3
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UnitX Graphical Representation: AF326573 Dengue virus type 4
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Fig. 3 Two dimensional graphs of four serotypes of dengimas complete genome of (a)
AF180817 dengue virus type 1, (b) AB122020 dengugsuype 2, (c) AY099336 dengue virus
type 3 and (d) AF326573 dengue virus type 4 is gaad by our proposed method.

IV. CLASSIFICATION OF DENGUE VIRUS SEROTYPES VIA UN ITX METHOD

Even though, we can visually distinguish the sgresy of some Dengue virus
sequences represented by UnitX, automatic methadilisneeded for the development of the
analysis software. The simple idea used in thigepépto find the optimal library (represented by
UnitX) to represent each serotype. After that teeotype can be assigned by comparing the
correlation coefficient of the selected sequendéddibrary.

A. Finding the optimum library

The method used to construct the optimal librargaéh Dengue virus serotype can
be summarized as follows:

Stepl:Read Dengue virus sequence in FASTA format,

Step2:Find (X,,, Y,,) coordinate of each sequence,
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Let C,, A,, T,, andG,, be the cumulative number of bases C, A, T ance&pactively,
occurring from the first to the-th base.

Xp=Xp1+ (Cp+ Ap+Ty+G)n=123,..,N,
Y, =Y, 1+ (2Cy+ Ay —T,—2G,),n=1,2,3,..,N,

where §;,Y; ) are the vector calculated by UnitX Method.

Step3:Find (X,,,Y",) coordinate of each sequence

Y;=m—ﬁ,

whereN is the number of base of the whole sequence.

Step4: Let M be the number of training sequences for eachygerpthe optimal library (the single

optimal patternpf each serotype can be calculated as the centkojd ") of (X,(lm), Y’%m)) for all

m=1,2,3,...Mandn=1, 2, 3,...N

" 1
X"= =y o X",

n 1 A
vr=— M v,

whereX,(lm) andY’%m) denote the coordinatg, ) of them-th training sequence for each serotype.

B. Summarization of the classification method

This proposed UnitX method can be used to autoaibtiassign the serotype to the
unknown Dengue virus sequences. The classificatiocess can be summarized as follows:

Stepl:Read dengue virus sequence in FASTA format,
Step2: Follow Step 2 and Step 3 of sectionAY

Step3: Compare the output df’ with the librariesY” of all four serotypes by measuring their
similarities via the correlation coefficients [18]7]. The unknown sequence will belong to the
serotype that yields the maximum correlation cogfit.

V. SIMULATION RESULTS

To verify our proposed graphical representation hoet we employ UnitX to
distinguish different serotypes of Dengue viruse Hample sequences are obtained from NCBI
with the keyword of Dengue virus complete genomkk 8&7 sample sequences compose of four
serotypes of Dengue virus sequences (each seratypiins 196, 345, 246 and 90 sample
sequences, respectively). In this study, we meaberperformance of our software by 4-fold cross
validation. The performance of our software is shawTablel. We can obviously see that UnitX
can be efficiently used as features to classifyddervirus sequence.
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TABLE | Summary of prediction results

# of Sample | Classification
Round
Sequences | Accuracy
1 657 99.09 %
2 658 99.54 %
3 658 99.39 %
4 658 99.39 %
99.35 %

VI CONCLUSION

In this paper, we have presented the new graphialesentation of genomic
sequence that can provide both the physical mearing easy-to-understand graphical
representation. The proposed method called UnitXldegen used to classify the four serotypes of
dengue virus. By designing the optimal librariesjt¥ can be perfectly used as the visualization
tool for Dengue virus analysis software since it efficiently assign the serotype for the selected
Dengue virus sequence.
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ABSTRACT

Exploration of the search engine that can simultaneously visualize the genomic sequences
is one of the challenging problems. In this paper, we propose the software, called CADVIiST. The
UnitX graphical representation (previously proposed by the authors) is employed as the
alternative tool to visualize the result obtained from the Basic Local Alignment Search Tool
(BLAST). The proposed software can efficiently help the users/experts to easily interpret the
results, especially in Dengue virus sequence analysis where different serotypes or subtypes need to
be distinguished.

[. INTRODUCTION

In bioinformatics, the Basic Local Alignment Seaiiaol (BLAST) is one of the most
widely used tools for sequence similarity searcle do its speed and reasonable accuracy of
searching performance. However, the BLAST progranstill lacked of user friendly graphical
representation. Hence, in this paper, we aim teldeva visualization tool that is capable to digpla
the text output resulting from BLAST.

There are many existing tools used for visualizengd analyzing the genomic
sequences. Each tool is developed based on somificspasks which can be categorized into four
approaches, i.e. Base vector, Sequential, Fourgrsform (FT) and Z-Curve approaches.

(1) Base vector approachHamori, E. and Ruskin, J. (1983) represented DBgusnces in a three
dimensional curve (H- Curve) [1]. Gates, M.A. (198Boposed that graphical representation of
DNA sequence in two dimensional space was bettsr HhCurve. Gates’ graphical representation
shows four nucleotide bases, i.e. adenine (A), thgr(il), cytosine (C), and guanine (G). The unit
vector representations of these bases are on thes@a coordinate system, i.e. Base A is on the
negativey-axis, base T is on the positiyeaxis, base G is on the positixeaxis, and base C is on
the negativex-axis [2]. About eleven years later, Nandy A. (1p9&oposed a graphical
representation in order to distinct the featuremtsbn and exon segments of eukaryotic sequences
[3]. This graphical representation was similar @t€3’ method. The A, G, C and T nucleotide was
plotted on an ACGT-axis system. The slope of thi& mdicated a cluster of intron and exon
sequences. However, both Nandy and Gates’ metladshigh degeneracy such that the sequences
such as AGTC, AGTCA, and AGTCAG lead to the sammplgical representation [4]. Stephen
S. -T. Yauet al.,, 2003 modified Gates’ method. The four nucleiedsicare classified into
pyrimidine/purine graph on two quadrants of thet€dan coordinate system. The first quadrant
represents pyrimidine (T and C), and the forth gamsidrepresents purine (A and G) [4]. Recently,
the authors propose the graphical representatipecidly for the Dengue virus sequence analysis
based on the cumulative amount of amino and keted)a@alled UnitX [5].

(2) Sequential approach:Altschul et al., 1990 developed the Basic Local Alignment Sediabl
(BLAST) program. This program is one of the mospydar tools for genomic sequence analysis.
This tool can perform a fast similarity search. itegram compares the similarity between any
two sequences and displays the difference betwesse tsequences by comparing in the base-by-
base basis [6].
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(3) Fourier Transform (FT) approach: Anatassiou D. proposed the color spectrograms of
biomolecular sequences which is the tool used feualization of the biomolecular sequence
analysis [7], [8]. Spectrograms which can repregbet magnitude of the short-time Fourier
transform (STFT) is implemented via the discretarfew transform (DFT). Analysis of the genomic
sequence in frequency domain via the Fourier toansf(FT) uses the 3-periodicity property for
DNA coding sequence. The color spectrogram is ddfiny using the color: red, green and blue.
Even though this method yields an impressive gcgbhrepresentation, the computational
complexity is fairly high.

(4) Z-Curve approach: Zhang C. Tet al., 1994 suggested a practical visualization totdedaZ-
Curve [8]-[12]. James Jet al developed this tool in the package called MBETogrI}13].
According to the assumption on the cumulative comepts of the genomic sequence, features
obtained from Z-Curve can be quickly interpretad;hsas the distribution along the sequence of
purine/pyrimidine bases, amino/keto bases, strotgihti/weak H-bond. Since the algorithm of Z-
Curve is simple, it can be applied to all genomeiguences regardless of how long those sequences
are. The similar approach with Z-Curve called 3D0n@ is presented by Zhang Y. and Tan M.
(2008). This approach can be viewed as the weighdegion of Z-Curve [14].

The choice of selecting the graphical represemtattan vary based on the
characteristics of genomic sequences of interdstrefore, in this first version of the proposed
software, Dengue virus sequences (nucleotide segagare employed to verify the merit of the
proposed software. The software is called CADViSiiol stands foClassification andAnalysis
of DengueVirus Serotype by VisualizatioT ool. By employing UnitX as the visualization tool,
the proposed software is suitable to use for imgimy the Dengue virus sequence. However,
positioning of partial Dengue sequences on Dengm®me with UnitX representation requires
high computational load. BLAST is well known as tefficient searching tool. However,
visualizing the results obtained from BLAST needms improvement. Therefore, in this paper,
we propose the software that combines the meribath BLAST and UnitX. The proposed
software can efficiently search the unknown portioh Dengue virus sequences and can
simultaneously illustrate graphical representatiointbie resulting sequences.

This paper can be organized as follows. Sectioninftoduces the proposed
visualization tool, called CADVIST. The softwarechitecture of CADVIST is described in
Section lll. In Section IV, the simulation result$ the proposed software are shown. Finally,
Section V concludes the paper.

I CADVIST: THE PROPOSED VISUALIZATION TOOL

Classification andAnalysis of DengueVirus Serotype by Visualizationl ool, or
CADVIST, is a visualization tool proposed espegidtir analyzing the Dengue virus sequences.
All components and details of CADVIST can be ddssxliin details as follows:

A. Basic Local Alignment Search Tool (BLAST)

BLAST program is developed by Stephen F. Altchud drnis coworkers at the
National Center for Biotechnology Information (NGBIt is widely used for calculating the
sequence similarity. BLAST works through the hdigialgorithm to find the best possible results.
It finds the homologous sequences by locating simatthes between two sequences to make the
search fast. Similarity measurement technique 0ASL uses statistical theory to assign a scoring
matrix for all possible pairs of residues and prlthe Expect value (E-value) for each alignment
pair.

The stand-alone BLAST programs are provided as rapoessed package. The
package, available as BLAST initialed archivesdarariety of computer platform, is available on
the BLAST ftp site: ftp://ftp.ncbi.nih.gov/ blasklecutables/release/. In this paper, we employed
stand-alone BLAST version 2.2.22 to generate BLASBput, as input of the proposed software
(CADVIST).
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B. UnitX Graphical Representation

UnitX graphical representation can efficiently ralvéhe distribution of amino/keto
bases along the sequence on two quadrants of tes@a coordinate system. The first quadrant
represents the amount of amino (C and A) whileftlueth quadrant represents amount of keto (T
and G). The unit vectors represent four nucleotides adenines (A), guanine (G), thymine (T),
and cytosine (C), are demonstrated as follows (Big.

v

2 C

L 2 A — (1,1 cC — (1,2)
G — (1,-2) T — (1,-1)

Figure 1. The UnitX vectors represent four nucleotides AC&E&nd T.

By assigning the numbers of occurring of bases AzCand T in the sequences, the
coordinate (x, y) of the projection onto X and Yeaxwith UnitX representation can be illustrated
as follows:

C+A+T+G=x
20+A-T—-26G=y

C. |dea of CADVIST

In this paper, we employ BLAST in a “stand-alonedds to find the similarity score
among the query sequence and the Dengue virusatideedatabase. The search results obtained
from BLAST are graphically displayed via UnitX regentation.

D. Creating nucleotide BLAST database

The main advantage of stand-alone BLAST prograto Iz able to create your own
database. To create a nucleotide BLAST databas&eee a source file of sequence in FASTA
format. This file will be processed by the formatdibgram contained within the stand-alone
BLAST package to build index files of the databa&fier executing formatdb command, three
files will be produced from the source FASTA fileor nucleotide databases, the extensions are
nhr, nin, and nsq [15]. The formatdb command casHhwsvn as follows:

formatdb -p F -DatabaseName.fasta
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The source FASTA file will have the form:

>First sequence description

) 9,9.9,.0.9.:9.9.9.9.9,.9.9.9.9.9.9.9.9.0.0.0.0.0¢
XXXXXXXXKXXXX...

>Second sequence description

) 9,9.9.0.9.:9.9.9.9.0,.9.9.9.9.9.9.9.9,.9.0.9.0.0¢
XXXXXXXXKXXXX...

>Last sequence description

) 9,9.9,.0.9.:9.9.9.9.0,.0.9.9.9.9.9.9.9.0.0.0.0.0¢
XXXXXXXXXXXXX...

where Xs are nucleotide codes (A, T, G or C).

In this paper, the database of the proposed saftisanbtained from NCBI with the
keyword of Dengue virus complete genome. All 2,X8#leotide sequences compose of four
serotypes of Dengue virus sequences (each serotypains 952, 737, 405 and 90 nucleotide
sequences, respectively).

E. Stand-alone executable BLAST

The stand-alone executable BLAST and NCBI web-b&ledIST program provide
easy ways for users to perform BLAST search viaroamd line or a website. There are many
advantages to run BLAST search program on your avachine, e.g. database can be easily
edited. In this paper, we employ stand-alone BLA®dgram to generate BLAST output. BLAST
search can be executed via blastall command asfoll

blastall -p blastn -@atabasename.fastai QuerySequence.fastam 9 -F F>Result.txt

F. Graphical Representation via UnitX

In steady of displaying the search results in dbeltea (Figs. 4(b) and 4(c)) like
BLAST, CADVIST extracts the information from BLASand represents the results graphically
via UnitX representation described section Il BrtRermore, in the case that the users only need
to explore the nature of Dengue virus sequencey, ¢hn also employ only the graphical feature
(UnitX) of CADVIST.

[ll. SOFTWARE ARCHITECTURE OF CADVIST

To develop the user friendly GUI, the proposed CABV software is written in C#
programming. The GUI of CADVIST can be shown in.BigTrhe input fields for query sequence
can be either (1) the text file in FASTA format (@) text letter directly copied and put into the
blank space in Fig.3. Once the input is inserted,frocess inside CADVIST can be summarized
as follows (Fig. 2):

Stepl:Call stand-alone BLAST program to generate BLASTpat,

Step2: Extract sequence accession number and the coteslind each matched sequence from
BLAST output,

Step3: Provide matching regions between query and matdeegience identified by BLAST
program and send the results to the display uaitlnitX representation. The results are shown in
Figs.4 (d-e).

In addition, other options of CADVIST are copy, saprint, show point values in the
graph of UnitX vector. The option can be selectgdnaking a right click on the graph.
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|

'“I Creating Nucleotide BLAST Database [

!

i

—— SourceFile of Sequencein |

= FASTA Format i

1

1

i

i

l 1

formatdb Program i

—— QuerySequence in 1
——  FASTAFormat l

Query Sequence

BLAST Program

Process BLAST Qutput
Display BLAST Result

Figure 2. Flowchart of the proposed software

L=
> S ) ST Database
=

t, Faculty of Medicine H

Siirgj
Brain Computer Interface (BCH) Lab, Faculty of Engineering, Mahidol Univers

Enter or paste query sequence in FASTA format

>> Seanch &lgiﬂe GCTACTTATACCAGAACCAGAAAAGCAGAGAACT CCCCAAGACAAT
CAACTCGCATATGT TGTGATAGGC
ATACTTACATTGGCTGCAATAGTGGCAGCCAATGAAATGGGATTG
TTGGAAACCACAAAGAGAGAT TTAG
GAATGTCCAAAGAACCAGGTETTGTTTCTCCAACCAGCTATTTGGA
TGTGGATTTGCACCCAGCATCAGC
CTGGACATTGTACGCTGTGGCCACAACAGTAATAACACCAATGTTG
AGACACACCATAGAGAATTCTACA
GCAMTGTGTCCCTGGCTGCTATAGCCAACCAGGCAGTGGTCCTG
ATGGGTTTAGACAAAGGATGGCCGA

TATCGAAAATGGACT TAGGTGTACCACTATTGGCACTGGGTTGCT
ATTCGCAAGTAAACCCACTAACTCTCA

Upload File: Browse | [SearchEngine | [ Reset

Figure 3. Screenshots of the proposed software

IV. SIMULATION RESULTS

As an example, we verify the merit of CADVIST fanding the similarities among
FN429899 Dengue virus serotype3 (2040 — 7143 baskign) and our Dengue virus sequence
database.

Traditionally, the results obtained from stand-a&l@LAST program consist of two
major parts, i.e. (1) the one-line description®ath database sequence found to match the query
sequence (Fig.4 (a)), and (2) the alignment betwbeninput sequence and the matched query
sequences (Figs.4 (b)-(c)) [16]. Figs. 4 (b) andil{ustrate the first and second highest score
matched sequences, respectively.

By employing the information obtained from BLASTIig§.4 (d)-(e) represent the
proposed graphical representation via CADVIST. Témult of the proposed software consists of
two main parts where each part displays the graphm&presentation via UnitX. The first part
shows the whole genome of query sequence (Figy Tte second part displays the matched
regions between the query and input sequence fidehbly BLAST (Fig.4 (e)). In Fig.4 (e), for
convenience, only the first (FN429899) and sec#n®B68038) highest scores matched sequences
are shown. Both sequences are also from the sawiy®® as our input sequence. As expected, the
first highest score matched sequence is the sequitad we copy its portion as our query
sequence.
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Furthermore, according to Figs.4 (a — c), we cao abserve that the output of
BLAST sitill lacks of user friendly graphical repesgation. Therefore, CADVIST can efficiently
be one of the alternative way to visualize the Itegisequences obtained from BLAST as shown
in Figs.4 (d — e). In Fig.4 (e), we can obviousbserve the region of the mismatched base pairs.
The result of the proposed software can be disglaigethe graph overlaying format together with

the UnitX representation of the sequences (Fig} (d
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Description | Maxscore | Total score | Query coverage | . Ewvalue | Maxident
Denaue virus type 3, isolate D3MYS7-12440, aenomic RNA, complet 5205 o 0.0 100%
Denaue virus 3 strain den3 88, complete aenome 754 100% 0.0 98%
Denaue virus 3 aenomic RNA, complete aenome, strain: 98902890 8651 100% 0.0 57%
Denaue virus type 3, isolate D3MY99-21531, aenomic RNA, complet 8677 100% 0.0 579
Denque virus 3 strain den3 98, complete aenome 8574 100% 0.0 579
Denaue virus 3 aenomic RNA, complete aenome, strain: 98901403 8574 100% 0.0 579
Denaue virus tybe 3 strain Sleman/78, complets aenome 8559 100% 0.0 579
Denaue virus 3 aenomic RNA, complete aenome, strain: 98901437 8565 100% 0.0 579
Denaue virus type 3, isolate D3MY00-22447, aenomic RNA, complet 8560 100% 0.0 579
Denaue virus 3 aenomic RNA, complete aenome, strain: 98901517 8547 100% 0.0 579

@)

140, gemomic ENR, cemplete

(b)

5104 (0%)
RACATAGTARTTGGAN

E Dengue wirus 3 strain den3 BE,

GEREACRRLG

complete genome

GRARRRTC

Query Sequence: Unknown Sequence
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+ +
3000 4000

nibp)

+
1000 2000
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(d)
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Search Engine Results

1, Matched Sequence:  FMN4Z82533 Dengue virus bype 2, isolale DEMYS7-12440, genomic RNA, complete |
Start Base Pair of Query Sequence 1 Stop Base Pair of Query Sequence 5104
Start Base Pair of Malched Sequence: 2040 Stop Base Pair of Matched Sequence: 7143

[ Unit¥hlue of Query Sequence Unitalue ot htched Sequence |
T T

&0

1]

s0 L

Uniti Walue

-100 +

-150

-200

t t t t
0 2 4 [ 5 10 12
nibp) (1073

2 Matched Sequence:  A¥858038 Dengue wirus 3 shain den3_88, complete genome
Start Base Pair of Query Sequence: 1 Stop Base Pair of Query Sequence: 5104
Start Base Pair of Matched Sequence: 2040 Stop Base Pair of Matched Sequence: 7142

[ = UnitBlue of Duery Sequence Unit3 Walue of hiatohed Sequence |
T T

100

50 1

o

Vsl e

(e)

Figure 4. (a) One-line description in the BLAST report; (bAcpairwise sequence alignment from
a BLAST report; (d-e) Graphical display of the CAISV.

V. CONCLUSION

In this paper, we have developed the software ¢alADViST. The proposed
software can be used to visually analyze the mdtechgions identified by BLAST between the
guery sequences and the Dengue virus databasehiGrapepresentation is implemented via
UnitX which is suitable especially for analyzingfdient serotypes of Dengue virus nucleotide
sequences. Many options in CADVIST can also betigditbioinformatics experts, e.g. save, print,
and show the raw numeric values on the graph. Wihnet framework of C#, CADVIST can be
easily modified to include more open source orande developed mathematical modeling, while
maintaining the user friend GUIL.
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