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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 simultaneously classify the serotypes of Dengue virus and visually illustrate 

the nucleotide sequences of Dengue virus. Therefore, this research aimed to study and develop 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 nucleotide 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 functions in 

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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       บทคดัยอ่  
ซอฟต์แวร์สําหรับการวิเคราะห์และแปลผลลาํดบัเบสของนิวคลีโอไทด์สามารถแสดงผลไดห้ลาย

แบบ เช่น การแสดงผลเป็นแถบสี เป็นตวัอกัษรแบบตาํแหน่งต่อตาํแหน่ง และการแสดงผลแบบกราฟิก เป็นตน้ แต่
ยงัไม่มีซอฟต์แวร์ที�มีประสิทธิภาพในการจาํแนกซีโรทัยป์ของเชืdอไวรัสเด็งกี�และทาํให้เห็นภาพรวมของสาย           
นิวคลีโอไทด์ทัd งเส้นของเชืdอไวรัสเด็งกี� ดงันัdน โครงการวิจัยในวิทยานิพนธ์นีd  จึงมุ่งเน้นการศึกษาและพฒันา
ซอฟตแ์วร์โดยตัdงชื�อวา่ CADViST สาํหรับใชใ้นการวิเคราะห์ลาํดบัเบสของนิวคลีโอไทด์ของเชืdอไวรัสเด็งกี�ดว้ย
การนาํเสนอขอ้มูลในรูปแบบกราฟิกที�ถูกพฒันาขึdนมาใหม่ชื�อ UnitX เป้าหมายของงานวิจยัแบ่งออกเป็น 2 ส่วน
ดงันีd คือ (1) ออกแบบกราฟิกที�นาํมาใชใ้นการแสดงลาํดบัเบสของนิวคลีโอไทด์ของเชืdอไวรัสเด็งกี� (2) พฒันา
ซอฟต์แวร์ให้มีฟังก์ชันการทํางานดังนีd คือ (2.1) เป็นซอฟต์แวร์ที�ใช้ในการสืบค้นหาข้อมูลลาํดับเบสของ               
นิวคลีโอไทดข์องเชืdอไวรัสเด็งกี� (2.2) เป็นซอฟตแ์วร์ที�ใชใ้นการจาํแนกซีโรทยัป์ของลาํดบัเบสของนิวคลีโอไทด์
ของเชืdอไวรัสเด็งกี� (2.3) เป็นซอฟตแ์วร์ที�ใชแ้สดงผลจากโปรแกรม Basic Local Alignment Search Tool (BLAST) 

งานวิจยันีdนาํเสนอ UnitX ไปใชใ้นการแสดงความสัมพนัธ์ของปริมาณระหวา่งหมู่ฟังก์ชนัอะมิโน
และคีโตในรูปของกราฟิก เพื�อทดสอบความสามารถของ UnitX UnitX จึงถูกนาํไปใชใ้นการจาํแนกซีโรทยัป์ของ
ลาํดบันิวคลีโอไทดข์องเชืdอไวรัสเด็งกี� นิวคลีโอไทดต์วัอยา่งจาํนวน 2,148 ตวัอยา่ง ไดม้าจาก ฐานขอ้มูล GenBank 
ของ National Center for Biotechnology Information (NCBI) ประกอบดว้ย 4 ซีโรทยัป์ คือ ซีโรทยัป์ 1 ถึง 4 แต่ละ 
ซีโรทยัป์ประกอบดว้ย 952, 737, 405 และ 90 ตามลาํดบั ผลจากการทดลองสรุปไดว้า่ UnitX สามารถนาํมาใชใ้น
การจาํแนกซีโรทยัป์ทัdง  4  ของเชืdอไวรัสเด็งกี�ได ้เมื�อไดผ้ลดงันีd  จึงนาํ UnitX ไปใชเ้ป็นหน่วยแสดงผลของ
ซอฟต์แวร์ CADViST  ซึ� งเป็นซอฟต์แวร์ที�ถูกพฒันาเพื�ออาํนวยความสะดวกแก่ผูใ้ชใ้ห้สามารถวิเคราะห์ลาํดบั     
นิวคลีโอไทด์ไดง่้ายขึdน 10% ของแต่ละซีโรทยัป์ถูกสุ่มมาทาํ Multiple Sequence Alignment เพื�อสร้างสาย            
นิวคลีโอไทด์ของแต่ละ   ซีโรทยัป์ดว้ยโปรแกรม ClustalW โปรแกรม BLAST ถูกนาํมาใชเ้พื�อจาํแนกซีโรทยัป์
ของเชืdอไวรัสเด็งกี� ผลลพัธ์แสดงให้เห็นวา่ 10% นิวคลีโอไทด์ใน 4 ซีโรทยัป์ที�นาํมาใชส้ามารถระบุซีโรทยัป์ได้
ถูกตอ้งทัdงหมด 
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Figure 1.1 Steps of genomic signal processing [1]

In this thesis, visualization tool for analyzing nucleotide sequence of 

called UnitX, is proposed. The proposed UnitX can 
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The software that can employ the proposed visualization tool, 

is also developed. The benefit of this developed software is 

simultaneously with analyzing the Dengue virus sequence data. A 

process map provides an overall graphical view of the sequence and quickly analyze

The present version of proposed software was developed in C# language with 

Since C# is a modern object oriented language, 

universally used than other languages such as C and C++ languages. 

the proposed software can be easily modified by including more open source or 
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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 this thesis are: 

(1) To design the optimal representation for nucleotide sequence of Dengue virus. 

(2) To develop the CADViST 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 CADViST. Results and discussion are described 

in Chapter 4 and 5, respectively. Finally, Chapter 6 concludes this thesis and indicates 

future research direction. 



Fac. of Grad. Studies, Mahidol Univ.                                             M. Eng. (Biomedical Engineering) / 3 

 

CHAPTER  II 

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 CADViST uses as a supplementary tool 

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

alignment with Clustal programs used as part of CADViST development 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 Ԩ 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 



Boonyarat Viriyasaksathian         Literature Review / 4 

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]. 
 

 
 

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]. 
 

 
 

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]. 
 

 
 

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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of nodes ଴ܲ, ଵܲ, ଶܲ, ..., ேܲ whose coordinates ݔ௡, ݕ௡, ݖ௡ (n = 0, 1, 2, …, N) where N is 

the length of DNA sequence being studied, where ܣ௡, ,௡ܥ  ௡ and ௡ܶ are the cumulativeܩ

occurrence number of A, C, G and T, respectively, in the subsequence from 1st base to 

the ݊-th base in the sequence being studied by defined ܣ଴ ൌ ଴ܥ ൌ ଴ܩ ൌ ଴ܶ ൌ 0 
 

௡ݔ ൌ ሺܣ௡ ൅ ௡ሻܩ െ ሺܥ௡ ൅ ௡ܶሻ 
 

௡ݕ ൌ ሺܣ௡ ൅ ௡ሻܥ െ ሺܩ௡ ൅ ௡ܶሻ 
 

௡ݖ ൌ ሺܣ௡ ൅ ௡ܶሻ െ ሺܥ௡ ൅  ௡ሻܩ
 

According to the above equation, the subsequence constituted 

from 1-st base to the ݊-th base in the sequence being studied, when the numbers of 

purine bases (A and G) are greater than pyrimidine base (C and T), ݔ௡ ൐ 0, otherwise, 

௡ݔ ൏ 0, and when the numbers of purine and pyrimidine bases are identical, ݔ௡ ൌ 0. 

Similarly, when amino bases (A and C) are greater than keto bases (G and T), ݕ௡ ൐ 0, 

otherwise, ݕ௡ ൏ 0, and when the numbers of amino and keto bases are identical, 

௡ݕ ൌ 0. Also, when weak H bond bases (A and T) are greater than strong H bond 

bases (G and C), ݖ௡ ൐ 0, otherwise, ݖ௡ ൏ 0, and when the numbers of weak and 

strong H bond bases are identical, ݖ௡ ൌ 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. 

 



F

 

F

M
 

s

S

T

c

G

a
 

 

F
 

m

A

Fac. of Grad. 

Figure 2.6 

Morganthal

sequences A

Stephen S. 

They const

coordinate s

G) in the fo

and T are sh

Figure 2.7 

most comm

Alignment 

G 
T

A

Studies, Mahi

The unit ve

ler in the Ca

AGTCA, A

-T Yau and

tructed a p

system, with

ourth quadra

hown in Fig

The unit ve

2.2.2 Sequ

The metho

monly used 

Search Too

y 

C 
T 

A 

idol Univ.      

ectors presen

artesian coo

For instan

AGTCAG, e

d his cowor

pyrimidine-

h pyrimidin

ant [14]. Th

g. 2.7. 

ectors presen

ential appr

d use to ide

algorithms

ol, or BLAS

Ax 

                     

nted by (a) 

ordinate plan

nt, accordin

etc. have the

rkers solve 

-purine gra

nes (T and C

he unit vect

nted by Yau

roach 

entify simila

s for databa

ST. BLAST

T 

A 
C 

y 

                 M

Gates, (b) N

ne [11] 

ng to Gates

e same grap

the problem

aph on two

C) in the fir

tors represen

u in the Car

ar base pair

ase similari

T was first 

G x 

 

. Eng. (Biome

Nandy and (

’ graphical 

phical repre

m by modif

o quadrants

st quadrant 

nting four n

rtesian coord

r by pair. In

ity searchin

reported by

 C 

edical Enginee

(c) Leong an

representat

esentation. I

fied Gates’ 

s of the C

and purine

nucleotides 

 

dinate plane

n bioinforma

ng are Basi

y Stephen 

y 

A 
T 

G 

ering) / 11 

 

nd 

tion, the 

In 2003, 

method. 

Cartesian 

s (A and 

A, G, C 

e [14] 

atics, the 

ic Local 

Altschul 

x 



Boonyarat Viriyasaksathian         Literature Review / 12 

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]. 

 

 
 

Figure 2.8 Color spectrogram of DNA stretch [17] 
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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, CADViST 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. 
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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]. 
 

Step1: 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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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]. 
 

 
 

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: 

 

Quick Pairwise Alignment: 
Calculation of distance matrix

Creation of Unrooted Neighbor-
Joining Tree 

Rooted NJ Tree (guide tree) and 
calculation of sequence weights 

Progressive alignment following 
the Guide Tree
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ATCG ATCG Identity Score = 3/4 Distance = 1-(0.75/100) 
  |  |  |    = 1-0.0075 
 ATCT  = 0.9925 
 ATCG Identity Score = 1/4 Distance = 1-(0.25/100) 
  |  = 1-0.0025 
 AGGC  = 0.9975 
 ATCG Identity Score = 0/4 Distance = 1-(0/100) 
   = 1-0 
 GCAA  = 1 
ATCT ATCT Identity Score = 1/4 Distance = 1-(0.25/100) 
  |  = 1-0.0025 
 AGGC  = 0.9975 
 ATCT Identity 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   
S3 0.9975 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 ݀ is 

the original distance matrix. ܴ௜ is the net divergence matrix for each sequence is 

calculated as the sum of each node to all other nodes. ܰ is the set of leaves in the tree. 

The number of leaves is |ܰ| [30], [31]. 
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ܴ௜ ൌ ଵ
|ே|ିଶ

∑ ݀௜௠௠אே    ... (Equation. 2.1) 

௜௝ܦ ൌ ݀௜௝ െ ሺܴ௜ ൅ ௝ܴሻ   ... (Equation. 2.2) 
 

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. 
 

Stage1: Compute the Net divergence matrix R for each sequence by Eq. 2.1 
 

RS1 =   (0.9925 + 0.9975 + 1) / (4 - 2) =   1.495 
RS2 =   (0.9925 + 0.9975 + 1) / (4 - 2) =   1.495 
RS3 =   (0.9975 + 0.9975 + 1) / (4 - 2) =   1.4975 
RS4 =   (1+1+1) / (4 - 2) =   1.5 

 

Stage2: Compute the modification matrix D by Eq. 2.2 
 

DS1S2  =  dS1S2 – (RS1 + RS2) DS2S3  =  dS2S3 – (RS2 + RS3) 

D S1S2  =  0.9925 – (1.495 + 1.495) D S2S3  =  0.9975 – (1.495+1.4975) 

D S1S2  =  -1.9975 D S2S3  =  -1.995 

DS1S3  =  dS1S3 (RS1 + RS3) DS2S4  =  dS2S4 – (RS2 + RS4) 

D S1S3  =  0.9975 – (1.495+1.4975) D S2S4  =  1 – (1.495 + 1.5) 

D S1S3  =  -1.995 D S2S4  =  -1.995 

DS1S4  =  dS1S4 – (RS1 + RS4) DS3S4  =  dS3S4 – (RS3 + RS4) 

S1 

S2 

S3 

S4 
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D S1S4  =  1 – (1.495 + 1.5) D S3S4  =  1 – (1.4975 + 1.5) 

D S1S4  =  -1.995 D S3S4  =  -1.9975 

 

S1 S2 S3 
S2 -1.9975   
S3 -1.995 -1.995  
S4 -1.995 -1.995 -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. 
 

 
 

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: 
 

݀௜௨ ൌ  ௗ೔ೕ

ଶ
൅ ቀ ோ೔ିோೕ

ଶሺேିଶሻቁ  ... (Equation 2.3) 

௝݀௨ ൌ  ݀௜௝ െ ݀௜௨   ... (Equation 2.4) 
 

 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

X 
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Explanation of Equation 2.5: Define the distance from u to each other node (k ് i or 

j) as: 
 

݀௞௨ ൌ ሺ݀௜௞ ൅ ௝݀௞ െ ݀௜௝ሻ/2 ... (Equation 2.5) 

 

 

dS1X = (dS1S2 / 2) + ((RS1 – RS2) / (2(N - 2))  

= (0.9925 / 2) + ((1.495 - 1.495) / (2(4 - 2)) 

= 0.49625 

 
dS2X = dS1S2 – dS1X = 0.9925 - 0.49625 

= 0.49625 

 
dS3X = (dS1S3 + dS2S3 – dS1S2) / 2 = (0.9975 + 0.9975 – 0.9925) / 2 

= 0.50125 

 
dS4X = (dS1S4 + dS2S4 – dS1S2) / 2 = (1 + 1 – 0.9925) / 2 

= 0.50375 
 

 
 

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 stage1. Otherwise the tree is fully 

defined. 

 

 

S1 

S2 

S3 

S4 

X 
0.50125 

0.50375 

0.49625 

0.49625 
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2.5.3 Progressive alignment

The procedure 

align larger and larger group of sequences according to branching order in the guide 

tree. Basically, most progressive alignment methods rely on dynamic programming to 

perform multiple alignment beginning with 

progressively adding less related sequences to the initial alignment
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.3 Progressive alignment 

The procedure at this stage is to use a series of pairwise alignments to 

align larger and larger group of sequences according to branching order in the guide 

Basically, most progressive alignment methods rely on dynamic programming to 

perform multiple alignment beginning with the most related sequences and then 

progressively adding less related sequences to the initial alignment [19], [3

(a) 

 

(b) 

M. Eng. (Biomedical Engineering) / 25 

is to use a series of pairwise alignments to 

align larger and larger group of sequences according to branching order in the guide 

Basically, most progressive alignment methods rely on dynamic programming to 

the most related sequences and then 

[19], [32]. 
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(c) 

 

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 with the second column, and placing 

each character of sequence S1 before each row, beginning with the second row
 

Figure 2.21 Initialization of dynamic programming matrix

 

corner of the matrix that requires the score from the diagonal, 

neighbor cells. For each position in the matrix is the maximum global alignment score 

D(i, j) [33]. The value at position 

scoring scheme D(i, j) 

 

(1) D(i-1, j-1) =

(2) D(i, j-1) =

(3) D(i-1, j) =

 

D(i, j)

 

This example 

extension penalty. So the first row and the first column of the matrix can be initially 

filled with 0. 

d. Studies, Mahidol Univ.                                             M. Eng. (Biomedical Engineering) / 

S1 above each column in the matrix, beginning with the second column, and placing 

each character of sequence S1 before each row, beginning with the second row

 

ization of dynamic programming matrix [33] 

2.5.4.2 Matrix filling step 

The filling step of the matrix element starts in the left 

that requires the score from the diagonal, vertical and horizontal 

For each position in the matrix is the maximum global alignment score 

. The value at position (i, j) is the maximum score at position 

 be defined as follows: 

= D(i-1, j-1) + (Match or Mismatch score in the diagonal)

= D(i, j-1) + (Gap score in sequence S1)

= D(i-1, j) + (Gap score in sequence S2)

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

This example assumes that there is no gap opening or gap opening, 

So the first row and the first column of the matrix can be initially 

M. Eng. (Biomedical Engineering) / 27 

S1 above each column in the matrix, beginning with the second column, and placing 

each character of sequence S1 before each row, beginning with the second row [33]. 

atrix element starts in the left top 

vertical and horizontal 

For each position in the matrix is the maximum global alignment score 

is the maximum score at position (i, j). Let the 

+ (Match or Mismatch score in the diagonal) 

) 

) 

 j)] 

s no gap opening or gap opening, or gap 

So the first row and the first column of the matrix can be initially 
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Figure 2.22 Dynamic programming matrix

 

In position (1, 

D(0, 0), D(1, 0) and D(
 

 

Figure 2.23 The first element of the matrix that is filled in D(1, 1)

Figure 2.24 Initialization of all 
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ynamic programming matrix with base case filled in [3

In position (1, 1) of the scoring matrix D(1, 1) is the maximum score of 

(0, 1). 

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

 

The first element of the matrix that is filled in D(1, 1) [3

 

Initialization of all elements along the second row second column

 Literature Review / 28 

[33] 

is the maximum score of 

[33] 

second column [33] 
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In column 2, the cell in row 2 will be assigned by the maximum value of 1 

(mismatch score), 1 (horizontal gap score) or 1 (vertical gap score). So its value is 1. 

At the position column 2 row 3, the character in both sequence

the maximum score of 2 (match score), 1 (horizontal gap score) or 1 (vertical gap 

score), its value is 2. 
 

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

In any row except the last one, m

its value will be the maximum of 1 (mismatch score), 1 (

(vertical gap score) so its value is 2.

maximum score of 2 (match score), 1 (
 

D(
 

 

Figure 2.25 Initialization of all elements along the third column
 

Using the same techniques as described for column 

the values for column 3.
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column 2, the cell in row 2 will be assigned by the maximum value of 1 

(mismatch score), 1 (horizontal gap score) or 1 (vertical gap score). So its value is 1. 

At the position column 2 row 3, the character in both sequences is A. So its value is 

um score of 2 (match score), 1 (horizontal gap score) or 1 (vertical gap 

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

In any row except the last one, moving along the position 

maximum of 1 (mismatch score), 1 (horizontal gap score

) so its value is 2. The value in the final row will be 2 since i

match score), 1 (horizontal gap score) or 2 (vertical gap score

(2, 4) = D(2, 5) = D(2, 6) = Max[1, 1, 2] = 2 

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

 

Initialization of all elements along the third column [33

Using the same techniques as described for column 3, Fig. 2.2

the values for column 3. 

M. Eng. (Biomedical Engineering) / 29 

column 2, the cell in row 2 will be assigned by the maximum value of 1 

(mismatch score), 1 (horizontal gap score) or 1 (vertical gap score). So its value is 1. 

is A. So its value is 

um score of 2 (match score), 1 (horizontal gap score) or 1 (vertical gap 

= Max[2, 1, 1] = 2 

position column 2 row 4, 

horizontal gap score), or 2 

The value in the final row will be 2 since it is the 

vertical gap score). 

3] 

, Fig. 2.26 illustrates 
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Figure 2.26 Initialization of all elements along the forth column
 

Figure 2.27 Complete score matrix with trace arrows
 

alignment. Traceback step start from the lower corner and trace back to the upper left. 

Each arrow represents one character at the end of each aligned sequence. (1) A 

horizontal move puts a gap in the

top sequence. (3) A diagonal move uses one character from each sequence. The 

current alignment comprised of two conditions to be checked: (1) character 

comparison in both sequence and (2) the relationsh

matrix cell (i, j): the neighbor above (i

left (i, j-1). If the first condition is true, disregard the second one. The current 

alignment is defined as follows:
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Initialization of all elements along the forth column [33

 

Complete score matrix with trace arrows [33] 

2.5.4.3 Traceback step 

Traceback step is the algorithm to determine the actual 

alignment. Traceback step start from the lower corner and trace back to the upper left. 

Each arrow represents one character at the end of each aligned sequence. (1) A 

horizontal move puts a gap in the left sequence. (2) A vertical move puts a gap in the 

top sequence. (3) A diagonal move uses one character from each sequence. The 

current alignment comprised of two conditions to be checked: (1) character 

comparison in both sequence and (2) the relationship between three neighbors of 

matrix cell (i, j): the neighbor above (i-1, j), diagonal neighbor (i-1, j

1). If the first condition is true, disregard the second one. The current 

alignment is defined as follows: 

 Literature Review / 30 

3] 

Traceback step is the algorithm to determine the actual 

alignment. Traceback step start from the lower corner and trace back to the upper left. 

Each arrow represents one character at the end of each aligned sequence. (1) A 

left sequence. (2) A vertical move puts a gap in the 

top sequence. (3) A diagonal move uses one character from each sequence. The 

current alignment comprised of two conditions to be checked: (1) character 

ip between three neighbors of 

1, j-1) and neighbor 

1). If the first condition is true, disregard the second one. The current 
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First condition:  If the position in 

character, put “|” in the current alignment.
 

Second condition: Relationship between three neighbors of matrix cell (i, j):
 

(1) If the maximum score is D(i,j

(2) If the maximum score is D(i
 

 

Figure 2.28 Three neighbor cell at position (i, j)
 

After the matrix has been completely filled, the traceback step begins in 

the (M, N) position in the matrix. The current alignment is the result of three 

neighbors of matrix cell (M, N): the neighbor above (M

1, N-1) and neighbor left (M, N

is 6. So the possible result is the diagonal match neighbor. Then decrease the position 

of current cell (i, j) by 1. Now the value of current cell is 5. According to the 

alignment as described in the above step, so the current a

the left sequence. Following the t

means the traceback is completed

Figs. 2.29 [33]. 
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If the position in the calculated alignment that match

” in the current alignment. 

Relationship between three neighbors of matrix cell (i, j):

If the maximum score is D(i,j-1), put gap (“-”) in left

If the maximum score is D(i-1,j), put gap (“-”) in top sequence.

Three neighbor cell at position (i, j) 

After the matrix has been completely filled, the traceback step begins in 

position in the matrix. The current alignment is the result of three 

neighbors of matrix cell (M, N): the neighbor above (M-1, N), diagonal neighbor (M

1) and neighbor left (M, N-1). According to Fig. 2.29 (a), the value of current cell 

is 6. So the possible result is the diagonal match neighbor. Then decrease the position 

of current cell (i, j) by 1. Now the value of current cell is 5. According to the 

alignment as described in the above step, so the current alignment produces a gap to 

Following the traceback step until the position of (i, j) is (1, 1); that 

means the traceback is completed. The solution of possible alignment is shown in 

(a) 

M. Eng. (Biomedical Engineering) / 31 

calculated alignment that matches with the same 

Relationship between three neighbors of matrix cell (i, j): 

”) in left sequence. 

”) in top sequence. 

 

After the matrix has been completely filled, the traceback step begins in 

position in the matrix. The current alignment is the result of three 

1, N), diagonal neighbor (M-

, the value of current cell 

is 6. So the possible result is the diagonal match neighbor. Then decrease the position 

of current cell (i, j) by 1. Now the value of current cell is 5. According to the 

lignment produces a gap to 

aceback step until the position of (i, j) is (1, 1); that 

. The solution of possible alignment is shown in 
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(b) 

(c) 

(d) 
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(e) 

(f) 

(g) 
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(h) 

(i) 

(j) 

 Literature Review / 34 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.        

 

Figure 2.29 A graphical procedure of traceback solution
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(l) 

(m) 

(n) 

A graphical procedure of traceback solution [33] 
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Boonyarat Viriyasaksathian

MATERIALS 

3.1 Introduction 

BLAST is one of the most popularly used tools in bioinformatics to 

and compare biological sequences

process. The idea of 

output to visualize and analyze via graphic

software, CADViST, we 

sequence of Dengue virus, called UnitX, as the alternative tool to visualize and 

interpret the result obtained from BLAST.

for analysis tools of CADViST
 

Figure 3.1 Idea of CADViST

 

 

3.2 The search of efficient

The choice of selecting the graphical representation can

the characteristics of genomic sequences of interest. Since the goal of this research is 

to find the suitable graphical representation for nucleotide sequence of Dengue virus

and the sequences can be of arb
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CHAPTER  III 

MATERIALS  AND  METHODS 

 

 

BLAST is one of the most popularly used tools in bioinformatics to 

and compare biological sequences. Fig. 3.1 illustrates the overall image of 

The idea of CADViST is to extract the essential information from BLAST 

output to visualize and analyze via graphical display. Therefore, in the proposed 

, we propose the graphical representation especially for nucleotide 

sequence of Dengue virus, called UnitX, as the alternative tool to visualize and 

interpret the result obtained from BLAST. UnitX will also be used as the key feature 

CADViST. 

CADViST 

The search of efficient graphical representative 

The choice of selecting the graphical representation can

the characteristics of genomic sequences of interest. Since the goal of this research is 

to find the suitable graphical representation for nucleotide sequence of Dengue virus

he sequences can be of arbitrary lengths in huge database, t
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BLAST is one of the most popularly used tools in bioinformatics to search 

the overall image of CADViST 

is to extract the essential information from BLAST 

Therefore, in the proposed 

especially for nucleotide 

sequence of Dengue virus, called UnitX, as the alternative tool to visualize and 

UnitX will also be used as the key feature 

 

The choice of selecting the graphical representation can be varied based on 

the characteristics of genomic sequences of interest. Since the goal of this research is 

to find the suitable graphical representation for nucleotide sequence of Dengue virus 

itrary lengths in huge database, therefore, 
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computational complexity of the graphical representation needs to be low and base 

locations need to be easy to visualize. By comparing with many graphical 

representations of genomic sequence in the literature, 

graphical representation base on the modification of Yau’s method

projection vector. UnitX is 

virus sequence analysis based on cumulative amount amino and keto bases.

 

3.2.1 UnitX Representation o

In this thesis, we propose graphical representative to represent nucleotide 

sequence of Dengue virus, called UnitX. This 

designed by Yau and his 

the distribution of amino/keto bases along the sequence on two quadrants of Cartesian 

coordinate system, the first quadrant is amino (C and A) and keto

forth quadrant [34]. The vector

nucleotides, i.e. adenines

illustrated in Fig. 3.2: 
 

 

Figure 3.2 Vector of UnitX

represent four nucleotide A, C, T and G, respectively
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computational complexity of the graphical representation needs to be low and base 

locations need to be easy to visualize. By comparing with many graphical 

of genomic sequence in the literature, this research proposes the novel 

representation base on the modification of Yau’s method

UnitX is the new graphical representation especially for Dengue 

virus sequence analysis based on cumulative amount amino and keto bases.

UnitX Representation of nucleotide sequence for Dengue virus

In this thesis, we propose graphical representative to represent nucleotide 

sequence of Dengue virus, called UnitX. This method applies the 

his coworker also presented in section 2.2.1.2

the distribution of amino/keto bases along the sequence on two quadrants of Cartesian 

coordinate system, the first quadrant is amino (C and A) and keto

. The vectors which have unit length in x-direction 

nucleotides, i.e. adenines (A), guanine (G), thymine (T) and cytosine (C), are 

 

ector of UnitX: The vectors (1, 1), (1, 2), (1, -1), (1, 

represent four nucleotide A, C, T and G, respectively [34]. 
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computational complexity of the graphical representation needs to be low and base 

locations need to be easy to visualize. By comparing with many graphical 

this research proposes the novel 

representation base on the modification of Yau’s method, called UnitX 

new graphical representation especially for Dengue 

virus sequence analysis based on cumulative amount amino and keto bases. 

f nucleotide sequence for Dengue virus 

In this thesis, we propose graphical representative to represent nucleotide 

applies the idea of unit vector 

.2.1.2. UnitX represents 

the distribution of amino/keto bases along the sequence on two quadrants of Cartesian 

coordinate system, the first quadrant is amino (C and A) and keto (G and T) in the 

direction represented four 

(G), thymine (T) and cytosine (C), are 

 

1), (1, -2) is used to 
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By given the numbers of nucleic acid occurring in the sequence, the 

���, ��� coordinate projection onto 
 

���� 	

���� 	  

where ��, ��, 
� and �
 

Sections 3.2.

nucleotide sequence of Dengue virus. The idea is t

unknown sequence and template represented each Dengue virus serotype via the 

correlation coefficient. The unknown sequence belongs to

maximum correlation coefficient (see Fig 3.3).
 

The process on c

(a)-(d) show the template 

process is presented in section 3.3.3. The performance of UnitX method is evaluated in 

section 3.2.4. 
 

 

Figure 3.3 The idea to verify 

sequence of Dengue virus
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By given the numbers of nucleic acid occurring in the sequence, the 

coordinate projection onto � and � axes can be demonstrated

	  ��� 	 �� 	 
� 	 ��� � �� ... (Equation. 3.1)
 

 �2�� 	 �� � 
� � 2��� � ��   ... (Equation. 3.2)
 

�� ∈ {0, 1} depend on the nucleotide type at position 

3.2.2-3.2.4 show that UnitX is suitable for representing 

nucleotide sequence of Dengue virus. The idea is to find the relationship between 

sequence and template represented each Dengue virus serotype via the 

correlation coefficient. The unknown sequence belongs to the serotype that yields the 

maximum correlation coefficient (see Fig 3.3).  

The process on creating template is presented in section 3.2.2.

show the template of all four Dengue virus serotypes. The classification 

in section 3.3.3. The performance of UnitX method is evaluated in 

The idea to verify that UnitX is the suitable representation for nucleotide 

sequence of Dengue virus 
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By given the numbers of nucleic acid occurring in the sequence, the 

ted as follows: 

. 3.1) 

. 3.2) 

{0, 1} depend on the nucleotide type at position ���. 

that UnitX is suitable for representing 

the relationship between 

sequence and template represented each Dengue virus serotype via the 

the serotype that yields the 

reating template is presented in section 3.2.2. Figs. 3.4 

. The classification 

in section 3.3.3. The performance of UnitX method is evaluated in 

 

suitable representation for nucleotide 
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3.2.2 Creating UnitX template

serotype 

The method used to construct UnitX representative of nucleotide 

sequences of each Dengue virus serotype can be summarized as follows:
 

Step1: Find ���, ��� coordinate 
 

Step2: Find ���, �′�� coordinate 
 

�′� �
 

where � is the number of base of the whole sequence

the variation of raw data

 

Step3: Let � be the number of training sequences for each Dengue virus serotype, the 

single optimal pattern of each serotype 

���
���, �′����� for all m= 1, 2, 3, ... , 

is the minimum length of training sequences for each Dengue virus serotype.
 

�′′
 

�′′
 

where ��
��� and �′���� denote the coordinate 

each serotype [34]. 

 

 

(a) UnitX representative of Dengue virus serotype 1
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Creating UnitX template to represent each Dengue virus 

The method used to construct UnitX representative of nucleotide 

sequences of each Dengue virus serotype can be summarized as follows:

coordinate of each sequence by Equation. 3.1-

coordinate of each sequence, 

�� � ∑ ��
  ,   ... (Equation 3.

is the number of base of the whole sequence. It should be noted that t

data, �� is subtracted by � ∑ ��
  . 

be the number of training sequences for each Dengue virus serotype, the 

single optimal pattern of each serotype can be calculated as the centroid 

for all m= 1, 2, 3, ... , � and � = 1, 2, 3,…, �. The maximum value of 

is the minimum length of training sequences for each Dengue virus serotype.

′′ � �
! ∑ ��

���!
�"#   ... (Equation 3.4) 

′′ � �
! ∑ �′����!

�"#   ... (Equation 3.5) 

denote the coordinate �x, �� of the m-th training sequence for 

UnitX representative of Dengue virus serotype 1
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to represent each Dengue virus 

The method used to construct UnitX representative of nucleotide 

sequences of each Dengue virus serotype can be summarized as follows: 

-3.2 

3.3) 

It should be noted that to reduce 

be the number of training sequences for each Dengue virus serotype, the 

can be calculated as the centroid ��′′, �′′� of 

The maximum value of � 

is the minimum length of training sequences for each Dengue virus serotype. 

 

 

th training sequence for 

 

UnitX representative of Dengue virus serotype 1 
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(b) UnitX representative of Dengue virus serotype 2
 

 

(c) UnitX representative of Dengue virus serotype 3
 

 

(d) UnitX representative of Dengue virus serotype 4
 

Figure 3.4 UnitX representative of each Dengue virus serotype
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UnitX representative of Dengue virus serotype 2

UnitX representative of Dengue virus serotype 3

UnitX representative of Dengue virus serotype 4

UnitX representative of each Dengue virus serotype 
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UnitX representative of Dengue virus serotype 2 

 

UnitX representative of Dengue virus serotype 3 

 

UnitX representative of Dengue virus serotype 4 
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3.2.3 Classification method 

UnitX method can be used to automatically assign the serotype to the 

unknown Dengue virus sequence. The method to determine Dengue virus serotype 

uses the idea of measuring the similarity among the unknown Dengue virus sequence 

and UnitX template of all four Dengue virus serotypes. Their similarity is measured by 

correlation coefficients [34]. The classification process can be summarized as follows: 
 

Step1: Follow Step1 and 2 of section 3.2.2 
 

Step2: Compare the output of �′ with the UnitX template �′′ of all four Dengue virus 

serotypes by measuring similarity via correlation coefficients. The unknown sequence 

belongs to the serotype that yields the maximum correlation coefficient. 

 

3.2.4 Validation of UnitX method to classify all four Dengue virus 

serotype 

To verify UnitX method, we employ this method to distinguish complete 

nucleotide sequence of all four Dengue virus serotypes. The sample sequences are 

obtained from GenBank database with keyword “Dengue virus complete genome”. All 

2,184 sequences compose of four serotype each serotype contains 952, 737, 405 and 

90 sequences, respectively. In this thesis, we estimate the performance of this method 

by four-fold cross validation, as shown in Table 3.1. 
 

Table 3.1 Summary of classification results by UnitX method [34] 

 

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 each round because the data sample in 

each serotype is divided into 4 segments for four - fold cross validation and in fact it is not 

divisible by 4.  
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According to Table 3.1, we can obviously see that UnitX method can be 

efficiently used to classify the full genome of Dengue virus [34]. However, this 

method has a high computational complexity and a limited performance in processing 

partial sequence. The idea of CADViST process is to search the best result with less 

computational time. In bioinformatics, the Basic Local Alignment Search Tool, or 

BLAST, is the existing simplification method to perform sequence similarity search. It 

is the available free software that can be used through the web interface or as 

standalone tool. CADViST process employs standalone BLAST+ application to do 

BLAST search. 

 

 

3.3 Selection database search program 

According to the previous section, BLAST stands for Basic Local 

Alignment Search Tool. BLAST is the tool that uses heuristics algorithm to search for 

similarities between query sequence and all sequence in database. By heuristic 

algorithm, BLAST provides rapid sequence comparison but is not guaranteed to find 

the best alignment between query and database sequences. In the first version of 

CADViST, we start with BLAST because it is faster than the existing sequence 

comparison tools and provide all the answers we needed. Besides, BLAST can be used 

to search more than one sequence at a time. 
 

In this thesis, we employ standalone BLAST+ application to generate 

BLAST result. Standalone BLAST is the local installation of NCBI BLAST suite. The 

steps for downloading NCBI BLAST to local computer can be found from NCBI ftp 

site. The main advantage to run BLAST on your machine is to be able to create your 

own BLAST database. To create BLAST database, all the sequence should  be 

assembled in one file in Fasta format or Multi-Fasta files containing all of the 

sequences you would like in the database. This file will be processed using program 

from NCBI, “formatdb”, to build index for source database before this database can be 

searched by BLAST search command. 



Fac. of Grad. Studies, Mahidol Univ.

 

Figure 3.5 Source file in Fasta format
 

A sequence in Fasta format begins with one line description, followed by 

lines of sequence data. The first character of description line is greater

symbol. All lines of text should be shorter than 80 characters in length to facilitate 

viewing on screen (see Fig. 3.5).
 

In this thesis, we are focusing only

virus. The following “

from Fasta file called “

 

 

After executing “

the source Fasta file. For nucleotide, the extensions are 

BLAST search, we use

sequence. First put qu

“blastn” command to search 

completed, the result is reported in text format. The

is used for searching the

 

blastn.exe -db 

-num_descriptions 1 
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ource file in Fasta format, Xs are nucleotide codes (A, T, G or C)

A sequence in Fasta format begins with one line description, followed by 

lines of sequence data. The first character of description line is greater

of text should be shorter than 80 characters in length to facilitate 

(see Fig. 3.5). 

In this thesis, we are focusing only on the nucleotide sequence of Dengue 

“ formatdb” command is use to create Dengue virus database 

from Fasta file called “All_Seqs.Fasta” containing all nucleotide sequences:

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

After executing “formatdb” command, three files will be produced from 

the source Fasta file. For nucleotide, the extensions are nhr, nin and 

BLAST search, we use BLASTN to find the database sequence related to query 

First put query sequence in a file called “Query_Seq.Fasta”. Then

” command to search for the nucleotide query. When the BLAST search is 

completed, the result is reported in text format. The following example command line

ing the input query file: 

db “All_Seqs.Fasta” -query “Query_Seq.Fasta”

num_descriptions 1 -num_alignments 1 -out “Result.txt

M. Eng. (Biomedical Engineering) / 43 

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

A sequence in Fasta format begins with one line description, followed by 

lines of sequence data. The first character of description line is greater-than (“>”) 

of text should be shorter than 80 characters in length to facilitate 

nucleotide sequence of Dengue 

command is use to create Dengue virus database 

” containing all nucleotide sequences: 

” command, three files will be produced from 

and nsq. To perform 

database sequence related to query 

.Fasta”. Then we use 

nucleotide query. When the BLAST search is 

following example command line 

”  -outfmt 7 

sult.txt” 
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3.4 Function of CADViSTCADViSTCADViSTCADViST 

CADViST 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. All of these functions can be described in more detail as below. 

 

3.4.1 Dengue virus search engine 

The idea of Dengue virus search engine is to locate partial matches on 

sequence data. This function employs standalone BLAST software to find the 

similarity score among the query sequence and Dengue virus nucleotide database. The 

results of tenth closest match show: (1) description of each database sequence found to 

match the query, (2) the start and end positions regard to database sequence found to 

match the query sequence and (3) the graphical visualization via UnitX displayed with 

database sequence found to match the query sequence. This function requires input in 

Fasta format. Once the input is inserted, the process inside CADViST can be summarized 

as follows (see Fig 3.6): 
 

Step1: Call the standalone BLAST+ program to generate BLAST output. 
 

Step2: Extract the essential information from its output: (1) description of each 

database sequence found to match the query and (2) the matched nucleotide at the start 

and end positions regard to subject sequence found to match the query sequence. 
 

Step3: Provide matched region among query and subject sequences via UnitX, then 

send the result to the display unit [35]. 
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Figure 3.6 Flowchart on the process of Dengue virus search engine

 

3.4.2 UnitX visualization and analysis

The idea of UnitX visualization and analysis is to visualize and analyze 

either partial or full length genomic sequences. This function employs standalone 

BLAST software to find the similarity score among the query sequence and optimal 

nucleotide sequence represented each serotype. The result provides (1) description of 

optimal nucleotide sequence 

regard to the optimal nucleotide sequence

serotype and (3) the graphical visualization via UnitX displayed with the 

corresponding optimal 

format. Once the input is inserted, the process inside 

follows (see Fig 3.7): 
 

Step1: Call the standalone BLAST+ program to generate BLAST output.
 

Step2: Extract the essential information from its output

nucleotide sequence found to match the query and (2) the start and end positions 

regard to the optimal nucleotide sequence
 

Step3: Provide matched region among query and optimal 

match serotype via UnitX, then send the result to display unit
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Flowchart on the process of Dengue virus search engine

UnitX visualization and analysis 

The idea of UnitX visualization and analysis is to visualize and analyze 

either partial or full length genomic sequences. This function employs standalone 

BLAST software to find the similarity score among the query sequence and optimal 

represented each serotype. The result provides (1) description of 

nucleotide sequence found to match the query, (2) the start and end positions 

nucleotide sequence that represents the result of the best match 

the graphical visualization via UnitX displayed with the 

corresponding optimal nucleotide sequence. This function requires input in Fasta 

format. Once the input is inserted, the process inside CADViST can be summarized as 

l the standalone BLAST+ program to generate BLAST output.

Extract the essential information from its output: (1) description of optimal 

found to match the query and (2) the start and end positions 

nucleotide sequence of best match serotype. 

Provide matched region among query and optimal nucleotide sequence

match serotype via UnitX, then send the result to display unit. 
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Flowchart on the process of Dengue virus search engine 

The idea of UnitX visualization and analysis is to visualize and analyze 

either partial or full length genomic sequences. This function employs standalone 

BLAST software to find the similarity score among the query sequence and optimal 

represented each serotype. The result provides (1) description of 

found to match the query, (2) the start and end positions 

that represents the result of the best match 

the graphical visualization via UnitX displayed with the 

. This function requires input in Fasta 

can be summarized as 

l the standalone BLAST+ program to generate BLAST output. 

: (1) description of optimal 

found to match the query and (2) the start and end positions 

nucleotide sequence of best 
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Figure 3.7 Flowchart on the process of 

 

Furthermore, 

to match a matching large number of queries, the attention is saving the execution 

time. The work of running BLAST searc

speed of time performance. Accordingly, we employ BLAST in batch mode to search 

a large number of nucleotide sequences faster.

nucleotide sequence represented each Dengue 

 

3.4.3 UnitX visualization referred to user defined references

The idea of UnitX visualization referred to user defined references 

preferred user to display the Tabular output from BLAST+ application that is sorted 

by serotype and Subject Id. The results of this function provide: (1) description of each 

database sequence found to match the query, (2) the matched nucleotide at the start 

and end positions regard to 

and (3) the graphical visualization via UnitX displayed with 

found to match the query sequence. Consequently, the main advantage 

is that the users can define 

inputs: (1) the Tabular output 

format and (3) reference sequence in Fasta format. Once the input is inserted, the 

process inside CADViST 
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Flowchart on the process of UnitX visualization and analysis

Furthermore, CADViST can concurrently process multiple queries. In order 

to match a matching large number of queries, the attention is saving the execution 

time. The work of running BLAST search is done in Batch mode in order to increase 

speed of time performance. Accordingly, we employ BLAST in batch mode to search 

a large number of nucleotide sequences faster. For more details about finding 

nucleotide sequence represented each Dengue virus serotype see in section 3.5.

UnitX visualization referred to user defined references

The idea of UnitX visualization referred to user defined references 

preferred user to display the Tabular output from BLAST+ application that is sorted 

otype and Subject Id. The results of this function provide: (1) description of each 

database sequence found to match the query, (2) the matched nucleotide at the start 

and end positions regard to the subject sequence found to match the query sequence 

3) the graphical visualization via UnitX displayed with the 

found to match the query sequence. Consequently, the main advantage 

can define their own reference database. This function requires three 

: (1) the Tabular output from BLAST+ application, (2) query

reference sequence in Fasta format. Once the input is inserted, the 

 can be summarized as follows (Fig. 3.8): 
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UnitX visualization and analysis 

can concurrently process multiple queries. In order 

to match a matching large number of queries, the attention is saving the execution 

h is done in Batch mode in order to increase 

speed of time performance. Accordingly, we employ BLAST in batch mode to search 

For more details about finding optimal 

virus serotype see in section 3.5. 

UnitX visualization referred to user defined references 

The idea of UnitX visualization referred to user defined references 

preferred user to display the Tabular output from BLAST+ application that is sorted 

otype and Subject Id. The results of this function provide: (1) description of each 

database sequence found to match the query, (2) the matched nucleotide at the start 

subject sequence found to match the query sequence 

the subject sequence 

found to match the query sequence. Consequently, the main advantage of this function 

reference database. This function requires three 

query sequence in Fasta 

reference sequence in Fasta format. Once the input is inserted, the 
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Step1: Extract the essential information from BLAST+ output:

database sequence found to match the query and (2) the matched nucleotide at the start 

and end positions regard to subject sequence found to match the query sequence.
 

Step2: Sort query sequence by serotype and Subject I
 

Step3: Provide matched region among query and subject sequence via UnitX and then 

send the results to the display unit.
 

 

Figure 3.8 Flowchart on the process of 

references 

 

 

3.5 Creating the optimal 

Dengue virus serotype

One objective of this thesis is to find one representative nucleotide 

sequence for each Dengue virus serotype. Generally, the same group of organisms 

should have similar patterns of biological sequence. 

perfectly aligned, we can

sequence. Therefore, we apply multiple sequence alignment to find sequence 

similarity that may be widely dispersed or hidden in the sequence.

random one-tenth of each serotype, then pr

ClustalW (see section 2.5)

virus serotype is as follows:
 

Step1: Random one-tenth of each serotype to align using ClustalW
 

Step2: Find the most frequently value of each nucleotide in each position
 

Step3: Convert the most frequently value of each serotype to UnitX representative
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Extract the essential information from BLAST+ output: (1) 

database sequence found to match the query and (2) the matched nucleotide at the start 

and end positions regard to subject sequence found to match the query sequence.

rt query sequence by serotype and Subject ID. 

Provide matched region among query and subject sequence via UnitX and then 

display unit. 

Flowchart on the process of UnitX visualization referred to user defined 

Creating the optimal nucleotide sequence to represent each 

Dengue virus serotype 

One objective of this thesis is to find one representative nucleotide 

sequence for each Dengue virus serotype. Generally, the same group of organisms 

should have similar patterns of biological sequence. Since the sequence

we cannot directly make the template by aligning the whole 

Therefore, we apply multiple sequence alignment to find sequence 

similarity that may be widely dispersed or hidden in the sequence.

tenth of each serotype, then produce multiple sequence alignment by 

(see section 2.5). The step to find the optimal representative of each Dengue 

virus serotype is as follows: 

tenth of each serotype to align using ClustalW.

Find the most frequently value of each nucleotide in each position

Convert the most frequently value of each serotype to UnitX representative
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(1) description of each 

database sequence found to match the query and (2) the matched nucleotide at the start 

and end positions regard to subject sequence found to match the query sequence. 

Provide matched region among query and subject sequence via UnitX and then 

 

visualization referred to user defined 

to represent each 

One objective of this thesis is to find one representative nucleotide 

sequence for each Dengue virus serotype. Generally, the same group of organisms 

Since the sequences are not 

not directly make the template by aligning the whole 

Therefore, we apply multiple sequence alignment to find sequence 

similarity that may be widely dispersed or hidden in the sequence. In this thesis, we 

oduce multiple sequence alignment by 

. The step to find the optimal representative of each Dengue 

. 

Find the most frequently value of each nucleotide in each position. 

Convert the most frequently value of each serotype to UnitX representative. 
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(a) Optimal sequence alignment of Dengue virus serotype 1 via UnitX
 

 

(b) Optimal sequence alignm
 

 

(c) Optimal sequence alignment of Dengue virus serotype 3 via UnitX
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Optimal sequence alignment of Dengue virus serotype 1 via UnitX

Optimal sequence alignment of Dengue virus serotype 2 via UnitX

Optimal sequence alignment of Dengue virus serotype 3 via UnitX
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Optimal sequence alignment of Dengue virus serotype 1 via UnitX 

 

ent of Dengue virus serotype 2 via UnitX 

 

Optimal sequence alignment of Dengue virus serotype 3 via UnitX  
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(d) Optimal sequence alignment of Dengue virus serotype 4 via UnitX
 

Figure 3.9 Optimal sequence alignment of each Dengue virus serotype via UnitX

 

Figs. 3.9 illustrate the 

serotype via UnitX. To verify the optimal sequence alignment created by multiple 

sequence alignment technique, we 

standalone BLAST+ application. After that

serotype to the unknown Dengue virus sequence. In this experiment, all 2,184 sample 

sequences compose of four serotypes each seroty

sequences, respectively.

nucleotide represented each serotype.

this technique is able to classify all four Dengue virus 
 

Table 3.2 Summary of classification results by multiple sequence alignment technique
 

Round 
 

Number of sample sequences

1 

2 

3 

4 
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Optimal sequence alignment of Dengue virus serotype 4 via UnitX

Optimal sequence alignment of each Dengue virus serotype via UnitX

illustrate the optimal sequence alignment of each Dengue virus 

To verify the optimal sequence alignment created by multiple 

sequence alignment technique, we employ these sequences as database sequence of 

BLAST+ application. After that BLAST search is performed to assign 

serotype to the unknown Dengue virus sequence. In this experiment, all 2,184 sample 

sequences compose of four serotypes each serotype contains 952, 737, 405 and 90 

sequences, respectively. We employ 10% of each serotype to create the optimal 

nucleotide represented each serotype. According to Table 3.2, we can conclude that 

this technique is able to classify all four Dengue virus serotypes with a high accuracy.

Summary of classification results by multiple sequence alignment technique
 

Number of sample sequences 
 

Classification accuracy

856 

663 

364 

81 
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Optimal sequence alignment of Dengue virus serotype 4 via UnitX 

Optimal sequence alignment of each Dengue virus serotype via UnitX 

ptimal sequence alignment of each Dengue virus 

To verify the optimal sequence alignment created by multiple 

employ these sequences as database sequence of 

BLAST search is performed to assign 

serotype to the unknown Dengue virus sequence. In this experiment, all 2,184 sample 

pe contains 952, 737, 405 and 90 

We employ 10% of each serotype to create the optimal 

According to Table 3.2, we can conclude that 

serotypes with a high accuracy. 

Summary of classification results by multiple sequence alignment technique 

 

Classification accuracy 
 

100 % 

100 % 

100 % 

100 % 

100 % 
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CHAPTER IV 

RESULTS 

 

 

In the previous chapter, we introduced the proposed software, CADViST. We 

know that CADViST 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. This chapter aim to describe the result of these functions. Firstly, 

we introduce the main interface of CADViST. Then, we illustrate the result obtained 

from each function. 

CADViST interface are implemented in C# programming languages with 

.Net Framework. It combines standalone BLAST+ application so that it can 

automatically perform BLAST search. The nucleotide sequence database includes 

Dengue virus sequences available in GenBank database. Accordingly, CADViST is good 

for local user on a standalone computer. 

Fig. 4.1 shows the front page of CADViST. The main menu of CADViST 

consists of three buttons: (1) “Analyze”, (2) “Search Engine” and (3) “UnitX 

Visualization”. The user can access the desired function by pressing a corresponding 

button on the left hand side. 
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Figure 4.1 CADViST main 

 

 

4.1 Result of Dengue virus search engine

As an example, we employ 

GQ199895 Dengue virus 2 isolate DENV

and put into the blank space (see Fig 4.

two parts. The first part gives the information about query sequence. The second part 

shows the details of tenth closest match. According to Fig. 4.

one line description and UnitX rep

Dengue virus 2 isolate DENV

base position (3031 

(GQ199895) and second (

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

main interface 

Result of Dengue virus search engine 

As an example, we employ CADViST to process the partial sequence of 

GQ199895 Dengue virus 2 isolate DENV-2/NI/BID-V2683/1999. T

and put into the blank space (see Fig 4.2). According to CADViST process, the result has 

two parts. The first part gives the information about query sequence. The second part 

shows the details of tenth closest match. According to Fig. 4.3, the first part reports 

one line description and UnitX representative of partial sequence from GQ199895 

Dengue virus 2 isolate DENV-2/NI/BID-V2683/1999, complete genome, 2

 letters) and the second part shows the details of the first 

) and second (FJ850065) highest scores matched sequences 
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to process the partial sequence of 

The input is copied 

process, the result has 

two parts. The first part gives the information about query sequence. The second part 

, the first part reports 

resentative of partial sequence from GQ199895 

V2683/1999, complete genome, 2037 – 5067 

letters) and the second part shows the details of the first 

hed sequences etc. 
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Figure 4.2 “Dengue virus search engine
 

Figure 4.3 Example result of 
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Dengue virus search engine” interface 

Example result of “Dengue virus search engine” interface
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interface 
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Figure 4.4 (a) The first (GQ199895) and (b) second (FJ850065) highest scores 

matched sequences 
 

Figure 4.5 One-line description 
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(a) 

(b) 

he first (GQ199895) and (b) second (FJ850065) highest scores 

line description from NCBI BLAST webpage 
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he first (GQ199895) and (b) second (FJ850065) highest scores 
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According to the one line descriptions of each database sequence that 

found to match the query sequence obtained from NCBI Homepage, the first and 

second highest scores matched sequences is GQ199895 and FJ850065, respectively 

(see Fig 4.5). The first and second highest score from CADViST analysis (see Figs 4.4) 

shows the same as the first and second highest matched sequence of NCBI analysis.  

By employing the essential information from BLAST result, CADViST 

provides an extensive picture of the results for further analysis. This also provides very 

useful information for sequence contamination checking. 

 

 

4.2 Result of UnitX visualization and analysis 

This function is capable of predicting serotype of Dengue virus in both 

partial and full lengths of query sequence. As an example, we employ CADViST to 

process the partial sequence of GQ199895 Dengue virus 2 isolate DENV-2/NI/BID-

V2683/1999. From the description, we know that query sequence is Dengue virus 

serotype 2. Once the input is copied and put into the blank space (see Fig 4.6), CADViST 

calls standalone BLAST to generate BLAST output. Then, it returns the similarity 

score among the query sequence and optimal library represented each serotype. By 

employing the essential information from BLAST output, CADViST provides (1) 

description of the optimal library found to match the query, (2) the start and end 

positions regard to the optimal library represented the result of the best match serotype 

and (3) the graphical visualization via UnitX displayed with the corresponding optimal 

library. As expected, the optimal library found to match the query is the optimal 

library of Dengue virus serotype 2 (see Fig 4.7). Furthermore, this function can 

simultaneously process multiple queries. Therefore, the benefit of this function is that 

the user can simultaneously compare multiple sequences. 
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Figure 4.6 “UnitX visualization and analysis
 

Figure 4.7 Example result of 
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UnitX visualization and analysis” interface 

Example result of “UnitX sequence visualization and analysis
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UnitX sequence visualization and analysis” interface 
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4.3 Results of UnitX visualization referred to the user defined 

references 

This function is used to display the tabular output from BLAST+ 

application that users can define their own reference sequence. The user must provide 

three inputs to the system: (1) the tabular output from BLAST+ application (2) - (3) 

query and database in Fasta file format. To explain the results of this function, all 100 

query samples constructed by combining twenty sequences with different lengths. 

In this section, we first explain the way to create Tabular output from 

BLAST+ application. This example assumes that sample query sequence contained in 

a file called “Query_Seq.fasta” and BLAST database using the name “All_Seqs.fasta”. 

The results are the output as the file called “BLAST_Result.txt”. The step to create 

Tabular output file can be summarized as follow: 
 

Step1: Use the following command to create BLAST search database, 

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

 

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

completed, the result is reported in Tabular format. 

blastn.exe -db All_Seqs.fasta -query Query_Seqs.fasta -outfmt 7 

 -num_descriptions 1 -num_alignments 1 -out BLAST_Result.txt 

 

Once three inputs are put into the blank space (see Fig. 4.8), CADViST 

returns the result from Tabular output file by sorting both serotype and Subject ID (see 

Fig. 4.9). 
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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 GQ868594 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 GQ868578 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 
 

 

S.Start 
 

 

S.End 
 

 

Serotype 
 

21 FJ226067_2 FJ226067 1 1043 8102 9144 4 

22 GQ868585_2 GQ868585 1 1010 1 1010 4 

23 GQ868594_2 GQ868594 1 503 10105 10607 4 

24 FJ882598_2 FJ882598 1 3047 1 3047 4 

25 EU854299_2 EU854299 1 1017 1018 2034 4 

26 DQ863638_2 DQ863638 1 2019 2024 4042 3 

27 GQ868578_2 GQ868578 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 GQ868604 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 
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Index 
 

 

Query ID 
 

 

Subject ID 
 

 

Q.Start 
 

 

Q.End 
 

 

S.Start 
 

 

S.End 
 

 

Serotype 
 

41 FJ226067_3 FJ226067 1 2020 1 2020 4 

42 GQ868585_3 GQ868585 1 2031 4103 6133 4 

43 GQ868594_3 GQ868594 1 3478 7130 10607 4 

44 FJ882598_3 FJ882598 1 1010 1 1010 4 

45 EU854299_3 EU854299 1 1027 5090 6116 4 

46 DQ863638_3 DQ863638 1 2020 2026 4045 3 

47 GQ868578_3 GQ868578 1 10585 75 10659 3 

48 GQ252674_3 GQ252674 1 6638 4045 10682 3 

49 FN429918_3 FN429918 1 2023 5124 7146 3 

50 FJ390371_3 FJ390371 1 2565 8084 10648 3 

51 GQ868604_3 GQ868604 1 3029 4042 7070 2 

52 FJ226066_3 FJ226066 1 2032 5052 7083 2 

53 FN429891_3 FN429891 1 6660 4064 10723 2 

54 AB479042_3 AB479042 1 10579 69 10647 2 

55 EU482639_3 EU482639 1 1067 2076 3142 2 

56 FJ469908_3 FJ469908 1 103 6102 6204 1 

57 EF025110_3 EF025110 1 1014 1014 2027 1 

58 GQ868539_3 GQ868539 1 9632 1032 10663 1 

59 FJ410205_3 FJ410205 1 3029 1 3029 1 

60 EU482481_3 EU482481 1 5566 5125 10690 1 
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Index 
 

 

Query ID 
 

 

Subject ID 
 

 

Q.Start 
 

 

Q.End 
 

 

S.Start 
 

 

S.End 
 

 

Serotype 
 

61 FJ226067_4 FJ226067 1 6555 4052 10606 4 

62 GQ868585_4 GQ868585 1 1012 1013 2024 4 

63 GQ868594_4 GQ868594 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 
 

 

S.Start 
 

 

S.End 
 

 

Serotype 
 

81 FJ226067_5 FJ226067 1 3041 5059 8099 4 

82 GQ868585_5 GQ868585 1 3041 5059 8099 4 

83 GQ868594_5 GQ868594 1 2526 8082 10607 4 

84 FJ882598_5 FJ882598 1 2019 2023 4041 4 

85 EU854299_5 EU854299 1 2113 1 2113 4 

86 DQ863638_5 DQ863638 1 5640 5068 10707 3 

87 GQ868578_5 GQ868578 1 5108 1 5108 3 

88 GQ252674_5 GQ252674 1 7616 3067 10682 3 

89 FN429918_5 FN429918 1 8678 2029 10706 3 

90 FJ390371_5 FJ390371 1 4123 1 4123 3 

91 GQ868604_5 GQ868604 1 5560 5120 10679 2 

92 FJ226066_5 FJ226066 1 531 10154 10684 2 

93 FN429891_5 FN429891 1 1630 9094 10723 2 

94 AB479042_5 AB479042 1 2025 5053 7077 2 

95 EU482639_5 EU482639 1 1091 1 1091 2 

96 FJ469908_5 FJ469908 1 2562 8081 10642 1 

97 EF025110_5 EF025110 1 633 10103 10735 1 

98 GQ868539_5 GQ868539 1 2019 4043 6061 1 

99 FJ410205_5 FJ410205 1 1010 5051 6060 1 

100 EU482481_5 EU482481 1 3619 7072 10690 1 
 

Table 4.2 illustrates the result of this function. Each row in Table 4.2 is 

grouped by both serotype (Column 8) and the name of database sequence found to 

match query sequence (Column 3), respectively. As an example, the fields in the first 

fifty rows are grouped by serotypes 1 and 2, respectively. Each serotype is grouped by 

the name of database sequence. The first twenty-five rows is a group of Dengue virus 

serotype 1. Each row is grouped by the name of database sequence: EF025110, 

EU482481, FJ410205, FJ469908 and GQ868539, respectively. 
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Table 4.2 Result of query sequence sorted by both serotype and database sequence  

 

Index 
 

 

Query ID 
 

 

Subject ID 
 

 

Q.Start 
 

 

Q.End 
 

 

S.Start 
 

 

S.End 
 

 

Serotype 
 

17 EF025110_1 EF025110 1 1010 1 1010 1 

37 EF025110_2 EF025110 1 1033 6072 7104 1 

57 EF025110_3 EF025110 1 1014 1014 2027 1 

77 EF025110_4 EF025110 1 1010 1 1010 1 

97 EF025110_5 EF025110 1 633 10103 10735 1 

20 EU482481_1 EU482481 1 591 10100 10690 1 

40 EU482481_2 EU482481 1 4605 6086 10690 1 

60 EU482481_3 EU482481 1 5566 5125 10690 1 

80 EU482481_4 EU482481 1 1046 4113 5158 1 

100 EU482481_5 EU482481 1 3619 7072 10690 1 

19 FJ410205_1 FJ410205 1 5616 5061 10676 1 

39 FJ410205_2 FJ410205 1 2542 8135 10676 1 

59 FJ410205_3 FJ410205 1 3029 1 3029 1 

79 FJ410205_4 FJ410205 1 10676 1 10676 1 

99 FJ410205_5 FJ410205 1 1010 5051 6060 1 

16 FJ469908_1 FJ469908 1 3068 4085 7152 1 

36 FJ469908_2 FJ469908 1 5585 5058 10642 1 

56 FJ469908_3 FJ469908 1 103 6102 6204 1 

76 FJ469908_4 FJ469908 1 10642 1 10642 1 

96 FJ469908_5 FJ469908 1 2562 8081 10642 1 

18 GQ868539_1 GQ868539 1 552 10112 10663 1 

38 GQ868539_2 GQ868539 1 3540 7124 10663 1 

58 GQ868539_3 GQ868539 1 9632 1032 10663 1 

78 GQ868539_4 GQ868539 1 10663 1 10663 1 

98 GQ868539_5 GQ868539 1 2019 4043 6061 1 
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Index 
 

 

Query ID 
 

 

Subject ID 
 

 

Q.Start 
 

 

Q.End 
 

 

S.Start 
 

 

S.End 
 

 

Serotype 
 

14 AB479042_1 AB479042 1 2066 5053 7118 2 

34 AB479042_2 AB479042 1 3056 3045 6100 2 

54 AB479042_3 AB479042 1 10579 69 10647 2 

74 AB479042_4 AB479042 1 10647 1 10647 2 

94 AB479042_5 AB479042 1 2025 5053 7077 2 

15 EU482639_1 EU482639 1 9600 1080 10679 2 

35 EU482639_2 EU482639 1 1038 5096 6133 2 

55 EU482639_3 EU482639 1 1067 2076 3142 2 

75 EU482639_4 EU482639 1 1031 4126 5156 2 

95 EU482639_5 EU482639 1 1091 1 1091 2 

12 FJ226066_1 FJ226066 1 1010 5054 6063 2 

32 FJ226066_2 FJ226066 1 3029 1019 4047 2 

52 FJ226066_3 FJ226066 1 2032 5052 7083 2 

72 FJ226066_4 FJ226066 1 2019 4129 6147 2 

92 FJ226066_5 FJ226066 1 531 10154 10684 2 

13 FN429891_1 FN429891 1 106 8095 8200 2 

33 FN429891_2 FN429891 1 1020 5057 6076 2 

53 FN429891_3 FN429891 1 6660 4064 10723 2 

73 FN429891_4 FN429891 1 10723 1 10723 2 

93 FN429891_5 FN429891 1 1630 9094 10723 2 

11 GQ868604_1 GQ868604 1 1010 1 1010 2 

31 GQ868604_2 GQ868604 1 3029 1015 4043 2 

51 GQ868604_3 GQ868604 1 3029 4042 7070 2 

71 GQ868604_4 GQ868604 1 10679 1 10679 2 

91 GQ868604_5 GQ868604 1 5560 5120 10679 2 
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Index 
 

 

Query ID 
 

 

Subject ID 
 

 

Q.Start 
 

 

Q.End 
 

 

S.Start 
 

 

S.End 
 

 

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 GQ868578 1 10659 1 10659 3 

27 GQ868578_2 GQ868578 1 3028 2026 5053 3 

47 GQ868578_3 GQ868578 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 
 

 

S.Start 
 

 

S.End 
 

 

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 GQ868585 1 3505 7102 10606 4 

22 GQ868585_2 GQ868585 1 1010 1 1010 4 

42 GQ868585_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 GQ868594 1 3071 4049 7119 4 

23 GQ868594_2 GQ868594 1 503 10105 10607 4 

43 GQ868594_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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5.1 Comparison of UnitX representative with Yau’s method

Fig. 5.1 (a) is 

(nucleotides A, Y, C and G)

to convert nucleotide sequence to a sequence graph.

visualization tool in the literature,

data and has low computational complexity.

suitable representative

virus, called UnitX. 
 

 

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

The following (see Figs. 5.2 and 5.3) is 

of Dengue virus. Figs. 5.2

serotypes. The x and y axes of the graph corresponds to 

pyrimidine and purine bases
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CHAPTER V 

DISCUSSION 

 

 

Comparison of UnitX representative with Yau’s method

Fig. 5.1 (a) is the unit vector uesd to represent four

(nucleotides A, Y, C and G) proposed by Yau et al [14]. The idea of Yau’s method is 

to convert nucleotide sequence to a sequence graph. By comparing with exis

visualization tool in the literature, Yau’s method provides an extensive picture of this 

data and has low computational complexity. By these merit, we propose 

 (see Fig. 5.1 (b)) to represent nucleotide sequence of Dengue 

 

(a)      (b) 

(a) The unit vector designed by Yau (b) The unit vector of UnitX

The following (see Figs. 5.2 and 5.3) is representative 

Figs. 5.2 (a)-(d) show Yau’s representative of four Dengue virus 

serotypes. The x and y axes of the graph corresponds to the cumulative amount of 

pyrimidine and purine bases (a measurement value). 
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Comparison of UnitX representative with Yau’s method 

to represent four-letter alphabet 

. The idea of Yau’s method is 

By comparing with existing 

an extensive picture of this 

we propose a more 

to represent nucleotide sequence of Dengue 

(a) The unit vector designed by Yau (b) The unit vector of UnitX 

 of all four serotype 

representative of four Dengue virus 

the cumulative amount of 
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Figure 5.2 Yau representative of

(a) DENV-

(c) DENV-
 

Figs. 5.3 

serotypes. The x-axis of the graph corresponds to the base pair position along 

nucleotide sequence and the y

and keto bases (a measurement value).
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(d) 

Yau representative of four Dengue virus serotypes: 

-1: AB074760, (b) DENV-2: AF169679, 

-3: FJ373302 and (d) DENV-4: NC_002640 

 (a)-(d) show UnitX representative of four Dengue virus 

axis of the graph corresponds to the base pair position along 

nucleotide sequence and the y-axis corresponds to the cumulative amount of amino 

and keto bases (a measurement value). 

(a) 
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show UnitX representative of four Dengue virus 

axis of the graph corresponds to the base pair position along 

axis corresponds to the cumulative amount of amino 
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Figure 5.3 UnitX representative of four Dengue virus serotype

(a) DENV-

(c) DENV-
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(b) 
 

(c) 
 

(d) 

UnitX representative of four Dengue virus serotypes: 

-1: AB074760, (b) DENV-2: AF169679,  

-3: FJ373302 and (d) DENV-4: NC_002640 
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According to Figs 5.2 and 5.3, it is clear that Yau’ s method is difficult to 

visually distinguish all serotypes of Dengue virus (DENV-1 to DENV-4). 

Furthermore, the data plotted on the x-axis are not the integer numbers (i.e. values on 

the x-axis are not directly equal to the number of bases) so that the result is difficult to 

interpret compared to the convention base-by-base basic (e.g. BLAST). By using 

UnitX representative, we can visually distinguish all four Dengue virus serotypes. As a 

result, UnitX is a well designed representative for visualization nucleotide sequence of 

Dengue virus. 

 

5.2 Comparison of the optimal library created by UnitX method and 

multiple sequence alignment technique 

In this section, we aim to discuss the optimal library created by the 

proposed UnitX representation and the multiple sequence alignment technique. In this 

experiment, we use 2,184 sample sequences of all four Dengue virus serotypes each 

serotype contains 952, 737, 405 and 90 sequences, respectively. According to Tables 

3.1 and 3.2, the ability to classify all four serotypes of Dengue virus of UnitX method 

is 98.86 % and multiple sequence alignment technique is 100 %. In this thesis, the 

optimal library represented each serotype is created by multiple sequence alignment 

technique. There are two major reasons to use multiple sequence alignment technique: 
 

(1) The optimal library created by this technique result in high accuracy and reliability 

because of using ten percent of each serotype for training. 
 

(2) This technique is extension of pairwise alignment to incorporate more than two 

sequences at a time. 

 

 

5.3 Discussion on CADViSTCADViSTCADViSTCADViST 

In bioinformatics, there are numerous tools for sequence analysis. The idea 

of this thesis is to take the advantage of the unique ability of visual perception to 

detect meaningful patterns that may otherwise remain hidden. The goal of this thesis is 

database searching and identification of homology. For database search tool, both time 

and accuracy are necessary to get the best quality results. Basic Local Alignment 
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Search Tool (BLAST) is one of the most widely used tools for sequence similarity 

search due to its speed and reasonable accuracy of search performance. BLAST can be 

used via web interface or as a standalone tool. By its merit, this thesis employs 

standalone BLAST+ application to perform BLAST search, the essential information 

from BLAST results as an input for further analysis. In this thesis, we employ this 

information to propose the software, called CADViST, to visualize and analyze 

nucleotide sequence of Dengue virus. CADViST 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. The 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 local similarity search 

engine. This function employs the results in textual format from BLAST+ application 

to provide a simplified method of sequence similarity search between query sequence 

and sequence in database. After that UnitX is employed to represent the result of 

BLAST in graphic form. Using standalone BLAST+ application, this function can 

perform database search without the cost or training. In other word, this function of 

CADViST is a visualization tool to aid the interpretation of BLAST search results. 

 

5.3.2 Discussion on UnitX visualization and analysis 

UnitX visualization and analysis is used to automatically assign the 

serotype to the unknown Dengue virus sequence. The idea of this function is 

construction the optimal sequence alignment represented each Dengue virus serotype. 

BLAST is a simplified method of sequence similarity search between query sequence 

and sequence in database. In standalone mode, BLAST is able to create your own 

BLAST database. By its merit, we employ standalone BLAST+ application to find the 

best match between the unknown Dengue virus sequence and the optimal sequence 

alignment represented each Dengue virus serotype. The database sequence of this 

function is the optimal sequence alignment represented each Dengue virus serotype. 

After that, this function employs UnitX to represent the result of BLAST+ application 

in graphic form so that this function provides a simple way to visualize and analyze 
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the unknown Dengue virus sequence. In other word, this function of CADViST employ 

standalone BLAST+ application as a tool to predict the serotype of the unknown 

Dengue virus sequence. Using the optimal sequence alignment as database sequences, 

this function provides the result in high accuracy and reliability. 

 

5.3.3 Discussion on UnitX visualization referred to the user defined 

references 

UnitX visualization referred to the user defined references used to display 

the results in textual format from BLAST+ application. This function requires three 

components: (1) the result in “Tabular” format from BLAST+ application, (2) - (3) 

query and database sequences. The merit of this function is users can select their own 

sequence database so that user can compare samples to the desired reference sequence. 

This function employs UnitX to create the BLAST results in a graphical form. By 

employing UnitX, this function is useful for users to get a quick overview of search 

results. According to web interface for BLAST at NCBI, graphical overview of 

BLAST results (see Fig. 2.29) are rarely complete descriptors because of a limited 

space to display information and tends to pack results into a small visible area. In other 

word, this function of CADViST provides a clear picture to aid the interpretation of 

BLAST search results. 
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CHAPTER VI 

CONCLUSIONS AND FUTURE DIRECTIONS 

 

 

6.1 Conclusions 

This thesis presents the prototype software, called CADViST, to visualize 

and analyze nucleotide sequence of Dengue virus. CADViST extract the essential 

information from BLAST output to visualize and analyze via graphic display. CADViST 

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. CADViST 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 CADViST 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#, 

CADViST can be easily modified to include more open source or in house developed 

mathematical modeling, while maintaining the user friendly GUI. 
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6.2 Future directions

CADViST is prototype software that suitable for visualization and analysis 

nucleotide sequence of Dengue virus.

directions can be listed as follows:
 

(1) In this thesis, we designed and implemented 

language. C# is Modern Object

to create multithreaded code. In term of efficiency, it would be interesting to 

implement CADViST using multithreaded programming.
 

(2) CADViST can be employed to enhance epidemiology as Fig. 6.1. The present version 

of CADViST is developed for a standalone computer. We plan to develop 

web interface for joining and changing epidemic data between countries. Besides that 

CADViST can also be used as the part of Dengue virus real

and inform the tendency of Dengue virus in each area. Genetic data is illustrated 

through CADViST so that sending serum sample is not necessary.
 

Figure 6.1 The future idea of 
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6.2 Future directions 

is prototype software that suitable for visualization and analysis 

nucleotide sequence of Dengue virus. In order to improve CADViST

directions can be listed as follows: 

In this thesis, we designed and implemented CADViST using C# pr

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 

using multithreaded programming. 

can be employed to enhance epidemiology as Fig. 6.1. The present version 

is developed for a standalone computer. We plan to develop 

web interface for joining and changing epidemic data between countries. Besides that 

be used as the part of Dengue virus real-time monitoring to analyze 

and inform the tendency of Dengue virus in each area. Genetic data is illustrated 

so that sending serum sample is not necessary. 

The future idea of CADViSTCADViSTCADViSTCADViST in web-based interface 
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is prototype software that suitable for visualization and analysis 

CADViST, the major future 

using C# programming 

Oriented Programming language that makes it easier 

to create multithreaded code. In term of efficiency, it would be interesting to 

can be employed to enhance epidemiology as Fig. 6.1. The present version 

is developed for a standalone computer. We plan to develop CADViST as 

web interface for joining and changing epidemic data between countries. Besides that 

time monitoring to analyze 

and inform the tendency of Dengue virus in each area. Genetic data is illustrated 
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>GQ199895 Dengue virus 2 isolate DENV-2/NI/BID-V2683/1999, complete genome 
ACAAAGACAGATTCTTTGAGGGAGCTAAGCTCAACGTAGTTCTAACAGTTTTTAATTA
GAGAGCAGATCTCTGATGAATAACCAACGGAAAAAGGCGAGAAGTACGCCTTTCAAT
ATGCTGAAACGCGAGAGAAACCGCGTGTCAACTGTGCAACAGCTGACAAAGAGATTC
TCACTTGGAATGCTGCAAGGACGCGGACCATTAAAACTGTTCATGGCCCTTGTGGCGT
TCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATACTAAAAAGATGGGGAACGAT
CAAAAAATCAAAAGCTATCAATGTTTTGAGAGGGTTCAGGAAAGAGATTGG AAGGAT
GCTGAACATCTTGAACAGGAGACGCAGGACAGCAGGCGTGATTGTTATGTTGATTCCA
ACAGCGATGGCGTTCCATTTAACCACACGCAATGGAGAACCACACATGATCGTTGGTA
GGCAGGAGAAAGGGAAAAGTCTTCTGTTCAAAACAGAGGATGGTGTTAACATGTGTA
CCCTCATGGCCATAGACCTTGGTGAATTGTGTGAAGATACAATCACGTACAAGTGTCC
TCTCCTCAGACAAAATGAACCAGAAGACATAGATTGTTGGTGCAACTCTACGTCCACA
TGGGTAACTTATGGGACATGTACCACCACAGGAGAACACAGAAGAGAAAAAAGATCA
GTGGCGCTCGTTCCACATGTTGGTATGGGACTGGAGACACGAACTGAAACATGGATGT
CATCAGAAGGGGCCTGGAAACATGTTCAGAGAATTGAAACCTGGATCTTGAGACATC
CAGGCTTTACCATAATGGCAGCAATCCTGGCATACACCATAGGAACGACACATTTCCA
AAGGGCCTTGATTTTCATCTTACTGACAGCTGTCGCTCCTTCAATGACAATGCGCTGCA
TAGGAATATCAAATAGAGACTTCGTAGAAGGGGTTTCAGGAGGAAGCTGGGTTGACA
TAGTCTTAGAACATGGAAGTTGTGTGACGACGATGGCAAAAAACAAACCAACATTGG
ATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAAGT ACTGTAT
AGAAGCAAAGCTGACCAACACAACAACAGAATCGCGTTGCCCAACACAAGGGGAACC
CAGTCTAAATGAAGAGCAGGACAAAAGGTTCATCTGCAAACACTCCATGGTAGACAG
AGGATGGGGAAATGGATGTGGATTATTTGGAAAGGGAGGCATTGTGACCTGTGCTAT
GTTTACATGCAAAAAGAACATGGAAGGAAAAGTCGTGCAGCCAGAAAATTT GGAATA
CACCATCGTGATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGACACAGG
AAAGCATGGCAAGGAAATCAAAATAACACCACAGAGTTCCATCACAGAAGC AGAACT
GACAGGCTATGGCACTGTCACGATGGAGTGCTCTCCGAGAACGGGCCTCGACTTCAAT
GAGATGGTGCTGCTGCAGATGGAAGACAAAGCTTGGCTGGTGCACAGGCAATGGTTC
CTAGACCTGCCGTTACCATGGCTACCCGGAGCGGACACACAAGGATCAAATTGGATA
CAGAAAGAGACATTGGTCACTTTCAAAAATCCCCACGCGAAGAAACAGGATGTCGTT
GTTTTAGGGTCTCAAGAAGGGGCCATGCACACGGCACTCACAGGGGCCACAGAAATC
CAGATGTCATCAGGAAACTTACTGTTCACAGGACATCTCAAGTGCAGGCTGAGAATGG
ACAAACTACAGCTCAAAGGAATGTCATACTCTATGTGTACAGGAAAGTTTAAAATTGT
GAAGGAAATAGCAGAAACACAACATGGAACAATAGTTATCAGAGTACAATA TGAAGG
GGACGGTTCTCCATGTAAGATCCCTTTTGAGATAACAGATTTGGAAAAAAGACACGTC
TTAGGTCGCTTGATTACAGTTAACCCAATCGTAACAGAAAAAGATAGCCCAGTCAACA
TAGAAGCAGAACCTCCATTCGGAGACAGCTACATCATCATAGGAGTAGAGCCGGGAC
AATTGAAACTCAATTGGTTTAAGAAGGGAAGTTCCATCGGCCAAATGTTTGAGACAAC
AATGAGAGGAGCAAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGACTTTGGATC
CCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGGAGCAATC
TATGGGGCTGCTTTTAGTGGGGTCTCATGGACTATGAAAATCCTCATAGGAGTCATCA
TCACATGGATAGGAATGAATTCACGTAGCACCTCACTGTCTGTGTCGCTAGTATTGGT
GGGCGTCGTGACACTGTACCTGGGAGCTATGGTGCAAGCTGATAGTGGTTGCGTTGTG
AGCTGGAAAAATAAAGAACTGAAATGTGGCAGCGGGATCTTCATCACAGATAACGTA
CACACATGGACAGAACAATATAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTTCAG
CTATCCAAAAAGCTCATGAAGAGGGCATTTGTGGAATCCGCTCAGTAACAAGATTGG
AGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCATATTCTATCAG AAAATG
AGGTAAAGTTGACCATTATGACAGGAGACATTAAAGGAATCATGCAGGCAGGAAAAC
GATCCTTGCGGCCCCAGCCCACTGAGCTGAAGTACTCATGGAAAACATGGGGAAAGG
CGAAAATGCTCTCCACAGAGTCTCACAATCAGACCTTTCTTATTGATGGCCCTGAAAC
AGCAGAATGCCCCAACACAAACAGAGCTTGGAACTCGCTGGAAGTTGAAGACTATGG
TTTTGGAGTTTTCACCACCAATATATGGCTGAAATTGAGAGAAAAACAGGATGTATTT
TGTGACTCAAAACTCATGTCAGCGGCCATTAAAGACAACAGAGCCGTTCATGCCGATA
TGGGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATGGAGAAAGCCTCCT
TCATTGAAGTTAAAAGCTGCCACTGGCCAAAGTCACACACCCTTTGGAGCAATGGAGT
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ATTAGAAAGTGAGATGATAATCCCAAAAAATTTTGCCGGGCCAGTGTCACAACACAA
CTACAGACCAGGCTACCATACACAAACAGCAGGACCTTGGCATCTAGGTAAGCTTGA
GATGGACTTTGATCTCTGCGAAGGAACTACAGTGGTGGTGACTGAGGACTGTGGAAAT
AGAGGACCCTCTTTAAGAACGACCACTGCCTCTGGAAAACTCATAACAGAATGGTGCT
GCCGATCCTGCACACTACCACCTCTAAGATACAGAGGTGAGGATGGATGCTGGTACG
GGATGGAAATCAGACCATTGAAAGAGAAAGAGGAGAATTTGGTTAACTCCTTGGTCA
CAGCCGGACATGGGCAGATTGACAACTTTTCACTAGGAGTCTTGGGAATGGCACTGTT
CCTGGAAGAAATGCTCAGGACCCGAATAGGAACGAAACATGCAATACTGCTAGTTGC
AGTATCTTTTGTGACATTGATTACTGGGAACATGTCTTTTAGAGACCTGGGAAGAGTG
ATGGTTATGGTGGGCGCTACCATGACGGATGACATAGGTATGGGAGTGACTTATCTTG
CCCTACTAGCAGCTTTTAAAGTTAGACCAACTTTTGCAGCTGGACTACTCTTGAGAAA
ACTGACCTCCAAGGAATTGATGATGGCCACCATAGGAATCGCACTCCTTTCCCAAAGC
ACCATACCAGAGACCATTCTTGAACTGACTGATGCGTTAGCTTTGGGCATGATGGTCC
TCAAAATAGTGAGAAATATGGAAAAATACCAATTGGCAGTGACTATCATGG CTATTTC
GTGTGTCCCAAATGCAGTGATACTGCAAAACGCATGGAAGGTGAGTTGCACAATATTG
GCAGCGGTGTCCGTTTCACCACTGCTCTTAACATCCTCACAGCAGAAAGCGGATTGGA
TACCACTGGCATTGACGATAAAAGGTCTCAATCCAACAGCCATTTTTCTAACAACTCT
TTCGAGAACCAGCAAGAAAAGGAGCTGGCCGCTAAATGAAGCTATCATGGCAGTCGG
GATGGTGAGCATTTTAGCCAGTTCTCTCCTAAAGAATGATATTCCCATGACAGGTCCA
TTAGTGGCTGGAGGGCTCCTTACCGTATGTTACGTGCTCACTGGACGATCGGCCGATT
TGGAACTGGAGAGAGCTGCCGATGTAAAATGGGAAGATCAGGCAGAAATATCAGGAA
GCAGCCCAATCCTGTCAATAACAATATCAGAAGATGGCAGCATGTCGATAAAAAATG
AAGAGGAAGAACAAACACTGACCATACTCATCAGAACGGGATTGTTGGTGATCTCAG
GAGTCTTTCCAGTATCGATACCAATTACGGCAGCAGCATGGTACCTGTGGGAAGTGAA
GAAACAACGGGCTGGAGTATTGTGGGACGTCCCTTCACCCCCACCAGTGGAAAAAGC
CGAACTGGAGGATGGAGCCTACAGAATCAAGCAAAGAGGGATTCTTGGATATTCTCA
GATTGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCACGTCACACG
TGGTGCTGTTCTGATGCATAGAGGGAAGAGGATTGAACCATCATGGGCAGATGTCAA
GAAAGACCTAATATCATATGGAGGAGGCTGGAAGCTAGAAGGAGAATGGAAGGAAG
GAGAGGAAGTCCAAGTCCTGGCATTGGAACCTGGAAAAAATCCAAGAGCCGTCCAAA
CGAAACCTGGAATTTTCAAAACCAACACCGGAACCATAGGCGCCGTATCTCTGGACTT
TTCCCCTGGAACGTCAGGATCTCCAATTGTCGACAGAAAAGGAAAAGTTGTGGGTCTT
TACGGTAATGGTGTTGTCACAAGGAGTGGAGCATATGTAAGTGCTATAGCCCAGACCG
AAAAAAGCATTGAAGACAATCCAGAGATCGAAGAAGACATTTTCCGAAAGA AAAGAT
TGACCATCATGGACCTCCATCCAGGAGCAGGAAAGACAAAAAGATACCTTCCAGCCA
TAGTTAGAGAAGCCATAAAACGTGGCTTGAGAACATTGATCCTGGCTCCCACTAGAGT
AGTGGCAGCTGAAATGGAGGAAGCTCTTAGAGGACTTCCAATAAGATACCAAACCCC
AGCCATCAAAACCGAGCATACCGGGCGGGAGATCGTGGACCTAATGTGTCATGCCAC
ATTTACTATGAGGCTGCTATCACCAGTCAGAGTGCCAAATTACAACCTGATCATCATG
GACGAAGCCCACTTCACAGACCCAGCAAGTATAGCAGCTAGAGGATACATTTCAACT
CGAGTAGAGATGGGTGAAGCAGCCGGGATTTTTATGACAGCCACTCCTCCGGGAAGT
AGAGACCCATTTCCACAGAGCAATGCACCAATCATGGATGAGGAAAGAGAAATCCCT
GAGCGTTCGTGGAATTCAGGACACGAATGGGTCACGGATTTTAAGGGAAAGACTGTTT
GGTTTGTTCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGTCTTAGGAAAAATGG
AAAGAAAGTGATACAACTCAGTAGGAAGACTTTTGACTCTGAGTATGTTAA GACTAG
AGCCAATGATTGGGACTTTGTGGTCACAACTGACATTTCAGAAATGGGTGCCAACTTC
AAGGCTGAGAGGGTTATAGACCCCAGACGTTGCATGAAACCAGTTATACTAACAGAT
GGCGAAGAGCGGGTGATCTTGGCAGGACCTATGCCAGTGACCCACTCTAGTGCAGCG
CAAAGAAGAGGGAGAATAGGAAGAAATCCAAAAAATGAAAATGACCAGTAC ATATA
CATGGGGGAACCTCTTGAAAATGATGAAGACTGTGCACATTGGAAAGAAGCTAAAAT
GCTCCTAGATAACATCAACACACCCGAAGGAATCATTCCTAGTATGTTCGAACCAGAG
CGTGAAAAAGTGGATGCCATTGATGGTGAATACCGTTTGAGAGGAGAAGCAAGGAAA
ACCTTTGTGGACCTAATGAGAAGAGGGGACTTACCAGTCTGGTTGGCCTACAAAGTGG
CAGCTGAAGGCATCAACTACGCAGACAGAAAGTGGTGTTTTGATGGAATTAAGAACA
ACCAAATACTGGAAGAAAATATGGAAGTGGAAATCTGGACAAAAGAAGGGG AAAGG
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AAAAAATTAAAACCCAGATGGTTGGATGCTAGGATCTATTCTGACCCACTGGCACTAA
AAGAATTCAAGGAATTTGCAGCTGGAAGAAAATCTTTGACCCTGAACCTAATCACAG
AAATGGGTAGGCTTCCAACTTTCATGACTCAGAAAGCAAGAAACGCACTGGACAACT
TGGCTGTGCTGCATACGGCTGAGGCAGGTGGAAGGGCGTACAATCATGCTCTCAGTGA
ACTGCCGGAGACCCTGGAGACACTGCTTCTACTGACACTCCTGGCAACAGTCACAGGA
GGAATCTTCTTATTCTTAATGAGCGGAAAAGGTATAGGGAAGATGACCCTGGGAATGT
GTTGCATAATCACGGCTAGTATCCTCCTATGGTATGCACAGATACAACCACACTGGAT
AGCAGCTTCAATAATACTGGAGTTTTTTCTCATAGTTTTGCTCATTCCAGAACCAGAAA
AACAGAGAACACCCCAAGACAACCAATTGACCTACGTTGTCATAGCCATCCTCACAGT
GGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTGGAAAAAACCAAGAAAGACCT
CGGATTGGGAAGCATTACAACCCAGGAATCTGAGAGCAATATCCTGGACATAGATCT
ACGCCCTGCATCAGCATGGACGCTGTATGCCGTGGCTACAACATTTGTCACACCAATG
TTGAGACATAGCATTGAAAATTCCTCAGTGAATGTCTCCCTAACAGCCATTGCTAACC
AAGCTACAGTGCTAATGGGTCTTGGGAAAGGATGGCCATTGTCAAAGATGGACATTG
GAGTTCCCCTCCTTGCCATTGGATGCTATTCACAAGTCAACCCTATAACTCTCACAGCA
GCTCTTCTTTTATTGGTAGCACATTATGCCATTATAGGGCCAGGACTTCAAGCAAAAG
CAACCAGAGAAGCTCAGAAAAGAGCGGCAGCAGGCATCATGAAAAACCCAACAGTC
GATGGAATAACAGTGATTGACCTAGAACCAATACCCTATGATCCAAAATTTGAAAAG
CAGTTAGGACAAGTAATGCTCCTAATCCTCTGCGTGACTCAAGTATTAATGATGAGGA
CTACATGGGCTTTGTGTGAGGCTCTAACCCTAGCGACCGGGCCCATCTCCACACTGTG
GGAAGGAAATCCAGGGAGGTTTTGGAACACTACCATTGCAGTGTCAATGGCTAACAT
CTTTAGGGGGAGCTACTTGGCCGGAGCTGGACTTCTCTTTTCCATCATGAAAAACACA
ACAAACACAAGAAGAGGAACTGGCAACATAGGAGAGACACTTGGAGAAAAA TGGAA
AAGTCGATTAAACGCACTGGGAAAAAGTGAATTTCAAATCTACAAGAAAAG TGGAAT
CCAGGAAGTGGATAGAACCCTAGCAAAAGAAGGTATCAAAAGAGGAGAAACGGACC
ACCATGCTGTGTCGCGAGGTTCAGCAAAACTGAGATGGTTCGTCGAGAGAAATATGGT
CACACCGGAAGGGAAGGTGGTGGATCTCGGTTGCGGCAGAGGGGGCTGGTCATACTA
TTGTGGGGGACTAAAGAATGTAAGAGAAGTCAAAGGCCTAACAAAAGGAGGACCAG
GACATGAAGAACCCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTCTGCAAAG
TGGAGTTGACGTTTTCTTCACCCCGCCAGAAAAGTGTGATACATTGTTGTGTGACATA
GGGGAGTCGTCACCAAATCCCACGATAGAAGCAGGACGAACACTCAGAGTCCTCAAC
TTAGTGGAAAATTGGTTGAACAATAACACCCAATTTTGCATAAAGGTCCTCAACCCAT
ATATGCCTTCAGTCATAGAAAAAATGGAAGCATTACAAAGGAAATATGGAG GAGCCT
TAGTGAGGAATCCACTCTCACGAAACTCCACGCATGAAATGTACTGGGTATCTAATGC
CACCGGGAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGATTAACAGATTC
ACAATGAAACACAAGAAAGCCACTTACGAGCCAGATGTTGACCTAGGAAGTGGAACC
CGCAACATTGGAATTGAAAGTGAGATACCAAATCTAGACATAATAGGAAAG AGAATA
GAGAAAATAAAACAAGAGCATGAAACATCATGGCACTATGATCAAGACCAC CCATAC
AAAACGTGGGCTTACCATGGCAGCTATGAAACAAAACAAACTGGATCAGCATCATCT
ATGGTGAACGGAGTGGTCAGATTGCTGACAAAACCTTGGGATGTCGTCCCTATGGTGA
CACAGATGGCAATGACAGACACGACTCCATTTGGACAACAGCGCGTTTTCAAAGAGA
AAGTAGACACGAGAACCCAAGAACCGAAGGAAGGCACAAAGAAACTGATGAAAATT
ACGGCAGAGTGGCTTTGGAAAGAACTAGGAAAGAAAAAGACACCTAGGATGTGTACC
AGAGAAGAATTCACAAGAAAAGTGAGAAGCAATGCAGCCTTGGGGGCCATATTCACT
GATGAGAACAAATGGAAATCGGCACGTGAGGCTGTTGAAGATGGTAGGTTTTGGGAG
CTGGTTGACAGGGAAAGAAATCTCCATCTTGAAGGAAAGTGTGAAACATGTGTGTAC
AACATGATGGGAAAAAGAGAGAAGAAACTAGGGGAGTTCGGCAAGGCAAAAGGTAG
CAGAGCCATATGGTACATGTGGCTTGGAGCACGCTTCTTAGAGTTTGAAGCCCTAGGA
TTCCTGAATGAAGATCACTGGTTCTCCAGAGGGAACTCCCTGAGTGGAGTGGAAGGA
GAAGGGCTGCACAGGCTAGGCTACATTTTAAGAGACGTGGGCAAGAAGGAAGGGGG
AGCAATGTACGCCGATGATACAGCAGGATGGGACACAAGAATCACACTAGAAGACTT
AAAAAATGAAGAAATGGTAACAAATCACATGAAAGGAGAACACAAGAAACT AGCCG
AGGCTATATTCAAATTAACGTACCAAAACAAGGTGGTGCGTGTGCAAAGACCAACAC
CAAGAGGCACAGTAATGGATATCATATCGAGAAGAGACCAAAGAGGCAGTGGGCAA
GTCGGCACCTATGGCCTTAATACTTTCACCAATATGGAAGCCCAATTAATTAGACAGA
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TGGAGGGAGAAGGAATCTTCAAAAGCATTCAGCACCTGACAGCCACAGAAGAAATCG
CTGTACAGAACTGGTTAGCAAGAGTGGGGCGTGAAAGGCTATCAAGAATGGCAATCA
GTGGAGATGATTGTGTTGTAAAACCTATAGATGACAGATTTGCAAGTGCTTTAACAGC
TCTAAATGACATGGGAAAAGTTAGGAAAGATATACAACAATGGGAACCTTC AAGAGG
ATGGAACGATTGGACACAAGTGCCTTTCTGTTCACACCATTTTCATGAGTTAGTCATG
AAAGATGGTCGCGTGCTCGTAGTCCCATGCAGAAACCAAGATGAACTGATTGGTAGA
GCCCGAATTTCCCAGGGAGCTGGGTGGTCTTTGAAGGAGACGGCCTGTTTGGGGAAGT
CTTACGCCCAAATGTGGACCCTGATGTACTTCCACAGACGTGACCTCAGACTGGCGGC
AAATGCCATTTGCTCGGCAGTCCCGCCACATTGGGTTCCAACAAGTCGAACAACCTGG
TCCATACACGCTAAGCATGAATGGATGACGACGGAAGACATGCTGGCAGTCTGGAAC
AGGGTGTGGATCCAAGAAAACCCGTGGATGGAAGATAAAACTCCAGTGGAATCATGG
GAAGAAGTCCCATACTTGGGAAAAAGAGAAGACCAATGGTGCGGCTCATTGATTGGG
CTAACAAGCAGGGCTACCTGGGCAAAGAACATCCAAACAGCAATAAATCAAGTCAGA
TCCCTCATAGGCAATGAGGAATACACAGACTACATGCCATCCATGAAGAGATTCAGA
AGGGAAGAGGAAGAGGCAGGTGTCCTGTGGTAGAAGGCAAAACTAACATGAAACAA
GGCTAAAAGTCAGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGTGAG
CCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCACAAAATGCCACAGCTTGAGTA
AACTGTGCAGCCTGTAGCTCCACCTGAGGAGGTGTAAAAAACCTGGGAGGCCACAAA
CCATGGAAGCTGTACGCATGGCGTAGTGGACTAGCGGTTAGAGGAGACCCCTCCCTTA
CAAATCGCAGCAAACAACGGGGGCCCAAGGTGAGATGAAGCTGTAATCTCACTGGAA
GGACTAGAGGTTAGAGGAGACCCCCCCAAAACAAAAAACAGCATATTGACGCTGGGA
AAGACCAGAGATCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCCAGAAAAT
GGAAT
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>FJ850065 Dengue virus 2 isolate DENV-2/NI/BID-V2664/2000, complete genome 
ACAAAGACAGATTCTTTGAGGGAGCTAAGCTCAACGTAGTTCTAACAGTTTTTGATTA
GAGAGCAGATCTCTGATGAATAACCAACGGAAAAAGGCGAGAAGTACGCCTTTCAAT
ATGCTGAAACGCGAGAGAAACCGCGTGTCAACTGTGCAACAGCTGACAAAGAGATTC
TCACTTGGAATGCTGCAAGGACGCGGACCATTAAAACTGTTCATGGCCCTTGTGGCGT
TCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATACTAAAAAGATGGGGAACGAT
CAAAAAATCAAAAGCTATCAATGTTTTGAGAGGGTTCAGGAAAGAGATTGG AAGGAT
GCTGAACATCTTGAACAGGAGACGCAGGACAGCAGGCGTGATTGTTATGTTGATTCCA
ACAGCGATGGCGTTCCATTTAACCACACGCAATGGAGAACCACACATGATCGTTGGTA
GGCAGGAGAAAGGGAAAAGTCTTCTGTTCAAAACAGAGGATGGTGTTAACATGTGTA
CCCTCATGGCCATAGACCTTGGTGAATTGTGTGAAGATACAATCACGTACAAGTGTCC
TCTCCTCAGACAAAATGAACCAGAAGACATAGATTGTTGGTGCAACTCTACGTCCACA
TGGGTAACTTATGGGACATGTACCACCACAGGAGAACACAGAAGAGAAAAAAGATCA
GTGGCGCTCGTTCCACATGTGGGTATGGGACTGGAGACACGAACTGAAACATGGATG
TCATCAGAAGGGGCCTGGAAACATGTTCAGAGAATTGAAACCTGGATCTTGAGACAT
CCAGGCTTTACCATAATGGCAGCAATCCTGGCATACACCATAGGAACGACACATTTCC
AAAGGGCCTTGATTTTCATCTTACTGACAGCTGTCGCTCCTTCAATGACAATGCGCTGC
ATAGGAATTTCAAATAGAGACTTCGTAGAAGGGGTTTCAGGAGGAAGCTGGGTTGAC
ATAGTCTTAGAACATGGAAGTTGTGTGACGACGATGGCAAAAAACAAACCAACATTG
GATTTTGAACTGATAAAAACAGAAGCCAAACAACCTGCCACTCTAAGGAAGTACTGT
ACAGAAGCAAAGCTGACCAACACAACAACAGAATCGCGTTGCCCAACACAAGGGGA
ACCCAGTCTAAATGAAGAGCAGGACAAAAGGTTCATCTGCAAACACTCCATGGTAGA
CAGAGGATGGGGAAATGGATGTGGATTATTTGGAAAGGGAGGCATTGTGACCTGTGC
TATGTTTACATGCAAAAAGAACATGGAAGGAAAAGTCGTGCAGCCAGAAAA TTTGGA
ATACACCATCGTGATAACACCTCACTCAGGAGAAGAGCACGCTGTAGGTAATGACAC
AGGAAAGCATGGCAAGGAAATCAAAATAACACCACAGAGTTCCATCACAGA AGCAG
AACTGACAGGCTATGGCACTGTCACGATGGAGTGCTCTCCGAGAACGGGCCTCGACTT
CAACGAGATGGTGCTGCTGCAGATGGAAGACAAAGCTTGGCTGGTGCACAGGCAATG
GTTCCTAGACCTGCCGTTACCATGGCTACCCGGAGCGGACACACAAGGATCAAATTGG
ATACAGAAAGAGACATTGGTCACTTTCAAAAATCCCCACGCGAAGAAACAGGATGTC
GTTGTTTTAGGGTCTCAAGAAGGGGCCATGCACACGGCACTCACAGGGGCCACAGAA
ATCCAGATGTCATCAGGAAACTTACTGTTCACAGGACATCTCAAGTGCAGGCTGAGAA
TGGACAAACTACAGCTCAAAGGAATGTCATACTCTATGTGTACAGGAAAGTTTAAAAT
TGTGAAGGAAATAGCAGAAACACAACATGGAACAATAGTTATCAGAGTACA ATATGA
AGGGGACGGTTCTCCATGTAAGATCCCTTTTGAGATAACAGATTTGGAAAAAAGACAC
GTCTTAGGTCGCTTGATTACAGTTAACCCAATCGTAACAGAAAAAGATAGCCCAGTCA
ACATAGAAGCAGAACCTCCATTCGGAGACAGCTACATCATCATAGGAGTAGAGCCGG
GACAATTGAAACTCAATTGGTTTAAGAAGGGAAGTTCCATCGGCCAAATGTTTGAGAC
AACAATGAGAGGAGCAAAGAGAATGGCCATTTTAGGTGACACAGCCTGGGACTTTGG
ATCCCTGGGAGGAGTGTTTACATCTATAGGAAAGGCTCTCCACCAAGTTTTCGGAGCA
ATCTATGGGGCTGCTTTTAGTGGGGTCTCATGGACTATGAAAATCCTCATAGGAGTCA
TCATCACATGGATAGGAATGAATTCACGTAGCACCTCACTGTCTGTGTCGCTAGTATT
GGTGGGCGTCGTGACACTGTACCTGGGAGCTATGGTGCAAGCTGATAGTGGTTGCGTT
GTGAGCTGGAAAAATAAAGAACTGAAATGTGGCAGCGGGATCTTCATCACAGATAAC
GTACACACATGGACAGAACAATATAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTT
CAGCTATCCAAAAAGCTCATGAAGAGGGCATTTGTGGAATCCGCTCAGTAACAAGATT
GGAGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCATATTCTATC AGAAAA
TGAGGTAAAGTTGACCATTATGACAGGAGACATTAAAGGAATCATGCAGGCAGGAAA
ACGATCCTTGCGGCCCCAGCCCACTGAGCTGAAGTACTCATGGAAAACATGGGGAAA
GGCGAAAATGCTCTCCACAGAGTCTCACAATCAGACCTTTCTTATTGATGGCCCTGAA
ACAGCAGAATGCCCCAACACAAACAGAGCTTGGAACTCGCTGGAAGTTGAAGACTAT
GGTTTTGGAGTTTTCACCACCAATATATGGCTGAAATTGAGAGAAAAACAGGATGTAT
TTTGTGACTCAAAACTCATGTCAGCGGCCATTAAAGACAACAGAGCCGTTCATGCCGA
TATGGGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATGGAGAAAGCCTC
CTTCATTGAAGTTAAAAGCTGCCACTGGCCAAAGTCACACACCCTTTGGAGCAATGGA
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GTATTAGAAAGTGAGATGATAATCCCAAAAAATTTTGCCGGGCCAGTGTCACAACAC
AACTACAGACCAGGCTACCATACACAAACAGCAGGACCTTGGCATCTAGGTAAGCTT
GAGATGGACTTTGATCTCTGCGAAGGAACTACAGTGGTGGTGACTGAGGACTGTGGA
AATAGAGGACCCTCTTTAAGAACGACCACTGCCTCTGGAAAACTCATAACAGAATGGT
GCTGCCGATCCTGCACACTACCACCTCTAAGATACAGAGGTGAGGATGGATGCTGGTA
CGGGATGGAAATCAGACCATTGAAAGGAAAGAGGAGAATTTGGTTAACTCCTTGGTC
ACAGCCGGACATGGGCAGATTGACAACTTTTCACTAGGAGTCTTGGGAATGGCACTGT
TCCTGGAAGAAATGCTCAGGACCCGAATAGGAACGAAACATGCAATACTGCTAGTTG
CAGTATCTTTTGTGACATTGATTACTGGGAACATGTCTTTTAGAGACCTGGGAAGAGT
GATGGTTATGGTGGGCGCTACCATGACGGATGACATAGGTATGGGAGTGACTTATCTT
GCCCTACTAGCAGCTTTTAAAGTTAGACCAACTTTTGCAGCTGGACTACTCTTGAGAA
AACTGACCTCCAAGGAATTGATGATGGCCACCATAGGAATCGCACTCCTTTCCCAAAG
CACCATACCAGAGACCATTCTTGAACTGACTGATGCGTTAGCCTTGGGCATGATGGTC
CTCAAAATAGTGAGAAATATGGAAAAATACCAATTGGCAGTGACTATCATG GCTATTT
CGTGTGTCCCAAATGCAGTGATACTGCAAAACGCATGGAAGGTGAGTTGCACAATATT
GGCAGCGGTGTCCGTTTCACCACTGCTCTTAACATCCTCACAGCAGAAAGCGGATTGG
ATACCACTGGCATTGACGATAAAAGGTCTCAATCCAACAGCCATTTTTCTAACAACTC
TTTCGAGAACCAGCAAGAAAAGGAGCTGGCCGCTAAATGAAGCTATCATGGCAGTCG
GGATGGTGAGCATTTTAGCCAGTTCTCTCCTAAAGAATGATATTCCCATGACAGGTCC
ATTAGTGGCTGGAGGGCTCCTTACCGTATGTTACGTGCTCACTGGACGATCGGCCGAT
TTGGAACTGGAGAGAGCTGCCGATGTAAAATGGGAAGATCAGGCAGAAATATCAGGA
AGCAGCCCAATCCTGTCAATAACAATATCAGAAGATGGCAGCATGTCGATAAAAAAT
GAAGAGGAAGAACAAACACTGACCATACTCATCAGAACGGGTTTGTTGGTGATCTCA
GGAGTCTTTCCAGTATCGATACCAATTACGGCAGCAGCATGGTACCTGTGGGAAGTGA
AGAAACAACGGGCTGGAGTATTGTGGGACGTCCCTTCACCCCCACCAGTGGAAAAAG
CCGAACTGGAGGATGGAGCCTACAGAATCAAGCAAAGAGGGATTCTTGGATATTCTC
AGATTGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCACGTCACAC
GTGGTGCTGTTCTGATGCATAGAGGGAAGAGGATTGAACCATCATGGGCAGATGTCA
AGAAAGACCTAATATCATATGGAGGAGGCTGGAAGCTAGAAGGAGAATGGAAGGAA
GGAGAGGAAGTCCAAGTCCTGGCATTGGAACCTGGAAAAAATCCAAGAGCCGTCCAA
ACGAAACCTGGAATTTTCAAAACCAACACCGGAACCATAGGCGCCGTATCTCTGGACT
TTTCCCCTGGAACGTCAGGATCTCCAATTGTCGACAGAAAAGGAAAAGTTGTGGGTCT
TTACGGTAATGGTGTTGTCACAAGGAGTGGAGCATATGTAAGTGCTATAGCCCAGACC
GAAAAAAGCATTGAAGACAATCCAGAGATCGAAGAAGACATTTTCCGAAAG AAAAG
ATTGACCATCATGGACCTCCATCCAGGAGCAGGAAAGACAAAAAGATACCTTCCAGC
CATAGTTAGAGAAGCCATTAAACGTGGCTTGAGAACATTGATCCTGGCTCCCACTAGA
GTAGTGGCAGCTGAAATGGAGGAAGCTCTTAGAGGACTTCCAATAAGATACCAAACC
CCAGCCATCAAAACCGAGCATACCGGGCGGGAGATCGTGGACCTAATGTGTCATGCC
ACATTTACTATGAGGCTGCTATCACCAGTCAGAGTGCCAAATTACAACCTGATCATCA
TGGACGAAGCCCACTTCACAGACCCAGCAAGTATAGCAGCTAGAGGATACATTTCAA
CTCGAGTAGAGATGGGTGAAGCAGCCGGGATTTTCATGACAGCCACTCCTCCGGGAA
GTAGAGACCCATTTCCACAGAGCAATGCACCAATCATGGATGAGGAAAGAGAAATCC
CTGAGCGTTCGTGGAATTCAGGACACGAATGGGTCACGGATTTTAAGGGAAAGACTG
TTTGGTTTGTTCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGTCTTAGGAAAAA
TGGAAAGAAAGTGATACAACTCAGTAGGAAGACTTTTGACTCTGAGTATGTTAAGACT
AGAGCCAATGATTGGGACTTTGTGGTCACAACTGACATTTCAGAAATGGGTGCCAACT
TCAAGGCTGAGAGGGTTATAGACCCCAGACGTTGCATGAAACCAGTTATACTAACAG
ATGGCGAAGAGCGGGTGATCTTGGCAGGACCTATGCCAGTGACCCACTCTAGTGCAG
CGCAAAGAAGAGGGAGAATAGGAAGAAATCCAAAAAATGAAAATGACCAGT ACATA
TACATGGGGGAACCTCTTGAAAATGATGAAGACTGTGCACATTGGAAAGAAGCTAAA
ATGCTCCTAGATAACATCAACACACCCGAAGGAATCATTCCTAGTATGTTCGAACCAG
AGCGTGAAAAAGTGGATGCCATTGATGGTGAATACCGTTTGAGAGGAGAAGCAAGGA
AAACCTTTGTGGACCTAATGAGAAGAGGGGACTTACCAGTCTGGTTGGCCTACAAAGT
GGCAGCTGAAGGCATCAACTACGCAGACAGAAAGTGGTGTTTTGATGGAATTAAGAA
CAACCAAATACTGGAAGAAAATATGGAAGTGGAAATCTGGACAAAAGAAGG GGAAA
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GGAAAAAATTAAAACCCAGATGGTTGGATGCTAGGATCTATTCTGACCCACTGGCACT
AAAAGAATTCAAGGAATTTGCAGCTGGAAGAAAATCTTTGACCCTGAACCTAATCAC
AGAAATGGGTAGGCTTCCAACTTTCATGACTCAGAAAGCAAGAAACGCACTGGACAA
CTTGGCTGTGCTGCATACGGCTGAGGCAGGTGGAAGGGCGTACAATCATGCTCTCAGT
GAACTGCCGGAGACCCTGGAGACACTGCTTCTACTGACACTCCTGGCAACAGTCACAG
GAGGAATCTTCTTATTCTTAATGAGCGGAAAAGGTATAGGGAAGATGACCCTGGGAA
TGTGTTGCATAATCACGGCTAGTATCCTCCTATGGTATGCACAGATACAACCACATTG
GATAGCAGCTTCAATAATACTGGAGTTTTTTCTCATAGTTTTGCTCATTCCAGAACCAG
AAAAACAGAGAACACCCCAAGACAACCAATTGACCTACGTTGTCATAGCCATCCTCA
CAGTAGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTGGAAAAAACCAAGAAAG
ACCTCGGATTGGGAAGCATTACAACCCAGGAATCTGAGAGCAATATCCTGGACATAG
ATCTACGCCCTGCATCAGCATGGACGCTGTATGCCGTGGCTACAACATTTGTCACACC
AATGTTGAGACATAGCATTGAAAATTCCTCAGTGAATGTCTCCCTAACAGCCATTGCT
AACCAAGCTACAGTGCTAATGGGTCTTGGGAAAGGATGGCCATTGTCAAAGATGGAC
ATTGGAGTTCCCCTCCTTGCCATTGGATGCTATTCACAAGTCAACCCTATAACTCTCAC
AGCAGCTCTTCTTTTATTGGTAGCACATTATGCCATTATAGGGCCAGGACTTCAAGCA
AAAGCAACCAGAGAAGCTCAGAAAAGAGCGGCAGCAGGCATCATGAAAAACCCAAC
AGTCGATGGAATAACAGTGATTGACCTAGAACCAATACCCTATGATCCAAAATTTGAA
AAGCAGTTAGGACAAGTAATGCTCCTAATCCTCTGCGTGACTCAAGTATTAATGATGA
GGACTACATGGGCTTTGTGTGAGGCTCTAACCCTAGCGACCGGGCCCATCTCCACACT
GTGGGAAGGAAATCCAGGGAGGTTTTGGAACACTACCATTGCAGTGTCAATGGCTAA
CATCTTTAGGGGGAGCTACTTGGCCGGAGCTGGACTTCTCTTTTCCATCATGAAAAAC
ACAACAAACACAAGAAGAGGAACTGGCAACATAGGAGAGACACTTGGAGAA AAATG
GAAAAGTCGATTAAACGCACTGGGAAAAAGTGAATTTCAAATCTACAAGAA AAGTGG
AATCCAGGAAGTGGATAGAACCCTAGCAAAAGAAGGTATCAAAAGAGGAGA AACGG
ACCACCATGCTGTGTCGCGAGGTTCAGCAAAACTGAGATGGTTCGTCGAGAGAAATAT
GGTCACACCGGAAGGGAAGGTGGTGGATCTCGGTTGCGGCAGAGGGGGCTGGTCATA
CTATTGTGGGGGACTAAAGAATGTAAGAGAAGTCAAAGGCCTAACAAAAGGAGGACC
AGGACATGAAGAACCCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTCTGCAA
AGTGGAGTTGACGTTTTCTTCACCCCGCCAGAAAAGTGTGATACATTGTTGTGTGACA
TAGGGGAGTCGTCACCAAATCCCACGATAGAAGCAGGACGAACACTCAGAGTCCTCA
ACTTAGTGGAAAATTGGTTGAACAATAACACCCAATTTTGCATAAAGGTCCTCAACCC
ATATATGCCTTCAGTCATAGAAAAAATGGAAGCATTACAAAGGAAACATGG AGGAGC
CTTAGTGAGGAATCCACTCTCACGAAACTCCACGCATGAAATGTACTGGGTATCTAAT
GCCACCGGGAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGATTAACAGAT
TCACAATGAAACACAAGAAAGCCACTTACGAGCCAGATGTTGACCTAGGAAGTGGAA
CCCGCAACATTGGAATTGAAAGTGAGATACCAAATCTAGACATAATAGGAA AGAGAA
TAGAGAAAATAAAACAAGAGCATGAAACATCATGGCACTATGATCAAGACC ACCCAT
ACAAAACGTGGGCTTACCATGGCAGCTATGAAACAAAACAAACTGGATCAGCATCAT
CTATGGTGAACGGAGTGGTCAGATTGCTGACAAAACCTTGGGATGTCGTCCCTATGGT
GACACAGATGGCAATGACAGACACGACTCCATTTGGACAACAGCGCGTTTTCAAAGA
GAAAGTAGACACGAGAACCCAAGAACCGAAGGAAGGCACAAAGAAACTGATGAAAA
TTACGGCAGAGTGGCTTTGGAAAGAACTAGGAAAGAAAAAGACACCTAGGATGTGTA
CCAGAGAAGAATTCACAAGAAAAGTGAGAAGCAATGCAGCCTTGGGGGCCATATTCA
CTGATGAGAACAAATGGAAATCGGCACGTGAGGCTGTTGAAGATGGTAGGTTTTGGG
AGCTGGTTGACAGGGAAAGAAATCTCCATCTTGAAGGAAAGTGTGAAACATGTGTGT
ACAACATGATGGGAAAAAGAGAGAAGAAACTAGGGGAGTTCGGCAAGGCAAAAGGT
AGCAGAGCCATATGGTACATGTGGCTTGGAGCACGCTTCTTAGAGTTTGAAGCCCTAG
GATTCCTGAATGAAGATCACTGGTTCTCCAGAGGGAACTCCCTGAGTGGAGTGGAAG
GAGAAGGGCTGCACAGGCTAGGCTACATTTTAAGAGACGTGGGCAAGAAGGAAGGG
GGAGCAATGTACGCCGATGATACAGCAGGATGGGACACAAGAATCACACTAGAAGAC
TTAAAAAATGAAGAAATGGTAACAAATCACATGAAAGGAGAACACAAGAAA CTAGC
CGAGGCTATATTCAAATTAACGTACCAAAACAAGGTGGTGCGTGTGCAAAGACCAAC
ACCAAGAGGCACAGTAATGGATATCATATCGAGAAGAGACCAAAGAGGCAGTGGGC
AAGTCGGCACCTATGGCCTTAATACTTTCACCAATATGGAAGCCCAATTAATTAGACA
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GATGGAGGGAGAAGGAATCTTCAAAAGCATTCAGCACCTGACAGCCACAGAAGAGAT
CGCTGTACAGAACTGGTTAGCAAGAGTGGGGCGTGAAAGGCTATCAAGAATGGCAAT
CAGTGGAGATGATTGTGTTGTAAAACCTATAGATGACAGATTTGCAAGTGCTTTAACA
GCTCTAAATGACATGGGAAAAGTTAGGAAAGATATACAACAATGGGAACCT TCAAGA
GGATGGAACGATTGGACACAAGTGCCTTTCTGTTCACACCATTTTCATGAGTTAGTCA
TGAAAGATGGTCGCGTGCTCGTAGTCCCATGCAGAAACCAAGATGAACTGATTGGTA
GAGCCCGAATCTCCCAGGGAGCTGGGTGGTCTTTGAAGGAGACGGCCTGTTTGGGGA
AGTCTTACGCCCAAATGTGGACCCTGATGTACTTCCACAGACGTGACCTCAGACTGGC
GGCAAATGCCATTTGCTCGGCAGTCCCGCCACATTGGGTTCCAACAAGTCGAACAACC
TGGTCCATACACGCTAAGCATGAATGGATGACGACGGAAGACATGCTGGCAGTCTGG
AACAGGGTGTGGATCCAAGAAAACCCGTGGATGGAAGACAAAACTCCAGTGGAATCA
TGGGAAGAAGTCCCATACTTGGGAAAAAGAGAAGACCAATGGTGCGGCTCATTGATT
GGGCTAACAAGCAGGGCTACCTGGGCAAAGAACATCCAAACAGCAATAAATCAAGTC
AGATCCCTTATAGGCAATGAGGAATACACAGACTACATGCCATCCATGAAGAGATTC
AGAAGGGAAGAGGAAGAGGCAGGTGTCCTGTGGTAGAAGGCAAAACTAACATGAAA
CAAGGCTAAAAGTCAGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGT
GAGCCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCACAAAATGCCACAGCTTGA
GTAAACTGTGCAGCCTGTAGCTCCACCTGAGGAGGTGTAAAAAACCTGGGAGGCCAC
AAACCATGGAAGCTGTACGCATGGCGTAGTGGACTAGCGGTTAGAGGAGACCCCTCC
CTTACAAATCGCAGCAAACAACGGGGGCCCAAGGTGAGATGAAGCTGTAATCTCACT
GGAAGGACTAGAGGTTAGAGGAGACCCCCCCAAAACAAAAGACAGCATATTGACGCT
GGGAAAGACCAGAGTCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCCAGA
AAATGGAATG
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Abstract - Searching for the graphical representations that yield the meaningful 
interpretation of the long sequences of nucleotides is one of the challenging problems. In this 
paper, we present the new graphical representation especially for the Dengue virus sequence 
analysis based on the cumulative amount of amino and keto bases, called UnitX method. 
Simulation results show that the proposed graphical representation can efficiently 
distinguish the four serotypes of Dengue virus. 

I. INTRODUCTION 

EARCHING for the efficient and practical graphical representation for analyzing the Dengue 
virus sequences is one of the challenging problems in bioinformatics. In the era of information, 

fast and automatic analysis method is needed in conjunction with the meaningful graphical 
representation that experts can easily manipulate the enormous data.  

There are many existing tools used for visualizing and analyzing the genomic 
sequence. Each tool is developed based on some specific tasks which can be categorized into four 
approaches: Base vector, Sequential, Fourier Transform (FT), and Z-curve approaches.  

(1) Base vector approach: About twenty year ago, Hamori, E. and Ruskin, J. (1983) used a three 
dimensional H curve to represent a DNA sequence [1]. Afterwards, Gates, M.A. (1985) suggested 
that graphic representation of DNA sequence in two-dimensional that is simpler than H Curves. 
Gates’ graphical representation represents four nucleotide bases adenines (A), thymine (T), 
cytosine (C) and guanine (G) by the unit vector on the Cartesian coordinate system with adenines 
(A) on the negative y-axis, thymine (T) on the positive y-axis, guanine (G) on the positive x-axis, 
and cytosine (C) on the negative x-axis [2]. About eleven years later, Nandy A. (1996) presented 
an easy graphical representation for distinct the features of intron and exon segments of eukaryotic 
sequences [3]. The four nucleotides A, G, C and T were plotted on an ACGT-axis system. The 
graphical representation was similar to use Gates’ method. The indicator for clustering of intron 
and exon sequences was the slope of this plot. Nevertheless, the graphical represented by Nandy 
and Gates have high degeneracy, e.g. the sequences AGTC, AGTCA, AGTCAG, etc. would be 
displayed in the same graphical representation [4]. Stephen S. –T. Yau et al., 2003 solve this 
problem by modified Gates’ method. Yau’s graphical representation represented a 
pyrimidine/purine graph on two quadrants of Cartesian coordinate system which the first quadrant 
was pyrimidines (T and C) and purine (A and G) was the fourth quadrant [4]. 

(2) Sequential approach: Altschul et al., 1990 developed the Basic Local Alignment Search Tool 
(BLAST) programs. This program is one of the most popular tools for DNA and genomic analysis. 
This tool can perform a fast similarity search. The program compares the similarity between any 
two sequences and displays the difference between these sequences by comparing in the base-by-
base basis [5]. 

S
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(3) Fourier Transform (FT) approach: Anatassiou D. proposed about the color spectrograms of 
biomolecular sequences which are a tool of visualization for the biomolecular sequences analysis 
[7], [8]. Spectrograms will represent the magnitude of the short-time Fourier transform (STFT) that 
uses the discrete Fourier transform (DFT). Analyzing of the genomic sequence in frequency 
domain via the Fourier transform (FT) uses the 3-periodicity property for DNA coding sequence. 
The color spectrogram is defined by using the color: red, green and blue for the biomolecular 
sequences. However, this method consumes high computational complexity. 

(4) Z-Curve approach: Zhang C. T. et al., 1994 suggested about a very practical visualization tool 
called Z-Curve [8]-[12]. James J. et al developed this tool in the package called MBEToolbox [13]. 
According to the assumption on the cumulative components of the genomic sequence, features 
obtained from Z-Curve can be quickly interpreted, such as the distribution along the sequence of 
purine/pyrimidine bases, amino/keto bases, strong H-bond/weak H-bond. Since the algorithm of Z-
Curve is very simple, it can be applied to all genomic sequences regardless of how long those 
sequences are. The similar approach with Z-Curve called 3DD-Curve is presented by Zhang Y. and 
Tan M. (2008). This approach can be viewed as the weighted version of Z-Curve. 

Since our goal is to find the suitable graphical representation for Dengue virus. The 
sequences can be of arbitrary lengths in huge database. Therefore, computational complexity of the 
graphical representation needs to be low and base locations need to be easy to visualize. By 
comparing with many graphical representation of genomic sequence in the literature, we propose 
the novel graphical representation based on the modification of Yau’s method [4]. As the 
projection along x-axis is changed to unity, the proposed method provides more physical meaning 
of the genomic sequences in the uniformly base-by-base basis while maintains the efficient 
computational complexity. Furthermore, the vector direction of the four bases A, G, T, C are also 
modified for the purpose of Dengue virus serotype classification. Moreover, our proposed 
graphical representation can be quickly interpreted the distribution of amino/keto bases along the 
sequence. 

This paper can be organized as follows. Section II introduces the previous graphical 
representation method (unit vector representation [4]) of the four nucleotides. The proposed Unit 
X-projection Vector (UnitX) method is described in section III. In section IV, the simulation 
results on classification of Dengue virus sequences are shown. Finally, section V concludes the 
paper. 

II STEPHEN S. –T. YAU’S METHOD 

Stephen S. –T. Yau’ s graphical representation represented the distribution of 
pyrimidine/purine base along the sequence on two quadrants of Cartesian coordinate system where 
the first quadrant was pyrimidine (C and T) and purine (A and G) in the fourth quadrant [4]. The 
unit vectors that represent four nucleotides adenines (A), guanine (G), thymine (T), and cytosine 
(C), are defined based on rectangular coordinates as follows: 

A   → �1
2 , − √3

2 � C   → �√3
2 , 1

2� 

G   → �√3
2 , − 1

2� T   → �1
2 , √3

2 � 
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By given the numbers of occurring a, c, g, t of bases A, C, G, T, respectively, the 
coordinate (x,y) of the projection onto X and Y axes can be illustrated as follows: 

 
√3	 + � + � + √3
 = 2� 

 
	 − √3� + √3� − 
 = 2 

 

 

       (a)                                    (b) 

Fig. 1 The unit vectors represent four nucleotides A, G, C and T. (a) The unit vectors designed by 
Stephen S. –T. Yau method [4]. (b) The proposed vectors method (UnitX). 

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

According to Fig. 2, by using Yau’s method, it is difficult to distinguish the four 
serotypes of Dengue virus, DENV-1, DENV-2, DENV-3 and DENV-4. Furthermore, the data 
plotted on the x-axis in Fig. 2 are not the integer numbers (i.e. values on the x-axis are not directly 
equal to the number of bases) resulting in difficulty for interpretation compared to the convention 
base-by-base basis (e.g. BLAST). Therefore, we propose the new visualization tool that is more 
convenient for visualization, interpretation, and analysis of Dengue virus sequences. Our graphical 
representation represented the distribution of amino/keto base along the sequence on two quadrants 
of Cartesian coordinate system which the first quadrant was amino (C and A) and keto (T and G) 
in the fourth quadrant. The vectors represent four nucleotides, i.e. adenines (A), guanine (G), 
thymine (T), and cytosine (C), are demonstrated as follows: 

A   → �1,1� C   → �1,2� 
G   → �1, −2� T   → �1, −1� 

By given the numbers of occurring a, c, g, t of bases A, C, G, T, respectively, the 
coordinate (x, y) of the projection onto X and Y axes can be illustrated as follows: 

	 + � + � + 
 = � 

2	 + � − � − 2
 = � 
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By assigning unity to the size of vectors along x-axis, the graphical representation 
along x-axis is in the uniform pattern and directly equal to the number of bases. This results in 
simple visualization for analysis. Figs.3 (a)-(d) show that UnitX yields the representation that can 
be used to visually distinguish all four serotypes. 

 

(a) 

 

(b) 

 

(c) 
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(d) 

Fig. 2 Two dimensional graphs of four serotypes of dengue virus complete genome of (a) 
AF180817 dengue virus type 1, (b) AB122020 dengue virus type 2, (c) AY099336 dengue virus 
type 3 and (d) AF326573 dengue virus type 4 is generated by Stephen S. –T. Yau’s method. 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Fig. 3 Two dimensional graphs of four serotypes of dengue virus complete genome of (a) 
AF180817 dengue virus type 1, (b) AB122020 dengue virus type 2, (c) AY099336 dengue virus 
type 3 and (d) AF326573 dengue virus type 4 is generated by our proposed method. 

IV. CLASSIFICATION OF DENGUE VIRUS SEROTYPES VIA UN ITX METHOD 

Even though, we can visually distinguish the serotypes of some Dengue virus 
sequences represented by UnitX, automatic method is still needed for the development of the 
analysis software. The simple idea used in this paper is to find the optimal library (represented by 
UnitX) to represent each serotype. After that the serotype can be assigned by comparing the 
correlation coefficient of the selected sequence to the library. 

A. Finding the optimum library  

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

Step1: Read Dengue virus sequence in FASTA format, 

Step2: Find (��, ��� coordinate of each sequence, 
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Let ��, ��, �� and �� be the cumulative number of bases C, A, T and G, respectively, 
occurring from the first to the n-th base. 

�� = ���� + ��� + �� + �� + ���, � = 1, 2, 3, … , �, 

�� = ���� + �2�� + �� − �� − 2���, � = 1, 2, 3, … , �, 

where (� ,�  ) are the vector calculated by UnitX Method. 

Step3: Find (��, �′�� coordinate of each sequence 

�′� = �� − ���  , 
where N is the number of base of the whole sequence. 

Step4: Let ! be the number of training sequences for each serotype, the optimal library (the single 

optimal pattern) of each serotype can be calculated as the centroid ��′′, �′′� of "���#�, �′��#�$ for all 

m= 1, 2, 3,..., M and n = 1, 2, 3,…, N 

�′′ = �
% ∑ ���#�%#'( , 

�′′ = �
% ∑ �′��#�%#'( , 

where ���#� and �′��#� denote the coordinate (x, y) of the m-th training sequence for each serotype. 

B. Summarization of the classification method 

This proposed UnitX method can be used to automatically assign the serotype to the 
unknown Dengue virus sequences. The classification process can be summarized as follows: 

Step1: Read dengue virus sequence in FASTA format, 

Step2: Follow Step 2 and Step 3 of section IV A, 

Step3: Compare the output of �′ with the libraries �′′ of all four serotypes by measuring their 
similarities via the correlation coefficients [15]-[17]. The unknown sequence will belong to the 
serotype that yields the maximum correlation coefficient. 

V. SIMULATION RESULTS 

To verify our proposed graphical representation method, we employ UnitX to 
distinguish different serotypes of Dengue virus. The sample sequences are obtained from NCBI 
with the keyword of Dengue virus complete genome. All 877 sample sequences compose of four 
serotypes of Dengue virus sequences (each serotype contains 196, 345, 246 and 90 sample 
sequences, respectively). In this study, we measure the performance of our software by 4-fold cross 
validation. The performance of our software is shown in Table1. We can obviously see that UnitX 
can be efficiently used as features to classify Dengue virus sequence. 
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TABLE I  Summary of prediction results 

Round # of Sample 
Sequences 

Classification 
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 graphical representation of genomic 
sequence that can provide both the physical meaning and easy-to-understand graphical 
representation. The proposed method called UnitX has been used to classify the four serotypes of 
dengue virus. By designing the optimal libraries, UnitX can be perfectly used as the visualization 
tool for Dengue virus analysis software since it can 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 CADViST. 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. 

I. INTRODUCTION 

In bioinformatics, the Basic Local Alignment Search Tool (BLAST) is one of the most 
widely used tools for sequence similarity search due to its speed and reasonable accuracy of 
searching performance. However, the BLAST program is still lacked of user friendly graphical 
representation. Hence, in this paper, we aim to develop a visualization tool that is capable to display 
the text output resulting from BLAST. 

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

(1) Base vector approach: Hamori, E. and Ruskin, J. (1983) represented DNA sequences in a three 
dimensional curve (H- Curve) [1]. Gates, M.A. (1985) proposed that graphical representation of 
DNA sequence in two dimensional space was better than H-Curve. Gates’ graphical representation 
shows four nucleotide bases, i.e. adenine (A), thymine (T), cytosine (C), and guanine (G). The unit 
vector representations of these bases are on the Cartesian coordinate system, i.e. Base A is on the 
negative y-axis, base T is on the positive y-axis, base G is on the positive x-axis, and base C is on 
the negative x-axis [2]. About eleven years later, Nandy A. (1996) proposed a graphical 
representation in order to distinct the features of intron and exon segments of eukaryotic sequences 
[3]. This graphical representation was similar to Gates’ method. The A, G, C and T nucleotide was 
plotted on an ACGT-axis system. The slope of this plot indicated a cluster of intron and exon 
sequences. However, both Nandy and Gates’ methods have high degeneracy such that the sequences 
such as AGTC, AGTCA, and AGTCAG lead to the same graphical representation [4]. Stephen       
S. -T. Yau et al., 2003 modified Gates’ method. The four nucleic acids are classified into 
pyrimidine/purine graph on two quadrants of the Cartesian coordinate system. The first quadrant 
represents pyrimidine (T and C), and the forth quadrant represents purine (A and G) [4]. Recently, 
the authors propose the graphical representation especially for the Dengue virus sequence analysis 
based on the cumulative amount of amino and keto bases, called UnitX [5]. 

(2) Sequential approach: Altschul et al., 1990 developed the Basic Local Alignment Search Tool 
(BLAST) program. This program is one of the most popular tools for genomic sequence analysis. 
This tool can perform a fast similarity search. The program compares the similarity between any 
two sequences and displays the difference between these sequences 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 for visualization of the biomolecular sequence 
analysis [7], [8]. Spectrograms which can represent the magnitude of the short-time Fourier 
transform (STFT) is implemented via the discrete Fourier transform (DFT). Analysis of the genomic 
sequence in frequency domain via the Fourier transform (FT) uses the 3-periodicity property for 
DNA coding sequence. The color spectrogram is defined by using the color: red, green and blue. 
Even though this method yields an impressive graphical representation, the computational 
complexity is fairly high. 

(4) Z-Curve approach: Zhang C. T. et al., 1994 suggested a practical visualization tool called Z-
Curve [8]-[12]. James J. et al developed this tool in the package called MBEToolbox [13]. 
According to the assumption on the cumulative components of the genomic sequence, features 
obtained from Z-Curve can be quickly interpreted, such as the distribution along the sequence of 
purine/pyrimidine bases, amino/keto bases, strong H-bond/weak H-bond. Since the algorithm of Z-
Curve is simple, it can be applied to all genomic sequences regardless of how long those sequences 
are. The similar approach with Z-Curve called 3DD-Curve is presented by Zhang Y. and Tan M. 
(2008). This approach can be viewed as the weighted version of Z-Curve [14]. 

The choice of selecting the graphical representation can vary based on the 
characteristics of genomic sequences of interest. Therefore, in this first version of the proposed 
software, Dengue virus sequences (nucleotide sequences) are employed to verify the merit of the 
proposed software. The software is called CADViST which stands for Classification and Analysis 
of Dengue Vi rus Serotype by Visualization Tool. By employing UnitX as the visualization tool, 
the proposed software is suitable to use for interpreting the Dengue virus sequence. However, 
positioning of partial Dengue sequences on Dengue genome with UnitX representation requires 
high computational load. BLAST is well known as the efficient searching tool. However, 
visualizing the results obtained from BLAST needs some improvement. Therefore, in this paper, 
we propose the software that combines the merit of both BLAST and UnitX. The proposed 
software can efficiently search the unknown portion of Dengue virus sequences and can 
simultaneously illustrate graphical representations of the resulting sequences. 

This paper can be organized as follows. Section II introduces the proposed 
visualization tool, called CADViST. The software architecture of CADViST is described in 
Section III. In Section IV, the simulation results of the proposed software are shown. Finally, 
Section V concludes the paper. 

II CADVIST: THE PROPOSED VISUALIZATION TOOL 

Classification and Analysis of Dengue Vi rus Serotype by Visualization Tool, or 
CADViST, is a visualization tool proposed especially for analyzing the Dengue virus sequences. 
All components and details of CADViST can be described in details as follows:  

A. Basic Local Alignment Search Tool (BLAST) 

BLAST program is developed by Stephen F. Altchul and his coworkers at the 
National Center for Biotechnology Information (NCBI). It is widely used for calculating the 
sequence similarity. BLAST works through the heuristic algorithm to find the best possible results. 
It finds the homologous sequences by locating short matches between two sequences to make the 
search fast. Similarity measurement technique of BLAST uses statistical theory to assign a scoring 
matrix for all possible pairs of residues and produce the Expect value (E-value) for each alignment 
pair. 

The stand-alone BLAST programs are provided as a compressed package. The 
package, available as BLAST initialed archives for a variety of computer platform, is available on 
the BLAST ftp site: ftp://ftp.ncbi.nih.gov/ blast/executables/release/. In this paper, we employed 
stand-alone BLAST version 2.2.22 to generate BLAST output, as input of the proposed software 
(CADViST). 
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B. UnitX Graphical Representation 

UnitX graphical representation can efficiently reveal the distribution of amino/keto 
bases along the sequence on two quadrants of the Cartesian coordinate system. The first quadrant 
represents the amount of amino (C and A) while the fourth quadrant represents amount of keto (T 
and G). The unit vectors represent four nucleotides, i.e. adenines (A), guanine (G), thymine (T), 
and cytosine (C), are demonstrated as follows (Fig. 1): 

 
 
Figure 1. The UnitX vectors represent four nucleotides A, G, C and T. 

By assigning the numbers of occurring of bases A, C, G, and T in the sequences, the 
coordinate (x, y) of the projection onto X and Y axes with UnitX representation can be illustrated 
as follows: 
 � + � + � + � = � 
 2� + � − � − 2� = � 
 
C. Idea of CADViST 

In this paper, we employ BLAST in a “stand-alone” mode to find the similarity score 
among the query sequence and the Dengue virus nucleotide database. The search results obtained 
from BLAST are graphically displayed via UnitX representation. 

D. Creating nucleotide BLAST database 

The main advantage of stand-alone BLAST program is to be able to create your own 
database. To create a nucleotide BLAST database, we need a source file of sequence in FASTA 
format. This file will be processed by the formatdb program contained within the stand-alone 
BLAST package to build index files of the database. After executing formatdb command, three 
files will be produced from the source FASTA file. For nucleotide databases, the extensions are 
nhr, nin, and nsq [15]. The formatdb command can be shown as follows: 

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

>First sequence description 
XXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXX…  
>Second sequence description 
XXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXX…  
>Last sequence description 
XXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXX…  

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

In this paper, the database of the proposed software is obtained from NCBI with the 
keyword of Dengue virus complete genome. All 2,184 nucleotide sequences compose of four 
serotypes of Dengue virus sequences (each serotype contains 952, 737, 405 and 90 nucleotide 
sequences, respectively). 

E. Stand-alone executable BLAST 

The stand-alone executable BLAST and NCBI web-based BLAST program provide 
easy ways for users to perform BLAST search via command line or a website. There are many 
advantages to run BLAST search program on your own machine, e.g. database can be easily 
edited. In this paper, we employ stand-alone BLAST program to generate BLAST output. BLAST 
search can be executed via blastall command as follow: 

blastall -p blastn -d Databasename.fasta -i QuerySequence.fasta -m 9 -F F> Result.txt 

F. Graphical Representation via UnitX 

In steady of displaying the search results in alphabets (Figs. 4(b) and 4(c)) like 
BLAST, CADViST extracts the information from BLAST and represents the results graphically 
via UnitX representation described section II B. Furthermore, in the case that the users only need 
to explore the nature of Dengue virus sequences, they can also employ only the graphical feature 
(UnitX) of CADViST. 

III. SOFTWARE ARCHITECTURE OF CADViST  

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

Step1: Call stand-alone BLAST program to generate BLAST output, 

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

Step3: Provide matching regions between query and matched sequence identified by BLAST 
program and send the results to the display unit, i.e. UnitX representation. The results are shown in 
Figs.4 (d-e). 

In addition, other options of CADViST are copy, save, print, show point values in the 
graph of UnitX vector. The option can be selected by making a right click on the graph. 
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Figure 2. Flowchart of the proposed software 

 

Figure 3. Screenshots of the proposed software 

IV. SIMULATION RESULTS 

As an example, we verify the merit of CADViST for finding the similarities among 
FN429899 Dengue virus serotype3 (2040 – 7143 base position) and our Dengue virus sequence 
database. 

Traditionally, the results obtained from stand-alone BLAST program consist of two 
major parts, i.e. (1) the one-line descriptions of each database sequence found to match the query 
sequence (Fig.4 (a)), and (2) the alignment between the input sequence and the matched query 
sequences (Figs.4 (b)-(c)) [16]. Figs. 4 (b) and (c) illustrate the first and second highest score 
matched sequences, respectively. 

By employing the information obtained from BLAST, Figs.4 (d)-(e) represent the 
proposed graphical representation via CADViST. The result of the proposed software consists of 
two main parts where each part displays the graphical representation via UnitX. The first part 
shows the whole genome of query sequence (Fig.4 (d)). The second part displays the matched 
regions between the query and input sequence identified by BLAST (Fig.4 (e)). In Fig.4 (e), for 
convenience, only the first (FN429899) and second (AY858038) highest scores matched sequences 
are shown. Both sequences are also from the same serotype as our input sequence. As expected, the 
first highest score matched sequence is the sequence that we copy its portion as our query 
sequence. 
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Furthermore, according to Figs.4 (a – c), we can also observe that the output of 
BLAST still lacks of user friendly graphical representation. Therefore, CADViST can efficiently 
be one of the alternative way to visualize the resulting sequences obtained from BLAST as shown 
in Figs.4 (d – e). In Fig.4 (e), we can obviously observe the region of the mismatched base pairs. 
The result of the proposed software can be displayed via the graph overlaying format together with 
the UnitX representation of the sequences (Fig.4 (d)). 

 

(a) 

 

(b) 

 

(c) 

 

(d) 
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(e) 

Figure 4. (a) One-line description in the BLAST report; (b-c) A pairwise sequence alignment from 
a BLAST report; (d-e) Graphical display of the CADViST. 

V. CONCLUSION 

In this paper, we have developed the software called CADViST. The proposed 
software can be used to visually analyze the matched regions identified by BLAST between the 
query sequences and the Dengue virus database. Graphical representation is implemented via 
UnitX which is suitable especially for analyzing different serotypes of Dengue virus nucleotide 
sequences. Many options in CADViST can also benefit the bioinformatics experts, e.g. save, print, 
and show the raw numeric values on the graph. With the .net framework of C#, CADViST can be 
easily modified to include more open source or in house developed mathematical modeling, while 
maintaining the user friend GUI. 
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