An Interactive Tool for Data Visualization in Sequence Alignment
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Abstract

Sequence alignment is a fundamental and
important tool for sequence data analysis in mo-
lecular biology. Many applications in molecular
biology require the detection of a similarity pat-
tern displayed by a number of DNA and protein
sequences. Visual front-ends are useful for an
intuitive viewing of alignment and help to ana
lyze the structure, functions, and evolution of the
DNA and protein. In this paper, we designed and
implemented an interactive system for data visu-
dlization in DNA and proteins, which can be
used in determining a sequence alignment, simi-
larity search of sequence data, and function in-
terference. Experimental results shows that a
user can easily operate the system after one
hour’s practice on the proposed system, which
provides a clean output, easy identification of
similarity and visualization of alignment data.
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1. Introduction

Sequence analysis has become an important
field in molecular biology because the sequence
of a DNA or protein carries a lot of information
about its biomolecular function and history [2].
In general, scientists assume that similar se-
guences hold a similar function or structure, and
that they have a similar evolutionary history.
Thus, it is not surprising that the multiple align-
ments of sequences have become an essential
tool in bioinformatics. Procedures relying on
seguence comparison are diverse and range from
database searches to structure prediction. Se-
guences can be compared two-by-two by scour-
ing databases for homologues, or they can be

multiply aligned to visualize the effect of evolu-
tion across a whole genome or protein family.
The development of accurate, reliable and visu-
alized multiple alignment programs capable of
handling the divergent sets of datais therefore of
major importance.

There are many ways to align two se
guences, including dot matrix analysis, dynamic
programming algorithms and word or k-tuple
methods [3]. Two famous alignment methods for
comparing two sequences  are  the
Smith-Waterman or  Dynamic-Programming
alignment (guarantees to find an optimal solu-
tion for two given sequences and a given scoring
scheme), or the Blast alignment (not guaranteed
to be optimal, the result is generally much
shorter than that of the previous method). Also, a
lot of alignment methods were developed to
align multiple sequences. Some are progressive
methods (ClustalW, PILEUP), iterative methods
(genetic algorithm and hidden Markov model)
and statistical methods (expectation maximiza-
tion algorithm and Gibbs sampler) [1, 3].

The literature and Internet contain several
examples of software for sequence aignment.
Some of these software tools are WISE, COM-
BAT, and EMBOSS and loadseq, ClustaW,
DCA, DIMA, DIALIGN2, ComAlign, BOX-
HADE, MVIEW, Plotcon, and cons for pairwise
comparisons and multiple alignment comparison
[20].

Sequence data can be expressed either ver-
bally or graphically. Thus, the results of biologi-
cal sequence comparison (DNA or protein) are
displayed in text or avariety of graphsto explain
their similarities and differences [7-9, 21]. These
expressed data is usualy difficult to interpret
and not user-friendly. Thus, in this study, we
present an interactive system for biological se-



guence alignment. Compared with other align-
ment software toolsin the literature  (GeneDoc,
BioEdit) [19], the proposed system improves
user friendliness, generalizes the sequence pat-
tern, and uses various figures of expression,
which make the data easily understandable and
interpretable.

2. System Design

Over the past ten years, genome sequencing
has become an important research area in bio-
logical studies. Without a doubt, it will be a
challenge for the future bio-medical scientist to
combine biological, medical, and computer ex-
pertise to investigate the information contained
in genes, to understand the structure and func-
tions of genes, and the role of different bio-
physical and physiomedical conditions.

The calculation of alignment is one of the
most basic tasks when analyzing biological se-
guences. For instance, any database search in-
volves an alignment step. Algorithms to calcu-
late alignments come in different flavors: rou-
tines to calculate global or local alignments, rou-
tines to calculate pair-wise or multiple align-
ments, routines to calculate strictly optimal or
only nearly optimal (heuristic) alignments. Fur-
thermore, algorithms are often tailored to spe-
cific situations. For instance, alignment of a ge-
nomic sequence with an mRNA-sequence is a
different task — and is solved differently — than
aligning two genomic sequences.

2.1 Data Visualization

The most challenging aspect of visualiza-
tion is to express the large amounts and multiple
dimensions of data on a computer screen. One of
the difficulties is that data are N-dimensional (N
>= 3), however a computer screen can only re-
veal two- or three-dimensional data. How to map
N-dimensiona data into 2D or 3D space is the
first problem that has to be solved for data visu-
alization. Another difficulty for visualization
design is that we don’t really know how humans
extract information from pictures or image. Even
though there are theories of visualized recogni-
tion that can be used in some special fields, these
theories actually do not provide much usefulness
for visualization design. Moreover, it seems that
visualization design is relaed to do-
main-specifics. It usually shows different results
based on the definition of the problem, purpose,
the background of people, experience and visual
metaphors. Therefore, it is difficult to develop a
formal and general rule for data visualization. At
present, most scholars develop visualization
technologies according to their experience and

trial-and-error methods. We would like to point
out that an efficient visualization system must
correspond to basic design rules. Most impor-
tantly we have to consider the problem’s defini-
tion and purpose, as well as the data's semantic
meaning. The same data set has to have different
visualization expressions based on different
purposes, in much the same way as different
persons will have different points of view about
the same visualization image.

If an image contains too much data the re-
sults of visualization will lead to an inability to
fully reveal and comprehend information due to
the fact that the visual image appears to be clut-
tered. Therefore, simplification of the complex
data is necessary. Simplification of the data, as
well as retention of the data character, is very
important for visualization. In general, the sim-
plification technology for complicate data con-
tains three simplifications: simplification of data
amount, simplification of data dimension, and
decrease of the data image directly. The data
amount is simplified by using clustering or net-
works to decrease M1 sets of data into M2 sets
(M1>= M2). Simplification of data dimension
can be achieved by using principal component
analysis or networks to decrease N1 dimensions
of each data set into N2 dimensions (N2 = 2, 3;
N1 > N2) for conveniently obtaining data figures.
Also, anti-aliasing technology is used to de-
crease the data image and keep the important
visual patterns on image.

Benchmarking and verification of visuali-
zation techniques are lacking formal and general
design rules. The mgjor reason for thisis the fact
that visualization has to depend on a subjective
point of view by the user; it is difficult to objec-
tively define the quality and quantity of informa-
tion, which is absorbed by the users from a data
image. In the past, many scholars developed
various visualization techniques. However, these
are only applied in specific fields and have a
special function. They are lacking formal discus-
sion and we cannot be sure if these methods can
be generalized. Therefore, designing and stan-
dardizing objective evaluations for benchmark-
ing data setsis aworthy investigation point.

2.2 Software functions

The sequence analysis process used is
schematically summarized in Fig. 1. After the
data input into the system, sequences that are to
be compared are selected. These sequences are
checked for alignment and the results can either
be used as are, or can be compared to a
web-based data bank. A further step visualizes
the results and verifies them before the final data



is graphically presented. ous alignment methods, which can be selected to
facilitate comparison; (4) DATA VISUALIZA-
TION: the system provides a variety of graphics
visualizations, including line graphs, circles,
histogram, text, degrees of similarity (entirely or
partially color-coded or represented in dot maps);
(5) HELP: introduces the purpose of the system,
Sequende its operational methods, content of input data,
Select/ion and output results.

Data I nput

The system also contains auxiliary func-
WWW Server |for Squigqscghat simplify similarity comparisons. For
Alignment [Eolmpar i esample, if the similarity comparison of all sam-
plesleads to aresult that still seems too cluttered,
a partial comparison of selective samples can be
conducted (Fig. 2-6). Additionally, the results of
the sequence alignment obtained by different
alignment methods can also be compared.
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Fig. 1 Schematics of the sequence analysis
process Fig. 2. Refined data analysis of randomly chosen
sequencing data

There are six major functions incorporated
in this system: (1) FILE: file operations include:
creating, opening, saving, and submitting. The
formats used are txt, doc, and aln (it was used in el
ClustalW); (2) EDIT: severd editing functions, SEERLELRVEINARIB L Ab AR
such as creating, deleting, shifting, are provided TR L T
to help users to edit the sequence. A user can : Pt HE AT U P
select the desired sequence or nucleic acid, then b AMRTTT RIS T T TS
update, insert, or delete the sequence or nucleic _
acid. After the above operation, the data can be pit
sent and compared to the web server again. This G RUTTEL T R b
is enables the user to compare the modified se- : LR AP A L
guence with the previous sequences, (3) e e
ALIGNMENT METHOD: The aignment
method can be used in conjunction with the . R EIETE———

WWW to compare DNA and protein sequences, 3 e
and also in conjunction with other methods, in-
cluding BLAST, ClustaW, BCM_Launcher,
Multiple Alignment, FGENESH, GenelD (v.1),
GeneMark.hmm (v. 2.28), Genie, GENSCAN,
GenView, Grail Il, GralEXP—-Perceva (v.3.0),
MZEF, AAT, GeneBuilder, GrallEXP, CluastalW,
and ExPASy [11-18, 20]. Thus, users have vari-

Fig. 3. Amino acid groupings
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Fig. 5. Similarity histogram of amino acids

[T .
FEFOERE T
[T

-

Fig. 6. Wave presentation

3. Reaults and Discussions

The system is implemented using Microsoft
Visual Basic 6.0, Windows version. Sequence
analysis encompasses the use of various bioin-
formatics methods to determine the biological
function and/or structure of genes and the pro-
teins they encode. Severa alignment method and
tools which caculate the best match for the se-
lected sequences, and line them up so that the
identities, similarities and differences can be

seen, were designed and implemented to help
determine the protein coding regions of a DNA
or protein sequence. Many packages provide
powerful alignment algorithms, such as T-Coffee
[6, 21] and ClustalW [8], but they still need to be
guided by human insight. Therefore, there is a
need to integrate the sequence alignment visu-
aly [4]. In the proposed system, regions where
both alignments coincide are color-coded to
visualize the local agreement between the two
alignments, and to identify regional similarities
and differences of the alignments.

The proposed system combines the follow-
ing critical features:

(1) Ability to visualize results of two different
alignment methods simultaneously.

(2) An annotation file for the base sequence, in
txt, doc, and aln (Clustal W) format.

(3) These different types of sequences. randomly
generated sequence, customizable input se-
quence, and programmed default sequence.

(4) The use of a continuous curve to represent
thelevel of identification.

(5) The interface is user friendly and operations
can easily be modified by inserting or delet-
ing a sequence.

(6) Option of inserting new sequences

(7) Option of editing a sequence and a feature
for real-time re-calculation of alignment.

(8) A new line for sequence annotation purposes.

(9) An alignment score view in the right panel
beside the sequence alignment window.

(10) A summary line that describes the chemi-
cal properties of amino acids (3 types- hy-
drophobic, charged and polar)

Multiple alignments constitute an extremely
powerful means of revealing the constraints im-
posed by structure and function on the evolution
of a protein family. But, when the data is het-
erogeneous, knowing what is right and who is
wrong becomes an art [5]. Addressing that type
of question will be difficult and essential. The
appropriate method would have to do thisin a
transparent way, letting the user visuaize and
control every hit of extra information that goes
into his alignment. Thisideal method should also
alow the user to inject into his model some of
his own knowledge. Doing so should be made an

easy task.
The proposed system can be used in com-



bination with existing WWW servers to compare
protein sequences, or through the ACNUC server
for nucleic acid sequences. Sequences can be
entered by a wuser or extracted from
SWISS-PROT, NCBI, GenBank, EMBL, or
HOVERGEN. The system is also able to display
sequence features along with the alignment.

Data visua front-ends of biological se-
guences are necessary to make the process of
viewing alignments intuitive and to facility dis-
covery of conserved sequences for functionally
significant regions. Due to the fact that the data
contained in DNA or protein sequences are ex-
tremely large, a data mining technology should
combine computer algorithm-based and visua
mining. Information gathered by these means
greatly enhances a scientist’s understanding of
DNA and protein sequences.

4. Conclusions

In this paper, we proposed an interactive
graphical system, which can be used to visualize
biological sequence alignments. Sequences can

be entered by a user or extracted from a database.

By clicking on ablock, the user can visualize the
corresponding local alignment. Visual front-ends
are useful for an intuitive viewing of alignment
and help to analyze the structure, functions, and
evolution of the DNA and protein. The proposed
system can be used in conjunction with the
WWW to compare DNA and protein sequences.
Experimental results shows that a user can easily
operate the system after one hour’s practice on
the proposed system, which provides a clean
output, easy identification of similarity and visu-
alization of alignment data.
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