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Abstract: With the advent of various high throughput technologies in molecular biology, the accumulated biolog-
ical data grow ever rapidly. It is essential to have some bioinformatics tools to automate the analysis tasks which
biologists manually carry out in order to handle such large volume of biological data. This paper presents an intel-
ligent bioinformatics tool which has been designed and developed to acquire multiple DNA sequences at a time, to
translate them into amino acid sequences and to recommend most likely ones based on the biological knowledge.
The tool makes use of a web robot to collect sequence data from the NCBI web site and contains an ORF(Open
Reading Frame) analyzer to determine most likely amino acid sequences.
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1 Introduction
With the help of high throughput sequencing tech-
nologies and efficient computational tools, the
genomes for dozens of organisms have been suc-
cessfully sequenced and archived into biological
databases. Many researchers have been paying their
attentions to post-genome studies such as identifying
the functions of genes, modeling the interaction net-
works like gene regulatory networks, signal transduc-
tion networks and metabolic pathway networks, and
so on.

Once a sequence is obtained from some biolog-
ical treatment, the biological analyst tries to deduce
its structural, functional and evolutionary relevance
by evaluating its similarity and difference in DNA
base-level or amino acid-level with respect to other se-
quences of interest.[1] The biological analysts usually
collect the existing sequences and corresponding an-
notation information from public biological databases
like NCBI[2] and carry out the designated analyses
with web applications and stand-alone applications.
Various bioinformatics tools have been being devel-
oped to find optimized or approximated solutions, to
perform complicated computations, to carry out effec-
tively the analysis tasks manually done by the ana-
lysts.

This study is concerned with the analysis situa-
tion in which an analyst needs to get multiple DNA
sequences from a public database and to convert them
into amino acid sequences. In order to accomplish

this task, she first has to enter GenBank Accession
Number(GB) or Geninfo Identifier(GI) into the NCBI
GenBank database[3], extracts out the DNA sequence
sections from the retrieved results and store them into
a file. She now translates one by one the collected se-
quences into amino acid sequences manually or with
the help of translation program like ExPASy’s Trans-
late[4], and then stores them in a file in a required
format. This paper presents an intelligent tool which
has been designed and implemented to perform the
above-mentioned whole steps at a time.

This paper is organized as follows: Section 2
briefly reviews some related works on DNA sequence
translation tools. Section 3 presents the proposed ap-
proach and the developed system in term of system
architecture and its functionality. Section 4 draws the
conclusions and future works.

2 Related Works
Representative databases widely used to get biologi-
cal information include GenBank, UniProtKB/Swiss-
Prot of EMBL[5] and PIR-International[6]. They are
equipped with the query interfaces and provide re-
trieved results in a web page or in various standard
format like ASN.1, XML and FASTA.

Each record in these databases consists of vari-
ous fields including sequence, annotation, organism,
reference, and so on. The databases have partly over-
lapped records for the same objects each other even
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though they have different focuses, e.g., some for
DNA, others for protein. In the biological databases,
each record has a unique identifier called access num-
ber or other name in the specific database, with which
the records are linked across the databases.

GenBank is one of the most frequently used
databases to which newly identified sequences are
generally registered. It contains data about DNA and
protein sequences, genome maps, molecular modeling
database, and documentary comments.[3] For Gen-
Bank, NCBI provides a Web query interface program,
called Entrez, one of which functions allows to re-
trieve DNA sequences along with its related infor-
mation with GenBank Accession Number or Geninfo
Identifier.[2] Entrez can publish the retrieved results
in various formats like plain text, XML, and so on,
from which users have to extract the DNA sequence.

ExPASy(Expert Protein Analysis System) pro-
vides a tool called Translate which translates a
given DNA sequence into its corresponding amino
acid sequence.[4] ExPASy is a system operated by
SIB(Swiss Institute of Bioinformatics) to provide
proteomics-related information. Translate allows to
convert a DNA sequence at a time. Therefore, to
handle multiple DNA sequences its users have to do
bothersome cut-and-paste works as many times as the
number of sequences to be translated.

When a user collects multiple DNA sequences
of interest and translates them into the correspond-
ing amino acid sequences, she carries out the follow-
ing steps at this stage of available technology: She
retrieves DNA sequences by their accession numbers
with NCBI Entrez, manually extracts DNA sequence
parts from the retrieved results and transforms into
FASTA format, then feeds DNA sequences into Ex-
PASy’s Translate one by one while cut-and-pasting
the translated sequences into a file. This series of steps
is a time-consuming and bothersome task. From this
observation, we have developed a system which takes
care of the whole process with the minimized user’s
intervention.

3 The Developed System
For automatic multiple DNA sequence acquisition and
translation, a system has been developed which con-
sists of the DNA sequence acquisition module, the
translation module, and the auxiliary tools such as Pat-
tern Finder, Biostatistics Viewer, and Exporter. The
DNA sequence acquisition module has been imple-
mented using a web robot technique which plays role
of collecting the DNA sequences from NCBI Gen-
Bank when a set of accession numbers for DNA se-
quences is given. The translation module is charge of

translating the collected DNA sequences into amino
acid sequences in which 6 amino acid sequences are
generated for each DNA sequence according to the
possible reading frame positions and directions, and
then the most plausible one is recommended. Pat-
tern Finder allows to search for a specific subsequence
from the selected DNA sequence. Biostatistics Viewer
shows some basic statistical information for the se-
quences. Exporter plays role to export the processed
sequences into a file.

When a user makes use of this system, she can ask
to collect the DNA sequences from the NCBI Gen-
Bank by listing out their accession numbers or can
provide directly the DNA sequences to the translation
module. The DNA accession numbers to be collected
are listed in a file and the file is handed over the system
as the input file. The files to store the DNA sequences
collected by the user are edited in the FASTA for-
mat, and the system provides a functionality to handle
these files to translate into amino acid sequences. For
each DNA sequence, the system takes into account 6
possible translations and recommends the most likely
one at the first place and enables the user to confirm it
or to choose other one from the translated sequences
through the graphical user interface. The confirmed
amino acid sequences are exported into a file in the
FASTA or XML format. Figure 1 shows how the sys-
tem works for the multiple DNA sequence translation.
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Figure 1: The Operation Flow of the Developed Sys-
tem

3.1 The Web Robot to Collect DNA Se-
quences

To collect multiple DNA sequences of interest from
the NCBI GenBank, a web robot has been devel-
oped which interacts with the NCBI Entrez. The web
robot first uploads the file containing the DNA ac-
cession numbers, then retrieves the DNA sequences
corresponding to the accession numbers one by one
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from the GenBank, and the collected sequences are
maintained in an internal data structure and displayed
through the tree-view directory graphical component.

For each accession number, the web robot cre-
ates a query to be delivered to the Entrez’s CGI pro-
gram. In response to each query, the CGI program re-
trieves the corresponding record from the GenBank’s
Nucleotide database and sends back the retrieved re-
sult. Then, the robot parses through the received page
and extracts out the DNA sequence. The collected
DNA sequences are maintained in a FASTA format
data structure and are used in the following transla-
tion work. The web robot helps the analysts avoid
sequence-wise bothersome and time-consuming man-
ual interactions with the Entrez system to collect the
sequences. It could contribute largely to the analysis
time reduction.

3.2 The DNA Sequence Translation

A DNA sequence is made of base characters each of
which A is for adenine, T for thymine, G for gua-
nine, and C for cytosine, and encodes genetic infor-
mation. Each consecutive three bases, called a codon,
could encode an amino acid. There are 20 kinds
of amino acids corresponding to 64 possible codons.
Each codon has a single letter code for its amino acid,
e.g., ’M’ for methionine.[8]

For a DNA sequence, there are 3 possible reading
frames in each the directions from 5’ to 3’, and from
3’ to 5’. A reading frame is the way in which nu-
cleotides are read in groups of three to specify a code.
The developed system generates 6 amino acid se-
quences corresponding to each reading frame. When a
DNA sequence is selected, the graphical user interface
shows its amino acid sequences and allows to choose
one out of 6 sequences, as shown in Figure 2.

Figure 2: The Amino Acid Sequence Viewer

For each reading frame, there is a sequence of
codons, called ORF(open reading frame), beginning
with an initiation codon (i.e., ATG) and ending with a
termination codon (e.g., TAA, TGA, TAG). An ORF
is a potential coding area which encodes a gene and
thus is used to compose a protein when it is expressed.
In biology, an ORF plays important role in determin-
ing whether its sequence encodes potentially a pro-
tein composition information by carrying out homol-
ogy analysis at the amino acid level, or as a yardstick
when evaluating a coded protein’s size or molecular
mass.[9] A meaningful ORF is usually the longest
reading frame containing no in-frame stop codons.

In order to search for the longest ORFs, the devel-
oped system takes into account all possible combina-
tions between M, which is the initiation codon, and *,
which denotes a termination codon. With the thresh-
old of the minimum ORF length which can be con-
trolled by the analysts, the longest one of size greater
than the threshold is selected as the ORF at the corre-
sponding reading frame.

To tell the most likely amino acid sequence for
a DNA sequence, the developed system determines
the amino acid sequence with the largest ORF among
the 6 possible translated amino acid sequences. The
most likely sequence is displayed with which the cor-
responding check box is in the set state in the amino
acid sequence viewer when an accession number is
selected on the access number list window. This rec-
ommendation helps the analysts confirm the translated
amino sequence with little effort, where they can se-
lect different translation other than the recommended
one. The confirmed sequences are later exported into
a file.

3.3 The ORF Mapper

Figure 3: The ORF Mapper
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The ORF Mapper is the window to show the rec-
ommended ORF for the selected amino acid sequence.
In the window, the possible ORFs’ positions are de-
picted by the bar graphs. The threshold for the min-
imum length of ORFs can be controlled by the ana-
lysts with the graphical sliderbar interface. The win-
dow displays a simple statistics about the amino acid
sequence length and the longest ORF length. Figure
3 shows the ORF Mapper window where the recom-
mended ORF is highlighted.

3.4 The Pattern Finder

The Pattern finder is a tool that helps search for a
pattern based in the selected reading frame. In the
window, the matched portions of the DNA sequence
are turned into a different color for easy spying and
the number of the occurrences of the query pattern is
also displayed. The patterns frequently searched in
the analysis include the initiation codon, termination
codon, att site, and so on. Figure 4 shows the interface
of Pattern Finder.

Figure 4: The Pattern Finder

3.5 The Biostatistics Viewer

The Biostatistics viewer window shows some statisti-
cal information for the translated sequences. At the
current version, the developed system provides the in-
formation about the composition and distribution of
amino acids for the selected amino acid sequence.
Figure 5 shows the biostatistics viewer window.

3.6 The Exporter

For the later use and further processing, the exporter
takes charge of exporting into a file both the DNA se-
quences collected from GenBank and the translated
acid sequences which are confirmed out of 6 possible

Figure 5: The Biostatistics Viewer

translations for each DNA sequence. The files can be
saved in either the FASTA format or an XML format.
The saved sequences could be later used as a query se-
quence for the sequence similarity-based retrieval ser-
vices like BLAST.

3.7 Implementation

The system has been implemented into a standone
application for the Windows environment using Mi-
crosoft Visual Basic components. Due to its necessity
to access the NCBI GenBank, the application should
be deployed in the computers which are Internet-
connected.

4 Conclusions

A role of bioinformatics tools is to reduce the analy-
sis burden by automating time-consuming and bother-
some manual manipulation works and thus to increase
the productivity in the analysis work. Many molecu-
lar biological studies ask to collect a volume of DNA
sequences from the public databases and to transform
into amino acid sequences as a prerequisite for further
studies.

This paper presented a system designed and im-
plemented to meet the above needs. The developed
system is capable of collecting DNA sequences at one
with the help of a web robot and recommending the
most likely amino acid sequences by taking into ac-
count the longest ORFs across the possible transla-
tions.

For further studies, there remains to add on more
functionality to the auxiliary services like regular ex-
pression query support for the Pattern Finder, addi-
tional biostatistical information provision for the Bio-
statistics Viewer. We are working on the functional-
ity implementation to collect multiple DNA sequences
which match the query sequence to some extent from
the public biological database with the help of the
robot agent at a time and to choose the sequences
matched with the descriptive query, i.e., of which an-
notation part or title part is compatible with the query
statement with the consideration of Gene Ontology in-
formation.
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