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ABSTRACT
There is a wide range of available biological databases developed by bioinformatics experts, employing
different methods to extract biological data. In this paper, we investigate and evaluate the performance of
some of these methods in terms of their ability to efficiently access bioinformatics databases using webbased interfaces. These methods retrieve bioinformatics information using structured and semi-structured
data tools, which are able to retrieve data from remote database servers. This study distinguishes each of
these approaches and contrasts these tools. We used Sequence Retrieval System (SRS) and Entrez search
tools for structured data, while Perl and BioPerl search programs were used for semi-structured data to
retrieve complex queries including a combination of text and numeric information. The study concludes
that the use of semi-structured data tools for accessing bioinformatics databases is a viable alternative to
the structured tools, though each method is shown to have certain inherent advantages and disadvantages.
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1. INTRODUCTION
A large number of biological databases developed by bioinformatics' experts, which contain
extensive information related to nucleic acid are made available over the World Wide Web
(WWW). The ultimate purpose of the bioinformatics field is to facilitate the discovery of
biological developments by means of the creation and maintenance of databases for specific
biological information [1]. However, the rapid increase of this type of databases implies not only
database design issues, but the increase of complex interfaces, where the users or researchers can
access existing data [1]. Meanwhile, scientists working in various fields of bioinformatics use
available data for research purpose. To access these data from the internet, search engines can be
utilised as data retrieval tools [3]. Several data retrieval tools require the ability to perform
searches to obtain bioinformatics data required by scientists in their studies and analysis. Within
the field of bioinformatics, databases generally attempt to arrange biological data into meaningful
relationships, while simultaneously developing approaches to retrieve useful information from
these relationships that employ effective structures for both search and analysis of the biological
data. The design of high quality databases can be achieved through the use of a variety of formats
that range from various types of data to diversity approaches, where researchers may want to use
this data [4]. Thus, biological data represented within bioinformatics are stored according to the
internal structures of specific databases.
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Data retrieval tools are easily available to efficiently access information from the internet. These
tools allow the retrieval of information through various easily used search criteria [15]. To benefit
from data stored in bioinformatics databases, the users requirements should be met, in order to
enable easy extraction of data required to answer specific biological question [5]. At present, a
great deal of bioinformatics research is concerned with the technology of both hardware and
software used to create, manage and use databases. These technologies can include such features
as common repositories of gene data, such as GenBank database [6, 19], along with other private
databases, such as those used by research groups involved in gene mapping projects, or by
biotechnology companies. Currently, the majority of researchers use many public databases,
where data related to such biological structures such as nucleic acids or protein sequences, along
with their associated complex information types, such as networks and pathways that are
deposited, manipulated and stored [7].
This paper presents an evaluation of methods used to access bioinformatics databases through
approaches that include accessing public structured and semi-structured data. We have used
Sequence Retrieval System (SRS) and Entrez as tools to retrieve information as structured data,
and Perl and BioPerl as tools to retrieve information as semi-structured data from public
bioinformatics databases. This study focuses on two bioinformatics databases, i.e., European
Bioinformatics Institute (EBI) [2] and National Centre for Biotechnology Information (NCBI)
[8]. These databases provide improved data access to users through their services, which are
available all the time, and are associated with conventional databases, such as relational
transactional systems. The main reason for using structured databases is the fact that they
facilitate data discovery and provide full structured information in response to queries. We have
applied these tools in retrieval of biological data, and then give the corresponding results,
supported by samples of the gene accession number. The results of these tests are presented,
along with a discussion of how these results fit within the study context, exploring the differences
among them along with the recognized advantages and disadvantages of using these tools.

2. BACKGROUND AND RELATED WORK
Several methods and tools exist to extract data from biological databases. These methods retrieve
bioinformatics data stored in structured and semi-structured database systems. This section
throws light and investigates these databases and methods.

2.1 BIOINFORMATICS DATABASES
The most important collections of bioinformatics databases that are currently available without
restriction on the internet include both EBI and NCBI databases. The services of these databases
meet the needs of their users by enabling them to access data and associated software tools freely,
along with allowing data to be available for download. Both databases achieve the support of
their users through either the management of their requirements, and allowing them to find
assistance by visiting the Web. For example, the EBI database performs access to various sources
by EB-eye and SRS, whereas the NCBI database allows access through Entrez and the eUtils
tools.
Biological raw data are accrued in public bioinformatics databanks, such as Genbank [6] and
EMBL [2], where they are subsequently classified according to their respective properties before
being stored in specialized sub-databases [9]. Databases are designed to assist users to query them
more efficiently while gaining more accurate accessing to information. This data, which are often
held within several different databanks or databases, are frequently accessed simultaneously
while being concurrently correlated with each other using specifically designed user interfaces
[9]. However, the way in which this data is queried depends upon the specific algorithm used. For
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example, the examination of data, or the expert use of analysis tools, can aid researchers in
understanding the way, in which these tools are used to analyse data and to infer results.
Therefore, it can be seen that data integration can allow researchers to associate or integrate
relevant data from other databases [4]. Therefore, information has to be readily and easily
accessible for researchers to start on their data analysis.
The commonly available methods for data retrieval are browsing and keyword searching,
although they have some limitations. Browsing is unsuitable for locating specific items of data,
because it relies on the user following links, which can be both tedious and confusing, as it is easy
for a user to get lost using this method [10]. Thus, users need tools, which allow them to retrieve
information quickly and precisely, retrieving exactly what they need for analyses about the core
biological entities, through provision of knowledge about these entities. In a restricted sense, this
requires a fast and efficient search engine that provides easy to use and uniform access to the
biological data resources hosted on public free bioinformatics databases [11].

2.2 SRS AND ENTREZ STRUCTURED DATA RETRIEVAL TOOLS
The data retrieval tools for bioinformatics databases, which are evaluated in this study include
SRS and Entrez systems. Both of these tools were designed for purpose of querying with
keywords, and used to efficiently gather information from public free access resources available
on the internet [12]. These tools can be used to access data that is usually associated with
relational databases, in which information is formatted into rows and columns within tables. Most
database management systems (DBMS) are constructed for structural data, where data is arranged
in entities, where similar entities collected together, as either relations in relational databases or
classes in object-oriented databases [17, 29]. In these databases, entities in the same collection
have the same attributes, which are same for all entities in a group: they have similar defined
configuration, may have a predefined length, and are in the same order in each record.
There is argument over whether SRS supports data structure through providing exact indices for
implementing list of sub-entities [19, 16, 17, 20]. It works well with simple keywords, using the
extended web form. However, some work argue that the shortcoming of SRS cannot deal with a
satisfied way within complex enquires involving numerical data or calculations, and that users
need to take long time to deal with the mixture of information [19, 17]. Entrez has also been
proven to be a powerful tool with simple queries, but one that has severe limitations with respect
to retrieving subs-entities that need to be manually extracted. Entrez allows easy retrieval of
information from internal structured data [18, 20]. However, the limitation of this server is poorly
adapted because it inefficiently deals with subsequence [17].

2.3 PERL AND BIOPERL SEMI-STRUCTURED DATA SEARCH TOOLS
The other type of tools that are covered in this study depend on computer languages, which use
bioinformatics databases to deal with biological data, i.e., programming language and scripting.
This type of language is generally derived from open sources projects, such as Perl and BioPerl,
both of which are widely used in bioinformatics for various applications that include the analysis
of DNA sequences and protein sequences. This type of languages deal with biological
information and retrieve semi-structured data from internal structured data of a particular
resource. The data in this type of structured retrieval is arranged by grouping similar entities
together, but entities in the same group might not necessarily have the same attributes, as the
order of attributes is not important, not all attributes may be required, and the size or type of
attributes in a group may differ [16].
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Perl and BioPerl tools used to extract information as text and to compute the numerical process
are proved that they are flexible enough to support the retrieval of information in semi-structured
form. However, both are able to manipulate and extract information as full structures, which were
exploited for performing the aims of this study. Perl gives access to data stores in GenBank
database via flexible series of sequences. The high throughput technologies usually require the
extraction of large data sets of the data related with sequence information [17]. SRS and Entrez
are keywords tools for retrieving entries from GenBank or EMBL databases, which find certain
limitations in querying complex keywords. Croce et al. [21] exploited Perl script to deal with
same data and improve their work by using the BioPerl to retrieve the same information, and
found that Perl and BioPerl scripts are usually necessary to retrieve the exact data search that is
easily usable [17].
Stajich et al. [25] state that Perl is extremely successful for connecting software applications
together to sequence analysis and extract information structured as text [25]. Perl software is
widely used in bioinformatics in laboratory or institution, and that the script through this software
was written for immediate utility rather than reusability [25]. This results in considerable
inefficiency, for the same software is written various times, leading the scientific community to
enhance the Perl script into a BioPerl toolkit to allow reusable Perl modules including generalized
routines specific to life-science information. BioPerl is also useful to retrieve information as
semi-structured data, because it is able to handle queries without knowing data types and provides
flexible querying for data that allows a user to request condition in their queries to enable
expected to fetch answer which match with original query. Perl is used for bioinformatics
applications because of its speed [27]. In Perl, you can often toss such a program off in few
minutes and the research can proceed. This rapid prototyping ability is often a key consideration
when choosing Perl. It is common to find programmers familiar with both Perl and C who claim
that Perl is five to ten times faster to program in than C. Perl script is regularly necessary in order
to retrieve the exact data searched for embed in a user friendly interface [21]. Moreover, Perl
scripts can easily be modified, if necessary, by users for unforeseen needs. However, BioPerl is a
toolkit of routines to make it easier to develop Perl script and reduce codes in such programs.
Loshin [13] describes structured data as information that can be simply modelled, structured,
formed and formatted in ways that are simple for a user to manipulate, whereas a user is familiar
with the unstructured text in documents such as articles. Loshin [13] adds that the intermediate
nature of semi-structured data, having contained structure, but not enough of a regular structure to
“qualify” for the types of management and automation often applied to structured data. Users
encounter semi-structured data on a daily basis, both in technical and non-technical settings. For
instance, web pages follow certain typical forms, with content implanted within HTML pages
usually having other types of metadata within the tags. In semi-structured HTML, the tags that
give the semi-structure serve a number of different purposes in terms of either formatting
instructions to a browser or in giving reference links to both internal anchors and external pages.
This automatically involves exact details about the data to be accessed. A non-technical example
would be traffic signs posted along highways, while different areas utilize their own local
protocols; it is generally possible to deduce the correct exit after seeing a few signs. The fact that
sufficient regularity exists to extract some information makes semi-structured data interesting and
potentially very useful [13].

3. METHODOLOGY AND IMPLEMENTATION
3.1 DESIGN
A realistic example of the type of data retrieval and analysis performed by bioinformatics
researchers has been chosen as a basis for demonstrating the effectiveness of structured and semi30
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structured methods. The first step to deal with the implementation of information retrieval related
to gene sequence was to obtain the accession numbers, a sample of which is taken from [14]. The
sample provided has been exploited in this study to access appropriate remote databases for the
purpose of retrieving a combination of textual and numerical data related to the Authors, Title and
Journal for each accession number of nucleic acid, as well as to retrieve the mean and range of
gene sequence length through the use of two variables. This investigation only counted the letter
Cysteine over 20% in the proteins sequences and also calculated the mean, maximum and
minimum of the Cysteine [3, 28].
We have used EBI and NCBI structured bioinformatics databases, by exploiting their search
tools, i.e., SRS and Entrez. The retrieved data files are illustrated by accessing data tables on a
server and processing the data. The data retrieval is displayed in tables as web pages with a fixed
structure and requires users to click on links to fully explore the retrieved data. We used an
example of retrieving semi-structured data through the use of tools, such as simple Perl program
and BioPerl Toolkit, which is a collection of Perl modules that are the most commonly used
programming languages in bioinformatics. The aim of using Perl and Bioperl is to focus users on
their specific data requirements rather than reporting all of information associated with their
inquiry. In this case, data is presented as a semi-structured data XML text, produced directly by
using these programs [18].

3.2 RETRIEVING INFORMATION USING STRUCTURED DATA TOOLS
3.2.1 RETRIEVING INFORMATION USING SRS TOOL
The first method to be investigated is through the use of a web page, which interfaces with a
search program on a database server that holds structured databases. For example, through SRS, a
user can link and mine databases within minutes, while EBI stored datasets in SRS that can be
interrogated by external programs to perform virtually any computation. The users, here, need to
find the EBI website and then click on the relevant databases, to select SRS from the database
browsing clean, click on SRS and paste a list of sequence IDs into this. This list should be of the
format DATABASE:ID, and can be created by using the Microsoft Excel program to modify the
IDs. Further, it is important to ensure that each entry is on a single line and that the database
exists on the server. The result reveals after clicking on Search are shown in Fig.1.

Fig. 1 : Query results using SRS
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First, the users need to retrieve the results from the ID query, after which they select each ID to
display related information in order to extract information on the Authors, Title and Journal for
each accession number of nucleic acid. Retrieving the mean and range of the gene sequence
length was also done manually, meaning that a user needs to spend a considerable amount of time
to access the final results as the process is done manually.
3.2.2 RETRIEVING INFORMATION USING ENTREZ TOOL
Entrze is a powerful tool with simple queries, however, the users need to click to each access
number to access a detailed display of information associated with each access number. This
means that for each access number, a user needs to find the NCBI [8] website, and then write
each sequence access number in the search box to retrieve the related information seeking for.
The users then need to type this accession number into another search box, selecting the option to
display all the information presented by all databases associated with NCBI. After this, Entrze
provides all information that it has been able to find, which is related with this access number
various databases, but the users will need to look to extract information associated with gene.
Therefore, the users need to click on each nucleic acid record to present the information needed.
In addition, the users need to retrieve all information for each access number and gather this
separately, then they will be able to manually calculate the mean and range of the gene sequence
length as shown in Fig. 2. However, the users can directly retrieve information related to each
access number by choosing from the beginning nucleic on the search options, then writing the
access number and finally by selecting the search option to display all desired information related
with each access number.

Fig. 2: Query results using Entrez
Retrieving the mean and range of the gene sequence length is done manually, meaning that user
needs to spend a considerable amount of time to access the final results as the process is done
manually.

3.3 RETRIEVING INFORMATION USING SEMI-STRUCTURED DATA TOOLS
3.3.1

RETRIEVING INFORMATION USING PERL TOOL

In order to access data, e-utility tools were exploited, a piece of software first posted as an Eutility URL to NCBI. After this has been retrieved, subsequent to which it processes the data as
required. The software can therefore use computer language to send a URL to E-utilities server
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and interpret the XML response, using Perl code to demonstrate its use in semi-structured data
retrieval. NCBI Entrez system is used again, but in this case the eFetch Utility is used to retrieve
data as a semi-structured mixture of information text and numeric statistics. The purpose of this
program is to access appropriate remote databases, i.e., GenBank, using the same accession
numbers to search on a set of genes and their proteins. The program was modified to use eFetch
to fetch information needed. The query result for this code is shown in Fig. 3.

Fig.3 : The results from using Perl program

The program represents the mean and range of the nucleic sequence length by using two
variables, setting the minimum to a larger value than any possible value, and the maximum to a
value smaller than any possible value. This means that when the main program loop is first
executed the program compares the value with the current value of minimum and maximum
along with use of exchange operating and measures the mean. According to the nucleic which
include 285 sequences:
•
•
•

The mean of the lengths for the genes is: 1093.466666667
The maximum is: 5423
The minimum is: 77.

All these information were obtained from GenBank database by providing the IDs of the genes of
interest. GenBank was used to extract only the sequences of the proteins, counting the number of
times. The letter C occurs in the amino acid sequence. We use an “if” conditional statement to
decide if the value is more than 20%, returning the results shown in Fig. 4. In addition, the
program shows the mean, maximum length, and minimum length of the nucleic acid.
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Fig. 4: Shows the results from using Perl program

This program also presents the mean and the maximum length and minimum length of proteins
which contain only Cysteine and display these values as:
•
•
•

The mean length of the Cysteine-rich sequences is: 375.679012345679
The maximum length is: 1756
The minimum length is: 105.

There are many differences between the whole set of genes and the genes that have coded
proteins including high proportions of Cysteine in their amino-acid sequences, that were
Metallothioneins. Differences could also be seen in the mean, maximum, and minimum sequence
lengths. The proteins, which includes large proportions of Cysteine had a smaller mean length
than the whole set of 285 sequences of genes, and the maximum for example for 285 genes in
total is 5423, which is more than the maximum for the protein Metallothionein, which includes
the Cysteine at a value of 1756.
Perl has been shown to use powerful tools to retrieve specific data rather than the full information
related to the user inquiry, when compared with SRS and Entrze. Further, Perl was able to deal
with specific data required by the users and can be programmed quickly to achieve this, as well as
allowing data to be easily saved to a personal computer.
3.3.2 RETRIEVING INFORMATION USING BIOPERL TOOL
BioPerl is not a new language but instead is a collection of Perl modules that facilitate the
development of Perl scripts for bioinformatics applications. We have used BioPerl script to
retrieve the same information already retrieved using SRS, Entrez and Perl script. Perl program is
converted using BioPerl script to achieve the same results. In addition, we have provided
command line for all code. This study has used BioPerl modules, which include:
Bio::DB::Eutilities, which is a module imported to fetch the details for the provided list of protein
IDs and used to populate the genbank.db file; and Bio::SeqIO, which is a module that enables the
extraction of information from structured data in the genbank.db. Further details can be found in
[15, 20] in order to understand the BioPerl script, its modules and commands for retrieving details
from databases. The pseudo code of this program is given in Fig 5.
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Read the list of Gene IDs from list.txt and store in an array
Using Bio::DB::EUtilities, fetch the details from protein db and store in benbank.gb file
Read the file genbank.gb using Bio::SeqIO
Check for the sequence length and store information in variables for sum, minimum
length and maximum length
Fetch and display the values of variables Authors, Title and Journal
Check for the number of Amino Acids and calculate percentage then check the value of
percentage is more than 20% then compute sum, minimum length and maximum lengths
for such ids
Display the results for Average Length, min and max length and store the same in report
output.txt
End.
Fig 5: The pseudo code of data retrieval program

By using Bio::DB::EUtilities, the users can fetch the details of the gene IDs in the file. The
following command produces the new object $factory, which refers to the protein database for the
IDs stored in array @ids.
my $factory = Bio::DB::EUtilities->new(-eutil => 'efetch',
-db => 'protein',
-rettype => 'gb',
-id => \@ids);
The next commands start retrieving details from the database and store them in a file. As a value
of $file is genbank.gb, after this section, the user will have all details in the file and can read it to
gather the information required:
$factory->get_Response(-file => $file);

By using SeqIO module, the users can read the file and get the required information:
my $seqin = Bio::SeqIO->new(-file => $file, -format => 'genbank’
The users can also get the sequence individually from the file using this command:
my $seq = $seqin->next_seq
After the users get the sequence, they can use Perl’s basic functions to find the required details.
Length function gives the length of the sequence string. The users will then need to fetch the
details for all sequences to calculate the minimum, maximum lengths. Variables will be used to
store the minimum and maximum values and their final value will be the final result.
if ($lengthSeq< $minLen) {
$minLen=$lengthSeq;
}
if($lengthSeq> $maxLen){
$maxLen=$lengthSeq;
}
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Using the annotations on the reference, the users can get the values of title, author and journals in
this section as Perl script result as shown in Fig. 6.
$annotation->get_Annotations("reference")
$ref->authors(),$ref->title(),$ref->location()

Fig. 6: The results from using BioPerl program

Using $seq->get_SeqFeatures the users can get the other features of the sequence response, the
values of which are stored in ref $feat_object in the program.
$feat_object->get_tag_values('protein_id')
$feat_object->get_tag_values('translation')
The first command gives protein ID and the next one gives the protein sequence and can be used
to find the number of amino acids. The following command shows how the authors counting
number of ‘C’s in the sequence
$cc =($translation=~ tr/C//);
Also this program calculates the percentage of amino acid and stores this in the variable $gas, as
well as checking whether it is more than 20 percent or not. The maximum and minimum length of
the sequence are stored where the percentage is more than 20%.
if ($valueCC< $min20)
{
$min20=$valueCC;
}
If ($valueCC> $max20)
{
$max20=$valueCC;
}
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The final step is to print the values and display them on the screen, as shown in Fig. 7.

Fig. 7: The results from using Perl program

3.4 TOOLS EVALUATION
This section describes the evaluation and compassion of SRS, Entrez, Perl and BioPerl. Firstly,
BioPerl has modules like Bio::Seqio that enable users to handle structured data very efficiently.
This is in contrast to the case of SRS and Entrez, where the user has to employ the regular
expressions explicitly to retrieve tag values and other information. This makes SRS and Entrez
very slow and more difficult to use in comparison to BioPerl. In Perl script using Entrez produces
the protein IDs by following the expression:
if($efetch_result=~/\s+\/protein_id=\"([^\"]+)\"/) “
However, this is using a regular expression and assumes that the protein_id will only be once.
BioPerl only requires the use of the tag name; hence the accidental incidence of the word
“protein_id” in any other place does not affect the results.
$feat_object->get_tag_values('protein_id')
Additionally, in the case of BioPerl, the network utilization is very efficient. For multiple IDs, it
is necessary to access the web interface just once to acquire all the details in a file in the required
format. However, both SRS and Entrez require the initiation of a separate connection for each ID,
while in Perl script a network connection is initiated for every geneid.
my $efetch = "$utils/efetch.fcgi?". "rettype=$report&retmode=text&".
"db=$db&id=$id[$retstart]";
my $efetch_result = get($efetch); if (! defined $efetch_result)
{
die "Cannot fetch data from NCBI EntrezeFetch";
}
$efetch_result=~/LOCUS\s+\S+\s+(\d+) bp/;
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In the case of BioPerl, only one network requires connection.
my $factory = Bio::DB::EUtilities->new(-eutil => 'efetch',
-db => 'protein', -rettype => 'gb', -id => \@ids);
$factory->get_Response(-file => $file);
In SRS and Entrez, the users program was strongly coupled with the information format and
hence the hard coding makes the code more prone to future failures. However, in BioPerl, the
code is loosely coupled and structured data is analyzed without use of hard coding, which makes
the programs more reliable. In Perl script for translation, we are used hard coded word
“translation”.
$efetch_result=~/translation=\"([^\"]+)\"/;
However, in the case of BioPerl, we can use simple tag value translation, as follows:
get_tag_values('translation')
According to the obtained results, the key features of structured data tools, i.e., SRs and Entrez
portals presented data in the form of tables with web links for further manual exploration,
whereas semi-structured tools, i.e., Perl and BioPerl programs presented data in a convenient and
automatic process, which speed up the investigation technique for the user. In addition, the
difference between data sets retrieved by SRS and Entrez tools, and by Perl and BioPerl can
distinguish the following:
•

The way, in which the queries are expressed. SRS and Entrez allow the users to start the
search with keywords, whereas Perl and BioPerl program allows the user to request
precise and flexible query conditions.

•

The way the data found by the study is returned. In the case of SRS and Entrez, data is
presented in structured format (tables, with web links for further manual exploration),
whilst Perl or BioPerl programs can retrieve data in XML (semi-structured) form suitable
for further processing.

4. RESULTS AND DISCUSSION
4.1

ANALYSIS OF RESULTS

The results acquired in this study prove that SRS is a powerful tool relying on keywords and
verifying that it is possible to use this tool to make simple, powerful queries. The user needs to
retrieve the results from the IDs query and click on each ID description to display a mix
information related with this ID, such as text or numbers as required. If a user wishes to query
about genes and gather specific information or calculate related statistics, the user needs to search
for each access number and manually compute the statistic operation, which is time consuming.
Entrez has also been proven to be a powerful tool with simple queries, but one that has severe
limitations with respect to retrieving subs-entities that need to be manually extracted. Users also
need to click to each ID to display with detail the information associate with the ID. It seems fair
to say that SRS and Entrez work well with simple keywords but not with keywords collected of a
number of terms, and that both have problems with complex queries, which combine several
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search terms. Both tools have limitations with respect to retrieving subsequences, which are not
automatically extracted and take a long time for users to obtain.
Both Perl and BioPerl scripts have been used to extract the same information and found that these
tools are able to effectively retrieve semi-structured data. Perl gives access to data stored in
GenBank database via a flexible series of sequences. BioPerl is useful to retrieve information as
semi-structured data, because it is able to handle queries without knowing data types and provides
flexible querying for data that allows a user to request condition in their queries to enable
expected to fetch answer, which match with original query. Instead of using a web portal, the data
retrieval by Perl and BioPerl was returned in XML through these programs provided by
bioinformatics organizations, called EntrezeUtils tools. It was also found that when using BioPerl
script, the multiple IDs called the web interface just once to acquire all the required details in a
file in the required format. However, in Perl script network connection was initiated for every
gene ID, in comparison to the case of SRS and Entrez, where we had to initiate a connection
separately for each ID. BioPerl code was also found to require much less use of hard coding,
making the programs more reliable. In Perl script for translation, we used hard coded word
“translation”. Perl and BioPerl allow capturing as little or as much of the full data structure as the
users wish.
Comparing these two approaches to retrieve information related with these groups of proteins, we
have found that the semi-structured data tools seem to have a superior performance to structured
data tools, in terms of both the time required and the ability to answer the user requirement. For
example, if users need to know author name for each protein ID through structured data tools,
they must manually access each number to retrieve this information, which is potentially very
time consuming. In contrast, using the semi-structured data tools answer the users query directly
on the screen, and allow data to be copied when required. This high speed and accuracy, in
addition to semi-structured data integrating the bulk of information, which does not fit easily into
a set of database tables or does not conform with structure of database tables, makes the program
methods clearly superior.
The analysis of results of this study shows that its limitation makes Entrez unfit for its intended
purpose. SRS could be employed to index phrases, but has not been done, perhaps because
utilizing an exact phrase is only appropriate, if the user already knows that phrase. In contrast,
most of the time users have complex queries. Thus, the access to bioinformatics databases by
Entrez, its abilities for retrieving the exact data set are limited and subsequences are not
automatically extracted. SRS could be employed to index phrases, but the proprietor has not yet
done this.
A script using Perl has been shown to be flexible and precise, allowing users to specify a search
order in the annotations with extremely precise queries through the command line, combining
time of extraction with precision. Using BioPerl as an alternative tool for gathering semistructured data proved that, it was able to reduce the complex analyses of Perl program through
typing few lines of Perl code. In addition, it deals well with specific data required by the user.
Both Perl and BioPerl have been proven to be flexible enough to support the semi-structured
form. Semi-structured data obtained in this way is particularly suitable for further exploration,
processing and integration with other data in which the user is interested.
The challenges met when retrieving information from databases, especially when dealing with
structured data that include many issues associated with the integration of complex design of
many structured databases and integration approaches. This reinforces the fact that there are
several technical challenges in data integration. Most biological databases utilize diverse DBMSs
and do not provide a standard way of accessing the data. Some databases provide huge text
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dumps of their contents, whereas others permit access to the original DBMS and others still offer
only web pages as their primary means of access.

4.2 A COMPARISON OF DATA RETRIEVAL TOOLS
According to all the evidences and examples, which mentioned in this study, we have compared
the two methods to access bioinformatics databases, using structured data and semi-structured
data retrieval tools, as follows:
•

Types of structures: Structured data retrievals are usually associated with relational
databases. Almost all commonly DBMSs are constructed for structural data. However,
semi-structured data should be provided electronically from database systems, file
systems such Web data.

•

Access: Structured data that are public free-access databases, such as NCBI, GenBank,
whereas BioPerl languages programming, such as Perl are open sources project.

•

Accuracy of data retrieved: Structured data is useful when retrieving data from remote
databases electronically from websites but not helpful when it retrieves full structures.
However, semi-structured data is useful when retrieving data from remote database
electronically from website and helpful as response to users inquiry immediately, and has
efficient processing engines and inquiry.

•

Time: Structured data sometimes time consuming, because it requires dealing with the
full structure, whereas semi-structured data deal with specific data, which is required by
the user so it may save time compared with structured data.

•

Distributed evaluation: Structured data is useful when applied to massive or unlimited
numbers of files. However, semi-structured data is useful only when applied to limited
number of files.

•

Facilitate for users: In structured data, the users can find facilities and answer their
inquiry through contacting staff associated with managing the database and reading about
help topics available in these databases. Yet, reading tutorials, documentation and news
regarding the latest versions available from open sources projects.

The most critical recommendation produced by this study is that dealing with these tools requires
users to already know certain information and instructions, such as what are the database tables,
what they contain, how they can be joined and how to retrieve information from more than one
table. In order to take advantage of BioPerl, a user requires a basic understanding of Perl
programming language, including understanding of how to use Perl modules, references, objects
and methods. This means that the users should always attempt to develop their knowledge by
reading tutorials, documentation and news relating to developments from open sources projects.

5. CONCLUSION
This study has been conducted to assess available methods for accessing public structured data
and semi-structured data stored in bioinformatics databases. Two key methods have been
discussed, with examples for retrieving information, including their weaknesses and strengths in
terms of evaluating performance through time required and accuracy of results. In structured data,
the tools used were SRS and Entrez. In semi-structured data, the search tools were BioPerl and
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Perl. The study has shown that, it is clear that the process of handling genomes is better handled
by the use of computer software scripts as Perl and BioPerl, which have been proven to accelerate
the process for retrieval through provision of flexible ways to query data that allow users to match
data precisely. An advantage of retrieving data in semi-structured form is that it is suitable for
processing by the user’s own software, perhaps enhanced through the use of programs such as
Perl and BioPerl. In contrast, the structured data can present difficulties in an integration with
other data for further analysis. Even if the semi-structured data tools retrieved happens to contain
a complete set of attributes for all entities, and could therefore be converted into structured data
set, the possibilities for easier integration with other data remain as an advantage of the semistructured approach. While structured relational databases are an effective, well established
method for organizing and retrieving data from single databases, users of bioinformatics data
should not underestimate the difficulties of using them when attempting to integrate data from
multiple sources. A better approach may be to use software tools that are able to interpret and
present data made available in semi-structured formats. Some more research might be conducted
in order to eliminate the failures presently afflicting management of bioinformatics data through
accessing online databases through stable versions of computer languages such as Perl, Java and
query languages that reflect up to date information while avoiding local copies of unwanted data.

REFERENCES
[1]

Simon C. Lin, Eric Yen. 2011. Data Driven e-Science: Use Cases and Successful Applications of
Distributed Computing Infrastructures. Spring.

[2]

EBI. 2018. European Bioinformatics Institute [Online]. Available at: http://www.ebi.ac.uk/
[Accessed: 18 February 2018]

[3]

Moftah, R. A., Maatuk, A. M. and White, R. 2016. Methods to Access Structured and SemiStructured Data in Bioinformatics Databases: A Perspective. In Pro. of IEEE Int. Conf. on
Engineering & MIS (ICEMIS), Morocco, pp. 1-5.doi: 10.1109/ICEMIS.2016.7745313.

[4]

Ohlebusch, E. 2011. Bioinformatics Algorithms: Sequence Analysis, Genome Rearrangements, and
Phylogenetic Reconstruction. OldenbuschVerlag.

[5]

Agarwal, S. K. 2008. Bioinformatics. S. B. Nangia. A P H Publishing Corporation.

[6]

GenBank
Overview.
2018.
GenBank
Overview
[Online].
http://www.ncbi.nlm.nih.gov/Genbank/ [Accessed: 18 February 2018]

[7]

Sasaki, T., Ashikari, M. 2018. Rice Genomics, Genetics and Breeding. Spring.

[8]

NCBI. 2018. [Online]. Available at: https://www.ncbi.nlm.nih.gov/ [Accessed: 18 February 2018]

[9]

Nilges, M. Linge, P. 2002. Bioinformatics – a definition. In S. Offermanns, W. Rosenthal (Eds.)
Encyclopedic reference of molecular pharmacology. Springer, Berlin, pp. 179–183.

Available

at:

[10] Larsen, H. L., Maria J. Martin-Bautista, Vila M. A., Andreasen, T., Christiansen, H. 2013. Flexible
Query Answering Systems: 10th Int. Conference, FQAS 2013, Granada, Spain, September 18-20.
[11] Valentin, F. Squizzato, S. Goujon, M. McWilliam, H. Paern, J. Lopez, R. 2010. Fast and efficient
searching of biological data resources- using EB-eye. In Brief Bioinform, vol. 11(4), pp. 375–384.
[12] Kampourakis, K. 2013. The Philosophy of Biology: A Companion for Educators. Springer Science &
Business Media.

41

International Journal of Software Engineering & Applications (IJSEA), Vol.9, No.5, September 2018
[13] Loshin, D. 2015. Simple Semi-Structured Data [Online]. Available at: http://www.b-eyenetwork.com/view/1761 [Accessed: 20 July 2017].
[14] White,
R.
2010.
Informatics
for
Omics Biosciences
http://users.cs.cf.ac.uk/R.J.White/InformaticsForOmics.

[Online].

Available

at:

[15] Dhara, P. 2006. Computer in Biological Sciences. Academic Publishers.
[16] Maatuk, A. M., Ali M. A. and Aljawarneh, S. 2015. An algorithm for constructing XML Schema
documents from relational databases. In Proc. of ACM International Conference on Engineering &
MIS (ICEMIS15). ACM, USA, 6 pages. DOI=http://dx.doi.org/10.1145/2832987.2833007
[17] Maatuk, A. M. 2009. Migrating Relational Databases into Object-based and XML Databases. PhD
Thesis, University of Northumbria, Newcastle, UK.
[18] Sayers, E. and Wheeler, D. 2016. Building Customized Data Pipelines Using the Entrez Programming
Utilities (eUtils) [Online]. Available at:
http://www.ncbi.nlm.nih.gov/books/NBK1058/#top
[Accessed at 12 December 2016]
[19] Aljawarneh, S., Jaradat, R., Maatuk, A. M. and Alhaj, A. 2016. Gene Profile Classification: A
Proposed Solution for Predicting Possible Diseases and Initial Results. In Pro. of IEEE Int. Conf. on
Engineering & MIS (ICEMIS), Morocco, pp. 1-7, doi: 10.1109/ICEMIS.2016.7745342
[20] Romano, P. Marra, D. 2008. SWS: accessing SRS sites contents through Web Services [Online].
Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2323664/. [Access on 12 August 2017]
[21] Croce, O. Lamarre, M. Christen, R. 2006. Querying the public databases for sequences using complex
keywords
contained
in
the
feature
lines
[Online].
Available
at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1403806/ [Accessed 14 December 2017]
[22] Bina, M. 2006. Gene mapping, discovery, and expression: methods and protocols. Humana Press.
[23] Etzold, T. Argos, P. 2017. SRS—an indexing and retrieval tool for flat file data libraries. Available at:
http://bioinformatics.oxfordjournals.org/content/9/1/49.abstract [access on 13 December 2017].
[24] Edwards. D. 2007. Plant bioinformatics: methods and protocols. Springer.
[25] Stajich, J. 2017. BioPerl: Open-Source Bioinformatics Tools [Online]. Available at:
http://sciencecareers.sciencemag.org/career_magazine/previous_issues/articles/2004_09_10/noDOI.9
770686183741161426 [Accessed: 12 August 2017].
[26] Fraga, M., Fernandez, A. 2015. Epigenomics in Health and Disease. Academic Press.
[27] Tisdall, J. 2003. Mastering Perl for Bioinformatics: Perl Programming for Bioinformatics. O'Reilly
Media, Inc.
[28] Khovayko, O. 2017. National Center for Biotechnology Information. [Online]. Available at:
https://indra.mullins.microbiol.washington.edu/journal/eutilsDownloadPubMed.pl. [Accessed: 12
August 2017].
[29] Mohammed, A. O., Abdelnabi, Z. A., Maatuk, A. M. and Abdalla, A. S. An Experimental Study on
Detecting Semantic Defects in Object-Oriented Programs using Software Reading Techniques. In
Proc. of ACM Int. Conf. on Engineering & MIS (ICEMIS '15), ACM, New York, NY, USA, Article
24, 6 pages. DOI=http://dx.doi.org/10.1145/2832987.2833025

42

