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Integrating data from distant heterogeneous data sources is a big challenge for research community.
By putting semantic web into practice, a new framework is being presented for knowledge
engineering, querying and information sharing. In present paper, we presented an ontology based
effort for the development of a knowledge that would allow for semantically querying bacteria

1. Introduction

It is a big challenge to combine varied and widely
spread data in such a way that its consistency is not
confronted because it is labeled another way in diverse
resources, when there is biological relevancy for the same
entity. For example, how much that entity is associated to
any specific disease or involved in a certain process. There
are many identical terms, acronyms and abbreviations in
biomedicine language that refers to same entity, process or
concept. Like glucose creating process is referred by many
similar terms including ‘glucose synthesis’, ‘glucose
biosynthesis’, ‘glucose formation’, ‘glucose anabolism’ and
‘gluconeogenesis’. By using ontology a distinct identifier
can be provided to describe information for a single entity
and allows storing alternative names through using apposite
metadata. Thus ontology is a skillful expression to
biomedical entities, also synonyms, acronyms and
abbreviations can be enhanced with ontologies. Further,
ontologies facilitate the community to incorporate varied
resources by allowing to reliablyidentifying an entity or
group of entities centered on biological significance [1].

Although information is publicly available via World
Wide Web, it is also put in database storage as well as
described in publications but it is not capable to find
information when a certain set of properties is provided to
search engines. Reason is that biological information on
web is not in machine understandable representation, as
computers cannot sense words and interpret sentences to
correctly propose the entities and their relevance to other
entities that are stated in sentences. Semantic web is
designed with key goal to add semantics to existing web,
and this is achieved by designing ontologies that describes
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objects and relate them in a machine understandable way by
using formal logic based representation. This constant
effort is crucial in life sciences to expedite data integration
from varied resources and semantic querying on knowledge
bases [2].

Ontologies are already playing a vital role in dealing
with medical entities, in discovery of grid [3] and semantic
web. There is a shared portal of ontologies for biological
resources which is called Open Biomedical Ontologies
(OBO) and it includes popular Gene Ontology (GO) [4].
OBO controlled vocabularies and taxonomies are used for
annotating biological resources by providing standardized
vocabulary that helps making computer interpreted
information available. OBO Foundry aided to redesign
OBO ontologies to be mapped to Basic Formal Ontology
(BFO) [5], an ontology to provide difference between
entities and processes and basic relations can be used to
link them [6]. Collectively they must offer a potent
platform for describing and annotating knowledge for a
specific domain and expose the opportunity to make varied
granularity level queries that allow retrieving details from
diverse resources. For example, there is a biochemical
ontology that might state they enzymes are actually proteins
that catalyze reactions. This information can support to
query a knowledge base with terms proteins to fetch all data
that is annotated as protein that catalyzes a reaction or as an
enzyme. Even with efforts of OBO Foundry, OBO
ontologies cannot be used that way as they lack obvious
logical descriptions that are required to define membership
of classes with respect to their properties. Like above
example of protein cannot be queried from database using
OBO ontology.
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Web Ontology Language (OWL) is accepted as an
official knowledge representation recommendation for
semantic web ontologies. A variant of it is OWL-DL, based
on description logics (DL) that allows adding description
for complex concepts by using simpler ones from first order
logic reasoning. Reasoner, is a computer program that
executes these reasoning tasks like ontology consistency.
By using semantic web best practices incorporated with
OWL-DL design, reasoning can be achieved for biological
ontologies. Some already built biomedical ontologies are
Foundational Model of Anatomy [7, 8] for identifying
inconsistencies in ontologies, FungalWeb [9] for providing
reasoning of important enzymes for yeast, BioPax OWL
ontology [10] for pathway representation, are worth noting.

Cross-referencing is the key challenge in bioinformatics
for identifying extensive biological entities that refer to
same entity. To keep track of these identifiers is a gigantic
problem and it becomes obligatory to build databases of
database identifiers [11, 12]. LinkHub [13] offers an entry
point for navigating these bewildering set of identifiers,
whereas YeastHub [14] is a RDF based dataware house that
allows an individual to add data as well as create queries
amid of resources. Although they are flexible but they lack
ontological knowledge, that result in indication for the
equivalence of resources that are contributed by various
users consequently prohibiting automatic discovery of
semantically equivalent knowledge.

2.  Related Work

Gathering data and analyzing it is utmost research phase
in bio medical domain. Large volume of data is made
available through wide variety of experimental methods in
life sciences. This data is usually published and made
available publicly on different share media with major
contribution on World Wide Web. Although this data is
extremely useful but it lacks competency, that leads to
challenge of its integration and prospect research. This
integration is required to allow biologists and researchers to
understand widespread biological knowledge or distinguish
any particular specie. As most of data sources are collected
and maintained independently, so they are highly
heterogeneous posing integration challenges [15]. Data
integration methodology is usually categorized into two
types:

1. Dataware house approach
2. Federated approach

Both techniques have certain limitations with
performance overheads, heterogeneity and syntactic issues
are worth noting. Semantic web data integration has
emerged to overcome limitations of these methods.

Until now, semantic web, proposed by Tim Berners Lee
in 2001, is already matured and broadly accepted in
biological research. Semantic web uses Resource

Description Framework (RDF) standards that describe
resources as triplets consisting of a subject, a predicate and
an object. For example, (Book, name, Bioinformatics
Concepts) describes a resource Book whose name is
Bioinformatics Concepts. In the meantime, OWL is further
expressive than RDF by additionally enabling reasoning
and inference in a domain of interest [16].

Clement Jonquet et al. [17] conducted a research for
purpose of building a biological ontology recommender
web service, aimed at facilitating data integration by use of
ontologies for data annotation. With the challenge to figure
out best suitable annotation for specific datasets, it used
word-based documented metadata in a domain and
suggested ontologies that were most suitable for annotating
data. Ontologies were decided on base of three criteria
naming coverage (most terms covering input text),
connectivity (ontologies mapped to other ontologies) and
size (number of concepts). Scores are then assigned to
ontologies based on these. Sabou et al. [18] described
deficiencies in currently available ontologies as, usually
relationship amongst concepts is ignored and their meaning
is ignored typically.

Simon Jupp et al. [19] presented an ontology based
solution for chronic renal disease extended worldwide. By
prompt identification of disease indications, early diagnosis
is made possible that leads to quick underlying pathology.
Major challenge faced to achieve this goal was the
integration of tentative results collected from different
resources. An approach was presented for developing a
knowledge base that integrated heterogeneously gathered
data on Kidney and urine experiments to value benefits
promised by semantic web for data integration. KUP was
used as specialized ontology for the domain, whereas
external database knowledge is integrated through use of
RDF and SPARQL being used as querying language. This
organization enabled to query across many proteins stated
in urine, cumulative knowledge and convert them back into
the genes’ context stated in kidneys.

Stefan Schulz et al. introduced the concept of taxonomy
in biological classification of entities into species. They
discussed different techniques on representing biological
taxa’s by using standards of biomedical ontologies which
are currently available, including OWL Description Logic
(OWL DL) and Open Biomedical Ontologies Relation
Ontology. Ambiguities related to species concept were
overcome using approach to predict taxon data as biological
organism’s merits and an integrative ontology architecture.
BioTop is the implementation of this approach [20].

Many annotations are being missed because of absent
cross-references, said by Leon French et al in a research
conducted for biomedical data integration. Wide set of
sequence datasets are publicly available on internet with,
awkwardly, lacking description and parameters. It is usually
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represented as natural language text which is the major
obstacle in its searching, enquiring high throughput and
data integration [21]. Lexical properties from Unified
Medical Language System (UMLS) were used to extract
concepts from text, which were in turn linked to classes in
biomedical ontologies. Gene expression was made
reachable by annotating it semantically with 89% precision
achieved [22].

Acquisition of knowledge poses many challenges on
information extraction from heterogeneous data sets that are
distributed over and operated autonomously [23]. Various
approaches and algorithms are devised to subdue these
challenges through use of computer aided discoveries in
respective domains. They use ontology based techniques
that are customized relative to data that is to be integrated,
in the interim also keeping in account agent based
implementations in computational biology relationships
[24].

More research was conducted by Robert Hoehndorf et
al. on various ontological techniques done on bio-medical
data. As ontologies are standardized ways for accessing any
domain's knowledge to verify it for data inconsistencies and
provide support in integration of data from heterogeneous
sources. To achieve this goal, theories and techniques from
many disciplines are taken into account for defining
ontologies. These disciplines may include information
management, knowledge representation, cognitive science,
linguistics and philosophy, which require different
strategies to be followed. These strategies depend on
domain and success factor of ontology definition that
provides quantifiable comparison of results [25].

Yi Liu et al. highlighted the problem of demanded
profiling in research activity that are majorly of interest to
funding agencies and researchers. Due to non-existent
global classification of ontologies, systematic profiling is
not achieved for various research activities. Yi Liu et al.
explored research activities conducted by various funding
agencies together with their domain of research and
introduced annotation based on ontology to cope with this
problem by grouping closely related domains based on
priorities. They used disease ontology (DO) as their
annotation technique to emanate profiling [26].

Moreover, National Centre for Biomedical Ontology
(NCBO) was established a decade ago with goals to
develop and maintain repository for biomedical ontologies,
provide tools for creating ontologies and define web
services for their use in bio-medical research. They also
train the community in ontology driven approaches and
define ways to follow best practices as well as inter-group
collaborations. BioPortal is the central resource of NCBO
which covers more than 270 ontologies worldwide and
supports numerous web services to enable researchers to
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use these ontologies for annotation, data retrieval and
lexical analysis on biomedical data [27].

SOBA, a sub component built on SmartWeb, was
discussed in a paper by Paul Buitelaar et al. It is an
ontology based component that collected and extracted
information from a number of soccer web pages to build an
automatic knowledge base that in turn can be used to search
for textual information and questions for a specific domain.
SOBA take in a tight connection between ontology,
knowledge base and the information extracting module. It
extracts data from heterogeneous sources like tabular
structures, textual data and image captions in a semantically
integrated way. It works by storing information that is
extracted, in to a knowledge base which in turn is used for
making linkages between newly discovered and existing
entities [28].

There is an open source tool. Semantic web information
Management with automated Reasoning Tool (SMART)
which aims at providing a learning tool for life scientists to
represent, integrating and querying heterogeneous bio-
medical data spanned over distributed setting [29]. It uses
AJAX, SVG and JSF technologies, RDF, OWL, SPARQL
semantic web languages, triple stores (i.e. Jena) and DL
reasoners (i.e. Pellet) for the automated reasoning. It
provides features like composition of semantic queries
which use DL reasoners, a GUI for providing query,
mapping from DL to SPARQL and finally retrieval of
inferences from RDF triple store. Enhancement in this
SMART will empower more sophisticated information
retrieval prospects in life sciences [30].

3.  Methods

Proposed ontology based system is comprised majorly
of three components, the ontology design, mapping of data
and last is query answering.

3.1  Ontology Design

The ontology was designed using the best practices of
semantic web by using OWL-DL. The goal was to cover all
the entities of our data source, which includes functional
and structural information, cross referencing of databases,
biological processes, their interactions and literature
references etc. These ideas were then mapped to OWL-DL
to deduce objects, processes, roles and chronological
regions [31, 32].

Basic entity relationships were unified in OWL-DL
based Basic Relation Ontology (BRO), which is the
organized hierarchically from “isRelatedTo” that is an
elementary relation for presenting relation to groups of
objects, partial objects and chronological relations. The
domain of BRO was further mapped to notions of Basic
Formal Ontology (BFO) subsequently comprising higher
level ontology NULO, which is available at
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http://ontology.dumontierlab.com/nulo.
relations to BFO in a semantic manner.

NULO provides

To begin with, the classes were extracted using
attributes from flat files then they were enhanced and
improved to imitate knowledge of genome structure. For
example, we had file containing experimental data about
bacteria containing attributes bid, bname, datasource. From
this file, we created classes: i) The Bacteria class and
subclasses defining sub-types. ii) The DataSource class,
containing the reference to original source. iii) The class
Integration was added as subclass of BFO class for
representing bid. Finally, definitions of classes were
acquired from WordNet glossary and added to class via
“comment” annotation property.

For the description of domain specific relations, object
properties were defined. The ‘“hasReference” relation or
“isReferencedIn” relation provides kith and kin between
Integration and its referenced entity. Next is the
“hasSource” or “isSourceOf” relation that links entity to its
original source and serves as a mean for data derivation.
“HasStatus” or “isStatusOf” is a quality relation that
describes status i.e., verified, uncharacterized or verified
etc., for current frame. To end with, “hasOutcome” or
“isOutcomeOf” relation describes the relation between
entity and its outcome (like phenotype).

Numerous data properties were presented for
accommodating information that is central to any particular
entity. For example, date versioning, in which several
values were to be maintained. Many features of
chromosomes were related with a start and end co-ordinate
that demarcate incessant area positioned on chromosome
strand. One other property provides relationship between
citation and a publication using “hasCitation” relation.

The ontology founded its grounds from NULO and
suitable data classification and sufficient conditions for
knowledge discovery were added to ontology to ensure its
correctness and comprehension.

3.2  Data Mapping

It was quite a challenge to process source data,
assuming that it was obtained from heterogeneous data
sources with varied schemas and formats. We came through
wide formats including Text, FASTA, NCBI, XML, and
Excel files etc. Normalization and pruning of certain
complex files was mandatory to bring up to a standard
format. Another challenge was that many files were missing
identifier (i.e., bid in our case) instead containing cross
references. A parser was suggested to import and extract
required information from data using attributes as keys.

3.3 Query Answering

With the advent of reasoning enabled applications and
design of ontologies, the researchers are encouraged to

mine particular information as well as allow discovering
novel relations about their interest area. We goal at
illustrating how a scientist can retrieve useful information
of interest from our ontology driven knowledge base, from
query posting to query granularity at various levels and
among data sources with different identifiers.

4. Results and Discussion

Saccharomyces Genome Database (SGD) has assigned a
unique identifier for each of its chromosomal feature. Other
identifiers like gene names, aliases, their ORF names and
cross references for all databases were assigned a
namespace. ldentifiers pointing to similar resources were
made same by affirming the “sameAs” relation of OWL to
SGD resources. OWL-DL reasoner will speculate these
cross-references and will automatically resolve the problem
of importing the data. A unique identifier is assigned to
imported data in namespace to maintain relevance as well
for linkage of resources using “has Object” relationship
which in turn facilitates for querying data either by using
object properties or namespace filtering.

Major step for design of ontology was the extraction of
classes representing entities and determining relationships
amid them. Moving forward class hierarchy was further
improved and refined via domain concepts and integration
was done by way of BFO ontology. This methodology can
comprehend with the automation of extracting information
and data, and extraction of relations from prototype of data
sources. Data wrappers for our domain of interest are a
leading step towards domain independent wrappers for
population of ontologies through heterogeneous data
sources.

There can be an overlap of ontologies in subsets of
community driven OBO because they lack OWL semantics.
Data integration from different sources requires that their
individual statements to be considered equivalent. This can
be achieved using “sameAs” OWL property that makes it
equivalent to SGD. This allows the user to query the
database via any equivalent identifiers returning the union
of statements in result.

User friendly interface is constructed for facilitation of
user to provide queries. Storing and retrieving ontological
data is the foremost challenge. It is a sophisticated task to
store voluminous databases along with their inferences in
memory without complex underlying hardware. We will
clearly require more sophisticated solutions.

5. Conclusion

In this paper we presented an approach for describing,
integrating and querying biological data for bacteria using
OWL-DL.We started with extension of BFO ontologies and
incorporated the design of domain explicit ontology. We
used basic relations for objects which helped for integration
of identical resources from various data sources by using
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semantics of RDF and OWL-DL. This was the evolution of
ontology based semantic framework for querying bacteria
knowledge base. However, several challenges still remain
to be become realization by providing the automation of
ontology population, efficient storages and instinctual
interfaces for users.
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