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Abstract. The identiﬁcation and characterization of important roles
microRNAs (miRNAs) played in human cancer is an increasingly active
area in medical informatics. In particular, the prediction of miRNA target genes remains a challenging task to cancer researchers. Current eﬀorts
have focused on manual knowledge acquisition from existing miRNA
databases, which is time-consuming, error-prone, and subject to biologists’ limited prior knowledge. Therefore, an eﬀective knowledge acquisition has been inhibited. We propose a computing framework based on
the Ontology for MicroRNA Target Prediction (OMIT), the very first
ontology in miRNA domain. With such formal knowledge representation,
it is thus possible to facilitate knowledge discovery and sharing from existing sources. Consequently, the framework aims to assist biologists in
unraveling important roles of miRNAs in human cancer, and thus to help
clinicians in making sound decisions when treating cancer patients.
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Introduction

Healthcare is a typical area where advances in computing have resulted in numerous improvements. In particular, the identiﬁcation and characterization of the
important roles microRNAs (miRNAs) play in human cancer is an increasingly
active area. MiRNAs are a class of small non-coding RNAs capable of regulating
gene expression. They have been demonstrated to be involved in diverse biological functions [13,18], and miRNAs’ expression proﬁling has identiﬁed them
associated with clinical diagnosis and prognosis of several major tumor types
[8,15,21]. Unfortunately, the prediction of the relationship between miRNAs and
their target genes still remains a challenging task [4,6].
Ontologies are formal, declarative knowledge representation models, playing
a key role in deﬁning formal semantics in traditional knowledge engineering. We
propose an innovative computing framework (Figure 1) based on the Ontology for
MicroRNA Target Prediction (OMIT) to handle the aforementioned challenge.
The OMIT is a domain-speciﬁc ontology upon which it is possible to facilitate
knowledge discovery and sharing from existing sources. As a result, the longterm research objective of the OMIT framework is to assist biologists in
unraveling important roles of miRNAs in human cancer, and thus to
help clinicians in making sound decisions when treating patients.

Fig. 1. OMIT System Framework

2
2.1

Background and Related Research
Background Knowledge of Ontologies

Ontology is a computational model of some portion or domain of the world [19].
The model describes the semantics of the terms used in the domain. Ontology is
often captured in some form of a semantic network, i.e., a graph whose nodes are
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concepts or individual objects and whose arcs represent relationships or associations among the concepts. The semantic network is augmented by properties
and attributes, constraints, functions, and rules, which govern the behavior of
the concepts. In brief, an ontology consists of a ﬁnite set of concepts (also known
as “terms” or “classes”), along with these concepts’ properties and relationships.
In addition, most real-world ontologies have very few or no instances, i.e., they
only have the aforementioned graphical structure (also known as “schema”). Ontology Heterogeneity is an inherent characteristic of ontologies developed by
diﬀerent parties for the same (or similar) domains. The heterogeneous semantics
may occur in two ways. (1) Diﬀerent ontologies could use diﬀerent terminologies to describe the same conceptual model. That is, diﬀerent terms could be
used for the same concept, or alternatively, an identical term could be adopted
for diﬀerent concepts. (2) Even if two diﬀerent ontologies use the same terminology, which itself is almost impossible in the real world, concepts’ associated
properties and the relationships among concepts are most likely to be diﬀerent.
Ontology Matching is short for “Ontology Schema Matching”, also known
as “Ontology Alignment,” or “Ontology Mapping.” It is the process of determining correspondences between concepts from heterogeneous ontologies (often
designed by distributed parties).

2.2

Ontological Techniques in Biological Research

Ontological techniques have been widely applied to medical and biological research. The most successful example is the Gene Ontology (GO) project [3],
which is a major bioinformatics initiative with the aim of standardizing the representation of gene and gene product attributes across species and databases.
The GO provides a controlled vocabulary of terms for describing gene product
characteristics and gene product annotation data, as well as tools to access and
process such data. The GO’s focus is to describe how gene products behave in a
cellular context. Uniﬁed Medical Language System (UMLS) [22] and the National
Center for Biomedical Ontology (NCBO) [10] are two other successful examples
in applying ontological techniques into biological research. Besides, eﬀorts have
been carried out for ontology-based data integration in bioinformatics.
[1] discusses the issue of mapping concepts in the GO to UMLS. This study
reveals the diﬃculties in the integration of vocabularies created in diﬀerent manners, and allows for the exploitation of the UMLS semantic network to link
disparate genes to clinical outcomes. The authors in [2] adopt the global gene
expression proﬁling to identify the molecular pathways and processes aﬀected
upon toxicant exposure. Their work demonstrates that the GO mapping can
identify both known and novel molecular changes in the mouse liver. [24] develops a computational approach to analyze the annotation of sets of molecules.
The authors reveal trends and enrichment of proteins of particular functions
within high-throughput datasets at a higher sensitivity than perusal of endpoint annotations. B. Smith et al. [20] describe a strategy, the Open Biomedical
Ontologies (OBO) Foundry initiative, whose long-term goal is that the data
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generated through biomedical research should form a single, consistent, cumulatively expanding and algorithmically tractable whole.

3
3.1

Methodologies
Task 1: Domain-Specific Ontology

In order to develop a conceptual model that encompasses the required elements
to properly describe medical informatics (especially in human cancer), it is essential to explore and abstract the miRNA data to the semantic level. The design
of the OMIT will rely on two resources: existing miRNA databases and domain
knowledge from cancer biologists. Besides cancer biology experts in the project
team, there are six labs from around the world, (1) Yousef Lab in Israel, (2) DIANA Lab in Greece, (3) Sun Lab in Hong Kong, China, (4) Segal Lab in Israel,
(5) Lin Lab in Taiwan, and (6) Wang Lab in St. Louis, MO, that have committed to actively participate in the project by providing original data sets and
undertaking an in-depth analysis of integrated data and the query that follows.
3.2

Task 2: Annotation on Source Databases

Semantic annotation is the process of tagging source ﬁles with predeﬁned metadata, which usually consists of a set of ontological concepts. We adopt a “deep”
annotation that takes two steps. (1) To annotate the source database schemas,
resulting in a set of mapping rules speciﬁed in the RIF-PRD format between
OMIT concepts and elements from source database schemas. (2) To annotate
data sets from each source, and the annotated data sets will be published in
the resource description framework (RDF) [17]. Being a structure based on the
directed acyclic graph model, the RDF deﬁnes statements about resources and
their relationships in triples. Such generic structure allows structured and semistructured data to be mixed, exposed, and shared across diﬀerent applications,
and the data interoperability is thus made easier to handle. The annotation
outcomes will become the input to the next phase, i.e., data integration.
3.3

Task 3: Centralized RDF Data Warehouse

Instead of a traditional relational data warehouse, we propose to create a centralized RDF data warehouse for the data integration, which better ﬁts the
project objective. The ﬁrst, and the most critical, step is to specify the correspondence between source databases and the global schema. We propose to
adopt a “Globle-As-View (GAV)-like” approach. Our approach is similar to the
traditional GAV approach [7] in that the global schema is regarded as a view
over source databases, and expressed in terms of source database schemas. On
the other hand, our approach diﬀers from the traditional GAV approach in that
we include not only a global schema, but also aggregated, global data sets as
well. As a result, user query will be composed according to the concepts in the
global schema, and the query answering will be based on the centralized data
sets with an unfolding strategy.
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Task 4: Query and Search in a Unified Style

When presenting a miRNA of interest, its potential targets can be retrieved
from existing miRNA databases. Additional information will be further acquired from the GO, which is critical to fully understand the biological functions of the miRNA of interest. The OMIT system aims to provide users a single
search/query engine that takes their needs in a nonprocedural speciﬁcation format. Such search/query is unified, that is, although source miRNA databases
are geographically distributed and usually heterogeneous among each other, the
OMIT system presents users (biologists) a uniform view of such heterogeneous
data, along with integrated information from the GO.

4
4.1

The OMIT Ontology
Design Methodology

As mentioned in Section 3, the OMIT ontology design relies on two resources:
existing miRNA databases and domain knowledge from cancer biologists. Besides, unlike most existing biomedical ontologies that were developed through a
top-down approach, our design methodology is a combination of both top-down
and bottom-up approaches. On one hand, existing miRNA databases provide
us with a general guideline (top-down) regarding which concepts are of most
importance to cancer biologists, as well as these concepts’ properties and their
relationships among each other; on the other hand, domain experts, together
with ontology engineers, can ﬁne tune the conceptual model (bottom-up) by an
in-depth analysis of typical instances in miRNA domain, e.g., miR-21, miR-125a,
miR-125b, and let-7, etc.
There are currently diﬀerent formats in describing an ontology based on different logics: Web Ontology Language (OWL) [14], Open Biological and Biomedical Ontologies (OBO) [11], Knowledge Interchange Format (KIF) [5], and Open
Knowledge Base Connectivity (OKBC) [12]. We choose the OWL format, a standard recommended by the World Wide Web Consortium (W3C) [23]. OWL is
designed for use by applications that need to process the content of information
instead of just presenting it to humans. As a result, OWL facilitates greater
machine interpretability of Web contents. The ﬁrst version OMIT ontology has
been added into NCBO BioPortal [9]. The link to access the OMIT ontology is:
http://bioportal.bioontology.org/ontologies/42873.
4.2

The Alignment between the OMIT and the GO

An initial version of the OMIT ontology was designed using Protégé 4.0 [16], with
320 concepts in total, many of which are closely related to three sub-ontologies
in the GO, i.e., BiologicalProcess, CellularComponent, and MolecularFunction:
– Some OMIT concepts are directly extended from GO concepts. E.g., OMIT
concept GeneExpression is designed to describe miRNAs’ regulation of gene
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expression. This concept is inherited from concept gene expression in the
BiologicalProcess ontology. This way, subclasses of gene expression, such as
negative regulation of gene expression, are then accessible in the OMIT for
describing the negative gene regulation of miRNAs in question.
– Some OMIT concepts are equivalent to (or similar to) GO concepts. For
example, OMIT concept PathologicalEvent and its subclasses are designed
to describe biological processes that are disturbed when a cell becomes cancerous. Although not immediately inherited from any speciﬁc GO concepts,
these OMIT concepts do match up with certain concepts in the BiologicalProcess ontology. OMIT concepts TargetGene and Protein are two other
examples, which correspond to individual genes and individual gene products, respectively, in the GO.
4.3

Software Implementation

The back end of the OMIT system is implemented in the C# language, following an object-oriented approach. A class diagram is demonstrated in the left
portion of Figure 2. We represent each OWL entity of interest, i.e., concepts,
object properties, and data properties, as its own class. Our OWLOntology class
constitutes the external interface to this data structure, and it stores each entity
in a private hash table for quick lookup by name.

Fig. 2. OMIT Software Class Diagram and GUI Design

We have developed our own parser for OWL ontology ﬁles based on the builtin XML parsing capabilities in C#. The right portion of Figure 2 shows a friendly
GUI when running our code on the OMIT ontology. In addition, we have deployed the project website (Figure 3) at http://omit.cis.usouthal.edu/, which
features an interactive online discussion forum in addition to other materials,
e.g., publications, software and tools, and data sets, etc.
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Fig. 3. Project Website Homepage and Interactive Online Discussion Forum

5

Conclusions

We propose an innovative computing framework based on the miRNA-domainspeciﬁc ontology, OMIT, to handle the challenge of predicting miRNAs’ target
genes. The OMIT framework is designed upon the very first ontology in miRNA
domain. It will assist biologists in better discovering important roles of miRNAs
in human cancer, and thus help clinicians in making sound decisions when treating cancer patients. Such long-term research goal will be achieved via facilitating
knowledge discovery and sharing from existing sources. In this work-in-progress
paper, we ﬁrst discuss proposed approaches and anticipated challenges in the
OMIT framework; then our eﬀorts have focused on the development of a domain
ontology. We adopt a unique combination of both top-down and bottom-up approaches when designing the OMIT ontology, whose ﬁrst version has been added
into NCBO BioPortal. Future investigation will be carried out according to the
research tasks deﬁned in the framework.
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