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ABSTRACT Identification and characterization of the impor-
tant roles microRNAs (miRNAs) perform in human cancer is
an increasingly active research area. Unfortunately, prediction
of miRNA target genes remains a challenging task to cancer
researchers. Current processes are time-consuming, error-
prone, and subject to biologists’ limited prior knowledge.
Therefore, we propose a domain-specific knowledge base built
upon Ontology for MicroRNA Targets (OMIT) to facilitate
knowledge acquisition in miRNA target gene prediction. We
describe the ontology design, semantic annotation and data
integration, and user-friendly interface and conclude that the
OMIT system can assist biologists in unraveling the important
roles of miRNAs in human cancer. Thus, it will help clinicians
make sound decisions when treating cancer patients.
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INTRODUCTION

The identification and characterization of the important
roles microRNAs (miRNAs) perform in human cancer is
an increasingly active research area. As a special class of
small non-coding RNAs, miRNAs have been reported to
perform critical roles in a variety of biological processes by
regulating target genes (1,2). Moreover, miRNA expression
profiling of many tumor types has identified miRNAs
associated with cancer development, diagnosis, treatment,
and prognosis (3,4). Unfortunately, the prediction of miRNA
target genes remains a challenging task to cancer researchers.
In particular, substantial time and effort have been expended
in every search for available information in each small
miRNA subarea. To identify miRNAs’ target genes is very
difficult: not only do biologists need to extract a large number
of candidate target genes from existing miRNA target
prediction databases, but they will also need to manually
search for these genes’ related information (e.g., their cellular
components and biological processes) from resources other
than miRNA databases for each of the hundreds of candidate
target genes. The whole process is time-consuming, error-
prone, and subject to biologists’ limited prior knowledge. In
addition, the situation is further aggravated by the great
complexity and imprecise terminologies that characterize the
biological and biomedical research fields. A great deal of
variety has been identified in the adoption of different
biological terms, along with divergent relationships among all
these terms. Such variety has inhibited effective information
acquisition by humans.
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OMIT FRAMEWORK

Ontologies are formal, declarative knowledge representa-
tion models, performing a key role in defining formal
semantics in traditional knowledge engineering. Therefore,
we explore a domain-specific knowledge base built upon
the Ontology for MicroRNA Targets (OMIT) to handle
challenges in miRNA target acquisition. The OMIT
ontology is the very first ontology in the miRNA area, and
the OMIT framework facilitates knowledge discovery and
sharing from existing sources. As a result, the long-term
objective is to assist biologists in unraveling the important
roles of miRNAs in human cancer; thus, it will help
clinicians make sound decisions when treating cancer
patients. We aim to synthesize data from existing miRNA
target databases into a comprehensive conceptual model
that permits an emphasis on data semantics rather than on
the forms in which the data were originally represented.
Consequently, a more accurate, complete view of miRNAs’
biological functions can be acquired. We designed the
OMIT ontology specifically for the miRNA target domain,
and then carried out the semantic annotation and data
integration, based upon which a domain-specific knowledge
base was created. Finally, a friendly user interface was
designed to demonstrate integrated information from
distributed data sources, along with newly obtained
knowledge via reasoning mechanisms. The overall structure
of the OMIT framework is described in this section, and
more details can be found in the Supplementary Material.

Overview of the OMIT Framework

As shown in Fig. 1, the main components of the OMIT
framework are an ontology and a knowledge base. Informa-
tion from distributed databases can be synthesized and
presented to end users in a uniform view, integrated with
additional information from the Gene Ontology. The Gene
Ontology consists of three components (biological processes,
cellular components, andmolecular functions), and it 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. More details are
included in the Supplementary Material.

A typical knowledge acquisition process takes eight steps:

& Steps 1 and 2: User sends a search/query to the OMIT
system through the user interface

& Step 3: The recognized miRNA concept in the OMIT
is used to query the knowledge base

& Step 4: miRNA targets (i.e., genes) are retrieved
& Step 5: Obtained targets are utilized to acquire more

gene information
& Step 6: Related gene information is returned

& Steps 7 and 8: miRNA targets and their related gene
information are returned to the user

The OMIT Ontology

The first-version OMIT ontology consists of a total of 327
concepts and 58 relationships (i.e., 28 object properties and
30 data type properties). This version has been submitted
and accepted by the NCBO BioPortal. The OMIT
ontology file can be freely downloaded from http://
bioportal.bioontology.org/ontologies/42873

The OMIT Knowledge Base

The first-version OMIT knowledge base contains a total of
1,889 facts (referred to as “axioms” in Protégé). These facts
are specified in OWL and include 27 subclass axioms, 59
disjoint class axioms, 4 sub object property axioms, 3 inverse
object property axioms, 22 object property domain axioms,
27 object property range axioms, 21 data property domain
axioms, 30 data property range axioms, 166 class assertion
axioms, 308 object property assertion axioms, 674 data
property assertion axioms, and 248 entity annotation axioms.

User Query/Search Answering

A friendly graphical user interface (GUI) to answer users’
query/search has been designed with the C# language in
Visual Studio 2010. As demonstrated in Fig. 2, users can
specify the miRNA of interest along with expected properties
of this miRNA. Both selections are made through drop-down
lists so that the effort required for providing such input is
minimized; corresponding values for selected properties are
then retrieved and populated in a separate panel. Figure 2
exhibits part of results when “mir-21” and seven properties
were chosen. Note that the retrieved results are regarded as
integrated information in the sense that no one data source
alone in our framework contains such complete knowledge.
In addition to this integrated information, deep, hidden
knowledge is acquired as well. Some examples include “p53
must not be a direct target of mir-885-5p” and “mir-21
upRegulates MalignantNeoplasm.” The ability to obtain
previously implicit knowledge is due to the inference
mechanisms applied to the knowledge base. More detailed
discussion on obtaining hidden, critical domain knowledge
can be found in the Supplementary Material.

CONCLUSION

In this paper, we propose an innovative computing
framework based on the miRNA-domain-specific knowl-
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edge base, OMIT, to handle the challenge of an
efficient acquisition of miRNAs’ candidate target genes.
To the best of our knowledge, the OMIT framework is
designed upon the very first ontology in the miRNA
domain and includes a domain-specific knowledge
base. We adopt a combination of both top-down and
bottom-up approaches when designing the OMIT
ontology. A deep annotation is utilized during semantic
annotation and data integration, which together lead to a
centralized knowledge base. The OMIT system is able to
assist biologists in unraveling the important roles for miRNAs

in human cancer; thus, it will help clinicians make sound
decisions when treating cancer patients. This long-term
research goal will be achieved via facilitating knowledge
discovery and sharing from existing sources.
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Fig. 1 Overall structure of the
OMIT framework.

Fig. 2 Search/query GUI in the
OMIT.
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