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Ontologies in Biomedicine

Mark A. Musen

Stanford University

In this workshop …

• You will learn about the EON guideline
ontology

• You will use the EON guideline ontology
to enter knowledge of particular
guidelines

• You will wonder how this kind of work
relates to other activities in biomedical
informatics
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What Is An Ontology?

• The study of being (Socrates and Aristotle 400–360 BC)

• Co-opted by Computer Science to connote the
 explicit description of the conceptualization of a domain:
– Concepts

– Properties and attributes of concepts

– Constraints on properties and attributes

– Individuals (often, but not always)

• An ontology defines
– a common vocabulary

– a shared understanding

Ontologies are just the beginning
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Supreme genus: SUBSTANCE

Subordinate genera:      BODY SPIRIT

Differentiae: material          immaterial

Differentiae: animate          inanimate

Differentiae: sensitive         insensitive

Subordinate genera:     LIVING               MINERAL

Proximate genera: ANIMAL PLANT

Species: HUMAN BEAST

Differentiae: rational        irrational

Individuals: Socrates       Plato      Aristotle       …

Porphyry’s depiction of

Aristotle’s Categories
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Open Directory Project

• Started in 1998 as a volunteer effort to
develop an open-content directory of Web
pages

• In its first year, 4500 editors had indexed
100K Web sites

• By July 2005, 69K editors had indexed 4.6M
sites using 580K categories

• On average, between 9K and 10K volunteer
editors are working on ODP at any given time

Foundational Model of

Anatomy

• Long-term project at University of

Washington to create a comprehensive

ontology of human anatomy

• 72K concepts, 1.9M relationships

• One of the largest and best developed

ontologies in biomedicine
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But we really want ontologies in

electronic form

• Ontology contents

can be processed

and interpreted by

computers

• Interactive editors

can assist

developers in

ontology authoring

The components of ontologies

• Classes:  The primary entities in the world
being models (e.g., “organ”)

• Attributes: The properties of classes (e.g.,
“shape”, “location”)

• Relations: Statements regarding how one
class may relate to others (e.g., “the heart” is-
a “organ”)

• Axioms: More complex logical statements
(e.g., “only paired organs can be left-sided or
right-sided”)
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Classes and attributes in the FMA

Attributes of a class (e.g., “Esophagus”)
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“is-a” is a special relation

If a sub-class is-a member
of a super-class, then
– every instance of the

sub-class is also an
instance of the super-
class (e.g., every
member of the set aorta
is necessarily a member
of the set artery)

– Values of attributes of the
super-class are inherited
by every instance of the
sub-class (e.g., if arteries
have cylindrical shape,
then aorta has cylindrical
shape)

“Frame-based” knowledge-

representation systems

• Allow developers to encode

– Taxonomic hierarchies of classes

– Other relations among classes
(e.g., “part-of”) in addition to the is-a
hierarchy

– Attributes of classes that take on particular
values to define instances of the classes

• Support inheritance of attributes and
values along taxonomic relations
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Protégé guides acquisition of

EON knowledge bases
Ontology of

protocol concepts
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protocol-entry

tool
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EON
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Protégé Resource

• Supported by NLM to provide open-
source technology for building and
managing technologies

• Used by many major projects, including
– EON, GLIF, PRODIGY, SAGE

– FMA, NCI Thesaurus

– Cerner Clinical Bioinformatics Ontology

– And a host of others!
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In Biology, ontolgies are essential to

make sense of online data repositories

Biologist have adopted

ontologies
• To provide canonical representation of

scientific knowledge

• To annotate experimental data to enable
interpretation and comparison across
databases

• To facilitate knowledge-based applications for
– Decision support

– Natural language-processing

– Data integration
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A Portion of the OBO Library
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• One of 7 National Centers for

Biomedical Computing

• Goal is to create new technology for

accessing, using, and disseminating

ontologies in biomedicine

• Led by Mark Musen (Stanford) and

Suzanna Lewis (Berkeley)

• Stanford:  Tools for ontology alignment, indexing, and

management (Mark Musen)

• Lawrence–Berkeley Labs: Tools to use ontologies for

data annotation (Suzanna Lewis)

• Mayo Clinic:  Tools for access to large controlled

terminologies (Christopher Chute)

• Victoria: Tools for ontology visualization (Margaret-

Anne Story)

• University at Buffalo: Dissemination of best practices

for ontology engineering (Barry Smith)
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cBio plans to offer

technologies

• To help build and extend ontologies

• To locate ontologies and to relate them
to one another

• To visualize relationships and to aid
understanding

• To facilitate evaluation and annotation
of ontologies

cBiO BioPortal will offer

Web-based tools to

• Browse ontology repositories

• Edit individual ontologies

• Index and align different ontologies

• Visualize ontologies and alignments

among ontologies

• Enable peer review of ontolgies
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Ontologies are everywhere

in biomedicine!
• From controlled terminologies to complex

guideline models

• Can be edited with widely available tools such

as Protégé

• Are being curated and disseminated via the

National Center for Biomedical Ontology

• Form the basis of modern knowledge-based

systems to deliver decision support
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