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In the last fifty years the development of new technologies, the increasing
interconnectedness amongst people in all parts of the globe and the continuous
increase in the size of scientific, economic and consumer groups, has lead to a veritable
explosion in the amount of data that is produced, used and in need of management
world-wide. This is especially true in areas such as the biological sciences, medical
research and medical practice. In these disciplines thousands of scientists, doctors
and clinicians are contributing daily to a massive body of biomedical knowledge and
information. Now, like never before in history, the amount of information that is available
and being added to daily by the results of new scientific experiments, research and
clinical trials constitutes a veritable ocean of extraordinary depth and breadth.

(Quotation: Ontology for the Twenty First Century: An Introduction with Recommendations by Andrew D. Spear)
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Outline

- What is an ontology?
- Why are ontologies so popular in biomedical research?

- Example ontologies in the life sciences & neuroscience
- Guidelines for Good Ontology Design (L. Jansen, J. Rohl)

- OWL
- Reasoning, mapping, alignment ...
- Methods & Tools for ontology development: Protégé

- Practical: Modeling with Protégé (L. Schwabe)
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Managing the sea of information

The problem then, in a nutshell, is to chart the ever-growing
sea of information in such a way that its various parts,
portions and depths can be efficiently accessed, used,
navigated and reasoned about by human individuals.

(Quotation: Ontology for the Twenty First Century: An Introduction with Recommendations by Andrew D. Spear)
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The solution

Use computers !

- Computers reliably store huge amount of information

- they are able to efficiently, reliably and automatically retrieve and
reason about the information that they store

- information stored in a computerized format can be made
instantly accessible to individuals in all parts of the globe via the
internet.

(Quotation: Ontology for the Twenty First Century: An Introduction with Recommendations by Andrew D. Spear)
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http://sems.uni-rostock.de/

S E S Introduction

Universitat (i«
Rostock Wy

~

Obstacle to that solution

Use computers !

- Scientists speak different languages, use different terminologies,
and results are presented in different formats

- Computers... speak different languages, use different
terminologies, and results are stored in different formats

- Data Is not interoperable

“Data silo problem” (Barry Smith)

(Quotation: Ontology for the Twenty First Century: An Introduction with Recommendations by Andrew D. Spear)

06.02.2013
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Obstacle to that solution

Use computers !

“Just making data digital doesn’t make it ready for integration*
(Larson, Martone, 2009)

- How to reason with data when you find it?

- How to understand the significance of data you collected
earlier?

- How to integrate with other people’s data?

(Source: A training course in eight lectures by Barry Smith)

06.02.2013
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So?

Use computers and ontologies!

“Define common ontologies!”

Image:

[ What is an “Ontology”? ]

(Quotation: The role of common ontology in achieving sharable, reusable knowledge bases by T. Gruber, 1991)

06.02.2013
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So?

Use computers and ontologies!

“Define common ontologies!”

vocabularies of representational terms — classes,
relations, functions, object constants — with
agreed-upon definitions, in the form of human
readable text and machine-enforceable, declarative
constraints on their well-formed use.

Definitions may include restrictions on domains and ranges, placement in
subsumption hierarchies, class-wide facts inherited to instances, and other axioms.

Image:

(Quotation: The role of common ontology in achieving sharable, reusable knowledge bases by T. Gruber, 1991)

06.02.2013
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Origins and history

First fields of application

Philosophy: Science of Being (Aristotle, Metaphysics, 1V, 1)
 What characterizes being?
« Eventually, what is being?

Artificial intelligence: existing concepts and relationships for agents

e Concentrates on what exists

» Definitions associate the names of entities in the universe of discourse (e.g.,
classes, relations, functions, or other objects) with human-readable text describing
what the names are meant to denote, and formal axioms that constrain the
interpretation and well-formed use of these terms

(Definition: T. Gruber, )

06.02.2013
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Origins and history

Information Science

Ontologies are information artefacts that attempt to give precise formulations of
the properties and relations of certain types of entities (Hofweber, 2012).
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d . 4th
ONTOLOGIES & : October 34 - 4th 2008 in Paderborn, Germany

Better computational descriptions of science

Stmon White believes that information can be better shared if
everyone makes use of ontologies

Scientific Computing World: July fAugust 2005 o
(Definition: GoodOD, )

06.02.2013

Philosophy's Relevance in Information Scuence
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Origins and history

Computer Science

An ontology is an engineering artifact.

« Constituted by a specific vocabulary used to describe a certain reality, plus a set of
explicit assumptions regarding the intended meaning of the vocabulary

« Thus, an ontology describes a formal specification of a certain domain:
« Shared understanding of a domain of interest
 Formal and machine manipulable model of a domain of interest
« Definition (Gruber, 1992): ,An ontology is a specification of a conceptualization.

» Conceptualization: couching of knowledge about the world in terms of
entities

« Specification: concrete representation of this conceptualization

(Source: )

~
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Defining “ontology in bio-medical research”

First approximation by Barry Smith

Anatomical entity
- e B

Anatomical entity template

[+4]

“a controlled, structured vocabulary”

- -
s

[+4]

IMaterial anatomical entity
=

o

Anatomical structure

The content of the The content is =7

o

vocabulary is kept track structured in a way that Organ systern

- .

of by someone allows reasoning on the .
(,,CuratOI’“) Vocabulary Cardiovascular system

-

(Source: A training course in eight lectures by Barry Smith; Figure: bioportal.bioontology.org)

~

Standard FMA class

-

06.02.2013
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Defining “ontology in bio-medical research”

Biomedical ontology

« Biomedical ontology is concerned with the principled definition of biological classes and
the relations among them.

« Often associated to the idea of open data (Barry Smith)
* A prerequesite to data reuse and data linking

» Note: biomedical ontologies in practise are more than lists of terms (taxonomies), but do
not necessarily meet the requirements of formal organization (,ontology gradient®)

(Source: Biomedical Ontologies by Bodenreiter, Burgun, 2007)

06.02.2013
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Defining “ontology in bio-medical research”
Standardisation
: [
« Standards provide c &
« Common structure and terminology the computational modeling
 Reducing data redundancy in biology network

» Standards allow
* Use of common tools and techniques
« Common training
» Single validation

‘Ontology‘ = good standards in terminology (Barry Smith, 2008)

06.02.2013
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Defining “ontology in bio-medical research”

Terminology
Structure of
controlled vocabularies
Controlled Synonyms Taxonomy Thesaurus
vocabs
INCREASING COMPLEXITY >
I
Ambiguity control Ambiguity control Ambiguity cont'l

Synonym control Synonym control  Synonym cont'l
Hierarchical rel's  Hierarchical rel’s
Associative rel's

Ontology - Ambiguity, Synonym, Hierarchy, CUSTOM Associations

(Source: Building controlled vocabularies for metadata harmonization by Zaharee, 2013)

06.02.2013
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Defining “ontology in bio-medical research”

Terminology High
4 Semantic
= - Q/g%b
St nlies
Ontologies &
Taxonomies oWL
Enterprise Data Models Concept Maps
Controlled Vocabularies

RDF

Thesaurus
Glossaries

UML, XM

XML, XSLT

Weak
Semantics }
Folksonomies

e ——————————————————————. Tim E"ﬂﬂlﬂ]’

(Source: A training course in eight lectures by Barry Smith, following Leo Obrst)

06.02.2013
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Defining “ontology in bio-medical research”

Controlled vocabulary

«  prescribed list of terms or headings each one having an assigned meaning
(Currier et al., 2005);

« alist of terms (e.g. words, phrases) that is used to tag (label) information in a

consistent way.
afferent . : : .
E— A neuron which conveys sensory information centrally from the periphery
efferent A neuron which sends impulses peripherally to activate muscles
neuron or secretory cells.

(Terms taken from the CL: )

06.02.2013
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Defining “ontology in bio-medical research”

Taxonomy
« Hierarchical classification of defined groups of things on the basis of shared
characteristics
neuron
?Eﬁrrzrr'\t A neuron which conveys sensory information centrally from the periphery
efferent A neuron which sends impulses peripherally to activate muscles
neuron or secretory cells.

(Terms taken from the CL: )

06.02.2013
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Defining “ontology in bio-medical research”

Ontology adds Relations

« Terms in an ontology are hierarchically structured, with the most general
term on top and the most specific term at the bottom

« Terms are put into qualified relation with each other
«  Example: Neuron definitions in the Cell Type ontology

06.02.2013
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Defining “ontology in bio-medical research”

Ontology adds Relations: Neuron definitions in CL

/ - X

Afferent Efferent Primary Secondary Sensory
neuron neuron/ neuron neuron Processing
L — / neuron
Rohon- :
Beard CAP primary Secondary
motoneuron Interneuron '
— Interneuron
4 | (]
RIS 4 AVD /
Sources: (top);

&

(left)
(Terms taken from the CL: )
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Defining “ontology in bio-medical research”

Requirements

...terminology, definitions, etc. that are entered into biomedical
information databases should be interoperable between
databases, internally coherent and well-defined, and accurate to
the facts of reality as reflected in the current (and developing) state
of knowledge possessed in the biomedical sciences

(Quotation: Ontology for the Twenty First Century: An Introduction with Recommendations by Andrew D. Spear)

06.02.2013
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Defining “ontology in bio-medical research”

Good ontologies

Formal

- The meaning of terms in an ontology is unambiguously defined to avoid
misunderstanding and stated using mathematical axioms and definitions that

enable automated reasoning.

Explicit

- make domain assumptions explicit for reasoning and support human
understanding of a domain.

Adequate

- to the domain to be represented and thus have to reflect current scientific
knowledge available about the domain to be modeled.

(Definition: GoodOD, )

06.02.2013
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Defining “ontology in bio-medical research”

Ontology information is interpretable

* By humans
« By computers — Reasoning

b
extramedullary cell
Fohon-Beard neuron primary sensory neuron primary neuron feuran
- - - -
(Visualization: Bioportal )
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Ontologies as starting points

_ Declare structure Knowledge
Ontologies —————>
bases

| Databases
Provide
domain
description
Software
agents Problem- |

solving ~ Domain-

methods Independent

applications

(Figure adapted from A Practical Introduction to Ontologies & OWL by Alan Rector
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Ontologies in bio-medical research

BioData Min.
PMID: 1802
Related A

1 The Gene Ontology (GO) project: structured vocabularies for molecular biology and their

2 application to genome and expression analysis.

N Blake JA, Harris MA. ;
d Curr Protoc Bicinformatics. 2008 Sep;Chapter 7:Unit 7.2.

PMID: 18818077 [PubMed - indexed for MEDLINE)
Microarry  Related Articies

-
% \y‘:ﬁg\-ﬁ 5 of peind]
. vf&&&gﬁ (ppiiod by publisher]
icatio?

;

=
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T

Genetic locut
microarray ge

Bourdon G, HY. ewi: 1\ ces
(Figure: )
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Reasons to use ontologies in biology

 Biology and medicine are two disciplines that rely on previously
obtained knowledge

 Biology is a data rich discipline and this data needs to be made
comparable, i.e. it must be integrated

 Biology has always dealt with categorization and structuring of
systems, e.g. tree of life, where living organisms are classified
into Kingdom, Phylum, and Class

(Source: Ontology-based knowledge representation for bioinformatics by Stevens et al., 2000)

06.02.2013
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Reasons to use ontologies in biology

e  Community reference system (comparison of results to other
project results worldwide)

« Common access to information

Explicit relationships and underlying logic allow for automated
reasoning to related entities

 Explicit bridging relationships between different ontologies for
exploring underlying mechanisms

(Source: Ontology-based knowledge representation for bioinformatics by Stevens et al., 2000)

06.02.2013
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Applications

Use Cases: Representation of encyclopedic knowledge
«  structure and make explicit encyclopedic biomedical knowledge in a form that is
accessible to both researchers and machines

«  ‘“reference ontologies”, e.g. FMA specifies canonical knowledge for a domain, using a
comprehensive set of entities and a large set of relationships

= Portion of neural tissue
= List of attributes for neuron
= Axon
+Myelinated scgment of axon - Preferredname - Regional part (e.g., dendrite)
Initial segment of axon S oy
Node of Ramvier - dynonym - Constitutional part (e.g.,
Axon collateral - DMAID plasma membrane of
Axon terminal A
Cell body of neuron Defmltlon neurOI:]) .
Dendrite - Part(e.g., Axon) - Constitutional part of
Plasma membrane of neuron - Part Of (portion Of _ Attrlbuted par’[
4+ Protoplasm of neuron .
Vasculature of portion of neural tissue neural t|Ssue) - HaS Mass / haS boundary

06.02.2013
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Applications

Use Cases: Data Annotation

Annotation: A comment attached to a particular section of an object

 Annotation with ontologies is typically performed after (high throughput) data is
acquired, often by dedicated annotators or curators

 Annotators: Process textual metadata to automatically tag text with as many
ontology terms as possible, ie. combination of text mining and ontology

« E.g.. NCBO Annotator

Use of Gene Ontology Annotation to [+
understand the peroxisome proteome in humans

Prudence Mutﬂwu—Meullenetw, Rachael P. Huntley, Emily C. Dimmer, Yasmin Alam-Faruque,

Tony Sawford, Maria Jesus Martin, Claire O'Donovan and Rolf Apweiler

(Source: ; Larson, Martone, 2009)
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S Why are ontologies so popular

in bio-medical research?

Applications

Use Cases: Data Exploration

DOPAMINE BIOSYNTHETIC PATHWAY (PW:0000802)
show annotations for term's descendants  Sortby| symbol 3| [ 1 asc ¢

Pathvay Ontology
PH:0000001

classic metabolic pathvay
PW:0000002

metabolic pathvay pertinent to
the brain
PR:0000406

Iis»a ia-a

neurotranamitter metabolic
pathvay
PH:0000407

amines and polyamines
is-a metabolic pathvay
PW:0000211

amine neurotranamitter
metabolic pathway
PH:0000436

catecholamine metabolic
pathvay
PH:0000443

dopamine metabolic pathway
PW:0000409

dopamine biosynthetic pathway
PW:0000802

it

Classification

06.02.2013

L-Phe
hydroxylation
L-
tyrosine
|__
DOPA

dc.

BH4 L .
dopamine
c18A2

IRl | wouse

dopamine biosynthetic pathway

[Tomo e Tooomse —[Jewaencelonsian_—Jsop —Jretorsnce —Jsource

Box

decarboxylase)

| [

Slc18a? solute carrier family 18 (vesicular monoamine),

member 2

l Th tyrosine hydroxylase

Human

dopa decarboxylase (aromatic L-amino acid

quineid dihydropteridine reductase

]

SGBrowse 1SS
—————

SGBrowse SS
SGBrowse DA

=GBrowse 1SS

~

14 92,608,636 92,788,635 RGD:4139904 RGD
14 70,741,998 70,755,600 RGD:4139904 RGD
1 265,789,917 265,824,551 RGD:5128868 RGD

1 203,164,253 203,171,506 RGD:4139904 RGD

Links to associated genes in the pathway

catecholamine-storage

vesicle

adrenal chromaffin cell

| Diseases/Genes

Hypertension

Brain Injuries Th
Brain Ischemia Th
contusions Th
Depressive Disorder Skc1saz
Diabetes Melitus, Experimental Qdpr, Th
Diabetes Mellitus, Type 1 Skc1gaz
Dyskinesia, Drug-nduced Ddc
Epilepsy Th
Heart Failure Th
Hyperinsulinism Ddc.
Hyperprolactinemia Ih

EX

Links to associated diseases and pathways
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Applications

Use Cases: Data Query
- E.qg., search for “tumors in mouse brain”

by allowing grouping of annotations

brain 20
hindbrain 15
rhombomere 10

Query brain without ontology 20
Query brain with ontology 45

(Source: A training course in eight lectures by Barry Smith, 2008)
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Applications

Use Cases: Data Search of heterogeneous data

e.g., search for “the process of creating glucose”: ‘glucose synthesis’, ‘glucose bio-
synthesis’, ‘glucose formation’, ‘glucose anabolism’, ‘gluconeogenesis’
An ontology can provide one class/identifier with several alternative names for the

same concept (synonymy), abbreviations and acronyms
gluconeogenesis

Term information # Term neighborhood # External references # 1220 gene product associations =

Term Information

Accession G0:0006094

Ontology Biological Process

Synonyms exact: glucose biosynthesis
exact: glucose biosynthetic process

Definition The formation of glucose from noncarbohydrate precursors, such as pyruvate, amino acids and glycerol.
Source: MetaCyc:GLUCONEO-PWY

Comment None

Subset Prokaryotic GO subset

Community  add ysage comments for this term on the GONUTS wiki.

(Source: Biomedical ontologies: a functional perspective by .Rubin et al., 2008; Figure: Gene Ontology)

~
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Applications

Use Cases: Data exchange among applications

Ontologies can specify how data is to Annotation
be exchanged with resources e
- Ontologies as explicit specification of
terms used to express the biomedical
information
- Relationships among data types in
MAGE-ML

d ata bases <OntologyEntry category="ExperimentDesignType"”

- E.g., MGED Ontology for standardized | “Sracshuins e

Local Database

T . . <DatabaseEntry
accession="#strain_or_line_design">
descrlptlon Of mlcroarray experlments <Database_assnref> <Database_ref identifier="MQO"/>
</Database_assnref>
(MO) </DatabaseEntry=

</OntologyReference_assn=
</OntologyEntry=

Public

(Source: The MGED Ontology: a resource for semantics-based description of microarray experiments by Whetzel et al., 2003)
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Applications

Use Cases: Reasoning with data

 Use ontologies to infer knowledge they contain

* Integrate current knowledge about a system from different data
repositories

« Allow researchers to pose and test hypotheses (for consistence
with the knowledge base)

06.02.2013
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)
EYemenlary)

AN

Use Cases: Model Management

2004_MAPK_phosphoRandom
_ERK_Crosstalk)

* Annotation based search, retrieval |
and comparison |

=l 4 Curated Models returned.

=
=
£
S
<
c
S
<
o
S
o
3
o1
a
§|
<
=
-
=3
=1
~
X
5]

]
£
<
=
b3
=3
S
o

o

c
]
£
&
£
S =
£} ©
c H
S £
I =
T o
< ]
¥ &
&
< E
= e
v
< =
=)
S S
o~ <
c =3
S =3
_(!
=
<
&
]
X
|
o~
m
o
=3
=3
<3
=3
S
§
=
o

ich2004_MAPK _orderedElementa

KIMZOO?_Wnt

IOMD0000000116_(McClean2007_CrossTalk)
IOMD0000000084_(Hornberg2005_ERKcascade)

IOMD0000000149_

1. (0.0015) BIOMDO000000118 Golomb2006_SomaticBurs

inactivation_of_MAPKKK _activity
inactivation_of_MAPKK_activity

2. (0.0015) BIOMDO0000000119 Golomb2006_SomaticBursting_ n g7 T ' L

Ras_small_GTPase,_Ras_type

3. (0.0011y BIOMDO000000185 Locke2008_Circadian_Clc | I | mitogen cliev:éfgﬁ’&r_agv&kilnﬁe_kinase_kinase-binding
RN T : 996

4. (9.1442) BIOMDO0000000060 Keizer1996_Ryanodine_receptor_:

on =
. . inactivation_of_MAPK _activity o
(Source: demo search in BioModels Database, ‘ ST iR Boten ks Kinese-binding
5

) RN EREN :reactome:REACT_1

iam:un
urn:miriam:uni

(Source: Retrieval, alignment, and clustering of computational models
based on semantic annotations by Schulz et al., 2011)
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Use Cases: Model Management

* Annotation-based difference
detection and visualisation

“
-
‘P =

Deletes are colored in - while inserts are and updates,
which don't affect the network, are yellow .

(Source: Difference detection in Budhat, )

Extracellular

@:::Loo_é@

(Source: Arcadia.

~

YCRO24C-AYELO17C-A:YCLOOSC

YCROZ4C—A:YEL01?C—A:YPLD3BW]
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Applications

Use Cases: Semantic similarity in text mining

.ploscompbiol.org/article/info%3Adoi%2F10.1371 %2Fjournal pcbi 1000937

RESEARCH ARTICLE

OPEN a ACCESS

Semantic Similarity for Automatic Classification of Chemical

Compounds
Article Metrics Related Content Comments: 1

*
Jodo D. Ferreira—, Francisco M. Couto
LaSIGE, University of Lisbon, Lisbon, Portugal

Abstract 1o

With the increasing amount of data made available in the
chemical field, there is a strong need for systems capable of
comparing and classifying chemical compounds in an efficient and
effective way. The best approaches existing today are based on
the structure-activity relationship premise, which states that
biological activity of a molecule is strongly related to its structural
or physicochemical properties. This work presents a novel
approach to the automatic classification of chemical compounds
by integrating semantic similarity with existing structural
comparison methods. Our approach was assessed based on the
Matthews Correlation Coefficient for the prediction, and achieved
values of 0.810 when used as a prediction of blood-brain barrier

& To add a note, highlight
some text. Hide notes

7 Make a general comment

Jump to

Abstract

Author Summary
Introduction

Results

Discussion

Methods

Supporting Information
Author Contributions

References

permeability, 0.694 for P-glycoprotein substrate, and 0.6732 for estrogen receptor binding activity.
These results expose a significant improvement over the currently existing methods, whose best

[E] view All Figures J

c ".'l T sem:

@ Download: PDF
[B] Print article
|EJEzRegrint New &

Published in the 5
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Total Article View:

Citations
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Linking data
wot: @
.omv GO

BI0=2RDF

linked data for the life sciences

An Open Source Project for the Provision of
Scalable, Decentralized Data with Global Mirroring
and Customizable Query Resolution

RDFIzation o
Laval University, Carleton University,

URiNormalization /- http://bio2rdf.org/ns:id
Queensland University of Technology

Uniprot

ChEBI

(Fig.: Bio2RDF by M. Dumontier, Biohackathon 2012,
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Bio2RDF - Integrating resources =~
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Bio2RDF - Integrating resources
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Applications

Bio2RDF - Integrating resources

What is Linked Open Data (LOD) and why is it good for you?

Ask Europeana:
Or Tim Berners-Lee directly:
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[How do you use ontologies in your daily work? ]
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More information in
Components of an ontology the afternoon talk

»~An ontology is a specification of a conceptualization.” (Gruber, 1992)

Class
set of entities or ‘things’ within a domain; e.g.:

Classes represent the canonical description of an entity | — 1
Relation
describes the interactions between classes or a classes |
properties; e.g. | ®cel |
l
Eucaryotic_Cell

(Source: Ontology-based knowledge representation for bioinformatics by Stevens et al., 2000)
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More information in
Components of an ontology the afternoon talk

»~An ontology is a specification of a conceptualization.” (Gruber, 1992)

Property
captures further knowledge about the relationships between classes; e.g.

Axiom
constrains values for classes; e.qg.

Instance
‘things’ represented by a concept; e.g.:

Instances represent the individual example of a class

(Source: Ontology-based knowledge representation for bioinformatics by Stevens et al., 2000)
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http://sems.uni-rostock.de/

Universitat (

Rostock Gl E S Technicalities

simulation experiment management system

~

More information in
Components of an ontology the afternoon talk

Classes vs. instances
ubstance

rganism
Anima
Aammal \

@/ cat

fro
siamese A ?

Instances @'@] @ @ @

Adapted from: A training course in eight lectures by Barry Smith (2008)
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http://sems.uni-rostock.de/

E S Technicalities

06.02.2013

Operations on ontologies

Merge
Creation of a new ontology by linking existing ones
Requirement: New ontology must contain all knowledge from the original ones

Mapping
Expressing how the concepts in one ontology can be translated into another one
Note: one-to-one mappings are typically not possible

Alignment
mapping ontologies in both directions (with modification of original ontologies)

(Source: )
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Operations on ontologies

Refinement
mapping from ontology A to ontology B so that every concept of A has equivalent in B

Unification
Two-way refinement

Integration

looking for the same parts of two different ontologies A and B while developing new
ontology C that allows to translate between ontologies A and B

Inheritance

ontology A inherits everything from ontology B (classes, relations, axioms) ; no
inconsistency introduced by additional knowledge contained in ontology (Modularity)

(Source: )
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