€

Cell Behavior Ontology Workshop

National Institutes of Health Campus, Bethesda, MD
May 4, 2009

Building Ontologies
Best practices, pitfalls and positives

(C % Olivier Bodenreider

NATIONAL Lister Hill National Center
LIBRARY OF for Biomedical Communications
MEDICINE Bethesda, Maryland - USA



Outline

¢ If ontology Is the solution, what Is the problem?
e Think use cases

¢ Don’t try this at home!
e Ontologies for dummies hasn’t been written yet

& \Where to start?



If ontology Is the solution,
what Is the problem?



Uses of biomedical ontologies

¢ Knowledge management
e Annotating data and resources
e Accessing biomedical information
e Mapping across biomedical ontologies

¢ Data integration, exchange and semantic
Interoperability

¢ Decision support

Data selection and aggregation

Decision support

NLP applications
Knowledge discovery



Properties of biomedical ontologies

¢ Knowledge management -
o Annota_tlng (?lata an_d re_sources | . Controlled
e Accessing biomedical information vocabularies
e Mapping across biomedical ontologies

¢ Data integration, exchange and semantic
Interoperability

¢ Decision support —
e Data selection and aggregation
e Decision support . (ologicel
. . resources
e NLP applications
e Knowledge discovery _J
o



Ontology “spectrum”

strong semantics

Description Logics,
OWL, DAML+OIL,

UML Logical Thoery

RDF, RDFS, XTM Conceptual Model

ER, Extended ER Thesaurus

Relational Model Taxonomy

Weak Semantics http:/Mmww.mathiswebs.com/ontology.htm




Cell movement in MeSH

MeSH Heading |Cell Movement
Tree Number (304.299 283
Tree Number GO7.700.560.500 120

Annotation not for microorganisms; do not confuse with CYTOKINESIS or CYTOPLASMIC STEEAMING

The movement of cells from one location to another. Distinguish from CYTOKINESIS which is the process of dividing

Scope Note N i
P - CYTOPLASMK of a cell.

Entry Term Cell Migration
Entry Term Locomotion, Cell
Entry Term Migration, Cell
Entry Term Motility, Cell

Entry Term Movement, Cell

ouaine, |DEESGEIMPHRE

Previous Indexing (Cviology (1966-1967)
Previous Indexing |specific cell or tissue/cytology (1966-1967)
History Note 70(68)

Date of Entry 19990101

hitp:/Mmww.nlim.nih.

ov/mesh/2009/mesh_browser/MBrowser.html




Cell movement in MeSH

Cell Phvsiological Phenomena [G04

Cell Phvsiological Processes [G04.299




Cell movement in GO

cell motion

Term information # Term lineage # External references # 2568 gene product associations =

Term Information

Accession GO:0006928

Ontology biological process

[5?“0“'5""5 related: cell locomotion

exact: cell movement

Definition Any process involved in the controlled movement of a cell. [source: GOC:dgh, GOC:dph, GOC:jl,

GOC:mlg]

Comment MNone

Subset

Unavailable

Community  There have been 0 comments for this term. If you would like to view or participate in the community

annotation, please continue to the GONUTS page.

http://amigo.geneontology.org/cgi-bin/amigo/search.cgi Back to top




Cell movement in GO

Term Lineage

Switch to viewing term parents, siblings and children

w Filter tree view B
~Filter Gene Product Counts

Setfilters
Data source Species ’V

Tree view @ Full Compact

| Remove all filters |

naplasma phagocy...
rabidopsis thaliana
Bacillus anthraci...

=] all : all [243233 gene products]

Actions...
B G0:0008150 : biological_process [168166 gene products] Last action: Reset

the t
H G0:0009987 : cellular process [80982 gene products] © mee

Graphical View
H G0:0006928 : cell motion [2568 gene products] View in tree browser
H G0:0051179 : localization [18668 gene products] Download...

OBO
H G0:0051674 : localization of cell [2576 gene products]

RDF-xML
@ G0:0006928 : cell motion [2568 gene products] GraphViz dot

Back to top




Thesaurus vs. Ontology

# Define use cases

e Typical situations in which the resource to be created Is
expected to contribute to the solution
= Resource annotation (controlled vocabulary)
— Lexical aspects (e.g., synonyms, variants) are important
= Resource classification/organization (thesaurus)
= Inference based on the attributes of biological entities
(ontology)

e Competency questions

e Minimal ontological commitment
(Just enough information for the task at hand)



Don’t try this at home!



Ontologies vs. cars

What Is the difference between
an ontology and a car?



Dependent continuants, existential
guantification and rigidity

A dependent continuant is a quality or a realizable entity. A quality is something that all objects of a particular type have for
all of the time they exist, for example, the mass of a bag of sugar, the shape of a hand, the fragility of a cup, the beauty of a
view, the brightness of a light, and the smell of the ocean. While these can change, the bag of sugar always has a mass and
the hand always has a shape. This Is contrasted with a realizable entity where the value does not need to exist, the

existence can change though time, for example, the role of being a teacher or the disposition of metal to conduct electricity. A
realizable entity is either

» a function that specifies the purpose of a object, for example, the function of a cup may be to hold coffee, the function
of the heart is to pump blood.

* arole specifies a goal that is not essential to the object's design, but can be carried out, for example, the role of being a
judge, the role of delivering coffee.

a disposition is something that can happen to an object, for example, the disposition of a cup to break if dropped, the
disposition of vegetables to rot if not refrigerated, the disposition of matches to light if they are not wet.

BFO




Dependent continuants, existential
guantification and rigidity

Injury to UpperLimb UpperLimbs UpperLimb  C UpperLimb

_ o || |—-r|_|rr|l|1- ||”u~rL|rr|l
Amputation of UpperLimb L|F|_1ur|_im|-_-. |.'_||::-p|:rLirrlt:-3r HF =1 . |1' | |F Fl—'r |_|H||:

nes Handz C UpperLlimbp
o Hand C Handg
Hend™  “hapdp Handp C Handg M 3part-of Hand

Fingers Finger . C Handp
' Fingar C Fingar,
Fingerp C Fingerg .1 part-of Finger

P
Finger ‘Finger p»

Fig.1. Complete SEP-triplets in SNOMED CT.




Dependent continuants, existential
guantification and rigidity
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Instances, classes, collectives

& “Lmo-2 Interacts with Elf-2”

e One Individual Lmo-2 molecule interacts with one
Individual Elf-2 molecule.

e A collective of Lmo-2 molecules interacts with one
Individual Elf-2 molecule.

e One Individual Lmo-2 molecule interacts with a
collective of EIf-2 molecules.

e A collective of Lmo-2 molecules interacts with a
collective of EIf-2 molecules.



Top-level ontologies

¢ Basic Formal Ontology (BFO)
¢ DOLCE
¢ BioTop

¢ Ground domain ontologies into sound
philosophical foundations

& Difficult to understand for “folks form the
trenches”

e
My

NLM



A pyramid of ontologies

Onto1 .
. N

Onto1
li::lrht{:-.':'g ¢
Bridgee @
1
Onto2 g »
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Power tools for ontologies

'\
¢ Ontology editors 00 commlen
e Protege "~ for most
e OBO-Edit biologists
_/
'\

¢ Semantic wikis
e Intermediate representations . SHIELITER
. representations
e Collaborative development




Where to start?



Collect entities from the universe of discourse

¢ From experts
e Workshops

¢ From textual corpora
o Manually
e Automatic term extraction

¢ From existing terminologies and ontologies



Shop around Ontology repositories

O BiDPnrta|| Browse Search | Projects | Annotate | All Mappings | All Resourct
Al

Gene Ontology

Scheduled Maintenan

http://bioportal.biocontology.org/

- Search all ontologies Search time: 487 ms —

cell movement Categories | All Categories

Filter
|| Include attributes in search
Ontologies: Select All Select None

(=) Contains () Exact Match
N | | African Traditional Medicine (ATMO)
Clear
|| Amino Acid (amine-acid)

| | Amino Acid with Simplified Chinese annotations
Selected Ontologies (105): | | Amphibian gross anatomy (AAC)

&|l Ontelogies

| | Ascomycete phenotype ontology (APO)

— Matching Concepts 14 results

Filter | tvpe filter text || Exact Matches Qnly Ontology Filterl 3 ontologies » |

Concept Name Ontology Found In
Cell Movement MCI Thesaurus Preferred Mame
cell motion Gene Ontology SYNonym

Cell Movement Process NZI Thesaurus Preferred Mame

Cell-to-cell movement Event (INOH pathway ontology) Preferred Name

cell-to-cell movement of Hedgehoog Event (INOH pathwav ontology] Preferred Name




Shop around Ontology repositories

Siblings
Anatomy

e Cell Surface
Extensions o

i1 sibling)

[direct children and

narrower concepts of
direct parents and broader

Cell physiology

Cell Movement Process

Other Related
Concepts

Anatomy

Chemicals & Drugs

o AF-6 protein O
e alpha 2 collagen type
T

concepts) o CCDCH proteim,
human
o Coldd3 protein,
hurnan o
e Collagen T
s Collagen IV (Alpha
Cell Aggregatio
Co-occurring

Concepts

Cell Movement

cell motility Cell Mobility

Sperm Transport

§
Cell Migration Inhibition
measurem ent

Activities &
Behaviors

http://lumisks.nlm.nih.gov/

o Computer
Sinulation [8] O

® Image
Enhancement [7] o

e mage Processing,
Computer-
Azsisted [15] O

Cell Movement LESEND

[ Start again l [ Apply new parameters

Similar Concepts Closest MeSH Terms

Resirict to

vocabulary:

Highlight vecabulary: | Naothing

UMLS data: LS _2008A4 v

Type of hierarchical & Al O Parent/Child anty O
rel.: BroaderMarrower only

Show all

{none) Main Headings

Anatomy

» Cell Movement
Allegedly Synonyins o Adherens

*| Subheadinos hd




Link to/Borrow from existing ontologies

¢ Advantages
e Avoid reinventing the wheel

e Benefit from the experience of specialists of a given
subdomain

¢ Disadvantages
e Borrow ontological commitment from these ontologies

e Might align (or not) with the ontological commitment
In your ontology



Decide on standards and tools

¢ With the help of experienced ontologists

¢ For knowledge representation
e £.9., OWL
¢ For editing ontologies
e €.0., Protege
¢ For ontological commitment
e €.0., top-level ontology, relation ontology

%

NLM



Guidelines for ontology development

¢ OBO Foundry principles

Openness

Common shared syntax (OBO or OWL)

Unique identifier space within the OBO Foundry
Versioning mechanism

Clearly specified and clearly delineated content
Textual definitions for all terms

Use relations from the OBO Relation Ontology
The ontology is well documented

Plurality of independent users

Collaborative development with other OBO Foundry
members

http://www.obofoundry.ora/crit.shtml



http://www.obofoundry.org/crit.shtml

Learn from others Three recent projects

¢ BiomedGT
e National Cancer Institute
e Semantic wiki approach
e http://biomedat.nci.nih.gov/wiki/index.php/Main Page
¢ Infectious Disease Ontology
e OBO Foundry approach
e http://www.infectiousdiseaseontology.org/Home.html
¢ International Classification of Diseases (ICD11 revisions)
e Semantic wiki approach + Protege background
e http://www.who.int/classifications/icd/ICDRevision/en/index.html

& Neuroscience Information Framework
e hitp://neuinfo.ora/

e

NLM


http://biomedgt.nci.nih.gov/wiki/index.php/Main_Page
http://www.infectiousdiseaseontology.org/Home.html
http://www.who.int/classifications/icd/ICDRevision/en/index.html
http://neuinfo.org/

Take home points



Take home points

¢ Start by defining use cases, not ontologies
e Define and measure success

¢ Let the biologists be biologists

e Seek the assistance of ontologists when dealing with
= Top-level ontology
= Formalism
= Complex ontology editors

¢ Follow experience/guidelines, not gurus
e NIF, BiomedGT, ICD11 revisions
e Ontology Foundry

¢ Think prospectively

e Maintenance
e Funding (beyond short term)



Medical
Ontology
Research

Contact: olivier@nlm.nih.gov
Web: mor.nlm.nih.gov

Olivier Bodenrelder

NATIONAL Lister Hill National Center
[IBRARYOF for Biomedical Communications
MEDICINE Bethesda, Maryland - USA



Additional references

¢ Bodenreider O. Biomedical ontologies in practice
Short course at the University of Utah, Department of
Biomedical Informatics, Salt Lake City, Utah, June 9-11,
2008.
http://mor.nim.nih.gov/pubs/pres/080609-11 bioontologies in_practice.pdf
¢ Smith B. Introduction to Biomedical Ontologies — A

training course In eight lectures (video)
http://ontoloqy.buffalo.edu/smith/Ontologqy Course.html

¢ International Conference on Biomedical Ontology
University at Buffalo, NY - July 24-26, 2009
http://icho.buffalo.edu/

e

NLM



http://mor.nlm.nih.gov/pubs/pres/080609-11_bioontologies_in_practice.pdf
http://ontology.buffalo.edu/smith/Ontology_Course.html
http://icbo.buffalo.edu/
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