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Introduction

 Two communities of ontology builders

e Shared understandings: For humans; for
machines

e Both useful
 What does each provide?

 Moving towards the formal, computationally
amenable version

e What are the costs?
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Practical questions

e vvhat shapes of ontology exist?
 Which should | use for what purpose?

 What tools help build each shape of
ontology?

« How can | change the shape of an ontology if
requirements change?

/\



[After Deborah McGuinness, Stanford]

Spectrum of ontology Shapes

General
Formal Frames Logical
Catalogue/ _\ Is-a (properties) - constraings
D Thesauri
cormal Value Disjointness,
u
-y . - . Inverse, partof
Terms/ Informal '\ instance restrictions P
glossary Is-a

eleee———

Common languages (OWL, OBO) and
Common tools Protégée, DAGEdit
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Indexing/ retrieval

Data pooling

Combinatorial concepts 5 Concepts on demand &

machine inference

Multiple hierarchies,
Automated maintenance of

hierarchies
+ Pure is-a
hierarchy

2 + Hierarchy

1 Controlled vocabulary

Multiple views

Aggregation/
statistical analysis




Step 1: A common vocabulary for
data pooling

Gene Symbol

www.godatabase.org

Datasource Evidence Full Hame

ASA] TAIR TAS MNone
ATR1 TAIR DA MNone
BA1248 ATGCC I GOst  TIGR_CMR 1SS Mone
F15D2.31 TIGR_Ath1  TAS MNone
F24B9.11 TIGR_Ath1  TAS MNone
F27K12.50 TIGR_Atht  TAS Mone
FAF7.39 TIGR_Ath1  TAS None
Gene Symbol Function Locus Name Function
ASA1 tryptophan biosynthesis F15D2.31 tryptophan biosynthesis

GO~

[




Step 2. A hierarchy for navigation

and retrieval

— Medical Subject Headings — annotating
publications with terms from a thesaurus like structure

for retrieval purposes MeSH Tree Structures

Enwironment and Public Health [(503] N
Public Health [G03. 850] MEDIC |x|
P & coidents [303.850 110]

Accident Prevention |05 820 110 0601 +
l; hertaFerdteG03-850-116-085]

Should a search for Arcidents, Awation [(G03 850 110 185]

documents dealing with A 4 ccidents, Home [G03.850.110.205]

find all (or most) documents 4 :cidents. Occupational [G03.850.110.250] +

dealing with B? Accidents, Radiation [G03.850.110.285]
Accidents, Traffic [G03.850.110.320]
Drowning [G03.850.110.500] +
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Step 3. A pure subsumption hierarchy
for aggregation

ICD10: Modern mortality statistics

YO1-%529  Accidents

YO1-%99  Transport accidents

“01-%09
“10-%19
Y20-%29
Ya0-Y39
Y40-4409
' 50-%59
“ad-Yed9
W rO-Y79
“a0-%89
“90-Y94

P e e e e e

Pedestrian injured in transport accident

Pedal cyclist injured in transport accident

Motorcycle rider injured in transport accident

Cccupant of three-wheeled motor vehicle injured in transport
Car occupant injured in transport accident

Cccupant of pick-up truck or wan injured in transport accident
Cccupant of heawvy transport vehicle injured in transport accic
Bus occupant injured in transport accident

Cther land transport accidents

Water transport accidents

Alr and space transport accidents



Multiple views

No one way to classify,
especially if complex

Concepts organised in
different ways to suit
different users

Example
— Metabolism type

— Functional chemical
classification

— Compositional chemical
classification
More annotators more
COﬂCGp'[S

-DAG Viewer

Bl biclogical_process
El € physiological process
B € metabolism
El €% amino acid and derivative metabolism
B € amino acid metabalism
El € aromatic amino acid family metabaolism
= trptophan metabaolism
€ tryptophan biosynthesis
€Y tryptophan biosynthesis
Bl & amino acid derivative metabolizm
El € bicgenic amine metabolism
Bl € indolallvlamine metabolism
E & tryptophan metabolizm
€ treptophan biosynthesiz
El € indalaliodamine biosynthesis
€ tryptophan biosynthesis
B € bicgenic amine biosynthesis
El € indolaliwlamine biosynthesis
€ tryptophan binsynthesiz
El € amino acid derivative biosynthesis
B € bicgenic amine biosynthesis
El € indolaliwlamine biosynthesis
€ tryptophan binsynthesiz
El € amine metabaolism
B € amino acid metabalism
El € aromatic amino acid family metabaolism
= trptophan metabaolism
€ tryptophan biosynthesis
€Y tryptophan biosynthesis
El & biogenic amine metabolism
El € indalaliodamine metabolism
El € trptophan metabaolism
€ tryptophan biosynthesis

B € indolallkylamine biosynthesis
€Y tryptophan biosynthesiz
El € bicgenic amine biosynthesis
Bl € indolallrlamine biosynthesis
€ tryptophan biosynthesis
Bl & amine biosynthesis
El € bicgenic amine biosynthesis
Bl € indolallrlamine biosynthesis
€ tryptophan biosynthesis
El € organic acid metabolism
B € carboxylic acid metabolizm
El € amino acid metabolism
B € aromatic amino acid family metabaolism
El € tryptophan metabolism
€Y treptophan binsynthesiz

€Y tryptophan biosynthesis

LKl




Step 4:Formal definitions and reasoning to
support multiple hierarchies

 Its hard work! So says:
— GO Curators

— HL7 Vocabulary
committee members (Jim
Cimino)

— SNOMED, GALEN

 All have investigated and/ or

made use of description logic
for this problem
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What are we saying?

Person

isV' '\is-a

Man Woman

o Are all instances of Man instances of Person?

e Can an instance of Person be both a Man
and an instance of Woman?

e Can there be any more kinds of Person?

12
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What are we saying?

Man —haschromosome . v ~hromosome

 What kinds of class can fill “has chromosome”?
« How many “Y chromosome” are present?
e Does their have to be a “Y chromosome”?

« What properties are sufficient to be a Man and
which are simply necessary?

has-chromosome 1
Man Y chromosome

) 1

has-chromosome X chromosome
) 44

has-chromosome autosome

13
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OWL represents
classes of instances

14
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Migrating to OWL

e Often don’t start from scratch

 In life sciences, many ontologies in DAG form
« Migrating towards full, explicit semantics

 |In situ untangling

e Piecemeal dissection of terms and
generation of OWL descriptions

15
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p 3: GO moving to step 4

* Gene Ontology “acetylcholine biosynthesis”:

metabolism =

™~

amine metabolism

neurctransmittsr metabolism

acetylcholine metabolism

<

biogznic amine metabglism

e —

amino acic and derivative metabolism

— |

amino acid derivative metabolism biosynthesis

/

amine biosynthesis amino acid derivative biosynthesis

e

biogenic amine biosynthesis

ethanolamine and derivative metabolism

/

neurotransmitter biosynthesis

/S

acetylcholine biosynthes
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A Dissection

« Gene Ontology “acetylcholine biosynthesis”
dissected:

amino acid derivative amine
\ /\ metabolism
biogenic amine ethanolamine biosynthesis catabolism

neurotransmitter N /

acetylcholine biosynthesis

17
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« Gene Ontology “acetylcholine biosynthesis”
dissected in OWL DL (Abstract syntax):

Class ( acetylcholine biosynthesis complete
restriction ( actsOn someValuesFrom ( acetylcholine)))

SubClassOf (acetylcholine biosynthesis biosynthesis)

amino acid derivative armine
\ /\ metabolism
biogenic amine ethanolamine biosynthesis catabolism

neurctransmitter N /

acetylcholine biosynthesis
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GONG Workflow

he Universit

e The GONG workflow:

Conwersion to OWL DL

Syntactic Di ti
GO SUBTREE Y R I':m--- G0 SUBTREE OWL DL

fenhanced new semantics)

ACCESORY ONTOLOGY

Mew |sA relationships, - Reasoning
Consistency problems

19
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GONG results

Go Area Changed Accepted

Terms change
Binding 17% 5%
Transport 21% 8%
activity

20
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Summary

* In the spectrum of “ontology” each point has its uses
 One can migrate towards the formal end

« Has benefits in machine reasoning and maintenance
e Has costs Iin effort

e OWL loses user view of DAG

e But can transform back again

« OWL can simple tree to beastly complexity

* Perhaps the best of both worlds

22
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5 GONG extended results
Go area Captured Changed Accepted Accepted

terms terms Changes by | Changed
Mikel

Binding 98% 17% 8% 5%
Transporter | g9, 21% 11% 8%
activity

23
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