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Data management in life sciences

Information explosion
High degree of fragmentation

Large number of heterogeneous data
formats and schemas

|dentity crisis
Lack of shared semantics
Complexity of biological data

Goble and Stevens, J. Biomed. Inform 2008, 41: 687-693
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Semantic Web

An extension of the current Web

Enables navigation and meaningful use of
digital resources by automatic processes

Based on common formats that support
aggregation and integration of data from
diverse sources

Tools, programming environments,
specialized databases available

http://esw.w3.org/topic/SemanticWebTools

Ruttenberg at al., BMC Bioinformatics 2007, 8 (Suppl. 3): 52-68
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RDF

Designed to describe Web resources
Uses Unique Resource ldentifiers (URI)

Statements take the form of triples:
Subject - Predicate - Object

Triples form a graph
Graphs could be queried with SPARQL
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RDFS and OWL

» Designed to store, use and exchange
knowledge

* Improve interoperabillity
— Flexible, extensible and decentralized
— Self descriptive
— Use global identifiers

» Support automatic reasoning (OWL):
— Inference
— Classification
— Consistency checking
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One of the most
fundamental
processes

Evolutionary
conserved

Very complex

Health Care
relevant
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Cell Cycle Ontology

« Capture the knowledge of + Where
the CC process

* Enable advanced
querying and deployment 5
of automatic reasoners

 Promote sharing, reuse y;
and integration with
existing resources .

‘What

When  «Cyclin B (what) is located
in Cytoplasm (where)
during Interphase (when)”

ORGANISMS: E o

http://www.CellCycleOntology.org Antezana et al. LNBI, 2006
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Knowledge representation

- Why OBOF? O BO

— "Human readable” e s s e

— Standard

— Tools (e.g. OBOEdit)

— http://obo.sourceforge.net OWL DL
« Why OWL?

— “Computer readable’

— Reasoning capabilities vs. computational cost rat @;

— Formal foundation (Description Logics: http://dl.kr.org/) &
— http://www.w3c.org/TR/2004/REC-owl-features-20040210
— Reasoning: RACER, Pellet, FaCT++

W3C
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Upper Level Ontology
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5 i i
? CCO Pipeline

® ontology integration

¢ format mapping

® data integration
® data annotation

® consistency checking

;; Gene IntAct  Relationship

Ontology* Ontology® Ontology™ :
In-hous: (-

. ® maintenance

® data annotation

® semantic improvement: OPPL

* ODP (BMC Biolnf — in press)
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Current knowledge

nucleus
€Co:c0000252

participates_in

derives from located in encoded by

is_a

. swi4-ssal
physical
‘interaction |
CCO:T0002887 4

is a

participates in

transforms into

- N participates in transforms into
swie-mpgl
physical
interaction
%, CCo:I0003305 4

transforms into
participates in transforms_into

participates in

ho-291
physical

interaction

y CCO:I000S5128

spﬂoseri a

:500095_55_!’5:-

swid-2
physical

interaction
y CCO:10005527




Some figures

Ontology
Entity At | Hs Sc Sp | CCO
Proteins 252 | 5829 | 7069 | 930 | 24541
(Genes 222 | 1806 | 3148 | 852 | 6028
Interactions 76 | 2394 | 5162 | 399 | 8031
Orthology groups | — — — — 1649

NTNU

CCO is the composite ontology = At + Hs + Sc + Sp + orthology

Today: over 50,000 terms in CCO
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CCO main features

Ontology driven

Protein centric

Semantic Web compatible
Range of data formats



Tools

OBO-Edit (OBOF)
Protege (OWL, RDF)
Cytoscape (GML)
Graphviz (DOT)
VisANT (XML)

NTNU
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Search, brows, edit
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Analyse graphs
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Explore on the Web

THE MATIONAL CENTER FOR BIOMEDICAL ONTOLOGY
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Check consistency
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Query with SPARQL

x - @ ™ | L] http: fhansn, cellicycleontalogy, orgfqueryspargl @YEGUC":I!E hue.”

Home Updates Download Documentation Tools About 2 search... Searchl

SPARQL OWL-DL QLS BioPortal

MAIN MENL

Home * Cueky b °

« tome SPARQL KB

& LUpdates

SPARQL stands for SPARQL Protocol and RDF Query Language. It is standardized by the A0F Dafa Accane Working Group (DAWSE) of the W3C, Tk

® Download
e allows for a guery to consist of triple patterns, conjunctions, disjunctions, and optional patterns,
* sPaRcL Querying CCO
o Ol DL
e OLS The Following Form lets wou query the Cell Cycle Ontology through a SPARGCL endpoint hosked at Plant Svstems Biology department of the Flanders Institute
o BioPortal for Biotechnology. The underlying triplestare contains over 1 millon ROF triples of cell cycle information. This information ranges from processes,

o BatinehEabion interactions, proteins, genes, cellular compartments, and so forth, which were collected from diverse sources (like GO, UniProt, Inkact, etc.).

e Tools

» About Query;

Run Query |

SPARGL queries against CCO are run on Yirkuosa (0pentink), This systern provides an infrastruckure For skaring and querying CCO.

Example 1
The Following SPARCGL query returns all the prokeins (IDs) participating in any known process:

PREFIX rdfsz:<http: /ol org/Z000/01/rdf-schenaf>
PREFIX =p:<http://wvw.celloycleontology. orgfontology/rdf/ Spg- _I
-

CTTTOM faamte Arnarnt 1aloal ALd alnmd anl e mmm e
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Conclusions

integrated turnkey system: CCO evolving
toward a one-stop shop for cell cycle
researchers;

exploratory analysis: browsing, visualizing
and searching;

querying facilities: advanced ways for
retrieving data;

reasoning exploitation: classification,
consistency checking, and inferencing.
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Major conclusion

CCO provides proof of concept:

the same approach could be applied to
other biological domains to develop
interoperable Knowledge Bases
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Avallablility

CCO web site

http://www.cellcycleontology.org/download

Sourceforge.net CVS

http://cellcycleonto.cvs.sourceforge.net/viewvc/cellcycleonto/ ONTOLOGIES

Sourceforge.net SVN

http://cellcycleonto.svn.sourceforge.net/viewvc/cellcycleonto/ ONTOLOGIES

BioPortal

http://bioportal.bioontology.org/ontologies
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