The Cell Cycle Ontology:
an overture to

Semantic Systems Biology
Martin Kuiper

Dept. of Plant Systems Biology, VIB/UGent, Gent, Belgium
Dept. of Biology, NTNU, Trondheim, Norway
martin.kuiper@bio.ntnu.no
www.cellcycleontology.org
www.semantic-systems-biology.org

NTNU

Contents

Cell Cycle Ontology

Querying and visualisation of CCO
BioGateway

Querying and visualising BioGateway
Semantic Systems Biology
Concluding remarks

S A




Mitotic Cell Cycle and Endocycle

QU

Arabidopsis thaliana
Human

Baker's yeast
Fission yeast Figure 20-1

Molecular Cell Biology, Sixth Edition
© 2008 W. H. Freeman and Company

DNA synthesis

The Cell Cycle Ontology

Some motivating questions

® I'm working with AT5g35520,
where is this involved in the cell
cycle, and in which interactions
does it’s protein(s) participate?

® My microarray experiment has
given me gene X, is it known to
be involved in cell cycle, in any
organism ?

® Verify my network models of
genetic or physical interactions




Data management in the life sciences

* Information explosion
» High degree of fragmentation

» Large number of heterogeneous
data formats and schemas

* ldentity crisis
» Lack of shared semantics
» Complexity of biological data

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

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




The Cell Cycle Ontology

a knowledge management system

e Capture the knowledge of Where
the CC process

e dynamic aspects of terms
and their interrelations

« Use and improve formats
that enable a better F T what
guerying and computational
analysis

(;j}’

When
“Cyclin B (what) is located

ORGANISMS! ﬁ % in Cytoplasm (where)
AR A during Interphase (when)”

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

Key knowledge representation formats
for CCO: OBO and OWL

« Why OBO?
— “Human readable”
— Standard open biomedical ontologies
— Tools (e.g. OBOEdit)
— http://obo.sourceforge.net
e Why OWL? OWL DL
— Web Ontology Language
“Computer readable”
OWL-DL: Reasoning capabilities vs. computational cost

Formal foundation (Description Logics: http://dl.kr.org/)
Reasoning : RACER, Pellet, FaCT++
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CCO Pipeline

< ontology integration

« format mapping

» data integration

+ data annotation

| LIFE CY(

ﬁ 1 consistency checking

Gene IntAct  Relationship
Ontology* Ontology*  Ontology*
NCBI taxa* In-house

* maintenance

nnnnnnn

+ data annotation

* semantic improvement

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

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

Today: over 50,000 terms in CCO




CCO exploration

» Looking up:
— Terms
— Relations
— Synonyms
 Visual browsing
— “local neighborhood”
— Protein-protein interactions
» Advanced Querying (e.g. SPARQL)

(to be explained later)

CCO main features

Ontology driven

Protein centric

Semantic web compatible
Range of data formats




Data Formats and Tools

« OBO-Edit (OBOF)
 Protege (OWL, RDF)
 Cytoscape (GML)

* Graphviz (DOT)
o VIiSANT (XML)

Search, brows, edit

Obo-Edit Protége
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Advanced SPARQL Querying
CCO + BioGateway

RDF = Resource Description Framework
— Metadata model: elements = resources
Designed to describe Web resources
Uses Unique Resource ldentifiers (URI)

It allows expressing knowledge about web resources in
statements made of triples (basic information unit) :

Predicate —

Triples form a graph
Graphs could be queried with SPARQL

RDF Triples

* Subject corresponds to the main entity that needs to be

described.

Predicate denotes a quality or aspect of the relation
between the Subject and Object.

“The protein DEL1 is located in the nucleus”

Many biological information sources are available in
RDF, or can be converted to RDF

11



@3 B | LI httpstimaw.colioycleontolagy orgjauery/spard) [zl ] K] scoae 3|

Home Updates Download m Documentation Tools About @, search... Search

SPARQL OWL-DL oLs EioPortal

MAIN MENU

« Home

o Updstes
o Dowrload
® Quer
* SPARDL
* OWL-DL
=05
= BicPorkal
® Documentation
& Tools
* fbout

Home + Query + =
SPARQL

SPARQL stands for SPARDL Protocol and RDF Query Language. It is standardized by the R5F Data Access Working Group (DAWG) of the W3C, Tt
allowss for a query to consist of triple patterns, conjunctions, disjunctions, and optional patterns,

Querying CCO

The Following Farm lets wou query the Cell Cycle Ontology through @ SPAROL endpoint hosted at Plank Swstems Biclogy department of the Flanders Institute
for Biotechnolagy. The underlying triplestore contains aver 1 milon ROF triples of cell cycle information, This infarmation ranges from processes,
interactions, proteins, genss, cellular compartments, and so forth, which wers collscted From diverse sources (lke GO, UniProt, InkAct, ete.), Typs your
SPARGL quary in the Following text area, then dick on 'Run Query', & new window with the results will be opened. Tn case thers is & syntax error in the
query, it will be warned to you. (NB. Recommended browsers: Firefox, Safarl, Opera, or Konqueror. IE proposes to save the results instead of displaying
them.)

Query:

PREFIX rdfs:<http://wm.wd. org/2000/01/rdf-schenafs =
PREFIX op:<hutp://ww. celloyeleontology. org/ontology /rdf /Spds
SELECT 2prot name biological process name

HERER

) =
Run Query | Resst

SPARCL qUeries against CCO are run on Yirtunso (Cpenlink), This system provides an infrastructure For staring and qusring CCO.

Suggested PREFIXes:

BioGateway

Uses Virtuoso Open Server

— Open Source software that can host a triple
store

— Can build this from RDF files

— Has a DB backend

Supports SPARQL* language which allows
querying RDF data (graphs)

Its syntax is similar to that of SQL.

= OPENLINK

— SOFTWARE

http://www.openlinksw.com/virtuoso/
*http://www.w3.0org/TR/rdf-spargl-query/

12



itic Systems Biology
Fle Edit View History Bookmarks Tools Help

@5 -

@ [ nttp:/vwww semantic-systems-biology.org/

SEMANT SYSTEMS BioLDCY it NEWSFLASH W

BioGateway | : welcome to the semantic ystems Biology Portal e

The new Semantic Systems
Biology web site has been
What is Systems Biology? reloased (17.06.2008)

There are many definitions of systems biology. ranging from: s reseasch approach that seeks (© describe the overall
behavior of a biclogical system through detailed, q i with i MAIN MENU

deling of the systems theirinteractions” (¢, SysBIoSIG), to the very concise: “the
study of biological function that derives from interactions”

» Home
+ BloGateway

What is Semantic Systems Biology? v R BT
» About
Semantic technologies are playing an an increasingly important role in capturing and modeling biological knowledge » FAQ
biology can h with data-driven generation of hypotheses. Therefore, |
i B) i i that uses i ipri a 4 B

biological systems to facilitate integrated data analysis. » SPARQL spec
» RDF spec

What are the features of a Semantic Systems Biology approsch?
* Planet ROF

There are same key elements i this new paradigm:

AR G The homepage of SSB, including BioGateway as a

» Data integration

Reasonin => hyponcsis first step towards this idea.

+ Quenying = hypothesis

o

What is the BioGateway?

The BioGateway is an initiative that enables a Semaniic Systems Biology approach. It provides an entry point to access a
data warehouse where biological data is pathered in the form of triples (Using RDF). The systems can be queried using
SPARQL

PARQL - Mozilla Firefox

Hle Edit View History Bookmarks Tools Help

@ v @ () @ @ npsiwwwsemantic-systems-biology.org/biogateway/querying

it NEWSFLASH [
SPARQL na=

The Semantic Systems
BioGateway: an ontology-driven query tool for enabling Semantic Systems Biology team s attending the
Biology (SSB) 1CSB 2008
The following form |ets you query the entolegy-driven knowledgebase through a SPAROL endpoint hested at Plant i MAIN MENU .
Systems Biclogy department ofthe Flanders nsiitite or 8ictechnclogy. The underlying rplestore contains over 130 millon

+ Home

RDF riples of information: the UniProt knowledgebase, the candidate OBO foundry ontologies, and the Gene Ontology
Annotations. The information range spans processes, interactions, proteins, genes, cellular compariments, and more. Type
your SPARQL query in the text area below, then click on 'Run Query’. A new window with the results will be opened. In

» BioGateway
Architecture

case there is a syntax ertor in the query, you will be wamed Resaurces
Tutorial
Recommended browse irefox, Safari, Opera, or Konguerer. |E proposes to save the results instead of displaying them. Q Ll

» News & Events

N.B. This system is stll a prototype. Any feedback about BioGateway is very welcome. lfyou want to query CCO. please

=2 Use the buttons for L
sampls aueries: prefixes and other
Isetecta quen] 2 constructs

Query:

Run 4\
Type a query here. (e Click Run!

<




SPARQL - Mozilla Firefox
y Bookmarks Tools Help

&8 hitp:f/www semantic-systems-biology.org/bio gateway/querying

-@-

BioG : an ontology-driven query tool for enabling Semantic Systems
Biology (SSB)

The following form |ets you query the ontolegy-driven knowledgebase through a SPARQL endpoint hosted at Plant

Systems Bioloay depariment of the Flandzrs Instiute for ictechnology, The underlying triplestore contains over 180 millon

RDE

les of information: the UniProt knowledgebase. the candidate OBO foundry ontologies, and the Gene Ontology
Annotations. The information range spans processes, interactions, proteins, genes, cellular compartments, and more. Type
your SPARQL guery in the text area below, hen click on "Run Query’ A new window with the results will be opened. In
case there is a syntax erfor in the query. you will be warmerd

Recommended browsers: Firefox, Safari, Opera, or Konqueror, IE proposes to save the resulis instead of displaying them

N.B. This system is still a prototype. Any feedback about BioGateway s very welcome. If you want to query CCO, please
goto Querying

Sample queries:

[[Ont 20 Getine clossst conmon parent n the hierarchy

[

Bio . Getthe proteins with a specific function, Iocation and process for al the annotated organisms.

Bio2_Get functional, locational, process and disease information abouit a given protein
03 G i involved in ihe ‘psoriasis’ disease

Biod. Get the proteins iha participate in the same process as a given protein

Bio5 Get ihe proteins that are located in the nucleus.

Bi0 6. Get ihe amount of interactors for the proteins in & PP network

Bio 7. Get all the core cell cycle proteins participating in any known process (in S. pombe).

Bi0B. Get all the proteins that are located in the cell wall in the Cell Cycle Oniology.

Biog Getallthe core cell cycle protein and their AG! ids in A thaliana

Bio 10. Get all the proteins that are involved in two specific diseases,

Bio11. Get the proteins that are involved in many diseases.

ntological G

Ont 1. Query the OBO Foundry: search on names and get their unique id's
Om 2. Get all the neighbor terms of a given term

Omt3 Get all the properties, like definition, synonyms, etc., of a given OB Oterm
Ont4. Get the names of the graphs in BioGateway.

Omt 5. Get alist of all he ontologies in the OBO Foundry

Omt 6. Get the hisrarchy tothe root for a given term

tern2_id: ssh:is_a 7common_parent_id

OPTIONAL { | won |
tersl_idi ssbiis_a 2direct child. = |
tern2_id: ssh:is a 7direct_child I sy
GRAPH =5SB> { l

2direct child ssb:is_a ?common_parent_id, ORDERBY
b [ s |

2connon_parent_id rdfs:label ?common_parent. =

FILTER(!bound(?direct_child))
! L
) (e |
[orrser |

=

=

The new Semantic Sysiems
Biology web site has been
released (17.06.2008)

+ WA ENU »

Tutor

» About
' FAQ

Select a query in the

| — drop-down box

The query editor

Click on Run to execute
the query

A library of queries

The drop-down box contains (so far) 35 queries:
— 15 protein-centric biological queries:

The role of proteins in diseases
Their interactions

Their functions

Their locations

— 20 ontological queries:
Browsing abilities in RDF like getting the neighborhood, the

path to the root, the children,...

Meta-information about the ontologies, graphs, relations
Queries to show the possibilities of SPARQL on BioGateway,

like counting, filtering, combining graphs,...

14



SPARQL - Mozilla Firefox

File Edit View History Bookmarks Tools Help

@ o v B O I{QGL http:/www semantic-systems-biology.org/biegateway/querying "l " ?g\
Sample queries: =
| Bio10 Getallthe proteins that are involved in two specific diseases. :]

Query:

# NAME ¢ get_disease proteins

# PARAMETER: [Cclardiovascular: the first disease

# PARAMETER: [Dd]iabetes: the second disease

# FUNTION : returns all the proteins that are involved in two

# different given diseases

BASE  <http://www.semantic-systems-biclogy.org/= S
PREFIX rdfs:<http://www.w3.0rg/2000/01/rdf-schema#> ‘ i cimat
PREFIX ssh:<http://www, semantic-systems-hiology. org/S5B#>

SELECT distinct ?protein_id 7protein name ?diseasel ?diseasel ‘ Optisnal

WHERE {

GRAPH <uniprot_sprot> {
?protein_id ssh:disease 7diseasel.

Iprotein_id ssh:disease ?disease?. B
?protein_id ssh:mnemonic ?protein—pam

- ‘ UNION
‘ GRAPH

FILTER regex(?disease, ' [Dd]iabetes').

1
LIMIT 160

ASCO =

Parameterizing the queries made B

easy. ]

FILTER
‘ Template i

Run Query H Reset

All the queries are explained in a tutorial

1. + Getthe proteins with a specific function, location and process for all the annotated organisms.

# MAME: get_specific_proteins

#PARAMETER: GO_0005216: ion channel activity
#PARAMETER: GO_0005764: lysosome

#PARAMETER: GO_0006811: ion transport

# FUMNCTION: returns all the proteins with the same function,
# process and location and the organism in which

# they can be found

For every query the name, the
parameters and the function are
indicated at the top.

BASE <http:/iwww.semantic-systems-biology.orgi=

PREFIX rdfs:<http:/Awww w3.0rg/2000/01/rdf-schema#=
PREFIX ssh:=http:/fwww . semantic-systems-biology. org/SSB#=
SELECT Zorganism 7protein ?protein_id

WHERE { The parameters are
GRAPH Torganism {

/ indicated in red.
Pprotein_id ssbchas_function ssb:GO_ 0005216,

Pprotein_id sshilocated_in sshiGO_DD05764.
Pprotein_id sshiparticipates_in ssh:GO_0006811.
Pprotein_id rdfs:label ?protein.
}
FILTER(7organism != <55B> && Torganism |= <GOA>)
1

Click here to select this query in the drop-down box on the query-page and edit it
Click here to see the results
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SPARQL - Mozllla Firerox

Sl

Hle Edit View History Bookmarks Tools Help

@ v @

3 http://www.semantic-systems-biology.org/biogateway/querying

(8] http:lcrunch.fvms.ugent be:8891/sparql?query="%23 NAME

S

Mozilla Fi

%3A get_psoriasis_proteins%0A%23 PARAMETER?%:

protein_name

disease_description

[interacts_with [encoded_by

SP)

The results —|

appear in a
separate
window

Bio|
The |
ROF
Ann

vour
case

1C06_HUMAN

Genetic variation in HLA-C is associated
iwith susceptibility to psoriasis 1 (PSORS1)
[MIM%23A177900]. Psoriasis is a chronic
inflammatory dermatosis that affects
approximately 2% of the population. It is
characterized by red, scaly skin lesions
that are usually found on the scalp, elbows,
and knees, and may be associated with
severe arthritis. The lesions are caused by
hyperproliferative keratinocytes and
infiltration of inflammatory cells into the
dermis and epidermis. The usual age of
onset of psoriasis is between 15 and 30
years, although it can present at any age

NB.
ooto

NALP1 HUMAN

Genetic variations in NLRP1 gene are
associated with susceptibility to vitiligo-
associated multiple autoimmune disease
type 1 (VAMAST1) [MIM%3A606579].
\Vitiligo is an autoimmune skin disorder
associated with progressive skin
depigmentation. Among patients with
generalized vitiligo, there is an increased
frequency of several other autoimmune
and autoinflammatory diseases,
jparticularly autoimmune thyroid disease,
latent autoimmune diabetes in adults,
rheumatoid arthritis, systemic lupus
erythematosus, psoriasis and Addison
disease

IASC HUMAN  [PYCARD

Genetic variations in NLRP1 gene are
associated with susceptibility to vitiligo-
associated multiple autoimmune disease
ltype 1 (VAMAS1) [MIM%3A606579].

\Vitiligo is an autoimmune skin disorder

(I

OPTIONAL {

7protein_id ssh:interacts with ?interactor
7interactor ssbimnemonic 7interacts with
7interactor ssb:encoded_by 7encoded_by.

o |

onern |

The neighborhood of the human protein 1443F in the RDF-graph

term_as_child

outward_arrow

head_name

1433F_HUMAN

|participates in

intracellular protein transport

1433F_ HUMAN

iparticipates in

glucocorticoid catabolic process

1433F_ HUMAN

iparticipates in

[positive regulation of transcription

1433F_HUMAN

|participates in

regulation of synaptic plasticity

1433F_HUMAN

iparticipates in

glucocorticoid receptor signaling pathway

1433F_ HUMAN

iparticipates in

regulation of neuron differentiation

1433F_HUMAN

|participates in

negative regulation of dendrite morphogenesis

1433F_HUMAN

is located in

cytoplasm

1433F_ HUMAN

has function

iprotein binding

1433F_HUMAN

has function

transcription activator activity

1433F_HUMAN

has function

actin binding

1433F HUMAN

has function

insulin-like growth factor receptor binding

1433F_HUMAN

has function

protein domain specific binding

1433F_HUMAN

has function

glucocorticoid receptor binding

1433F HUMAN

has source

Homo sapiens

1433F_HUMAN

interacts with

PARD3_HUMAN

1433F_HUMAN

interacts with

PFTK1_HUMAN

1433F HUMAN

interacts with

RAF1 HUMAN

1433F_ HUMAN

interacts with

GREM1_HUMAN

1433F_ HUMAN

interacts with

MARK4 HUMAN

1433F HUMAN

interacts with

PAR6A HUMAN

1433F_ HUMAN

interacts with

PAR6B_HUMAN

1433F_ HUMAN

interacts with

Incoming

KPCI_HUMAN

arrows —————

tail_name \inward_arrow \term_as _parent

The resulting triples (arrows)
are represented as a small

grammatical sentence:
subject, predicate, object

~_

Outgoing arrows

PARD3 HUMAN |interacts with |1433F HUMAN

PFTK1_HUMAN |interacts with |1433F_HUMAN

RAF1 HUMAN |interacts with |1433F_HUMAN

GREM1_HUMAN |interacts with |1433F_HUMAN

PAR6A HUMAN |interacts with |1433F_HUMAN

PAR6B_HUMAN |interacts with |1433F_HUMAN

KPCI_HUMAN interacts with |1433F_HUMAN

ADA22_HUMAN |interacts with |1433F_HUMAN

HNRPD_HUMAN |interacts with |1433F HUMAN

16



Mozilla Firefox
Hle Edit View History Bookmarks Tools Help

a@anve 0a [@lnnp Jiccgi.arutherford plus.c

ffb3/spargiQuery! ‘ b I [

hitp:/ferunch fvms ugent be-889 1ispargl

Query

SELECT ?protein ?protein_ida mi

GRAPH ?organism {

eisin i smpanicpaesinsnaa oo~ 1NE prefixes
?protein_id rdfsiabel ?protein.

whERE Execute The SPARQL-endpoint
) " The query without the prefixes

Graph
protein protein_ia organism L
T T T = The URI's in blue.
KCNELHUMAN | SSBEP1S382  25H sapiens ssandotii
KENEL_RAT SSBeRISIE  122ZRnowegicus @ MCLNL HUMAN K2t oy
KCNELMOUSE  SSB#P23299  59.M_musculus 9.C_elegans SSB#QOYE)6
° c@pptein_id
KCNEZLFAT | ssBepsalsl | 122R.nowedicds pra e °
—_—. protein_id
MCLNIMOUSE  SSB5Q99J21  58.M_musculus . srage KCNEL_HUMAN
KCNEZMOUSE | S5B£Q3DS08  59.M_musculus @ o st R -
HCLNLHUMAN  SSBEQSGZUI  25H sapiens 952 8sg400vs) protein
= = SSB#O4540protein id @ Sran SSB#PI5382
KCNE2_HUMAN SSB#QUIYE]6 25H sapiens. e janism
B el e SSB#O45405 578 _ protein_id
[ ]
P S5B#P153820rganism
- 25.H_sapiens
protein @ o Lsap
- protein_398#763161 Results
I N ®
SSB#P63161
: © protein_issB#r23299
organismrganism  gop#p3200
@ proteiT>8#Q90808 i protein g

KCNE2_MOUSE

L ]
protein_id organism KCNEL MOUSE
/ - SSB#Q99U2L gopupisigs

. ®
The results: sssvcgmane PR o
9 proteins L orgrREE g
MCLNL MOUSE o b KONELRAT
SSBHQIEL | 1y SIS0 Labeled arrows
) to extra
P Cag BER e information

Blological
knowledge

+ Questions

SCIENCE VOL 265 1 MARCH 2002

—— SYSTEMS BloLOGY: THE GENOME, LEGOME, AND BEYOND
REVIEW

Systems Biology: A Brief Overview

Hiroaki Kitano
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Mathematical model \

Data analysis New information to model :
Information extraction Model Refinement 1

-
/’

Systems || - ------

Biology Cycle \

o T o ——

Data gener ation hypothesis formulation ,
Experimental design 1

!

N e e e L L _7
sy TTTETEEETSEEEETEETEEEEEEEEEEES N

Semantic Knowledge Base \
I
Information extraction, Consistency checking :
Knowledge formalization Querying 1
Automated reasoning :

o oy,

N Semantic  \\ ’
s Systems || - ---- ~
.' Biology Cycle :
: .
| |
: Experimentation, Hypothesis !
; Datageneration formulation ,
|

Experimental design 1
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Semantic Systems Biology

« Semantic:

— New emerging semantic web technologies for analyzing
information

— ontologies are backbone for uniform and unambiguous
knowledge description

* Needs:
— Solving schema mismatch problem
— Uniform understanding of knowledge
— Seamless data integration
— Smooth data sharing

* Allows:
— Knowledge representation
— Knowledge integration
— Querying
— Automated reasoning ==> new hypotheses

Conclusions / Results

CCO is evolving to a one-stop shop for cell cycle researchers
It allows exploratory analysis: browse, visualise and search
Several querying facilities: advanced ways for retrieving data
Automated reasoning exploitation: classification, consistency
checking, and inference
BioGateway: evolves into RDF store for BioSciences
Queries, knowledge sources and system design now go hand-in-hand
(user interaction)
Existing integration obstacles are due to:

« diversity of data formats

* lack of formalization approaches
This calls for a ‘foundry ’ type initiative for bioscience RDF

* http://www.ntnu.no/systemsbiology/ssbwiki

Like HCLSIG: fostering the implementation of Seman  tic Web technologies
in the information ecosystem of biomedicine
http://www.w3.0rg/2001/sw/hcls/
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