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(Some) Motivating questions

® I'm working with AT5g35520, in
which interactions this gene play
a role?

From my microarray experiment
I've got this gene X, is this gene
involved in the cell cycle, ..., ?

Verify my models of genetic,

metabolic and product
Interaction networks
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CCO in a nutshell
Capture the knowledge of + Where
the CC process
dynamic aspects of terms
and their interrelations .
promote sharing, reuse
and enable better & what
computational integration -

with existing resources

Issues: synonymy,
polysemy

ORGANISMS: .;’ o i

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

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




Knowledge representation
. Why OBO? O BO
— “Human readable” open biomedical ontologies

— 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/) E@;

— http://lwww.w3c.org/TR/2004/REC-owl|-features-20040210
— Reasoning: RACER, Pellet, FaCT++

W3C
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g ? 9 4  CCOPipeline
w ontology integration

¢ format mapping

® data integration
® data annotation

® consistency checking

:{; Gene IntAct  Relationship
a

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

. ® maintenance

. ® data annotation

® semantic improvement: OPPL

* ODP (BMC Biolnf — in press)
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CCO accession number
CCO:[CPFRTIBGOU]nnnnnnn

Y h'd
namespace sub-namespace 7 digits

: cellular component
: biological process
: molecular function
: reference

: taxon

: Interaction

: protein

: gene

: ortholog

: upper-level term

QW HA®DR YA

Examples in CCO:
CCO: PO000056 *—> “cell cycle”
CCO: BO000046 «—=—» “CYCAS;2"
*In other ontologies:
OBO_REL: has_participant
G0O:0007049 <+« “cell cycle”
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Sample entry in OBO

[Term]
id: CCO:B0002060

name: NEB2_HUMAN

def. "Neurabin-2" [UniProt:Q96SB3]

synonym: "Neurabin-lI" EXACT [UniProt:Q965B3]

xref: UniProt:Q8TCRS9

is_a: CCO:B0O000000 ! core cell cycle protein

relationship: belongs_to CCO:T0O000004 | Homo sapiens organism

relationship: encoded_by CCO:G0005171 | PPP1R9B_human

relationship: participates_in CCO:10006401 | aah62584-q96sb3 physical interaction
relationship: transforms_into CCO:B0013139 | NEB2_HUMAMN-Phosphoserine15

OBO20WL Mapping: http://www.bioontology.org/wiki/index.php/ObolnOwl:Main_Page
Tool: ONTO-PERL (Antezana et al. Bioinformatics 2008)



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

2008-03-07: 49226 terms in CCO



Current knowledge O

nucleus
€Co:c0000252

participates_in

derives from located in encoded by

is_a

* swid-ssal

physical
‘interaction |
CCO:I0002887 4

is a

participates in

transforms into

g \ participates in transforms into
Swis-mpgl
physical

interaction

y CCO:T0003305 4

transforms into
participates in transforms_into

participates in

ho-4291
physical
interaction
y CCO:I0005128

swid-2
physical

interaction
\ CCO:I0005527 4




Cellular localization checks

® Query: “If a protein is cell cycle regulated, it must not be located in the

chloroplast (IDEM: mitochondria)” (RACERY)
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Eile Tools
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Edit Project OWL Code

data § | @ OWlClasses | P
# cco_A_thaliana

For Proj

For Froject @ cco_A_thaliana

Inferred Hierarchy

& 28

‘CLASS EDITOR
For Class: @

roteins_located_in_the_chlroroplast

CHE«B @

(instance of owl:Class) [ | Inferred View

Asserted Hierarchy
o pLCCO_EOO0O45ES

@ pL:CCO_BO004560
¥ & Proteins_interacting
v @ Proteins_interacting_in_a_known_place

v 9 Proteins_interacting_in_the_cytoplasm
&5 Proteins_interacting_in_the_cytoplasm_and_nucleus
v @ Proteins_interacting_in_the_nucleus
@ Praoteins_interacting_in_the_cytoplasm_and_nucleus
v 9 Proteins_located_in_a_known_place
¥ & Proteins_interacting_in_a_known_place
v @ Proteins_interacting_in_the_cytoplasm
e Proteins_interacting_in_the_cytoplasm_and_nucleus
L 4 9 Proteins_interacting_in_the_nucleus
% Praoteins_interacting_in_the_cytoplasm_and_nucleus
& Proteins_located_in_the_chlroroplast
v e Proteins_located_in_the_cytoplasm
L 4 9 Proteins_interacting_in_the_cytoplasm
&5 Proteins_interacting_in_the_cytoplasm_and_nucleus
) Proteins_located_in_the_mitochondrion
& Proteins_located_in_the_membrane
£ Proteins_located_in_the_mitochondrion
¥ & Proteins_located_in_the_nucleus
v @ Proteins_interacting_in_the_nucleus
e Praoteins_interacting_in_the_cytoplasm_and_nucleus
O p1:CCO_UD00000GE
pl:CCO_U000000s
pl:CCO_UD000010
pl:CCO_YOD0000L
Co_Uoooono2

@ pl:CcCO_BOON2211

Property |

Value

@ pl:CCO_EDDDZ240
¥ & Proteins_interacting_in_a_known_place
@ pl:CCO_ROO02158
@ pl:CCO_RBOO02296
@ pl:CCO_BOOO4508

=3 rdfs:comment

@ pl:CCO_BOO04509
@ pl:CCO_ROO04510

goea

B Proteins_interacting_in_the_cytoplasn
¥ £ Proteins_interacting_in_the_nucleus

@ p1:CCO_BONN4511

@ pl:CCO_BOON4ELS

@ pl:CCO_BOO04518

@ pl:CCO_BODN4525

@ p1.CCO_BODD4SZT
> @ Praoteins_interacting_in_the_cytop
v B Protel Y
@ pL:CCO_BO002180
@ pl:CCO_BO002185
@ pL:CCO_BO002243
@ pL:CCO_BOD02266

e_chiraroplast

5 Proteins_located_in_a_known_place

@3 {plilocated_in some pl:CCO_CO000635) or {plipart_of some {plilocated_in some pl:CCO_

(pl:ilocated_in some pl:CCO_CO000193) or {plilocated_insome (plpart_of some pl:CCO_

@ pL:CCO_BOND4S2E
¥ & Proteins_located_in_the_cytoplasm
@ pL:CCO_BO002156
@ pL:CCO_BO002161
@ pl:CCO_BO002180
@ pl:CCO_BO002185
@ pl:CCO_BO002232

@ @ g

@ pL:CCO_BO002234

«] [»

a T

| & 82858

| [»]

@ Logic View () Properties View

-
| Class

Changed direct superclasses

) pL:CCO_BOD04557
@ pl.CCO_EOON4558
@) pl.CCO_BO004559
@ pL.CCO_BOD04560
@ pl.CCO_COD00831
=) Proteins_located_jn_the_mitochondrion

&
(X ]

Mowved from pl:CCO_L000

Moved from pl:CCO_J000000S to Proteins_interacting_in_the_cytoplasm_and_nucleus

0005 to Proteins_interacting_in_the_cytoplasm

Moved from pl:CCO_UN00000S to Proteins_interacting
Moved from pl:CCO_J000000S to Proteins_interacting

Removed pl:CCO_CO0016

77

Removed Proteins_located_in_a_known_place

[CHC) Classification Results

* http://www.racer-systems.com
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bt bt '{._:,‘I m E e | |_| hikkps e, cellovcleantalogy, orafquerysparal | b | [& | ' hs ! Google | Kot | (,:'i - " X
.
Home Updates Download m Documentation Tools About 2 search. .. Search |
SPARDL OWL-DL oLs BioPortal
L e Home * Query ¢ SPARCL
o Home SPARQL oY=
& Lpdates
P SPARDL stands For SPARDL Protocol and RDF Query Language. It is standardized by the £0F Qafa docess Worsking Grouo (DAWE) of the W3, Tt
o CLer allows For a query to consist of triple patterns, conjunckions, disjunctions, and optional patterns,
* SPAROL Querying CCO
e -l
e OLS The fallowing Form lets vou query the Cell Cvcle Ontology through a SPARCL endpaint hosted at Plank Svstems Biology department of the Flanders Institute
& Hiebaical for Biotechnology. The underlving triplestore contains over 1 millon RDF triples of cell cycle information. This information ranges from processes,
Pl e interactions, proteins, genes, cellular compartrents, and so forth, which were collecked from diverse sources (like G0, UniProk, Inkack, eke.).
# Tools
& About Qe
PREFIX rdfs:<http: /. wi.org/2000,01 /cdf-schenais b

SELECT ?-te;:m._iu’:i 2LERD name
FROM <http:/fmns. celloycleontology. org/ontology /rdECCO=

FTELm

}

Roum Query: |

SPARCL queries against 0 are run on Virkuoso (CQpenLink), This system provides an infrastructure For storing and querying CC0,
Example 1

The Following SPARCL guery returns all the proteins (IDs) participating in any known process:

PREEIX rdfs:-<http: Sfummr. w3 org 200001/ rdf-schemaf-
PREETX =p:-<http:/ uimr. celloycleontology. org/ontology, rd £/ Spd=

-
CETT TM D as s Tamas T 1 =1 Tld m T mmrs o mm 1 amae - —I
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ntents | Manage | Restart | DL Quer',rl find

frames | renderer: frag/label | more uptiun5|

ntalogies | All Classes | All Object Properties | All Data Properties | All Individuals

ass: CCO_B000248é6
oS wewnw, celloycleontology. orgf/ontology/owl /CCORCCO_BO002436

serted Class Hierarchy

CCO_Looodool
+] CCO_L000000a
[+] CCco_uUoooooo?
« CCO_BODO2486
CCoO_Loooaooz
+] CCOoO_L000000s
[+] CCoO_UoooonoF
« CCO_BODO2486

notations

hasDhxref: genid2693
hasDhxref: genid2699
hasDefinition: genid2700
label: "OSWFFZ_AaRATH" (en)

perclasses

CCO_Uooooooy

belongs_to some CCO_TOO00O324
encoded_by some CCO_GO006236
participates_in some CCO_IO000041
participates_in some CCO I0000055

participates_in some CCO_I000O0OAR
participates_in some CCO IDEIEIl hitkp: [, celloycleontology . orgfontology fowl (CCO#CO0_T0000065

age

CCO_GO005236 -> codes_for some CCO_BOD02486

CCO_I0000041 - has_participant some CCO_BO0D02486
CCO_I0000065 - has_participant some CCO_BOD02486
CCO_I0000066 -3 has_participant some CCO_BO0D02486
CCO_I0000067 -3 has_participant some CCO_BOD02486

Parmalink | created with OWLDac
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Browse

Home Sign In Register Helpw

Cell Cycle Ontology (A. thaliana)

Tree VYiew Class/Type Details
Tree view constructed based on /s_a hierarchy
= enity | General Attributes
= continuant Class/Type Mame  MCM3_ARATH  Definition DNA replication licensing factor MCM3
"cell cycle continuant Id (C0:B0002385 homolog

EXACT S¥MNOMNY M “Minichromosome maintenance
protein 3 homolog”

Database References  UniProt:Q9FL33

"cellular_l:nmpnnent
H-gene
=

“gene product

=- protein Graph View

“cell cycle modified protein Graph Type | Lacal Meighborhood j
F-cell cycle protein

- care cell eyele pratein
ARG I_ARATH
~ARTE_ARATH
ATH1_ARATH
- ATKI_ARATH
- ATM_ARATH
~ATR_ARATH
~BRETA_ARATH
~BSH_ARATH

- CCATT_ARATH
s CCAT2_ARATH
CCAZT_ARATH

Arabidopais
thaliana

ocated _in

http://www.bioontology.org/ncbo/faces/pages/ontology list.xhtml
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: Project
“Publications

s Developer Resources
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i Javadoc

ebserice
documentation

® Contact Lls
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June 2007: Maintenance

Releaze

Implementation
documentstion has been
updated to include more
recent dependencies.
Pleaze note that unless
stated otherwize in
zpecific instances, newer
versions of given
depencies should work
without issue.

April 2007: Maintenance
Release

There iz a new release of
the QLS available, which
includes mostly
mairtenance fixes and

saarg Al Databases Enter Text Here

I EBI Groups I Traininig

I Industey | AboutUs I Help

OLS - Ontology Lockup Service

= | Jentity

Legend:

QiSa
< I

Gn Reset &

Asvanced Search

CCO Ontology Browser

= [ Jeontinuant
- Dcellular_u:nmpunent
[Jreference
[Jorganism
--Dgene product

B Dprutein

= Du:l:ure cell cycle protein

- [JSEM1_YEAST
# [ ]cocza_vEAST
= []TBB_YEAST

®- [JToP1_YE&ST
#- [ JOMLI_YEAST

m- [ JcDces vEAST
@ [ JNOT2_YEAST
= []cDCaz_veasT
#-[]SC160_YEAST
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#- []CalmM_YEAST
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Give us
feedback

y =
Site Index  [E =

—Help (hide)
E[luuhle-click atermto see itz children. The ontology browser
§is populsted dynamically. If there are many children for a given
Eterm, there may ke a small delay while the broweser fetches
ECIick to highlight & term to see any information associated with
rt Howver over aterm to see its relation with its immediste i
Eparerrt. Root terms will not display any relational information.

—Relations

SEM1_YEAST is_a core cell cycle protein

— Term Infarmation

1o

Mame;

Zoom |

—Associated information

Highlight a term to view its associated
information,

— Term Hierarchy
Paths to Root & Child relationships: ©

| [ ©/ Dntology Lookup Servic... G |-
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Current issues

 Temporal & spatial representation
— OBOF not enough...

» Performance (reasoners)
—Huge ontologies

* Weighed knowledge (often,
sometimes)

Cely,
.
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