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Project

Background

Systems biology holds promise to
understand complexity of biological
networks

Computational modelling and analysis
of large-scale protein-protein interaction
(PPI1) and compound activity networks

Knowledge representation using SW
standards Resource Description
Framework (RDF) and Web Ontology
Language (OWL) enables machine
Inference and facilitates knowledge
discovery

Current PPI networks have only sparse
coverage over the actual interactome ->
knowledge discovery using machine
learning and network meta-analysis to
rank interactions and infer global
networks




BIOMANTA project overview

« Development of Semantic Interactome Model
and Semantic Web infrastructure

— Knowledge representation using Ontology instanced
with public interaction data

— RDF triple storage, inferencing and querying
 Network Inference and Knowledge Discovery
— Network meta-analysis
— Global network inference
e Output, Visualisation of Results and Software

— COBALT visualisation software
— Data: High quality data sets and ontologies




ACB Programs

* Phenotype-informed discovery of networks and

systems

— Biomanta network analysis to uncover interactions
between (disease state) phenotypes and biological
networks

 Modelling dynamic cellular processes
— Integration of time course expression data

« Algorithms for graphs and networks
— Avoiding sub-graph isomorphism
— Object co-identification based on attribute matching




Semantic Web

Vacuolar sorting protein

Current web: Most
Information is natural
language

— Meaningful to human users

who understand the meaning
of natural language

Semantic Web: standards for
publishing machine-readable
Information on the web

— Standard formats for

integration and exchange of
data (RDF)

— Formal language to express
semantics (the meaning of
concepts) - OWL

— Unambiguous representation
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Knowledge Representation

o Structured presentation of concepts,
relationships and data

— Relational Database (schema, tables, identifiers,
etc...)

— Ontology (Classes, properties/attributes,
relationships)

— Machine interpretation of representation (XML)

* Inference errors frequently caused by errors in
the representation
— Incorrectly modelled domain knowledge
— Missing assumptions

o Currently, the majority of PP| data are stored In
DB available online




BIoOMANTA ontology

BioMANTA ontology Observations

Interaction weights

BioPax (PSI-Molecular Interaction Ontology
OntOIOgy L Interaction detection methods )

NCBI Taxonomy

L Phylogenetic relationships

Physical entities (Gene Ontology Cellular Component
Cross references | Hierarchy Subcellular localisations |

Interactions (CEII Type On‘tology

Pathways
L Cell type )

OWL based ontology with imported modules from relevant
ontologies

Limit creation of new classes in BIoOMANTA ontology and use
classes from existing ontologies wherever possible




Semantic Interactome Model

“ptibmed”
http://www.w3.org/
XMLSech s
=l
“httpfAiwww-nebiete "
http://www.w3.org/ Bp:DB
2001/ “Biomanta:URL
XMLSchemaftanyURL] Slomanta:

Bp:ID

“pubmed-d*

http://www.w3.org/

XMLSch #H:

2001/

“MPact CYGD ppi-id”

Bp:unificationXref

Bp:publicationXref

Biomanta:referenceForObservation

iomanta:Experimen
alObservation

Biomanta:originalSourceOfData

Bp:interaction

Biomanta:observedCellType-imentalMethod

Biomanta:observedIinteraction

Bp:PARTICIPANTS

Biomanta:URL
“MPact CYGD”
Http:/
www.mpact.cygd.etc...
“YPRO16c*
http://www.w3.org/
2001/
XML h #string
g
“CDC95”
http://www.w3.org/
2001/
XMLSchemat#string Bp:SHORT-NAME
“TIF6”
http://www.w3.org/ Bp:SYNONYMS
XMLSchemattstring $Bp:SYNONYMS
N 4ncnon Bp:protein
Q125
http://www.w3.org/ Bp:XREF
2001/ e
XMLSch - g Bp:ID.
Bp:unificationXref
Biomanta:Organism
Bp:DB
“UniProt”
http:/iwww.w3.org/ . .
2001/ Biomanta:URL
XMLSch H g “htd NcbiTaxa:Eukaryote
P > 4392
www.uniprot.etc...
http://lwww.w3.org/
2001/

XMLSchema#anyURI

Biomanta:subcellularLocation

GOCellularCompene

psimi:experimental
teraction_detection_
MI_0045

Biomanta:weight

Bp:PARTICIPANTS

Biomanta:Interaction

“3-phosphoglycerate

dehydrogenase”
http://www.w3.org/
2001/

|«Bp:SEQUENCE

0_0005737_cytopla

GO CellularCompene

XMLScheT#string

Bp:NAME

Bp:protein

Biomanta:subcellularLocation\
Bp:Xl

Bp:unificationXref

BioMANTA ontology Observations
Interaction weights
BioPax PSI-Molecular Interaction Ontology
Ontology Interaction detection methods

[NCBI Taxonomy

Phylogenetic relationships

Cross references

Physical entities Gene Ontology Cellular Component
Hierarchy

Interactions

Pathways

[Cell Type Ontology

)
]
)

Celltype

Coa04.

YERG8tw

http://www.w3.org/

YMI Seh Hetri

Bp:SHORT-NAME

Bp:SYNONYMS

Biomanta:Organism

REF

p://www.w3.org/

2001/

XMLSchemattstring

NcbiTaxa:Eukaryote
4392

wpanaCAn

P40054
http://www.w3.org/
2001/

WML Seh Hetri

g

Bp:DB Biomanta:URL
“http://
ht ./‘}U”iplmé / ?v;w.unip’:ot.etc...”
o \Aévg\&\;v 19 http://www.w3.org/
XMLSch - 2001/
d XMLSchema#anyURI



Integrating Biological Data

= Huge variety In project sizes.
Very large data sets (TBs and PBSs).
Computationally intensive.
Different specialities.

Different levels of semantics Iin
technologies used.

Mostly suspect, duplicated,
Inapplicable, poorly and incorrectly
modelled.
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Too Many Names

Global IDs (such as LSID, BioPAX) have largely
failed to gain acceptance for a variety of reasons.

We didn’t want to come up with another ID.

A huge number of local IDs including:
— MPact, DIP, IntACT, MINT.

Properties include:
Database,
Sequence information,
Species,
Subcellular location,
EXxpression, cross references, etc.




Semantic Web Technologies

Resource Description Framework (RDF) and RDF Schema (RDFS)
— RDF for resources; RDFS for vocabulary
— Data presented as triples, graph or xml
<subject> <predicate> <object>

<Protein> <rdf:type> <rdfs:Class>
<Emerin> <rdf:type> <Protein>

OWL
— Web Ontology Language for description of ontology
— OWL is RDF: can be expressed in triples, graph or xml
— cf Open Biomedical Ontology (OBO) format — familiar to users of GO

Inference engines

— software to reason about information in a knowledge representation
and infer new data from what is presented

SPARQL
— query language for RDF
— Returns results sets or RDF graphs




Architecture

A Node in the Cluster

Query
Engine

Qluaries

Inai I"ILE

Ontologies Responses

Data
Transforms

Data
Cnnversmn

| HBase

Hadoop DFS




Sample Merged Data
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Output and Visualisation

Improved data sets:
Removing data redundancy,
Better query results,
Fewer false positives,
Matrix of protein-protein interactions.

Published and peer-reviewed
methodologies

Network visualisation tools
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£ COBALT
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