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BIOMANTA

BIOMANTA

A Collaboration between UQ and Pfizer Research

A The modelling and analysis of:
I large-scale proteirprotein interactions (PPI)

I uncover interactions between (disease state) phenotypt
and biological networks
-> drug discovery and toxicity effects
A Current PPI networks have only sparse coverage
the actualinteractome

A Inferencingand network metaanalysis necessary
I to rank interactions and infer network activity



UniProt, HPRD, Genebank, Reactome,
Kegg, MINT, NCGI, OMIM, DIP, Intact,

Mpact ‘
nature
PathwaylnteractionDatabase
) B e
PPI Data
L
o

Ontologybased

Integration of

Datasets of o

N Relevance to i’)
Blomanta U

OMIMG@.

Drug
Targets

Experimental

| the Gene Ontology




ExampleQuerys

Aa{ K26 YS Iff Yproeinl f Al
AYUSN) OuAZ2Yyac

AGCAYR It { -proténirdetacticdsl2 {0 ¢
that are known to be localized to the
endosomah e au SY¢

AG{ K2¢g YS I tkihasedekpRsséddaY |
the liver that are strongly inhibited by at least

two compounds and are localized to the
Yy dzOt S dza ¢



BIoOMANTA ontology

BioMANTA ontology Observations

Interaction weights

BioPax 'PSI-Molecular Interaction Ontology
Ontology Interaction detection methods

\

'NCBI Taxonomy

Phylogenetic relationships

\ J
Physical entities "Gene Ontology Cellular Component |
Cross references ] Hierarchy Subcellular localisations |
Interactions (Cell Type Ontology ‘
Pathways Cell type
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A OWL based ontology with imported modules from relevant ontologies
A Use classes from existing ontologies wherever possible
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Semantic Interactome Model
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Challenges of Integrating Biological
Data

A Very large data sets (TBs and PBs).

A Computationally intensive

A Different areas of specialization

A Different levels of detail, accuracy, semantics
A Sparsityof data

A Semantic querying anidferencingis SLOW

A Coidentification problemg different
identification schemes/naming schemes



AIms

A to investigate use dflapReducédo expedite
guerying and reasoning over largeale RDF
triple stores

A to evaluate this approach in the context of
BioManta

A Use blank nodes to overcome-mentification
oroblem

A Use RDF Molecules to distribute RDF graphs
across the computational nodes




ScaleOut Architecture

A Add nodes to increase reliability, storage and
processing.
A Google
I 10,000 DistincMapReducd’rograms.
I 100,000 Jobs Executed/Day.
I 20 Petabytesf Data Processed/Day.
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I MapReduce; bring computation to data.



Technologies

A Hadoop
I Open Source implementation MapReduce
I HDFSHadoopDistributed File System).

A HBase
I A column database built on HDFS.

A ZooKeeper
i Distributed service cordination and configuration.

A Hosting
I Local Cluster QCIF, Amazon EC2



Parallel Computing Architecture
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What i1s an RDF Molecule?

Universal Graph

RDF Document
Named Graph

Molecule

A A way to decompose an RDF Graph, containing
blank nodes, int@ubgraphs

A Optimum level of granularity

A Creates context for a blank node so they are
globally addressable just likéRIsand Literals.



An RDF Graph Across Computing
Nodes

/Logical Physical

. RDF Graph Nodel Node2 Node3d
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Advantages of RDF Molecules

A Distributed Processing
I Enough context without requiring the entire graph.
I Allows answers to be combined from many nodes.
A Conceptual Integration

I Many names, many databases reference the same thing.
I Find inconsistencies and remove or resolve them.

A Structural Integration
I Lean Graph, redundant triples removed.

A Lightweight context, without names.
A Represents foreign key/multiple relations.



Disadvantages of RDF Molecules
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be converted to molecule based graphs
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A Costs Extra Join

A Presence of RDF blank nodes can cause data
0SS, loss of integrity, ambiguity and slow
performance




Extensions to RDF Molecules

A Hierarchical Structure
I Molecules within molecules.
I Linking Triples (_1 contextl 2, 2 context2 3).
I Reflects certain domain models (PPI).
A Ordering
I By Most Grounded (head) to Least Grounded.
I By String Value.
A Algorithms to enable:
I Decomposition
I Merging



Integration Process

A Used datasets from DIRtAct MINT andVpact

A Represent as RDF instances compliant with the
BioMANTAontology

A Integrate the RDF instances
I Merge based otJniProtID and Sequence via blank nodes.

I Those with the same&niProtIDs but different Sequences
ASYSNFXYuS agl NYyAYy3Iaeg |'yR | N

A Integrated RDF graphs decomposed into molecules

A RDF molecules distributed across the molecule store
and queried.



Relational View of Integrated Data
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Graph View ofntegrated Data
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Comparing Jena with RDF Molecule Sto

(Graph decomposition and Merging)

Jena

Chain size =

DNF¢ Did Not Finish
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Performance Time fdvlapReducelasks

Task # triples # molecules 2-node 3-node

no. cluster cluster
1 363,308 10,387
1,164,446 73,357 899 829
1,727,754 83,744 995 895
2,488,024 138,675 1872 1,784
2,851,332 149,062 2041 1,789
3,652,47C 212,032 2098 1,883
4,015,778 222,419 2692 1,994

As # triples and #nodes increases, performance improvements increase



Performance Time favlapReduce
Conversion Tasks
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