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BioMANTA

ÅCollaboration between UQ and Pfizer Research

ÅThe modelling and analysis of:
ïlarge-scale protein-protein interactions (PPI)

ïuncover interactions between (disease state) phenotypes 
and biological networks

-> drug discovery and toxicity effects

ÅCurrent PPI networks have only sparse coverage over 
the actual interactome

ÅInferencingand network meta-analysis necessary 
ïto rank interactions and infer network activity
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Example Querys

Åά{Ƙƻǿ ƳŜ ŀƭƭ ƳŀƳƳŀƭƛŀƴ ǇǊƻǘŜƛƴ-protein 
ƛƴǘŜǊŀŎǘƛƻƴǎέ

ÅάCƛƴŘ ŀƭƭ ȅŜŀǎǘ ǇǊƻǘŜƛƴ-protein interactions 
that are known to be localized to the 
endosomalǎȅǎǘŜƳέ

Åά{Ƙƻǿ ƳŜ ŀƭƭ ǘƘŜ ƘǳƳŀƴ kinasesexpressed in 
the liver that are strongly inhibited by at least 
two compounds and are localized to the 
ƴǳŎƭŜǳǎέ



BioMANTA ontology

Å OWL based ontology with imported modules from relevant ontologies

Å Use classes from existing ontologies wherever possible



Sample Merged Data

_Protein

ñUniProtò

ñCDC95òñeIF-6ò

_Xref1

ShortName
FullName Synonym

CrossReference

ñQ12522ò
Accession

DataBase

ñMATR...ò

Sequence ñMIPSò

_Xref2

ñYPR016C
Accession

DataBase

CrossReference

ñEukaryotic...factor 6ò



Biomanta:Experiment

alObservation

psimi:experimental_in

teraction_detection_

MI_0045

Bp:unificationXref

Celltype:cell_CL_000

0000

Bp:publicationXref Biomanta:experimentalMethodBiomanta:observedCellType

Biomanta:referenceForObservation

ñpubmedò

http://www.w3.org/

2001/

XMLSchema#string

ñpubmed idò

http://www.w3.org/

2001/

XMLSchema#string

Bp:DB

Bp:ID

Biomanta:URL

ñMPact CYGD ppi-idò

ñMPact CYGDò

Biomanta:originalSourceOfData

Bp:DB

BP:ID

Biomanta:URL

Bp:interaction

Bp:PARTICIPANTS

Biomanta:observedInteraction

Bp:protein

ñUniProtò

http://www.w3.org/

2001/

XMLSchema#string

ñCDC95ò

http://www.w3.org/

2001/

XMLSchema#string

ñEukaryotic translation 

initiation factor 6ò

http://www.w3.org/

2001/

XMLSchema#string

ñYPR016cò

http://www.w3.org/

2001/

XMLSchema#string

NcbiTaxa:Eukaryote

4392

Bp:unificationXref

Bp:SHORT-NAME

Bp:NAME
Bp:SYNONYMS

Bp:XREF

Biomanta:Organism

ñQ12522ò

http://www.w3.org/

2001/

XMLSchema#string
Bp:ID

Biomanta:URL

Bp:DB

ñTIF6ò

http://www.w3.org/

2001/

XMLSchema#string Bp:SYNONYMS

ñMATRTQFENSNEI...ò

http://www.w3.org/

2001/

XMLSchema#string
Bp:SEQUENCE

GO:CellularCompone

nt

GO_0005737_cytopla

sm

Biomanta:subcellularLocation

Bp:PARTICIPANTS

Bp:protein

ñUniProtò

http://www.w3.org/

2001/

XMLSchema#string

ñ3-phosphoglycerate 

dehydrogenaseò

http://www.w3.org/

2001/

XMLSchema#string

ñYER081wò

http://www.w3.org/

2001/

XMLSchema#string

NcbiTaxa:Eukaryote

4392

Bp:unificationXref

Bp:SHORT-NAME
Bp:NAME

Bp:XREF

Biomanta:Organism

ñP40054ò

http://www.w3.org/

2001/

XMLSchema#string

Bp:ID

Biomanta:URLBp:DB

ñSER3ò

http://www.w3.org/

2001/

XMLSchema#stringBp:SYNONYMS

ñMTSIDINNLQNTF...ò

http://www.w3.org/

2001/

XMLSchema#string

Bp:SEQUENCE

GO:CellularCompone

nt

GO_0005737_cytopla

sm

Biomanta:subcellularLocation

GO:CellularCompone

nt

GO_0005634_Nucleu

s

Biomanta:subcellularLocation

ñhttp://

www.uniprot.etcéò

http://www.w3.org/

2001/

XMLSchema#anyURI

ñhttp://www.ncbi.etcéò

http://www.w3.org/

2001/

XMLSchema#anyURI

Http://

www.mpact.cygd.etc...

ñhttp://

www.uniprot.etcéò

http://www.w3.org/

2001/

XMLSchema#anyURI

Biomanta:Interaction

Weight

Biomanta:weight

Semantic Interactome Model



Challenges of Integrating Biological 
Data

ÁVery large data sets (TBs and PBs).

ÁComputationally intensive

ÁDifferent areas of specialization

ÁDifferent levels of detail, accuracy, semantics

ÁSparsityof data

ÁSemantic querying and inferencingis SLOW

ÁCo-identification problem ςdifferent 
identification schemes/naming schemes



Aims

Åto investigate use of MapReduceto expedite 
querying and reasoning over large-scale RDF 
triple stores

Åto evaluate this approach in the context of 
BioManta

ÅUse blank nodes to overcome co-identification 
problem

ÅUse RDF Molecules to distribute RDF graphs 
across the computational nodes



Scale-Out Architecture

ÅAdd nodes to increase reliability, storage and 
processing.

ÅGoogle
ï10,000 Distinct MapReducePrograms.

ï100,000 Jobs Executed/Day.

ï20 Petabytesof Data Processed/Day.

Åά{ŎƛŜƴǘƛŦƛŎ 5ŀǘŀ aŀƴŀƎŜƳŜƴǘ ƛƴ ǘƘŜ /ƻƳƛƴƎ 
5ŜŎŀŘŜέΣ WƛƳ DǊŀȅ Ŝǘ ŀƭ
ïMapReduceςbring computation to data.
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Technologies

ÅHadoop

ïOpen Source implementation of MapReduce

ïHDFS (HadoopDistributed File System).

ÅHBase

ïA column database built on HDFS.

ÅZooKeeper

ïDistributed service co-ordination and configuration.

ÅHosting

ïLocal Cluster QCIF, Amazon EC2
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Parallel Computing Architecture



What is an RDF Molecule?

ÅA way to decompose an RDF Graph, containing 
blank nodes, into subgraphs
ÅOptimum level of granularity
ÅCreates context for a blank node so they are 

globally addressable just like URIsand Literals.

Universal Graph

RDF Document

Named Graph

Molecule

Triple
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An RDF Graph Across Computing 
Nodes

Node 2 Node 3Node 1

1 1

2 2

3 3

4 4 4

RDF Graph

4

3

2

1

Logical Physical
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Advantages of RDF Molecules

ÅDistributed Processing
ïEnough context without requiring the entire graph.

ïAllows answers to be combined from many nodes.

ÅConceptual Integration 
ïMany names, many databases reference the same thing.

ïFind inconsistencies and remove or resolve them.

ÅStructural Integration 
ïLean Graph, redundant triples removed.

ÅLightweight context, without names.

ÅRepresents foreign key/multiple relations.
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Disadvantages of RDF Molecules

Å9ȄƛǎǘƛƴƎ w5C ƎǊŀǇƘǎ όάƭƻŎŀƭ ƎǊŀǇƘǎέύ ƴŜŜŘ ǘƻ 
be converted to molecule based graphs 
όάƎƭƻōŀƭ ƎǊŀǇƘǎέύΦ

ÅCosts - Extra Join

ÅPresence of RDF blank nodes can cause data 
loss, loss of integrity, ambiguity and slow 
performance
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Extensions to RDF Molecules

ÅHierarchical Structure
ïMolecules within molecules.
ïLinking Triples (_1 context1 _2, _2 context2 _3).
ïReflects certain domain models (PPI).

ÅOrdering
ïBy Most Grounded (head) to Least Grounded.
ïBy String Value.

ÅAlgorithms to enable:
ïDecomposition
ïMerging
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Integration Process

ÅUsed datasets from DIP, IntAct, MINT and Mpact

ÅRepresent as RDF instances compliant with the 
BioMANTAontology

ÅIntegrate the RDF instances
ïMerge based on UniProtID and Sequence via blank nodes.

ïThose with the same UniProtIDs but different Sequences 
ƎŜƴŜǊŀǘŜ άǿŀǊƴƛƴƎǎέ ŀƴŘ ŀǊŜ ǊŜƳƻǾŜŘ

ÅIntegrated RDF graphs decomposed into molecules

ÅRDF molecules distributed across the molecule store 
and queried.



Relational View of Integrated Data

άtǊƻǘŜƛƴέIntact MPact InterPro Χ

_1 ebi-25861 yjl047c ipr011991, 
ipr001373

Χ

_2 ebi-9648 ipr000648 Χ

_3 ebi-3727 yer114c ipr011993,
ipr011510,
ipr001849,
ipr001660,
ipr001452

Χ
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Graph View of Integrated Data
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Integrated PPI Data Sources
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Jena Depth=3 5 10 20

Chain size =10 0.05 0.07 0.1 0.3

100 0.2 0.4 1.8 9.2

1000 13.1 37.7 197.7 DNF

10000 DNF DNF DNF DNF

Molecule Depth=3 5 10 20

Chain size =10 0.06 0.09 0.1 0.2

100 0.2 0.3 0.4 0.7

1000 0.9 1.3 2.5 5.0

10000 7.7 13.0 26.4 57.4

Comparing Jena with RDF Molecule Store
(Graph decomposition and Merging)

RDF Molecule 
Approach is
faster as chain size 
-> 100

DNF ςDid Not Finish



Performance Time for MapReduceTasks

Task 
no.

# triples # molecules 2-node 
cluster

3-node 
cluster

1
363,308 10,387 201 165

2
1,164,446 73,357 899 829

3
1,727,754 83,744 995 895

4
2,488,024 138,675 1872 1,784

5
2,851,332 149,062 2041 1,789

6
3,652,470 212,032 2098 1,883

7
4,015,778 222,419 2692 1,994

UK eScience AHM, Sept 2008

As # triples and #nodes increases,  performance improvements increase



Performance Time for MapReduce
Conversion Tasks
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