Pharmacological information discovery
with Open PHACTS

www.openphacts.org



+ The Innovative Medicines Initiative

— EC funded public-private partnership for
pharmaceutical research

+ Focus on key problems
— Efficacy
— Safety
— Education & Training
— Knowledge Management

www.openphacts.org
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Information Tombs...
Internal and external
Built to manage content
Built to meet primary use-case
Tailored indexes, GUIs
Unique language & metadata
Poor interoperability/integration
Proliferation of Powerpoint, documents, excel, etc.

Many suppliers of systems and content in a single
workflow

Invivo  Pipeline Literature Patents  News SAR Safety  efc
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Open PHACTS: an infrastructure project

+ Develop / apply a set of robust standards...

+ Implementing the standards in a semantic integration
platform (“Open Pharmacological Space”)...

+ Delivering services to support on-going drug discovery
programs in pharma and public domain

+ Mix ideal with the pragmatic. Build open that can
accommodate non-open components in the real world.

www.openphacts.org




Major Work Streams
Build: OPS service layer and resource integration “commons”

Drive: Development of exemplars & applications

Sustain: Community engagement and long-term sustainability

Work Stream 2: Exemplar Drug Discovery Informatics tools
Develop exemplar services to test OPS Service Layer

Target Dossier (Data Integration)

Pharmacological Network Navigator (Data Visualisation)
Compound Dossier (Data Analysis)

Work Stream 1: Open Pharmacological
Transform/Translate ___: Business Space (OPS) Service Layer

izgrator _Rdles Standardised software layer to allow public
DD resource integration

- Define standards and construct OPS service layer

Db 2 - Develop interface (API) for data access, integration
- and analysis
=

— Develop secure access models

Db 3 Corpus 5 Existing Drug Discovery (DD)Resource
Integration



OPS Services

Integrate data on target expression, biological pathways and pharmacology to
identify the most productive points for therapeutic intervention

Investigate the in vitro pharmacology and mode-of-action of novel targets to help
develop screening assays for drug discovery

Compare molecular interaction profiles to assess potential off-target effects and
safety pharmacology

Analyse chemical motifs against biological effects to deconvolute high content
biology assays

OPS Semantic Fabric - Linked Data to Linked Knowledge

Publishing information as linked statements that are sufficiently well described that
the information can be automatically linked, brokered and processed.

Define, index & link across ....
Common data identity and entity, data structure, data meaning



Harmonising data sets
|ld & Syntactic & Semantic

Concept vocabulary services
|dentity resolution services
Concept mapping services
Mapping identifier services

Annotated

& & OPS with
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Semantic Normalisation
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Developers
(Builders)

End users
(Drivers)

Prioritised Prioritised
research data
questions sources

Polypharmacology

browser map coverage of the
chemo-biological space for
polypharmacological profiling of
small molecules

Chem/bio space
navigator of sets of

pharmacologically

annotated small
molecules, by
chemical

Exemplars

substructures,
pharmacophores,
biological activities

Target dossiers about
targets, incorporating related
information on sequences,
structures, pathways,
diseases and small molecules




Developers
(Builders)

End users
(Drivers)

Prioritised Prioritised
research data
questions sources

Bench
mark
Pilots

Fusion/aggregation of data
from different domains to
improve predictions of drug-
transporter interactions

Combination of
physicochemical data & data
from transporter interaction
for prediction of blood-brain
barrier permeation and
tissue distribution

Target validation work-
bench: in silico target
validation studies



Example Research questions

+ Give all compounds with IC50 < xxx for target Y in species W
and Z plus assay data

+ What substructures are associated with readout X (target,
pathway, disease, ...)

+ Give all experimental and clinical data for compound X

+ Give all targets for compound X or a compound with a
similarity > y%

+ 73 questions identified across consortium

www.openphacts.org



Prioritised Research Questions Analysis

Prevalent Concepts + Required cheminformatics
— Compound functionality
— Bioassay — Chemical substructure
— Target searching
— Pathway — Chemical similarity searching
— Disease
Prevalent data relationships
— Compound — target + Required bioinformatics
— Compound — bioassay functionality
— Bioassay — target + Sequence and similarity
— Compound — target — mode of action searching
— Target — target classification + Bioprofile similarity searching

— Target — pathway
— Target — disease

— Pathway - disease
www.openphacts.org



Chemlstry
ChEMBL
— DrugBank
— ChEBI
— PubChem
— ChemSpider
— Human Metabolome DB
— Wombat (commercial)

- Ontologies

— AmIiGo (The Gene Ontology)

— KEGG (Kyoto Encyclopedia of Genes and Genomes)
— OBI (The Ontology for Biomedical Investigations)

— Bioassay Ontology

— EFO (Experimental Factor Ontology)

www.openphacts.org

- Biology

EntrezGene
HGNC
Uniprot
Interpro
SCOP
Wikipathways
OMIM
IUPHAR



Agile Development: 6 month “lash up”

e Produce a working “lash up” system
e Constrained to technologies in consortium + a few data sources
e Focused on 2 prioritized research questions (Q15 and Q30)
e Q 15: All oxidoreductase inhibitors active <100nM in both
human and mouse
e Q 30: For a given compound [clozapine], give me the
interaction profile with [human or mouse] targets
e Minimum requirements: two data sources (one targets, one
compounds) and able to produce answers in “manual time”.
e Brenda, KEGG, PDSP, ChEMBL, ChEBI, ENZYME DB,
Chem2Bio2RDF

www.openphacts.org



Identity
Resolution
Service

IRS to disambiguate

Data sources

User
Interface
software

LarkC LarKCin the
core

Distributed system

www.openphacts.org

Outcomes of exercise:

e Team building

e Performance /
scalability analysis

e Does it provide an
adequate answer to
the questions 15
and 307

e Demo for users
(drive group) to
recalibrate build
tasks in order to
better respond to
user requirements
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Outcomes of exercise:

e Team building

e Performance /
scalability analysis

e Does it provide an
adequate answer to
the questions 15
and 307

e Demo for users
(drive group) to
recalibrate build
tasks in order to
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user requirements



interface

chemical
triple store resolution

id mapping

concept mapping

rdf mapping
Chem2Bio2RDF

data Sources

text mining



GUI - User suggestions for workflow

: Fill in template variables
Select question
(“terr?plate” Via “relation browser” Select relevant
from category) and add filters data sources
gory (1C50 value, dates etc)

v

View results, filter and SUBEIT QU=
Execute search  — o T e (change concepts

export dataset and attributes)

www.openphacts.org



BRENDA 345,935 | In house
PDSP 719,991 | In house
ENZYME DB 39,540 | UniProt
KEGG 247,292 | Chem2Bio2RDF
ChEMBL 57,795,793 | Chem2Bio2RDF
ChEBI 2,906,076 | Chem2Bio2RDF

ScaiView (text mined triples) acquired - 4 billion triples

LinkedLifeData - 5 billion triples
Chem2Bio2RDF - 83 million triples
ConceptWiki - 300 million triples
Bio2RDF - 30 billion triples




Lash Up
Demo

http://www.youtube.com/OpenPHACTS



http://www.youtube.com/OpenPHACTS

LSP4All (Lundbeck) Generic Interface search by enzyme family
Q15: All oxidoreductase inhibitors active <100nMolars in both human & mouse

Pharmacological data
Exact and structure search
NaVigate from Compounds to targets Credit: Sune Askjeer / Claus Stie Kallesge (Lundbeck)



UTOPIA Documents (U Manchester)



PathVisio (Maastricht U)

Biological data
Genes suggestion for selected protein



“Lash Up” Sanity Check
Q15: All oxidoreductase inhibitors active <100nM in both
human and mouse

- |C50 values and compounds fully coincident between the
automatic and manual search.

= “Lash up” identified a compound lost in the manual search
(Raloxifene) which value after doing a new manual search

was correct.
= Manual search took 3 days (Mabel Loza’s team @USC)

= Automated search took milliseconds.

Representing Text Mining Results for Structured Pharmacological Queries
http://iswc2011.semanticweb.org/fileadmin/iswc/Papers/PostersDemos/iswc11pd_submission _19.pdf



Onwards and Upwards

- Connection between developers and users

— Solidify interfaces for exemplar developers

— Review lash up for technology, content and exemplars
= Architecture

- Services: e.g. entity identification and resolution and representing
similarity, ORCID, DataCite

- Models: RDF / Nanopublication model spec and guidelines
= Tender documents for commercial storage providers
Prototype

= March 2012: Internal Prototype Delivery

- September 2012: Release 15t Prototype
Early community adoption

- Talking to major partners to take part in the project



Nanopublications
Capturing scientific information in the Triple Store



OPS Component Stack

SERVICES Application
(Knowledge) Define needs; Design algorithms;
Fact Visualisation ) Develop “plug-in” architectures?
> e.g. Target Dossiers; A" )

SAR Visualisation

/ AS se rt i1ons Define needs; Contribute algorithms

& develop tools (e.g. text mining);

e.g. Gene-to-Disease; ot
Enhance existing approaches
<

Compound-to-Target;
Compound-to-ADR -

Support existing standards; Drive

Sta n d d rd S new DD-relevant ontologies;

> Ontology/taxonomy;  Work with publishers
Minimum information guide; S :

Dictionaries; Interchange mapping
Defining needs;
Data Knowledge;
. Data Contribution

> Targets; Chemistry; ¢ y

LAPL Il el

Pharmacology; Literature; Patents

www.openphacts.org

EFPIA



Open Flavours

= OPS Open - open access to all

- OPS Consortia - data sets licensed just to the consortia
= OPS Academia - fully open to academia.

- “My OPS”

- Open Source

= Open Access Infrastructure. GUl and back-end platform, online at
openphacts.org or download both + data for local setup.

= Open Services: for example, RSC services.
- Open Data + Private Data: licensing fun for all the family.

~ Commercial providers: abstract service interface to swap in commercial
and open source platforms



OPS Community Workshops

Focus on different aspects of drug discovery, the technology
used, data sharing, sustainability, licensing and practical
applications.

- 1st Volendam (near Amsterdam) September 19-20, 2011
— Joint with GEN2PHEN

= Solving Bottlenecks in Data Sharing in the Life Sciences

» 2nd |Location TBD
April 16-17, 2012



Pistoia Alliance

+ Pre-competitive Pharma industry body that works to develop
and promote standards for software interoperability

+ Active in many areas of Pharma software pipeline, including
“Information Ecosystem”.

+ Pistoia project “Semantic Enrichment of Scientific
Literature (SESL)” directly related to Open PHACTS
http://www.pistoia-sesl.org

+ Open PHACTS seen as important to the Pistoia mission



Academia-Commercial Venture
+ Focus
— One area - pharmacology
— “Production Level” software 5
evelopers
— Currency/Updates & Licensing key (Builders)

— Semantic Pragmatics: everyday use by
scientists not informaticians

+ Future
— An infrastructure that can be built upon,
to provide a stable foundation for further End users
pre-competitive informatics collaboration (Drivers)

— Sustainability



Outside interest?

+ Infrastructure
+ Reduce delivery and platform costs
+ RDF delivery to customer
+ Data and database preservation
Sustalnablllty
+ By number of users
+ By number of data providers
+ By service providers
+ To maintain after project ends



http://www.openphacts.org

slideshare.com/open phacts

@Open_Phacts

Thanks to Carole Goble, Lee Harland, Antony Williams



