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How do R&D companies use public data?



How do pharma companies use public data?
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Open PHACTS Mission: 

Integrate Multiple Research 

Biomedical Data Resources 

Into A Single Open & Free

Access Point

…and make it sustainable in the long term



ChEMBL DrugBank
Gene 

Ontology
Wikipathways

UniProt

ChemSpider

UMLS

ConceptWiki

ChEBI

TrialTrove

GVKBio

GeneGo

TR 
Integrity

“Find me compounds 
that inhibit targets in  
NFkB pathway 
assayed in only 
functional assays with 
a potency <1 µM”

“What is the 
selectivity profile of 
known p38 inhibitors?”  

“Let me compare 
MW, logP and PSA 
for known  
oxidoreductase 
inhibitors”

DisGeNet

neXtProt

ChEMBL

Target Class
ENZYME

FDA adverse

events
SureChEMBL
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Link one resource to another



Or use both and map
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We need mapping
• ID Mapping

BridgeDb based, installable webservice or Docker VM

Derby database or semantic linkset
Links created from curated resources (ENSEMBL, HMDB/ChEBI, RHEA)

Uses Identifiers.org, can do transitive, can be used using lenses
• Concept (text) mapping

Conceptwiki approach abandoned, indexing not full solution

Missing…
• Ontology searches (OLS) and mapping

Lots of manual work (NCBO, Bioportal)
• Chemistry registration

Finds structures and substructures (based on names, IDs, INCHI, drawn 

structure)
Not (yet?) Open Source

• Sequence registration

Technically simple, not there (Natasa Przulj at NetBio SIG)



The nutrigenomics request to bioinformatics









UPDATE, UPDATE, UPDATE

Regular data updates as the core data refreshes

API updates aligned to new business questions and 

changes

Workstreams to add further new data – see later

New release May 2016 2.1

– SureChEMBL and Pathways update

Further updates planned for summer 2016



DATA IS ALWAYS EVOLVING
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Open PHACTS Expanding EcoSystem

Further 
Apps

Explorer



Public 

Data

Open PHACTS Evolution - Platform

Public 

Data
Private 

Data

Public 

Data

VM VM

Public 

Data
Commercial 

Data

• Security Audited 

Hosted platform

• Platform sustainability



For a given target and pathway, what 

proteins/genes are upstream or downstream?

QU: What is downstream of 
BMPR1A in the BMP 

pathway?

A: SMAD1, SMAD4 

üWikiPathway interaction editing standardised   

üWikiPathways RDF Data Model Enhanced

üSignalling and Metabolic Pathways/Interactions 

handled

üHigher Confidence Pathways loaded into Open 

PHACTS

üExisting pathway API calls rebuilt for the new data 

model

üUp or downstream API Call (in development)

A: SMAD1, 
SMAD4, RUNX2

QU: What is downstream of 
SMAD1?

QU: What is downstream of 
SMAD4?

A: SMAD1, RUNX2

1 node

1 node

1 node



• Plain drawn connectors (arrows, lines)

• MIM (Molecular Interaction Map) 

In WikiPathways Applet

• SBGN 
PathVisio plugin 

(with WikiPathways plugin)

From Reactome

Modelling three different interaction standards:



PATENTS

SureChEMBL is perhaps the only freely available, large-

scale, comprehensive and live resource of chemistry 

extracted from the patent literature

SureChEMBL automatically annotates, normalises and 
indexes chemistry found in the full text, images and 

attachments (i.e. mol files) of patent documents

With Open PHACTS support: 

Chemical and biological annotations will be semantically 

integrated

– biological annotations added directly to the patent 
documents using Termite



PATENTS

Through linked Queries:

– Patent to Compounds

– Compounds to Patents

– Disease to Patent & reverse

– Target to Patent & reverse

As well as being possible to link the data further

Extend based on user feedback

What can I do now with Patents?



PHENOTYPIC SCREENING
Science meeting Feb 2015 defining requirements, pre-

competitive group plus other IMI projects

NCATS Phenotypic data will be available

Full data set from the Lilly sponsored work

Integrated into Open PHACTS

Further workflows on Phenotypic data, developed with 

partners



Open PHACTS Foundation 

engaged in:

……





Open PHACTS Foundation Routes to Access
Access Route Open API 

services

Unlimited API

services

Unlimited API, 

RDF and Link 

sets

Open PHACTS

Virtual Machine

Full OPF 

Member ✓
✓ ✓ ✓

Licensor/

Reseller*
✓ ✓ ✓

Licensor (Own 

Use)
✓ ✓ ✓

High volume 

API Licensor
✓ ✓

Open Access 

API Consumer
✓

Open Data Non-

commercial
✓

**

*3rd parties must have own agreement with OPF
** talk to us for collaborative proposals – non commercial use



Come and collaborate
New projects

Improve our code and 

services

Open Innovation 

projects

Webinars

New ideas for data 

services and 

workflows



info@openphactsfoundation.org @Open_PHACTS
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Using	biological	pathways	

as	hubs	in	networks	

of	things	we	know	about	biology



Thanks!
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Paths in nature



http://www.wikipathways.org/instance/WP430



WIKIPATHWAYS AND

HOW TO CHANGE THE WORLD

Chris Evelo Maastricht University The Netherlands
Alexander Pico Gladstone Institutes   San Francisco, CA

(OR AT LEAST A SMALL CORNER OF THE

WORLD)





WikiPathways, a web of communities



http://www.wikipathways.org/index.php/Pathway:WP430



http://www.wikipathways.org/index.php/Pathway:WP430



How to do data visualization?



Connect to Genome Databases



BridgeDb: Abstraction Layer

interface

IDMapper

class

IDMapperRdb

relational database

class

IDMapperFile

tab-delimited text

class

IDMapperBiomart

web service

The BridgeDb Framework: Standardized Access to Gene, Protein and Metabolite Identifier 
Mapping Services. Martijn P van Iersel, Alexander R Pico, Thomas Kelder, Jianjiong Gao, Isaac Ho, 
Kristina Hanspers, Bruce R Conklin, Chris T Evelo. BMC Bioinformatics 2010, 11: 5.



Backpages link to databases



You could do this for gene lists



Regulator Interaction in MiPaSt PathVisio plugin

Work done by Christian Oertlin.



The WikiPathways tissue analyzer (teaser)

Work done by Jonathan Melus



WikiPathways, a house of webs?



Pathways in Cytoscape



Figure	1.	The	Cardiac	Hypertrophic	Response	pathway	loaded	as	a	pathway.

Kutmon	M,	Lotia	S,	Evelo	CT	and	Pico	AR	2014	[v1;	ref	status:	indexed,	http://f1000r.es/3ij]	

F1000Research	2014,	3:152	(doi:	10.12688/f1000research.4254.1)



Figure	2.	The	Cardiac	Hypertrophic	Response	pathway	loaded	as	a	network.

Kutmon	M,	Lotia	S,	Evelo	CT	and	Pico	AR	2014	[v1;	ref	status:	indexed,	http://f1000r.es/3ij]	

F1000Research	2014,	3:152	(doi:	10.12688/f1000research.4254.1)



PPS1

Liver

All pathways

Pathways with high z-score 
grouped together.

Explains why there are 

relatively few significant 

genes, but many pathways 
with high z-score.

Cytoscape visualization used to group

Robert Caesar et al (2010) A combined transcriptomics and lipidomics analysis of subcutaneous, epididymal and 
mesenteric adipose tissue reveals marked functional differences. PLoS One 5: 7. e11525

http://dx.doi.org/doi:10.1371/journal.pone.0011525



Pathway interactions and what causes them

Thomas Kelder, Lars Eijssen, Robert Kleemann, Marjan van Erk, Teake Kooistra, Chris Evelo 

(2011) Exploring pathway interactions in insulin resistant mouse liver. 

BMC Systems Biology 5: 127 Aug. http://dx.doi.org/doi:10.1186/1752-0509-5-127



Pathway interactions and 
detailed network visualization 
for the interactions with three 

apoptosis related pathways for 
the comparison between HF and 

LF diet at t = 0. A: Subgraph of the 
pathway interaction network, based 
on incoming interactions to three 

stress response and apoptosis 
pathways with the highest in-

degree. Pathway nodes with a thick 
border are significantly enriched (p 
< 0.05) with differentially expressed 

genes. B: The protein interactions 
that compose the interactions 

between the three apoptosis 
related pathways and their 
neighbors in the subgraph as 

shown in box A (see inset, included 
interactions are colored orange). 

Protein nodes have a thick border 
when their encoding genes are 
significantly differentially expressed 

(q < 0.05).



Regulation resources







Collection of miRNA-target gene interactions in the miRTarBase database with 1,715 genes,
286 miRNAs and 2,817 interactions.

miRTarBase as a target interaction network



MiRNAs of Interest

miRNA target information from mirTarBase



miRNAs associated with colorectal cancer 
extended with validated target genes



human ErbB signaling pathway extended 
with validated microRNA regulation





M Kutmon, CT Evelo, SL Coort (2014) A network biology workflow to study transcriptomics data of the diabetic liver.
BMC genomics 15 (1), 971





Integrative	network-based	analysis	of	mRNA	and	microRNA	expression	in	vitamin	D3-

treated	cancer	cells









US advantage?



Can a biologist fix a radio?

Lazebnik, Y. (2002). Can a biologist fix a radio? - or, what I learned while studying apoptosis. 

Cancer Cell 2, 179-182. 



SNPs in pathways
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Functionalize SNPs

Unkown function (attribute to gene)

In miRNA binding site

In TF binding site

Changing protein functionality (coding)

Gene/Protein Z

Metabolite X

Metabolite Y

mi999

TF

RS00001

RS00003

RS00002

RS00004

Gene/Protein Y

RS00005

Changing protein interactions (coding)



Edgetics

From:	http://cegs2.dfci.harvard.edu/edgetic-profiling/



Gene/Protein Z

Metabolite X

Metabolite Y

mi999

TF

RS00001

RS00003

RS00002

RS00004

Functionalize SNPs

Unkown function (attribute to gene)

In miRNA binding site

In TF binding site

Changing protein functionality (coding)

Gene/Protein Y

RS00005

Changing protein interactions (coding)

Affects	Vmax and	or	

Km

Affects	expression,	

Vmax indirectly

Affects	expression,	

Vmax indirectly

Affects	interaction,

Km	indirectly

Could	affect	stability

Vmax indirectly



Connect to modelling allows using SNPS

Fluxomics visualized on pathway

Change colours and line 
thickness.

Data mapping basically the 

same as for gene and 

metabolite data.

Uses RHEA as identifier 

mapping database.



Using SBML models as pathways

Poster presented by Anwesha Bohler.



PathSBML PathVisio plugin

Import/export models (e.g. from biomodels.org)
Combined analysis & visualization of omics and modelling results.



Connect to modelling allows using SNPS

Fluxomics visualized on pathway
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