
The main goal of the Knowledge Management Center (KMC) for the Illuminating the Druggable Genome (IDG) 
program is to aggregate, update and articulate protein-centric data, information and knowledge for the entire 
human proteome with emphasis on understudied proteins from the 3 families that are the focus of the IDG 
(“IDG List”).  The long-term objective of the KMC is to encourage and support biomedical research aimed at 
understudied proteins by providing an extensive resource of data, information, knowledge, methods and 
reagents for the entire human proteome, and to support the growing online community focused on 
understudied proteins. With focus on the IDG List and human proteins, the KMC will enable support for 
expanded coverage for non-human proteins of therapeutic interest and other associated human health data, in 
order to catalyze novel biomedical discoveries. To support the overall IDG objective, and to maintain, update 
and improve these integrated resources, the KMC draws upon expertise from multiple knowledge domains, 
specifically biology, chemistry and medicine, as well as computer science, graphic design and web 
programming. Specifically, for the Phase 2 of the IDG KMC we propose 4 Aims:1. Create an automated 
workflow that captures relevant public data for the entire proteome and manual annotations for the IDG list. 
The KMC knowledge management system will be built around knowledge graphs, focused on five major 
branches of the target knowledge tree, tkt: Genotype, Phenotype, Expression, Structure & Function, and 
Interactions & Pathways, respectively. Aim 2: Design, develop and implement a protein knowledgebase with 
Data Analytics support.  Our protein-centric biomedical knowledge base, TCKB (Target Central 
Knowledgebase) will be comprised of the data, knowledge and information container, together with its 
codebase and software pipelines. TCKB will be the repository for experimental, processed and computed data 
and reagents originating from the IDG DRGCs (Data and Resource Generation Centers). We will provide 
informatics and modeling support for DRGC activities. Aim 3: We will expand, improve and maintain Pharos. 
Particularly “knowledge packages,” support automated data summaries for Protein Dossiers, and actively seek 
feedback from our community. Aim 4. Outreach to scientific community. We will support a series of activities 
that will leverage TCKB, Pharos and other IDG resources to increase adoption of IDG work, while observing 
FAIR (findable, accessible, interoperable, reusable) principles for our knowledgebase, portal and pipelines. 
The KMC will engage in community outreach by leading tutorials and feedback sessions and dissemination of 
the Pharos system. To meet its goals, the KMC will coordinate all core activities in close coordination with the 
IDG Steering Committee and IDG Project Scientists (PS), and include members of the IDG Consortium (IDG-
C), other NIH Common Fund programs, NIH Commons, as well as other initiatives. 
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The Knowledge Management Center (KMC) for the Illuminating the Druggable Genome (IDG) program plans 
to aggregate, update and articulate protein-centric data, information and knowledge for the entire human 
proteome with emphasis on understudied proteins from the 3 families that are the focus of the IDG.  The KMC 
long-term objective is to encourage and support biomedical research aimed at understudied proteins by 
providing an extensive resource of data, information, knowledge, methods and reagents for the entire human 
proteome, and to support the growing online community focused on understudied proteins.  
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FACILITIES AND OTHER RESOURCES 
UNIVERSITY OF NEW MEXICO 
 
Translational Informatics Division 
 
The Translational Informatics Division (TID) 
is housed in the Innovation Discovery & 
Training Complex (IDTC) together with the 
UNM Center for Molecular Discovery 
(UNMCMD). TID is part of the UNM Health 
Sciences Center, which includes the School 
of Medicine, UNM Hospital, and the New 
Mexico Cancer Center, an NCI-designated 
Comprehensive Cancer Center.   
 

Founded in 2012 by Tudor Oprea (as 
Division Chief) and by then Chair of Internal Medicine (DoIM) Pope Moseley, TID aims to provide integration of 
translational informatics services in support of clinical and basic research within DoIM. TID members are formally 
trained across multiple disciplines including medicine, chemistry, biochemistry, genetics, informatics, computer 
science and engineering.  As the largest Department in the entire University (over 260 Faculty, across 17 
Divisions and Centers), DoIM provides direct access to clinician scientists with a variety of medical specialties 
and research interests.  TID has also maintained collaborations with UNM's departments of Computer Science, 
Mathematics and Statistics, and Chemistry and Chemical Biology, and with the two National Laboratories based 
in New Mexico, namely Sandia National Laboratories and Los Alamos National Laboratory.  This setting 
combines world class biomedical research, clinical care, education and community service, and is ideally suited 
for translational research such as this project. 
 

TID maintains a specially equipped server room of 190 sf hosting the clusters and enterprise servers of the 
Division, and a conference room of 300 sf. Our locally maintained and operated major cluster (Pinon) has 792 
Intel Xeon compute cores and 33 nodes with 64 GB RAM each.  Members of TID have access to UNM Center 
for Advanced Research Computing (CARC) which hosts a TID-dedicated computing system (Synergy) and 
provides access to campus-wide computing clusters.  CARC currently has over 3000 CPU cores and 92k NVIDIA 
Tesla K40M CUDA cores spanning a variety of distributed and shared-memory architectures. Online working 
NAS and nearline storage is provided by the Research Storage Consortium (RSC) HP x9000/7400 system ~1.5 
PB (raw) configured as RAID6, with integrated tape library for data archiving.  TID's LAN is connected via 1 
Gbps+ routers, with typical Internet bandwidth ~200Mbps.  Network security features include a custom dual-
DMZ architecture and industry standard VPN access for a variety of high performance privacy models.  Each 
TID member is computationally well-equipped, typically with a 64-bit 4-core 8GB RAM workstation, a high-end 
laptop, and access to local, UNM-CARC, and cloud-based servers and clusters. 

TID's software cyberinfrastructure includes a variety of free and commercial tools efficiently addressing a wide 
range of computational tasks.  For any such tool, practical usability requires suitable hardware, prerequisite 
configurations, and expertise for effective use.  A few of the enterprise server components readily available are: 
PostgreSql, MySql, Tomcat, Jena.  For statistics, data analysis, visualization and machine learning: R, Tibco-
Spotfire, Weka, Tableau, MKS-Simca, and Mesa Analytics.  For cheminformatics: ChemAxon, OpenEye, RDKit, 
OpenBabel, Leadscope. For web development: Django, RShiny, Lift.  OSs in current use include: CentOS, 
Ubuntu, SuSE, Mac OSX and Windows.  Programming languages include: Perl, Python, R, Java, Scala, 
JavaScript, PHP and C++. Other (licensed, not open-access) resources include Truven MarketScan (health 
informatics database), Cerner HealthFacts (deidentified electronic medical records database) and Statista.com 
(statistics from a variety of areas, including consumer reports, pharmaceutical, etc.).  

TID has access to a large variety of scientific enterprise hardware and software, as listed above.  Highly relevant 
to this RFA are the digital assets we maintain, listed in Table 1 below. A variety of custom client tools provide 
access to online resources via programmable-web APIs (e.g. REST). The Department of Internal Medicine 
provides administrative and secretarial support.  
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Table 1. Digital Assets developed and maintained by TID 
 
Resource Category / 

Name 
Description Reference 

Drugcentral 

 

Database: 
 
Online drug 
compendium 
 
 
 

DrugCentral provides 
information on active 
ingredients, 
pharmaceutical 
products, drug mode 
of action, indications, 
pharmacologic action. 

Ursu et al., DrugCentral: 
online drug compendium. 
Nucleic Acids Res. 2016. 
PMID: 27789690 
http://drugcentral.org 
 

Database: 
 
Chemical 
bioactivity 
database 

CARLSBAD contains 
selected high 
confidence 
bioactivities with 
associated protein 
targets, compounds, 
and chemical 
patterns, scaffolds 
and MCSes. 

Mathias et al., The 
CARLSBAD database: a 
confederated database of 
chemical bioactivities. 
Database (Oxford). 2013; 
2013:bat044. PMID: 
23794735. 
http://carlsbad.health.unm
.edu 
 

TCRD/Pharos Database: 
target central 
research 
database,  
exposed via 
Pharos, the 
user 
interface 
portal 
 
 

TCRD is the central 
resource behind the 
Illuminating the 
Druggable Genome 
Knowledge 
Management Center 
(IDG- KMC). 

Nguyen et al., Pharos: 
Collating protein 
information to shed light 
on the druggable 
genome. Nucleic Acids 
Res. 2016. PMID: 
27903890. 
http://pharos.nih.gov 
 

Illuminating the Druggable Genome Website: 
 
IDG 
Consortium 
 
 
 

The IDG website, 
targetcentral.ws 
provides timely 
access to all activities 
and information of the 
IDG pilot phase.  

http://targetcentral.ws 
 

Badapple 
 

 

Webapp:  
 
scaffold 
promiscuity 
detection 

Badapple is a method 
for rapidly identifying 
likely promiscuous 
compounds via 
associated scaffolds. 

Yang et al., Badapple: 
promiscuity patterns from 
noisy evidence. J 
Cheminform. 
2016:8(29):1-14. PMID: 
27239230 
http://pasilla.health.unm.
edu/tomcat/badapple 
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Resource Category / 
Name 

Description Reference 

 

Webapp:  
 
integrative 
navigation in 
pharmacolog
ical space 

iPHACE explores the 
polypharmacology of 
drugs and cross-
pharmacology of 
targets. 

Garcia-Serna et al., 
iPHACE: integrative 
navigation in 
pharmacological space, 
Bioinformatics. 
2010;26(7):985-6. PMID: 
20156991 
http://agave.health.unm.e
du/iphace/  

Drug-Likeness 

 

Webapp:  
 
assess drug 
likeness 

Drug-likeness filter 
based on molecular 
fragments.  

Ursu O, Oprea TI. Model-
Free Drug-Likeness from 
Fragments, J Chem Inf 
Model. 2010; 50(8):1387-
94. PMID: 20726597 
http://pasilla.health.unm.
edu/tomcat/drug-likeness 

TIN-X 

 

Webapp:  
 
Target 
Importance 
and Novelty 
eXplorer 

Interactive visualization 
tool for discovering 
interesting associations 
between diseases and 
potential drug targets 
 

http://newdrugtargets.org/ 
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National Center for Advancing Translational Sciences (NCATS) 
FACILITIES AND ENVIRONMENT 

 
The NCATS main laboratories are in Rockville, 
Maryland,10 minutes north of the main 
National Institutes of Health (NIH) Campus in 
Bethesda, MD; sharing our building are three 
biotechnology companies, Sanaria 
Biosciences, Biorelliance, and Canon Life 
Sciences, as well as the NIH Imaging Probe 
Development Center, with which the NCATS 
collaborates to develop imaging derivatives of 
its probes.  We are at the heart of the Shady 
Grove Life Sciences Center, a biotechnology 
cluster that includes The Institute for Genome 
Research, the J. Craig Venter Institute, Shady Grove Adventist Hospital, the University of Maryland 
Montgomery County Campus, and the Johns Hopkins University (JHU) Biotechnology Campus, including the 
National Cancer Institute facilities at JHU Montgomery County, all of which are within walking distance of the 
NCATS. The NCATS occupies 35,000 square feet of laboratory and office space in this building, with all Cores 
located adjacent to each other to maximize interactions.  
 
Institutional Environment 
The NCATS Division of Pre-clinical Innovation (DPI) was previously known as the NIH Chemical Genomic 
Center (NCGC), which was originally part of the National Human Genome Research Institute (NHGRI) since its 
founding in 2003. At the end of 2011, NCATS was named as a stand alone Center at NIH and the NCGC was 
transplanted into this newly erected Center. This in turn gives it access to the enormous resources of the 
National Institutes of Health campus in and around Bethesda.  One of the largest research campuses in the 
world, the NIH intramural program includes over 6,000 scientists working in every area of science, as well as 
the NIH Clinical Center, the world's largest clinical research hospital and an absolutely unique resource for 
translating basic biomedical discoveries into improved treatments for human disease. 
 
The environment at NCATS is ideal for all aspects of this work: for stem cell work, for toxicological screening 
work, and for genomics and genomics data analysis work. NCATS now houses a Stem Cell Translation 
Laboratory under Dr. Ilyas Singec. Toxicological screening is supported by high-speed robots, acoustic and 
pintool dispensers, compound libraries, and readers.  Even more impressive are the staff who support these 
activities, including dedicated qHTS screening experts e.g. Drs. James Inglese and Marc Ferrer, robotics 
engineers and programmers and Information Technology group led by Sam Michael, a Compound 
Management group led by Paul Shinn, and brilliant Data Analysis team led by Dr. Noel Southall. The support 
groups are capable, cooperative, and frequently innovative. NCATS central technology is quantitative high 
throughput screening (qHTS) but we also have researchers working in: toxicology, genomics, cancer genetics, 
chemoinformatics, modeling, and in all aspects of drug development. Most importantly, the atmosphere among 
the principle scientists is also highly collaborative and intellectually aggressive. NCATS has an amazing culture 
in which to innovate and to drive translational research. 
 
For informatics support, the data center that NCATS resides in was originally designed by Human Genome 
Sciences, Inc. to support its massive genome sequencing operation.  Thus, the data center has a large 
footprint with extensive cooling systems and power infrastructure.  NCATS has developed a High Performance 
Computing infrastructure in the data center to support its public platforms such as Pharos and BARD, which 
will support large-scale public use of chemical biology data. The HPC infrastructure includes more than 200 
CPU cores, along with a small GPU cluster, backed by XXXTB disk storage. The data center also supports 
NCATS internal computing needs for large-scale high throughput dose response generation across more than 
50 bioassays per year. To date, the computational infrastructure generation is over 300 million dose response 

NCATS laboratories 
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curves.  Additionally, virtual screening using structure-based or ligand-based approaches are supported on the 
HPC, as well as RNAi data analysis.  The servers host a number of public databases that span data types from 
pathways, genes, proteins to bioassays, siRNAs, and medicinal chemistry data.  The data center is equipped 
with advanced data backup and a management system, which has an additional redundant backup in another 
NIH building.  The HPC has been built using an extensive set of HP servers as nodes and utilizes open source 
software for its operating environment. The infrastructure is well suited to support the computational aims of 
the IDG KMC. 

 
 

National Center for Advancing Translational Sciences: An Integrated Pipeline 
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Resources & Facilities: 

The European Bioinformatics Institute (EMBL-EBI) is the largest bioinformatics centre in Europe, 
providing data and services to a large global user base. EBI’s total disk resources include 50 peta bytes 
of storage and >17,000 CPU cores with ~100 Tb of RAM. Data served from remote data centres are 
externally replicated daily via 10 GB/s connection; dedicated database servers are provided for 
production databases and R and amazon cloud computing resources are available. Virtualized 
infrastructure is used as standard and supported by the Technical Services Cluster, which includes 
specialist DBAs, networking and storage experts. Systems support for ORACLE, postGRES and MySQL 
databases. EBI's infrastructure supports > 11 million web hits per day, includes Aspera for rapid file 
transfer and a local cloud infrastructure 'Embassy Cloud' which can be used to host third party user 
data securely while providing co-location with public data reducing data transfer costs and improving 
access. 

 Infrastructure and service activities are supported by approx. 50 people in the Technical Services 
Cluster delivering desktop and email support, systems infrastructure and applications, database 
services, web development and production. Access to 500+ Virtualised Machines (VM), Oracle and 
postGres databases, and our remote London Data Centre, relay and disaster recovery data centres, 
local data centres and Embassy cloud compute services are provided at no cost to this proposal. EBI 
has over 50PB of data. Internal analysis activities are supported by a 30,000 core compute cluster 
while a cloud environment with over 1,000 cores (and growing) supports collaborative analysis 
activities. 

 Dr. Leach has office space for 25 people. Video and teleconferencing is available. A visitor programme 
provides a means of hosting visiting collaborators, and institutional collaborator accounts are available 
for academic collaborations to allow sharing of code and documents. 
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Facilities and resources 

The Novo Nordisk Foundation Center for Protein Research at the University of 
Copenhagen (UCPH) has excellent physical facilities, newly renovated offices and 
lab space comprising more than 3,000 m2 in all. The Disease Systems Biology 
program has in the order of 10 large offices (room for 2-8 individuals in each), 
meeting space and a lecture room at its disposal. In addition to the dedicated 
database server, hosting databases used by IDG KMC, the UCPH partner has 
access to an excellent high-performance computing (HPC) infrastructure. This 
platform provides us with unique opportunities to perform advanced analyses 
and to integrate data across experimental domains. The installation consists of 
powerful compute units (shared memory machines and clusters) and a large 
professional multi-tier storage unit with tape backups. The focus is on the ability 
to perform extremely demanding computational analyses of very large amounts 
of biological data. The installation is also tailored to handling person sensitive 
data (such as electronic patient records) in an ultra-secure sub-environment, 
which is used also for commercially sensitive data. 
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Facilities and Resources: 

Molecular Connections Pvt. Ltd. is a ‘for profit’ informatics company based in Bangalore, India.  We 

were established in the year 2000 and have a staff of around 1800 today with a minimum 

qualification of Masters or engineering.  The science team is supported by a strong IT support team 

in terms of technology. Over the years we have gained considerable experience, both by working 

through our clients and development of database products, in the area of manual annotation.  We 

offer data mining services on a wide area of life science and chemical sciences disciplines.  Our 

services have spanned abstraction of knowledge in genomics, compound/gene/protein annotation, 

signalling pathways, diseases, etc. from peer reviewed publications, patents and also conference 

proceedings. 

The annotation capabilities include in-depth analysis of peer reviewed articles and patents for 

building pathway networks in normal, pathological or stress conditions, genome variation and 

diseases/drug response, adverse effect, compound-protein interactions and drug metabolism, etc. 

The pathways networks are generated taking into consideration the paracrine signaling between 

different cell types within a system [example: Factors from keratinocytes influencing melanocyte 

signalling in skin] or cross-talk between pathways within a given cell [Melanocortin receptor 

pathway cross-talk with Endothelin signaling].  All the knowledge mined are captured and delivered 

in formats specified by the clients.  MC has extensive knowledge and expertise in mapping entities 

through Ids/nomenclature available in public domain to enable data uniformity and integration. 

MC was part of IMEx and PSIMEx grants for molecular interaction curation and has contributed to 

IntAct (EBI hosted database).  MC also actively contributed to substrates and their cleavage sites for 

proteases in Merops database, and currently to host-pathogen interaction for PHI-Base.  Two 

“ontologies” developed by MC are available in BioPortal demonstrating understanding and 

conceptualization of ontology development capabilities.  The list of publications and links are 

provided in the Annexure. 

We will be using experienced life science masters degree holders for the IDG-KMC human curation 

work and the project will be headed by Dr. Arathi Raghunath with inputs from other senior 

colleagues. Our established IT support will enable delivering data in the defined format. 

Molecular Connections has an established work flow which ensures high quality output as depicted 

in the next page.  
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SPECIFIC AIMS 
 

The overall goal of this proposal is to aggregate, update and articulate protein-centric data, information and 
knowledge for the entire human proteome via the IDG (Illuminating the Druggable Genome) Knowledge 
Management Center (KMC), with emphasis on understudied proteins from the 3 families that are the focus 
of the IDG (“IDG List”).  During the pilot phase, the KMC compiled, processed, structured and integrated 
data and information from 51 gene- and protein-focused datasets and developed and maintained seven 
websites, including the primary KMC portal, Pharos (pharos.nih.gov). To support the overall IDG objective, 
and to maintain, update and improve these integrated resources, the KMC draws upon expertise from 
multiple knowledge domains, specifically biology, chemistry and medicine, as well as computer science, 
graphic design and web programming. Specifically, for the Phase 2 of the IDG KMC we aim to: 
 

Aim 1: Create an automated workflow that captures relevant public data for the entire proteome and 
manual annotations for the IDG list. Drawing on existing KMC resources and pipelines, we will improve 
the workflows currently implemented in TCRD (the Target Central Resource Database) and redesign the 
data around knowledge graphs focused on the five major branches of the target knowledge tree, tkt: 
Genotype, Phenotype, Expression, Structure & Function, and Interactions & Pathways, respectively. Data 
from the tkt branches include normal vs. disease, mutations, isoforms, age/gender differences and other 
alternatives as needed. We will develop automated pipelines in order to create an automated system, and 
will automate quality metrics, provenance and other meta-data, as well as knowledge graph mapping 
wherever possible. Community feedback will assist our human curation efforts for the IDG List, with focus 
on quality metrics, clarification of articulated information and accumulation of specific knowledge. Scientific 
justification for adding new (primary) sources to the automated workflow will be first to address knowledge 
gaps in the 5 tkt branches, coupled with responding to specific requirements from the IDG steering committee 
and Program Scientists (IDG-SC-PS) and the IDG Consortium (IDG-C).  
 

Aim 2: Design, develop and implement a protein knowledgebase with Data Analytics support.  Given 
our 3-year experience with TCRD as primary database for Pharos, we will design, develop and implement 
a protein-centric biomedical knowledge base, TCKB (Target Central Knowledgebase). TCKB will capture, 
structure and integrate data elements from the five tkt branches (Aim 1). TCKB will be supported by, 
designed and centered around protein-related ontologies and knowledge graphs, and will serve as primary 
repository for public domain data and information archived and updated through automated workflows, 
coupled with manual input for the IDG List (Aim 1). Nosology, linking phenotypes and diseases to genes, 
alleles and proteins, and other ontology approaches are central to the design and implementation of TCKB. 
TCKB will also serve as repository for experimental, processed and computed data originating from other 
IDG components such as the DRGCs (Data and Resource Generation Centers). IDG generated data will be 
stored in appropriate tkt branches, and made available via the Pharos portal, as needed. The Pharos API 
will support data analytics services such as TIN-X (Target Importance and Novelty eXplorer) and third-party 
applications. The KMC will provide analytics and machine learning support for IDG DGRCs, as needed. 
 

Aim 3: Expand, improve and maintain Pharos. We will implement “knowledge packages,” a mechanism 
to enrich target dossiers, with (semi-)automated summaries and automatic enrichment with related 
information (tool compounds, reagents, publications). We will support data summaries and integration with 
external tools and data generators, and expose data analytics methods from TCKB. We will implement 
network methods to enhance discoverability within TCKB and support sophisticated filter queries that include 
dependencies between data types. We will implement mechanisms to actively elicit feedback on portal 
features and performance and improve documentation of the Pharos portal and its API.  
 

Aim 4: Outreach to scientific community. We propose a series of activities that will leverage TCKB, 
Pharos and other IDG resources to not only increase the adoption of our work, but also to tackle its 
sustainability beyond the life of this grant. We will use DockerStore to facilitate the deployment and routine 
execution of our framework; we will use a variety of approaches to implement the FAIR (findable, accessible, 
interoperable, reusable) principles for our knowledgebase, portal and pipelines. We will perform community 
outreach by leading tutorials and feedback sessions and dissemination of the Pharos system. Finally, we will 
coordinate with IDG-SC-PS, RDOC, DRGCs, and other stakeholders to enhance our outreach activities.  
 

The KMC aims meet specific IDG challenges, with wide ranging applications in life sciences and health care. 
The KMC will 1) facilitate broad use of protein knowledge and software by making it FAIR; 2) enable and 
support a data ecosystem that accelerates basic and translational research for understudied proteins. To 
meet these aims, the KMC will coordinate its activities with all members of the IDG Consortium on a 
collaborative basis, supporting activities from DRGCs and RDOC, as well as any other future members of 
this program, in close coordination with the IDG Steering Committee and IDG Project Scientists (PS). The 
KMC will also support collaborative efforts to integrate the IDG project with other initiatives, such as the NIH 
Common Fund Program and NIH Commons, as well as international programs. 
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RESEARCH STRATEGY 
 

A. LONG TERM GOAL OF THE KMC  
The overall goal of the KMC is to encourage and support biomedical research aimed at the understudied 
proteins by providing an extensive resource of data, information, knowledge, methods and reagents for the 
entire human proteome (HuP), and to support the growing online community focused on understudied 
proteins. Focused on proteins that are on the IDG List, the KMC will aggregate, update and articulate protein-
centric data, information and knowledge for the HuP, while enabling support for expanded coverage for non-
human proteins of therapeutic interest and other associated human health data, in order to catalyze novel 
biomedical discoveries. To meet this goal, the KMC will coordinate its core activities with members of the 
IDG Consortium (IDG-C), other NIH Common Fund programs, NIH Commons and other initiatives 
 

B. PILOT PHASE OF THE IDG KMC 
“The reluctance to work on the unknown”1 is inherent to the scientific endeavor, partly due to our tendency 
to choose research subjects more likely to confirm what we already know or believe.2 In a deliberate attempt 
to focus on understudied proteins, NIH launched the IDG initiative3 in 2014. Part of this initiative, the IDG 
KMC led by Oprea (PI) was tasked to systematize general and specific biomedical knowledge by processing 
a wide array of genomic, proteomic, chemical and disease-related resources. The KMC Pilot focused on 
conceptual development, designed and implemented approaches aimed at eventually enabling a sustainable 
system to support understudied proteins research (Box 1).  Pilot KMC activities are summarized below.  
 

BOX 1: Overview of KMC Digital Resources  
 

▪ DrugCentral: Chemical, pharmacological and regulatory 
information for active pharmaceutical ingredients and 
products. Includes drug identification codes, MoA and 
pharmacologic action for targets, pharmaceutical product 
information, indications, contra-indications and off-label 
indications.4 It maps 4,475 active ingredients to 89,942 
pharmaceutical products (CC-BY-SA 4 license). 
▪ Drug Target Ontology (DTO): Interactive visual 
framework for drug discovery data based on formalized 
and standardized classifications and annotations of 
druggable proteins5. 
▪ Harmonizome: Pre-processed collection6 from 70 major 
online resources with ∼72 million gene/protein attributes, 
the Harmonizome is integrated in TCRD/Pharos. 
Maintained by Avi Ma’ayan at Mt. Sinai. 
▪ Pharos: Providing public access to TCRD,7 Pharos is a 
web-based Java platform that supports efficient and 
intuitive queries and browsing of all TCRD data. Features: 
Search filters to reduce lists of targets; Query saving 
capability for sharing; Dossier functionality to collate data 
during search or browsing. Pharos supports an API for 

programmatic access and inclusion in pipelining tools.  
▪ TargetCentral Resource Database (TCRD) is the KMC 
data repository and primary data source for Pharos7. 
TCRD integrates 51 heterogeneous datasets, with >85 
million gene/protein attributes. Starting with 4 families of 
interest for the IDG Pilot, 3TCRD was extended to HuP 
(Table 1). Implemented as a relational database using the 
open source MySQL.8 TCRD features Python scripts and 
an internal adaptor API to process data from a variety of 
sources in formats including databases, spreadsheets, 
text files, XML, JSON, and Web APIs. Available for 
complete download9 (CC-BY-SA 4 license), and via a 
REST API.10 
▪ TargetCentral.ws is the website of the entire IDG 
Consortium.11 It features information about IDG members 
and highlights IDG activities.  
▪ TIN-X is a visualization platform12 that allows users to 
explore the association between proteins and diseases 
based on text mining data processed from scientific 
literature. The user can navigate protein-disease relations, 
and examine a scatter plot using two newly introduced 
bibliometric scores, Importance and Novelty.13

 

Background: For the purposes of KMC, we define knowledge as the consensus of structured information 
aggregated from different sources, and information as structured data (‘form’ is central to in-form-ation14), 
with a contextual layer that supports data analytics. Data, facts and models have an “expiration date”, so 
knowledge itself is subject to revision and change. However, current biomedical knowledge provides context 
for the evaluation, interpretation and integration of emergent data, information and models.  
 

Knowledge management (KM) implies the ability to structure data into information15 while combining low-
volume, high-quality data types, e.g., analyses of experimental data like high-resolution X-ray 
crystallographic structures or systematic meta-analyses like the Cochrane16 systematic reviews, with high-
volume (perhaps lower quality) data such as GWAS (Genome-wide association studies) or HTS (high 
throughput screening). KMC automated algorithmic processing of structured data by extracting and 
processing expression and functional data related to proteins and genes, molecular probes such as small 
molecules and antibodies, GWAS, disease associations and launched drugs information into TCRD.7 
 

Concepts developed by the KMC: 1. To articulate information and knowledge compiled and archived by 
the KMC (Box 2) we proposed “Target Development Levels” (TDL) to classify all human proteins (Table 1) 
from a clinical, chemical and biological standpoint, with respect to our depth of knowledge (Box 2). TDL 
provides an overview into the current illumination levels and opportunities for targets of “druggable” protein 
families. Except for Tclin, TDLs are assigned with no human curation. Bioactivity data from papers and 
patents currently processed in ChEMBL17 may progress proteins to Tchem. TDLs are an easy to interpret 
scheme that monitors knowledge accumulation using multiple levels of evidence (Box 1). Proteins in Tdark 
and Tbio are understudied and need "illumination", whereas Tchem and Tclin are likely to be well studied. 
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IDG investigators Roth and Kroeze18 
proposed the number of citation (below 100) 
and the number of chemicals associated with 
each protein (below 10) to decide which non-
olfactory GPCRs are understudied. Citation 
counts extend our fractional literature count19 
(or JS, “Jensen PubMed score”20) by em-
phasizing publication relevance. Counting 
ChEMBL compounds is a criterion similar to 
Tchem in TDL.  Roth-Kroeze criteria take into 
account knowledge about biological functions 
as well as chemical matter with which proteins 
are known to interact. However, counting 
ChEMBL compounds cannot be applied to 
the HuP, since most human proteins are not 
annotated in ChEMBL.  Table 1 suggests that 
a small fraction of the genome (3%) is already 
“druggable”21.  TDL criteria were validated 

using 4 external sources: R01 grants; granted patents; the Harmonizome; and gene ontology (GO) leaf terms 
– as outlined elsewhere22. For these datasets, Tdark is significantly different compared to Tbio/Tchem/Tclin 
(Kruskal-Wallis post-hoc pairwise Dunn test23); all differences are significant except Tchem-Tclin. Clinical 
trials, required for the Tchem to Tclin progression, are not represented by these 4 data types.  
 

BOX 2: Target Development Level overview 
 

▪ Tclin (“clinical”) are Drug Targets: entities with molecular 
mass present in living systems that, upon interaction with 
therapeutic agents or their byproducts, modify biologic 
responses leading to therapeutic outcomes. “Living 
systems” encompass humans or animals (e.g., for 
veterinary drugs) and foreign organisms such as viruses. 
The drug-target interaction leads, directly or indirectly, to 
observable clinical outcomes. Tclin proteins are linked to at 
least one approved drug (that is, an active pharmaceutical 
ingredient) by Mode of Action (MoA). 
▪ Tchem (“chemistry”) proteins are known to bind small 
molecules with high potency but lack MoA links to 
approved drugs. The interaction between proteins and 
small molecules (and sometimes approved drugs) are 
usually studied in the context of a disease, and are typically 
subject to medicinal chemistry efforts. Bioactivity of at least 
one small molecule is above a specific cutoff for any Tchem 
protein. Current thresholds are ≤ 30nM for kinases, ≤ 
100nM for G-protein coupled and nuclear receptors, ≤ 
10μM for ion channels and ≤ 1μM for other targets. 

Bioactivity values were extracted from ChEMBL17 and 
DrugCentral4. 
▪ Tbio (“biology”) refers to those proteins that have 
confirmed Mendelian disease phenotype in OMIM28 (i.e., at 
least two publications); or have GO leaf term annotations29 
based on experimental evidence; or meet 2of the following 
3 conditions: Fractional PubMed abstract count above 5;19 
3 or more NCBI Gene RIF annotations30, or 50 or more 
commercial antibodies, counted from data made available 
by the Antibodypedia database31. Assignment to Tbio 
implies that these proteins are not associated with drug 
MoA, and that bioactivity values for small molecules fall 
outside Tchem cut-off criteria. 
▪ Tdark (“dark genome”) refers to the remaining proteins 
that have been manually curated at the primary sequence 
level in UniProt32, yet do not meet any of the criteria for 
Tclin, Tchem or Tbio. Evidence may be available 
concerning tissue location, dysregulation, inferred function 
via homology, etc. Tdark proteins have the least 
knowledge and molecular tools available, representing 
unexplored opportunities. 

 

2. Quantifying the knowledge gap: All the data, information and knowledge aggregated and processed 
within TCRD confirms the existence of a knowledge gap, as documented by the statistically significant 
differences discussed above. The bias towards well-described proteins1 is confirmed not only with respect to 
NIH funding patterns, patents and publications, but also GWAS and mouse phenotype data (vide infra), the 
availability of molecular probes such as antibodies and small molecules, and even queries in the STRING24 
database.22 Almost two out of five human proteins (38%) are dark. NIH acknowledged that illumination should 
directly target understudied proteins: IDG Phase 2 funding opportunity announcements use, in part, metrics 
explored by the KMC (JS and R01 counts), which are criteria to quantify the knowledge and funding deficit.  
 

3. Two bibliometric concepts proposed by KMC, rooted in the JS, are used in 
the TIN-X platform (Box 1): Novelty, which estimates the scarcity of publications 
about a protein target (see Eq. 1); and Importance, which estimates the strength 
of the association between that protein target and a specific disease (see also Eq. 

2). Here, Tk and Dk are the numbers of targets and diseases in publication (k), respectively; summation over 
all publications includes target (i), and for importance, it also includes disease (j). Like JS, TIN-X uses 
fractional counts to reflect strength of association: When a paper mentions three targets, each protein 
receives a one-third fractional count. Similar counts are applied for diseases. Fractional counts were 
developed by IDG member Lars Jensen, CPR (the Novo Nordisk Foundation Center for Protein Research). 
 

Table 1. Distribution of TDL categories by protein family for the 
“druggable” genome. See also Box 2 
Target Class All Tclin Tchem Tbio Tdark 
GPCRs (non-olfactory) 406 96 113 145 52 
Olfactory GPCRs 421 0 0 8 413 
Kinases 634 50 390 163 31 
Ion Channels 341 125 45 140 31 
Nuclear Receptors 48 18 19 11 0 
Transporters 473 26 46 287 114 
Transcription Factors (TF) 1,400 0 27 866 507 
Epigenetic (*) 280 12 53 178 37 
Enzymes (**) 4146 184 495 2,607 860 
Other 11,971 87 217 6,681 4,986 
Total 20,120 598 1405 11,086 7,031 
Phase 2 Ion Channels 117 32 12 49 24 
Phase 2 Kinases  134 0 76 39 19 
Phase 2 GPCRs 143 5 23 67 48 
Phase 2 Total 394 37 111 155 91 
*) includes 40 proteins not counted with TFs  **) excludes kinases 

𝑁𝑁𝑖𝑖 =  1 ∑ 1
𝑇𝑇𝑘𝑘𝑘𝑘�     Eq. 1 

𝐼𝐼𝑖𝑖𝑖𝑖 =  ∑ 1
𝑇𝑇𝑘𝑘∙𝐷𝐷𝑘𝑘𝑘𝑘     Eq. 2 
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4. Therapeutic Intent: When analyzing drug indications,25 Michel Dumontier (Maastricht University; also 
Letter of Support, LoS), Stuart Nelson (former Head, Medical Subject Headings, MeSH,26 who will join KMC 
in Phase 2), and Oprea collaboratively developed the concept of therapeutic intent27 to improve the quality 
and completeness of approved drug indications in DrugCentral for downstream use in drug repurposing. 
Therapeutic intent includes disease concepts and contextual aspects such as pre-existing conditions (e.g., 
drug A is indicated for complications of disease B), co-prescribed medications (e.g., drug A is indicated for 
patients having symptoms caused by drug B), particular genotypes (e.g., specific mutations), as well as a 
variety of other phenotypic, anatomic or temporal parameters. Therapeutic intent is relevant to precision 
medicine and drug repurposing. An R01 to develop this further was submitted on 02/05/17. 
 

Novel approaches and technologies designed and implemented by the KMC: We developed several 
approaches specific for unifying and aggregating protein-centric knowledge. 1) DTO was built based on the 
need for a formal semantic model33 for druggable targets, including related information, e.g, protein, gene, 
protein domain, protein structure, binding site, small molecule drug, MoA, protein tissue localization, disease 
association, and other types of information in TCRD. DTO is exposed in Pharos. 2) Mode-of-action target 
annotations, which were exhaustively mapped for 893 human and pathogenic biomolecular targets for 1,578 
FDA-approved drugs,34 formed the basis for Tclin; 3) Financial analysis of MoA drug targets based on global 
sales for approved drugs, which established for example that GPCRs are the most commercially successful 
drug target class (~900 billion USD in 5 years).35 4) TCRD software: The entire codebase used to build TCRD 
is available in github: https://github.com/stevemathias/TCRD/. For each of the datasets in TCRD v4, this 
repository includes a loading program, instructions on obtaining the needed source data file(s) (where 
applicable), and example output of running the programs. All preprocessing and analytical code used to 
produce KMC-generated data is included in the repository. 5) Pharos software: The Pharos platform source 
code is available at https://spotlite.nih.gov/ncats/pharos. This Git repository also includes instructions on 
building and running Pharos from sources. In addition to source code, a Docker image containing Pharos 
and TCRD v4 are available from https://hub.docker.com/r/ncats/pharos/; 6) Patent analytics: For KMC, the 
ChEMBL team identified 20,941 bioactivities from patents, covering 11,358 compounds and 1,134 assays 
covering 210 protein targets. These data, not present in biomedical literature, include 37 Tbio and 1 Tdark 
targets. Data for seven Phase 2 targets were uncovered by patent data extraction. GPR6 (Patent US-
6420563-B1) and HCAR1 (Patent US-8507473-B2), are GPCRs with bioactive chemicals, some ≤ 100 nM, 
which would progress them from Tbio (current TDL in TCRD) to Tchem. The implication is that some of these 
proteins were investigated, but not reported (see Aim 2). 7) KMC developed 6 digital resources (Box 1).  
 

Impact and Outreach of the KMC Pilot: With Lenat & Feigenbaum’s observation in mind,  “If you don't 
know very much to begin with, don't expect to learn a lot quickly,”36 we acknowledge that the KMC pilot was 
initially in a growing, less visible phase. However, KMC websites gained visibility in 2016: According to 
Google Analytics data, DrugCentral had over 18,500 unique visitors (799 pageviews/day) and Pharos had 
13,500 visitors (219 pageviews/day) in the past 11 months, while the IDG website, TargetCentral.ws had 
over 19,000 visitors (168 pageviews/day) in one year. Our MoA paper34 reached 40,000 pageviews in 3 
months, an Altmetric score of 450, and had an F1000 review.  The TDL classification has been adopted by 
KEGG37 (human genes only) and ChEMBL, and is available through the Cytoscape STRING app.38 Among 
external collaborations, KMC helps the International Mouse Phenotype Consortium (IMPC) prioritize genes 
(LoS, from Steve Brown), and the GWAS Catalog visualize data (LoS from Helen Parkinson; also Aim 2).  
 

During the Pilot phase, KMC members co-organized symposia at the following meetings: American Medical 
Informatics Association, Washington DC (11/14); American Chemical Society, Philadelphia PA (8/16); 
EuroQSAR, Verona, Italy (9/16); and Society for Laboratory Automation and Screening, Washington DC 
(2/17), respectively. KMC was presented at 25 international conferences, two webinars and three workshops, 
as well as three NIH events (NCATS Council; NHLBI internal, and Common Fund conference). Our Nature 
Reviews Drug Discovery poster35 that provides an overview of KMC, was distributed to all NRDD subscribers; 
the online version had 4,456 visitors and 5,415 pageviews in under 3 months. The impact of the KMC is 
further substantiated by 25 Letters of Support: 17 from academia including large consortia (9 countries, 4 
continents), 8 from large and small pharmaceutical companies, acknowledging the utility of Pharos and KMC. 
 

C. OVERVIEW OF THE KMC: GOALS, AIMS AND STRUCTURE 
 

The KMC has a unique objective, to automatically compile, process and evaluate – by human curation where 
possible - a highly diverse set of protein- and gene-centric data, with the explicit goal of advancing research 
for understudied proteins via target selection and prioritization. Since the amount of data being published 
exceeds the limits of human processing,39 there is a critical unmet need to process biomedical data, structure 
and generalize it, and where possible create convergent, distilled views of specific protein knowledge. The 
emergence of new knowledge was the focus of a bibliometric evaluation by Edwards et al.1 They examined 
how many of the newly sequenced proteins are the subject of new studies, 10 years after the completion of 
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the Human Genome Project. They concluded that the process of druggable target selection is conservative, 
and that limited progress has been made regarding newly discovered proteins.  
 

No single method for target selection and prioritization has been successful.40 Target selection criteria vary 
from disease relevance to puzzling functional features, unexpected role of mutations, and other properties. 
Commercial aspects (e.g., access to reagents and funding) and personal bias can influence the selection 
process. To assist target selection, the KMC quantified the knowledge gap by combining knowledge about 
therapeutics (Tclin), chemogenomics (Tchem), disease and phenotypic traits together with functional & 
expression data (Tbio), noting the absence of such knowledge and the lack of molecular probes for Tdark. 
The TDL evaluation system offers an unbiased way to pinpoint understudied proteins.  
 

The KMC team developed novel concepts, applications and visualization tools, as well as websites, with the 
ultimate goal of prioritizing research for understudied proteins. Some of these lines of research will be 
continued and enhanced (vide infra). We will deploy new analytics and predictive methods for processing 
data via Pharos. Human curation will play an equally important role in the abstraction process, particularly 
for IDG List. For Phase 2, KMC will be functionally structured according to the four major aims, as follows: 
 

Aim 1: Create an automated workflow that captures relevant public data for the entire proteome and 
manual annotations for the IDG list. TCRD resources and pipelines developed at UNM will be adapted 
and expanded to provide systematic coverage for the five major tkt branches (see Table 2). Scientific 
justification for adding new sources and data to the automated TCKB workflow will be based on knowledge 
gaps in the 5 tkt branches. For the entire proteome, UNM will adapt the automated process, with support 
from EBI for patents and from CPR for text mining. However, for specific knowledge gaps, UNM will work 
closely with Molecular Connections (MC), an India-based subcontractor, to provide in-depth human 
curation for the proteins of interest to IDG. Community feedback will be derived from Pharos (maintained by 
NCATS), from the RDOC and DRGCs, and KMC will develop and apply quality metrics where possible.  
 

Aim 2: Design, develop and implement a protein knowledgebase with Data Analytics support.  TKCB 
will be designed and implemented at UNM. Although most elements of TCKB will be developed in-house, we 
will seek feedback from DRGCs, RDOC, and other IDG stakeholders, as well as from the scientific communit, 
particularly with respect to data analytics. Data analytics and machine learning (ML) support for DGRCs will 
be provided by UNM, EBI (patents), CPR and NCATS, based on specific expertise. 
 

Aim 3: Expand, improve and maintain Pharos. The primary responsibility for Pharos will reside with the 
NCATS team, with feedback and support from UNM, the IDG Consortium and the community at large. 
Hardware and software infrastructure will be provided by NCATS at no cost to this grant. KMC will monitor 
NIH Commons policies and business models, and deploy Pharos (and TCKB if appropriate) into the cloud. 
Data summaries and integration will be developed at NCATS with support from UNM, CPR and MC. 
 

Aim 4: Outreach to scientific community. TCKB, Pharos and other IDG resources will require sustainable 
development and concerted efforts to increase the visibility of IDG resources. DockerStore versions of TCKB 
and Pharos will be made available by NCATS with each new release, observing FAIR41 principles. KMC will 
coordinate with RDOC, DRGCs, the IDG-SC-PS, NIH Common Fund and other stakeholders, as needed.  
 

Limitations: There is an ongoing reproducibility crisis,42 because companies like Bayer43 and Amgen44 have 
openly discussed the low reproducibility rates (33% and 11%, respectively) of high impact studies. A large 
number of biomedical publications are false,45 and many findings in psychological research may or may not 
be true.46 From a KM perspective, wrong data cannot be filtered out without a concerted community effort. 
Such an effort is beginning to take shape: the Reproducibility Project47 is posting results in its dedicated eLife 
cancer biology collection.48  Building a knowledge base starts by asserting what is true. That in itself 
does not attract significant funding: The Cancer Biology Reproducibility Project relies on a $2 million private 
donation,49 which for 29 replication projects amounts to $70,000 per project. Despite interest from its top 
leadership42, NIH does not have a mechanism to fund reproducibility. Illuminating other people’s work is not 
without controversy49, and not without limitations.50 Thus, awareness of the knowledge gap for dark proteins 
underscores the need for basic science, its part in illuminating protein functions and roles in human disease.  
 

Risk Mitigation: Acknowledging the knowledge gap is the first step towards deliberate interrogation of dark 
proteins, which is the core mission of IDG. However, this reproducibility crisis also suggests that the scientific 
community needs to lay down the foundations of verity, and carefully vet what is known. There is no “we hold 
these truths to be self-evident” basis in modern science. Biology does not appear to lend itself to an 
axiomatically build foundation. But managing knowledge implies knowledge maintenance and change, and 
we collectively share the responsibility of sifting truthful science from questionable results. In practical terms, 
the IDG-C will have to outline standards of practice, assist KMC in deciding what resources are trustworthy, 
and provide feedback on algorithms and models so that they maintain relevance to the IDG core mission.  
 

Expertise of the Team: The KMC team has extensive KM and informatics experience, specifically in 
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cheminformatics, translational informatics, medicine, pharmacology, text mining, knowledge management 
and representation. For 3 years, we collaboratively improved the quality and completeness of DrugCentral, 
TCRD, Pharos and all other KMC resources, while improving automated workflows. KMC Phase 2 will 
strengthen this relationship for continued collaboration in protein research. We will communicate via tele-
conferencing (we used GoToMeeting for 3 years) every 2 weeks, and in-person meetings such as at IDG 
events. Oprea is a Guest Professor at CPR, and will travel to Denmark (and UK) 2-4 times a year.  
• Tudor Oprea, MD, PhD, is Professor of Medicine and Chief, Translational Informatics, at the UNM School 
of Medicine (SOM). He co-developed concepts for lead-likeness,51,52 systems chemical biology53 and 
mapped molecular drug targets,34 before turning towards KM applied to drug discovery54-56 and health-record 
analytics.57,58 Oprea curated several drug databases: WOMBAT-PK,59 DRUGSDB60 and DrugCentral61. His 
work led to anti-cancer clinical trials for Raltegravir62 and Ketorolac63. As PI for KMC, he coordinated 
knowledge management efforts across multiple levels.64 His recent interest is to combine chemical, target 
and disease similarity for target65 and drug repurposing.66,67 
• Stuart J. Nelson, MD, FACP, FACMI, Research Professor at UNM SOM, is a board-certified internist and 
well-known medical informatician. He worked 16 years at NLM, as Head of MeSH, with the responsibility for 
editing of the Unified Medical Language System (UMLS).68,69 Nelson developed RxNorm70 and DailyMed. 
Nelson participated in the design71 of the Medical Text Indexer (MTI). He has considerable experience in 
UMLS and RxNorm on lowering human effort while maintaining quality in indexing and curation. 
• Andrew Leach, D.Phil. is Head of Chemistry Services at EBI since 2016, after decades of experience in 
drug discovery at GSK where he was involved in the development of platform capabilities and in leading 
therapeutic project portfolios based around target families. 
• Lars Juhl Jensen, PhD has for the past eight years led a Systems Biology group at CPR, University of 
Copenhagen. His team has developed the DistiLD72, DISEASES73, COMPARTMENTS74 and TISSUES75 
databases which integrate specific protein- and gene-centric properties. He made essential contributions to 
the STRING24 and STITCH76 databases of protein-protein and protein-small molecule associations. He also 
pioneered the use drug side-effects in drug repurposing77.  
• Anton Simeonov, PhD is the Scientific Director of the intramural division of Preclinical Innovation at NCATS. 
Author or inventor on more than 145 peer-reviewed scientific publications and patents, Simeonov has a truly 
diverse background, ranging from bioorganic chemistry and molecular biology to clinical diagnostic research 
and development. Simeonov trained as a postdoctoral fellow at Scripps under Richard Lerner and Kim Janda.  
 

D. APPROACH 
 

Aim 1: Create an automated workflow that captures relevant public data for the entire proteome and 
manual annotations for the IDG List. In the Pilot phase, KMC integrated 51 datasets (over 85 million protein 
attributes), constructing TCRD, a heterogeneous, multi-dimensional database with rigorous, automated entity 
resolution and mapping and a coherent, extensible schema designed for consumption by scientists and for 
downstream processing. Managing protein data led us to identify five major tkt branches: Genotype, 
Phenotype, Expression, Structure & Function, and Interactions & Pathways, each with appropriate sub-
branches (e.g., normal vs. disease, gender, etc.). Each dataset was evaluated for i) relevance, ii) quality and 
iii) added value prior to inclusion, which connotes in each case a custom, automated, data type level ETL 
(extract, transform, load) process. We will build upon this foundation by upgrading existing and incorporating 
new datasets, and we will extend into new areas such as phenomics, animal models, real world evidence, 
structural biology, pharmacology and cheminformatics. Table 2 summarizes planned TCRD resources. Major 
updates of TCRD datasets represent a vital task with respect to quantity, quality and staying current. For IDG 
List, we will 1) identify tkt branches with the least coverage per protein, 2) run automated PubMed and 3) 
PatSeq (primary sequences via Lens.org) patent queries, which will help us fill knowledge gaps.  

 

Table 2. Inventory of data sources (to be) processed by KMC. Those to be incorporated are in italics.  
tkt Category  Data Types Sources/Datasets 
Genotype Symbols, Names, IDs, Orthologs, 

Families, Genetic variants 
HGNC80, GeneCards81, UniProt82, Panther83, eggNOG84, 
ClinVar85, RGD86, MedGen87, dbVar88, GTR89, InParanoid90 

Phenotype Disease associations, Knockout 
Mouse/Rat Phenotypes, GWAS 

DISEASES91, IMPC92, Monarch78, GWAS Catalog93, OMIM94, 
PubTator95, Disease Ontology96, MedGen87, RGD86 

Interaction / 
pathway 

Protein-ligand, protein-protein 
interactions (transient and 
permanent PPIs) 

ChEMBL97, PubChem98, DrugCentral99, WikiPathways100, 
Pathway Commons101, Reactome102, KEGG37, Harmonizome103, 
STRING104, CTD105, GIANT106, IntAct107, 
GuideToPharmacology108,PharmGKB109, LINCS110 

Structure / 
Function 

Protein domains, 3D structure, and 
molecular function 

GO111, PDB112, PFam113, InterPro114, CATH115, ECOD116 

Expression Gene regulation and expression GTEx117, Expression Atlas118, HPA119, HPM120, TCGA121 
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We will detect knowledge gaps, evaluate the need for integration into TCKB and prioritize human curation. 
We rely on IDG-C and community feedback (e.g., Gene Wiki) to prioritize IDG List human curation, while 
adding quality metrics, exposing articulated information and increasing specific knowledge. TCKB will be 
designed to link phenotypes and diseases to genes, alleles and proteins, using ontologies developed in-
house (e.g., DTO), as well as those developed and maintained by the Monarch Initiative.78 Stuart Nelson will 
supervise nosology aspects for TCKB design and implementation. This will ensure appropriate integration 
of disease classification, central to TIN-X, and compatibility of TCKB and Pharos to the NCATS Biomedical 
Data Translator project79 (see also LoS from Melissa Haendel). Although we map “diseases” primarily under 
Phenotype, we note that disease information will be incorporated in all tkt branches, where relevant. 
 

1. Principled, prioritized identification of datasources, databases, datasets and datatypes: 
Datasource, database, dataset and datatype are inconsistently used terms, which leads to confusion. One 
dataset (e.g., the Harmonizome) may aggregate data from multiple sources and combine it with primary data, 
which in turn may be experimental or computed. For KMC, a database is an implementation of a dataset 
container. Inferences from literature may be manually curated, or automated, or semi-automated. Some 
sources serve an indexing role (PubMed, BioCADDIE, SciCrunch) but are not primary sources, nor analyses. 
Some well-established organizations (NLM, EBI) manage many resources that provide high value metadata 
and organizational approaches. Data type may refer to scientific content, but also to methods and levels of 
processing. An assertion regarding binding could be extracted from free text or from direct experiment. An 
assertion may be raw, or processed by statistical, heuristic, or manual methods. Assertions may be empirical, 
computational, or both. E.g., protein structure data, based on X-ray crystallography requires computational 
interpretation; and GWAS, where genomic and phenomic variations need interpretation. Domain-informed 
criteria are necessary for effective quality and confidence metrics. Using TCKB data combined with tkt 
category, we will identify non-redundant sources so data is aggregated with accountability for quality 
evaluation. We will consider Information Geometry to compute distance measures between existing and 
novel data, to assist with incorporation of new data into TCKB (LoS from Evangelos Coutsias). Provenance 
metadata is a prerequisite for dataset integration. Effective KM also considers volume and velocity. Volume 
approaches must use powerful back-end technologies, but also data-reduction and visualization via UIs for 
scientific comprehensibility and use cases. Velocity demands timely updates, and responsiveness to data 
ecosystem evolution, which depends on community engagement and outreach. 
 

2. One Phase 2 goal is to identify "proteins potentially able to bind drug-like molecules." Computational 
methods have extensively addressed this problem,122-127 but none of these studies were validated on blind 
sets, i.e., on proteins not related to training/test sets. Use of computational methods at KMC led to the 
discovery of GPER agonists128 and antagonists,129 (NCI R01) inhibitors for the Cdc42 and Rac1 small GTP-
ases63 (NCATS R21) and GLUT5, the fructose-only transporter.130 The GLUT5 project was just awarded an 
R01 (R01GM123103), effective 4/1/17. We will use the 10%-dedicated funds (if approved by IDG-SC-PS) to 
compute IDG List protein druggability and support DGRC experiments (e.g., LoS from Peter Sorger). 
 

Case Study: Photoreactive fragment-based ligand discovery, combined with quantitative chemical 
proteomics identified over 2000 fragment-binding proteins.131 Of these, 7 kinases and 3 ion channels (ICs) 
are on the IDG List. CLIC2, an intracellular chloride IC, and 194 other Tdark proteins were also identified. 
CLIC2 and 17 other IC genes are downregulated in dilated cardiomyopathy,132,133 causing impaired 
contractility that leads to heart failure. Expression (dys)regulation in a disease state may provide insights into 
pathology and protein protein interactions (PPIs): Downregulation of CLIC2 triggers cytoplasmic Ca2+ release 
via ryanodine receptors (RYRs). Blockade of RYR/CLIC2 to regulate Ca2+ release could thus be beneficial.  
 

3. This Case Study illustrates the need of rapid human curation response and meta-tagging of 
supplementary materials. Since such data would not readily be available through automated TCKB pipelines, 
KMC will use human curation directly (or via MC) to integrate such data into TCKB. MC has agreed to 
provide human curation for 2,000 papers annually, for a total of 12,000 papers for the duration of this 
proposal, according to priorities provided by IDG-C (in coordination with KMC). There is also a need 
to expand beyond the human genome for proteins of particular interest (e.g., non-human drug targets) as 
well as interfacing and capturing their associated human health data, as mandated by IDG-C.  
 

4. Gene Wiki and Wikidata. Started in 2007, the Gene Wiki initiative134,135 benefited from crowdsourcing of 
content after Wikidata added significant value via structured-data content (in 2012). Gene Wiki is a vibrant 
community, closely aligned to the WikiProject "Molecular and Cell Biology" (MCB).  The popularity and 
reliability of Wikipedia are well established, even for scientific domains.136  MCB articles are classified by 
importance and quality and may be regarded de facto as peer review. Wikidata is a publicly accessible RDF 
(Resource Description Framework) triple store and Sparql (the RDF query language) endpoint, thereby well 
suited for automated integration within TCKB. We will integrate Gene Wiki via Wikidata with TCKB as an 
additional data sources, and as a platform for community curation and crowdsourcing. 
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Aim 2: Design, develop and implement a protein knowledgebase with Data Analytics support.  1. A 
major TCRD upgrade, TCKB is a reimagined container, no longer comprised of data, information and 
knowledge, but also incorporating its codebase and software tools. The expertise was acquired by the KMC 
team while developing TCRD and its ETL-related processes is reflected in the current suite of protocols and 
in the approaches by which new or substantially revised datasets are considered for integration.  Many 
datasets have been evaluated and rejected for one or more criteria related to relevance, quality or value. 

Co-development of Pharos with TCKB is 
synergistic: New functionality must be justified by 
use cases via Pharos, and needs to incorporate UI 
design principles, visualization and domain 
specific understanding of each feature for data 
summary, drill-down, and link-out. Should data be 
stored or referenced? In the ideal world with an 
infinitely fast and programmable web, TCKB would 
require little local storage and consist mainly of 
processing pipelines.  However, KMC has specific 
stewardship and storage responsibilities for 
findings and methodology from DRGCs. KMC will 
collaborate with DRGCs, RDOC and other IDG-C 
members to integrate their data via TCKB, and 
maximize the benefit for the scientific community 
in addition to other channels, e.g., publications.  
 

2. Knowledge Graph: Projection of TCKB data 
into a graph data structure (tkt) with typed nodes 
and edges will enable use of network based 
analytical algorithms. The tkt concept with its 5 
major branches (Fig 1) is essential to our Analytics 
component, and will support the development of 
ML algorithms for imputing function and disease 
associations to a target. Using gene orthology 
relationships from the eggNOG84 and InParanoid90 
databases, the model organism data from the five 
tkt branches, related to different organisms, will be 
fused into a single “pseudo-protein”, thus enabling 
network-based inferences for function and 
phenotype across organisms. This is information 
articulation (new relations articulate the data). 

 

3. Network link predictions using meta-paths. Biological system networks (BSN) are heterogeneous with 
multiple node and edge types (Fig 1). Relationship prediction algorithms designed for homogeneous or social 
networks are not well suited for BSNs. Recent developments in heterogeneous143,144 and BSN145 relationship 
predictions introduced and formalized a new framework that takes into account BSN heterogeneity by 
defining type specific node-edge paths or meta-paths.146 A meta-path encodes type-specific network 
topology between the source node (e.g., Protein target) and the destination node (e.g., Disease or Function). 
In Fig. 1, type specific meta-paths are: (Target –– (member of) → PPI Network ← (member of) –– Protein –
– (associated with) → Disease) and (Target –– (expressed in) → Tissue ← (localized in) –– Disease). Type-
specific meta-path counts can be combined using, e.g., degree-weighted paths to dampen the effect of highly 
connected nodes. We will apply Relationship Ontology147 (RO) to formalize meta-paths types. RO formalizes 
and describes a rich set of relationships between biological entities, and is developed by Monarch Initiative78 
scientists, with whom we collaborate (LoS from Melissa Haendel and Tudor Groza).  
 

Employing RO will ensure FAIR representations of meta-paths and enable computational re-use. The original 
BSN application used logistic regression and ridge logistic regression. The meta-path framework, however, 
can be adapted to a variety of classification algorithms (Table 3). By applying ML approaches with typed 
meta-paths on BSNs, KMC will provide predictions for " function" or "role in disease." Variable importance 
estimates will allow sorting of meta-paths in decreased order of importance, leading to insights into the 
different biological processes and interactions that will contribute to predicted "function" or "role in disease." 
The process of applying meta-path methodology to generate these predictions is depicted in Fig 2. 
Machine learning and artificial intelligence (AI) are subject to rapid developments. Acknowledging that 
improved and better ML/AI algorithms will become available, we will allow the user community to apply new 

 
Figure 1.  TCKB knowledge graph representation, 
showing meta-paths along the major tkt branches.  
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algorithms to TCKB data, in particular meta-path derived predictors and observations. The REST API will be 
language (ex. Python, Java, etc.) agnostic and support access via a Bioconductor148 package. The 
Bioconductor platform provides support for biological modeling and analyses of complex biological data, and 

supports advanced analytical pipelines and ML algorithms. Google released its TensorFlow ML library149 as 
an R package150. Experimental DRGC data stored in TCKB will be projected onto the tkt knowledge graph, 
to enable new meta-paths and enrich existing ones. New meta-paths or enrichments will effectively lead to 
new predictions. When focused on the IDG List, this process will suggest new functions and disease 
associations, which DRGCs can follow up for confirmation or falsification. Some of the 10% funds for 
collaborations with other IDG awardees will be used to validate these assertions, if approved by IDG-SC-PS. 

Figure 2. Analytical algorithms workflow for information articulation in KMC. 
 

Moreover, Bioconductor integration will expose TCKB, tkt, meta-
path predictors, known/missing links between proteins and 
functions/diseases, together with high confidence predictions, to 
the scientific community. Bioconductor is supported and used by a 
large community of computational biologists, featuring over 1,200 
packages for computational biology, genomic data analysis and 
visualization. In addition to Bioconductor, users have access to the 
Comprehensive R Archive Network (CRAN)151 that features over 
10,000 packages for statistical and ML applications. Numerous 
learning resources are available for Bioconductor152 including 
Coursera153 classes. This is part of our outreach program (Aim 4). 

 

Case Study: A tkt meta-path example is Target –– (member of) → String154 PPI network ← (member of) –– 
Target –– (modulated by) –– Drug –– (treats) –– Disease (TmPmPdGtD meta-path). When using drug 
indications, MoA targets and bioactivities from DrugCentral,99 we found ~135,000 unique paths along the 
TmPmPdGtD meta-path. Scoring Target –– Disease associations using weighted Chi-squared statistics155 
and mapping these Target-Drug-Disease tuples along the TmPmPdGtD meta-path relveals the top scoring 
drug that could be potentially repurposed in Asthma; see Fig 3. Several of these top associations were 
confirmed by PubMed searches156–158, illustrating the potential value of this methodology. We expect to 
improve the predictive power of this approach by including additional meta-paths, as depicted in Fig 1.  
 

3. Cheminformatics-based target space calibration: Knowledge of approved drugs and associated Tclin 
(MoA) targets, extracted from DrugCentral, will be integrated into the KMC predictive methodology by 
associating chemical substructures and scaffolds with therapeutic areas and target families, an approach we 
explored in CARLSBAD.159 This will serve as gold standard for BSN meta-paths, and accessible via Pharos. 

Figure 3. Drug and Target repurposing using meta-paths of PPIs for MoA targets, applied to asthma. 
 

Table 3. Algorithms for consideration in 
the Aim 2 Data Analytics component 
Algorithm/Method Ref 
Regression models & derivatives 
(logistic, ridge, GLM, etc.) 

137 

Support vector machines 138 
Naive bayesian classifier 139 
PLS Discriminant analysis 140 
Random Forests 141 
Neural Networks 142 
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4. Predictive model exchange: Algorithm development is a key KMC goal. Equally important is their wide 
dissemination via Pharos. This approach may not always be suitable (e.g., for algorithms with long run times). 
Model reuse will be enabled using the Predictive Model Markup Language (PMML) as a platform-
independent way to specify and serialize predictive model to XML documents. An industry accepted 
standard,160 PMML is supported by commercial (e.g., IBM SPSS) and non-commercial (e.g., Knime, R) 
applications. PMML supports most algorithms listed in Table 3. This approach will not bind KMC to specific 
platforms such as Bioconductor/Knime. PMML documents support model specification (meta-data, 
provenance, etc.) as well as normalization and other data transformations. Limitations and risk mitigation: 
This approach applies only to a fixed class of predictive models. However, the supported model types cover 
the majority of types used in computational biology & chemistry, for example cheminformatics ML 
repositories161. A broader limitation is that PMML does not support arbitrary algorithms. PMML specification 
supports feature (descriptor) descriptions, but such descriptions may not be recognized by arbitrary tools 
that support PMML documents. To mitigate this limitation, we will include scripts to compute features based 
on their PMML specifications. 
 

Aim 3: Expand, improve and maintain Pharos. Developed at NCATS, the Pharos platform7 is publicly 
deployed and actively used by the scientific community (Box 1). Initially designed for ~1,800 targets and four 
protein families (IDG Pilot), Pharos now serves information from 51 diverse datasets on more than 20,000 
human proteins. It is comprised of a web-based graphical user interface (GUI) and an industry standard API  
(HATEOS162, JSON-LD), with over 1.2 million lines of source code. Based on the Play framework and Akka 
reactive platform, Pharos is a scalable and high performance enterprise system with average response times 
under 1s. Designed with input from multiple IDG-funded groups, Pharos is a modern, responsive interface to 
TCRD, providing seamless search, browsing and filtering activities. Full auto-suggest text search provides 
flexibility in how and what a user can search for across text, numeric, chemical structure and biological 
sequence. Sophisticated indexing mechanisms ensure sub-second search times across 3 million entities. 
Modern UI features such as shopping carts and faceted search enable “serendipitous discovery.”163 Pharos 
implements multiple interactive visualizations to summarize search results and compare proteins, diseases 
and ligands (Fig. 4). Pharos supports bookmarkable downloads of all KMC data in standard formats (CSV, 
JSON, SDF) via the GUI and API. The latter allows easy inclusion into custom workflow tools. In summary 
Pharos represents a robustly engineered foundation that will support the development of the IDG Portal and 
serve the IDG community by enabling intuitive and effective access to TCKB.  By enhancing “serendipitous 
discovery,” Pharos enables researchers to more effectively explore the dark genome. We will create new 
functionalities utilizing TCKB to provide actionable support for and around user queries. These 
features will enhance search and filtering capabilities and enable integration of community-developed tools 
and workflows. Pharos supports analytics but will not replace large scale platforms (e.g., Spotfire). To ensure 
responsiveness, analytics will be precomputed if possible, following the principle of “analysis via browsing.” 

 

1. Knowledge Packages: Key for the KMC effort is to enable 
investigators within and outside the IDG to process preliminary 
evidence in an accessible manner, and to design experiments that 
would clarify function or role of understudied proteins in biology or 
disease. To support this effort, we will extend the Dossier 
functionality to enable the creation of “knowledge packages.” The 
Dossier is currently a list of entities supporting various operations 
(visualize, download, merge, copy, etc.). The “knowledge package” 
will go beyond the list of entities by enriching them with summaries 
of multiple targets and automatic suggestions of tools, reagents and 
relevant publications. We will address this in the following manner: 
 

1.1. Expand entity coverage. The Dossier functionality will include 
all entities supported by Pharos, not just protein and diseases. 
Dossiers will also support tkt categories, allowing users to draw 
inferences based on the Dossier contents. We will support the 
inclusion of items associated with a top level tkt category. Flagged 

as associated with a top-level entity, these data would visually be presented as a data “snippet.”  
1.2. Automatic Dossier enrichment. We will implement a recommendation architecture based on “knowledge 
similarity,” so a Dossier will be automatically enriched by suggesting related targets and diseases. These 
recommendations will be based on similarity matrices, introducing a Target Knowledge Vector (TKV) to 
represents tkt category elements (e.g., primary sequence, expression data, etc.). Discrete properties such 
as phenotype may be represented as TKV elements. Continuous properties (e.g., JS, number of PDB entries) 
may be represented by probability mass functions. TKVs range in dimension from 80 (Tdark) to over 50,000 

Figure 4. Views of the Pharos UI, 
highlighting the browsing interface (top), 
visualization of tissue expression (left) and 
summary of knowledge availability (right). 
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(Tclin). A generalized Tanimoto coefficient will be used to compute similarity. For tkt categories, we will 
subset TKVs to compute category specific similarities. Using similarity to a protein of interest, Pharos will 
recommend other proteins, according to computed similarity type (e.g., Genotype similarity vs 
Structure/Function similarity). Via the Pharos UI we will track usage of the recommendations to further 
prioritize and inform development. The TKV approach, derived for proteins, is readily applicable to diseases.  
NCATS will consult with Stuart Nelson at UNM, and with the Monarch Initiative, on how to best compute 
disease similarity. Along with computed recommendations, we will automatically add relevant, linked 
reagents such as chemical probes and antibodies for proteins and animal models for diseases. Automated 
links to IDG-C researchers working on any of the proteins in a dossier will be provided. Users will have the 
option to ignore such recommendations and links, which will be available both via the GUI and the API. 
 

1.3. Automatically summarize a collection of entities in a Dossier. Enriched Dossiers can join relevant, related 
pieces of data; however, users need to derive a coherent description of Dossier contents. By summarizing a 
Dossier using semi-structured text transforms the dossier from a “bag of entities” into a narrative about them. 
We will develop approaches to summarizing the contents of a Dossier. This effort will proceed in two stages. 
First, we will summarize the proteins in a dossier using tkt-based dimensions; these will also include TDL 
categories, tissues where the proteins are most highly expressed (normal vs disease), etc. We will seek 
community feedback from IDG-C members and external Pharos users to select and expose specific 
dimensions. The results of this summary will be both tabular and visual, using charts that are appropriate for 
each tkt type being summarized. Visual summaries will employ the HighCharts library164 to support download 
and reuse, e.g. inclusion in reports and grant proposals. Second, we will reuse methodology developed in 
Aim 3.2.2. to generate textual summaries of protein collections, initially for proteins within the same target 
family, subsequently for arbitrary collections,  employing a data fusion165 strategy. Text sources across the 
set of proteins, as well as numeric and other data types will be merged; this merged set of data will be treated 
as a single “pseudo-protein” (similar to Aim 2.2), and will serve as input for methodology described in 4.1.  
 

2. Generate data summaries and integrate with external tools and data generators. Pharos presents 
KMC data linked out to original sources. We aim to present new knowledge derived from TKCB:  
 

2.1. Integration hooks to support external tools. Pharos supports several visualizations, from target collection 
summaries (e.g., sunburst visualization of hierarchical DTO terms) to information around a single target (see 
Fig. 4), and including third-party visualizations (e.g., the Harmonogram6). To support community 
contributions of new visualizations and other such tools, the Pharos API will provide “integration hooks,” API 
endpoints for user-app registration with the Pharos platform. On registration, apps will be executable by 
Pharos, similar to BARD plugins.166 This will allow us to reuse community- developed summarization tools. 
 

2.2. Automatically generate a text summary of all data available for a 
protein. The current protein page lists many independent data types. 
Our goal is to automatically generate a concise and (close to-) natural 
language summary of the data: First, we will explore text summarization 
techniques167,168. Since many data types are not plain text, we will 
develop a rubric to characterize the relevance, importance and 
reliability of a dataset (or datatype). Second, using “integration hooks” 
(above) we will plug in existing tools (e.g., Classifier4J169 and MEAD170). 
We will develop a benchmark to judge the quality of summarization 
techniques by manually constructing a summary for 100 IDG List 
targets, and will utilize human raters from MC and, as we improve, from 
IDG-C members, to score manually generated vs. automated 

summaries. This approach to crowdsourcing performance metrics171,172 is appropriate in this setting.  Using 
these benchmarks, we will identify the best target summarization method(s) and generate summaries for 
each protein webpage. 
 

3. Network integration to enhance discoverability and support complex queries. TKCB contains a 
variety of data types that relate to different entities (targets, ligands) and different scales (molecular to 
organismal). While Pharos supports effective, intuitive searching, the user is still restricted to exploring 
individual dimensions separately. Though filters can be thought of as a multi-dimensional “slice” through 
TKCB, the data types are not exposable in an integrated manner. We address these limitations by:  
 

3.1. Quantifying and visualizing tkt domains. Pharos filters mandate one to explicitly specify the characteristic 
of interest. Since there are >140 filters, users may not be aware of a relevant filter. We will extract tkt subnets 
corresponding to different knowledge branches. These branches already group knowledge types (see Table 
2). We will present tkt subsets through the lens of a protein family or a disease class. Interactive network 
visualization and navigation will enable users to zoom into specific tkt regions to identify relevant information 
(Fig. 5). This represents a transformative step as Pharos will assist users in exploring tkt /TCKB, 

Figure 5. tkt network visualization, 
highlighting regions according to 
dominant data types 
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rather than requiring users to make arbitrary choices of filters. Skupin et al173 and Boyack et al174 developed 
network visualizations of scientific literature and computed clusters characterizing specific scientific domains. 
 

We will implement a clustering approach based on a combination of topic models,175 enhanced using numeric 
data collected by the TCKB via the Harmonizome and self-organizing maps (SOM).176 This clustering process 
will identify Targets and Diseases (using Named Entity Extraction technology developed at CPR) and use 
these as labels for validation of an unsupervised topic modeling process based on LDA, Latent Dirichlet 
Allocation177. Extracted Proteins and Diseases will be used to identify clusters enriched in specific targets 
and/or diseases, allowing us to correlate topics as extracted by the LDA model to those targets and diseases. 
In parallel, we will generate an unsupervised clustering using the SOM and map the resultant clusters to 
those obtained from LDA. We will characterize each approach using cluster quality metrics.178 We will 
generate consensus clusters by combining clusters from both methods. Since all clusters will be pre-
computed, we will present each clustering, ordered by cluster quality metrics. We will also explore 
approaches to include (with EBI), as they fit into the LDA workflow. Protein-cluster associations will be stored 
in a dynamic relational database for rapid retrieval of clusters (tkt domains) associated with any given protein. 
Tkt domains will be displayed using an interactive network visualization. In this network, nodes represent tkt 
categories -  phenotype, genotype, etc. - with data across the five branches as edges. When visualized in its 
entirety, this will represent a TCKB-wide clustering. We will implement interactive UI elements, based on the 
Cytoscape.js infrastructure179 that will allow the user to drill down into specific knowledge domains. Using 
visual cues such as color and translucence, users will be able to highlight subnets based on specific features 
(e.g., a disease term). We will link the current set of filters to this visualization so that 140 pre-existing filters 
will also be available to select subnets. The proposed network visualization will explicitly bring such 
connections to the users’ attention. The tkt networks will be searchable and filterable based on data type 
and prediction confidence (e.g., from meta-path models, Aim 2).  
 

3.2. Integrating search and inference using Bayesian networks. Pharos does not have an integrated view of 
the associations between entities, which prevents us from supporting sophisticated filters that include entity 
dependencies.  As a result, queries such as “Find all enzymes annotated with ‘farnesyltransferase activity’ 
(molecular function) have ‘increased bone mineral density’ (associated phenotype), and are modulated by 
‘antineoplastic’ (drugs)" are not feasible. For understudied targets where such annotations are missing, 
predicted associations (Aim 2.3) will enable similar queries across the HuP. We will use Bayesian Networks 
(BNs) as a probabilistic framework to capture the interactions between ligands, genes, tissues, phenotypes, 
and diseases. We will leverage Pharos search facilities (i.e., facet, text, structure, and sequence) to 
seamlessly integrate BN’s for various inference tasks. A BN is a directed acyclic graph with nodes represent 
domain variables and edges denote causal relationships between variables. A BN query amounts to efficient 
evaluation of the joint probability functions subject to new evidence. BNs allow us to combine exploratory 
(i.e., explicit searching and filtering) and inference queries that lead to an integrated view of the druggable 
genome. We will implement BNs following the methodology described in Cooper & Herskovits.180 Given that 
network architecture is a key challenge (a 10-node network will have 1018 possible structures) in the 
construction of BNs, we propose to confine the possible network configurations to a set of predefined 
templates, inspired from the 5 tkt branches. Nodes will be organized into layers according to their entity type, 
and the size of the network will thus depend on the resolution of the data in each layer. By merging tkt and 
BN networks at different data resolution and network configurations, we enable the interrogation of the 
druggable genome across scales and modalities, resulting in cross-cutting queries that may afford drug 
repurposing and novel discovery opportunities. 
 

Aim 4: Outreach to scientific community. KMC members will engage in a 
series of activities to leverage TCKB, Pharos and other IDG resources, in order 
to increase adoption of IDG output (e.g., TDLs, focus on knowledge gaps and 
understudied proteins), in close coordination with RDOC, DRGCs and IDG-SC-
PS. Key to this Aim is sustainability of KMC activities beyond the life of this award. 
User feedback is essential in identifying limitations and ways to improve Pharos 
and TCKB. Thus, gathering feedback with the aim of improving content, usability 
and features desired by the community are important tasks (see Fig. 6). 
 

4.1. User feedback. The KMC will provide several ways to enable user feedback 
via the Pharos UI. 1) Explicit feedback links will be made available (e.g., a failed 
search provides a link for users to notify us whether it should have been 
successful). 2) Each protein detail page supports comments via Disqus.181 This 

allows users to post (moderated) comments about a given protein and to start a discussion with other users. 
3) We will instrument the Pharos UI to record which interface features (e.g., which filters or which 
visualizations) receive the most attention in terms of clicks. One use, noted in Aim 3.1.2, is to track which 

Figure 6. Examples of 
outreach activities. 
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classes of recommendation are most frequently used in a Dossier. This data will enable us to prioritize 
development and drop unused features from the interface, leading to a tailored user experience. 
4.2. Educate users. KMC will provide tutorial or feedback sessions, either at Bethesda, MD or when feasible, 
at user sites. These sessions will serve to introduce users to Pharos and TCKB, highlight their utility to 
scientific problems, and allow users to provide feedback about the platform. Several sessions have run during 
the pilot phase. In Phase 2, we will focus on groups from domains not initially considered in the pilot phase 
(e.g., cardiovascular community). Work in this aim will be coordinated with the RDOC. 

 

4.3. External collaborations: 1) IDG helped IMPC production 
centers prioritize production of knockout mouse strains. To date, 
130 new knockout strains have been produced as a result: We will 
continue to collaborate with IMPC and support IMPC “landing 
pages” in Pharos. An IDG landing page is already available at the 
IMPC website, mousephenotye.org. 2) We will adapt the TIN-X 
platform to visualize the GWAS Catalog by introducing Specificity 
(1/mapped traits per gene) on the X axis, and using the median 
negative log10(probability) (from the Catalog) on the Y axis. Dot 
size is proportional to the number of publications linking that 
particular trait and gene. GWA-X, the GWAS-eXplorer (Fig. 7), 

can be incorporated into the TIN-X framework: instead of Disease Ontology, we will use EBI’s EFO 
(experimental factor ontology) as left-side navigation bar. This allows filtering by EFO hierarchy. GWA-X has 
been prototyped for several IDG List genes (see also LoS from Parkinson). 
 

4.4. Enhance integration with NIH Commons and dissemination. First, we will prepare a new Docker 
image for every new release of Pharos and TCKB, available at https://hub.docker.com/r/ncats/pharos/, our 
public repository of images, to encourage usage by industrial scientists (see LoS from BMS, Merck, 
Genentech, and Lilly). Second, we will monitor NIH Commons policies and business models, and deploy 
our TCKB pipeline and Pharos into the cloud. Source code developed in this proposal will be available via 
this repository under a permissive BSD license. Third, we will implement FAIR principles41 and expose new 
annotations in DrugCentral, new protein annotations in TCKB, with new assertions as nanopublications182 
or as the complete DrugCentral/TCKB dump. Fourth, we will work with BD2K colleagues to establish a 
Commons Framework Working Group on Benchmark Datasets, where our focus will be for understudied 
proteins. Finally, we have investigated deployment of the Pharos platform to Amazon Web Services (AWS) 
and a Pharos instance is available at http://pharos.ncats.io. Deployments will further enable users with 
minimal local hardware resources to deploy the system in a cloud setting. 
 

4.5. Enhance documentation. Extensively documented, Pharos features About and Help pages, frequently 
asked questions (FAQs) and tooltips on individual UI elements. We will expand the FAQs and add additional 
help text as suggested by users. We will develop documentation for KMC models and support and third-party 
model documentation. We will update the REST API documentation using the Swagger toolset183 and bring 
it in line with other APIs used in the life sciences (e.g., SmartAPI184). We will keep up to date with community-
developed standards, e.g., data formats and provenance, coordinating with the IDG-SC-PS and RDOC. 
 

E. TIMELINE 
 

 
  

Fig. 7. GWA-X allows visualization of traits 
per gene on a specificity vs. probability plot.  
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Consortium/ Contractual Arrangements  

 
The University of New Mexico Health Sciences Center (UNM HSC) is prepared to enter into subcontract 
arrangements with the European Bioinformatics Institute (EBI), the National Center for Advancing 
Translational Sciences (NCATS), the University of Copenhagen, and Molecular Connections. 
 
Authorized officials of the partnering institutions have agreed to collaborate on the proposed NIH project, 
Knowledge Management Center for Illuminating the Druggable Genome. The project period is November 1, 
2017 through October 31, 2023. 
 
The effort will be led by Dr. Tudor Oprea, in UNM HSC’s Department of Internal Medicine, Division of 
Translational Informatics. Project Leads at the partnering institutions are Dr. Andrew Leach (EBI), Dr. Anton 
Simeonov (NCATS), Dr. Lars Jensen (U Copenhagen), and Dr. Arathi Raghunath (Molecular Connections). 
 
Upon receipt of a Grant Notice of Award from the National Institutes of Health, UNM HSC will issue a 
subaward agreement approved by the Regents of the University of New Mexico, and as outlined in the 
subawardee’s budget and justification as provided for this application.  
 
Each institution will each make significant scientific contributions to the study, and will comply with all 
pertinent NIH regulations and policies. The Project Lead at each institution will take responsibility for the 
scientific conduct of their respective component of the study. 

Contact PD/PI: Oprea, Tudor

Consortium/Contractual Arrangements                                                                            Page 195

U24 CA224370-01 KMC_UNM_IDG_ScientificMaterial 30 of 66



List of Letters of Support for KMC Phase II: 
1. Ola Spjuth - Uppsala University 
2. Michel Dumontier - Maastricht University 
3. Renxiao Wang - Shanghai Institute of Organic chemistry, Chinese Academy of Sciences 
4. Olivier Taboureau - University of Paris Diderot 
5. David Wild - Data2Discovery 
6. Jeffrey M. Blaney - Genentech 
7. Jordi Mestres - Chemotargets 
8. Carleton R. Sage - Beacon Discovery 
9. Timothy J. Mitchison - Harvard University 
10. Meir Glick - Merck 
11. Tudor Groza - Garvan Institute 
12. Andrea Cavalli - University of Bologna 
13. Peter Sorger - Harvard University 
14. Garland Marshall - Washington University in St. Louis 
15. Helen Parkinson - EMBL-EBI 
16. Michal Vieth - Eli Lilly 
17. Melissa Haendel - Monarch Initiative 
18. Ying Ding - Indiana University 
19. Steve Brown and Terrence Meehan - IMPC 
20. Stephen Johnson - BMS 
21. Evangelos A. Coutsias - Stony Brook University 
22. Scott E. Martin – Genentech 
23. Finkbeiner – Gladstone Institutes 
24. Susumu Tomita – Yale University 
25. Anton Simeonov – NCATS 
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2017-03-16 1 (1)

Ola Spjuth, Docent
Associate Professor

Department of
Pharmaceutical Biosciences
and Science for Life
Laboratory

Visiting address:
Husargatan 3

Postal address:
Box 591, Biomedicum
SE-751 24 Uppsala
Sweden

Telephone:
+46 18–471 4281

Web page:
http://www.farmbio.uu.se

To whom it may concern,

I would hereby like to add my support to the Illuminating the Druggable
Genome (IDG) project. My research group at Uppsala University is focu-
sed on developing methods for improving predictive pharmacology, tox-
icology and metabolism using machine learning methods. Having access
to relevant integrated data sources is of uttermost importance for us, and
the Target Central Resource Database with the Pharos interface constitute
important and useful components. Further, we believe the Target Develop-
ment Level classification scheme to be useful for target prioritization in
our research.

My group is currently setting up automated systems for continuous mo-
deling where predictive models are re-trained as new data becomes avai-
lable. We deploy these models on cloud computing resources, or more spe-
cifically using containers orchestrated by the Kubernetes framework de-
veloped by Google. The analysis pipelines we automate using scientific
workflow software, and we refine existing solutions including Luigi and
Pachyderm to support the features necessary to sustain continuous mode-
ling.

We are aiming to work with IDG to develop e.g. target druggability
models that can be contributed back to IDG KMC, at no cost for the con-
sortium.

Sincerely,

Ola Spjuth, Associate Professor
Department of Pharmaceutical Biosciences and
Science for Life Laboratory
PO Box 591, Uppsala University
Uppsala, Sweden

Email: ola.spjuth@farmbio.uu.se
Ph: +46 (0)70 425 06 28
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Visiting address 
M1.12a, Universiteitssingel 60  
6229 ER, Maastricht  
The Netherlands 
T +31 (0)43 388 11 27 
F +31 (0)43 388 52 47 

Postal address 
Institute for Data Science 

Maastricht University 
Post box 616 

6200 MD, Maastricht 
The Netherlands 

michel.dumontier@maastrichtuniversity.nl 
http://dumontierlab.com 

 

March 28, 2017 

Dear Dr. Oprea, 

  It is my pleasure to write this letter in support of your U24 application to develop and implement 
a Knowledge Management Center (KMC) for the Illuminating the Druggable Genome (IDG) Program. 
The aim to create a research consortium focused on the elucidation of functionally 
undercharacterized proteins that make part of the druggable genome is of clear and undeniable 
importance. As a biomedical informatics researcher focused on developing computational methods 
for drug discovery, access to the highest quality data and tools is critical to my research.  

  I am most familiar with two tools of your doing: DrugCentral and Pharos. Our group uses 
DrugCentral as a source of high quality drug information that we use in our machine learning 
methods predict drug indications. In particular, our preliminary analysis determined that the drug 
indications available in DrugCentral were of much higher quality than those available in other 
sources, owing largely to the semi-automated pipeline that you have put in place. Moreover, this 
higher quality translated into better predictions as compared to when we used other non-curated 
sources such as SIDER or improved coverage over sources such as NDF-RT. Importantly, the effort 
that you have put into curating these indications to the UMLS means that we can reliably use 
ontologies as part of our learning process, which consistently outperforms using other sources of 
indications that are described in natural language, such as DrugBank. Moreover, the breadth of 
coverage also means that we have better predictions across a broad set of therapeutic areas.  

  I only recently began to use Pharos, but I must say that it is impressive. Indeed, the ability to 
rapidly drill down through diseases, targets, and ligands across a dozen or so sources enables our 
group to ensure that our discoveries are truly novel, and not just a symptom of poor data collection. 
It’s become a go-to reference tool, and we certainly look forward to seeing more of these kinds of 
tools and technologies being developed. Should there ever be an opportunity for us to contribute 
use cases, provide feedback, or “test drive” any new software or features arising from the 
consortium, do let me know. Best of luck on your application! 

Sincerely, 

 

Michel Dumontier 

Distinguished Professor of Data Science 
Maastricht University 
michel.dumontier@maastrichtuniversity.nl 
http://dumontierlab.com 
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SHANGHAI INSTITUTE OF ORGANIC CHEMISTRY 
CHINESE ACADEMY OF SCIENCES 
345 Lingling Road, Shanghai 200032, P. R. China 

 
 

Mar 5th, 2017 

To Whom It May Concern: 

I am writing this letter to indicate my strong support to the PHAROS and the DrugCentral web 

site. 

I am leading a group at the Shanghai Institute of Organic Chemistry, Chinese Academy of 

Science. My group is engaging on molecular-targeted drug design by combining bioinformatics, 

molecular modeling, organic synthesis and biological studies. My group members have been 

using the PHAROS and the DrugCentral web site regularly for information related to drug targets 

and small-molecule marketed drugs or drug candidates. In my opinion, these two web sites are 

valuable public resources for researchers working in this field. Although the scale of both web 

sites is relatively smaller as compared to some data resources (such as ChEMBL@EBI or 

PubChem@NIH), they provide unique information or annotations that are not available from 

those more comprehensive ones. For example, the knowledge of the "druggable genome" 

provided by PHAROS is exceptionally useful. Besides, all information on both web sites are 

well-organized, eye-catching, and convenient to be delivered to the fingertips of the user. 

In conclusion, we love to use those two web sites. We certainly hope that they will be supported 

continuously by governmental funding. 

Yours sincerely, 

 

Renxiao Wang, Professor 

State Key Laboratory of Bioorganic Chemistry, Shanghai Institute of Organic chemistry  

Chinese Academy of Sciences 

Shanghai 200032, China 
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P.O. Box 5456 
Bloomington, IN 47407 

812.202.6190 
www.d2discovery.com 

 
 
 
March 10th, 2017 
 
Professor Tudor I Oprea, MD PhD 
Translational Informatics Division  
Department of Internal Medicine 
University of New Mexico Health Sciences Center 
 
Dear Professor Oprea, 
 
Re: “Illuminating the Druggable Genome Knowledge Management Center” U24 
Application 
 
I write to express strong support for your proposal for continuation of the Knowledge 
Management Center of the Illuminating the Druggable Genome project, as it enters 
Phase 2 (RFA-RM-16-024). Your curation efforts from DrugCentral and TargetCentral 
are critical in that they provide accurate information regarding drugs and their mode of 
action. This is just one aspect that informs the “druggable” genome in Pharos, as one of 
the many trascriptomic, phenotypic and genomic information sources that you combined 
in that online resource.  
 
I am Founder and President of Data2Discovery, a corporation that is partnering with 
pharmaceutical companies to help them build the next generation of translational data 
and computational infrastructure for drug discovery. For those companies, access to 
high quality, curated information from the public domain that is provided in a sustainable 
fashion is critical, and of very high value. We believe pharmaceutical companies are 
destined to become “data companies” in that all discovery will be data-driven. The 
ongoing work of the Knowledge Management Center will directly facilitate new 
discoveries in pharmaceutical companies, as well as fuelling small companies like ours 
that are building infrastructure on top of high quality data sources. It is worth noting that 
the innovation in the Knowledge Management Center together with our innovation in our 
company has already resulted in submission of an NIH SBIR proposal to feasibility test 
a highly novel approach to drug repurposing that we think could have a dramatic impact 
on pharmaceutical research.  
 
It is my opinion that your proposal has potential of game changing impact for both 
academic and industrial research groups with respect to target selection and 
prioritization, molecular probe identification and disease tailoring.  The international 
multidisciplinary team you have assembled is well suited to continue developing 
automated informatics pipelines for the entire proteome and to bring forward new 
interfaces and data analytics in an aggressive timeline.   
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The tools that you are developing are well suited for the analysis and prioritization of 
dark genes, such as the 395 genes of interest to the Phase 2 of this project.  
 
Yours truly, 
 

 
 
David Wild 
President & Founder 
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University of Paris Diderot 
Molecules Therapeutiques in 
silico unit 

Bat Lamarck A 
35 rue Helene Brion 
75205 Paris cedex 13 
France 

Tlf. +33 (0)1 57 27 82 79 
Fax +33 (0)1 57 27 83 72 
Olivier.taboureau@univ-paris-diderot.fr 
www.mti.univ-paris-diderot.fr 

 

 Letter of support for Pr. TI Oprea NIH grant renewal 
 

 
March 06, 2017 

 
 

 
 
Recommendation letter for Pr. TI Oprea 
 

It is with utmost interest that we, at the University of Paris Diderot, 
have learned about the efforts made by Pr. TI Oprea at UNM, in the process 
of applying for a continuation of the IDG initiative, through NIH grant. 

 
In our group at the unit of "Molecules Therapeutiques in SIlico", we are highly 
interested in polypharmacology and the integration of chemogenomics data 
with other biological sources of information, i.e. transcriptomics, protein-
protein interactions, pathways, clinicals, among others. Therefore, we were 
extremely thankful, when Pharos was released in 2016. It allowed us to 
integrate one of the most accurate chemogenomics database to our in house 
chemical-diseases platform and start to use it in our daily research study. 
 
We planned also to educate our students to the different implementation in 
the Pharos database during our master in "In silico drug design" at Paris 
Diderot. The performance of such tool is usually highly appreciated by our 
students, as the tool is very flexible and allows exploiting outcomes rapidly. 
 
Such tool will be definitively of interest in industry and academia for the 
annotation and prediction of bioactive compounds in drug discovery. 
 
Therefore, I am convinced that Pharos will become one of the top databases 
in chemogenomics to consult in drug discovery and I would like to give to TI. 
Oprea and his application my strongest possible recommendation, so they will 
be able to pursue their active work on keeping their tool a MUST to have. 
 
Yours sincerely, 
 
Olivier Taboureau, Professor, PhD 
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Barcelona, March 14th, 2017 
 
To: Prof. Tudor I Oprea, MD PhD 
Translational Informatics Division  
Department of Internal Medicine 
University of New Mexico Health Sciences Center 
Via email to TOprea@salud.unm.edu 

 
Re: “Illuminating the Druggable Genome Knowledge Management Center” U24 Application 
 

As a regular user of the valuable resources developed in your Translational Informatics Division, I 

enthusiastically support your proposal for continuation of the Knowledge Management Center of the 

Illuminating the Druggable Genome (IDG) project, as it enters Phase 2 (RFA-RM-16-024). Your curation and 

integrative efforts in DrugCentral and TargetCentral provide accurate information regarding the connection 

between drugs, their targets, and their therapeutic use. This is just one aspect that illuminates the 

“druggable” genome in Pharos, a long-awaited on-line resource combining transcriptomic, phenotypic and 

genomic information.  
 

Our company develops novel computational methodologies and graphical tools to help designing small 

molecule pharmaceuticals in the context of presonalized medicine. To do that, we rely on carefully annotated 

data on drugs, targets, and diseases from both public and commercial sources that we then integrate and 

use internally to generate predictive models. 
 

Therefore, I strongly believe that your proposal has the potential of having a game-changing impact for 

precision modelling in both academia and industry. The international multidisciplinary team you have 

assembled is well suited to continue developing automated informatics pipelines for the entire proteome and 

to bring forward new interfaces and data analytics in an aggressive timeline. Last but not least, the tools that 

you are developing are well suited for the analysis and prioritization of the 395 dark genes of interest to the 

Phase 2 of this project.  
 

Yours sincerely, 

 
Dr. Jordi Mestres, CEO 
Chemotargets S.L.  
Barcelona, Spain 
Email: jordi.mestres@chemotargets.com 
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           Harvard Medical School   
                     DEPARTMENT OF SYSTEMS BIOLOGY 
 
 
 
 
 
 

March 13, 2017 

 

To: Prof. Tudor I Oprea, MD PhD 

Translational Informatics Division  

Department of Internal Medicine 

University of New Mexico Health Sciences Center 

Via email to TOprea@salud.unm.edu 

 

 

Re: “Illuminating the Druggable Genome Knowledge Management Center” U24 Application 

 

Dear Dr. Oprea 

 

This letter is to state my enthusiastic support regarding your proposal for continuation of the Knowledge 

Management Center of the Illuminating the Druggable Genome project, as it enters Phase 2 (RFA-RM-

16-024). You may recall that in October 2015, we both attended a conference in Berlin, Germany. Upon 

learning about the IDG initiative, I was intrigued to learn that NIH is encouraging scientists to migrate 

towards the study of what you call the “ignorome” or “dark targets”. I’m extremely enthusiastic re your 

efforts to generate tools to prompt experimental study of less-studied and un-studied candidate targets.   

 

When I teach pharmacology to PhD students, and in the research work in my group and local labs, I am 

continually struck by how much money and effort is spent on a rather small number of well know drug 

targets. We make a big point of this in the pharmacology class I direct, and I encourage students to start 

thinking more “out of the box”. However, it is challenging to find novel candidate targets by browsing 

pubmed, which is heavily biased towards known targets, or raw genomic resources, which are very 

difficult for biochemists to use effectively. In this light your efforts to curate medicines in DrugCentral, 

and proteins via TargetCentral, are very useful resources regarding drugs and targets. I believe that this 

type of information will spur novel approaches to drug discovery in academia and pahrma/biotech. I also 

look forward to using them to develop teaching units for my class.  

 

The work of my own group relates particularly to microtubules, cancer and neurodegeneration. We also 

have an active interest in systems biology, which relies on integrating functional, structural and genomics 

aspects of drugs and targets.   

 

It is my opinion that your proposal can impact the process of target prioritization as it helps bring focus 

on dark proteins, specifically with respect to phenotype and disease associations.  Since 2015, when I 

became aware of your international team effort, I have followed with interest your tool development for 

200 Longwood Avenue 

Warren Alpert 536 

Boston, Massachusetts 02115-5730 

(617) 432-3805 

 

Timothy J. Mitchison , Ph.D., F.R.S. 
Hasib Sabbagh Professor of Systems Biology 

timothy_mitchison@hms.harvard.edu 
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mining the “dark genome”. Your team is well suited for the continued deployment of automated pipelines 

and human curation concerning the human proteome, as well as for generating analytics and visualization 

apps for the dark genes of interest to the IDG Phase 2. 

 

 

Sincerely, 

  

 

 

 

 

Timothy J. Mitchison 

Professor of Systems Biology 
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Peter K. Sorger, Ph.D. phone: (617) 432-6901 peter_sorger@hms.harvard.edu 
Otto Krayer Professor of Systems Pharmacology fax: (617) 432-6990 Administrative Coordinator: Christopher Bird 
Head of the Harvard Program in Therapeutic Science  christopher_bird@hms.harvard.edu 

 

 

200 Longwood Avenue
Warren Alpert 440

Boston, MA 02115-5730

Prof. Tudor I Oprea, MD PhD       March 20, 2017 
Translational Informatics Division  
Department of Internal Medicine 
University of New Mexico Health Sciences Center 
Via email to TOprea@salud.unm.edu 
 
Re: “Illuminating the Druggable Genome Knowledge Management Center” U24 Application 
 
Dear Tudor, 
 
I am writing to express enthusiastic support for your proposal to continue the Knowledge Management 
Center (KMC) for Illuminating the Druggable Genome project as it enters Phase 2 (RFA-RM-16-024). 
My group has found that the curation you have done for DrugCentral and TargetCentral provides useful 
and accurate information on the drugs (and their mode of action) that we are actively analyzing in our 
NIH LINCS Center (http://lincs.hms.harvard.edu/). 
 
As you know, Gary Johnson (who runs a Phase 1 IDG Center) and I are collaborating on a data 
generation Center submission to IDG Phase 2 focusing on dark kinases. Our computational and 
informatics plan for this Center (Aim 1 in the proposal we shared with you) envisions very close 
coordination with you on the creation of a “dark kinase” information resource that combines data from 
IDG and LINCS. In preparing our proposal we made extensive use of data you have gathered together 
in Pharos, including the many trascriptomic, phenotypic and genomic data sources that you have 
combined into an integrated information resource. Our plan (if we are funded) is to work with you to 
build APIs and metadata standards that allow rapid integration of data across multiple NIH projects as a 
means to rapidly accumulate and disseminate information about the druggable genome. We have 
found relevant data in TCGA, LINCS, the SGC and other large-scale efforts. 
 
I firmly believe that your proposal has the potential to shift the paradigm for target selection and 
prioritization toward understudied proteins, particularly the subset that is associated with human 
disease. Your team is extremely well suited to continued development of automated pipelines for 
integration of -omic data and effective prioritization of dark genes. I know that our work in this area will 
be greatly aided by the expertise of the impressive team you have assembled for the Phase 2 IDG 
KMC. For example, my LINCS team, working in collaboration with the Johnson group, recently 
deposited preliminary cheminformatics analysis on the dark kinome at 
https://github.com/sorgerlab/DarkKinome, and I believe such data could ideally be distributed as part of 
TargetCentral (TCRD) via the IDG KMC portal, Pharos.  
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I also believe that effective reuse of ideas and resources developed in LINCS for IDG Phase 2 (and 
vice-versa) is essential, particularly with respect to knowledge management. Funds for such activities 
are scarce, and we must make optimal use of the progress we have made (with support from the IDG 
Program Scientists appointed by NIH). Since both IDG KMC and LINCS are open-access, open 
science initiatives, this type of coordination would clearly benefit the scientific community at large. 
 
I look forward to continuing to work with your team in IDG Phase 2. 
 
 
Sincerely yours 
 

 
Peter Sorger 
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ALMA MATER STUDIORUM - UNIVERSITÀ DI BOLOGNA 
VIA ABCDEFG HILMNOP - 40100 BOLOGNA  - ITALIA -  TEL. +39 051 20123456 - FAX +39 051 200000 

 
To: Prof. Tudor I Oprea, MD PhD 
Translational Informatics Division  
Department of Internal Medicine 
University of New Mexico Health Sciences Center 
Via email to TOprea@salud.unm.edu 
 
Re: “Illuminating the Druggable Genome Knowledge Management Center” U24 Application 
 
Dear Tudor,  
 

Following your poster at the EuroQSAR conference in Verona, Italy, in September 2016, I’ve become interested in the 

information that the team you lead has integrated on behalf of the IDG KMC (Illuminating the Druggable Genome 

Knowledge Management Center). The protein view in Pharos aggregates a diverse set of transcriptomic, proteomic, 

therapeutic and phenotypic elements, in addition to text mining data from diseases, patents and NIH funding. The TDL 

concept combines orthogonal sources of information from drug labels, ChEMBL and PubMed, in addition to OMIM and GO 

terms, which I believe will be very useful for drug discovery. As a Professor in Medicinal Chemistry at the University of 

Bologna and Research Director at the Italian Institute of Technology, I often look for innovative tools and databases for 

both my classes and my research activities. An initiative, such as Pharos may represent a great asset for my daily 

activities, and I will indeed be proposing it to students, postdocs, and collaborators. 

In several aspects, the IDG KMC knowledge base a useful resource for searching proteins associated with tauopathies 

such as Alzheimer’s disease, for which I have a long-term interest. Actually, while the amyloid hypothesis has been 

dominant over the last 15 years, the recent failure of the Merck’s BACE inhibitor, verubecestat, raises important question 

around this hypothesis bringing the tau mechanism to forefront of the scene. Identifying novel targets within this 

hypothesis represents the first steps for a new drug discovery project. In this respect, your “TIN-X” resource appears to 

provide a useful, interactive tool for evaluating novel proteins, and their association with this disease based on PubMed 

abstracts.  

Hereby, I wish to express my enthusiasm for supporting your IDG Phase 2 proposal (RFA-RM-16-024) for continuation of 

the IDG KMC. In conclusion, I personally believe this initiative may represent a very important asset for academic drug 

discovery, for classes in pharmacy, medicinal chemistry, and related fields, and for basic research in chemical biology, 

target identification and validation. I’m therefore very glad to support this initiative now and in the future. 

  

Sincerely,  

 
Andrea Cavalli, PhD 

Professor of Medicinal Chemistry 

Research Director  

Contact PD/PI: Oprea, Tudor

Letters of Support                                                                                             Page 216

U24 CA224370-01 KMC_UNM_IDG_ScientificMaterial 48 of 66



 

Washington University School of Medicine at Washington University Medical Center, Campus Box 8231, 
660 South Euclid Avenue, St. Louis, Missouri 63110-1093 FAX: (314) 362-7183 www.biochem.wustl.edu 

 
Department of Biochemistry 
and Molecular Biophysics 
 
       March 1, 2017 
 
 
 
 
 
 
To whom it may concern: 
 
 
This letter supports the development of Pharos as a useful tool for those interested 
in drug discovery and development. By compiling the correlations between drug 
targets and compound activity, unknown interactions can be revealed. The breadth 
of literature is such that a database such as Pharos is essential for efficient review of 
interactions. 
 
Our industrial colleagues have access to database tools developed in house that 
provide them competitive advantages over academic research. Pharos will help level 
the playing field and deserves NIH support. 
 
 
        Sincerely. 

    
       Garland R. Marshall 
       Professor 
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European Bioinformatics Institute (EMBL-EBI) | European Molecular Biology Laboratory |  
Wellcome Genome Campus | Hinxton, Cambridge, CB10 1SD | United Kingdom  

Tel.: +44(0) 1223 494 444 | Website: http://www.ebi.ac.uk 

 

 
Helen Parkinson 

EMBL-EBI 
Wellcome Genome Campus 

Hinxton, Cambridgeshire 
CB10 1SD, UK 

 
 

20 March 2017 
 
 
To: Prof. Tudor I Oprea, MD PhD 
Translational Informatics Division  
Department of Internal Medicine 
University of New Mexico Health Sciences Center 
Via email to TOprea@salud.unm.edu 
 
Re: Competitive NIH renewal for the “Illuminating the Druggable Genome Knowledge Management 
Center” U24 Grant Application RFA-RM-16-024. 
 
Dear Tudor, 
 
It is my pleasure to write in support of your IDG renewal. Since 2014, when the IDG KMC started, our 
group has been following your progress with interest. The amounts of data aggregated and integrated by 
IDG KMC, made available via the Pharos portal, are unique in the manner of data type presentation and 
visual summary.  By highlighting vignettes related to grant funding, patents and publications, disease, 
mouse phenotype, functional and structural information, Pharos summarizes a highly diverse set of data 
types and we have used it as a user experience paradigm for complex data integration.  
As you know, our group maintains the GWAS Catalog (www.ebi.ac.uk/gwas) which provides curated 
GWAS SNP-trait relationships for genome wide association studies. We have recently discussed your 
proposal to visualize GWAS data via GWAX, the GWAS eXplorer, which allows users to evaluate 
specificity on a per-gene and per trait basis. This method is complementary to our current GWAS Catalog 
visualization methods and in line with the plans we have in our project renewal. We will therefore be 
delighted to work with you to determine the utility of your visualisation tools for our users, how we could 
use these with complete summary statistics and to work with you as a user of the GWAS Catalog in 
determining our new API’s utility for your project and users.  
We have also worked in collaboration on the IMPC project in delivering IDG specific pages, in evaluating 
analysis methods and would like also to continue this fruitful collaboration. I am pleased to offer my 
support to your proposal and look forward to a continued and productive collaboration, 
 
Yours faithfully, 

 

Helen Parkinson   

Head of Molecular Archives      
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March 22, 2017 

 
Requested by: 
 
Tudor I. Oprea, M.D., Ph.D. 
Professor, Chief, Translational Informatics Division 
Department of Internal Medicine 
The University of New Mexico 
Albuquerque, NM 87106 
 

To whom it may concern, 

I am providing this Letter of Support for the project titled, " Illuminating the Druggable Genome 

Knowledge Management Center” proposed by prof. Tudor Oprea from The University of New Mexico.  

From my understanding the purpose of this research is to prioritize disease relevant targetable proteins.  

The work described in the proposal is important to initiate the development of chemical probes, which 

are a critical target validation tool in the pharmaceutical industry. 

In several aspects, the IDG KMC has the potential to become a unique knowledge repository for target 

selection in drug discovery.  For example, the target development level is a provides information for 

scientists interested in understanding the target selection process, as it combines multiple data 

elements from literature, chemogenomic and disease databases, and drug labels.  

I have served as the chair of  the Kinase Panel of the Expert Target Panel committee for the Illuminating 

the Druggable Genome Knowledge Management Center, IDG KMC in 2015 and 2016, and I along with 

other Industrial and Academic Scientific Experts provided general scientific advice on the committee. 

As described, this proposed research IDG Phase 2 proposal (RFA-RM-16-024) will continue to contribute 

to the wider scientific community. 

 

With warmest regards, 

 

 

Michal Vieth, PhD,  
Senior Research Advisor 
Global Computational Chemistry  
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Mail code LIB 
3181 SW Sam Jackson 
Park Rd 
Portland, OR 97239-3098 
Phone: 503-407-5970 
Fax: 503-494-3227 
www.ohsu.edu/library 
 
 
Melissa Haendel, Ph.D. 
Associate Professor 
OHSU Library and Dept. 
of Medical Informatics 
and Clinical 
Epidemiology 

haendel@ohsu.edu 

March 23, 2017 
 
Prof. Tudor I Oprea, MD PhD 
Translational Informatics Division  
Department of Internal Medicine 
University of New Mexico Health Sciences Center 
 
RE: “Illuminating the Druggable Genome Knowledge Management Center” 
U24 Application.” 
 
Dear Tudor,  
 
As you know, I co-lead the NIH Monarch Initiative project, 
(https://monarchinitiative.org/), which focuses on the ontology-based integration 
of cross-species gene, genotype, variant, disease, and phenotype data and the 
development of the Human Phenotype Ontology (HPO). This work aims to allow 
scientists and clinicians to facilitate the understanding of diseases by providing 
means to compare phenotypes and syndromes and thereby enable the improved 
interpretation of genetic alterations that may be causal for human disease. We 
have used our curated knowledge base to identify human disease genes and are 
facilitating the diagnosis of patients that have evaded correct diagnosis for 
decades in collaboration with the NIH Undiagnosed Disease Program (UDP). We 
have recently spent considerable effort creating openly available APIs over our 
large-scale integrated data to ensure that the data is usable and actionable for the 
scientific community.   
 
In this context, I would be the first to acknowledge that managing data, 
information and knowledge in a digital and human friendly manner is no trivial 
task. The way your Knowledge Management Center on behalf of the Illuminating 
the Druggable Genome NIH Common Fund project has managed to develop a 
protein-centric repository is remarkable.  On behalf of the Monarch Initiative, I 
want to express my enthusiastic support for the continuation of the IDG 
KMC, and to support your proposal for competitive renewal as IDG begins 
Phase 2 (RFA-RM-16-024).  
 
Target prioritization for drug discovery is an essential activity in both academic 
and industrial research, and IDG KMC is uniquely poised to streamline this effort 
with seamless data aggregation, knowledge integration and articulation.  The 
automated informatics pipelines and human curation efforts that Pharos makes 
available to the scientific community enables novel avenues of research; your 
efforts to mine the NIH R01 awards are poised to foster communication and 
collaboration, and bring forward new methods for target discovery.  
 
The IDG has already been able to utilize Monarch resources to extract relevant 
gene-disease associations and integrate them with the rich target classification 
data you have developed for the IDG project. As the IDG program moves into 
the implementation phase, we are happy to continue to collaborate with you to 
further incorporate Monarch resources and tools into the IDG. Specifically, our 
algorithmic work on integrating nosologies and their associations with 
phenotypes, alleles, and proteins, and other ontology-based integration 
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approaches are synergistic with your proposed design and implementation of the TargetCentral 
Knowledgebase you are developing. 
 
We will also explore how we can best leverage IDG resources to advance the integration of IDG target 
prioritization and classification with the Monarch model system phenotype associations, as well as in the 
context of our role in the NCATS Data Translator project that aims to create a mechanistic classification of 
disease involving drug targets. 
 
I wish you the best of luck with your application and am looking forward to our collaboration with you and 
to contribute to the success of the IDG program. 

  
        Sincerely, 

Dr. Melissa Haendel 

 
Associate Professor, OHSU library and Dept. of Medical Informatics and Epidemiology 
Oregon Health & Science University 
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Data Science Program 

611 N. Park Avenue, Bloomington, Indiana 47408 • (812) 856‐7114 • datasci@indiana.edu 
 

March	22,	2017	

	

Professor	Tudor	I	Oprea,	MD	PhD	

Translational	Informatics	Division	

Department	of	Internal	Medicine	

University	of	New	Mexico	Health	Sciences	Center	

	

Dear	Professor	Oprea,	

	

Re:	“Illuminating	the	Druggable	Genome	Knowledge	Management	Center”	U24	Application	

	

Gladly	I	provide	this	letter	of	strong	support	for	your	proposal	for	continuation	of	the	
Knowledge	Management	Center	of	the	Illuminating	the	Druggable	Genome	project,	as	it	
enters	Phase	2	(RFA‐RM‐16‐024).	Your	curation	efforts	from	DrugCentral	and	TargetCentral	
are	critical	in	that	they	provide	accurate	information	regarding	drugs	and	their	mode	of	
action.	This	is	just	one	aspect	that	informs	the	“druggable”	genome	in	Pharos,	as	one	of	the	
many	trascriptomic,	phenotypic	and	genomic	information	sources	that	you	combined	in	that	
online	resource.	

	

I	am	Associate	Professor	of	Informatics	at	Indiana	University	and	Director	of	the	Web	Science	
Lab,	also	Associate	Director	of	the	Data	Science	Online	Program.		My	research	interests	
include	Semantic	Web	Technologies	and	Data‐driven	Knowledge	Discovery,	particularly	to	
biomedical	networks.		Your	plan	to	apply	meta‐path	knowledge	graph	analytics	to	the	target	
druggability	domain	is	of	great	interest	and	potential.		As	you	know,	at	IU	we	have	developed	
Chem2Bio2RDF,	and	SLAP,	and	recently	completed	and	published	a	study	involving	meta‐
path	analysis	with	the	PubChem	team	(Fu	et	al.,	BMC	Bioinfo,	2016).	
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Data Science Program 

611 N. Park Avenue, Bloomington, Indiana 47408 • (812) 856‐7114 • datasci@indiana.edu 

This	proposal	has	great	promise	for	illuminating	the	druggability	of	understudied	targets	by	
collecting	relevant	high	value	data	and	applying	analysis	methods	including	meta‐path	based	
analytics.		Your	team	is	well	qualified	and	equipped	to	continue	developing	automated	
informatics	pipelines	for	the	entire	proteome	with	new	interfaces	and	data	analytics.		I	look	
forward	with	great	interest	to	employing	your	resources	in	my	work,	and	expect	and	wish	for	
great	success	for	you,	your	colleagues	and	project.	

	

Yours	sincerely	

	

Ying	Ding,	Ph.D.	

Associate	Professor	of	Informatics	
Associate	Director	of	Data	Science	Online	Program	
Director	of	Web	Science	Lab	
Faculty	of	Center	for	Complex	Networks	and	Systems	Research	
Faculty	of	Chemical	Informatics	Center	
Core	Faculty	of	Cognitive	Science	
School	of	Informatics	and	Computing	
Indiana	University	
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Prof. Tudor I Oprea, MD PhD 
Translational Informatics Division  
Department of Internal Medicine 
University of New Mexico Health Sciences Center 
TOprea@salud.unm.edu 
 

 
Dear Tudor 

 

We are writing with enthusiastic support for your NIH Common Fund application to 

continue your activities with Illuminating the Druggable Genome (IDG) Knowledge 

Management Center (KMC). As Principle Investigators with the International Mouse 

Phenotyping Consortium (IMPC), we have benefited from the tools and informatics 

services that the IDG-KMC provides. The IMPC is a G7-recognised global research 

infrastructure whose goal is to build a catalogue of gene function by generating and 

characterising a knockout mouse strain for every protein-coding gene. The IMPC is funded 

in large part by the $100 Million KOMP2 NIH Common fund including funding the entirety 

of the IMPC data coordination center based at MRC Harwell and EMBL-EBI, as well 

mouse production and phenotyping in the USA, Canada and UK.  

 

 A critical part of the IMPC informatics infrastructure is to coordinate and help 

prioiritse production of mouse strains across a dozen global production centers. Our first 

interactions with the IDG-KMC were several years ago when your group started providing 

lists of “druggable genes” that had little known functional information. The KOMP centers 

eagerly incorporated these into the mouse knockout production plans and am happy to 

report that over 130 knockout strains have been produced as a result (summary here:	

https://www.mousephenotype.org/data/secondaryproject/idg). We extended our 

collaboration by inviting you to our annual KOMP Meeting in 2015 where we saw a 

prototype of the Pharos portal and the powerful Target Development Levels classification 

that provides a summary of all known knowledge for all genes. We had been looking for a 

way to demonstrate how the IMPC is providing new knowledge and tools for poorly 

understood genes and are now incorporating these classifications into our infrastructure 

and to a “gene knowledge summary” page we will be providing on the IMPC portal that 

links back to Pharos. In turn, we were very excited to work with you to facilitate 

incorporating IMPC data into the IDG-KMC where it is now available in context with the 

other rich sources of information.   
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 As the IMPC moves into the second phase, we are increasing our efforts to 

disseminate the knowledge generated by our colleagues as widely as possible. The IDG-

KMC is an important part of these outreach efforts to the pharmaceutical research 

community. Therefore, we hope to see the NIH support your competitive KMC renewal as 

the IDG enters a second phase.  

 

Sincerely, 

 

 
Steve Brown 

Chair, IMPC Steering Committee 

Director, MRC Harwell Institute, Harwell, UK 

 

 

 
Terrence Meehan 
PI- KOMP2 MPI2 grant 
Mouse Informatics Coordinator 
European Molecular Biology Laboratory-  
European Bioinformatics Institute 
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P.O. Box 4000 Princeton, NJ 08543-4000  609-252-4000 
www.bms.com 

 

1 
 

March 26, 2017 
 
Prof. Tudor I Oprea, MD PhD 
Translational Informatics Division  
Department of Internal Medicine 
University of New Mexico Health Sciences Center 
Via email to TOprea@salud.unm.edu 
 
Dear Tudor, 
 
I am writing to express my enthusiastic support for the continuation of the Knowledge 
Management Center of the Illuminating the Druggable Genome project, as it enters Phase 2 (RFA-
RM-16-024). The rich target and mode-of-action information that you have curated from 
DrugCentral and TargetCentral are just one aspect of the important information that makes up 
Pharos. The many trascriptomic, phenotypic and genomic information sources that you combined 
in that online resource provide an exceptional resource for searching and understanding the 
“druggable” genome. 
 
My role at Bristol-Myers Squibb includes the leadership of two computationally focused groups. 
The first is the Molecular Analytics group, a small team dedicated to cheminformatics research 
including target identification efforts, screening collection design, and data mining and machine 
learning. My other key responsibility includes the leadership of computational chemistry activities 
related to Immunology and Oncology drug discovery efforts at BMS.  As my research combines 
structural, functional, and chemical information to drive the identification of potential therapeutics, 
a resource like Pharos holds great potential for significantly impacting the efforts of my team. 
 
I strongly believe that your proposal has the potential to become a key resource for both academic 
and industrial research groups with respect to target selection and molecular probe identification. 
The international multidisciplinary team you have assembled is well suited to continue developing 
automated informatics pipelines for the entire proteome and to bring forward new interfaces and 
data analytics in an aggressive timeline.  I look forward to me and my team making effective use 
of these tools, and the data they provide, in our research efforts to bring new medicines to help the 
lives of patients. 
 
Regards, 
 

 
Stephen R. Johnson, Ph.D. 
Sr. Principal Scientist 
Bristol-Myers Squibb 
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1 DNA WAY, SOUTH SAN FRANCISCO, CA 94080-4990 USA   650 225 1000  
www.gene.com 

Scott Martin
Senior Scientific Manager 
Discovery Oncology 
Genentech, Inc. 
Phone 650 225 6724 
Fax 650 742 5179 
Email martin.scott@gene.com 

 
 
 
March 27, 2017 
 
Dear Review Committee: 
 
I am writing this letter in support of continued development of the Pharos user interface to 
explore existing information on druggable targets in the human genome. This platform is 
very relevant in our current age of big data and many disconnected data sources. Scientists 
need centralized tools to research information relating to their targets of interest. This is 
especially relevant in my own work in the area of functional genomics. My group 
conducts large-scale screens using CRISPR, RNAi, and small molecule platforms. 
Accordingly, we are continuously searching for information on screen hits, and 
relationships between actives. Pharos provides useful tools in this regard, and is worth 
continued efforts to further develop its utility. 
 
I’ve used the Pharos interface to explore information on targets from genome-scale 
screens.  I find a number of the features intuitive and useful. For example, not only are 
standard citations for targets presented with corresponding PMIDs, but NIH grant 
applications are also linked. These can be extremely insightful, as they are written by 
experts in respective target areas, and can provide information beyond that found in 
published manuscripts. Protein-protein interactions are also easy to explore, as are GO 
term enrichments. Both can be contrasted with other screen hits to look for relationships 
and develop hypotheses. The listing of known chemical inhibitors is yet another useful 
resource that can enable follow-up experiments. All of this information can be collected in 
a very clever tool termed the “Dossier”.  
 
Overall, the existing Pharos portal is a promising resource for scientists exploring novel 
targets. There are a number of improvements that can make the tool of even greater use. I 
look forward to expanded function in the years to come.  
 
Sincerely, 
 

 
 
Scott E. Martin, Ph.D. 
Senior Scientific Manager 
Group Leader, Functional Genomics 
Department of Discovery Oncology 
Genentech 
martin.scott@gene.com 
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	 STEVEN FINKBEINER, M.D., Ph.D. 

Direct Line: (415) 734-2508 
Fax: (415) 355-0824 
Steve.finkbeiner@gladstone.ucsf.edu 
http://gladstoneinstitutes.org/ 

 
March 13, 2017 
 
Dear Dr. Anton Simeonov: 
 
We have been using Pharos for the last three years and have watched its development 
over that time period. We began using Pharos, to obtain information on orphan genes that 
we are working on through the IDG program. Pharos is the first site we visit when 
looking up any orphan gene. The site now also includes data from all genes within the 
genome, so we have begun to use the site to search for genes for other non-IDG projects.  
 
The platform is visually appealing and user friendly. It is easier to navigate in comparison 
to its competitors (e.g., Open Targets). The front page has the simplicity of the Google 
search home page, and it has incorporated features such as the ‘Amazon cart’ idea to store 
search information. It also has some slick visualization tools, namely the ‘Explore’ 
feature. During its three years in development it has added help and training tutorial 
videos that also publicize new site features.  
 
In addition to cataloguing information from publically available databases (e.g., GTEX, 
PubMed) it also incorporates information on the targets investigated by other Tech Dev 
groups enabling more efficient collaboration across the IDG Consortium. The filter 
option enables an unbiased screening of the targets. In addition to providing phenotypic 
filtering options it also provides some unique options including grant activity (e.g., 
number of RO1s funded on the target).  
 
The next stage would be to use Pharos to provide ‘novel’ knowledge about the orphan 
targets, by using bioinformatics interrogation and predictive modeling methods. Based on 
our experience with the Pharos platform, we find it to be a very useful tool in its current 
state and one that has great promise for future development. As such, we recommend 
further investment to help develop Pharos so that it can achieve its full potential. 
 
With kind regards, 
 
 

	
 
Steven Finkbeiner, M.D., Ph.D. 
Director, Taube/Koret Center for Neurodegenerative Disease and Gladstone Institutes 
Professor, Departments of Neurology and Physiology, 
University of California, San Francisco 
 
SMF/ksn 
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Yale University Susumu Tomita, Ph.D. 
 Professor 
 

 Department of Cellular and Molecular Physiology  
 Department of Neuroscience 
 CNNR program 
 Yale University School of Medicine 
 295 Congress Avenue BCMM454B/441 
 P.O. Box 9812 
 New Haven, Connecticut 06536-0812 
 
 Telephone:  203 785-7201 
 Fax:  203 785-4951 
 Email: Susumu.Tomita@yale.edu 
 

 
Dr. Anton Simeonov 
Scientific Director  
Division of Pre-Clinical Innovation  
National Center for Advancing Translational Sciences 
National Institutes of Health 
 
March 11, 2017 
 
 
Dear Anton, 
 
I am pleased to support your Pharos platform. As you know, we are working on ion channel biology and 
have revealed ion channel constituents, physiology and phenotypes in vivo. While our identification of 
constituents or functional modulators of ion channels, we have identified new molecules for each ion 
channels. At that time, we actively use the Pharos website for examining gene functions and 
characteristics. Furthermore, when we are selecting new targets, we are checking the Pharos to identify 
the understudied Dark genes. Thus, we would like to see the Pharos for future. 
 
In addition, we would like to keep providing our feedback to the Pharos website. Dr. Rajarshi Guha 
from your lab visited my laboratory last year, and he provided us instructions, and his instructions were 
so helpful, and my lab members were very impressed about it. In the meantime, we gave him feedback, 
and our feedback seems reflected to organization of the Pharos website. We are glad to see it. In the 
future, as a customer and data generator, we would like to further contribute to the Pharos. 
 
Hope we can continue to work together. 
 
Sincerely, 

 
Susumu Tomita 
 
Susumu Tomita, Ph.D. 
Professor of Neuroscience 
Professor of Cellular and Molecular Physiology 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
 

 
National Institutes of Health  
National Center for Advancing 
Translational Sciences 
9800 Medical Center Drive, MSC 3370 
Bethesda, MD 20892-3370 
PH (301) 217-5721 

 
   Tuesday, March 14, 2017 

 

Dr. Tudor Oprea, Translational Informatics Division 

MSC09-5025; 1 University of New Mexico, Albuquerque, New Mexico  87131, USA 

RE: Knowledge Management Center for Illuminating the Druggable Genome (U24)  

 

Dear Prof. Oprea, 

I am writing to express my enthusiasm and support for your collaboration with Dr. Rajarshi Guha 

to develop the next phase of the IDG Knowledge Management Center, comprising the Target Central 

Resource Databases (TCRD) and Pharos platform. The proposed IDG Portal will be based on the pre-

existing Pharos platform, jointly developed by your team and us, which has successfully been serving the 

IDG community for the past year. The proposed work will implement new features in Pharos that will lead 

to significant advances in the characterization of knowledge about the dark druggable proteome. The 

proposed network approaches to defining knowledge domains and the use of Bayesian networks to capture 

dependencies between targets, diseases, ligands and other entities will provide users with powerful tools to 

search for information as well as obtain recommendations and pointers to other relevant and related data. 

Together with improvements in the user interface, including novel visualizations and integration with 

external tools, Pharos will play a key role in serving the IDG community as a centralized hub for data and 

methods. 

The mission of NCATS is to catalyze the generation of innovative methods and technologies that 

will enhance the development, testing, and implementation of diagnostics and therapeutics across a wide 

range of human diseases and conditions; this includes the development of tools and platforms that generate, 

collate, present and disseminate information about targets that can be used by the scientific community to 

advance research on these targets for therapeutic purposes. As such, one of our focuses is industrial-scale 
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small molecule assay development, screening, informatics, and medicinal chemistry to discover and 

develop chemical probes for use in the study of gene, protein, and cell functions, and to identify new targets 

and drugs for medically underserved diseases. From its inception, NCATS (formerly the NIH Chemical 

Genomics Center, NCGC) has also focused on technology and paradigm development, resulting in 

innovations such as our quantitative high throughput screening (qHTS) and a wide range of informatics 

platforms. The resources of NCATS include new state-of-the-art assay development, robotic screening, 

informatics, synthetic and analytical chemistry laboratories, and drug ADME study capabilities. NCATS’ 

infrastructure will be available to you to support this important research. You will have my full 

organizational support to use the appropriate tools and technologies to successfully fulfill all the aims as 

outlined in your grant application. For our work on this project, we will not be requesting support for federal 

employee salaries, per NIH policy, as we are part of the NIH Intramural Research Program. 

We look forward to further developing Pharos as the platform underlying the IDG KMC and are 

very interested in this exciting joint research.  

With very best regards, 

 

 
 
Anton Simeonov, Ph.D.         
Scientific Director, National Center for Advancing Translational Sciences, NIH     
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Resource Sharing Plan 
Scientific progress and public health benefit from the free, open and effective communication of research data 
and knowledge.  This basic truth is formalized in the mission and goals of NIH, and of research universities and 
organizations worldwide.  We are fully committed to this mission both in principle and specifically as required 
by NIH resource sharing instructions including modifications specified for this RFA.   We recognize that 
effective resource sharing means going well beyond mere data and software downloads, and have previously 
in the IDG pilot phase and other projects implemented effective resource sharing  practices.  Details of this 
resource sharing plan follow. 

● All NIH-approved resource sharing policies developed by the IDG SC we will abide by. 
● Licensing provenance metadata will be managed in a consistent regime to facilitate maximal sharing 

of pass-through data in compliance with source licensing. 
● The NIH Genomic Data Sharing Policy we will abide by as applicable. 
● Industry standard code sharing systems (e.g. Github, Bitbucket, Docker) will be employed for 

sharing of originated data, metadata, installers and computational protocols.  
● Reagents, tools or protocols generated by the IDG Consortium are a particular focus, whether from 

KMC, DRGCs, or RDOC.  Such resources will be promoted, in collaboration with IDG RDOC, through 
outreach and devoted pages of appropriate IDG websites, as with Pilot Phase http://targetcentral.ws 
TechDev pages. 

● Data sharing is a central and ongoing goal of IDG, and KMC has many specific and general plans and 
deliverables in this effort, solely and in collaboration with RDOC and DRGCs, detailed in the research 
plan.  The portal Pharos is the primary instrument of data sharing, via GUI, via downloaded subsets, 
and via the Pharos API. 

● Software sharing and dissemination is of particular interest to our team.  We have extensive 
experience with open-source community projects as users and developers (with contributions to R 
[10.18637/jss.v018.i05], the CDK [PMID: 16796559] and the Blue Obelisk [PMID: 21999342]).  We are 
committed to a robust software development methodology, employing modern programming languages, 
accepted software design standards, profession software engineering practice and  wise use of 3rd 
party libraries. This approach  will facilitate reuse, extension, and independent continuation of our 
efforts.  Specific instance of effective software sharing by team members include the IDG Pilot Phase 
repositories for: Pharos code , Pharos installer , TCRD build code , Drug Target Ontology (DTO) , and 1 2 3 4

the TIN-X code . 5

● Computational tools, protocols, and methods and sharing approaches vary widely, from publication 
(more or less replicable) to source code (more or less comprehensible), to APIs (more or less reliable). 
Accordingly, our plan mobilizes specific industry standard and community driven platforms designed 
and proven to facilitate scientific dissemination.  Three such projects are: R/Bioconductor, and 
Knime, all free and open source.   The breadth, vitality and value of R is quite remarkable, with 1000s 
of developers and scientists contributing, benefiting and sharing code, methods and ideas. 
Bioconductor is a bioinformatics community project built upon R.  Knime is a rapidly growing workflow 
development, deployment and sharing system.  These platforms effectively provide an environment for 
independent development and extensibility. 

1 https://spotlite.nih.gov/ncats/pharos 
2 https://hub.docker.com/r/ncats/pharos 
3 https://github.com/stevemathias/TCRD 
4 https://github.com/schurerlab/DTO 
5 https://bitbucket.org/dccannon/tin-x 

Contact PD/PI: Oprea, Tudor

Resource Sharing Plan(s)                                                                                       Page 233

U24 CA224370-01 KMC_UNM_IDG_ScientificMaterial 65 of 66



● Improvements or customizations by others to IDG analysis codes are facilitated and encouraged by 
the adoption of community based development platforms such as Git, R, Bioconductor and Knime, as 
an intrinsic aspect of these approaches and this plan.  However, KMC remains responsible for 
producing and updating official versions of core components, including example code designed to 
promote community development. 

● Timelines and timeliness are essential, since delays in sharing have negative impact to science and 
public health.  The timeline chart provided indicates specific measurable and meaningful commitments, 
but key aspects of our plan go further.  Software and analytical pipelines sharing via participation in 
online community platforms such as R and Knime are continual efforts.  

● Communication and coordination within the IDG Consortium is essential for external effective 
resource sharing to the broader scientific community.  This KMC plan explicitly involves coordination 
with RDOC, the DRGCs, IDG SC and NIH staff.  The Pilot Phase TargetCentral.ws website is 
illustrative, by organizing and publicizing IDG-wide technologies, resources, progress, news and 
events, including TechDev-supplied metadata.  Our plan is to expand on this functionality, with 
use-case driven data packages, and further integrated DRGC, consortium-wide, and community input.  

● Complete data and tool sets for the studied proteins is a specific focus in our plan.  Data about the 
IDG initial focus 395 Kinase, IC and GPCR proteins will be featured and available as "knowledge 
packages" designed to address the needs of domain scientists in target prioritization and selection.  

 

 

Table 1: Software dissemination timeline 
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