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One person 
every 20 seconds  
 
1.7 Million people  
every year 
 

In India 
Nearly 1000 people  
every day 
 
Two people 
every 3 minutes 

TB Kills 
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Countries that had reported at least one 

XDR-TB case by end March 2011 

Argentina Bhutan France Japan Namibia Republic of Korea Thailand

Armenia Cambodia Georgia Kazakhstan Nepal Republic of Moldova Togo

Australia Canada Germany Kenya Netherlands Romania Tunisia

Austria Chile Greece Kyrgyzstan Norway Russian Federation Ukraine

Azerbaijan China India Latvia Pakistan Slovenia United Arab Emirates

Bangladesh Colombia Indonesia Lesotho Peru South Africa United Kingdom

Belgium Czech Republic Iran (Islamic Rep. of) Lithuania Philippines Spain United States of America

Botswana Ecuador Ireland Mexico Poland Swaziland Uzbekistan

Brazil Egypt Israel Mozambique Portugal Sweden Viet Nam

Burkina Faso Estonia Italy Myanmar Qatar Tajikistan



TB Drug Discovery 



Why Open Source Drug discovery ? 

Many eye balls make the bug shallow! 

 Lack of market incentive for TB 

 Successful Open Source Models 

 Human Genome Sequencing Initiative 

 Open Source Software Initiative (eg: Linux OS) 

 Android 

 The WWW 

 



OSDD Process Flow 

Clinical 
trials 

Public Funding 
of Clinical 
Trials 

Government of India commitment - $46 million 



Drug Target 
Identification 

Virtual 
Screening 

Chemical 
Synthesis/

library 

Screening/ Hit 
identification 

Hit to Lead 

18 

19 

9 

6 

2 

Status: OSDD Projects 

Other projects aim to 
develop tools, 
databases and 
repositories for the 
OSDD community 



The OSDD Cycle 

SysBorgTB 



Shaping Science 2.0 
OSDD Semantic Web Architecture 



Galaxy provides -  

 Simplified GUI design 

 Ease of integrating modules 

 Fewer components for creating workflows 

 Sharable workflows for better collaboration 



OSDD Platform 

System Architecture 

Colla orati e tools to a elerate egle ted diseases resear h  i  the ook Colla orati e 
Co putatio al Te h ologies for Bio edi al Resear h . Wile  a d So s. May 2011 

Released : April 2010 



Get data customized for extracting 

files from open lab note book 

Custom APIs for importing input files from OSDD’s 
open lab note book into Galaxy  



 Workflows and the result of the workflows are stored as separate lab note books 
  

 Lab note book has details of the experiments performed 
 Results of one experiment may be invoked for analysis in another  
    experiment 
 All versions of the workflow and the results are stored 
 Flexibility to execute nested workflows 

Custom APIs for exporting results to OSDD’s Open 
lab note book 



Our Approach : Data & Tool integration  

In addition to access heterogeneous sources of data like BioMart 

Central/UCSC Table Browser (http://genome.ucsc.edu/), Open lab note 

book of http://sysborg2.osdd.net is interfaced with Galaxy 

 

Standalone databases and tools 

 

Tools as web services:  

• Web services can be added as tools in Galaxy 

• Extends the potential of galaxy workflows 

 

The process 

 
Identify the 

module 
Search for 
the WSDL 

Code for 
client 

Write XML 
for Galaxy 

Configure & 
Integrate to 

Galaxy 

http://genome.ucsc.edu/)
http://genome.ucsc.edu/)
http://sysborg2.osdd.net/


ChemBio toolkit : Modules integrated by OSDD Community 

S. No Resources Clients 

1 KEGG: Kyoto Encyclopedia of Genes and Genomes  60 

2 GetEntry: DDBJ sequence search by accessionID  43 

3 GPSR : tools 33 

4 PDB : Protein Data Bank 30 

5 BioModel:mathematical models of biological DB  25 

6 Gtps : Gene Trek in Prokaryote Space  8 

7 
WSDbfetch: retrieve entries from biological dbs using 

entry identifiers or accession no.  
7 

8 Gibv: Genome Information Broker for Viruses  7 

9 DDBJ :DNA Data bank of Japan 7 

10 Mafft: a multiple sequence alignment program  4 

11 Fasta:- DDBJ database  4 

12 Ensembl : maintains automatic annotation  4 

13 VecScreen vector contamination  4 

14 OMIM:Online Mendelian Inheritance in man  4 

15 Gtop: Gene-product Informatics  3 

16 GO: Gene Ontology 3 

17 SPS : Splicing Profile based Score  2 

18 GIBIS: Genome Information Broker for Insertion Sequence  1 

19 RefSeq: database of sequence 1 

20 GIB:  Genome Information Broker  1 

21 GIBEnv- DDBJ database 1 

22 TxSearch: Database indexing & searching  1 



            

Q. Find novel genes and mutations & map known drug resistance mutations 

on genome of an MDR-TB strain 

Enabling Complex Computational Analysis For 

Experimental Biologists/Chemists 



OSDD Community suggests tools for integration in Galaxy 



OSDD Portal’s Gala  features 

 Logi  usto ized ith OSDD’s si gle sig -on 

 Get data customized for extracting files from open lab note book 

 Workflows and the result of the workflows are stored as separate  

     lab note books 

 Lab note book has details of the experiments performed 

 Results of one experiment may be invoked for analysis in another  

     experiment 

 All versions of the workflow and the results  are stored 

 Flexibility to execute nested workflows 

More than 200 standalone programs & web service clients 



Integrating post-Genomic Datasets and Resources for  

Mycobacterium tuberculosis 

GENE ANNOTATION 
GENE EXPRESSION 

PATHWAYS 
GENE ONTOLOGY 
NONCODING RNA 

REGULATORY ELEMENTS 
GENOMIC VARIATIONS 

DRUG TARGETS 
HOST-PATHOGEN 

INTERACTIONS 

Structured 
 Datasets 

Suppl 
Files 

Annotation 
Databases 

Computational 
Predictions 

DAS/BioMoby 
Interfaces for 

Programmatic Access 

Chado Schema 
MySQL 

WorkFlows 

Genome Browser 

File Formats 

ACCESS INTERFACES 

GF
F 

RDF 
(ongoing

) 

TX
T 

Over One Million 

Data Points 

“Linked” 

DATA SOURCES 

Bhardwaj A, Bhartiya D, Kumar N, Open Source Drug Discovery Consortium, Scaria V 

TBrowse: an Integrative Genomics Map of Mycobacterium tuberculosis. 
Tuberculosis - 17 August 2009 

STANDARDIZED 
DATA ACCESS 

FORMATS 

DATA  STORE 

http://tbrowse.osdd.net 

http://www.w3.org/RDF/icons/
http://www.osdd.net/


DeekshaBhartiya 

OpenLabNoteBook on SysBorgTB 
http://sysborgtb.osdd.net/bin/view/OpenLabNotebook/TBMapDataset 

Deeksha Bhartiya Nitin Kumar 



s.no. Source Tracks

1
UCSC Genome Browser on Mycobacterium 

tuberculosis H37Rv 06/20/1998 Assembly
6

2 WebTb Operon Map

3 Argo Genome Browser not web based

4 PGBrowser: Pathogen Genome Browser 3

5 BioHealthBase 16

6 Ensembl ~15

7 Tbrowse 100

Comparison of Browsers 



Literature 

Annotation 

Tools 

Genomic  

Databases 

Curated  

Annotations 

Raw  

Annotations 

OSDD C2D 

Community 

800+ 
Student 

Researcher
s 

Collaborative 

Curation 

Pathway/Interactome | Gene Ontology | Protein 

Structure/Fold |  Glycomics| Immunome 

The Connect to Decode  Programme 

http://www.osdd.net/Home/imtech.gif?attredirects=0


 

 

Gene 
Ontology 

Structure Fold 
Annotation 

Glycomics 

Interactome / Pathway 

Immunome 

1469 nodes (proteins) : 2575 edges (interactions) ; 1312 

reactions; More than 2500 proteins mapped to pathways  

262 Novel glycan 

modifying proteins  

1195 folds annotated 

419 unique folds –  

489 multi-domain 

proteins are modeled 

2500 Rv IDs mapped to 

GO Terms 

7924 immunogenic 

peptides identified 

OSDD Community Effort to further the understanding 
of the biology of Mtb  

Community: ~ 800  

http://www.osdd.net/Home/imtech.gif?attredirects=0


Within weeks, 830 volunteered to re-annotate the entire M. 

tuberculosis genome. The work started in December 2009 and was 

completed by April 2010, packing nearly 300 man-years into 4 

months! 
Source: Munos B. Can Open-Source Drug R&D 

Repower Pharmaceutical Innovation? 

Clin Pharmacol Ther 2010;87:534–536 

The Open-Source Drug Discovery (OSDD), which is dedicated to 

discovering treatments for diseases that plague the developing 

world, surprised many when more than 400 of its volunteer 

researchers reannotated the tuberculosis bacterium genome, wiki 

style, in just 4 months—record time for such an endeavor 

 
Source: Margie Patlak. Open-Source Science Makes Headway 

J Natl Cancer Inst. 2010 Aug 18;102(16):1221-3 



 Ongoing: Cheminformatics 

Curated molecule 

datasets 

Cheminformatics 

Models 
Data Mining 

and Analysis 

HT Virtual 

screening 

PubChem 

ChEMBL   

DrugBank 

Experimental 

Assays 

Community of About 400 

Other Active Communities: 
•OSDD Women Scientists Forum 
•OSDD Junior Scientists Forum  

 



Pubchem 
Bioassay data 

(approx. 1 lakh 
molecules/ 

dataset 

6000 
descriptors
/molecule 

Successful 
Models 

Screen 
PubChem 

(30 million) 

Data amplification in Cheminformatics  

Potential 
Hits 

o Down sizing and random validation require multiple calculation for validation of results 
o Cross validation up to 50+ time  for each experiment 



 cheminformatics  

Project details  

• Project started  June 2010 
 

• Number of participants enrolled 400+ 
 

• Number participants still active  75+ 
 

• 12 groups each with a Team Leader 

http://c2d.osdd.net/home/cheminformatics/Data-Manipulation.jpg?attredirects=0


The Problem 



Council of Scientific and  

Industrial Research (CSIR), India 

Current Partners 

Mycobacterium tuberculosis 

 

 

 

Wiki Portal 

Exchange of Ideas/Results 

Community Participation 

Lead  

Molecules Drug 

Contract 

Research 

Organisations 

Academia 

& Hospitals 

Open Synthesis and 

Exchange  

of Knowledge 

PRECLINICAL & CLINICAL 

TRIAL 

Candidate  

Targets 

in silico SCREENING 

in vivo VALIDATION 

Lead Organization 

Role of 

Garuda Grid 



C-DAC’s Garuda Grid – 

 Indian Grid Computing Initiative 

• C-DAC is R&D organization under Ministry 
of Communication & Information 
Technology, India 

 

• C-DAC’s Garuda Grid is targeted at 
providing a facility for the scientific 
community, which would enable them to 
seamlessly access the distributed 
resources.  

 

• Compute Power of  GARUDA: ~ 70TFs 
(6000 CPUs) 

 

• Currently there are 55 Garuda Partners 
 

• Has NKN (National Knowledge 
Network) connectivity  at 10Gbps 
 

 



Grid Programming 
&  

Development 
Environment 

Computing Resources and Virtual Organizations 

Research 
Organizations 

Educational institutions  
Computing Centers 

WSRF+GT4 + other Services +Cloud S/W 

NKN 

Grid-Enabled Applications 

Grid PSE 

Virtualization support 

 

Workflow tool 

Job Scheduler 

Grid Security and High-Performance Grid Networking 

Non-Research  
Organizations 
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CDAC Resource 
centers 

Access Portal CLI 

Visualization 

Federated  
Information Server 

 

 Programming 

Environments 

Grid 

Applications 
Security 

Resource  
Management 

User  

Environments Middleware Data Grid 
Resources 

GARUDA Grid:  Architecture 



 

Features: 

 Customized Galaxy on GARUDA 

 • Integrated with Grid Authentication mechanism - Indian Grid Certificate 
Authority (IGCA) 

 

• Integrated with Gridway Metascheduler - Job scheduling and 
management 

 

• Integrated  OSDD tools - Weka (for data mining) and Autodock (Virtual 
screening). 

 

• Provided support to upload multiple input files as tar file 

 

• Data libraries of OSDD community are uploaded and are shared by all 
users 

 

• Integrated with PostgreSQL 



Internet/NKN 

Results 

NKN 

OSDD-Garuda Interface 



Garuda Login 
Service 

VOMS MyProxy 

 
 
 
 
 
 

 
 

Galaxy Client 

 

Login 
Component 

Session 
Objects 

Garuda User 
Proxy File 

Garuda Login - Components involved 



Garuda Login - Flow 

3. Download  
User Proxy  

1. Login 

 
 
 
 

 
Garuda-OSDD Server 

 

Galaxy 

Internet 

Garuda Login 
Service 2. Call Garuda 

Login Service 



 





Garuda- Galaxy Job Submission - Flow 

 
 
 
 

 
 
 
 
 

Garuda-OSDD Server 

 

Galaxy GUI  

1. User selects 
tool and Input 
parameters 

Galaxy Job 
Manager 

Gridway 
Job runner 

3. Gridway job runner 
uses user’s Garuda proxy 
file for job submission 

2. Based on Tool, it 
sends the job to the 
correct runner.  

Internet 



Weka in Galaxy 



How Grid is helping? 

• Can manage any number of Concurrent user jobs 

 

• Before Grid-enabling – Running Weka on stand-alone is  

time consuming, machine needs to be up for long 

period, only one job at a time 

 

• After integrating in Galaxy on Garuda: User can submit 

any number of jobs at one time..need not worry about 

power problems or maintenance. 



Garuda Usage by OSDD: 

Job Accounting 



Kudos to Galaxy Team: 

From OSDD Community 

• Gala  is killi g eautiful, sleek a d agile.. Its super 
super  Fa ulous Beaut ; A azi g Work, Kudos!!!  - 
 

• Gala  is ver  i e to use, surel  it should e a 
stepping stone to achieve higher altitudes of the world 

of s ie e.   
 

• The weka in Galaxy is a great and easy even simpler 

than weka GUI , even the cost setting is very simple and 

the UI is ver  user frie dl .  

 



An Open Source Integrated Computational Resource for 
the Analysis of the Structural Interactome to predict Off-

Site Interactions of Drug Candidates 

Broad Objectives:  

 

• To develop a resource SInCRe CamBan that can generate  a structural interactome and  

      thus give a structural dimension to  the identification of off-target interactions  of drug molecules 

 

• To develop data ases of pocketomes  and of interactophores  that ontain inding-site signatures 

of protein molecules  from human and Mtb proteins 

 

• To devise approaches to compare three-dimensional binding sites in different proteins and to 

identify off-target drug binding. 

 

• To develop a databases that use homology to extend structural information in order to provide 

descriptors of protein-small-molecule, protein-protein and protein-nucleic acid in humans and in 

Mtb, and between host and parasite.  

Nagasuma Chandra, R. Sowdhamini,  N. Srinivasan & Tom Blundell 



Requirements in OSDD 

• Real time collaborative annotation on the 

web with multiple collaborators sharing the 

same screen and feature control 

• Easy integration of applications used for 

protein structure analysis like docking, 

binding site comparisons, etc which needs 

visualization of 3D structures 

• Naming convention for I/O files needs to be 

flexible 

• Should be able to share individual jobs   

 



An Innovative Approach to Drug Discovery: A New Paradigm 

V
a
lu

e
 

Biology/ Genomics 

Target Identification 

Target Validation 

Hit(s) 

Validated/ Quality Lead 

Optimised Candidate Drug 

Clinical Trials 

Registered Drug 

R
is

k
 

High Risk, 
Innovation Driven 
Sphere 
 
Strategy-> Open 
Innovation with 
best minds from 
academia/ industry 

Process Oriented –  
 
Strategy-> Industry 
CRO’s Participation 

Strategy-> 
OSDD to support 
clinical trials   in 
collaboration with 
pharma 

Innovation Funnel 

License the drug on non exclusive basis to ensure 
access and affordability 



OSDD : A Global Community - 4511 members from 
more than 130 countries 

Statistics as of November 2010 

Acknowledgement 



Together we can … 

.. and we should ! 

Matt Smadley | Flickr.com 

 
 

http://www.osdd.net 
http://c2d.osdd.net 

Email:  info@osdd.net 
             anshu@osdd.net 
             janaki@cdacb.ernet.in 
Skype: anshu.bhardwaj 
             janakich 



OSDD: Attribution and IP 

•  All contributions on the OSDD portal attributed to 

the authors with date and time stamp 

 

•  Real time data sharing 

 

• Click wrap license agreement 

– All contributions treated as Protected Collective 

Information 

• mandates sharing,  

• attribution,  

• contribute back 

  



OSDD View on Patents 

• Two patent applied molecules in hit to lead phase 

 

• Patent only to ensure that: 

 

– Quality assurance in downstream processes 

 

– Subsequent innovations remain in open source 

 

– Affordability : through non exclusive licenses 



Assembly line for drug discovery 

I      Biological Repository 

 

 i. Open access clinical strains repository 

 ii. Open access clone repository 

 iii. Open access protein repository 

 

II     Chemical Repository 

 i. Open access small molecule repository 

 

III    Open Screening Facility  

I. Submit your compounds for anti-tuberculosis 

screening 

OSDD Open Access Resources 



Community peer review 

Open Funding Review 

 



 Most of the biologists and chemists do not use computational 

workflows for their analysis 

 

 Awareness about the advantages of using such workflow engines 

 

 The Community needs to be trained for using the workflows 

 

 The Community needs to be trained for integrating applications 

 

 Web services vs standalone applications – each have their own set 

of advantages and limitations 

 

 Developers of algorithms should be encouraged to report results 

in globally accepted standard formats with standard ontologies    

Challenges  


