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BioPAX

• BioPAX = Biological Pathway Exchange
• Data exchange format for pathway data
• Include support for these pathway types:

– Metabolic pathways
– Signaling pathways
– Protein-protein interactions
– Genetic regulatory pathways

• Accommodate representations used in 
existing databases such as BioCyc, BIND, 
WIT, aMAZE, KEGG, etc.
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Exchange Formats in the Pathway Data Space
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Desired Features
• Extensible: Specific classes of data in BioPAX have 

been marked as extensible to allow addition of new 
types of data in the future

• Encapsulation: An entire pathway can be 
encapsulated in a single BioPAX record

• Compatible: BioPAX will try to use existing standards 
for encoding biological pathway related information 
wherever possible

• Flexible: Different preferred representations of 
pathway data can be described using BioPAX

• Computable: From file reading to logical inference



Ontology Development Process

• Developed Conceptual Framework
– Based upon existing DB schemas

• aMAZE, BIND, EcoCyc, WIT, KEGG, etc.
– Allows wide range of detail, multiple levels of 

abstraction
• Constructed an ontology

– GKB, Protégé OWL
– Practical leveled approach (~Postscript, SBML)
– Discussion items tracked using SourceForge
– Support OWL and XML Schema



BioPAX Ontology

• Released structure 
of class hierarchy:

• Released Level 1 v0.5 
on Sep.24.2003



BioPAX Ontology : Root
• Root class: Entity

– Any concept that we will refer to as a discrete unit when 
describing the biology of pathways.

– Does not include metadata
• E.g. “DB source”, “PubMed ID”, “Experimental technique”, etc.



BioPAX Ontology : Root
• Entity Subclass: Physical Entity

– A building block of simple interactions
– E.g. Small molecules, Proteins, DNA, RNA

• Entity Subclass: Interaction
– A set of entities and some relationship between them
– E.g. Reactions, Molecular Associations, Catalyses

• Entity Subclass: Pathway
– A set of interactions
– E.g. Glycolysis, MAPK, Apoptosis

Subclass Container



BioPAX Ontology: Parts
• Cell
• Cell Component
• DNA
• Environment
• Photon
• Protein
• RNA
• Small Molecule



BioPAX Ontology: Interactions
• Control
• Conversion
• Molecular Association
• Co-occurrence
• Equivalence Class
• Genetic



BioPAX Ontology

• Current structure of  
class hierarchy:





Organizational Structure

• Small core group advancing standard
• Increased representation from mailing lists
• Bi-weekly conference calls, bi-monthly F2F
• Cost paid by participants with some support 

from DOE
• Special interests have subgroups

– Core group member + outside experts
– Tackle specific challenges



BioPAX Subgroups: Small Molecule

• Evaluated CML 2.0 as means for exchanging 
small molecules

– No comprehensive small molecule DB exists
• Need to transfer entire small molecule structure, not just 

DB x-ref
– Proof of concept:

1. EcoCyc small molecules CML 2.0 file
2. CML 2.0 file Shah lab visualization program

• No loss of information



BioPAX Subgroups

• State Representation:
– Determining best mechanism to represent 

biological states
• E.g. post-translational modification states of proteins, 

cell-cycle states

• Examples:
– Gather examples to test and illustrate BioPAX



Current Status
• Initial meeting Nov. 2002
• Maintained conference call level
• Version 0.5 of Level 1 Ontology released 

Sep.24
– Finishing slot definitions on Level 1 main-tree 

classes
– Finishing class structure of side-trees

• States, evidence, cellular localization

• Translating records from major DBs to BioPAX



How to Contribute

• Participate in email list discussions
– sign up via web site: http://www.biopax.org

• Participate in meetings and subgroups
• Make your data available in BioPAX 

format, when complete
• Promote BioPAX to colleagues



BioPAX Supporting Groups
Groups
• Memorial Sloan-Kettering Cancer Center: C. 

Sander, J. Luciano, M. Cary, G. Bader
• SRI Bioinformatics Research Group: P. 

Karp, S. Paley, J. Pick
• University of Colorado Health Sciences 

Center: I. Shah
• Harvard Medical School: Aviv Regev
• BioPathways Consortium: J. Luciano, E. 

Neumann, V. Schachter
• Argonne National Laboratory: N. Maltsev
• Samuel Lunenfeld Research Insitute: C. 

Hogue
Collaborating Organizations:
• Proteomics Standards Initiative (PSI) 

(psidev.sf.net)
• Systems Biology Markup Language (SBML)
• CellML
• Chemical Markup Language (CML)

Databases
• BioCyc (www.biocyc.org)
• BIND (www.bind.ca)
• WIT (wit.mcs.anl.gov/WIT2)

Grants
• Department of Energy


