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The Cell

How 
does it 
work?

How 
does it 
fail in 

disease?



Pathways
• Pathways are biological processes

• But, not really pathways  networks
• Metabolic, signaling, regulatory and genetic
• Define gene function at many different levels

• Biologists have found useful to group together for 
organizational, historic, biophysical or other reasons

Note: generally out of cell context











Pathway information for systems biology, Cary MP, Bader GD, Sander C, FEBS Lett. 2005 Mar 21;579(8):1815-20



Pathway Information

• Databases
– Fully electronic
– Easily computer readable

• Literature
– Increasingly electronic
– Human readable

• Biologist’s brains
– Richest data source
– Limited bandwidth access

• Experiments
– Basis for models



Pathway Databases

• Arguably the most accessible data source, but...
• Varied formats, representation, coverage
• Pathway data extremely difficult to combine and use
Pathguide Pathway Resource List (http://www.pathguide.org)

220 Pathway
Databases!
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Gathering Pathway Information is Hard

>100 DBs and tools
Tower of Babel

Database

Software

User



Biological Pathway Exchange 
(BioPAX)

Before BioPAX After BioPAX
Unifying language

Reduces work, promotes collaboration, increases accessibility

>100s DBs and tools
Tower of Babel

Database

Software

User



BioPAX Pathway Language
• Represent:

– Metabolic pathways
– Signaling pathways
– Protein-protein, molecular interactions
– Gene regulatory pathways
– Genetic interactions

• Community effort: pathway databases 
distribute pathway information in standard 
format



Ontologies: Components
• Classes, relations & attributes, constraints, objects, values
• Classes (AKA “Concepts”, “Types”)

– Arranged into a specialization hierarchy (AKA “Taxonomy”)
• Parent-child relationships between classes
• Class A is a parent of class B iff all instances of B are also instances of A

– E.g. “Protein”, “RNA”, “Reaction”

• Relations & Properties (AKA “Slots”, “Attributes”, “Fields”)
– Classes have properties, which may have values of specific types 
– Relationships: the value type is some other class in the ontology

• E.g. “Substrate”, “Transporter”, “Participant”
– Attributes: the value type is a simple data type

• E.g. “Molecular Wt.”, “Sequence”, “∆G”

From Peter Karp, “Ontologies: Definitions, Components, Subtypes”, SRI 
International,  presentation available at http://www.biopax.org



Ontologies: Components 
(cont)

• Constraints
– Define allowable values and connections within an ontology
– E.g. “MOLECULAR_WT must be a positive real number”

• Objects and Values
– Objects are instances of classes
– Values occupy the slots of those instances 
– Strictly speaking, an ontology with instances is a knowledge base
– Beyond the scope of BioPAX workgroup, our users will create the 

instances of classes in the BioPAX ontology



BioPAX Structure

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

• Interaction
– A basic relationship between a set of entities
– E.g. Reaction, Molecular Association, Catalysis

• Physical Entity
– A building block of simple interactions
– E.g. Small molecule, Protein, DNA, RNA

Entity

Pathway

Interaction

Physical Entity

Subclass (is a)
Contains (has a)



BioPAX: Interactions
Interaction

Control Conversion

Catalysis BiochemicalReaction

ComplexAssembly

Modulation Transport

TransportWithBiochemicalReaction

Physical Interaction



BioPAX: Physical Entities

Complex

PhysicalEntity

RNAProtein Small MoleculeDNA



BioPAX Ontology
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Biochemical Reaction
Glycolysis Pathway

Source: BioCyc.org

Phosphofructokinase



RightLeft

EC # 2.7.1.11



Controller
Controlled

Phosphofructokinase

Direction: reversible
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BiochemicalReaction
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Complex

Protein

DNA



Controlled Vocabularies (CVs)
• BioPAX uses existing CVs where available via 

openControlledVocabulary instances
– Cellular location: Gene Ontology (GO) component
– PSI-MI CVs for:

• Protein post-translational modifications
• Interaction detection experimental methods
• Experimental form

– PATO phenotypic quality ontology
– Some database providers use their own CVs

• E.g. BioCyc evidence codes

• More at the Ontology Lookup Service
– http://www.ebi.ac.uk/ontology-lookup/



Worked examples
• Metabolic pathway

– EcoCyc Glycolysis (energy metabolism pathway)
• Protein-protein interaction

– Proteomics, PSI-MI
• Signaling pathway step

– Reactome CHK2-ATM

• Switch to Protégé
• Available from biopax.org

– http://www.biopax.org/Downloads/Level2v1.0/biopax-
level2.zip



Exchange Formats in the Pathway Data Space

BioPAX

SBML,
CellML

Genetic
Interactions

Molecular Interactions
Pro:Pro                          All:All

    Interaction  Networks
Molecular         Non-molecular
Pro:Pro         TF:Gene         Genetic

Regulatory Pathways
Low Detail          High Detail

Database Exchange
Formats

Simulation Model
Exchange Formats

Rate
Formulas

Metabolic    Pathways
Low Detail           High Detail

Biochemical
 Reactions

Small Molecules
Low Detail          High Detail

PSI-MI



Using BioPAX
• Databases

– BioCyc (EcoCyc, MetaCyc, many 
pathway genome databases)

– KEGG (available soon – KEGG, aMAZE, 
Sander)

– MSKCC Cancer Pathway Resource
– Reactome
– PSI-MI (via converter)
– Switch to Pathguide

• Tools
– cPath, Cytoscape, GenMAPP,

PATIKA, QPACA, VisANT
• caBIG



The Cancer Cell Map

cancer.cellmap.org



http://visant.bu.edu/



Ethan Cerami, MSKCC



Switch to Cytoscape

• Load BioPAX pathway from Reactome 
(reactome.org)
– http://reactome.org/cgi-

bin/biopaxexporter?DB=gk_current&ID=195721
• Load, view + lay out
• Extract UniProt IDs from Cytoscape attributes



Systems 
Biology 

Graphical 
Notation

http://sbgn.org
In progress



Software Development

• PaxTools
– Open source Java
– Read/write BioPAX files (Level 1,2)
– Object model in memory that can be populated 

and queried
– Validation on create, read (under development by 

MSKCC, OHSU)
– http://biopax.cvs.sourceforge.net/biopax/Paxerve/



BioPAX Level 3 (in progress)

• States and generics
– E.g. phosphorylated P53, alcohols

• Gene regulation
– E.g. Transcription regulation by transcription 

factors, translation regulation by miRNAs
• Genetic interactions

– E.g. synthetic lethality, epistasis 
• Better controlled vocabulary integration

– More accessible to reasoners
• Switch to Protégé



How to participate and contribute

• Visit biopax.org and join the discussion 
mailing list
– biopax-discuss@biopax.org

• Make pathway data available in BioPAX
• Build software that supports BioPAX
• Contribute BioPAX worked examples, 

documentation and specification reviews
• Spread the word about BioPAX
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Aim: Convenient Access to Pathway Information

Facilitate creation and communication of pathway data
Aggregate pathway data in the public domain
Provide easy access for pathway analysis

http://www.pathwaycommons.org

Long term: Converge
to integrated cell map


