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A common layout for the Tower of 
Babel: The Systems Biology 

Graphical Notation

(on the behalf of SBGN editors, authors and contributors)

http://www.sbgn.org/
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Graphs are everywhere in biology



 Pink Seminar, 23 September 2009

Ambiguity of usual representations
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Ambiguity of usual representations
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Can-this be understood by biologists?
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Can-this be understood by biologists?

Stimulates? but ... 
what exactly?

Associates into?  

Translocates?

No idea. Reciprocal
stimulation?

Is degraded?

Stimulates gene
transcription?
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Every computer scientist understands those
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Every physicist understands those
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Every engineer understands that
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Or that as a matter of fact
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What did-those diagram bring?
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What do-we expect in modern (future) life science

Basic scienceBasic science

TechnologyTechnology
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What happens if one cannot read the blueprint
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What happens if one cannot read the blueprint
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Why can-we understand electric diagrams?

Standard symbols 

Simple shapes, easily recognisable 

Limited number of basic symbols (<70)

Similarity of shapes reflects similarity of functions

Unambiguous interpretation of the circuits

Endorsed by the community for practical reasons

End-users: manufacturers

Tool developers

Publishing industry

Teaching communities
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Kohn's Molecular Interaction Maps

Kurt W Kohn (1998) 
Oncogene, 16: 1065-1075

Kurt W. Kohn (1999) 
Mol Biol Cell, 
10(8):2703-2734
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Cell Cycle in MIM
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Kitano's Notation

Kitano (2003) 
Biosilico, 1: 169-170

Kitano et al (2005)
Nat Biotech, 23: 
961-966 
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Cell Cycle in Kitano's Process Diagram
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Why those pioneer efforts did not make it

Somehow fuzzy semantics

No structured data model or ontology behind the notation

Overlapping concepts rather than sub-classing

Gaps in the coverage of biochemistry or modelling

Ambiguous interpretation of the graph

Little software support (except CellDesigner for Kitano's 
Process Diagrams)

No community involvement

No systematic bug tracking and consistency checking

No comprehensive coverage (focussed on some use-cases)

No endorsement by the tool developers or by the end-users
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Enters
The Systems Biology Graphical Notation

http://www.sbgn.org/
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What is SBGN?

An unambiguous way  of graphically  describing and 
interpreting biochemical and cellular events

Limited amount of symbols
Re-use existing symbols
                                             Smooth learning curve

Can represent logical or mechanistic models, biochemical 
pathways, at different levels of granularity

Detailed technical specification, precise data-models and 
growing  software support

Initiated by Hiroaki Kitano. Developed over four years by a 
diverse community
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39 authors, 31 affiliations
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Graph trinity: three languages in one notation

Process Descriptions Entity Relationships Activity Flows

Unambiguous

Mechanistic

Sequential

Combinatorial 
explosion
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Combinatorial 
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of relationships
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Three orthogonal projections of biology
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Process Descriptions are bipartite graphs

process
node

entity
pool
node

EPN EPN

PN

connecting edges

PN
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Process Descriptions can be viewed as pipelines 

S1

S2

S3

E
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SBGN Process Description L1 V1.1 reference card
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Entity Pool Nodes
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Process Nodes
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Edges
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Process Descriptions data model
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Process Descriptions syntax definition
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Layout constraints
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Metabolic network
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Signalling pathways
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Submaps
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Submaps
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multi-cellular
processes

catalytic processes

transport processes

contractile proteins
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All those diagrams are identical
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Pending issues

Generics, i.e, entity pools representing several 
possible biochemical types. (e.g. MAPK instead of 
ERK1 and ERK2).

Trans-compartment (e.g. transmembrane) structures

Logical combination of state-variable values (and 
close-world/open-world position) 

Moving and transforming compartments

Non-chemical entity pool nodes (“voltage”, “pH” ...)



 Pink Seminar, 23 September 2009

A

B

T

P

Entity Relationships can be viewed as rules 
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A

B

T

P

If A exists, the assignment of the value P to the state 
variable T of B is increased

 

Entity Relationships can be viewed as rules 
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A

B

T

P

If A exists, the assignment of the value P to the state 
variable T of B is increased

 

Entity Relationships can be viewed as rules 

(A stimulates the phosphorylation of B on the threonine)
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A

B

T

P

If A exists, the assignment of the value P to the state 
variable T of B is increased 

C

S

P

Entity Relationships can be viewed as rules 

If P is assigned to the state variable T of B, the 
assignment of the value P to the state variable S of C 
is decreased 
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Multistate and combinatorial explosion

EGFR

Y654

Y721

Y845

Y891

Y920

Y992

Y1045

Y1068

Y1086

Y1101

Y1148

Y1173

Process Diagram: 
“once a state variable value,  
  always a state variable value”

212 = 4096 states 
(i.e. EPN glyphs) for EGFR
and 4096 complexes between 
EGFR and targets
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SBGN Entity Relationships L1 reference card
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SBGN Entity Relationships L1 reference card

continuants,
things that exists (or not)
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SBGN Entity Relationships L1 reference card

occurrents,
events that may happen (or not)
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Entity Relationships syntax
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Example of Entity Relationships semantics
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ER map of calcium-regulated synaptic plasticity

increases synaptic weight

decreases synaptic weight
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ER map representing PCR



 Pink Seminar, 23 September 2009

Pending issues

Internal structure of entities, such as domains, sites, 
features. (NB: This has been agreed upon for the next 
version. We will be able to “nest” entities)

Identification of instances: How to differentiate 
between several instances of the same entity, 
differentially involved in a relationships (e.g. 
trans-phosphorylation)?

Identification of generics: How to lump together 
several entities for a given  relationships? (e.g. MAPK 
instead of ERK1 and ERK2).



 Pink Seminar, 23 September 2009

SBGN Activity Flows L1 reference card
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Example 
of Activity
Flow map
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There Is More Than One Way To Do It (TIMTOWDI)
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TIMTOWTDI
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TIMTOWTDI
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TIMTOWTDI
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TIMTOWTDI

EGFR
TK

EGFR
TK

EGFR
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Linking SBGN maps to 
external information
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http://www.ebi.ac.uk/miriam/

Le Novère et al (2005)
Nat Biotechnol, 23: 1509-1515.

Linking SBGN maps to 
external information
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Status of Specifications

SBGN Process Descriptions

Level 1 Version 1.0 released on August 23rd 2008

Level 1 Version 1.1 released on September 1st 2009

Level 1 Version 2 under discussion

SBGN Entity Relationships

Level 1 Version 1.0 released on September 1st 2009

SBGN Activity Flows

Level 1 Version 1.0 released on September 1st 2009
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Future SBGN meetings

4rd SBGN hackathon 
(SBGN 5.5)

21-23 April 2010 

Wittenberg

6th SBGN forum 
(provisional)

October 2010

Edinburgh

Satellite of ICSB 2010

Future hackathons and forums 

part of HARMONY and COMBINE meetings

SBML (model), SED-ML (simulation), SBO (semantics), MIRIAM 
(metadata), SBGN (graphical), BioModels DB (distribution), ?
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What happens if one can read the blueprint
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