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De-facto Standards in Biology & Biotechnology 

Source: Susanna-Assunta Sansone (University of Oxford, UK) 

http://biosharing.org/ 



Community Modelling Standards in Different Fields 

Source: Nicolas Le Novère (Babraham Institute, Cambridge, UK) 



SBML = format for exchanging biological process models 
between software systems 

Modelers often need to use more than one software tool 



Model Exchange: Systems Biology Markup Language 

Format for representing computational models of biological processes 
• Data structures + usage principles + serialization to XML 
• (Mostly) Declarative, not procedural — not a scripting language 
 
 
 
 
Neutral with respect to modeling framework 
• E.g., ODE, stochastic systems, etc. 
 
 
Important: software reads/writes SBML, not humans 

http://sbml.org 

Hucka M, Finney A, Sauro HM, et al.: The systems biology markup language (SBML): a medium for representation 
and exchange of biochemical network models. Bioinformatics (2003) 19(4): 524-531 



Model Exchange: Systems Biology Markup Language 

•  A typical SBML model is composed of a number of species (i.e. proteins, 
genes, chemical compounds, etc.) and reactions that transform these species. 

•  Biological entities and context are defined mainly via (RDF) annotations. 

 
 
 
 
 
 
•  Supported by more than 280 tools, enabling researchers to create, annotate, 

simulate, store, exchange and visualize models. 
•  Models can be archived in the BioModels database and/or JWS Online. 
•  SBML also has parameters, functions, unit definitions, initial assignments, rules 

for continuous relationships, events for discontinuous state changes, and 
constraints to indicate when a simulation should terminate. 

http://sbml.org 



SBML Level 3 packages layer additional 
constructs over SBML Level 3 Core 

Packages: Flux balance constraints models, Qualitative 
models, Hierarchical model composition, Graph layout, 

Distributions, Spatial, and more à visit SBML.org 



•  Modular framework for encoding mathematical 
models: 
–  differential algebraic equations using MathML 
–  math is the primary data, biological context, provenance, 

etc., provided through annotations using RDF 
•  Units ensuring unambiguous conversion of numerical 

values 

http://cellml.org/ 

•  Hierarchies of modules enable mathematical 
abstraction 

•  Hierarchical modules can be imported à reuse 
•  Free and open repository: 

http://models.physiomeproject.org/ 
supporting versioned model reuse, archiving, 
collaboration… 



Simulation Experiment Description Markup 
Language: SED-ML 

http://www.sbgn.org 

Waltemath D, Adams R, Bergmann FT, Hucka M, Kolpakov F, Miller AK, Moraru II, Nickerson D, Sahle S, Snoep JL, Le Novère N: 
Reproducible computational biology experiments with SED-ML--the Simulation Experiment Description Markup 
Language. BMC Systems Biology (2011) 5: 198. doi: 10.1186/1752-0509-5-198. 



http://www.sbgn.org 

What is SBGN? 
 
•  A way to unambiguously describe biochemical and cellular events in graphs  

 
•  A graphical representation of quantitative models and biochemical 

pathways, at different levels of granularity 
 

•  Can be translated into executable models, can graphically represent models         
(e.g. SBML, BioPAX), but can also exists independently 

•  Three languages 
–  Process Descriptions   à one state = one glyph 
–  Entity Relationships      à one entity = one glyph 
–  Activity Flow   à conceptual level 



Systems Biology Graphical Notation: SBGN 

Le Novère N, Hucka M, Mi H, Moodie S, Schreiber F, Sorokin A, Demir E, Wegner K, Aladjem MI, Wimalaratne SM, Bergman FT, Gauges 
R, Ghazal P, Kawaji H, Li L, Matsuoka Y, Villéger A, Boyd SE, Calzone L, et al.  
The Systems Biology Graphical Notation. Nature Biotechnology 27(8):735-41 (2009)  

http://www.sbgn.org 

Process Description 

maps 

Entity Relationships 

 maps 

Activity Flow 

 maps 

!  Unambiguous 
!  Mechanistic 
!  Non-Sequential 

!  Unambiguous 
!  Mechanistic 
!  Sequential 
!  Combinatorial explosion 

!  Ambiguous 
!  Conceptual 
!  Sequential 



Michal Galdzicki, Kevin P. Clancy, Ernst Oberortner, Matthew Pocock, Jacqueline Quinn, Cesar A. Rodriguez, Nicholas Roehner, Mandy 
L. Wilson, et al.: The Synthetic Biology Open Language (SBOL) provides a community standard for communicating designs in 
synthetic biology. Nature Biotechnology 32, 545-550 (2014) 

http://sbolstandard.org 



Michal Galdzicki, Kevin P. Clancy, Ernst Oberortner, Matthew Pocock, Jacqueline Quinn, Cesar A. Rodriguez, Nicholas Roehner, Mandy 
L. Wilson, et al.: The Synthetic Biology Open Language (SBOL) provides a community standard for communicating designs in 
synthetic biology. Nature Biotechnology 32, 545-550 (2014) 

http://sbolstandard.org 

TATAATAGGATT GATTACAGGGTTAGC CTGATTACAGG ATGGCAGCCT

TATAATAGGATT GATTACAGGGTTAGC CTGATTACAGG ATGGCAGCCT

PromoterRBS CDS Terminator RBS CDS TerminatorPromoter

TATAATAGGATTCCGCAATGGATTACAGGGTTAGCAAATGGCAGCCTGATTACAGGGTTAGCAAATGGCAGCCT

FASTA

GenBank

SBOL 1

SBOL 2

TATAATAGGATTCCGCAATGGATTACAGGGTTAGCAAATGGCAGCCTGATTACAGGGTTAGCAAATGGCAGCCT



Biological Pathway Exchange Format: BioPax 

http://www.biopax.org 

•  To represent biological interactions and pathways 
–  Pathways: collections of interactions that biologists have found useful to 

group together for organizational, historic, biophysical or other reasons 
–  Types 

•  Metabolic pathways 
•  Signaling pathways 
•  Protein-protein, molecular interactions 
•  Gene regulatory pathways 

•  Encourage a community-wide effort to distribute pathway data in 
standard format (over 500 databases listed on pathguide.org) 



 
 
 
Minimum Information Requested In the 
Annotation of biochemical Models 
 
 

Reporting guidelines (Checklists) for the 

annotation and curation of quantitative 

biochemical models 

www.ebi.ac.uk/miriam Nature Biotech. 23(12), Dec. 2005 

Reporting Guidlines: e.g. Models 



Terminologies, Ontologies and Controlled Vocabulary 

Courtot M, Juty N, Knüpfer C, Waltemath D, Zhukova A, Dräger A, Dumontier M, Finney A, Golebiewski M, 
Hastings J, Hoops S, Keating S, Kell DB, Kerrien S, Lawson J, Lister A, Lu J, Machne R, Mendes P, Pocock 
M, Rodriguez N, Villeger A, Wilkinson DJ, Wimalaratne S, Laibe C, Hucka M, Le Novère N: 
Controlled vocabularies and semantics in systems biology. Mol Syst Biol. 2011 Oct 25;7:543 



Community Modelling Standards in Systems Biology 

Source: Nicolas Le Novère (Babraham Institute, Cambridge, UK) 



Interfacing and Interoperability of Modelling Standards 



So many standards... 



Coordination of Standard Development in Systems Biology 

http://co.mbine.org/ 

Hucka M, Nickerson DP, Bader GD, Bergmann FT, Cooper J, Demir E, Garny A, Golebiewski M, 
Myers CJ, Schreiber F, Waltemath D, Le Novère N: 
Promoting Coordinated Development of Community-Based Information Standards for 
Modeling in Biology: The COMBINE Initiative 
Front Bioeng Biotechnol. (2015) 3:19. doi: 10.3389/fbioe.2015.00019 



Tasks and Actions: 
•  Computational Modeling in Biology Network 
•  Concerted meetings of standards: 

HARMONY & COMBINE 
•  Training in application of standards (COMBINE tutorials) 
•  Coordinate standards development 
•  Develop common procedures & tools 
•  Provide a recognized voice 



Overview of the COMBINE standards 

adapted from: 
Schreiber F, Bader GD, Gleeson P, Golebiewski M, Hucka M, Le Novère N, Myers C, Nickerson D, 
Sommer B, Walthemath D: 
Specifications of Standards in Systems and Synthetic Biology: Status and Developments in 2016 
J Integr Bioinform. (2016) 13:289. doi: 10.2390/biecoll-jib-2016-289 

Core  
Standards 

Standards for Visual 
Representation 

Standards for Models  
and their Analyses 

Standards for Knowledge 
Representation 

Associated 
Standards 

Used by core 
standards 

Controlled 
Vocabularies Infrastructure Projects 

BioModels.net 
qualifiers 

BioPAX 



Bundle All Information About Your Model in One File 



April 1999
NATO workshop, proposing to create 
a language to encode metabolic models

March 2001
SBML Level 1

July 2004
BioPAX Level 1

August 2001
CellML 1.0, NeuroML

June 2003
SBML Level 2

July 2003
1st SBML hackathon

2005
MIRIAM, SBO, BioModels qualifiers December 2005

BioPAX Level 2

2007
MIASE, KiSAO

August 2008
SBGN PD L1

September 2009
SBGN ER L1, SBGN AF L1

January 2008
Okinawa superhackathon 
SBGN, BioPAX, SBO, MIRIAM

April 2009
Waiheke combined meeting
CellML, SBGN, BioPAX, SBO, MIASE

October 2010
1st COMBINE forum

April 2011

1st HARMONY hackathon

March 2010
SED-ML Level 1

July 2010
BioPAX Level 3

October 2010
SBML Level 3

October 2011
SBOL v1

September 2014
COMBINE Archive

July 2015
SBOL v2

March 2013
SBOLvisual v1

2011
Identifiers.org

August 2002
Start of BioPAX project at the 
4st Biopathway consortium meeting

April 2000
Start of SBML at the 
1st “ERATO Kitano” workshop,

October 2005
Start of SBGN project at 
the BioPAX face 2 face meeting

Representation formats

Influential meetings

Enabling technologies

2003
libSBML

 2010 Creation of COMBINE

 1999

2006
PaxTools

April 2008
1st SBOL meeting

2006
Decision to create a language for synth biol designs

Myers, Bader, Gleeson, Golebiewski, 
Hucka, Le Novère, Nickerson, 
Schreiber, and Waltemath: ‚A Brief 
History of COMBINE‘, in press 



COMBINE Coordination Board 

Gary D. Bader 
(University of 

Toronto, Canada) 
BioPAX Delegate 

Mike Hucka 
(Caltech, 

Pasadena, USA) 
SBML Delegate 

Chris Myers 
(University of 
Utah, USA) 

SBOL Delegate 

David Nickerson 
(University of 
Auckland, NZ) 

CellML Delegate 

Falk Schreiber 
(Monash University 
Melbourne, AUS) 
SBGN Delegate 

Dagmar Waltemath 
(University of 

Rostock, Germany) 
SED-ML Delegate 

Padraig Gleeson 
(University College 

London, UK) 
NeuroML Delegate 

Martin 
Golebiewski 

(HITS gGmbH, 
Germany) 

Nicolas Le Novère 
(Babraham 

Institute, UK) 



The NormSys Registry for Modeling Standards 

http://normsys.h-its.org/ 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 



The NormSys Registry for Modeling Standards 

https://normsys.h-its.org/validate 



NormSys Registry for Modelling Standards 
•  Information resource for community standards 

•  Comparison of their main characteristics and features 

•  Classification by fields of application (with examples) 

•  Transformation options between the standards 

•  Bundled links to corresponding web resources: 
specifications, websites, publications, repositories, APIs... 

•  Faceted browsing and search by different criteria 

•  Validation of models for several standards 

•  COMBINE standards and related efforts (for a start) 

http://normsys.h-its.org/ 



Concept & project lead: Martin Golebiewski  
Design: Jill Zander 
Implementation: Nils Wötzel 
Content: Martin Golebiewski, Alexander Nikolaew 
 
Collaboration partners: 
Susanne Hollmann & Bernd Müller-Röber (University of Potsdam, D) 
Babette Regierer (LifeGlimmer GmbH, Berlin, D) 

http://normsys.h-its.org/ 



Need for a meta-standard for standards 

 
 
 
 

Example: Great Baltimore fire of 1904  

Individual fire hydrants depending on region 
with 600 variations of hose couplings 
à Need for a standard for general interfaces 


