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Reproducibility crisis

Baker, Nature May 2016, Vol 533, 453 



  

Reproducibility efforts
 Replication studies of 100 

experimental and correlation 
studies (psychology studies)

 97% original statistically 
significant results, 37% of 
replications

 Replication effects half the 
magnitude of original

Open Science Collaboration, Science, August 2015, Vol 349, Issue 6251



  

“it is impossible to believe most of the 
computational results shown in conferences 
and papers”
– Donoho, 2009



  

“An article about (computational) science in a scientific 
publication is not the scholarship itself, it is merely 
advertising of the scholarship. 

The actual scholarship is the complete ... set of instructions 
and data which generated the figures.” 

David Donoho, 1998 
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Full set of model instructions (ODE)



  

Standardization
 Reproducible & exchangeable model encoding 

(SBML)

 Annotations to modelling, biological and medical 
ontologies (SBML core) 

 Hierarchical models/multi-scale models 
(SBML comp) 

 Model quality: validation, modeling practices, unit 
checking

 Distributions in models & uncertainty in data and 
parameters (SBML distrib)

 Mass- & charge balance (SBML fbc)

 Use wide range of tool ecosystem (visualization, 
parameter fitting, simulation, ...)

Simulation experiment description markup language (SED-ML) level 1 version 3 (L1V3).
Bergmann FT., Cooper J, König M, Ion Moraru I., Nickerson D., Le Novère N., Olivier BG., Sahle S, 
Smith L., and Waltemath D, J Integr Bioinform 2018, 3

Harmonizing semantic annotations for computational models in biology
Neal, König, Nickerson, Mısırlı, Kalbasi, Dräger, …, Waltemath
Brief Bioinform. 2018 Nov 21. doi: 10.1093/bib/bby087

The Systems Biology Markup Language (SBML): Language Specification 
for Level 3 Version 2 Core
M. Hucka, F. Bergmann, C. Chaouiya, A. Dräger, S. Hoops, S. Keating, M. 
König, N Le Novere, C. Myers, B. Olivier, S. Sahle, J. Schaff, R. Sheriff, L. 
Smith, D. Waltemath, D. Wilkinson, F. Zhang, J Integr Bioinform. 2019 
[accepted] 



 De facto standard for pathway models
 Libraries: libsbml (C++, python, R, 

JavaScript, ... & JSBML (Java)
 TestSuite and Validators
 Components

– UnitDefinitions
– FunctionDefinitions
– Compartments
– Species
– Parameters
– InitialAssignments
– Rules
– Reactions
– Events



  

Full set of model instructions (ODE)

Species & Reactions (SBML) 
(Defining Stoichiometric Matrix & KineticLaws)

Compartments (SBML)

Parameters 
& UnitDefinitions (SBML) 

Simulations (SED-ML) 



SBML comp 
 Hierarchical model composition
 Coupling of models



SBML Model databases
 Biomodels

– large collection of freely available 
models
https://biomodels.org 

https://biomodels.org/


GUI tools (analysis)
 COPASI: GUI based tool, 

http://copasi.org/  

http://copasi.org/


Annotations
 Ontology

– definition of controlled vocabulary with 
clear meaning and relationships

– allows to precisely describe objects

 Annotation
– process of attaching ontology terms to 

objects
– important for mapping data onto models
– important for automatic methods (model 

merging, reuse of components

 RDF triples
– (subject, verb, object)

 Examples
– CHEBI (chemical entities)
– UniProt (proteins)
– Ontology Lookup Service



Libraries (analysis)
 roadrunner: high performance SBML 

simulator

 tellurium: python based modeling 
environment for SBML models
http://tellurium.analogmachine.org/ 

 antimony: simple SBML script language

 sbmlsim: 
python library for simulation

libRoadRunner: a high performance SBML simulation and analysis library.
Somogyi, Bouteiller, Glazier, König, Medley, Swat, Sauro.
Bioinformatics. 2015

Tellurium Notebooks - An Environment for Dynamical Model Development, Reproducibility, and Reuse
Medley K, Choi K, König M; Smith L, Gu S, Joseph Hellerstein, Sealfon S., Sauro HM.
PLoS, Comp. Bio. 2018

Tellurium: An Extensible Python-based Modeling
Environment for Systems and Synthetic Biology
K Choi, JK Medley, M König, K Stocking, L Smith, S Gua, HM Sauro
Biosystems. 2018 Jul 24. pii: S0303-2647(18)30125-4.

http://tellurium.analogmachine.org/


Model building, quality checks, visualization
 sbmlutils – model 

building, annotation, 
reports 

 memote - integrated 
testing for models and 
model checks

matthiaskoenig/sbmlutils: sbmlutils-v0.3.3 
(Version v0.3.3)
M. König. (2019, April 29). Zenodo. 
http://doi.org/10.5281/zenodo.2653495

Memote: A community-driven effort towards a 
standardized genome-scale metabolic model 
test suite
C Lieven, M Beber, B Olivier, F Bergmann, M 
Ataman, P Babaei, J Bartell, L Blank, S 
Chauhan, K Correia, C Diener, A Dräger, B ..., M 
König, S Klamt, E Klipp, ..., J Wodke, J Xavier, Q 
Yuan, M Zakhartsev, C Zhang
bioRxiv 350991; doi: 10.1101/350991 Nature 
Biotechnology [in revision] 

http://doi.org/10.5281/zenodo.2653495


Visualization

matthiaskoenig/cy3sbml: 
cy3sbml-v0.2.7 (Version 
v0.2.7)
M. König, N. Rodriguez, 
A. Dräger (2017, 
November 12). Zenodo. 
http://doi.org/10.5281/z
enodo.1045487
 

http://doi.org/10.5281/zenodo.1045487
http://doi.org/10.5281/zenodo.1045487


Parameter fitting
 Dmod (R)

 PyPESTO & AMICI (python)
https://github.com/icb-dcm/pypesto
https://icb-dcm.github.io/AMICI/index.html 

 Data2dynamics (Matlab)
https://github.com/Data2Dynamics/d2d 

https://github.com/icb-dcm/pypesto
https://icb-dcm.github.io/AMICI/index.html
https://github.com/Data2Dynamics/d2d


Pathways as input for tissue models
 Morpheus

https://morpheus.gitlab.io/ 

https://morpheus.gitlab.io/


Executable simulation model
https://matthiaskoenig.github.io/exsimo/ 

...the complete ... set of 
instructions and data 
which generated the 
figures.

https://matthiaskoenig.github.io/exsimo/








 initiative to coordinate the development of the various community standards and 
formats for computational models

 COMBINE meeting & HARMONY hackathon

 Core standards
http://co.mbine.org/Standards#Core_COMBINE_standards

– SBML Systems Biology Markup Language

– SED-ML Simulation Experiment Description Language (SED-ML)

– SBGN Systems Biology Graphical Notation

– CellML

– SBOL Synthetic Biology Open Language Data

– NeuroML 

http://co.mbine.org/Standards#Core_COMBINE_standards


COMBINE archive

 A COMBINE archive is a single file 
bundling the various documents 
necessary for a modeling and 
simulation project.

 The archive is encoded using the 
Open Modeling EXchange format 
(OMEX). 



  

Tools not accessible

Mangul, Serghei, et al. "Challenges and recommendations to improve the installability and archival 
stability of omics computational tools." PLoS biology 17.6 (2019): e3000333.
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Mangul, Serghei, et al. "Challenges and recommendations to improve the installability and archival 
stability of omics computational tools." PLoS biology 17.6 (2019): e3000333.
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