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🎯 Teaching Goals

By the end of this section, you should be able to:

1. Understand the role of reproducibility in computational modeling.
2. Introduce the Systems Biology Markup Language (SBML) as a standard for model 

representation and exchange.
3. Gain familiarity with tools for creating,and simulating SBML models (e.g., sbmlutils, 

cy3sbml).
4. Discuss FAIR principles (Findable, Accessible, Interoperable, Reusable) and their application 

to model data and metadata.
5. Highlight the importance of open science practices for transparent and collaborative 

research.
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Is there a reproducibility crisis
Baker, Nature May 2016, Vol 533, 453 
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Industry Efforts
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Believe it or not: how much can we rely on published data on potential drug targets? - Nature Reviews Drug Discovery 10, 643-644 (2011)

● Amgen (6/53) & Bayer 
(14/67)

● Bayer halts nearly two-thirds 
of its target-validation 
projects because in-house 
experimental findings fail to 
match up with published 
literature claims

● internal experiments 
matched up with the 
published findings in only 14 
projects, but were highly 
inconsistent in 43/67



Reproducibility of Computational Models
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● Most models not accessible
● Many accessible models not 

reproducible

Tiwari K, Kananathan S, Roberts MG, Meyer JP, Sharif Shohan MU, Xavier A, Maire M, Zyoud A, Men J, Ng S, Nguyen TVN, Glont M, Hermjakob H, Malik-Sheriff RS. Reproducibility in 
systems biology modelling. Mol Syst Biol. 2021 Feb;17(2):e9982. doi: 10.15252/msb.20209982. PMID: 33620773; PMCID: PMC7901289.
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Reproducibility of Computational Models
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Kirouac DC, Cicali B, Schmidt S. Reproducibility of Quantitative Systems Pharmacology Models: Current Challenges and Future Opportunities. CPT Pharmacometrics Syst Pharmacol. 2019 
Apr;8(4):205-210. doi: 10.1002/psp4.12390. Epub 2019 Mar 3. PMID: 30697975; PMCID: PMC6482280.
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Threats to Scientific Method
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Munafò MR, Nosek BA, Bishop DVM, Button KS, Chambers CD, du Sert NP, Simonsohn U, Wagenmakers EJ, Ware JJ, Ioannidis JPA. A manifesto for reproducible science. Nat Hum Behav. 
2017 Jan 10;1(1):0021. doi: 10.1038/s41562-016-0021. PMID: 33954258; PMCID: PMC7610724.

● Poor study design
● Low statistical power
● Analytical flexibility
● P-hacking
● Hypothesizing after 

the results are known 
(HARKing)

● Publication bias
● Lack of data sharing



Development of Standards
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● Models (SBML)
● Simulationen (SED-ML)
● Visualisation (SGBN)
● Parameter Optimization 

(PETab)
● Metadata (OMEX)
● COMBINE archive

Specifications of Standards in Systems and Synthetic Biology: Status and Developments in 2022 and the COMBINE meeting 2022. M. König et al. J Integr Bioinform. 2023 Mar 29;20(1).
SBML Level 3: an extensible format for the exchange and reuse of biological models. SM Keating, D Waltemath, M König, …, M Hucka, and SBML Community members. Mol Syst Biol. 2020;16(8):e9110. 
doi:10.15252/msb.20199110
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 Jun 20;16(2); 10.1515/jib-2019-0021
The Distributions Package for SBML Level 3. L Smith, S Moodie, F Bergmann, C Gillespie, S Keating, M. König, C Myers, M Swat, D Wilkinson, M Hucka. J Integr Bioinform. 2020 Aug 4; doi: 10.1515/jib-2020-0018
Open modeling and exchange (OMEX) metadata specification version 1.0. Neal ML, Gennari JH, Waltemath D, Nickerson DP, König M. J Integr Bioinform. 2020 Jun 25;17(2-3):20200020. doi:10.1515/jib-2020-0020.
Harmonizing semantic annotations for computational models in biology. Neal, M.; König, M.; Nickerson, D., …mWaltemath, D. Brief Bioinform. 2019 Mar 22;20(2):540-550. doi:10.1093/bib/bby087.

Matthias König

https://doi.org/10.15252/msb.20199110
https://doi.org/10.15252/msb.20199110
https://doi.org/10.1515/jib-2019-0021
https://doi.org/10.1515/jib-2020-0018


Systems Biology Markup Language (SBML)

● SBML is a software data 
format for describing 
models in biology 
(https://sbml.org)

● It’s a little like HTML but for 
model instead of web pages

● independent of any 
particular tool

● free and open
● De facto standard
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https://sbml.org


SBML

● Process-based ODE models
● Reproducible & exchangeable model 

encoding (SBML)
● Annotations to modelling, biological 

and medical ontologies (SBML core)
● Hierarchical models/multi-scale 

models
● (SBML comp)
● Unit validation, unit checking, unit 

conversion
● Distributions in models & uncertainty 

in data and parameters (SBML 
distrib)

● Mass- & charge balance (SBML fbc)
● Use wide range of tools 

(visualization, parameter fitting, 
simulation, ...)

● http://sbml.org 
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Keating SM, Waltemath D, König M, … , Hucka M; SBML Level 3 Community members. 
SBML Level 3: an extensible format for the exchange and reuse of biological models. Mol 
Syst Biol. 2020 Aug;16(8):e9110. doi: 10.15252/msb.20199110.

http://sbml.org


SBML core

● Compartments
○ containers/volumes (e.g. liver volume)

● Species
○ molecules in compartments

(e.g. glucose in plasma)
● Parameters

○ parameters with values
(e.g. cardiac output)

● AssignmentRules
○ mathematical relationships between other 

parameters, species, compartments
(e.g. BMI = bodyweight/height²)

● Reactions
○ processes converting species in other species

(e.g. enzymatic conversion; e.g. transport via 
blood flow)
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https://github.com/matthiaskoen
ig/sbmlutils

Packages
● core, fbc, comp, distrib, 

layout
Features
● model creation, 

manipulation & merging
● unit support
● model annotation
● interpolations
● file converters (XPP)
● markdown annotations
● OMEX support
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sbmlutils: Python Utilities for Working with SBML

Matthias König

https://github.com/matthiaskoenig/sbmlutils
https://github.com/matthiaskoenig/sbmlutils


https://sbml4humans.de 

● interactive SBML report with 
navigation between SBML objects

● web application (no setup)
● search and filter functionality
● resolve/render metadata
● hierarchical models (SBML comp)
● distributions and uncertainties

(SBML distrib)
● flux balance (SBML fbc)
● COMBINE archives (multiple 

models)
● URL endpoint for integration in 

tools/ workflows/ webpages/ 
presentations

https://sbml4humans.de/model_url?url=https:
//www.ebi.ac.uk/biomodels/model/download/BI
OMD0000000001.2?filename=BIOMD0000000001_ur
l.xml
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SBML4Humans: Human Readable SBML Report

Matthias König

https://sbml4humans.de
https://sbml4humans.de/model_url?url=https://www.ebi.ac.uk/biomodels/model/download/BIOMD0000000001.2?filename=BIOMD0000000001_url.xml
https://sbml4humans.de/model_url?url=https://www.ebi.ac.uk/biomodels/model/download/BIOMD0000000001.2?filename=BIOMD0000000001_url.xml
https://sbml4humans.de/model_url?url=https://www.ebi.ac.uk/biomodels/model/download/BIOMD0000000001.2?filename=BIOMD0000000001_url.xml
https://sbml4humans.de/model_url?url=https://www.ebi.ac.uk/biomodels/model/download/BIOMD0000000001.2?filename=BIOMD0000000001_url.xml
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CySBML: Cytoscape app for visualizing SBML

● kinetic & reaction-species view
● subgraphs & filtering
● annotation support
● works for large scale networks 

(genome-scale)
● sbmlutils integration 

(py4cytoscape)

https://github.com/matthiaskoenig/cy3sbml 

https://github.com/matthiaskoenig/cy3sbml


Open und FAIR Science
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Open Data in Repositories
● BioModels DB, GitHub, Zenodo
● PK-DB

Open/FAIR models
● CC-BY, Zenodo, GitHub, FAIR Indicators

Open Science Initiatives
● Strategy development (Open Science 

Training at Universities)
● Open Science Ambassador (2024-2025)

FE Kohrs, … , M König, …, TL Weissgerber. Eleven Strategies for Making Reproducible Research and 
Open Science Training the Norm at Research Institutions. eLife (2023)
Ten Simple Rules for FAIR Sharing of Experimental and Clinical Data with the Modeling Community. 
König M, Grzegorzewski J, Golebiewski M., Hermjakob H, Hucka M,  Olivier B, Keating SM, Nickerson 
D, Schreiber F, Sheriff R, Waltemath D. Preprints 2021, 2021080303, doi: 
10.20944/preprints202108.0303.v2. 
FAIR Sharing of Reproducible Models of Epidemic and Pandemic Forecast
Ramachandran, K.*; König, M.*; Scharm, M.; Nguyen, T.V.N.; Hermjakob, H.; Waltemath, D.; Malik 
Sheriff, R.S. (* equal contribution). Preprints 2022, 2022060137 (doi: 
10.20944/preprints202206.0137.v1).
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