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Summary
Systems Biology Markup Language (SBML) is a standard intermediate language for repre-
senting models of biological systems, particularly reaction networks (Finney & Hucka, 2003;
Hucka et al., 2003). SBML defines models independent of the software used to create the
model, which allows for easy import and export of models. Programs for converting models
into code exist for a variety of software languages but have key limitations. For example, the
Systems Biology Format Converter (SBFC) is a suite of tools used to convert SBML models
into scripts in multiple modeling and programming languages (Rodriguez et al., 2016). The
BioModels Database uses SBFC to automate conversion of a large library of SBML models
into other formats that can be downloaded by users (Chelliah et al., 2015; Glont et al., 2018).
SBFC does not include a tool for generating Python scripts. For the languages SBFC supports,
the codes generated are stand alone implementations of models that are not easy to integrate
into other projects.
The present work describes a software program called SBMLtoODEpy that we developed to
address these limitations by enabling conversion of SBML models into Python classes that
can be rapidly incorporated into biomedical systems modeling projects written in Python, such
as the multiscale simulation platform CompuCell3D, or used directly in Python. The Octave
and MATLAB code generated by SBFC implement SBML models as a function that accepts
no input and does not return any values. SBMLtoODEpy generates code that uses Python
classes to create code that users write their own code to interface with. The program aims to
accelerate construction of multiscale models that import and reuse published SBML models,
many of which are available in the BioModels Database at https://www.ebi.ac.uk/biomodels/
In SBMLtoODEpy, each of the model components are extracted using libSBML, a software
library for parsing and editing SBML models (Bornstein, Keating, Jouraku, & Hucka, 2008).
The model components can be output to a JSON file. JSON is a format that is easier
for users to read and directly edit than either the SBML or Python implementations of the
model. The extracted model components are used to create a Python file that defines a class
that implements the model. A method for the class is generated to solve the model using a
wrapper for the lsoda algorithm in the SciPy Python package (Oliphant, 2007), and the NumPy
Python package (Van Der Walt, Colbert, & Varoquaux, 2011) is also used. To verify that
SBMLtoODEpy properly interprets SBML files and converts them into functional differential
equations models, we compared the results of SBMLtoODEpy with COPASI, a graphical
user interface based platform for simulating SBML models (Hoops et al., 2006), for a set of
representative SBML files downloaded from the BioModels Database that were deposited for a
selection of systems biology publications (Borisov et al., 2009; Guyton, Coleman, & Granger,
1972; Kerkhoven et al., 2013; Smallbone & Corfe, 2014; Waugh & Sherratt, 2006; Zi et
al., 2011). This comparison served purely to verify that SBMLtoODEpy was properly setting
up the equations for the model as both COPASI and SBMLtoODEpy rely on ODEPACK
to solve differential equations (Hindmarsh, 1983). These files have been included in the
SBMLtoODEpy package within the sbmltoodepy/sbml_files subdirectory to serve as examples
for users. In our documentation, we have provided a tutorial on how to use the SBMLtoODEpy
software package.
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