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ABSTRACT

Summary: The SBML layout and render extensions enable SBML models to encode information
about the graphical depiction of model elements. Layout provides information about the positions of
model elements and render describes the styles of elements, for example, shapes, colors, line widths,
and font details. In this application note, we describe libsbml_draw a Python package that supports
the SBML layout and render extensions and can automatically generate a layout for SBML models
by making use of SBNW, a C/C++ library.
Platforms: Windows, Linux, macOS
Software Availability:
Python package on the PyPI server: pip install libsbml-draw
SBNW C/C++ library on GitHub: https://github.com/sys-bio/libsbml-draw
Documentation: https://libsbml-draw.readthedocs.io/en/latest/index.html

Keywords SBML · Python · libSBML

1 Introduction

SBML (Hucka et al., 2003) is the standard used for describing and sharing biochemical network models (Sauro,
2014)(Hoksza, 2019). A number of extensions have been made to SBML (Dräger et al., 2014), including the layout
(Gauges et al., 2006) and render extensions (Gauges, 2009). The layout extension allows the size and positions of
elements in a biochemical network to be specified. These elements can be species, compartments, reactions, and
modifiers. The render extension allows for styles of the elements to be described. A style can specify the shape of
a species or compartment, the color of an element or text, the width of a reaction or modifier line, a variety of font
specifications for text, and line endings to use for reactions and modifiers.

Many SBML models have been created which do not contain layout information (Bergman and Sauro, 2006), which
can be a barrier to interacting with the model via a graphical software tool. Thus, it is desirable to have a library which
can compute and assign a layout to an SBML model.

In this application note, we present a Python package which allows for SBML models to be loaded, modified and
written out again. The reading and writing of the SBML models is accomplished by using features of the libSBML
library (Bornstein et al., 2008). The models can be graphically displayed, and the image saved, which utilizes Python’s
matplotlib. If a loaded model does not contain layout information or if the user would like to override an existing layout,
a layout can be auto-computed. The package utilizes an SBNW library written in C/C++ for auto-computing layouts.
SBNW is based on the original SBW layout engine (Deckard et al., 2006), which was written in C#.

https://github.com/sys-bio/libsbml-draw
 https://libsbml-draw.readthedocs.io/en/latest/index.html
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2 Package Features

2.1 Layout and Render Extension Support

The package can read and write SBML (Hucka et al., 2003) models which have layout and render information. If a
model is lacking layout information, a layout can be auto-generated. If a model is lacking render information, the style
information can be added. The Python API allows color, line width, and a variety of font style changes.

2.2 Autolayout Algorithm

The library can auto-compute layout information consisting of centroid coordinates for compartments, nodes, reactions,
and modifiers for SBML models when a model is lacking layout data or when it is desired to override an existing
layout. A modified version of the Fruchterman-Reingold (FR) algorithm is used when auto-generating a layout. The FR
algorithm has shown to reproduce underlying symmetry and to be robust in the face of variegated graph topologies
(Fruchterman and Reingold, 1991).

2.3 Fine-tuning layouts via Aliasing and Locking of Nodes

A layout can be auto-generated repeatedly until a most-desirable one is found. An auto-generated layout can be
fine-tuned by aliasing and/or locking nodes in the layout.

2.3.1 Aliasing

Aliasing can be used to reduce congestion in a layout, where a lot of reactions are connected to a node. Aliasing a node
means that a node of degree n can be decomposed into n alias nodes which are drawn separately. The layout can be
regenerated after these alias nodes are created, in which case all the reactions will no longer converge into one node, but
the separate n nodes can move around and the reactions will follow them. The FR-algorithm is particularly good at
laying out these types of graphs without having overlapping edges (Fruchterman and Reingold, 1991).

2.3.2 Locking

Another way to fine-tune a layout is to use locking. One or more nodes can be locked before regenerating a layout. The
positions of these nodes will not change.

2.4 Modify Render Information

Using the Python API color changes can be made to compartments, species, reaction and modifier curves, and species
text. Edge colors and fill colors can be changed for shapes. Line widths can be changed for edges of shapes and for
reaction and modifier curves. A variety of font properties can be changed for species text.

2.5 Line Endings Graphical Information

If line endings are supplied in the render information, these will be drawn. If they are missing, a default set of line
endings will be used, based on the role of the curve. Roles that have been identified are: substrate, sidesubstrate,
product, sideproduct, modifier, activator, and inhibitor.

2.6 Export Rendered Model

Via the Python API, an SBML model can be drawn and saved in either the PDF or PNG format. Python’s matplotlib is
used for the rendering.

2.7 Language Bindings

libsbml_draw provides a class SBMLlayout, which contains all the methods that can be used to load, write, modify,
draw, and save images of the SBML models. This Python package relies on the SBNW library of C/C++ code. Both the
Python package and the underlying SBNW C/C++ code are publicly available.
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Figure 1: Boris EJB Model (Kholodenko, 2000)

3 Visualizations

We present two models loaded into and drawn by libsbml_draw.

In Figure 1, the model contained layout information, but we chose to auto-generate a layout instead. We also changed
render styles.

In Figure 2, the model contained layout and render information, which we display.

4 Code Examples

from l i b s b m l _ d r a w import SBMLlayout
s = SBMLlayout ( " o r i g i n a l _ s b m l _ m o d e l . xml " )
s . drawNetwork ( " my_sbml_model . pdf " )
s . writeSBML ( " my_sbml_model . xml " )

5 Summary

Installation of Python package: pip install libsbml-draw

Documentation: https://libsbml-draw.readthedocs.io/en/latest/index.html

SBNW C/C++ library: https://github.com/sys-bio/libsbml-draw

6 Future Work / Parts of the Render Standard Not Supported

There are some features of the render extension that libsbml_draw does not support. For example, linear gradients as
fill colors are not supported, since matplotlib does not natively support linear gradients. Only 2D positional information
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Figure 2: Glycolysis Model (Wolf and Heinrich, 2000)

is supported. Transformations are not supported, nor are styles which reference other styles. Also, if aliases are created,
the output model file can only be read back into libsbml_draw.
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