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Abstract

Summary: Here we present a browser-based Semi-Automated Metabolic Map Illustrator (SAMMI) for the visualiza-
tion of metabolic networks. While automated features allow for easy network partitioning, navigation, and node
positioning, SAMMI also offers a wide array of manual map editing features. This combination allows for fast,
context-specific visualization of metabolic networks as well as the development of standardized, large-scale, visually
appealing maps. The implementation of SAMMI with popular constraint-based modeling toolboxes also allows for
effortless visualization of simulation results of genome-scale metabolic models.

Availability and implementation: SAMMI has been implemented as a standalone web-based tool and as plug-ins for
the COBRA and COBRApy toolboxes. SAMMI and its COBRA plugins are available under the GPL 3.0 license and are
available along with documentation, tutorials, and source code at www.SammiTool.com.

Contact: rakbani@mdanderson.org

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

The field of genome-scale metabolic models (GEMs) has rapidly
expanded in recent years (O’Brien et al., 2015), leading to the cre-
ation of a number of databases (Karp and Caspi, 2011) and algo-
rithms (Lewis et al., 2012) for the analysis of metabolic networks. In
particular, the COBRA (Heirendt et al., 2019) and COBRApy
(Ebrahim et al., 2013) toolboxes have become extremely popular
tools for GEM simulation.

One important aspect of this field is the visualization of such net-
works and their associated data. Manually curated maps (Gawron
et al., 2016; King et al., 2015) are often used for this purpose, but
these are time-consuming to generate, are GEM specific, and can
lead to discontinuity in data visualization due to node duplication.
Automatically generated static maps (Jensen and Papin, 2014;
Kelley et al., 2017) account for some of these issues, but can still
yield convoluted maps that can be difficult to interpret. In addition,
many of the previously developed tools rely on standalone or inde-
pendent software (Chazalviel et al., 2018), making their integration
with powerful, popular constraint-based modeling tools difficult. To
account for these issues we present a Semi-Automated Metabolic
Map Illustrator (SAMMI). SAMMI provides a wide array of auto-
mated map generation features as well as various manual curation
and navigation tools. This combination allows powerful context-
specific analysis as well as the generation of standardized, bench-
mark metabolic maps.

2 Application features

Using the standalone SAMMI interface, metabolic networks can be
uploaded using Systems Biology Markup Language (SBML) (Hucka
et al., 2018) and Biological Pathway Exchange (BioPax) (Demir
et al., 2010) annotated models, which can be obtained from a num-
ber of different databases, or directly from the Kyoto Encyclopedia
of Genes and Genomes (KEGG) (Kanehisa et al., 2017) annotated
networks. Alternatively, users can render SAMMI maps directly
from the MATLAB and Python command lines using the COBRA
and COBRApy SAMMI plug-ins respectively. SAMMI offers the op-
tion of partitioning models into multiple subgraphs using model an-
notation (e.g. reaction subsystems or metabolite compartments) or
user defined groups of reactions. This parsing allows users not only
to plot and navigate large models but to also render the visualization
of desired reactions only, avoiding overcrowding by omitting un-
desirable reactions and ensuring connectivity since no nodes are ini-
tially duplicated. SAMMI networks are initially drawn as animated
force-directed graphs, which allows for constant automated node
positioning. Parameters of the force-directing layout, such as edge
length and node repulsion, can be modified to tailor this process to
the user’s liking.

Once a model is loaded a wide array of manual curation func-
tionalities are available for exploring the network and drawing visu-
ally appealing maps. These include, but are not limited to, fixing
node position, arranging nodes in different shapes, duplicating
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nodes, labeling nodes as secondary, curving edges, adding and delet-
ing reactions and metabolites, defining network paths and compo-
nents, re-defining and re-arranging labels, hiding reaction nodes,
and annotating shapes and texts. In particular, nodes can be tempor-
arily removed and later re-introduced into the network. This feature
allows users to temporarily remove secondary metabolites for a less
crowded visualization or while primary nodes are arranged.

Multiple datasets can be mapped onto SAMMI networks simul-
taneously as node and edge color, node size and edge thickness.
Color and size scales can be defined for each independent dataset or
globally for all datasets uploaded. Color scales can be customized by
editing, adding or removing color breaks and re-defining colors.
Color and size of nodes and edges with no associated data can also
be defined separately, mapping data only to specified groups of reac-
tions and metabolites.

Although the partitioning of large networks into pathways
makes their visualization more appealing, this subdivision can hin-
der the visualization of network connectivity across pathways, an
important feature in metabolic networks where many metabolites
are present in a large number of pathways. To alleviate this issue,
SAMMI offers advanced map navigation options across subgraphs.
For instance, when searching for nodes in one graph, SAMMI also
shows all other subgraphs that contain nodes matching that search,
and indicates the number of nodes matching the search in each sub-
graph. Alternatively, users can choose to highlight a given metabol-
ite and visualize all reactions in which that metabolite participates.
Both options allow users to easily navigate to other significant
subgraphs.

SAMMI maps can be easily shared as a SAMMI-specific JSON
file. These files retain all nodes’ state and position, edge curves and
associated map data, allowing users to save the network in their cur-
rent format for standardization. SAMMI maps can also be exported
in formats compatible with Escher (King et al., 2015) and
MetExploreViz (Chazalviel et al., 2018), as well as PNG and PDF
figures. Supplementary Material gives a detailed comparison of sev-
eral features between SAMMI and other popular graph visualization
tools.

The SAMMI source code has been publicly shared on GitHub,
where users are encouraged to submit additional feature suggestions
and bug reports. A detailed overview of all SAMMI features, video
tutorials, and examples of how to use the COBRA plugins directly
from the command line are available in the SAMMI documentation,
which can be accessed directly from the tool’s interface.

3 Conclusion

Although automated node positioning is highly advantageous in
order to draw large metabolic networks, a large degree of manual
curation is also often desirable to provide context and finishing
touches in visually appealing network representations. Furthermore,
while static maps are often useful, their connectivity is often not
suited for context-specific visualizations. SAMMI combines a series
of automated and manual features that allow for both the develop-
ment of highly curated, visually appealing maps, as well as the fast

visualization of context-specific subnetworks and associated data. In
addition, SAMMI also provides advanced navigation tools, easy file
sharing, and cross-platform integration capabilities. We believe
SAMMI will be a powerful tool for the visualization and analysis of
metabolic networks.
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