Mechanistic analysis of reaction network models
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Abstract— Chemical reaction networks have been used for a
long time to model biochemical systems. Rule-based modeling is
a newer graph-based approach that allows explicit consideration
of molecular structures and reaction configurations. We have
previously developed a tool called Atomizer that infers molecular
structures and interactions from reaction network models to gen-
erate rule-based representations. Here, we have atomized reaction
network models in the BioModels database and performed a
statistical analysis of their composition in terms of the five basic
graph operations that can occur in reactions.

I. BACKGROUND

ULE-BASED MODELING is an alternative approach to

building kinetic models, that explicitly encodes informa-
tion about structures and reaction mechanisms [1]. In the rule-
based framework, molecules and complexes are explicitly rep-
resented as graphs. Reactions, modeled as reaction rules, are
explicit graph rewritings using five basic operations: add and
delete molecules, add and remove bonds and change internal
states [2]. However, in the reaction network framework, each
reaction naively models the creation and deletion of structure-
less chemical species. Any structure present in the species has
to be manually encoded, either using annotations or using an
ad hoc labeling convention (e.g. 2_B to represent a complex of
A and B). The Atomizer algorithm [4] attempts to learn these
conventions and extract this hidden structure from each RNM.
Using clues from reaction stoichiometry and common naming
conventions, the algorithm relearns the explicit mechanistic
interactions that were implicitly encoded in the reactions.

BioModels is a repository of user-submitted reaction net-
work models (RNMs) focusing on cellular biochemistry and
other biological processes [3]. It includes 540 models curated
by the BioModels group and 650 uncurated models. Here, we
use Atomizer to analyze the composition of RNMs in both
the curated and uncurated sets of the BioModels database and
compare this to a control set of rule-based models.

II. RESULTS

The balance of composition between bond and state
changes versus creation and deletion is indicative of the degree
to which mechanistic information can be extracted from a
particular reaction network. The fractional occurrence of a
particular graph operation within a model can be compared
across a whole suite of models. Figure 1 shows a histogram of
the fractional occurrence for each graph operation in three sets
of models: atomized curated BioModels, atomized non-curated
BioModels, and a control set of BioNetGen rule-based models.
The control set is predominantly composed of bond and
state changes, reflecting the explicit encoding involved in the
rule-based framework. The non-curated set is predominantly
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Fig. 1. Distribution in the fractional occurrence of three basic sets of graph
operations over the curated (blue) and non-curated (green) sections of the
BioModels database and a control set of rule-based models (red).

composed of molecule creation and deletion. These operations
do not provide information about the underlying structure of
the species involved and their extensive use in a model limits
the amount of structural information that can be recovered. The
curated set lies between the two, showing that manual curation
can, to some extent, be used to resolve molecular interactions.

III.CONCLUSION

The results of our analysis suggest that the network ap-
proach does not limit the use of explicit mechanisms, but
makes it harder to recapitulate or infer them after construction.
This is because the network abstraction is not optimal for
structured species, requiring manual encoding for each species
and reaction. On the other hand, the rule-based framework was
designed to be a more appropriate abstraction for hierarchically
structured biochemical entities such as proteins and signaling
complexes.
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