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Short Abstract—Identification of predictive system models for
chemical reaction networks is considered during the design and
experimental stages of synthesis. General analytical tools for testing the identifiability of a system and designing its identification
experiments were derived. The predictive quality of the models is
ensured by using an invalidation based identification approach.
The tools will be applied to study genetic and epigenetic changes
in populations.
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I. I NTRODUCTION

R

Ecent advancements in analytical technology are alone
not enough to sufficiently reduce the time, cost, and
feasibility of system identification. Reverse transcription qPCR
technology has produced some promising results in predictive
model identification [1, 2]. However, these experimental tools
are expensive, require significant setup, and, most importantly,
only work with cell populations. Identification of individual
cells must primarily rely on fluorescence signals from reporter
genes, where the number of simultaneous measurements is
limited by the number of available proteins with different
excitation or emission wavelengths. To deal with the feasibility
and measurement constraints, advanced identification methods
applicable in all parts of the synthesis process are needed.
General analytical tools for both system and experimental
design are developed [3, 4]. The purpose of these tools is to
produce systems for which predictive models can be identified.
Model identification is ensured by minimizing the set of corresponding equivalent models. Prediction capability of resulting
models is ensured by basing all identification methods on
invalidation instead of parameter matching.

II. M ETHODS
Considered systems are entirely described by a collection
of controlled variables u (e.g., metabolite concentrations) and
unknown variables w (e.g., reaction rates) so that the measured
variables y (e.g., reporter protein concentrations) are defined
by a model y = M (u, w). Model identification is performed
by invalidating as many possible values of w as possible. Systems are tested through a series of discrimination experiments
and those values of w that contradict the experimental data
are discarded. All values of w that make the same predictions
for all values of u are said to be equivalent.
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A. Synthesis Procedure
A procedure for building systems with identifiable predictive models is proposed. The synthesis procedure begins by
creating an identifiable design that has no equivalent values of
w. Proposed designs are checked for identifiability by solving
the Model Equivalence Problem. The synthesis procedure
continues with a series of discriminating experiments whose
inputs are computed by solving the Model Discrimination
Problem [3, 4]. The synthesis procedure concludes by invalidating all values of w that fail to reproduce the experimental
data [5]. This is done by solving the Model Invalidation
Problem. All of the above steps are formulated in a scalable
way and cast as convex optimization problems using either
relaxation or approximation methods.
B. Technical Details
The mapping M , referred to above, is given implicitly
by solving a system of polynomial differential equations
representing the biochemical reaction network. Identifiability
for such a system implies the entire state at any given time can
be estimated from the initial conditions. The underlying assumptions of the experimental and design tools are consistent
with available measurement technology. The entire initial state
of the system (e.g., the molecular concentrations of important
substrates) is assumed to be measurable (e.g., using RT qPCR
or mass spectrometry). The subsequent measurements are
assumed to be limited so that, for instance, individual cells
can be identified using reporter gene methods.
III. F UTURE WORK
The above tools will be fully integrated to study individual
cell differences at the new Cell Cybernetics Lab at the University of West Bohemia. For a given functional module of
interest, a suitable reporting network will be designed and the
state fully measured under standard conditions. Genetic and
epigenetic changes (as well as mechanisms of effecting these
changes) will then be studied through ongoing identification
of the corresponding models.
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