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Description
One of the important avenues of synthetic biology research is the (re)construction of
genetic circuits and tools within host cells. These systems can then be used to control or
redirect biological processes towards some researcher-defined target objective.
Traditionally, transcription-translation systems have been built for these purposes,
however these systems can be problematic for the host cell. The “genetic load” produced
by the synthetic circuit can hamper cell growth and, ultimately, negatively impact the
circuit itself. As such, recent work has replaced transcription-translation systems with
CRISPRi-based networks that should have a reduced “load” on cell development (SantosMoreno et al.). We have recently obtained a toggle-switch circuit and produced timeseries data to show how toggle switches, and how the host cell develops, given different
system inputs.
Given their large potential in helping design future circuits, and the data we have
available, we would like to construct quantitative and predictive models of these initial
systems such that we can characterise their dynamics in future. This would allow us to
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predict the effects of incorporating such tools in larger, e.g. metabolic, networks. There
are two levels to constructing such models. First, we need to have the correct equations.
Second, we need to estimate reaction rates within the equations given the data. To answer
these questions, we will trial some new machine learning methods (Rackauckas et al.,
Yazdani et al.). In these references, machine learning has been used to optimise reaction
rates and, independently, determine mathematical terms missing from a model. However,
it is not yet shown that both problems can be tackled in a single machine learning method.
Based on results from this analysis, we will assess the feedback between cell growth and
circuit performance using our model. Once we have a model that describes the available
data, we can make statements about the function of sgRNA components in our CRISPR
systems, and make predictions for novel experimental settings to be tested in future lab
experiments.
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