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Abstract

Stochastic agent based models of monoculture bacterial colonies are an important first step
in modelling more complex systems. We present a basic growth simulation of monoculture
bacterial colonies using the cell simulation software BSim. These simulations are highly
parameterized and require careful calibration to ensure model outputs are true to experi-
mental observations. A set of features extracted from raw simulation data are proposed to
be utilized in the calibration of BSim simulations. These features underwent a sensitivity
analysis with respect to the growth simulation parameters. Several features are identi-
fied as promising candidates for utility in calibration. We then perform an Approximate
Bayesian Computation calibration of a simple growth simulation in BSim.
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cell age

Figure 3.8: Sample BSim simulation with cell colours corresponding to their age. As
expected, older cells in blue trend towards the exterior of the colony.
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Figure 3.9: Sample curve corresponding to mean distance of cell’s to their colony centroid
as a function of cell age. Error bars are the standard deviation in cell distance for a

particular age group. Statistics were collected from a BSim simulation ensemble of 500
runs.
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Figure 4.1: Example visualizations used in feature sensitivity analysis. (a) Endpoint com-
parison of aspect ratio feature f,, between simulations of varying sticking force k,. (b) Full
temporal comparison, as a function of colony area, for f,,. (c) Integral difference between
curves in panel (b) corresponding to different kg values. Integral difference is calculated
between all parameter values and the central parameter value.
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BSim Name Symbol | f,,
init_growth_asym Q;
asymmetry_scale Qg

birth twist I5}

contact_rng or
contact_damping 0d
k_stick ks
k_int k;
k_overlap k,

Figure 4.5: Sensitivity results for aspect ratio (fap). Grey boxes correspond to sensitivity
in fap with respect to the BSim parameter in the same row.
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Figure 4.6: Mean aspect ratio (f,,) as a function of cell colony area for three different initial
asymmetrical growth «; simulation ensembles. Error bars represent standard deviation of
the aspect ratio over the simulation ensemble.
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