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What is gro

A tool for the simulation of multicellularbehaviors in a 2D environment.

Å Cell growth/division

Å Cell crowding

Å Signal diffusion

Å Molecular reactions (stochastic)

Å Multi -levels of programming

Å Growth control

Å Well-mixed vs spatial
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Levels of modeling

Å Gro allows behaviors to be specified at whatever level of abstraction makes 

sense: from high level code of logic, to low level biomolecular

interactions.

Å First try for complicated temporal/spatial dynamics.

Å Finite state machines: abstraction of biomolecularreactions



Levels of modeling: coupled oscillation coupled_oscillator.gro
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Levels of modeling: chemotaxis chemotaxis.gro

tumble run

ί ί ?

rate(0.01)

signal



What is gro

A tool for the simulation of multicellularbehaviors in a 2D environment.

Å Cell growth/division

Å Cell crowding

Å Signal diffusion

Å Molecular reactions (stochastic)

Å Multi -levels of programming

Å Growth control

Å Well-mixed vs spatial



Easy for growth control circuits

Å Gro has growth, division and death features and automatically updates cell 

volume. It also mimics the spread of microcolonies.

Å Growth

Å Death 
Same ODE model: Ὧὔ Ὠὔ

Different behaviors



Growth control: growth rate
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Growth control: death rate (lysed)
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Growth control: death rate (not lysed)
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Well-mixed vs spatial assumptions

Å Cell growth ᴼexpand microcolonies

sOelf-organize into patterns

Å Signal diffusion O only affect cells within 

the diffusion range

Å Environment heterogeneity O cell 

behaviors affected by nutrients, antibiotics, 

oxygené

Ozgen, VenharCelik, et al. Science advances(2018).
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Cell growth: patterning depends on growth mechanisms

Interactions: activation/repression of growth/death

L-V 

Model

Cell-cell interactions

Same ODE model

repression of growth = activation of death:  ὥ π
activation of growth = repression of death:  ὥ π

Different spatial behaviors 

slow growth fast death (not lysed) fast death (lysed) 

Different mechanisms:



Cell growth: patterning depends on growth mechanisms

Cooperation: ὥ πȟὥ π

Activation/repression of growth Repression/activation of death (lysed)



Cell growth: coexistence stability depends on interactions 

Interactions: activation/repression of growth/death

L-V 

Model

Cell-cell interactions

ODE model: stable coexistence Spatial model: stable -> unstable
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Ren, X., & Murray, R. M. 2019 ECC

Momeni, Babak, et al. Elife 2 (2013).

Cell growth: coexistence stability depends on interactions 


