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What is gro

A tool for programming, modeling, specifying and simulating of multicellular

behaviors in growing microcolonies in a 2D environment.

• Cell growth/division

• Cell crowding

• Signal diffusion

• Molecular reactions  

E. coli microcolonies growing in a single layer ↔ fluorescence microscope

Developed by The Klavins Lab, University Washington, Seattle, WA
http://depts.washington.edu/soslab/gro/index.html

http://depts.washington.edu/soslab/
http://depts.washington.edu/soslab/gro/index.html


User interface



Installation

http://depts.washington.edu/soslab/gro/download.php

small bug: path configuration

http://depts.washington.edu/soslab/gro/download.php


Installation
https://github.com/murrayrm/gro

https://github.com/murrayrm/gro


Installation
https://github.com/murrayrm/gro

https://github.com/murrayrm/gro


Simulation environment

E. coli-like bacteria

• Cell growth: volume grows exponentially

• Cell division: divides after doubled in size

• Cell death: removed after dead

• Cell crowding: physics contact (Chipmunk)

• Signal diffusion: 2D grid of square elements (Finite element method)

• Molecular reactions: stochastic events (guarded command g:c)

• Chemostat mode

gfp:100
just_divided: false;

gfp:52
just_divided: true;

gfp:48
just_divided: true;

𝑉~𝑁 𝜇, 𝜎

𝑑𝑉

𝑑𝑡
= 𝑘𝑉



Simulation environment

E. coli-like bacteria

• Cell growth

• Cell division

• Cell death

• Cell crowding

• Signal diffusion

• Molecular reactions



gro programming: inside the cell
Program p ()

parameters

cell program

initialization

guarded command

guard

command

rate(p) is true every dt timestep

with probability p*dt.

gfp production is balanced by 

the dilution (growth/division).

specify the E. coli 

with the program initial position

timestep

transcription

mRNA degradation

translation
protein 

degradation

example_gfp_simple.gro



gro programming: more functions
Program p ()

Define 

functions:
𝑓ℎ𝑖𝑙𝑙 𝑣, 𝑘, 𝑥 = 𝑣

𝑥

𝑘 + 𝑥

Non-mass action 

propensities:

𝑓𝑙𝑜𝑔𝑖𝑠𝑡𝑖𝑐 𝑣, 𝑘𝑚𝑎𝑥, 𝑥 = 𝑣 1 −
𝑥

𝑘𝑚𝑎𝑥
𝑥

Other functions:
𝑓𝑓𝑎𝑐𝑡 𝑛 = 𝑛!

Mass action 

propensities:



gro simulation

• Keep track of the time

hide time in a record

track the cell id

time increments

example_gfp_const.gro



gro simulation

• Keep track of the time by composing two program

get the shared gfp

Only shared variables get cut 

in half when cell divides

example_gfp_const.gro



gro simulation

• Save data in csv write here

r.t track simulation time

r.s time gap for saving data

time increments

save data

example_gfp_const.gro



gro simulation

• program is copied

• numerical variables are cut 

in half approximately

Cell divides → → 2𝑛 copies of program after n generations 

Program p ()

Program p ()
daughter: false

Program p ()
daughter: true

example_gfp_const.gro



gro simulation

• Save snapshots for movies

File path and name

takes snapshots every 5 

program minutes and stops 

at 150 minutes

expressionNN.tif

example_gfp_const.gro



gro simulation

• Chemostat Mode

set chemostat size

Chemostat mode allows you to keep a more or less fixed 

population of cells in the simulation.
Media flow

Cell =130

Media flow

Cell =24• Set population cap
Cell =50

example_gfp_const.gro



IPTG

𝛼
𝐼𝑃𝑇𝐺

𝐾 + 𝐼𝑃𝑇𝐺

gro simulation

• Global control

change iptg according to a sine wave

iptg induced transcription

global variable

global variable control (not associated with a cell)

iptg=19.9

iptg=0.26

example_gfp_sin.gro



gro simulation

change iptg level every 

100 min

reset() deletes all the cells, so you 

need to add a new cell after calling it

start(), stop(), and reset() 

iptg level

• Simulation control

Run multiple simulations with different iptg.



What is gro

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

• Cell growth/division : try with bioscrape lineage

• Cell crowding

• Signal diffusion

• Molecular reactions (with noise) : try with bioscrape

Spatial pattern formation, heterogeneity in populations…



gro signals : finte element model

• The 2D environment of the simulation is gridded up into 0.5 μm * 0.5 μm elements.

• The concentration of each element 𝑐𝑖,𝑗 is updated at each time step via

• Unspecified height, the units for signal concentration are proportional to moles / L.

• Euler integration: high diffusion rate of a signal → obvious numerical errors →
decrease dt

∆𝑐𝑖,𝑗
= 𝑘𝑑𝑖𝑓𝑓൫0.5𝑐𝑖+1,𝑗−1 + 𝑐𝑖+1,𝑗
+ 0.5𝑐𝑖+1,𝑗+1 + 𝑐𝑖,𝑗−1 + 𝑐𝑖,𝑗+1

𝑐𝑖−1,𝑗−1 𝑐𝑖,𝑗−1 𝑐𝑖+1,𝑗−1

𝑐𝑖−1,𝑗 𝒄𝒊,𝒋 𝑐𝑖+1,𝑗

𝑐𝑖−1,𝑗+1 𝑐𝑖,𝑗+1 𝑐𝑖+1,𝑗+1

1

1

1



gro programming: signals

declare a signal 

(diffusion, degradation)

send signal with 

certain amount of ahl

Cell senses a signal

Cell absorbs a signal (signal 

removal, e.g. nutrients)

Cell doesn’t 

absorb a signal

Cell absorbs a 

signal

• Sender - receiver

sender
∅ → 𝑎ℎ𝑙

receiver

∅
𝑎ℎ𝑙

𝑔𝑓𝑝

𝑎ℎ𝑙



gro programming: signals

position and amount of 

signal in the environment 

• Environment signals

• Reaction-diffusion

chemicals that can (1) react with each other (or themselves) and (2) diffuse

signal interacting reactions 

(reactants, products, rate)

signal initialization



gro programming: signals

declare a signals (no diffusion 

or degradation for biomass)

set cell growth rate without food

• Bioprocessing

enzyme catalyzes biomass 

and generates food 

cell growth 

depends on food

cell secrets enzymes

initializing biomass

∅ →enzyme
food→grow biomass

𝑒𝑛𝑧𝑦𝑚𝑒
food



What is gro

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

• Cell growth/division : try with bioscrape lineage

• Cell crowding

• Signal diffusion : try with PDE solver

• Molecular reactions (with noise) : try with bioscrape

The environment shapes the microbial organisms.

Cells self-organize into certain patterns via signaling.

Try simulate the same circuit/system in well-mixed (bioscrape) VS spatial (gro).  


