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EpiLog,a tool for EpithelialLogicalmodelsrelyingon a CellularAutomata framework[1]

ωGridof hexagonalcells

ωCellstatesdefined by Logicalmodels[4]

ωAsynchronyin CellularAutomata: -hasynchrony( chellsrandomlyselectedfor update)

-̀asynchronyόc̀ellsrandomlyselectedto senda true signal)

INTRODUCTION
Patternformation is a complex,time andspace-specificprocess,andmathematicalmodellingprovidesa convenientsupport to test current knowledgeof the involvedintra and inter-

cellularmechanisms. We introduce a discretemodellingframework, implementedin the software tool EpiLog, to study patterning in simpleepithelia. We further presenta recent

extensionto accountfor cell proliferation, i.e. to considergrowingtissues. Applicationof our modellingframework to the formation of fly bristlesdemonstratesthe advantagesand

drawbacksof the currentmethod.

(1) Determinationof competencedomains- prepattern

Å Concentricclusters,alongtissuegrowthĄ largebristles

Å Stripedclusters,after growth arrestĄ smallbristles

(2) Specificationof precursorcellsin competencedomains

ÅLateralcooperationmediatedby EGFRĄ cellcommitment

ÅLateralinhibition mediatedby NotchĄ cell isolation

Expressionof as-c andDelta= commitmentto precursorcell

(1)Cell division triggered by the state of the cell
(2) Nearby cells are displaced to accomodate for the 

new element
(3)Twodaughtercellsarisenext to each other

PROLIFERATION

Density dependent growth

Large bristles

Conclusions
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Definition of an epithelial model
(1)Grid characteristics

(2)Cell communication: modelinputs 

integratingsignalsfrom model

componentsof other cells

(3)Perturbations: dysregulations of 

specific components

Settingsimulationparameters
(1) Initial condition: states of cellular 

components(e.g. active/ inactive)

(2)Cellularmodelupdating: priority 

ranking of sets of components 

(3) Grid updating:  h or ̀ -asynchrony

CASE STUDY

(1) (2) (3)

Small bristles
Hypothesis: stripedomainsresult from activation-inhibition mechanismsinvolvingunknowncomponentX

Cell-cell communication
ωStripecompetencedomain: XactivatesPrepatternin neighbouringcells
ωLateralcooperation: EGFL_SactivatesEGFRin neighbouringcells
ωLateralinhibition: DeltaactivatesDelta_ligandin neighbouringcells

Synchronous simulation

spurious cycle

Asynchronous simulation

Cellularmodel can have a componentreflecting the
numberof surroundingcellsat a certaindistance,i.e.
the localcelldensity,that repressescelldivision

Hypothesis: competencedomainformsby clonalpropagation

Communication
ωLateralcooperation: EGFL_SactivatesEGFRin neighbouringcells
ωLateralinhibition: DeltaactivatesDelta_ligandin neighbouringcells
Triggerfor cell division
ωExpressionof String

as-c

EGFR PrepatternDelta ligand

EGFL_S

Nicd

DeltaString

stable state

Method
Upon cell division, how to specify
displacementof the cells?

A measurereflects the compressionsensedby

eachcell,dependingon:

ÅDistanceof contributingcells

ÅWeightof the contribution,dependingof this

distance

Contributionof greencellsfor 
compressionoverthe bluecell
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Apply to all the cells

Identify the displacement 
path

Decreasing slope of 
compression

Path of least resistance 

Parametersadjustedto ensureconcentrictissue
growth in the caseof a randomcelldivision

as-c

EGFR PrepatternDelta ligand

EGFL_S X

Nicd

Delta

Small number of cells with 
sigmoid contribution

Logical model-
intra-cellular

network
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Logical model

Asynchronismrequired to form 
striped competence domains 

with isolated precursors

Parameter values selected to maintain tissue 
shape in homogeneous growth.

Initial condition(7 cells)

Complex growth morphologies can be coupled with 
cell fate decision patterns

Logical model

stable state

Competence domain formed by clonalpropagation

With our method, clonalpropagation leads to cell 
scattering,  and competence domain is not formed

VBristlemodelrecoverswild-type patterningin notum

of the fly

VSynchronydisruptionovercomesspuriouscycles

VCompressionmeasureprovidesmethod to account

for proliferation

VPatterningandmorphogeniceventscanbe obtained

andmappedto molecularregulatorynetworks

Futurework

Extensionsto accountfor

Adhesive properties between sister cells, to

overcome cell scattering effects and maintain

cohesiveclones

Polarisedcelldivisions

Celldeath(apoptosisandischemiccelldeath)
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Differentshapesdependingon the parametersdefining
compressionlevels

Increaseddistancecontributingfor densitymeasure
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What regulatory events drive the specification of 
precursor cells leading to large[2] and small[3]

bristles in the Drosophila notum?
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proliferation

Initial condition(7 cells)

Competence 
domain

Correct specification of precursor cells depends 
on competence domain size

Stable statesSimulation

Competence domain previously established

Simulation

Expected

Local 
density

Cell 
division

Active if there are enough
cellsin a specificdistance

Activeif localdensityis low


