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Résumé
Lesméthodesdéveloppéespour la simulationqualitative desystèmesdynamiquessesontrévéléesêtre desoutils
puissants pour l’étudedesréseauxderégulation génique. Nousavonsdéveloppéuneméthodepour la simulation
qualitative deréseauxderégulation géniquegrandsetcomplexes,implémentéedansunoutil appeléGNA (Genetic
NetworkAnalyzer).Nousprésentons ici VisualGNA, l’interfacegraphiquedeGNA, etsesdiversesfonctionnalités.
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Abstract
Methods developed for the qualitative simulationof dynamical systemshaveturnedout to bepowerfultools for
studying geneticregulatory networks.We havedeveloped a methodfor the qualitative simulationof large and
complex geneticregulatory networks,implemented in a simulationtool calledGNA (GeneticNetworkAnalyzer).
We presenthereVisualGNA, thegraphical userinterfacecomponentof GNA, andits different functionalities.
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It is now commonly acceptedin biology thatmostof thepropertiesof anorganismemerge from the interactions
among its genes,proteins,metabolites,andothermolecules.This impliesthat,in order to understandthefunctio-
ningof anorganism,thenetworksof interactions involvedin generegulation,metabolism,signaltransduction,and
othercellularandintercellular processesneedto beelucidated.As the sizeandcomplexity of mostnetworksof
interestprohibits anintuitiveunderstandingonthemolecular level of theirbehavior, formalmethodssupportedby
efficient anduser-friendly computertoolsneedto bedeveloped.

We have developed a method for the qualitative simulationof large and complex geneticregulatory networks
[2]. Within theframework of our method, geneticregulatory networks aremodeledby a classof piecewise-linear
differentialequationsthathavebeenwell-studiedin mathematicalbiology [3]. Mostof thetime,precisenumerical
valuesfor thekinetic parameters in theequations arenot available.Therefore,we specifyqualitative constraints
on the parametervaluesthat canusuallybe inferred from biological data.Given the differential equations and
parameterconstraints,having the form of algebraicinequalities,thepossiblequalitative behaviors of thesystem
canbe determined through qualitative simulation. More specifically, qualitative simulationresultsin a graphof
qualitativestatesandtransitionsbetweenthem.

The qualitative simulationmethod hasbeenimplemented in a computer tool calledGeneticNetwork Analyzer
(GNA) which is available for non-profit academic researchpurposes(http ://www-helix.inrialpes.fr/gna).It has
beendevelopedin Java 1.3, andcanbe usedon different platforms (Windows NT, Linux andUnix). Moreover,
GNA hasbeenusedto analyzeseveral geneticregulatory networks of biological interest,suchas the complex
network of genescontrolling the initiation of sporulation in B. subtilis [1]. The current version of this network
includesabout 20genes.

Basically, GNA consistsof two modulesinteractingwith eachother. On onehand, we find theGNA kernelwhich
performstheactualsimulationprocess,andontheotherhand,agraphical userinterface(GUI) calledVisualGNA,
whichallowsauser-friendly accessto thesimulationfunctionalities.VisualGNA facilitatestheuseof thesimulator



by assistingthebiologist in thespecificationof themodelof a genetic regulatory network aswell astheinterpre-
tationof thesimulationresults.A specialeffort hasbeenmade to separatethemathematicalandthevisualization
aspects,thusallowing thesimulationkernel andthegraphical userinterface to evolve independently.

The input of the qualitative simulatorconsistsof a setof differentialequations supplementedby parameter in-
equalities. The userhasto preparea text file with this informationusinga structured modeling language. The
computer tool analysesthe model description containedin the file andVisualGNA displays the genesandtheir
mutual interactions in aninteraction graph.

VisualGNA alsohelpsthe userin interpreting the output of a simulation. A GNA simulationresultsin a graph
of qualitative statesandtransitionsbetweenqualitative states,whereeachstategives a measure of the level of
expressionof all the genesin the network. A simulationreport summarizes important information,in particular
theoccurrenceof qualitative stateswithout successorsandcyclesof qualitativestates(whichgiveanindicationof
functionalstatesof thebiological system)aswell astheirbasinof attraction. In order to facilitatetheinterpretation
of largetransitiongraphs, theusercanfocus on interestingpartsof thegraphby selecting,extracting, andexpan-
dingsubgraphs.

A pathof qualitative statesin the transitiongraph givesan indication of the qualitative evolution of genepro-
ducts over time. Two different waysof exploring thesepredictions areprovided by VisualGNA. First of all, the
usercanvisualizea qualitative statesequence asa setof gene expressionprofiles,onefor eachgeneproduct. A
secondway to visualizethis information is to project the geneexpressionlevels associatedwith a stateon the
interaction graph, wherethe level of expressionof eachgeneis representedby a color intensity. A sequence of
qualitative statesis thenvisualizedasa sequenceof projectionson theinteractiongraph, resultingin an intuitive
picture of theglobal changeof geneexpressionover time.

Given the importance of graphs in VisualGNA, and more preciselyof graphs display in the input and output
partsof the tool, two algorithms have beenimplemented to displaygraphs in a pleasantand intuitive way, the
hierarchical algorithmof Sugiyamaanda force-directedplacement algorithm. This makesthe interaction graph
andthestatetransitiongraph easierto interpret for theuser.

Future versionsof VisualGNA, currently underdevelopment,will especiallyimprove the support provided in
specifying the input of the simulator. Insteadof providing the model in the format of a text file, mathematical
modeling of a genetic regulatory network will be integrated in theuserinterface.As a first step,theuserwill be
ableto draw aninteractiongraph summarizing theregulatory influencesbetweenthegenesin thenetwork on an
abstractlevel. This graph might beextractedfrom an interaction database.Then, the usercanadd,stepby step,
informationabout theseinfluencesandthusturn thegraphinto a mathematical model. Themodeleditionprocess
is supportedby automatic verification of theglobal correctnessandconsistency of theenteredmodel elements.

GNA providespredictions of the possiblequalitative behaviors of a genetic regulatory networks which canbe
directlycomparedwith geneexpressionprofiles obtained by meansof quantitative RT-PCRor DNA microarrays.
We arecurrently working on extensionsof themethodto validateandidentify modelsof genetic regulatory net-
works usinggeneexpressiondata.This will allow the simulationmethod andits computer tool to evolve into a
more general approachtowardsthecomputer-supportedanalysisof geneticregulatory networks.
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