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Résumé

Lesméthodeslévelopgespour la simulationquditative de systéemeslynaniquesse sontrévéléestre desoutils
puissars pou I'étudedesréseauxderéguldion géniquie Nousavonsdévelopé uneméthodgpou la simulation
guditative deréseauderégulatian gériquegrands etcomplexes,implémentédansun outil appelé GNA (Genetic
NetworkAndyzer).Nousprésentorici VisualGMA, I'interface graphiquede GNA, et sesdiversesfonctionnalités.
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Abstract

Method developed for the quditative simulationof dyramical systemdaveturnedout to be powerfultools for
studyirg geneticregulatay networks.We havedeveloped a methodfor the quditative simulationof large and
compex geneticreguatory networksjmplemetedin a simulationtool called GNA (GeneticNetworkAndyzer).
We presenthere VisualGNA, the graphical userinterfacecommnentof GNA, andits differert functioralities.

Keywords: geneticregulatay networksgraphical userinterface qualitativesimulation.

It is now comnonly acceptedn biology thatmostof the propertiesof an organismemepe from the interactims
amory its genesproteins metabdites, andothermolealles. This impliesthat,in orde to undestandthe functio-
ning of anorganism thenetworks of interactiors involvedin genereguation, metabolismsignaltransdation,and
othercellularandintercelldar proceesseseedto be elucidated As the sizeandcompexity of mostnetworks of
interestprohibits anintuitive understandingonthe molecuar level of their behaior, formal method suppotedby
efficient anduserfriendly computertoolsneedto be developed.

We have developed a methal for the qualitative simulationof large and comgex geneticreguatory networks
[2]. Within the framework of our methdal, geneticregulaory networks aremodeledby a classof piecavise-linea
differentialequationsthathave beenwell-studiedin mathenaticalbiology [3]. Most of thetime, precisenumeical
valuesfor the kinetic parametes in the equatims arenot available. Therebre, we specify qualitatve constraints
on the parametewraluesthat can usually be inferred from biological data.Given the differential equatios and
paraneterconstraintshaving the form of algebraicnequalities the possiblequalitative betaviors of the system
canbe deternined throwgh qualitative simulation More specifically quditative simulationresultsin a graphof
quditative statesandtransitionsbetweerthem.

The qualitatve simulationmetha hasbeenimplemeantedin a compuer tool called GeneticNetwork Analyze
(GNA) which is available for nonprofit acaderit researchpurposes(http ://www-helix.inrialpes.f/gna).It has
beendevelopedin Java 1.3, and canbe usedon different platforms (Windows NT, Linux andUnix). Moreover,
GNA hasbeenusedto analyzeseverd geneticregulatory networks of biological interest,suchasthe comple
network of genescontmolling the initiation of spordation in B. subtilis [1]. The currert versia of this network
includesabou 20 genes.

Basically GNA consistof two modulesinteractingwith eachother On onehand we find the GNA kernelwhich
performstheactualsimulationprocessandontheotherhand,a graphcal userinterface(GUI) calledVisualGNA,
whichallows ausefrfriendly accesso thesimulationfundionalities.VisualGMA facilitatestheuseof thesimulator



by assistinghebiologist in the specificatiorof the modelof a geretic reguiatory network aswell astheinterpre
tationof the simulationresults.A specialeffort hasbeenmack to separatéhe mathenatical andthe visualization
aspectsthusallowing the simulationkerrel andthe graphcal userinterface to evolve independerly.

The input of the qualitative simulatorconsistsof a setof differentialequatios supgementedby paraneterin-
equlities. The userhasto preprea text file with this information usinga structued moceling languag. The
computertool analyseghe mockl descriptim containedn thefile andVisualGNA displays the genesandtheir
mutual interactiors in aninteradion graph

VisualGMA alsohelpsthe userin interpreting the output of a simulation A GNA simulationresultsin a graph
of qualitatve statesand transitionsbetweenqualitative states whereeachstategives a measue of the level of
expressionof all the genesin the network. A simulationrepot summarize importart information,in particdar
theoccurenceof quditative stateswithout successorandcyclesof qualitative stategwhich give anindicationof
functionalstatesof thebiologicd system)@aswell astheirbasinof attraction In orderto facilitatetheinterpretation
of largetransitiongrapls, the usercanfocus on interestingpartsof the graphby selectingextracting, andexpan

ding subgaphs.

A pathof qualitatve statesin the transitiongragh givesan indicatian of the qualitative evolution of genepro-
duds over time. Two differert ways of exploring thesepredctions are provided by VisualGNA. First of all, the
usercanvisualizea qualitative statesequene asa setof gere expressionprofiles,onefor eachgeneprodict. A
secondway to visualizethis informationis to projectthe geneexpressionlevels associatedvith a stateon the
interadion graph, wherethe level of expressionof eachgeneis representedy a color intensity A sequene of
quditative statess thenvisualizedasa sequenc®f prgectionson the interactiongraph resultingin anintuitive
picture of theglobd changeof geneexpressionovertime.

Given the importarce of graghs in VisualGNA, and more preciselyof graghs displayin the input and output
partsof the tool, two algoithms have beenimplementd to displaygrapts in a pleasan&and intuitive way, the
hierachical algorithmof Sugiyamaanda force-directecblacemenalgoiithm. This makesthe interactian graph
andthe statetransitiongraph easietto interpre for theuser

Futue versionsof VisualGNA, currently underdevelopment,will especiallyimprove the suppot provided in

specifying the input of the simulator Insteadof providing the mockl in the format of a text file, mathenatical
mockling of a geretic reguatory network will beintegraedin the userinterface.As afirst step,the userwill be
ableto draw aninteractiongragh summarizig the regulatory influercesbetweerthe genesin the network on an
abstractevel. This grapgh might be extractedfrom aninteraction databaseThen the usercanadd,stepby step,
informationabou theseinfluencesandthusturn the graphinto a mathematicamocdel. The modeleditionprocess
is suppeotedby autonatic verification of the global correctnessandconsisteng of theenterednocel elements.

GNA provides predictiors of the possiblequalitative behaiors of a geretic regulatory networks which canbe
directly compaedwith geneexpressionprdfiles obtain@ by meansof quantitatve RT-PCRor DNA microarays.
We arecurrerly working on extersionsof the methodto validateandidentify modelsof gendic regulaory net-
works usinggeneexpressiondata.This will allow the simulationmethal andits compuer tool to evolve into a
more geneal apprachtowardsthe computersupprtedanalysisof geneticregulatay networks.
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