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Numerical plant models can predict the outcome of plant traits
modifications resulting from genetic variations, on plant
performance, by simulating physiological processes and their
interaction with the environment. Optimization methods
complement those models to design ideotypes, i.e. ideal values
of a set of plant traits resulting in optimal adaptation for given
combinationsofenvironmentandmanagement,mainlythroughthe
maximizationofaperformancecriteria(e.g.yield,lightinterception).
Asuseofsimulationmodels gainsmomentumin plantbreeding,
numerical experiments must be carefully engineered to provide
accurateandattainableresults,rootingtheminbiologicalreality.
Here,weproposeamulti-objective optimizationformulationthat
includesametricofperformance,returnedbythenumericalmodel,
and a metric of feasibility, accounting for correlations between
traitsbasedonfieldobservations. Weappliedthisapproachtotwo
contrastingmodels:aprocess-basedcropmodelof sunfloweranda
functional-structuralplantmodelofappletrees.Inbothcases, the
methodsuccessfullycharacterizedkeyplanttraitsandidentified
acontinuumofoptimalsolutions,rangingfromthemostfeasibleto
themostefficient. Thepresentstudythusprovidessuccessfulproofof
conceptforthisenhancedmodelingapproach, whichidentifiedpaths
fordesirabletraitmodification,includingdirectionandintensity.
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The?24-hourcircadianclockcontrolsthesleep-wakecycle, thecell
cycleandseasonalreproductionthroughphotoperiodism.Breeders
have selected alleles of clock-associated genesin multiple crops.
We seek to understand how the clock gene circuit controls plant
growth,biomassandlifehistoryinArabidopsisthaliana.Thiswork
linksgenotypetophenotype,quantitativelyandmechanistically.
However, theproofofconceptfora‘cropsinsilico’approach should
ideallystartfromincreasingly-available crop genomesequences
andreachuptofieldtraits,inatransparentandaccessiblefashion.
Wepreviouslybuiltmechanistic,mathematicalmodelsoftheclock
genecircuit,andofeachclock-regulatedprocessbetweengermination
andflowering,includingthenightlyutilisationofstarchcarbonstores.
Linkingspecificaspectsoftheclockmodeltogenomesequence (SNPs)
isonecurrentchallenge. Wealsocombinedthreefurthermodelsto
formthe Arabidopsis Framework Model (FMvL,www.plasmo.ed.ac.
uk/plasmo/models/model.shtml?accession=PLM_76), whichpredicts
rosettebiomassquantitativelyinsimplereference conditions(Chew
etal. PNAS2014).IntheFMv2 (Chewetal. bioRxiv2017, https.//doi.
0rg/10.1101/105437), wemodelled theclock-regulated processesin
thewhole-plantcontext,tounderstandquantitativelythepleiotropic
phenotypesofa‘slow’ clockmutant, fromthegenecircuitdynamics
tobiomass. Testing the FMv2 under multiple environments now
suggests the potential to link from SNPs to clinal variation.
Toaddressthechallenge of makingsuchmodelsaccessible,Iwill
contrastaverysimple,onlinesimulator (http://turnip.bio.ed.ac.uk/
fm/)withpreviousapproaches. TheFAIRDOMdatamanagement
system (www.fair-dom.org) promisestoorganiserelevantdataand
models,andseemseasilyapplicabletocropmodels.






