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I.Thermalperformancecurves(TPCs).

II.Modesofvariation.

III.Example:Growthratecurves.
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•ContinuousReactionNorm:z=f(e).

•Traitz:phenotypecharacteristicofagenotype.

•ThermalPerformanceCurve(TPC):z=f(T),

Ttemperature.
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•1curve:TPCfor1family.

•ncurves:TPCsforthepopulation.

•d=dimension=#temperatures.
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PCATemplateModesofVariations

NoassumptiononshapeTemplateshapeofTPCs.

LinearPCofGNonlinearmodesofvariationofG.

MeaningofeachPC?Biologicalmodes.
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I.Thermalperformancecurves(TPCs).

II.Modesofvariation

1.TemplateshapeandModesofvariations.

2.Illustration:Parabola.

III.Example:Growthratecurves.
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ModesofvariationsofCurves≡Geneticconstraints

•VerticalShift≡Faster-Slower(F-S).

•ChangeinWidth≈Generalist-Specialist(G-S).

•HorizontalShift≡Hotter-Colder(H-C).
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•PCAcaptureslinearmodesofvariations.

•Somebiologicalmodesarenon-linear(exHorizontalShift).
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SummaryofVerticalShiftandChangeinWidthmodes:

•VerticalShift:linear,entirelyexplainedbyPC1.

•ChangeinWidth:entirelyexplainedbyaplane.

•VerticalShift⊂ChangeinWidth.
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SummaryofHorizontalShiftmode:

•Curved.

•Curveatmostina(d-1)dimensionalspace.

•Forex:ford=3,Parabolacurveinaplane.
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•Goal:Fornonlinearmodes,projectinacurveinstead

oflinearspace.

•Curveinaddimensionalspace:x7→(f1(x),...,fd(x))
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I.Thermalperformancecurves(TPCs).

II.Modesofvariation.

III.Example:Growthratecurves.
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Ford=6,choosesmoothtemplateshape:

•polynomialofdegreefour.

•hasauniquemaxinR.
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ResultsforVerticalShiftandChangeinWidthmodes

•VerticalShiftmodeexplains6.38%ofthevariation.

•ChangeinWidthmodeexplains23.14%ofthevariation.
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ResultsforHorizontalShiftmode

•HorizontalShiftmodeexplains25%ofthevariation.

•Outliers

–f(Tmax)=cstconstraint.

–Uniqueglobalmaxconstraint.
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Conclusion

•VerticalShiftaccountsforverylittleofthevariationinthedata.

•Selectingforfastergrowthrateinarangeof

temperaturewillnotresultinselectingforfastergrowthrateatall

temperatures.
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