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676 Fig 1. Diagram of the simplified anthocyanin pathway model. The simplified model
67z is depicted as an enzyme-centric pathway diagram, including the key anthocyanin and flavonol
o7 branches (see Fig. S1 for classical substrate-centric diagram). Grey circles are enzymes. Arrows
e7e indicate influx and outflux of floating species. Arrow placement indicates the linkage: e.g. DHM
es0 to LCD to del. Blue arrows lead to delphinidin, red arrows lead to pelargonidin, purple arrows
es1 lead to cyanidin. Inset shows general form of the irreversible rate law (accounting for substrate
es2 competition): Sy is concentration of substrate 1, K 4 1 is the catalytic constant (turnover rate) for
ee3 substrate 1, Ky 1 is the Michaelis constant for substrate 1, the sum is over all other K, values and
ess concentrations for competing substrates (Schduble et al. 2013). A complete set of rate laws for all
ess pathway reactions are available in the supplemental text. Floating species abbreviations are: PCoA
ess (P-Coumaroyl-CoA), cha (chalcone), nar (naringenin), DHK (dihydrokampferol), DHQ (dihydro-
es7 quercetin), DHM (dihydromyricetin), que (quercetin), kam (kampferol), myr (myricetin), LCD (leu-
ess copelargonidin), LCC (leucocyanidin), LCD (leucodelphinidin), pel (pelargonidin), cya (cyanidin),
eso del (delphinidin). Del, cya, and pel are the anthocyanidins, which are glycosylated to form the vari-
eso ous anthocyanins. Kam, que, and myr are the flavonols. Enzyme abbreviations are: CHS (chalcone
eo1 synthase), CHI (chalcone isomerase), F3H (flavanone-3-hydroxylase), F3’H (flavonol-3’hydroxylase),
ez F3’5’H (flavonoid-3’5’hydroxylase), DFR, (dihyroflavonol-4-reductase), FLS (flavonol synthase), ANS
e03 (anthocyanidin synthase).
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Fig 2. Kinetic behavior of the naive starting state model. a) time-course simulation of
this model showing anthocyanidin concentrations over time: pelargondin (red), cyanidin (purple),
and delphinidin (blue). b) Steady state concentrations of each floating species in the naive model.

The intermediate floating species (e.g. nar and DHM) have a negligible concentration at steady
state.
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Fig 3. Pathway control shifts to acheive a bias toward the delphinidin branch. a)
Heatmap of concentration control coefficients for all pathway reactions (except for “sinks” at bound-
ary conditions) in the naive starting state model. b) Heatmap of elasticity matrix for all pathway
reactions (except for diffusion “sinks” at boundaries) in the naives starting state model. ¢) Median
optimal concentration control coefficient matrix, taken over all 9,985 simulations. d) Heatmap of
median optimal elasticity coefficient matrix, taken over all 9,985 simulations. e) Difference between
the two control coefficient matrices (median optimal end-state matrixminus starting-state matrix).
f) Difference between the two elasticiity matrices (median optimal end-state matrix minus starting
state matrix). In heatmaps, abbreviated floating species identifiers are used for each unique floating
species in the model (see Fig. 1). Each unique reaction in the pathway model is denoted using the
format “Enzyme(floating species)”, for example ANS(LCD) represents the reaction resulting from
ANS acting on LCD as a subtrate. For difference matrices: purple indicates a negative shift in

control and green indicates a positive shift.
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Fig 4. Simulated evolution of delphinidin production. a) Trajectories through delphini-
din space. Dark blue line shows mean trajectory, averaged across all 9,985 simulations. Shaded
blue area shows envelope containing 95% of trajectories. Top limit is maximum value at each step,
bottom limit is minimum value. b) Distributions of optimal (end-point) steady state concentrations
for each floating species in the model shown as a boxenplot. c) Distribution of simulated trajectory
lengths (median length is 9 steps). d) Inset shows outline of the starting state model, in which all
parameters of a given type are equal (see methods). e) The mean values for the model parameters
from all delphinidin-optimized end points are shown on the pathway diagram. Enzyme circle size
is proportional to concentration. Arrow line thickness is proportional to mean K.q;/Kps. The area
of squares at the end of branches are proportional to steady state concentrations of the indicated
floating species produced by a model initialized with mean parameter values.
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Fig 5. Pleiotropic trade-offs in pathway products. Heatmap of mean Spearman corre-
lations between concentrations of anthocyanins (pel, del, and cya) and flavonols (kam, que, myr)
across all 9,985 evolutionarytrajectories. A full correlation matrix for all floating species and cor-
relation matrices for model parameters areshown in Fig. S5.
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