MODELLING THE DIEL CYCLE OF LEAF MODELLING CO>-WATER EXCHANGE
METABOLISM THROUGH THE STOMATA
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MODELLING THE TRADE-OFF BETWEEN LEAF PRODUCTIVITY AND WATER-USE EFFICIENCY
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Figure 1. Modelling Water-Saving Flux Modes in an Environment-Coupled Model of Leaf Metabolism. Upper
left: A diel (24-h) leaf model was constructed by concatenating copies of a core model of plant metabolism (Shameer
etal., 2018). The individual models were connected via linker reactions which allowed the transfer of storage compounds
in the vacuole and the plastid between successive models. Light uptake was constrained by the diel light curve. The
day:night ratios of phloem output and maintenance were set to 3:1 for each hour of the diel cycle, and N uptake was
constrained to a ratio of 3:2 based on previous estimates (Cheung et al., 2014). Upper right: The effect of temperature
T and relative humidity RH on stomatal water loss was modelled by a simplified gas-diffusion equation. T and RH data
determined the relationship between CO:2 uptake and water loss. The four stomata pores illustrate the water-saving
mechanism of nocturnal CO: uptake. While respiration occurs in all four scenarios, dominant carbon fixation leads to a
net uptake of CO2 during the day in Cs plants and at night in CAM plants. Bottom: Combining metabolic and gas-
exchange models allowed us to study the trade-off between productivity and water loss as competing objectives on a
Pareto frontier (i.e. the line that denotes combinations of productivity and water-loss values where one objective cannot
be improved without compromising the other) and revealed alternative water-saving C-fixation mechanisms.
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Figure 4: Major Flux Routes Involved in the CAM-Like Temporally-Separated C-Fixation Mechanism in a Water-
Saving CAM Leaf at 80% Productivity (A) Analysis with reversible mitochondrial ICDH (model ICDHrev) and (B) without
reversible mitochondrial ICDH (model ICDHirev). The two models used different pathways to fix and release CO.. CS,
citrate synthase; ICDH, isocitrate dehydrogenase; PEPC, PEP-carboxylase; 20G, 2-oxoglutarate; A-CoA, acetyl-
coenzyme A; Asn, asparagine; Asp, aspartate; (Iso-)Cit, (Iso-)citrate; Glu, glutamate; Mal, malate; OAA, oxaloacetate;
P5C, 1-pyrroline-5-carboxylic acid; PEP, phosphoenolpyruvate; Pro, proline; TCA cycle, tricarboxylic acid cycle; CBB
cycle, Calvin-Benson-Bassham cycle. The grey area in B) highlights those reactions that are active in phase Il.
Roman num H U D Os indicate the sequences of reactions described in the text.
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Overview of analysed environmental conditions
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Fig 5: Water-Saving of a Leaf with CAM-Like Nocturnal C-Fixation by ICDH at 80% Productivity for Different
Environments. (Top) Overview of the environmental conditions analyzed. The Tmax-RHmin-space was analyzed for
different combinations of light intensity and day length. Conditions A, B, and C are shown below, conditions with an x
are shown in the Supplemental Results, Section 2.3. (Bottom) Shown are heat maps for the absolute water saving of
model ICDHrev with respect to the Cs scenario (orange), the absolute water saving contribution of ICDH i.e., the
difference in water saving between model ICDHrev and model ICDHirev (blue), and the relative water saving contribution
of ICDH with respect to the Cs scenario (green; note the different scaling of the color bar) for combinations of Tmaxand
RHmin. Also shown are representative fluxes involved in C fixation and highlights the shared nocturnal C fixation by
PEPC and ICDH for the different environments at Tmax = 30°C and RHmin = 0.4 (lower right column). ICDH, isocitrate
dehydrogenase; PEPC, PEP-carboxylase.
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