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CHALLENGE: Identify the main mechanism of i iy
adaptation to water deficit
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Combine a modelling approach based on
experimental data and optimization




Combining data and models

» Vegetal material: 117 recombination lines of a bi-
parent breeding (parents: Cervil, Levovil)

» Two different environmental conditions:

CONTROLLED (C)

WATER DEFICIT (WD):
-75% of water supply
~ 50% of the real ETP needs
Drainage 20% / 0%

» MODELLING APPROACH: Virtual Fruit Model
(Fishman and Geénard , 1998)
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Virtual Fruit Model
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Virtual Fruit Model
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Virtual Fruit Model calibration: parameters

» Parameters do not depend on environmental
conditions
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Virtual Fruit Model calibration: parameters

» Parameters do not depend on environmental
conditions

» 8 parameters for the calibration

Sugar active Water
uptake conductivities
4 parameters | 3 parameters

Cell expansion
1 parameter
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Optimization problem: model calibration

Fresh mass Dry mass

Control | NRMSEfresn . | NRMSEg,y,

Water
Seficit NRMSEf,,eshWD NRMSEd,,yWD
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Optimization problem: model calibration

Fresh mass Dry mass

Control | NRMSEfresp, ~ NRMSEqry fi = NRMSE_

Water

Serce  |NRMSEpresn,,  NRMSEqny, | f, = NRMSEyp

MEAN NRMSE
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Model calibration: choose the best solution

» Optimization problem < NSGA-II algorithm
(Evolutionary algorithm)
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Model calibration: choose the best solution

» Decision criterion:

Minimum of all the worst objectives values
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Model calibration: choose the best solution

» Decision criterion:

2> f1
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Model calibration: choose the best solution

» Decision criterion:
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Model calibration: choose the best solution

» Decision criterion:
f2>f1
Minimum of all the worst objectives values r2 > r1
/ 2> f1
/2 / 2> f1
/ f2> f1
° f2> f1
O/ f1> f2

®

/ f1> f2
/ f1> f2
o/ f1> f2
O —e— 1> f2
1 fl1>f2
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Model calibration: choose the best solution

» Decision criterion:
23 f1

Minimum ofglltm/worstam 2% f1
2> f1

: <?/“/'%5 f2 % f1
/ f2% f1

PY 2% f1
O/ f1% f2
/ f13 12
O/ f1> f2
ocf/ 13 f2

R 13 f2
1 CLflpfe
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Model calibration: choose the best solution

» Decision criterion:
23 f1

Minimum ofglltm/worstub}eﬁm 2% f1
/ 2% f1

f2 / 2% f1
/ f2% f1
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Results: model calibration

Parental line Cervil

C WD
NRMSE = 8.65 % NRMSE =9.42 %
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Results: model calibration

Parental line Levovil
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Results: model calibration whole population

» Good
Cer Cxl Lev . .
DIyWD e ] calibration
. - performances
Fresh WD - DS B e A O{ .
X Ldv 0%
Dry C - 'ED ————— d { ° [/]
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Results: model calibration

Simulated vs observed mass values at ripening
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Results: PCA on model parameters

Principal component analysis performed on the RILs parameters
—> Hierachical cluster analysis on the individual coordinates in the PC space

d=2

PC2 (22.2%)

PC1 (24.44%)
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Results: PCA on model parameters

Parameters loadings

d=2 )
First PC
- Water
conductivities
Cell
expansion - : Second PC
3 Sugar uptake
| & opposed to
Sugar active N Cell expansion
uptake @)
o
Water
conductivities =

PC1 (24.44%)
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Results: PCA on model parameters

Cell
expansion

Sugar active
uptake

Water
conductivities
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PC2 (22.2%)

Parameters loadings

PC1 (24.44%)

First PC
Water
conductivities

Second PC
Sugar uptake
opposed to
Cell expansion

Group 5 RILs

low water loss
associated to high
sugar uptake



Optimization problem: design of ideotypes

» Three classes of fruit sizes:

20 - 80g 100 — 300g

5 — 15g
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Optimization problem: design of ideotypes

» Three classes of fruit sizes:

5 — 15g

» Objectives:

A DRY MATTER CONTENT
IN CONTROL CONDITION
- “‘FLESHNESS”

WATER LOSS DUE TO

WATER DEFICIT
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Results: design of ideotypes

The ideal fruits are selected according to the criteria:
» Dry matter content in C condition more than 8%
» Water loss due to WD conditions less than 15%
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Results: design of ideotypes
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Results: design of ideotypes
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Conclusions

» Traits for water deficit resistance highlighted

» Modelling + optimization approach is suitable for
iIdeotypes research

» The model should be evaluated on a different
population
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Thank you!
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