N
N

N

HAL

open science

Reducing a model of sugar metabolism in peach fruit to
explore genetic diversity

Hussein Kanso, Bénédicte Quilot-Turion, Mohamed-Mahmoud Memah, Olivier

Bernard, Jean-Luc Gouzé, Valentina Baldazzi

» To cite this version:

Hussein Kanso, Bénédicte Quilot-Turion, Mohamed-Mahmoud Memah, Olivier Bernard, Jean-Luc Gouzé, et
al.. Reducing a model of sugar metabolism in peach fruit to explore genetic diversity. iCROPM 2020: Crop

modelling for the Future, Feb 2020, Montpellier, France. pp.1-5. ¢hal-03587179)

HAL Id: hal-03587179
https://hal.inrae.fr/hal-03587179v1

Submitted on 24 Feb 2022

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Au‘to':'lizition
HAL Authorization


https://hal.inrae.fr/hal-03587179v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Reducing a model of sugar metabolism
in peach fruit to explore genetic
diversity

Hussein Kanso'?, Bénédicte Quilot-Turion!,
Mohamed-Mahmoud Memah?, Olivier Bernard?, Jean-Luc
Gouzé?, and Valentina Baldazzi®3*

1INRA, UR1052, GAFL France
2INRA, UR1115, PSH France
3Université Cote d’Azur , INRA, CNRS, ISA, France
4Université Cote d’Azur , Inria, INRA, Sorbonne Université,
BIOCORE, France

September 11, 2019

1 Introduction

Nowadays, increasing efforts are made to select varieties that respond to a
large panel of criteria, including abiotic and biotic stress tolerance, increased
yield and quality of food products. Gene-to-phenotype models have been con-
sidered as the tools of the future since they can help to test the performance
of new genotypes under different environment and management conditions.
A kinetic model of sugar metabolism has been developed by Desnoues et al.
(2018) to simulate the accumulation of different sugars during peach fruit de-
velopment as a set of parametric ordinary differential equations. The model
correctly accounts for annual variability and for the genotypic variations ob-
served in ten peach genotypes issued from an inter-specific population. Two
major drawbacks of this model are the number of parameters to estimate
and its integration time that can be costly due to non-linearities and time-
dependent input functions. Together, these issues hamper the use of the
model for the whole genetic progeny of 106 genotypes, for which few data
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are available (six data points or less per sugar). Several reduction and ap-
proximation approaches exist in literature, each one addressing a specific
aspect of model complexity (Cariboni et al., 2007; Heinrich and Schuster,
1996). In this work, we present a model reduction scheme that combines
different methods in several parallel steps. The purpose is i) to obtain a
simplified model showing comparable predictions as the original model while
reducing its calibration time and number of parameters. ii) to calibrate it
for the genotypic progeny and develop an integrated genetic-kinetic model.

2 Methods

First, multivariate sensitivity analysis (Lamboni et al., 2009) was applied to
identify those parameters having a significant influence on the outputs of the
model, over the whole dynamics. Second, we operated three structural sim-
plifications in terms of network and reactions rates to reduce the complexity
of the model. Third, timescale-based approaches and quasi-steady-state ap-
proximation (Lopez Zazueta et al., 2018) were applied to reduce the number
of ODEs of the model. The quality of individual and combined reduction
steps was systematically evaluated with respect to the original model ac-
cording to three criteria of major importance for our application: the Akaike
Information Criterium (AIC), the calibration time and the expected error
over a population of virtual genotypes.

3 Results and conclusions

Results from the reduction steps were combined into a final reduced model
(Fig. 1). This model has only 9 parameters to be estimated, linear flows, 9
ODEs and only one temporal enzymatic capacity, common to all genotypes.
Comparison between the reduced and the original model showed an equiva-
lent fit quality and confirmed a strong benefice for most genotypes. Results
showed a satisfactory agreement between predictions and experimental data.
Thanks to the reduced calibration time, the whole progeny of 106 genotypes
‘could be’ calibrated. The parameter values obtained were considered as
quantitative genetic traits and used for a Quantitative Trait Loci analysis.
Results from this analysis were then used to define a genetic model to be
incorporated in the reduced kinetic model. This opens the possibility of
predicting sugar metabolism of genotypes carrying diverse combinations of
alleles at the markers controlling the parameters.



- 10 ODES

* 14 parametersto be
estimated

* Non-linear flows

+ Five enzymatic capacity

varyingover time

and/or depending on

the phenotypic group

Original
model

1. Multi-variate sensitivity
analysis

MODEL REDUCTION STEPS 30 new model
genotypes

2. Structural simplification EVALUATION OF THE I
methods L REDUCTIONS !
3. QSSApproximation s AIC L

Parameter-molecular
marker regression
analysis

+ Calibration Time
+  Expected Error

]

Combination of 1]
validated reductions ]
1]
|

Calibration for
A Parameter
the gent_etlc values
population
106
genotypes

Figure 1: Graphical representation of the proposed strategy to calibrate 106
genotypes. Orange rectangle represent reduction methods. Yellow rectangle
represent model evaluation steps by means of our 3 criteria: AIC, calibration
time and expected error. The specificity of the original and reduced models
are indicated in blue. Green dashed line represent the perspective part.
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