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Functional Structural Plant Modelling (FSPM)

Introduction
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GrolMP — An interactive FSPM platform

Prerequisites

» A multi-scaled ecophysiological
model of barley
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Functional Structural Plant Modelling (FSPM) Introduction
Motiva
Prerequisites

GrolMP — An interactive FSPM platform

» A multi-scaled ecophysiological
model of barley

» Capability to represent genetic,
metabolic and morphological
aspects of plant development

» The model consists of a set of
morphogenetic rules, combined
with a metabolic regulatory
network

Buck-Sorlin, G. H. et al. New Phytologist, 166(3), 859 — 867, 2005
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Functional Structural Plant Modelling (FSPM)

Introduction
Motivation
Prerequisites

Motivation
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» Captures the phenotype of a
plant

s » Towards improvement of plants
| @ [ beyond single gene traits

it » Guide empirical wet lab work
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Functional Structural Plant Modelling (FSPM) Introduction
Motivation

Prerequisites

» Models of various scales
» Datasets of various scales

» Integration of data and models over time, tissue specificity,
and developmental stage.

» Need an integrative modelling framework
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Gibberellin Biosynthesis

Biologist's view
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Functional Component
Structural Component

Gibberellin Biosynthesis

KEGG's view
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Functional Component

ibberellin Bi thesi
Gibberellin Biosynthesis Structural Component

KEGG's view

> A generalised view of gibberellin
biosynthesis

» Unfortunately

o = S » Not all parameters are known
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Functional Component

ibberellin Bi thesi
Gibberellin Biosynthesis Structural Component

Modeller's view
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Gibberellin Biosynthesis

in silico Arabidopsis thaliana

Functional Component
Structural Component

GrolMP translation of the L4+C code by Miindermann, L. et al. Plant Physiology, 139:960 — 968, 2005
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Functional Component
Structural Component

Gibberellin Biosynthesis

Dynamic control between functional and structural models

> A generalised default growth
pattern
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Functional Component
Structural Component

Gibberellin Biosynthesis

Dynamic control between functional and structural models

> A generalised default growth
pattern

» Morphology is controlled by
simulation results of the
functional model
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Functional Component
Structural Component

Gibberellin Biosynthesis

Dynamic control between functional and structural models

> A generalised default growth
pattern

» Morphology is controlled by
simulation results of the
functional model

» Model of transport becomes a
necessity
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Gibberellin Biosynthesis

Functional Component
Structural Component

Dynamic control between functional and structural models

Tully Yates

> A generalised default growth
pattern

Morphology is controlled by
simulation results of the
functional model

Model of transport becomes a
necessity

Time and scale issues need to
be considered
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Motivation
Design
Decoupling functional and structural Mapping

GrolMP is an integrated FSPM platform. Why Decouple?

» Communication is key for
building accurate models in an
interdisciplinary environment
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Motivation
Design
Decoupling functional and structural Mapping

GrolMP is an integrated FSPM platform. Why Decouple?

» Communication is key for
building accurate models in an
interdisciplinary environment

» Many tools for assisting model
building exist; parameter
estimation, data integration,
model annotation

» Expose existing functional
models to GrolMP

» Eases computational demand
on GrolMP
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Decoupling functional and structural

Motivation
Design
Mapping

Taking it apart and putting it back together again

Simulation framework

Modelling and simulation tools

Functional Component

Structural Component

@

mediator

Abstraction layer
Abstraction layer

(Agent-Based
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‘ User
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Data Integration — ONDEX

Pathway models

Pathway modelling tools

Mapping of
pathway to
modelling units,
parameterisation

Morphological models

Morphological modelling tools
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Decoupling functional and structural
Mapping

Motivation
Design

Mapping

» User defined, mappings are used to connect attributes from
one model to the other
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Decoupling functional and structural
Mapping

Motivation
Design

Mapping

» User defined, mappings are used to connect
one model to the other

» Two types of mappings:

> Independent

attributes from
» Dependent

Tully Yates
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Decoupling functional and structural
Mapping

Motivation
Design

Mapping

» Indenpendent mapping

everything else

» Attribute value in the subsystem is independent from
» Example: Global variable
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Decoupling functional and structural
Mapping

Motivation
Design

Mapping

» Indenpendent mapping

everything else

» Example: Global variable

» Attribute value in the subsystem is independent from
» Dependent mapping

» Attribute value in the subsystem is dependent on something
» Examples: Position and Environment

Tully Yates
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Decoupling functional and structural

Mapping Execution

Motivation
Design

Mapping

» Threshold dependence

» User defines a threshold

» Executes the mapping when the threshold is reached
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Decoupling functional and structural

Mapping Execution

Motivation
Design

Mapping

» Threshold dependence

» User defines a threshold
» Executes the mapping when the threshold is reached
» Update dependence

» Executes the mapping in each global step of the mediator
stepping ratios.

» Each subsystem has its own stepping, allows differential

Tully Yates
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Summary

Improvements

Generic framework for FSPM

in a generic framework

» Integrate existing functional models with structural modelling
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Summary
Improvements
Conclusion

Generic framework for FSPM

» Integrate existing functional models with structural modelling
in a generic framework

» Capability to represent genetic, metabolic and morphological
aspects of plant development
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Summary
Improvements

Conclusion

Generic framework for FSPM

» Integrate existing functional models with structural modelling
in a generic framework

» Capability to represent genetic, metabolic and morphological
aspects of plant development

» Exploits the strengths of existing modelling tools
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Summary
Improvements

Conclusion
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Improvements

Summary
Conclusion

Improvements

» Inclusion of monitor function
» No time standardization, only global stepping
» Current interaction with GrolMP

» Selective copy of the underlying graph
» Use of visitor?
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