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GroIMP — An interactive FSPM platform

I A multi-scaled ecophysiological
model of barley

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

I 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

Tully Yates Dissecting the feedback control of gibberellin biosynthesis



Outline
Functional Structural Plant Modelling (FSPM)

Gibberellin Biosynthesis
Decoupling functional and structural

Conclusion

Introduction
Motivation
Prerequisites

GroIMP — An interactive FSPM platform

I A multi-scaled ecophysiological
model of barley

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

I 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

Tully Yates Dissecting the feedback control of gibberellin biosynthesis



Outline
Functional Structural Plant Modelling (FSPM)

Gibberellin Biosynthesis
Decoupling functional and structural

Conclusion

Introduction
Motivation
Prerequisites

GroIMP — An interactive FSPM platform

I A multi-scaled ecophysiological
model of barley

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

I 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

Tully Yates Dissecting the feedback control of gibberellin biosynthesis



Outline
Functional Structural Plant Modelling (FSPM)

Gibberellin Biosynthesis
Decoupling functional and structural

Conclusion

Introduction
Motivation
Prerequisites

Motivation
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beyond single gene traits

I Guide empirical wet lab work
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Biologist’s view

are treated with GA3, obtained from cultures of G. fujikuroi, to
increase berry size and to stimulate elongation of the panicle.
Conversely, many crops and ornamental plants are treated with a
range of chemical growth retardants that act by inhibiting different

enzymes in the GA-biosynthesis pathway.
An alternative approach that involves the
genetic manipulation of GA biosynthesis or
turnover would have several advantages. In
addition to reducing the use of chemicals,
the modification of GA metabolism can be
targeted to specific tissues, permitting con-
trol over individual GA-regulated develop-
mental processes such as stem elongation or
fruit development.

It is widely accepted that the control of
flux through biosynthetic pathways is usu-
ally distributed between several catalytic
steps and that changes in the level of any one
enzyme might have little effect on the over-
all rate of biosynthesis. Thus, the overpro-
duction of CPS, an enzyme early in the
pathway, had no dramatic effects on growth
and development of Arabidopsis32. By con-
trast, there is abundant evidence, discussed
above, that GA20ox, GA3ox and GA2ox
catalyse regulatory steps in GA biosynthe-
sis. Genetic manipulation of their expression
might result in changes in flux or in altered
levels of intermediates in the later stages of
the pathway, including the bioactive GAs.

Overexpression of GA20ox under the
CaMV-35S promoter yielded Arabidopsis
plants with elevated levels of bioactive GAs,
with effects on several aspects of develop-
ment, including reduced seed dormancy,
longer hypocotyls, pale-green leaves and
early flowering41,59. A similar effect was
achieved in potato, in which the transgenic
plants overexpressing a potato GA20ox
cDNA also required a longer period of short
days to induce tuberization60. Overexpres-
sion of an Arabidopsis GA20ox in hybrid
aspen (Populus tremula ! Populus tremu-
loides) increased the levels of GA1 and GA4,
which resulted in an increased growth rate
and also in an increased number and length
of xylem fibres, which are important traits
for paper production61.

Several different approaches have been
used to reduce the levels of bioactive GAs
in transgenic plants. Suppression of Ara-
bidopsis GA20ox expression by antisense
RNA has been partially successful in iden-
tifying different roles for the individual
members of the gene family. Suppression
of AtGA20ox1 was effective in two trans-
genic lines, which had a semi-dwarf habit
and reduced levels of bioactive GAs
(Ref. 41). Suppression of AtGA20ox2 could
not be shown but two lines were isolated
that had shorter floral internodes under
short days. A single line expressing anti-
sense AtGA20ox3 had a transient pheno-
type of short hypocotyls but this character

was lost in succeeding generations. A strong suppression of a
GA20ox gene using antisense RNA was reported in potato, caus-
ing reduced stem elongation and increased tuberization, with an
increased yield of tubers60.

528

trends in plant science
Reviews

December 2000, Vol. 5, No. 12

Fig. 3. Cluster analysis of Arabidopsis 2-oxoglutarate-dependent dioxygenases, including all
known members of the gibberellin 20-oxidase (GA20ox), gibberellin 3"-hydroxylase (GA3ox)
and gibberellin 2-oxidase (GA2ox) enzyme classes. The following enzymes from developing
pumpkin seeds are also included: gibberellin 7-oxidase (Cm7ox), gibberellin 20-oxidase
(Cm20ox) and gibberellin 2",3"-hydroxylase (Cm23ox). Also included for comparison are
Arabidopsis sequences for ACC oxidase (AtACCO), flavanone 3"-hydroxylase (AtF3H) and
flavonol synthase (AtFolS). The amino acid sequences were aligned using ClustalW (http://
www2.ebi.ac.uk/clustalw/). The unrooted tree was generated using the PROTDIST and NEIGH-
BOR programs of the PHYLIP Package (http://evolution.genetics.washington.edu/phylip.html)
and displayed using the Treeview program (http://taxonomy.zoology.gla.ac.uk/rod/treeview.html).
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Fig. 4. An overview of the regulatory mechanisms known to affect expression of the genes
encoding enzymes for gibberellin (GA) metabolism. Hormone and light regulation are indi-
cated in red and blue, respectively, with large arrow heads denoting enhanced gene expres-
sion and bars denoting suppressed expression. The green arrows indicate genes that have
been shown to exhibit tissue-specific patterns of expression. The biologically active GAs are
highlighted in green. Abbreviations: CPP, ent-copalyl diphosphate; CPS, CPP synthase;
GA2ox, gibberellin 2-oxidase; GA3ox, gibberellin 3"-hydroxylase; GA20ox, gibberellin 20-
oxidase; GGPP, trans-geranylgeranyl diphosphate.
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I A generalised view of gibberellin
biosynthesis

I Unfortunately

I Not all parameters are known

I Available parameters are from
different species/experiments
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in silico Arabidopsis thaliana

GroIMP translation of the L+C code by Mündermann, L. et al. Plant Physiology, 139:960 – 968, 2005
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Dynamic control between functional and structural models

I A generalised default growth
pattern

I Morphology is controlled by
simulation results of the
functional model

I Model of transport becomes a
necessity

I Time and scale issues need to
be considered
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GroIMP is an integrated FSPM platform. Why Decouple?

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

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

I Expose existing functional
models to GroIMP

I Eases computational demand
on GroIMP
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Taking it apart and putting it back together again
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Mapping

I User defined, mappings are used to connect attributes from
one model to the other

I Two types of mappings:
I Independent
I Dependent
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I Indenpendent mapping
I Attribute value in the subsystem is independent from

everything else
I Example: Global variable

I Dependent mapping
I Attribute value in the subsystem is dependent on something
I Examples: Position and Environment
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Mapping Execution

I Threshold dependence
I User defines a threshold
I Executes the mapping when the threshold is reached

I Update dependence
I Executes the mapping in each global step of the mediator
I Each subsystem has its own stepping, allows differential

stepping ratios.
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Generic framework for FSPM

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

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

I Exploits the strengths of existing modelling tools
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Improvements

I Inclusion of monitor function

I No time standardization, only global stepping
I Current interaction with GroIMP

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