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Abstract

This is a proposed business model for a systems approach in adapting or optimizing plants towards novel products
that briefly explains the growth and recent trends in plant systems using three modeling approaches: L-systems,
Dynamical-biosystems analysis and cellular automata. The model discusses some of the attempts made by scientists
in this field such as model development in Faba bean crops and the autoregulation in nodulation of plants and some
other simulated models (ALAMEDA). Its application in horticulture or life style industry is proposed based on the
meristem model applied in the roots of Zea mays. L.

A grid based approach that effectively simulates and models competition among chosen species of plants on
a simulated environment helps in the study of species survival amidst competition from other species, threat from
pests, weeds etc. A model for the ecological risk assessment enables the study of impacts of a newly introduced
plant variety on the environment and the implications on plants by the environment that helps in decision making and
public acceptance. There are attempts in building the virtual cells, by choosing to apply living cell conditions with some
basic cell components working effectively, leading to a thrust in the field of systems biology where this would be an
application on all kind of cells in any organisms. A plant competition model in an agronomic perspective uses some of
the plant models that help in increase of crop yield in agriculture.

Systems biology is an integration of genomics, transcriptomics, proteomics and metabolomics where approaches
in identifying the regulatory elements and conserved regulatory motifs have been successfully made leading to a
possibility of molecular level study where the input data is scarce and inappropriate beyond which it enables developing
hypotheses to decipher poorly understood signaling pathways. A good example of direction and path deduction in plant
systems using auxin transport applies best in a well studied business environment enabling a wide range of future
perspectives. Some of the novel products or services from plant systems, derived using the systems approaches are
briefly discussed. The context of business settings and commercial plausibility is well supported in all attempts of

applying the systems biology approach in deriving plant products or services.
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Introduction

A systems approach to biology provides a wide and in-depth
perception in analyzing complex and dynamic bio-systems. In spite of
handling a large amount of data manually, a systems approach provides
robust and simple methods of manipulating biological data in order
to derive meaningful solutions. A combination of experimental and
computational research provides a complete understanding of complex
biological systems [1]. Mathematical and computational tools in
systems biology enable the development of functional and regulatory
networks beneath such bio-systems [2]. With the advent of computer
technology and detailed understanding of molecular biology, the use of
systems biology has grown tremendously [3].

Drug development and targeting through academy-industry
partnerships can employ computer simulation and modeling to analyse
biological interactions altered by diseases [2]. Cancer, diabetes and
obesity are considered prototypical systems-diseases in which the
systems biologists are gathering novel insights [2]. The emergence of
high throughput technologies to analyse complex sets of data in both
plant and animal models has used computational algorithms [4].

A progress in integrating biophysical, developmental, and genetic
information into a useful model will require a system-based approach.
Kitano [5] defines four key elements in a system: the design principle,
system structure, control method, and system dynamics. An attempt
to evaluate the current state of knowledge about the polysaccharide
components of dicotyledonous plant cell walls in the context of these
elements was made by the author. A most appreciable application of

systems biology would be creating a cell model of biological system with
emphasis on all minute components in it such as signal transduction
molecules to provide life in mechanism driven drug discovery [5].
Feedback control and protocols play a major role only in biological
science where an effective systems biology approach is more plausible..

The systems approach in cancers yields numerous solutions at every
stage of analysis where identification of key genes involved in cancer
using gene regulatory networks is made simpler. Such an approach is
used in the identification of the Androgen receptor gene (AR) from the
primary and metastatic prostate cancer data and related pathways which
conclude that the AR gene and the AR gene pathway are mediators of
prostate cancer progression [6]. A multi scale model in analyzing the
host-pathogen interaction in M. tuberculosis addresses many aspects
of immunity and this approach of multi scaling could be applied to a
number of tissues such as cardiac and cancer cells (Figure 1).

An application of systems approach given by Aldon J. Lusis in
Lipidomics, a systems based study on the lipid interactions, states that
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Figure 1: An overall view of a systems biology approach as viewed on 20
Feb 2011.

Ao :

initial

string
Input g';_oc_mgflfi’zgrf'iﬁ: |Out1:|ut I
string =2 — =tring = string

Figure 2: A systematic flow of instructions in L-Systems.

the understanding in the complex interactions of the lipids can unveil
the implications of phospholipids in atherosclerosis. Putative signaling
pathways could be deciphered with the available sparse datasets using
state space modeling that hypothesizes poorly interpreted regulatory
networks. A vision of personalized medicine can be achieved only
through such approaches that well describe the innovative combination
of computational and medical knowledge [7].

Discussion

The systems approach in complex plant systems yield an in-depth
understanding of minute details of plant life. Plant systems are more
complicated that the modeling and simulation of the whole system is
even more complicated than they appear. Modeling and simulation
of individual organs help in the effective usage of systems approach.
In 1968, Lindenmayer introduced formalism for simulating the
development of multicellular organisms called L-systems [8]. This
system was more widely used in modeling plants. Later, the advent
of parametric L-systems which uses the strings of modules associated
with parameters became more predominant [9]. It addresses the
description of morphogenesis and an emergence of global model
and developmental form. These systems provide potentially general
solutions than simulations that rely entirely on case studies. We still
lack the complete mathematical description of plant systems where
a gap between L-systems and the biological problems exists and that
needs to be addressed (Figure 2).

The L-systems approach towards plants is both crucial and a novel
approach to model auto-regulation of nodulation both structurally
and functionally (Lindenmayer systems) where the author succeeds in
the modeling of branching pattern with regular radial angles between
soybean lateral roots using the RULD, a root mapping method and
comes out with two new algorithms - root elongation algorithm and
a synchronization algorithm to coordinate multivariate signaling and
developmental processes. However, he fails to consider the second
order laterals and mortality of root tips.

A same kind of approach was used in the development of a model
in Faba bean crops ALAMEDA, a morphological parameterization
and verification model. This model includes a combination of
advantages of structural and process approaches yielding the number
of reproductive nodes that serve as an initial step in developmental
processes. The L-systems approach in ALAMEDA provides parametric
and environmental sensitive modules considering the parameters like
chronological and photo thermal time; however other systems define
parametes like rank of organ and phenological stage, shape, size,
position and angles. Another theoretical study in the development of
meristem in Zea mays, a model used to study the growth of meristem
and its manipulation done by the bootstrap L-system algorithm
simulates the cellular packet development comprising the cortical
portion of the maize root primary meristem [10].

In the field of agronomy, L-system is used in determining crop
competition with respect to plant spacing, where it applies to crop-weed
competition in yield assessments [11] and a similar model in assessing
the plant-pest interactions enables the simulation studies of insect used
for weed control and impacts on crops [12]. One of the concepts of
systems biology is “The Dynamical systems analysis’, which involves
the evolution of systems over time using attractors. Attractors are a set
towards a dynamical system evolving over time. An attempt to identify
interacting regulators and conserved regulations in Populus leaves
using a systems biology model was successfully achieved. Quantified
Transcriptional profiles across 465 samples of Populus in various
experiments were used in deriving representational transcriptional
modules containing co-regulatory promoters in co-expressed genes in
these samples.

The author inferred a number of regulatory elements involved in the
leaf development under an assumption that common sequence motifs
on promoters and similar expression profiles would be observed in
genes that are regulated by the same transcription factors. The approach
seemed promising and robust in new and non-obvious data, extracting
the conserved regulatory elements in different conditions within and
between Populus and in Arabidopsis. Such approaches could be applied
in plants that are medicinally important to understand and enhance the
treating ability of plants.

A morphogenetic model that best explains the aperture formation
during meiosis stage considering nuclei as attractors leads to the
partitioning of the cell into apertures of pollens. The author attempts to
explain the duplication of an aperture of a three aperturate pollen grain
leads to formation of four apertures and heterogeneous tetrads [13].
The algorithm builds a vector field inside a ball that represents the cells
centering the nuclei. The space in the ball is divided to make domains
in each attractor where each attractor has particles that cannot move to
other attractors but can remain moving in the same attractor giving rise
to arms and the points were the arms meet are considered to indicate
the position of aperture [13].

A more robust approach is the model of plant competition in
an agronomic perspective that considers the plant competition
fundamentals, plant-weed interaction and the dynamics of weeds in
crops. Crop-weed competition is widely analyzed in the estimation of
crop yield with respect to the weed influence on the crop in the field and
a similar kind of approach [11] by Streibig in 1989, in the estimation of
crop yield with respect to the herbicide use on crops. One of the main
advantages of such an approach is that they are applicable to insufficient
and uncertain data [14].

Decision making aids such as WEEDSIM [15] and WEEDCAM
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[16] provides estimates or outcomes based on the initial parameters
of seed and weed population. Analysis of regulatory networks involves
more time and labour which is now saved by the system approach in all
aspects of analysis. Some of the methods to critically assess regulatory
networks were formulated by Daniel Marbach in 2009. An assessment
on 29 gene regulatory networks inferring methods was performed by
independent teams that employed them.

A method by Yip and co-workers in 2010 proved to be the best
amongst the methods that were used. Besides other methods like
correlation based methods, Bayesian network prediction, information
theoretic methods and methods based on dynamical models have
also produced promising results and the author came out with three
possible errors in systematic prediction of network motifs such as fan
out error, fan in error and cascade error [17] (Figure 3). These errors
also arise due to the inaccurate assumption that considerably affects the
performance of inferring methods [17] (Table 1).

A cellular automaton is a collection of cells on a grid of specified
shape that evolves through a number of discrete time steps according

(A) True
structure

(B) Prediction

canfidencs (C) Systematic prediction error

Fan-out error

Incorrect prediction of links between
co-regulated nodes (co-regulation
misinterpreted as interaction)
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Figure 3: Three possible Systematic errors in the prediction of network
motifs where the darkness of the links predict the median prediction
confidence (Marbach et al. [17]).

Team Members Affiliation Rank Type of  Reference
name method
B team Kevin Y. Yip, Yale University, 1tonall | Statistical [2]
Roger P. USA sizes method
Alexander,
Koon-Kui Yan
and Mark
Gerstein
USMtec347 Peng Li and University of 2 on size |Bayesian -
Chaoyang Southern 10, 2nd on |network
Zhang Mississippi, size 50
USA
Bonneau Aviv Madar, New York 2" on size Dynamical [3-5]
Alex Greenfield, University, USA 100 model
Eric
Vanden-Eijnden
and Rui Jiang
Intigern Xuebing Wu, Tsinghua 3" on size, Statistical |-
Feng Zeng and |University, 3" on size method
Rui Jiang China 100
Zuma Tarmo Aijo and Tampere 3 on Dynamical |[6]
Harri University of size 50 model
Lahdesmaki technology,
Finland

Table 1: Shows the top five best performing methods in inferring the network
motifs in regulatory networks. In contrast, these represented errors in inferring the
network motifs in regulatory networks may vary from networks to networks, so the
efficiency of the methods should be cautiously studied based on the complexity of
networks under study Marbach et al. [17].
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Figure 4: Represents the 2D square grid of tissues where the white square
represents the auxin molecule, black squares represents the auxin source
and the green squares represents the Pin localization showing the path of
auxin transport (Garnett et al. [3]).

to a set of rules based on the states of neighboring cells followed by
iteratively performing the rules for a particular time scale. Von
Neumann was one of the first people to consider such a model, and
incorporated a cellular model into his work. A best computer simulation
by Garnet and co-workers in 2010, attempted the simulation of auxin
transport in plants where auxin plays a crucial role in the growth of the
plant system. The auxin transport canalization simulation in a 2D grid
of square cells representing tissues and cells acting as actin sources are
uniquely identified using pin localization to describe the path of auxin
movement where it is drained by surrounding cells tissues (Figure 4).

The approach of tracking the auxin transport could be applied in
tracking certain biologically important molecules in any living system
incorporating computational constraints. As a part of the systems
approach, L-system in plants has a wider scope and applies to all plant-
based industries that derive plant products or services, directly or
indirectly. A grid based simulation model on the sexual and vegetative
reproduction of Heracium pilosella under the influence of a competition
from a clonal grass species in which each cell in the grid can have host
of rosette of pilosella or grass vegetation or could be empty in the time
scale of a year. In this case, there is no equal importance given to the
biological systems that are under study and not all computationally
successful models are biologically successful.

The author fails to consider the condition of intra-species
competition where it is more important to have the fittest individuals
leading to a good population and a high rate of species survival. In
the presence of inter-species competition and a shortage of space, a
mixed strategy of clonal growth and reproduction by seeds in Pilosella
is crucial. A recent application is in the ecological risk assessment
of genetically modified crops where a simple subsystem with four
species such as crop, target pest, non-target pest and enemy insects are
considered and by using ‘penna model’ the individual survival state is
determined [18]. A parameter to study starvation is also used and the
grid becomes empty if the individual dies. A cellular automaton thus
allows the implementation of all possible parameters that is needed in
building a biological model. The results would be used in the decision
making process and in public acceptance [18].

A novel approach that estimates parameters in the model of spread
of invasive species in geographical information system (GIS) using the
cellular automata where the spatial growth pattern is studied using
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the tested parameters such as vegetative dynamics and combines the
spatial data and the presentation ability of geographical information
system (GIS). A discrete event modeling and simulation could be done
using the open software CELL-DEVS [http://sourceforge.net/projects/
cdpptoolkit/ viewed on 20 Feb 2011]. Resources on plant growth
models could be found in the plant systems biology modeling database
(PlasMo). L-studio is a context sensitive L-system modeling stands
alone, free software.

Thus, the application of systems biology over the complex bio-
systems is more widely accepted and all the above implications in
any organism especially in plant systems ensures success at any cost
as systems biology involves deriving hypothesis from meager amount
of unrelated data. So, it would be more effective and fruitful if the
company takes in hand, a systems approach to adapt or optimize plants
towards novel products that will benefit clients.

Conclusion

Three prospective novel plant system-derived products or
services

Some of the novel plant derived products or services could be:

1) A virtual cell environment could be created using the
parameterized L-system where the user can define the components
of the cell and study the whole system where the user can expect the
system to produce the desired outcome. A similar approach could be
used in developing plant derived medicines where a plant system that
secretes some proteins or secondary metabolites which will be used as
medicines by optimizing the systems parameter at the input stage of a
simulation process such that a particular protein or a direct product or
by-product of any described process is obtained in a required quantity.

A virtual cell is build according to the end-user’s need. This kind
of approach will also lead to a deep understanding of biology under
the plant system and effective manipulation of such parameters in
achieving desired results. Changes to any basic biosystem parameter
will definitely earn a massive change at the phenotype level. Desired
results such as enhanced secretion of certain proteins or secondary
metabolites or decrease the secretion of certain products that is a
result of any biological process that may bring down the negative
effects of certain molecules or process. Such an approach will help in
predicting the biological systems behavior when certain compounds
are introduced or when the system is perturbed. We can manipulate
plant genomes to observe gene expression and phenotype. This kind
of approach is possible as there models to support the development of
a virtual cell with very less number of components and this could be
made possible in any commercial setting.

2) As an extension to the attempt by Luck et al. [10] that best models
the meristem development applied to the primary roots of Zea mays, a
similar kind of attempt could be made in the field of horticulture and
life style. In the above approach the author builds a theoretical model in
the meristem development where a complete control over this process
is in the hands of the alogorithm, inhibition of the development process
may lead to a poor growth of meristem where a new type of “bonsai”
could be developed for life style companies. Manipulation of genes
that govern color, shape and yield of flowers, leaves and fruits, would
yield some bright and innovative man made wonders that serve as
ornamental plants that decorate houses, gardens and offices. Such an
approach would definitely fit in any commercial setting but it would take
more time to be implemented where this would have some bio-ethics issues
to be dealt with as this might sound similar to the genetic engineering.

3) The need of the hour plant-derived product is the “Biofuels”,
from Jatropa curcus where the seeds can be harvested and used in
the extraction of bio-diesel. A systems approach in this would be
corroborated, as the modeling and simulation of a Jatropa plant
system that enables the deeper understanding of the biology in it and
a manipulation at the cell parameter level would yield a big quantity
and high quality of bio-diesels. A simple cellular automata simulation
would help us in the study on the risk assessment of the extracted
bio-fuel on the environment that helps in decision making and public
acceptance.

This kind of approach towards a highly needed technology that
would serve the whole world’s need has got more investment and
returns and is commercially promising. Thus, a systems approach in
any kind of plant systems would lead to an in-depth understanding of
the hidden nature’s concepts and formulae that will open gates for the
Novel plant-based products and services for the humanity.
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