Bucharest, 16-18 November, 2011

Exploratory Workshop:
Emerging Analytical Tools to Quantify the Plant-Insect-Environment Interaction.
New Science for the Next Generation Integrated Bio/Sensors and Probes.

Abstract

Through host-pest (e.g., plants-insects) interactions, plant-feeding insect vectors are spreading
pathogens, while real-time system integrated analytical tools seem to be lacking. Our goals are to:

o investigate emerging bio/sensing methods best able to measure host-pest analytes of significance
o create host-pest monitoring bio/sensors based on micro-interfaced nano-receptors bio/chemistry;
o integrate host-pest monitoring bio/sensors into smart learning data mining systems (SLDMs);

o establish SLDMs roadmaps, such as to prevent/control insect-vectored plant or human diseases.
o prepare collaborative funding proposals within EU Network, sustain EU funded joint projects.

Background and Rationale

The host-pest interaction is structured by an extensive communication, from molecular to
ecosystem levels. Signals and receptors are integrated in complex networks. Often, signals (such
as ROS) also become weapons used by one of the partners to win Battle ground. In others cases,
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Figure 1. Analytes of interest, generated, consumed or exchanged in typical host-pest interaction.
Abbreviations are: ID, identify; pathogen-associated molecular patterns, PAMP; ethylene, ET;
jasmonic acid, JA; reactive oxygen species, ROS; reactive nitrogen species, RNS.

use these signal molecules to trigger changes in gene expression resulting in new phenotypes that
increase individual fitness (1, 2).

Phenotypic changes are especially important for pathogens with complex life histories, including
vector-born pathogens. These pathogens survive in multiple environments under different habitat-
dependent stresses. Many pathogens have phenotypic plasticity that permits the exploration of
multiple environments, which is likely regulated by signals or cues provided by their habitat (2, 3, 4).
Pathogen infection also has profound effects on hormonal pathways involved in plant growth and
development. As a virulence strategy, many pathogens have evolved mechanisms to tap into these
hormonal signaling networks to interfere with host defense.

Plants do not have specialized cells to carry out immune functions. Therefore, when challenged by
a pathogen or an insect, plant cells undergo reprogramming to prioritize defense over their normal
cellular functions. The plants appropriate defense response is activated according to the pathogen
type. For example, the salicylic acid (SA)-mediated resistance is effective against biotrophs,
whereas the jasmonic acid (JA)-mediated response or the ethylene (ET)-mediated response are
predominantly against necrotrophs and herbivorous insects (5).

Novelty of the Approach

The host-pest (e.g., plant-insect) interaction naturally gives rise to extensive communication, from
molecular to ecosystem levels, as illustrated in figure 1. Some signals, such as ROS are established
at the host level. However, few of this complex communication is fully understood and even fewer
can be monitored and quantified. Likewise, biosensor technologies and intelligent systems sciences
have progressed apace, but the former remain relatively narrowly focused in areas such as glucose
detection in diabetes, water quality monitoring, and the latter are just breaking out from engineering
applications, towards sensing and instrumentation for food quality and safety.

It is time for the potential of these cutting edge techniques to be harnessed and integrated to tackle
the challenges of complex host-pest (plant-insect) signals.The environmental data: the light,
humidity, atmosphere ions, temperature, water composition, affect both (i) the host-pest interactions
and (ii) the performance of biosensors, once outside of controlled environment.

The fusion of intelligent systems analysis with biosensor technologies and molecular biology
expertise will allow not only the derivation of risk-reduced selection strategies for the network, but
also the ability to abstract instructive data from complex and variable data sets. These permutations
will allow data feeds into an Integrated "Smart" System able to apply expert knowledge, learning
abilities and data mining to establish, for example, pre-symptomatic detection of ill-health.
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