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The major aim of our research is to understand general principles of developmental trajectories and
communication of organelles within the cell for canonical growth under normal or stress conditions, and the
biochemical machinery of olive antioxidant molecule production. The main activities of the lab fall into four
overlapping areas and an endeavor reaching for advancement of olive bio-technology.

Abiotic-biotic convergence to advance plant development

The molecular chaperones are involved heavily in the cellular homeostasis, a crucial parameter for canonical
development. A major class of molecular chaperone is the Heat Shock Protein 90 (HSP90) system, a highly
conserved system throughout all kingdoms. The genes are induced (abioticaly) by heat stress and heavy metals.
We used a combination of genetic, molecular, biochemical and reverse genetics to investigate the role of this
chaperone system in plant development, as a crosstalk system of convergence of abiotic and biotic signaling
pathways. We discovered, that the HSP90 system is involved in cellular homeostasis of protein activities that
lead into canonical development in general and in highly ordered developmental pathways. This is attributed due
to its protagonist role in signaling circuits such as Brassinosteroid (BR) signaling pathway from the hormonal
perception (plasma membrane) to downstream nuclear response. The TRHI1 (a potassium transporter) system
also represents a convergence point of abiotic (external potassium milieu) to biotic (auxin hormone) homeostasis
in root cell morphogenesis.

Epigenetics and development

Epigenetic phenomena are crucial determinants at cellular and organismal level. The HSP90 system in
Arabidopsis is involved in the epigenetic landscape at the DNA level. We use reverse genetics and molecular
approaches to shed light on the counteraction of HSP90 system in the epigenetic landscape. We discovered that
even at the elimination of HSP90 proteins in the cell elicits global and specific changes at the level of DNA
methylation. This change remains for a number of Arabidopsis generations and affects positively flowering
processing.

Abiotic (heat) plant tolerance

The HSPI0 system, as a heat inducible system plays a central role in abiotic stress tolerance. As it plays a crucial
role in development (in plants and animals), this system could be considered a convergence hub of abiotic and
biotic signaling. We use genetic and molecular approaches, and physiological analysis to study the HSP90 role
in seedling heat-stress tolerance. We found that contrary to the predictions, the HSP90 canalizing canonical plant
development restricts the number of phenotypic outcomes therefore the number of potential individuals to
overcome the stress. Mutants of the HSP90 gene family have shown that have a higher tolerance towards heat
increases than wild type Arabidopsis plants. Even though this at a superficial glance gives contradictory
outcomes, it actually emphasizes the restriction of phenotypes, hence potential tolerant plants, since the HSP90
system narrows the plasticity and evolvability.

Developmental genetics and organelle communication

Compartmentalization is an integral part of a cell. In a plant cell three distinctive organelles such as nucleus,
chloroplast and mitochondria all have to communicate to each other for the coordination of diverse functions to
achieve normal growth. We use a number of approaches such as biochemistry, genetic, molecular, cellular and
computational analysis to uncover how these organelles communicate. We discovered that protein quality
control proteins such as proteases should be targeted to both mitochondria and chloroplast in order to achieve a
normal developmental status and growth of Arabidopsis. Moreover, specific proteins are targeted to nucleus to
function at the RNA processing level of mRNAs that synthesize in the cytoplasm proteins targeted to
chloroplasts. These specific nuclear-localized proteins after their job completion exported from the nucleus and
entered chloroplasts to function at the transcription and RNA processing level. Therefore these specific proteins
entail the communication scheme between nucleus and chloroplast, giving signals to each other for proper
functional competence prior to embryo development.

Olive biochemical machinery and antioxidant production and tolerance

Sessile organisms like plants produce a wide variety of secondary metabolites as a general strategy of chemical
defence to tolerate biotic and abiotic stress. The olive plant contains a number of unusual secoiridoids commonly
known as oleosides that are unique to Oleaceae. We used molecular and biochemical approaches to study the
oleuropein B-glucosidase gene and enzyme. We showed that this protein is a rate limiting enzyme in the
catabolism of oleuropein-glucose to oleuropein aglycon molecule, a highly antioxidant and cross-linking agent.
The glycosidic defence compounds along with their hydrolytic enzymes often form a dual-partner defence



system against biotic stress. In olive we also have determined molecularly the regulation of gene expression of
oil biosynthesis enzymes and have also genotyped a number of Greek, Cypriot and Turkish olive varieties.
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7. Genes and Environment

RESEARCH PLAN

As have been explicitly detailed (above, please see Research Activities — Interests), these subjects will be further
advanced in my research plan. There is more than 20 years of experience in most of them as you could clearly
depict from the Publication List and from the number of Research Grants that [ have been awarded from Greece,
USA, EU and International Organizations. The innovative research conducted in my lab has been awarded lately
by the Research Grant “ARISTEIA” (EXCELLENCE). Only one grant was awarded in plant sciences (Greece).
A detailed Research Plan could be sent upon request.

GENERAL STATEMENT

Over the 25 years of teaching experience at undergraduate and graduate levels, and the research in animals
(Drosophila, on development and transposable elements) and plants (Arabidopsis and olive on development,
genetic, epigenetics, biochemistry and molecular biology) with numerous Postdocs, PhD, MSc and BSc students,
gave me the opportunity to encourage independent rationale of thought and gained a great deal of compassion
towards teaching. It also provides me with responsibility being a supervisor for their career. This is also evident
from the fact that three of my PhD students have academic careers.

The collaboration with other researchers over the world opened my horizon to new scientific thoughts and
advanced to global mentality.
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