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Creation of knowledge in science is largely dependent on the
success in the inventions of new methodologies. The
synergetic interaction between original ideas and instru-
mentation has been a significant driving force in research also
with higher plants. Introduction of recombinant DNA
technology, the progress in molecular and cellular studies
have essentially restructured the plant biology research that
could discover new dimensions in understanding of basic
physiological functions in plants. We can hardly find any
field of plant physiology related to plant growth, devel-
opment, photosynthesis, environmental adaptation, crop
improvement in which the gene isolation, production of
recombinant protein, antibodies, or generation of transgenic
plants would not be used as basic experimental tools. As the
consequence of developments in high capacity DNA se-
quencers and bioinformatics, the genomic area provided the
complete nucleotide sequence of plants such as Arabidopsis
and rice (Goff et al. 2002; The Arabidopsis Genome Initiative
2000). The available databases are logarithmically increasing
in size, and the genomic sequences are completed with large
sets of EST (expressed sequence tag) data derived from
random sequencing of cDNA clones. The cDNA libraries
represent the set of active genes from different cell types,
organs or physiological conditions (Crookshanks et al. 2001;
Ewing et al. 2000). The various EST programs are essential
components of the genomic approaches in which the
discovery of gene function is in the focus.

The functional genomic projects are extensively based on
the use of different mutants collections. Transposons or T-
DNA insertions can destroy the subsequent function of genes
and phenotypic, biochemical characterization of the loss of
function mutants provides original insight to the role of genes
(Agrawal et al. 2001; Greco et al. 2001; McElver et al. 2001
Young et al. 2001). The insertion mutants can be directly
used for the cloning of the corresponding gene. The establish-
ment of a link between the nucleotide sequence of a defined
gene, the predicted protein structure and the mutant
phenotype became a routine procedure in plant biology
research as well. Special type of mutants can be produced by
random transformation of an active promoter or enhancer
DNA sequence into the plant genome. If these regulatory
elements can cause an overexpression of the neighbouring
genes, the resulted gain of function, dominant phenotype
gives information about the possible function of a gene (van
der Fits et al. 2001).

In general, we can conclude that production and analysis

of transformants is the most efficient way in the discovery of
the gene function. Transgenic plants carrying the gene of
interest under the control of a new promoter (constitutive,
tissue or cell type specific, inducible) can be an ideal
experimental materials for molecular, biochemical or
physiological studies. Frequently, the overexpression of gene
product by a strong, constitutive promoter alters variety of
characters in the analyzed plants. This approach was suc-
cessfully used to change morphology or growth of plants
(Postma-Haarsma et al. 2002; Wyrzykowska et al. 2002;
Wang et al. 2000). Transgenic plants can show improved
environmental adaptation or increased resistance against
pathogenic infections (Polidoros et al. 2001; Oberschall et al.
2000; Verberne et al. 2000; Deák et al. 1999; Holmberg and
Bülow 1998).

The transformation technology can also allow the
silencing of a gene or gene families (De Buck et al. 2001;
Vaucheret et al. 2001). Recently gene silencing and epi-
genetic control mechanisms gained a special attention as key
players in the control of plant development. Several examples
support a conclusion that the major switches during plant
development (fertilization, organ initiation, vernalization,
flowering) are based on chromatin remodelling that activates
previously silenced genes. Development of endosperm
without fertilization in FIE mutants, the lack of vegetative
growth in embryogenic flowering mutants (EMF2) or
embryo formation from roots in the PICKLE mutants demon-
strate the primary role of chromatin remodelling mechanisms
during the completion of developmental programs in plants
(see reviews: Grossniklaus et al. 2001; Habu et al. 2001).

Our present understanding of signalling pathways
involved in stress or hormonal responses was largely
extended by studies with transgenic plants. We can consider
several physiological processes as series of phosphorylation/
dephosphorylation events. So the control of plant cell
division cycle is based on set of kinases and phospahatases
that can interact with regulatory proteins of stress or
hormonal signalling (Zwerger and Hirt 2001; Ayaydin et al.
2000; Dudits et al. 1998). Targeted protein degradation is also
a basic molecular mechanism in hormonal signalling (Leyser
2001). The molecular elements of signal transduction cas-
cades establish a bridge between sensing of external factors
such as light, temperature, nutritions, hormones and the
reprogramming of the gene expression patterns. Synthesis of
new sets of proteins contribute to new cellular functions. The
functional genomic approaches aim to provide an overall
information about the activity of large number (several
thousands) of genes. The DNA-chip technologies can very
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efficiently outline the transcriptional profile of plant cells,
organs under different environmental conditions or
developmental stages. The co-ordination between activity of
genes can be reflected by the characteristic changes in
expression patterns of defined set of genes. Other alternative
methods such as the differential display or cDNA-AFLP
(amplified fragment length polymorphism) can also be used
for transcript profiling (Breyne and Zabeau 2001; Lievens et
al. 2001; Qin et al. 2001). The actual physiological status of
plant cells can be characterized by the comparison of 2D-
protein patterns. The high through put micro sequencing of
proteins with mass-spectrometry (MALDI-TOF) is an
important method in proteome analysis (Mathesius et al.
2001).

Considering the leading publications in the field of plant
biology and the increasing role of high technology based
methodologies, we have to recognize a new research era that
dissolve the boundaries between disciplines of plant sciences.
There is a need to deal with the complexity of cellular,
developmental events that requires the simultaneous
application of structural, anatomical, metabolic, genetic,
physiological, biochemical, bioinformatical, recombinant
DNA, immunological methods and approaches. It is a special
task for plant biologists to integrate the knowledge from
studies on fundamental biological processes in plants with
those generated by research with other higher eukaryotes.
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