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Introduction

Owing to their sessile lifestyle, plants have to respond to local 

environmental conditions such as light, temperature, water, nutrients, 

gravity, pathogen attack, wounding by changing their physiology and 

redirecting their growth. The perceived stimuli are communicated 

across the plant body through chemical messengers, hormones, which 

affects diverse aspects of plant growth and development. Since the 

rigid cell wall does not allow mobilizing of specialized cells for stress 

response, plants developed the capacity of making cells competent 

for the activation of defense responses. The mechanisms for 

increased tolerance to environmental stress involve physiological 

changes, or expression of genes that results in modification of 

molecular and cellular processes.

The information about the perceived stress in the cells is 

transmitted through a signal transduction pathway. The signalling 

molecules can regulate the gene expression. The transcription factors 

recognize multiple regulatory sequences within the promoter regions 

of the genes ensuring nuanced response to different signals. Studying 

the gene expression regulation at transcription level may improve the 

understanding about the regulatory networks acting during stress 

adaptation.

In the present study, I aimed the examination of the effect of

stress factors on gene expression in higher plants. In the first part of

our work, I investigated the expression of genes up-regulated in
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response to drought/osmotic stress. M.y approach was based on gene 

substraction; a set of genes was isolated from drought sensitive and 

was substracted from the gene set of drought tolerant wheat (Triticum 

aestivum L.) cultivar. This project was done in collaboration with the 

Department of Plant Physiology of the University of Szeged with the 

purpose to collect information about the molecular mechanism of 

drought tolerance of wheat. These data can serve as molecular 

markers for fast identification of drought tolerant species, as well as 

for the establishment of drought tolerant transgenic lines at a later 

stage.

In the second part of our work, we studied how a G2/M 

regulated gene is involved in the wound stress response. We focused 

on analyzing the regulation of B-type cyclin dependent kinase (B- 

type CDK, or CDKB) in alfalfa (Medicago sativa L.). The CDKBs 

are key regulators of the G2/M checkpoint of the cell division cycle 

progression in plants. They are characteristically regulated at the 

transcriptional level and promoter studies are a useful approach to 

define different signal pathways that can affect the expression of 

these cell cycle kinases. There are two CDKB classes -  CDKB 1 and 

CDKB2 (the expression of CDKB1 precedes the expression of 

CDKB2). In an earlier work, Magyar et al. (1997) demonstrated that 

two CDK genes, assigned as cdc2MsD and cdc2MsF (according to 

the recent nomenclature Medsa;CDKBl;1 and Medsa;CDKB2; 1, 

respectively) accumulate at the G2/M cell cycle-phase transition. In
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the present work, we wanted to clone and characterize the upstream 

region of the Medsa;CDKB2;l kinase. Up to now, no detailed 

investigations have been performed on promoters of B2-type CDKs, 

which highlights the requirement and the interest to improve our 

understanding about their regulation.

Results

I. Differential gene expression in response to drought/osmotic 

stress in wheat

In order to study the differentially expressed genes under drought 

stress in wheat, we constructed subtractive libraries using both non- 

treated and PEG-treated seedlings from two wheat cultivars, the 

mild drought tolerant cv. Othalom and the drought tolerant cv. 

Kobomugi. Clones from the resulting cDNA populations were 

sequenced and subjected to database screening. According to the 

characteristics of the proteins coded by the homologous genes, 

classification into several categories was performed.

Many of the genes are highly homologous to known drought- 

responsive genes and give ideas about the drought/osmotic stress 

defense system of the tolerant wheat cv. Kobomugi. The survival 

strategy seems to involve ABA signal pathways for induction of 

drought related genes, decreased transpiration to limit water loss, 

solutes (especially carbohydrates) as osmoprotectants, stabilization of 

the cell wall and cell membranes, and transport of ions for keeping



the homeostasis. The genes coding for proline-rich protein, Rubisco 

small subunit, Rubisco activase and low temperature and salt 

responsive protein (early drought induced protein) were highlighted 

to have putative role in the drought tolerance of cv. Kobomugi. 

However, these are only in silico results and their importance must be 

further evaluated by investigations on plants. Our expression studies 

on selected differentially expressed genes confirmed several genes 

e.g. Rubisco small subunit, low temperature and salt responsive 

protein (early drought induced protein) , and an unknown protein, are 

indeed under drought/osmotic stress regulation.

II. Activation of alfalfa B2-type CDK (Medsa;CDKB2;l) by 

wounding, and ethylene, in a non-cell division-dependent manner

We focused on the isolation and characterization of the upstream 

region of alfalfa CDKB2;1 gene. A 360 bp DNA fragment was 

cloned and its in silico analysis revealed the presence of putative 

motifs related to the cell cycle regulation, light responsiveness and 

wounding. Comparison with the upstream regions of Axabidopsis 13- 

type CDKs revealed a characteristic promoter structure and we 

hypothesized that the order of regulatory elements might be 

necessary for the correct function of these genes.

In order to unravel the propensity of the alfalfa CDKB2;1 

promoter, it was linked to reporter genes (GUS, and luciferase) and 

characterized in transgenic plants. It was demonstrated that the



reporter activity was restricted to the actively proliferating tissues and 

regions of intact plants. More detailed studies using synchronized 

alfalfa cell cultures confirmed G2/M cell cycle phase-specificity of 

the promoter. The expression data of the reporters were in good 

correlation with that of the endogenous alfalfa CDKB2;1. In addition, 

we compared the promoter activity in heterologous systems such as 

stably transformed Arabidopsis. In Arabidopsis, the cloned promoter 

worked in a very similar manner as in alfalfa with reporter activity 

characteristic for proliferating regions.

Based on the in silico results, the wound inducibility of alfalfa 

CDKB2;1 was further evaluated. The CDKB2;1 wound response 

was demonstrated in leaves of young seedlings and in a simplified 

system of detached leaves. The wound induction occured in a non­

cell division-dependent manner. Treatment with ethylene precursor, 

ethephon, could turn on the promoter in a similar manner as 

mechanical injury without cell division activation. Ethylene is known 

as one of the wound response mediators, and on the other hand, it can 

cause a G2/M arrest and stimulate the endoreduplication. We suggest 

that ethylene might have role at the switch between mitosis and 

endoreduplication. The accumulation of alfalfa CDKB2;1 kinase due 

to G2/M progression, or by treatment with ethylene, considered as a 

G2/M-phase inhibitor, emphasizes the multifuncional role of this 

kinase.
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