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Introduction
Traditional breeding faces many challen-
ges due to increasing populations; high-
er environmental standards; climatic
changes etc. One of these challenges to
meet is increased yield stability under
water limited conditions that plays an
essential role in the reduction of econo-
mic and social consequences of global
climate changes. Recent advances of
molecular physiology and genetics may
provide new tools and resources to sup-
port these breeding efforts.
Plants developed wide range of defense
strategies to maintain the functional in-
tegrity of cells and the whole organism
as well under limited water supply. The
rapidly synthesized abscisic acid coor-
dinates many of the prompt reactions
while the long term adaptation can rely
on extended root growth, translocation
of metabolites or acceleration of the de-
velopmental program.

Transcript profiling during
osmotic and drought stress
In our laboratory, experimental systems
were developed for studying key mole-
cular components of long term osmotic
(ZHIPONOVA et al. 2002) and drought
(SECENJI et al. 2005) adaptation of the
root system in cereals using remote whe-
at genotypes in transcript profiling ex-
periments. The use of barley macro-ar-
rays (POTOKINA et al. 2002, SREENI-
VASULU et al. 2002) developed at IPK,
Gatersleben, highlighted gene clusters
with characteristic changes in their ex-
pression pattern. Unraveling genotype
dependent expression profiles and alle-
lic variations of these genes will allow
development of molecular markers for
breeding programs.
We found that two genotypes (Kobomu-
gi and Plainsman) differ in root growth
rate, root/shoot ratio, and adaptation to
osmotic stress and low soil water con-

tent. These genotypes exhibit characte-
ristic transcript profiles as shown by bar-
ley macroarray studies using 10500 uni-
genes. In our first experimental system,
effect of PEG-treatment on roots was
investigated and induced genes that are
common between the two genotypes
were searched (Figure 1).

In order to simulate real drought stress,
a second experimental system was de-
veloped, which is based on reduced wa-
tering of plantlets for four weeks and still
allows purification of RNA of proper
quality. Comparison of transcript profi-
les of PEG-treated and water limitation
adapted roots of the two cultivars re-
vealed that osmotic stress and real
drought stress induces largely different

changes in transcript profile, only one
single gene was found (of unknown func-
tion), which was activated in both geno-
types and in both experimental systems.
In the second experimental system, re-
programming of gene expression prima-
rily occurred during the 1-2 weeks of
water stress, and 6,1% of tested genes
were up-regulated in roots of the more
adaptive Plainsman plants. The time
course for expression of gene clusters
from Kobomugi genotype revealed a
prompt and transient gene activation that
can help the survival of plants through
function of various defense mechanisms.
In an adaptive genotype, app. 8% of the
genes showed a more than 2-fold incre-
ase in their expressions due to reduced

Figure 1: The relative transcript levels of four selected genes exhibit induction
during osmotic stress in wheat roots. Genes of ACC synthase, glutathione-S-
transferase and alcohol dehydrogenase were found as examples which had
similar transcript pattern in Plainsman (solid lines, square) and in Kobomugi
(dashed lines, circle). Genes were induced during polyethylene glycol (PEG)
treatment (thick lines) while remained relatively unchanged in control (thin
lines).
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irrigation. In an escaper genotype, it was
around 5%. Around 1.5% of the genes
displayed increased expression level in
both genotypes. Among the known ge-
nes either up- or down-regulated most
of them encode metabolic enzymes.
Some of them take part in detoxification
[e.g. superoxide dismutase, ascorbate
peroxidase, aldose reductase, glyoxala-
se] (Figure 2). Many genes were found
encoding hypothetical or unknown pro-
teins.
Genes that are up- or down-regulated
during short-term desiccation stress, we
were able to find only occasionally
amongst our candidates. Known short-
term stress-regulated genes present in
this selection exhibit moderate increase/
decrease of their relative transcription
level in our experimental system. This
indicates that long-term drought stress
requires changes in gene expression and
metabolism different from that of short-
term [desiccation] stresses. Clustering
revealed that the transcript profile of the
common gene set is frequently different
in the two genotypes. The observed tran-
scription differences may provide, at
least in part, the molecular background
of the distinct adaptation strategies fol-
lowed by either one of the two genotypes.

Conclusions of the transcript
profiling experiments
Divergent drought adaptation strategies
of the two genotypes are reflected in their

transcript profiles. Long term adaptati-
on is dependent on moderate changes in
the expression of large set of genes in a
coordinated manner.

Transient gene activation is characteris-
tic to Kobomugi, while genes of the more
adaptive Plainsman genoptype exhibit
prolonged up regulation.

Based on the yield performance and pho-
tosynthetic activity, Kobomugi repre-
sents escaper strategy while Plainsman
cultivar is capable to maintain physiolo-

gical functions in harmony with gene
expression reprogramming.
Genes found to be drought stress regu-
lated in the two genotypes, as well as
control ones (unaffected) are included in
the ongoing development of a wheat test
chip carrying 3200 long oligonucleotide
(50-60-mers).

Functional tests of
aldo-keto reductases
The aldo-keto reductases (AKRs) can
detoxify lipid peroxidation products (4-

Figure 2: Several genes encoding for detoxifying enzymes involved in oxidative stress are up regulated in Kobomugi
genotype (left panels), however remain unchanged or even repressed in Plainsman (right panels). Four-weeks experi-
ments were carried out, RNA samples were taken weekly.

Figure 3: Effect of methylglyoxal treatment on the photosynthetic activity of
leaf discs of MsALR overproducing plant (ALR1/5) and its nontransformed
control (SR1).
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hydroxynon-2-enal) and glycolysis-de-
rived reactive aldehydes (metylglyoxal)
that contribute significantly to cellular
damages caused by variety of environ-
mental stresses such as drought, high
light intensity, UV-B irradiation, cold.
Overproduction of AKRs in transgenic
tobacco or wheat plants provides consi-
derable stress tolerance and resistance to
methylglyoxal. Molecular and physiolo-
gical characterization of transgenic ma-
terial will allow using AKR-based deto-
xification system in the improvement of
stress adaptation of crop plants.
Medicago sativa derived MsALR over-
production has wide range of beneficial
physiological effects on tobacco plants:
– protection against lipid peroxidation

under chemical and drought stresses
– protection during drought and UV-B

stresses (HIDEG et al. 2003)
– transgenic plants showed higher tole-

rance to low temperature and cadmi-
um stress (HEGEDÜS et al. 2004)

– increased tolerance to the effects of
high temperature and high light inten-
sity (HORVÁTH and HIDEG, unpu-
blished)

In collaboration with the Cereal Research
Nonprofit Co. Szeged, the MsALR over-
producing gene construct was introdu-

ced into wheat. Several independent
transformants were regenerated and sub-
jected to molecular and physiological
characterization. Presence and expressi-
on of the transgene were proven and syn-
thesis of the MsALR protein was also
verified. Preliminary data indicate impro-
ved methylglyoxal tolerance of MsALR
producing transgenic offsprings.
Based on the promising results with the
alfalfa cDNA, close rice homologues of
MsALR were cloned and analyzed. Ex-
pression studies revealed differential re-
sponse of the members of rice AKR gene
family to abscisic acid treatment in cell
suspension. Enzymatic activity and sub-
strate specificity of E. coli produced rice
AKR proteins are investigated to find
functional orthologue of the MsALR
gene.
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