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Abstract: Plants never encounter stress factors, whether biotic or abiotic in sequence. Mostly they have to face
multiple environmental factors in suboptimal level (stressful) at the same time. As a result, the strategy of the plant to
survive in such situations demands handling of multiple stresses at the same time by efficient management of the
genetic repertoire that the plant has. The plant achieves this by altering expression of transcription factors that regulate
the activity of different genes, whose products themselves play the structural and functional roles. In the present study,
differentially regulated genes under heat and drought stress from different microarray studies were analyzed to assess
the kind of metabolic pathways that are specifically altered (promoted or sacrificed) under heat and drought stress and
the transcription factor families which have the governing role in such regulatory processes. It was observed that
expression of genes related to metabolism, specifically in the cell organelles like plastids and mitochondria is
differentially regulated. Some transcription factor families like AP2-EREBP, NAC, C2H2 and MYB play more

important role in the two kinds of stress conditions.
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Introduction

During its life time, a plant rarely if at all,
experiences the environment in optimum condition.
At every instance one or the other factor fluctuates
from optimal to suboptimal (stressful) level. The
plant has to constantly respond to the changing
environment by altering its metabolic repertoire, to
survive in the extant environmental conditions. For
this the plant senses the environmental signals and
alters the level of its transcripts accordingly. Two
such stress factors, heat and drought, mostly affect
the plant together or in very close sequence in
desertic conditions. To counter the effects of stress,
plants undergo a process of stress acclimation. This
process may requite changes in the flow of
metabolites  through different pathways, the
suppression of pathways that may be involved in
the production of ROI during stress, and the
induction of various defense genes (Xiong et al,
1999; Dat ¢z al, 2000; Mittler, 2002). It has been
shown that, different stress conditions such as
drought and cold result in the activation of similar
stress response pathways (Seki e# al, 2001; Chen er
al, 2002). This indicates a high degree of overlap
may exist between gene clusters activated by
different stresses. This overlap explains the well-
documented phenomena of “cross tolerance,” in
which a particular stress can induce in plants
resistance to a subsequent stress that is different
from the initial one (Bowler and Fluhr, 2000).
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Study of abiotic stress response has advanced
enormously in recent years. In contrast to classical
genetic approaches, where one or a few genes could
be studied at a time, with the development of
microarray technology and its advancements, it has
become possible to study the effect of a particular
factor on the gene expression of an organism. This
technology heavily depends on the development of
computing efficiency from the stage of setting up
the experiment, analysis of the image to analysis of
the result. The present study takes advantage of the
resources available from microarray studies and
attempts to assess the effect of drought and heat
stress on the relative expression of genes. This
study aims at identifying the common pathways
utilized by the plant under both kinds of stresses.

Materials and Methods

Microarray experiments are used to analyze the
effect of specific treatments on the expression of
the entire genome. The genes differentially
expressed (significantly up or down regulated), can
then be statistically distinguished to understand the
effect of the treatment on different metabolic
pathways. In this study, gene list of differentially
regulated genes under heat and drought stress were
retrieved from three different studies (Charng ef al,
2006; Abdeen ef al, 2010; Mizoguchi e# al., 2010).
The functional annotations of the different genes
and the information about the different pathways in
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which they are specifically involved were retrieved
from the FunCatDB (Mewes ¢ a/., 2010).

Results and Discussion

Information about differential expression for 4008
genes was downloaded. Of these 208 were
significantly upregulated, and 196 significantly
downregulated under heat stress. Similarly, 1706
genes were significantly upregulated, and 1908
genes were significantly downregulated under
drought stress.

Under heat stress the number of upregulated genes
involved in different processes ranged from 1
involved in regulation of protein activity to 74, in
specific processes in different compartments of the
cell. Out of the 74 genes, 41 were found to be
involved in process in the mitochondria.

Under heat shock a total of 196 genes were
downregulated, and their numbers according to
functional category ranged from a single gene
involved in cell type differentiation, to 68 genes
involved in different organelles of the cells. The
processes which were found to be severely affected
under heat shock due to down regulation of the
genes included cell development (5 genes), cell cycle
and DNA processing (7 genes), biogenesis of
cellular components (12 genes), transcription (14
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Under drought stress, a total of 1706 gene were
upregulated, of these, only 2 were involved in tissue
differentiation, while the maximum number of
genes (412) were related to specific functions in
different organelles of the cell (Fig.3). These genes
were involved in cellular functions in different
compartments of cell like, 80 genes were involved
in nuclear functions, 153 in mitochondria and 138
in plastids.
Maximum number of genes (1908) were
significantly downregulated under drought stress.
The number of genes downregulated under drought
stress, ranged from 3 (storage protein genes), to 539
genes (in specific processes in different specialized
compartments of the cell). 419 genes, with reduced
transcription, were responsible for producing
proteins with binding function or cofactor
requirement (Fig. 4).

When analysis of the transcription factor genes up
or downregulated under a specific type of stress
was carried out, it was noticed that there were
substantial differences in the transcription factor
family and the number of genes specifically up or
down regulated under a particular stress. Out of the
50 different families of transcription factors (TFs)
catalogued in the AGRIS database (Yilmaz e al,
2011); in the present analysis 32 families were
represented. The expression of TFs was more

enes cellular communication and  signal |
genes), . . & influenced by drought stress (91 up and 86
transduction (19 genes, Fig. 2).
downregulated), as compared to heat stress (14 up
and 14 downregulated). The families that had more
genes significantly upregulated under drought stress
were AP2-EREBP and NAC (Fig. 5).
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Figure 1. Genes involved in different metabolic pathways significantly up regulated under heat stress
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Figure 2. Genes involved in different metabolic pathways significantly down regulated under heat stress
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Figure 3. Genes involved in different metabolic pathways significantly up regulated under drought stress
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Figure 4. Genes pertaining to different metabolic pathways significantly down regulated under drought
stress
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Figure 5. Transcription factor families represented under different stress conditions

Discussion

Drought and heat stress although have different
effect on the transcript level of the cell, however
many of the genes that are up or downregulated
under the two kind of stress belong to the same
metabolic process. It was observed that 95 genes
were common among the upregulated genes in
plants subjected to heat and drought stress.
Similarly, a very close number of genes (101) were
downregulated in plants subjected to the same kind
of stresses. It points to the fact that plants have
evolved more or less similar strategies for coping
with different kinds of environmental stress factors.
It has been reported earlier also in a study that
subjected Arabidopsis plants simultaneously to heat
and drought stress (Rhizsky e al, 2004). They
found that the response of the plant is
characterized by differential regulation of genes
involved in respiration, photosynthesis and storage
of metabolites. Further, it has been noted that the
defense response is more or less similar and
conserved among different plant species (Rhizsky ez
al, 2004). They also reported that similar genes
were up or downregulated under combined
influence of heat and drought stress. The overlap is
an indication that the defense strategy of plants
against drought and heat stress is coactivated in the
same cell during combination of heat and drought
stress. Similar results have been observed by Kreps
et al.,, (2002), in defense response of plants for cold,
drought and salinity.

One of the factors that enable the plants to cope up
with changing environmental factors is its ability to
modulate the response through the help of
transcription factors (Chen e al, 2002). Present
analysis finds 205 TFs to be part of the response of
plants to heat and drought stress. Of this
AP2/EREBP family of TFs which was significantly
upregualted under heat stress; it is known to play
various roles in developmental processes and, in
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Stress-telated responses in plants (Sharoni ¢ al,
2000). Similatly, NAC family constitutes one of the
largest families of plant-specific transcription
factors, and the family is present in a wide range of
land plants (Olsen ez al, 2005), and are reported to
be capable of enhancing drought resistance and salt
tolerance in rice plants (Hu ez a/, 2000).
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