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Abstract

Drought stress is one of the serious problems that restricted agronomic plant production worldwide. In
molecular level, the harmful effect of drought stress is mostly caused by producing of large amount of
reactive oxygen species (ROS). Catalase and Metallothionein genes have a crucial role to mope the hydrogen
peroxide (H,O,) resulting reducing oxidative damage. In this research the gene expression pattern of Catalase
and Metallothionein was studied in response to drought stress treatments. The treatments included - 0.3 bar, -
0.9 bar, - 8 bar and -12 bar and wheat varieties included Zagros (drought tolerant), Moghan (semi- tolerant)
and Tajan (drought sensitive). The amount of cellular oxidative levels (TBARM) increased steady by
intensify of drought stress levels. Real time PCR analysis showed different expression pattern for catalase and
metallothionein encoded genes. Catalase gene expression was increased during drought stress up to -8 bar and
reduced in -12 bar treatment, in all cultivars specially in Tajan cultivar. Metallothionein gene expression was
linearly reduced during different levels of drought treatments especially in Zagros and Tajan cultivars. The
most activity for both genes has observed in Zagros cultivar at -0.9 bar treatment. Whereas, Moghan cultivar
showed most transcription for both genes at -8 bar treatment. Overall gene activities, content of chlorophyll
(a, b) and whole plants appearance declined by high level of drought stress e.g. -12 bar treatment in all
cultivars particularly in Tajan variety. Whereas, the moderate levels of drought stress treatments induced
genes activitiy.
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Introduction increasing global climate change making
Drought is one of the major factors the situation more serious (Apel and Hirt.,
limiting crop production globally, with 2004; Glombitza et al., 2004). Wheat is
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the important crops that provide food for
nearly half of world population (Shao et
al.,  2005b). During growth and
development, a plant has to cope with a
range of different internal and external
stresses and the ability to adapt to
metabolic and environmental changes is
essential for plant Plants
acclimate to biotic and abiotic stresses by
triggering a cascade or network of events
that starts with stress perception and
followed by the expression of target
genes (Pastori and Foyer, 2002). Oxygen
is a vital molecule for all plant activities.
However the production of reactive

survival.

oxygen species (ROS) and its derivatives
such as hydrogen peroxide (H,0,) occurs
all the times at cellular levels, but is
increased when plants are exposed to
various stresses e.g drought stress (Dat et
al., 2000; Arora et al., 2002; Devarshi et
al., 2004). These ROS have dual roles, at
high level of concentration they can be
quite detrimental and could oxidize
proteins, fatty acids and nucleic acids
resulting some chlorosis and necrosis.
Whereas at low level of concentration
they act as signaling molecule and could
be wuseful for gene expression and
metabolic cell (Navabpour et al, 2003;
Villalobos et al., 2004; Bayoumi et al.,
2008). In addition, drought is also related
to salt stress, cold stress, high temperature
stress, pathological reactions, senescence,
and so on (Puhakainen et al., 2004; Wang
et al., 2004). Therefore, drought is
connected with almost all aspects of
biological reactions. Currently, drought
study has been one of the main directions
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in global plant biology and biological
breeding (Shao et al., 2005a). Plants have
a number of different defense
mechanisms by which they respond to

oxidative stress. These include the
production of both non-enzymatic
antioxidants such as ascorbate and

glutathione and enzymatic antioxidants
such as catalase and superoxide dismutase
(Vacca et al., 2004; Gechev et al., 2006).
CATs (catalase) are main components of
anti-oxidative machinery for drought
tolerant in higher plants (Shao et al.,
2005a). Many evidences suggest that the
expression and activities of catalase gene
always activated by stresses in
Arabidopsis (Luna et al., 2005; Verslues
et al., 2007; Xing et al., 2007) and
interestingly the mRNA abundance of
CAT gene is also accumulated in drought,
ABA and salt treatment (Xing et al.,
2007). Catalase is essential for the
of H,0O, produced in the
peroxisomes by photorespiration (Noctor
et al., 2000). The researches suggest that

removal

various environmental stresses always
enhance the transcription of CATs, and
increase enzyme activity of catalase
subsequently, which controlling redox
homeostasis in plant cells. Another
important gene in response to drought
stress is metallothionein. Among the
different  metal  binding  factors,
metallothioneins (MTs) play a major part
in the processes of plant metal
homeostasis and detoxification (Cobbett
and Goldsbrough, 2000). Metals are
essential components of enzymes which
involved in detoxification processes, like
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Zn and Cu in superoxide dismutases. In
addition to their important functions in
vivo, however, metals may have very
harmful effects. When not cleaned
properly, transition metals like Fe or Cu
generate reactive oxygen species in the
Fenton reaction (Dietz et al., 1999;
Michaeli er al., 2001; Belles-Boix and
Inze., 2002). In this study, we analyzed
the CAT and MT genes expression in
wheat during natural leaf
development, wunder water-deficiency
conditions, and normal irrigation.

leaves

Materials and Methods

Plant material

Three wheat genotypes (Zagros, Tajan
and Moghan) were used in this research.
The genotypes were obtained from
Agricultural Research Center in Gorgan-
Iran.

Experimental fields

The experiment was carried out at
research ~ greenhouse  of  Gorgan
University of Agricultural Science and
Natural Resources, using plastic pots with
5 kg field soil. In each pot 15 plants were
grown. Air condition and humidity were
established during experiment.

Experimental design

Each variety was conducted in four level
soil water treatments controlled by matrix
soil potential (- 0.3 as control, - 0.9, - 8
and - 12 bar, respectively). Each
treatment has got three replications.
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Chlorophyll extraction

Chlorophyll a and b were extracted and
measured according to Porra et al., (1989)
in order to highly purifying and less
contamination, leaves chlorophyll were
extracted with 80% acetone and then
estimated spectrophoto-metrically, by
taking absorbances at 645 and 663 nm in
WAP spectrophotometer model S2000

uv/vis. The chlorophyll content was
calculated according to  followed
equations:

Chl a(mg.ml™) = 12.25A¢63.6 + 2.55A646.6
Chl b(mg.ml™) =20.31As466 + 4.91Age3.6

Measurement of thiobarbituric acid
reactive material (TBARM)

TBARM (of which malondialdehydes
(MDAs) are considered to be a significant
component) was
modified assay from Hagege et al,
(1990). Plant material (0.5 g) was
homogenized with 1 ml trichloroacetic
acid (10% w/v). The homogenate was
washed with 10 ml acetone, vortexed then
centrifuged at 4750 rpm for 15 min. The
pellet was washed in 5 ml acetone,
vortexed and then centrifuged at 4750
rpm for 10 min (4 times). The pellet was
air dried and incubated at 100°C for 30
min with 3 ml H3;POs (1%) and 1 ml
thiobarbituric acid (0.6%). The reaction
was terminated by rapidly cooling the
tubes on ice. Butan-1-ol (3 ml) was added
and the mixture vortexed then centrifuged

measured using a

at 5500 rpm for 20 min to achieve
separation of the phases. Absorbance of
the aqueous phase was measured at 532
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nm and 590 nm using Uvikon 930
Spectrophotometer.

Gene expression analysis

MT1, CATI1 transcript measurements of
wheat heading stage was conducted by
collection of eight leaves. Each treatment
carried out three times at same condition.
After that samples frozen in N, (liquid),
then keeping at - 80° C in order to gene
expression measurement by QRT-PCR
method. At the same time we gathered
data for all of the three samples which are
at the same condition. The mean value of
these three data series used for statistical
test.

Reverse transcription-polymerase chain
reaction was performed with Sina-Gene
PCR master kit (according to the
manufacturer’s ecommendation, 5 1 of
total RNA extracted from leaves at
heading stage after exposure to water
treatments) and Biopars Syber Green as a
dye for reactions detection (maximum
fluorescent between 494-521nm). Actin
gene was used as reference in reactions.
The relative quantity of target gene

transcripts was calculated using the
comparative cycle threshold method. The
affected samples were quantified relative
to control (normal watering) at the same
time points. The size of the PCR
productions varied between 132 and 187
base pairs and the melting point varied
between 51.4 and 60.0 C according to
(G+C) percentage and length of bands.
Actin as an endogenous control used to
normalize the data for input RNA
difference between the various samples.
Fold changes in mRNA accumulation of
MT1 and Catl genes in drought tolerant
(Zagros),  drought semi- tolerant
(Moghan) and drought sensitive (Tajan)
wheat at specified irrigation water
treatments. Averages values and S.D for
independent assays are shown. QRT-PCR
conditions were carried out according to
the cDNA protocol replication (with some
changes primer melting temperatures)
(Udvardi et al., 2008). Gene expression
analysis was done by using REST
software. The following oligonucleotides
were used as primers (Table 1):

Table 1. CAT, MT and Actin Primers sequence and accession number in NCBI.

. PCR production Melting NCBI accession
Gene Primer sequence .
length Tem (C) number
CATL.F 5 - CCATCTGGCTCTCCTACTGG - 3’ 60
] ] 141 bp E 16461
CAT1.R 5 - AGAACTTGGACGACGGCCCTGA - 3 57.9
MT L.F 5’ - ACACCAAGGGCAGAGCATAG - 3 132 bp 51.4 L 11879
MTL.R 5 - CACTCGTGTGATGGTGTGAG - 3 53.9
Actin.F 5 - GTCGGTGAAGGGGACTTACA - 3’ 60
] ) 187 bp AB 181991.1
Actin.R 5 - TTCATACAGCAGGCAAGCAC - 3 60
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Results and Discussion

Living organisms use of the redox
potential of oxygen while controlling
oxidation. At first, oxygen derivations-
reactive oxygen species (ROS) such as
superoxide, hydroxyl radicals, hydrogen
peroxide and singlet oxygen are in the
shape of signals to make organism ready

in front of weakly changes in
temperatures extremes, pathogens,
drought, or physical and chemical

elements. If biotic and abiotic changes are
too extreme to be tolerable to maintain
vital fluxes through basic metabolism
while preventing uncontrolled oxidation,
then stress induced damage as a result
(Apel and Hirt., 2004; Shao et al., 2005b).
In this situation acclamatory changes in
some especial genes expression and not in
all of them (e.g. housekeeping genes
(Actin) have no expression changes
during stress) are induced to keep are not
adequate or useful to extreme ROS
productions, the primary metabolism is
weakened, oxidative stress lead to
increasing cell death and programmed
senescence responses are happened
(Harding et al., 2003; Chen and Gallie,
2004). It is observed that wheat in expose
to different stresses had shown some of
these responses. Therefore ROS are key
components contributing to cellular redox
state (Kreps ef al., 2002). They participate
as an alarm in all processes controlled by
redox reactions such as protein synthesis
or gene expression and more over (Zhu,
2003; Shao et al., 2005a, 2007). In this
regard wheat responses to stresses are
therefore directed to acclimate and repair
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damage. So, the control roles of catalase
and metallothionein genes activity based
on their functions
important.

would be quite

Metallothionein gene activity

Metallothioneins are defined as low-MW
Cystein-rich proteins that bind heavy
metals. MTs are widely distributed in
eukaryotic and prokaryotic organisms
(Coyle et al, 2002; Cobbett and
Goldsbrough, 2002). So it can be used as
a factor in stresses that affected the
amount of solvent element in plant. In our
research, according to Figure.l, under
level -0.9 bar soil water treatment, Zagros
has the higher MT1 activity. Under level -
8 bar, Moghan possessed the higher MT1
activity and it seems that more researches
needed to find its behavior. Zagros and
Tajan express no obvious difference and
similar changing trend under -8 to -12
bar. Comparing Zagros, Moghan and
Tajan, we found that Zagros has the most
MT] activity and showed lower reducing
MTI activity in -8 and -12 bar in
compared to control, indicating it has
high ability to respond to reducing soil
water content in terms of MT] activity.
More precisely the most gene activity
occurred at -0.9 bar whereas, the least at -
12 bar for all cultivars. It seems, the -12
bar is far beyond the tolerant threshold for
the MT1 gene activity that may be sign of
high toxicity of some elements,
concentrating during drought stress that
result in structural deformation of the
gene product (enzyme). In animals and
fungi, MTs have been shown to play a
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role in the detoxification of heavy metals
too (Yang et al., 2009; Cobbett and
Goldsbrough., 2002). studies
suggest that MTs specialized
functions in different tissues. Some of the
functions proposed for plant MTs include
a role during cell growth

development (Haq et al, 2003)
senescence (Heise et al.,, 2007; Breeze et

Many
have

and
n

12 1

al., 2004;) and in protection against
oxidative stress (Coyle et al., 2002) as it
is mentioned in our results. The pattern of
MTI expression has reflected by physical
damaged  appearance and  almost
decreasing chlorophyll content because of
enzymatic metal patterns involved in
photosynthesis (data not shown).
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Figure 1. Metallothionein gene activity in different treatments Asterisks indicate significant difference

between control and affected samples: “:P< 0.05;

Catalase gene activity

Catalase is one of the major systems in
the plant for the enzymatic removal of
hydrogen peroxide (H,O,) in peroxisomes
(Hirt and shinozaki, 2004). Despite
moderate concentration of H,0O, is
important as signaling molecule and can
serve in lignin precursors of cell wall
proteins, but high level of H,O, is toxic
for plant cell and cause oxidative damage.
According to the role of catalase in photo-
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":P<0.01 and ns: not significant.

respiratory enzymatic system, its activity
as a critical factor for the protection of
photosynthesizing cells against oxidative
stress is inevitable. This is supported by
the observation that a barley mutant with
reduced catalase activity is impaired in
growth under photorespiratory conditions
(Fath et al., 2001).

Our experiment results showed that
different ~ wheat  cultivars  clearly
responded to soil water deficiency
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differently in term of CAT activity but not
significantly (very close to significant
0=0.58). At the first levels of watering,
all of cultivars increase CATI gene
expression especially at -8 bar and they
had not shown any especial diverse from
their controls and each other, whereas
obvious drop in CAT activity observed at
-12 bar treatment (Figure. 2). At water
potentional of -8 bar we can see that
Moghan promoted its expression more
than other varieties (especially Zagros).

The amount of CAT gene activity in
Zagros during increase pressure to -8 bar
was slightly more than its amount at -0.9
bar. Du to this result, in field condition
there is good possibility to reduce
irrigation level up to 50% with less
harmful damage on agronomic traits and
significant decline in genes expressions
especially in tolerant and partly in semi-
tolerant varieties.
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Figure 2. Catalase gene activity in different treatments Asterisks indicate significant difference between

control and affected samples: ns: not significant.

Chlorophyll a and b content

Chlorophyll is the substantial basis for
photosynthesis, so the content of
chlorophyll can be wuseful index for
evaluating photosynthesis. Many reports
showed that drought could lead to lower
photosynthesis and efficiency (Munns,
2002; Chandler and Bartels, 2003;
Chaves et al., 2003; Dhanda et al., 2004).
According to Figure.3, we found that
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Zagros had the highest chlorophyll (a+b)
content in all levels of water treatments.
Soil treatments influence on
chlorophyll “’a’” and “’b’’ contents in all
cultivars and reflecting the same reducing
trend with each other. However, Tajan
showed more sensitivity in response to

water

soil water deficiency and had the lower
chlorophyll (at+b) content (reducing
nearly 72 in chl a and less in chl b) in all
water treatments among other cultivars.
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Interestingly for all cultivars, especially
Zagros, there was no evidence of physical
damage by -0.9 bar (data not shown).
Since total chlorophyll content (a+b) in
Moghan and Tajan was lower than Zagros
(tolerant cultivar) that could imply
chlorophyll content in is a tolerant factor
against drought stress.

Comparison between Cat/ and MTI in
different implied
various relations in their trends (Figure.4,
5, 6). Gene expressions in all of them

cultivars separately

were reduced by increasing pressure up to
-12 bar. Also we found the same manner
at -0.9 bar, all of them possess higher
gene expression than controls level. Tajan
and Zagros had a same inclination in gene
expression but with different quantities.
In Zagros, MT1 had a high expression at
pressure of -0.9 bar, then turned down
rapidly as pressure increased to -8 bar and
we see the same manner for Catl

water treatment (bar)

28.64
2

m-03

expression too. At pressure of -12 bar the
Catl expression of Zagros is less than
MTI (Figure.4). In Moghan different
behavior was both of genes
increased expression at pressure of -8 bar

and this modification disagree notably

seen,

from other water treatments (Figure.5).
The point that we can notice for Moghan
is the relative amount of gene reduction in
compare with Zagros. For both of genes,
Moghan expressed smaller amount than
Zagros at pressure of -12 bar. In Tajan we
can report different gene expression for
MT]I at pressure of -8 bar, there was no
visible increasing and it also lowered than
control  against CATI  (Figure.6).
According to this result there is possible
justification to conform visible link
between the levels of CATI and MTI
activities and the tolerance to drought
stress.

m-09 =-8 -12

Chlorophyll a and b amount (mg/g fw)

Zagross

Moghan

Tajan

Figure 3. The average amount of chlorophyll “a” and “b” at different treatments for 3 cultivars. Arrow bar is

used for standard error (n=3).
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Figure 4. Interaction between catalase and Metallothionein genes activity for Zagros cultivar. Average
amount are shown. Arrow bar is used for standard error (n=3).
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Figure 5. Interaction between catalase and Metallothionein genes activity for Moghan cultivar. Average
amount are shown. Arrow bar is used for standard error (n=3).
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Figure 6. Interaction between catalase and Metallothionein genes activity for Tajan cultivar. Average amount
are shown. Arrow bar is used for standard error (n=3).
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Measurement of cellular oxidative level

The concept of drought stress is an
oxidative process has been strongly
supported by the result of TBARM assay.
Basically oxidative stress results in an
increase in lipid peroxidation and the
extent of this can be measured by
assaying the levels of the end products of
lipid peroxidation. The TBARM assay
measures the thiobarbituric acid reactive
materials which are the stable end
products of lipid peroxidation (Hodges et
al., 1999) and this assay was used to
determine the oxidative damage caused to
all cultivars by drought treatments.
Drought stress increasing resulted in
TBARM levels (Figure.7). There is a
significant difference between levels of
TBARM at -0.3 bar and other treatments
according to statistical analysis. At -12
bar there is significant high level of

appearance of plant showed no damage
until -0.9 bar treatment especially for
Zagros cultivar but changing become
visible during -8 and -12 bar (data not
shown). Basically intensified drought
stress resulted high level of ROS lead to
phytotoxicity ~while relatively mild
drought stress produced low levels of
ROS that can be used for acclamatory
signaling. This has supported by some
researches (Dat et al., 2000; Navabpour et
al., 2003). Aside from their destructive
nature, ROS can also be used in a
beneficial way by the plant. ROS acting
as a beneficial signals to inducing
protection enzymatic system such as
catalase and metalothionein in order to
preventing soon cell-death and its
afterward problems. But in high water
stresses its role become more harmful and
if not controlled and reducing, could be
damaging and ruined enzymatic system as

TBARM accumulation especially in seen in treatment -12 bar.
Tajan and its lowest amount was
observed in -0.3 bar. The physical
16 # Zagros Moghan Tajan
14 - :[
% 12
g 10 I I s 5
£ s g
£
: ° =
2 4 R i
= . :
o ——:é'ﬂg“ >
-0.3bar -0.9bar -8bar -12bar

Water treatment

Figure 7. Levels of TBARM measured at different treatments for 3 cultivars. Arrow bar is used for standard

error (n=3).
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Conclusion

The most emphasize of our experiment
was on two important genes expression
were involved in drought stress. Plant
oxidative circle occurs in all of different
growing stages but in various level during
different  soil stresses  and
environmental changes (Chaves et al.,
2003; Plaut., 2003; Shao et al., 2007).
Our results showed that different wheat

water

genotypes differently responded to soil
water stress. Chlorophyll content as a
reliable index for stability of metabolism
to keep photosynthesis level ongoing and
delay senescence, has showed positive
correlation with tolerance to drought
stress as Zagros (tolerant cultivar) had the
most chlorophyll content. This study
provides a wuseful description about
negative trend between chlorophyll
content and TBARM that showed when
the cellular oxidative level increased; the
amount of chlorophyll would reduce,
consequently. It should be noted that,
comprehensive comparing between the
levels of CATI, MTI transcript and
chlorophyll (a+b) with TBARM content,
could be good justification to imply that
as an  especial and
physiological indexes to identify tolerant
wheat genotypes under drought stress.
The results presented here can serve
benefit acknowledgments for future
studies and suggested Zagros as an
identified and confirmed drought tolerant

enzymatic

variety that has fairly adaptation to
Gorgan region.
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