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ABSTRACT

The present study aimed to investigate changes accompanied with acquisition of water stress
tolerance in two rice varieties: Gizal81 (G181) and Orabi 2.G181 and Orabi2 were selected as a
sensitive and tolerant to drought stress respectively. The present investigation included determination
of germination rate, fresh and dry weight, shoot and root length, electrolyte leakage, lipid peroxidation
as MDA content, total protein analysis and native staining for superoxide dismutase (SOD), catalase
(CAT), ascorbate peroxidase (APX) antioxidant enzymes. All determinations were carried out for both
studied genotypes under control and water stress conditions. The obtained results revealed that
tolerance of Orabi2 seedlings to water stress was accompanied with decreasing electrolyte leakage and
low content of lipid peroxidation product (MDA). That indicates the perfect scavenging for reactive
oxygen species associated with induced water stress. All stained SOD isoforms showed an increase in
their activity along with water stress increasing in both studied genotypes. Participation of CAT and
APX isoforms under stress condition in Orabi2 seedlings and losing their activity in G181 appears to
be the main reason of water stress severe effects on G181 seedlings comparing with Orabi2 seedlings.
CAT and APX appear to play a main role in scavenging H,O, free radicals produced by increasing
activity of SOD. Moreover some RAPD primers, indicated the presence of proliferate bands in the
tolerant genotype, which were absent in the sensitive one.

Key words: Genotypic differences, antioxidant activity, water stress, rice genotypes, lipid peroxidation,
electrolyte leakage.

INTRODUCTION decreasing of yield due to short of water
(Mahassen et al., 1999). It is thus imperative to
Rice is one of the most important food crops ~ make the plants ready for the water deficit or
in the world. It makes up quality food for almost ~ drought. However, this all requires better
half of the world’s population. In Egypt, Rice is understanding of the mechanism of tolerant and
one of the major water consuming crops and  adaptation to drought (Farooq et al., 2009).
continuous flooding is the only method for
irrigation. Rice occupies about 22% of the total
cultivated area in Egypt during summer season
and it consumes about 20% of the total water
resources. Due to the limited water resources in

Abiotic stresses are the major impediments
restraining plant growth and resulting in
significant reductions in crop productivity
(Wang et al, 2003). Plants respond to these

Egypt, in addition to population increasing, the
total water requirement for the rice crop is
caused a problem (Aboulila, 2012). Recently,
with water limitation we expect decrease in rice
production. The cultivated varieties require
irrigation water about 16500 m3/ha. As well as
about 15.20% from rice areas was suffering a
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adverse conditions by developing a series of
physiological and biochemical strategies.

Drought stress leads to accumulation of
reactive oxygen species (ROS), generated mostly
in chloroplast and to some extend in mitochondria,
causing oxidative stress. Major ROS molecules
are single oxygen, superoxide anion radicals,



728 Omar, et al.

hydroxyl radicals and hydrogen peroxide
(H,0,). ROS oxidize DNA, RNA, proteins and
lipids and disturb plant cellular functions (Gill
and Tuteja, 2010). Many stress related genes are
induced under drought conditions, including
functional proteins such as membrane proteins
that maintain water movement through
membranes. Transcription factors, Osmotic
compounds, protective proteins and reactive
oxygen ‘species (ROS) scavengers, such as
superoxide dismutase (SOD), catalase (CAT),
peroxidase (POD) and Ascorbate peroxidase
(APX) have the ability to protect cells from
stress-induced damage (Thomashow, 1999;
Shinozaki et al, 2003). Drought tolerance
depends on different mechanisms. Moreover, the
genotypes differ their tolerant according to in
combination ' of mechanisms which it have.
SODs are considered as the first defense against
ROS, being responsible for the dismutation of
O to H;O, and O,. CAT, APX, POD are
enzymes that catalyze the conversion of H,O, to
water and O, (Gratio et al, 2005). Over-
expression of these genes improved drought
tolerance in various plants (Umezawa et al,
2006). In rice, many studies have reported that
over expression of stress- related genes had
successfully increased drought tolerance to some
extent (Jeong et al., 2010; Xu, et al, 1996).
Genetic markers are useful in breeding programs
for assessment of genetic variation between
genotypes (Hillel et al., 1992; Kahraman, 1999).
Molecular markers help in characterizing and
evaluation of genetic variability to identify
varieties (Chao, 2006). Among several
molecular markers, RAPD markers have been
proved to be an efficient tool used in genetic
research due to its simplicity, low cost and less
performing time, ease of essay by PCR and no
prior knowledge about genome is required
(Williams et al, 1990; Rekha et al, 2011;
Rabbani et al., 2008). RAPD markers have been
successfully employed in rice for identification
and classification of cultivars (Choudhury et al.,
2001), identifications of hybrids (Hashemi et al.,
2009), genetic diversity analysis (Saker et al.,
2005; Kanawapee et al., 2011; Ogunbayo et al.,
2005).

The aim of this work was to identify the
biochemical and molecular markers that act in
the tolerant genotype comparing to the sensitive

one. Thus to point out the effective scavenger
for water stress severes to use it in further
studies for over expression experiment aiming to
improve drought tolerance in some rice genotypes.

MATERIALS AND METHODS

Plant Materials

Gizal 81, variety developed by Rice Research
division, ARC. as along grain variety, was used
as a drought sensitive. Orabi2, new developed
rice variety as a drought tolerance by Dr. Said
Soliman, Genetics Dept, Faculty of Agriculture,
Zagazig University, Egypt, certificate no70,
2011. Two rice varieties were selected to grown
in controlled conditions at 29+1°C at incubator.
Thirteen /11 hr., light/dark system was used.
Forty seeds (three replicates) of both varieties
were germinated in each petridishes (10 cm) on
wet layer of filter paper.

Drought treatments

Drought stress was induced by. polyethylene
glycol 6000 (PEG 6000) with different
concentrations of 0 , 5, 10 and 15% (WV)
equal to control, -0.05, -0.15 and -0.3 MPa,
respectively. Plates were kept for growth of
seedlings up to 15 days. The experiments used
RCB Design with three replicates.

Seedling length

Shoot and root lengths were measured in 15-
day-old seedlings from each genotype grown
under control, 5%, 10% and 15% PEG treatment
conditions.

Fresh and dry weights

Whole seedlings (shoot and root) were
weighted to determine fresh weight (FW). Dry
weight (DW) was determined by reweighting
after oven drying at 105°C for 3 hr.

Evaluation of lipid peroxidation product

Lipid peroxidation was evaluated as the
concentration of TBA (thiobarbituric) -reactive
products, equated with malondialdehyde (MDA),
as originally described by (Anjum et al., 2012),
with slight modifications as in (Hendry and
Grime, 1993). Plant tissues (0.5 g) were
homogenized in 5% (W/V) trichloroacetic acid
(5 mL), centrifuged at 4000 rpm at 5°C for 10
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min. The chromogen was formed by mixing 2
mL of supernatant with 3 mL of reaction
mixture containing 20% (W/V) trichloroacetic acid
(TCA), 0.5% (W/V) 2-thiobarbituricacid (TBA).
The mixture was heated at 100°C for 15 min.,
the reaction was then stopped by rapid cooling
in an ice-water bath, followed by centrifugation
at 4000 rpm at 5°C for 10 min. The absorbance
was then read at 532 nm and correction for
unspecific turbidity was done by subtracting the
absorbance of the same at 450 and 600 nm. The
TBA-reactive products (MDA) were expressed
asnmol. g’ DW.

Electrolyte leakages (EL)

Electrolyte leakages (EL) of individual
seedlings were measured using a conductivity
meter (Adwa-AD32). Three replicates were used
for each ‘seedling which was placed in a vial
containing 20 mL of de-ionized water. After the
vials were shaken slightly, the conductivity of
the solution was measured immediately. The
conductivity of the solution was measured again
after 1 hr. Finally, each vial was placed in
boiling water for 1 hr., cooled to room
temperature (about 20+2°C) and then shaken,
after which total conductivity was measured.
Leakage rate of electrolytes (expressed in
uS-cm—1.FW-h—1) was calculated as the net
conductivity. of the solution with seeds
immersed for 1 hr., divided by the total
conductivity after boiling according to (Omar et
al, 2012).

Determination of total protein content

A half gram of plant tissue was ground to a
fine powder in liquid nitrogen. Ground powder
was homogenized on ice with a mortar and
pestle in 1.0 ml of cold extraction buffer
containing, (100mM Tris Hcl pH 8, 2% SDS,
5 mM NaCl, 10 mM 2-mercaptoethanol) according
to (Dure et al, 1981) with slight modification.
The protein extract was recovered by
centrifugation of the homogenate at 4°C for 10
min at 8000 rpm. The resulting supernatant was
transferred to new tubes in 50-100ul aliquots.
The extracts were either directly used or stored
at —20°C. Concentration of extracted proteins
was determined according to the Bradford
protocol (1976) using bovine serum albumin as
a standard.

Sodium Dodecyl Sulfate Polyacrylamide
Gel Electrophoresis (SDS-PAGE)

SDS-PAGE was performed with a discontinuous
buffer system according to (Laemmli, 1970).
Protein samples in 1x SDS gel loading buffer
were denatured by heating at 95°C for 5 min
before loading onto the gel. Samples
standardized on protein amount (15 pg proteins)
were loaded on the gel. BLUeye pre-stained
molecular protein Ladder (GeneDirex) was
used.

Enzymes Extraction

The extraction for the enzymes was done as
suggested by (Anjum et al, 2012). Frozen
samples (0.5 g) were ground in liquid-nitrogen
with a mortar and pestle and homogenized in 1
ml 50mM sodium phosphate buffer (pH7.0)
containing 1 mM EDTA-Na2 and 2% (WV)
polyvinylpyrrolidine40 (PVP-40). The homogenate
was centrifuged at 8000 rpm forl10 min at 4°C.
The supernatant was aliquated and stored at
- 20°C till the assay of enzyme activity. Protein
concentrations were determined " according to
Bradford (1976), using bovine serum albumin as
a standard.

Native PAGE and enzymes activity staining

Native PAGE was performed on protein
extracts from plant tissues. Separating gel
containing 7.5% (for CAT), 10% (for APX) or
12% (for SOD) acrylamide. An equal amount of
protein (enzyme extract), as determined by
Bradford assay (Bradford, 1976), was loaded
into each lane (60 pg protein for SOD and APX,
15 ug protein for CAT. Electrophoretic
separation of (SOD, CAT, APX) was performed
by native PAGE according to (Weydert and
Cullen, 2010). :

SOD activity

SOD isoforms on the gels were detected by
nitrobluetetrazolium (NBT) reduction by
superoxide radicals that were generated photo
chemically (Beauchamp and Fridovich, 1971).
After electrophoresis, the gels were covered
with a solution that contained 0.25 mg-
mL™'NBT and 0.1 mg-mL" riboflavin, and then
exposed to light. The two types of SOD (Mn-
SOD and Cu/Zn-SOD) were identified using
inhibitors. Mn-SOD was diagnosed by its
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insensitivity to 5 mM H,0;and 1 mM KCN, while
CwZn-SOD was identified by its sensitivity to 1
mM KCN ( Navari-Izzo et al., 1998).

CAT activity

CAT activity in native PAGE gels was
determined using the methodology of
(Woodbury et al., 1971). Gels were incubated in
0.003% H,0, for 20 min and developed in a 1%
FeCl; ahd 1% K;3Fe (CNg) solution for 10 min,

APX activity

APX isoforms activity was evaluated
according to (Lee and Lee, 2000), with some
modification according to (Omar et al, 2012). A
running buffer with 2 mM AsA added was used
for pre-running (30 min). After electrophoretic
separation, the gels were equilibrated with 50
mM Na-phosphate buffer (pH 7.0) containing 2
mM AsA for 30 min, and then incubated in the
same buffert4 mM AsA+2 mM H,0, for 20
min. H,O, was added to the solution just before
gel incubation. Gels were then incubated with
50 mM Na-phosphate buffer (pH 7.8), 28 mM
TEMED and 2.45 mM NBT for 10-20 min with
gentle agitation.

Genetic diverisity

Random amplified polymorphic DNA
(RAPD) was used to characterize genetic
variations of the used genotypes.Total genomic
DNA was extracted from seedling by the easy
extraction kit (EZ-10 Spin Column Genomic
DNA Minipreps Kit, plant) followed by an

RNase-A treatment. The quantification and
qualification of the extracted DNA was
determined on 0.8 % agarose gel.

RAPD amplification and assay

A set of twelve 10-mer oligonucleotides was
analyzed for RAPD-PCR Primers names,
sequences and annealing temperature were listed
in Tablel.

Primers were selected for their relation with
water stress tolerant genotypes at some previous
studies (Youssef et al.,, 2010; Ullah et al,, 2013).
PCR amplification reactions were carried out in
25 wl reaction volume according to instruction
supporting with GoTag® Green master Mix, 2x
(Promega). The amplification runs through four
min at 94°C and then 40 cycles of 1 min at
94°C, 2 min at 32 and 36°C (according to the
primer), 1 min at 72°C, followed by a final
extension at 72°C for 5 min. in a (MyGene ® —
MG96G) programmable thermal gycler. Fifteen
ul of PCR amplified product were loaded into
2% "agarose gel supplemented with ethidium
bromide. The TBE buffer 1X was used as a
running buffer and 100 bp DNA ladder was used
to estimate the molecular size of the amplified
fragments. Electrophoresis was conducted at 60
Volts for 3 hr. Gels were then visualized and
photographed under UV-trans illuminator by
digital camera with UV filter adaptor.

Table 1. Sequence and annealing temperature of the RAPD primers used in the study

Primer code Sequence (5 to 37) Annealing temperature
M1 AGG GGT CTT G 32°C
M2 “CAATCGCCGT 32°C
M3 CTGCTGGGAC 36 °C
M4 GTG AGG CGTC 36 °C
M5 TTG GCA CGG G 36°C
M6 CAGGCCCTTC 36°C
M7 GGT GACGCAG 36 °C
M3 GAT GACCGCC 36 °C
M9 TGC TGCAGGT 32°C
M10 CCAGCAGCTT 32°C
M1l AATCGG GCT G 32°C
M 12 GTG ATC GCA G 32°C
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RESULTS AND DISCUSSION

Fresh and Dry Weights

Results shown in Fig. 1 indicate that, G181
seedlings showed a gradually decrease in FW
values with increasing water stress. On the other
hand, Orabi2 seedlings treated with 5% PEG
showed an increase in FW wvalue by 11%
comparirig with its control and gradually
decreased with increasing of PEG concentrations
(Fig. 1A).

Under water stress condition, G181 seedlings
lost about 50% of their FW comparing with
control condition, while Orabi2 seedlings lost
about 10% of their FW under control condition
(Fig. 1C). Seedlings of both genotypes treated
with 5% .PEG showed an increase in DW values
comparing with DW values of seedlings under
control condition (Fig. 1B). A sharp decrease in
DW of G181 seedlings with increasing PEG
concentration was noticed. While Orabi2
seedlings showed a slight decrease with increasing
PEG concentration.

Fig. 1C showed that seedlings of G181 lost
about 80% of their DW at 15% PEG treatment
while Orabi2 seedlings lost less than 10% of
their DW comparing with their values under
control treatments. '

Shoot and Root Lengths

For both genotypes, water stress caused an
increase in whole plant length as a result of
increasing of root length (Fig. 2). G181
seedlings showed a decrease in shoot length
along with increasing water stress (Fig. 2A). A
decrease in Orabi2 seedlings shoot length was
occurred only at the treatment with 15% PEG
(Fig. 2B).

Rate of FElectrolyte Leakage and MDA
Content

Analysis of rate of electrolyte leakage (EL)
and MDA content for both genotypes showed
dramatically increase in EL and MDA content of
G181 seedlings with increasing water stress. On
the other hand, seedlings of Orabi2 showed low
and constant values for both EL and MDA
contents along with increasing water stress (Fig. 3).

Analysis of Total Protein

Electrophoresis analysis of total protein
fractions of G181 and Orabi2 seedlings under
control and water stress condition showed series
of changes. Fig. 4 showed that water stress
treatments induced expression for some protein
bands which were absent in the control
treatment in both genotypes (indicated by
circular zone 2, 3) with molecular weight of
approximately 18 -19 KDa. Although increasing
of water stress by PEG concentration of 15%
caused losing of expressed bands comparing
with control and other PEG concentrations in
G181 seedlings (circular zone 1) with molecular
weight of approximately 100 to 180 KDa.
Orabi2 seedlings showed new bands with
molecular weights of 240, 35 and 18 KDa and
increasing in expression level of other bands
according to bands intensity (indicated by
arrows) under water stress treatments.

Antioxidant Enzyme Activities

Changes in the activity of antioxidant
enzymes including SOD, CAT and APX in
G181 and Orabi2 during treatment are illustrated
in Fig. 5.

SOD

Staining for SOD activity on non-denaturing
PAGE revealed the changes in the pattern of
isoenzyme activity in the genotypes under study
(Fig. 5A). Two SOD isoenzyms, Mn-SOD and
Fe-SOD isozymes were detected in the seedlings
by SOD activity staining. Fig. 5A showed the
presence of three isoforms for Fe-SOD
isoenzyme in G181 and one isoform for Mn-
SOD isoenzyme while Orabi2 contained only
two isoforms for Fe-SOD isoenzyme. Analysis
of stained gel using Gel-analyzer software (Fig.
6C) showed that in general all stained
isoenzymes as aband intensity showed an
Increase in activity with water stress increasing
in both genotypes.

CAT

Fig. 5B illustrate the presence of two isoform
for CAT isoenzyme in two genotypes under
study. Analysis of stained gel using Gel-
analyzer software (Fig. 6B) showed that activity
of enzymes in G181 seedlings was increased
with increasing water stress to 5%. After that
activity.
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Fig. 1. Changes in FW [A], DW [B] and rate of weight decrease [C] for G18land
genotypes under different PEG treatments
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Fig. 3. Changes in rate of electrolyte leakage [A] and MDA content [B] for both G181 and
Orabi2 genotypes ‘
























