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CHAPTER 1

INTRODUCTION

Khao Dawk Mali 105 rice

Rice (Oryza sativa L.) is an essential cuisine in Thailand. Thai rice has various
types also Khao Dawk Mali 105 (KDML 105) or Jasmin rice is one of them.
KDML 105 rice recognizes as aromatic rice which fragrance likes pandan.
It has long grain and is most famous texture and flavor in the world. KDML 105
is high quality and most planted in Thailand. The central and north eastern regions
such as Burirum, Roi Et, Sisaket, Surin, Ubon Ratchathani and Yasothon are the most
appropriate geographic place in term of environment parameters for instance
abundant daylight all over the year, and total precipitation so KDML 105 can be
planted just only in these regions where were the principal rice exporter of Thailand.
In 1945, Chonburi province is the first place in Thailand that discovered KDML rice
which was called ‘White Jasmin’ in Thai words. Next, KDML species was selected
and succeeded analyses by Ministry of Agriculture in Lopburi province, the chosen
KDML was tried to plant in the northern and north eastern areas of Thailand. Until
25" May 1959, this rice species was formally declared in the name of ‘KDML 105” or
‘Thai Hom Mali Rice’ that is the most essential consumer goods in Thailand.

An important ration of the Thai economy and labor force can be represented
by a rice yield. Thai work represents 40% in cultivation and most of them are rice
peasants. Rice production is an old heritage of Thailand where was the world’s second

largest of rice exporter. Now a day, many areas around the world farm


https://en.wikipedia.org/wiki/Jasmine_rice
https://en.wikipedia.org/wiki/Jasmine_rice

and produce large quantities in rice. Currently, the enlargement of the area that
available for rice planting is the future project of Thailand. In 2017, the Food
and Agriculture Organization of the United Nations (FAO) forecast reported that
paddy rice can be produced in Thailand 33.7 million tonnes and the amount of rice
exports is 10.5 million tonnes that is more than the amount average of 2012-2016 and

increased from the last year’s quantity (Figure 1.1).

@ N
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Figure 1.1 Thailand cereal production and rice exports (Reference Date: 31-July-

2017) (http://www.fao.org/giews/countrybrief/country.jsp?code=THA)



Stress

In recent years, global warming leads to environmental stresses such as
drought, heat, salinity, or cold stress that affecting in crop, living, and yield of plants
(Basu, 2016; Hamanishi, 2011; Wilkins, 2009). Plants live in consistently shifting
environments that are often disadvantageous or stressful for growing and developing.
These prejudicial environmental conditions comprise of biotic stress such as pathogen
infection and herbivore attack and abiotic stress like drought, heat, cold, nutrient
default, overhang of salt, and excess of toxic metals in the soil. Drought, salt, and
temperature stresses are key environmental factors that have an impact on the
geographic plant division in nature, restrict crop plant productivity, and terrorize food
stability. The adverse influence of these abiotic stresses is displeased by changing of
climate, which results in an enhance frequency of inordinate weather (Fedoroff et al.,

2010).

Drought stress

Water is a highly limited resource that is a significant factor in food and crop
production. Water deficit stress results widespread losing to crop production
worldwide, therefore it is a serious threat to sustainable crops. Crop yield that relies
on particular climate conditions is highly affected by climate differentiation. Climate
change has a large impact on water resources, and the frequency of drought problems
seems to increase in future. Over the last three decades, the total rice yield was
variated owing to climate variation (Ray, 2015). The changing in yield of global rice
rate is shown in Figure 1.2 (Ray, 2013). The demands to remedy the rice adaptation to

drought stress and to consider the breed resistance are increasing with reducing water



supplies for agriculture around the world (Serraj, 2009). Drought tolerance is a
complicated determinant which combines with a function of all kind of
morphological, biochemical and molecular appearances according to the mechanisms
related to drought stress resistance and the regulating plant adaptation systems to

drought stress have been widely studied (Pandey, 2015).
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Figure 1.2 Global map expressing percentage of changing rate in rice yield. Where
red zones show where yields decrease while the green zones show where rates of

yields increase (Ray, 2013).



Drought stress is one of the detrimental abiotic stresses that affect the crop
yields, plant growth, and development (Austin, 1989; Bottner, 1995; Pereira, 1993). It
disturbs the ordinary functions of plant by impacting on water potential and turgor
and affecting regular growth parameters such as fresh weight and water content
(Betteridge, 2000; Jaleel, 2009). Drought causes cell membrane damage, stomatal
closure which decreases the rate of photosynthesis, annoys activity of a variety of
enzymes, and bears upon the nutrient transportation by water from soil to plant roots
as well as introduces reactive oxygen species and free radicals which influence on
antioxidant remedy. However, plants have strategies for drought tolerance such as
relieve water wastage, decrease water diffusion losses, increase osmolytes as proline,
glycinebetaine, organic acid which are low molecular weight compound and play
important roles in supporting function of plant cell under drought condition.
Moreover, plants promote various enzyme activities that display as antioxidant
enzymes (Farooq, 2012; VVurukonda, 2016). Hence, drought stress is a negative effect
on plant growth and it is one of the essential limitation crop yields worldwide that

derogates growth and development and infests water status in plants.

Effects of drought on morphological characteristics

Plants experience drought when the demand of water supply to roots gets
difficulty or when the rate of dehydration is extremely high. When water stress
emerges, plants react by decelerating down or stop growing. This serves as a survival
technique that is normal plant reaction to drought stress (Zhu, 2002). An expanding
number of studies in term of preliminary morphological changes in rice when

exposure to drought. Drought persuades reduction in plant growth and development



that has been reported in rice (Manickavelu, 2006; Tripathy, 2000). The cell growth is
severely defected owing to the turgor pressure reduces in plants under drought
condition. Drought has an effect on both of elongation and expansion of plants (Shao,
2008), stops cell enlargement more than cell division (Jaleel, 2009), degrades the
proliferation rate of rice seedlings and reduces plant biomass production (Farooq,
2010). These studies suggest that drought significant decrease in fresh and dry

weights of shoots (Centritto, 2009; Ji, 2012; Mostajeran, 2009).

Effects of drought on physiological characteristics

Drought stress influences in many ways of physiological procedures and
induces in various physiological responses of plants, which encourage the plant
adaptation under unfavorable environment. Under water stress, the efficiency
escalation of physiological procedures is prerequisite to increase the water
productivity (Serraj, 2009). The understanding of the physiological responsiveness of
rice under drought condition probably contribute to continuous studies on drought
tolerance in rice. An essential physiological responsiveness of plants to drought is
their ability in turgor pressure maintenance by decreasing osmotic potential which is a
resistant mechanism. Water deficit impacts on physiological responses with many
ways such as it reduces relative water content and membrane stability index in rice

(Akram, 2013; Farooq, 2010).

Effects of drought on biochemical characteristics

Under drought stress, plants assemble various types of organic and inorganic

solutes lower osmotic potential in cytosol that causes keeping cell turgor (Rhodes,



1994). This biochemical process also knows as osmotic adjustment which is
accomplished by accumulating in proline, sucrose, glycinebetaine and other solutes in
cytosol that enlarges improving water absorption from the drought soil. Proline is the
most popularly studied because it is important to drought stress tolerance. Drought
also powerfully increases in the soluble sugars accumulation depending on the rate of
plant water deficit. (Maisura, 2014; Shehab, 2010) as well as increases in the
antioxidant activity which contributes to drought tolerance by detoxifying and

scavenging reactive oxygen species.

Reactive oxygen species

Reactive oxygen species (ROS) are collection of ions, free radical compounds,
and reactive molecules. ROS such as superoxide anions (O2"), hydroperoxyl radicals
(HO..), hydrogen peroxide (H20), and hydroxyl radicals ("OH) which are reactive
chemical compounds that descend from the lessening of oxygen molecule. ROS have
been generated for early responding of plant cells to various stresses. The amount of
1% of oxygen they consume by plant was shifted to form ROS in different places
such as peroxisomes, chloroplasts, and mitochondria. ROS play as dangerous or
efficacious roles depending on their amount in plant cells. At high content of ROS,
plant cells have been damaged to many levels of organism by lipid membrane
peroxidation, cellular membrane degradation, protein derogation, enzyme
inactivation, and gene expression alteration (Hendry, 2005; Jajic, 2015; Nair, 2008;
Sgherri, 2000; Smirnoff, 1993). Thereby, ROS respond easily to lipid cellular
membrane, DNA, and proteins resulting in cell aging and cell death (Beckman, 1998)

(Figure 1.3). However, at down or middling concentration ROS do as secondary



messenger of intracellular signal transduction that intercede many responses in plants.
ROS have a signaling capacity that can alter the gene transcription which
accommodates for plant adaptation under abiotic stresses by changing in ROS

production (Segal, 2018).

Lipid / Protein \ / \

DNA
* Chain breakage * Site-specific amino acid modification + Deoxyribose oxidation
* Increase in membrane * Fragmentation of the peptide chain + Strand breakage
fluidity and permeability * Aggregation of cross-linked reaction » Removal of nucleotides
products * Modification of bases
* Altered electric charge * DNA-protein crosslinks

* Enzyme inactivation
* Increased susceptibility of proteins to

\proteolysis /

Figure 1.3 Reactive oxygen species (ROS) induced oxidative damage to lipids,

proteins, and DNA (Sharma, 2012).



In all of ROS series, H20> has been believed that it accounts for the biggest
problem in gene expression alteration of plant. Moreover, it has been found that H20:
also trigger a various way of plant responses to abiotic stresses such as drought stress,
photo-oxidative stress, and senescence inductance (Jajic, 2015). Nevertheless, H.O2 is
shifted to *OH which is a high reactive radical by Fenton and Haber—Weiss reactions
under the attendance of the metal ion reduction (Betteridge, 2000) (Figure 1.4). Plant
cells develop and sustain their redox homeostasis system for counterbalancing the
oxygen radicals through the activity of various enzymes such as superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPX), ascorbate peroxidase (APX)
and non-enzymatic chemicals such as ascorbate (AsA) and glutathione (GSH) (Ray,
2012). In a ground state, O is an innocuous molecule that has two unpaired electrons
(e") and together with parallel spin conducts it paramagnetic. Thereby, O unlikely to
join the reaction with organic molecules till it is stimulated. Oz is respectively
decreased into Oy, H202, "OH, and 'O.. Stimulation of O, may arise from two
different devices including assimilation of enough energy for reversing the direction
of one spin of unpaired e ~ that leads to 'O, and O, creation which is simply
reformed to H>O; by catalyzing reaction of SOD and then H20: is changed into H.0
by CAT, GPX, and APX and stepwise monovalent letdown that lead to O>", H2O2,

and "OH (Figure 1.5) (Sharma, 2012).
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Role of antioxidants under drought

An ordinary effect of drought is the interference between the generation and
scavenging of reactive oxygen species (ROS) (Faize, 2011; Smirnoff, 1998). Plant
cells are prevented against the destructive effects of ROS by a complicated
antioxidant system includes the non-enzymatic (such as AsA and GSH) and
enzymatic antioxidants include SOD, CAT, GPX, APX, monodehydroascorbate
reductase (MDHAR), dehydroascorbate reductase (DHAR) and glutathione reductase
(GR) (Noctor, 1998). These antioxidants are crucial constituents of the ROS
scavenging system in plants, and their exhibitions improve drought endurance in rice.
The activities of AsA, GSH, APX (Selote and Khanna-Chopra 2004), SOD, MDHAR,
DHAR, GR (Sharma, 2005) and CAT (Shehab, 2010) constantly increase with
enhancing rate of drought stress in rice. The enhancement in the antioxidants
activities in response to drought stress presents the preventive activity to resist the
oxidative derogation in rice. The activities of SOD, POD and CAT efficiently
decrease the ROS level as well as reduce the negative impact of drought (Lum, 2014;
Yang, 2014). Hence, increase in the commonly generating antioxidants like enzymatic
and non-enzymatic compounds probably one strategy for decreasing or protecting
oxidative injury and improving the drought tolerance of plants (Hasanuzzaman,

2014).
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Places of generation of ROS

ROS are generated at various areas in chloroplasts, peroxisomes,
mitochondria, cytosol, cell membrane, apoplast, and cell walls (Blokhina, 2010; Das,
2014; Hossain, 2011; Mhamdi, 2010) (Figure 1.6). ROS are regularly generated by
leaking of e = onto O through the system of e ~ transportation at chloroplasts,
mitochondria, and plasma membrane, besides ROS are produced as a by-product of

metabolic pathways that occur in various cellular compartments.
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0, Phosphoglycerate

Peroxisome
0,

Figure 1.6 Various places of generation of ROS in plant cells (Blokhina, 2010; Das,

2014; Hossain, 2011; Mhamdi, 2010).
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Calmodulin

Calcium ion (Ca®") acts as an important part in many characters of stress
responses because it is one of the secondary messengers in plant intracellular that
transduce information from the environmental stimulation to cellular tools liable on
biological responsiveness. Moreover, Ca?* functions like a significant nutrient of
plants and like a component of the plant cell wall structure (Kulaz, 2017). Abiotic and
biotic stresses urge Ca" signals that ordinarily happen in the temporary increase of
cytosolic Ca?* concentration. The free Ca?* concentration in cytosol changes by the
dynamic modification from a regulation of Ca?* movements; between cytosol where
has to keep Ca?* at low level, and neighboring parts where accumulate high Ca%
concentration like the vacuole and apoplast, pass through channels and pumps
(Figure. 1.7). Calmodulin (CaM) is one of the Ca?* sensors that transduce Ca?* signals
to their aim proteins. CaM is an acidic protein which composes of 148 amino acid
residues and four EF-hand motifs or high- relevance Ca?" binding sites. Normally,
CaM has been generated in all eukaryotic organisms. CaM acts as a crucial matter in
calcium signaling pathway and regulates the major physiological characters of plant
namely metabolism, growth, and division of cell (Wang, 2016). While Ca*
concentration is rising close to 1uM in intracellular in response to some stimulator,
Ca?" is binding to CaM that drives to change in the protein conformation and
modulate its activities. Not only CaM relates to various proteins but also it is an
essential subunit of the Ca?*/calmodulin-dependent protein kinases (CaM kinases 1—
IV) collection. When bound to Ca?*, CaM changes in conformation and activities of

the CaM kinase (Figure 1.8) that can regulate the activities by phosphorylating in
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various goal enzymes. This is known that varieties of enzymes are adjusted by Ca?*

through CaM (Cooper, 2000; Karp, 1999).

Cytosol
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Mitochondria

Ca2t
c Uniporter
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C 2+
DACC 2 & 1-10 mM
H*/Na'¢ >
CNGC i RyR??

- - Chloroplast
@ Stroma
ADP

Ca®*

Nucleus

Figure 1.7 Schematic chart of Ca?* transporters participated in Ca?* equilibrium
storage in the internal plant cellular. Where ACA is autoinhibited calcium ATPase,
CAX is calcium exchanger, CNGC is cyclic nucleotide gated channel, DACC is
depolarization activated cation channel, ECA is ER-type calcium ATPase, FACC is
fast-activating cation channel, GLR is glutamate receptor-like channel, ACC is
hyperpolarization activated cation channel, InsP3R is inositol 1,4,5-trisphosphate

receptor-like channel, MCC is mechanosensitive cation channel, NSC is non-selective
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cation channel, RyR is cyclic ADP-ribose (CADPR)-activator ryanodine receptor-like

channel, and SV is slow-activating vacuolar channel (Bose, 2011).

Calmoduli

2+
Ca 0%
@

Ca?' binding

Ca?"/calmodulin d

protein kinase |

Ca?"/calmodulin-dependent protein kinase

Figure 1.8 Diagram of the binding of Ca?* to calmodulin (Ca?*/calmodulin) and the
binding of Ca?*/calmodulin to protein kinases (Ca?*/calmodulin-dependent protein

kinases) (Cooper, 2000; Karp, 1999)
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Postulation of OsCaM1-1 gene overexpressing level in transgenic rice plants

In previous study, the overexpression of OsCaM1-1 gene controlled by
35SCaMV promoter in the transgenic KDML 105 rice was testified the total RNA
with northern blot analysis (Figure 1.9) and studied the role of the OsCaM1-1 in salt
tolerance in rice. The transgenic plants overexpressing OsCaM1-1 shows the better
tolerance to salt stress than the control plants (Figure 1.10) by exhibiting a better
ability to store their shoot and root dry weight throughout salt stress. The data remarks
that OsCaM1-1 signaling is likely to play an essential role in the level of OsCaM1-1
gene expression possibly promotes to salt resistance in rice has been reported by
Sang-ngam and coworkers (Saeng-ngam, 2012). Nevertheless, the role of OsCaM1-1
has not been reported in the condition of drought, heat, or cold stress. Here, the
morphological, biochemical, and physiological changes were determined in response
to drought stress in the transgenic rice overexpressing OsCaM1-1 gene compared to

the wild type and control plants.
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control  transgenic rice
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Figure 1.9 Analysis of RNA gel blot and quantitative comparison of OsCaM1-1 of

wild type (WT) plants, two vector control lines, and three transgenic lines. Total RNA
which isolated from rice leaves was determined by using a denatured *2P-oligolabeled
OsCaM1-1 probe with gel blot hybridization method and analyzing of an ethidium
bromide staining gel is presented below its consistent autoradiography (Saeng-ngam,

2012).
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Figure 1.10 The phenotype comparison of rice cultivars of (i) the wild type line, the
three transgenic rice lines, (ii) CaM1-1T1, (iii) CaM1-1T2 and (iv) CaM1-1T3, and
(v) the control line all grown under (A) non stress or (B) salt stress conditions for 15 d

(Saeng-ngam, 2012)
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Obijective of the thesis

To investigate the effect of overexpressing OsCaM1-1 gene in 21-day-old
transgenic rice and compare with WT and control under drought stress condition by
determining physiological and biochemical parameters including H202 content,
relative growth rate, DPPH scavenging rate, lipid peroxidation, cell membrane
stability, relative water content, photosynthetic pigment contents, antioxidant enzyme
activity; SOD, CAT, and POD, proline content, soluble sugar content, and Na*, K%,

and Ca?* contents.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Materials
Plant materials

Seeds of KDML 105 rice cultivar were provided by Department of
Agriculture, Ministry of Agriculture and Cooperatives (Bangkok, Thailand). Rice
seeds of the three transgenic KDML 105 lines overexpressing OsCaM1-1
(CaM1-1T1, CaM1-1T2, and CaM1-1T3) and negative control transgenic line
(transformed by only pPCAMBIA1301 vector) (control)) were previously constructed

by Sang-ngam and coworkers  (Saeng-ngam, 2012) (Figure 2.1).

Figure 2.1 The KDML 105 paddies rice of WT, Control, CaM1-1T1, CaM1-1T2, and

CaM1-1T3.
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Seeds harvesting

In August, KDML 105 seeds were steeped in 6% (v/v) sodium hypochlorite
for 3 min and rinsed completely with deionized water for several times, and incubated
under dark for 5 d until it germinated. The germinated seeds were set on the basket
that was nourished with deionized water, and incubated under 16 hr light/8 hr dark
photoperiod, at 25 + 2 °C, and relative humidity of 70%, for 7 d. After that seedlings
were moved into the glass bottle and changed the deionized water nourishment to
Limpinuntana’s nutrient solution (Wutipraditkul, 2015), and further incubated
for 14 d. Onwards, 21-day-old rice seedlings were planted in the pot that contained
the completely mixed soil which composed of 3 parts of clay/1 part of mold (be
careful the decreasing of water level and filling water 2-3 times/week). After planting
a week, the urea fertilizer (46-0-0) was applied for increasing the number of leaves
(applied fertilizer every 2 weeks). In late November, rice burgeoned and the nutrigrow
fertilizer (16-16-16) was applied to nourish the rice (applied fertilizer every 1 week).
In December, spikes were harvested and incubated at 60°C, for 3 d. Eventually,

paddies were further used as plant materials.
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Instruments

e Autoclave (Labo Autocalve MLS-3020, Sanyo Electric Co., Ltd., Japan)

e Automatic micropipette (Pipetman P2, P20, P100, P200, P1000, Gilson
Medical Electronics S.A., France)

e Atomic absorption spectrometer (AA280FS, Agilent Technologies, USA)

e Balance (Sartorius CP423s, Scientific Promotion Co. USA)

e Centrifuge 5804R (Eppendrof, Germany)

e Centrifuge Sorvall Legend XTR (Thermo Scientific, USA)

o -20 °C freezer (Sharp, Japan)

e Microwave oven (Panasonic, Japan)

e Mixer Mill MM400 (Retsch®, Germany)

e 60 °C Oven (Memmert, Germany)

e Oven Series8000 (Contherm, New Zealand)

e Plant Growth Chamber (Human Lab, South Korea)

e pH meter (pH900, Precisa, Germany)

e Spectrophotometer (DU® 640, Beckman Coulter, USA)

e -80 °C Ultra low temperature freezer (New Brunswick Scientific, England)

e Vibro shaker (Labinco BV, Netherlands)

e Vortex mixer (Model K 550-GE, Scientific Inc., USA)
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Inventory supplies

Cryo kit for cooling the jars with liquid nitrogen (Retsch®, Germany)
Filter paper (Whatman Interantional Ltd., England)

Grinding balls, 2 mm @, stainless steel (Retsch®, Germany)
Microcentrifuge tube 1.5 mL (Axygen Heyward, USA)

Pipett tips 100, 1000 pL (Axygen Heyward, USA)
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Chemicals and reagents

Ammonium dihydrogen orthophosphate (NHsH2PO4) (BDH laboratory
reagent, England)

Ammonium sulfate ((NH4) 2SO4) (Carlo Erba Reagenti, Italy)

L-ascorbic acid (CeHgOs), 99% (Aldrich, Germany)

Boric acid (H3zBO3) (Sigma-Aldrich, Germany)

Bovine serum albumin (BSA) (Sigma Chemical Co., USA)

Calcium chloride dihydrate (CaCl2.2H.0) (Carlo Erba Reagenti, Italy)

98% Calcium nitrate tetrahydrate (Ca (NO3)..4H.0) (Riedel-de Haén®,
Germany)

Cobaltous chloride hexahydrate (CoCl2-6H20) (Fluka, Switzerland)

Copper (1) sulphate pentahydrate (CuSO4.5H20) (Sigma Chemical Co., USA)
Coomassie® Brilliant Blue G-250 (CBBG) (Fluka, Switzerland)
N,N-Dimethylformamide (DMF) (Carlo Erba Reagenti, Italy)
2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) (Sigma Chemical Co., USA)
Dithiothreitol (DTT) (Bio Basic Inc., Canada)

Ethanol (C2H s0H), absolute (BDH laboratory reagent, England)
Etylenediamineetraacetic acid disidium salt (EDTA) (Carlo Erba Reagenti,
Italy)

Gallic acid (CeH2(OH)3COOH) (Sigma Chemical Company Co., USA)
Guaiacol (C7HsO2) (C7HgO2) (Sigma-Aldrich, Germany)

37% Hydrochloric acid (HCI) (Merck, Germany)

30% Hydrogen peroxide (H202) (Sigma Chemical Co., USA)
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Iron (I1) sulphate heptahydrate (FeSO4.7H20) (Carlo Erba Reagenti, Italy)
Magnesium chloride tetrahydrate (MnCl2.4H,0) (Carlo Erba Reagenti, Italy)
Magnesium sulphate hepahydrate (MgS0O4.7H20) (Carlo Erba Reagenti, Italy)
Methanol (CH3OH) (Merck, Germany)

98% L-methionine (CsH11NO>S) (Sigma-Aldrich, Germany)

Nitroblue tetrazolium (NBT) (Fermentas, Inc., USA)

Phenylmethylsulfonyl fluoride (PMSF) (Sigma-Aldrich, Germany)

Potassium chloride (KCI) (Carlo Erba Reagenti, Italy)

Potassium dihydrogen phosphate (KH2PO4) (Carlo Erba Reagenti, Italy)
di-Potassium hydrogen phosphate trihydrate (K:HPO4.3H20) (Carlo Erba
Reagenti, Italy)

Potassium iodide (K1) (Sigma Chemical Co., USA)

Potassium nitrate (KNO3) (Carlo Erba Reagenti, Italy)

L-proline (CsHgNO>) (Sigma-Aldrich, Germany)

98% Riboflavin (C17H20N4Os) (Sigma Chemical Co., USA)

Sodium carbonate anhydrous (Na.COz) (Carlo Erba Reagenti, Italy)

Sodium chloride (NaCl) (Carlo Erba Reagenti, Italy)

Sodium dihydrogen phosphate monohydrate (NaH2PO4. H>O) (Carlo Erba
Reagenti, Italy)

di-Sodium hydrogen phosphate dihydrate (Na;HPO4. 2H,0) (Carlo Erba
Reagenti, Italy)

Sodium hypochlorite (NaClO) (Haiter, Thailand)

Sodium molybdate dihydrate (Na2M004.2H20) (Sigma Chemical Co., USA)
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2-Thiobarbituric acid (TBA) (Sigma-Aldrich, Germany)
Titanium (IV) chloride (TiCl4) (Merck, Germany)
Trichloroacetic acid (TCA) (Carlo Erba Reagenti, Italy)

Zinc sulphateheptahydrate (ZnSO4.7H20) (Sigma Chemical Co., USA
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2.2. Drought treatment

Seeds were soaked in 6% (v/v) sodium hypochlorite for 3-5 min and rinsed
entirely with deionized water. Then, they were inseminated on deionized water in
darkness. After 5 d, the proliferating seeds were immersed into deionized water and
moved into a plant growth chamber (Human Lab, South Korea) under managed
situations (temperature of 25 + 2 °C, 16 h light (200 pmol/ m?s)/8 h dark photo
period, and relative humidity of 70%) for 7 d. Next, proliferating seeds were matured
in Limpinuntana’s nutrient solution for 14 d. For drought treatment, the 21-day-old
seedlings were separated into two groups: 1) exposed to 20% (wi/v) polyethylene
glycol-4000 (PEG-4000) (Chinpongpanich, 2012; Wu, 2015) with various treatment
times at 0, 6, 12, 24 and 48 h treated with various PEG-4000 concentration (0, 10, 15,
20, and 25% (wi/v)) for 24 h. Finally, the leaves were collected and maintained at -80
°C Ultra low temperature freezer (New Brunswick Scientific, England) until

biochemical analysis.

2.3. Measurement of hydrogen peroxide content

Hydrogen peroxide (H20.) was analyzed following the explained method of
Lin and Kao (Lin, 1996) with some modification. Leaves (0.1 g) were pounded in
liquid nitrogen, after that the sample was added with 1 mL of 50 mM potassium
phosphate buffer (pH 7.0) and centrifuged (Eppendorf model 5804R, Germany) at
6,000 g,
25 °C for 25 min. Then, supernatant was added with 1% (v/v) titanium tetrachloride in
conc. hydrochloric. After that the solution was incubated for 15 min and centrifuged

at 6,000 xg, 25 °C for 15 min. Lastly, the solution absorbance was recorded at 410 nm
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(Spectrophotometer: DU® 640, Beckman Coulter, USA). H.O, content was then

calculated using a standard curve of known H,O_ concentration.

2.4. Measurement of Na*, K*, and Ca?* concentration

Fresh leaves (0.02 g) were dried at 60 °C for 3 d in an electric oven
(Memmert, Germany). Next, the pounded dry sample was mixed with 10 mL of 0.5 M
nitric acid (HNOs); prepared from 65% (v/v) of HNO3s (Sigma-Aldrich, Germany).
After rested in normal condition for 2 d., the sample tubes were incubated at 80 °C for
1 h in an electric oven. The concentration of Na*, K*, and Ca®*" were recorded by
using the atomic absorption spectrometer (AA280FS, Agilent Technologies, USA)

with some modification according to the method of Munns (Munns, 2016).

2.5. Determination of lipid peroxidation

Lipid peroxidation was observed by determining the malondialdehyde (MDA)
content, a breakdown product of lipid peroxidation, using 2-thiobabituric acid (TBA).
Fresh leaves (0.05 g) were homogenized in liquid nitrogen. Then 1 mL of 0.1%
trichloroacetric acid (TCA) was added and the samples were centrifuge at 5,000 xg
for 15 min. Next, 0.3 mL of the supernatant was mixed with 0.9 mL of 0.5%
Thiobarbituric acid (TBA) in 10% TCA and incubated in 95 °C for 25 min. The
absorbance was read at 532 and 600 nm. The MDA content was determined by
subtracting absorbance of supernatant at 60 nm from that of 532 nm using the
extinction coefficient of 155 mM™ cm™ and expressed on pmol per g fresh weight of

sample (Heath, 1968).
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2.6. Determination of cell membrane stability (electrolytic leakage)

The electrolytic leakage was determined as described by Sullivan and Ross
(Sullivan, 1979) with some modification. The fresh leaves (0.05 g) were cut into small
pieces and soaked in 5 mL of deionized water for 2 h. The electrical conductivity
(EC1) was measured using electric conductivity detector: Cyberscan con 510 (Thermo
scientific, Germany) before and after autoclaved at 121 °C for 20 min. The percentage
of electrolytic leakage was calculated following the equation (Blum, 1981):

Electrolytic leakage (%) = 100 — [(EC1/EC>) x 100]

2.7. Measurement of relative growth rate

Twenty-one -day-old seedlings were randomly selected and dried at 60 °C for
3 d in an electric oven (Memmert, Germany). Then, the dry weight was recorded
using Balance (Sartorius CP423S, Scientific Promotion Co. USA). The relative
growth rate (RGR) was calculated using the following equation (Gardner, 1985):
RGR = (In W2 — In W)/ (t2—t1)
Where W1 is initial weight, W2 is final weight, t is the time intervals of drying and
subscripts denote initial (1: before drought treatment) and final (2: after 24 h drought

treatment) sampling.

2.8. Measurement of relative water content

The seedlings were randomly selected, and then leaf was cut into pieces of 1
cm? and weighted to determine initial weight (FW). After that leave samples were

soaked in deionized water for 24 h and the turgid weight (TW) was recorded. The
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samples were dried at 60 °C for 72 h and measured the dry weight (DW). The relative
water content (RWC) was calculated using the equation (Michael, 1985):

RWC (%) = (FW — DW) x 100/ (TW — DW)

2.9. Measurement of proline content

Proline content was measured as described by method of Bates and coworkers
(Bates, 1973) with some modification. The pounded fresh leaves (0.05 g) were
extracted with 3% (w/v) sulfosalicylic acid and centrifuged at 6,000xg, 25 °C for 15
min. Then, the 0.4 mL of supernatant was mixed with 0.3 mL of ninhydrin and 0.3
mL of acetic. Next, the solutions were boiled at 100 °C for 1 h and suddenly
incubated on ice for 5 min. After that, the 0.5 mL of the solution mixture was added
with 0.5 mL of toluene. The absorbance was recorded at 520 nm. Proline was

estimated from standard curve.

2.10. Measurement of soluble sugar content

Pounded dry leaves (0.05 g) were added with deionized water. Next, the
samples were mixed with 1% (w/v) phenol and 98% (v/v) sulfuric acid, and then

samples were incubated for 1 h. The absorbance was read at 485 nm (DuBois, 1956).

2.11. Measurement of photosynthetic pigments

Leaves (0.03 g) were homogenized in liquid nitrogen. The sample was merged

with N,N-dimethylformamide (DMF) and centrifuged at 5,000 xg, 4 °C for 10 min.
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The absorbance was read at 461, 647, and 664 nm. The photosynthetic pigment
contents were calculated following the equations (Inskeep, 1985):

Chlorophyll a (ug/mL) = [12.7(Ases)] — [2.79(As47)]

Chlorophyll b (ug/mL) = [20.70(Aes7)] — [4.62(Ase4)]

Total chlorophyll (ug/mL) = [17.90(Ae47)] + [8.08(Ass4)]

Carotenoid content (ug/mL) = 4 x [(Ase1) + (0.46 x Ages)]

2.11. Measurement of DPPH radical scavenging rate

DPPH radical scavenging rate was measured following the method of Szabo
and coworkers (Szabo, 2007) with some modification. 0.05 g fresh leaves were
pounded in liquid nitrogen, after that added 95% methanol in the sample tube. Then,
the sample solutions were shaken at 3,000 xg, 10 °C for 5 min using a Vibro shaker
(Labinco BV, Netherlands) and centrifuged at 13,000 xg, 25 °C for 5 min. The
solution mixture of the samples and DPPH reagent were incubated under dark for 30
min and the absorbance was measured at 515 nm. The percentage of DPPH radical
scavenging rate was calculated following the formula:

DPPH radical scavenging rate (%) = (Acontrol = Asample) X 100/Acontrol

2.12. Determination of protein content

Protein was extracted as described by Bradford (Bradford, 1976) with some
modification. Fresh leaves (0.1 g) were homogenized in liquid nitrogen. Then, the
sample was mixed with 1 mL of extraction buffer composed of 1 mM dithiothreitol,
1 mM Ethylenediaminetetraacetic acid (EDTA) and 100 mM phenylmethylsulfonyl

fluoride (PMSF) in 0.1 M potassium phosphate buffer (pH 7.5) and centrifuged at
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14,000 xg, 4 °C for 25 min. Supernatants were used for antioxidant enzyme activity

assay.

2.13. Determination of antioxidant enzyme activity

Superoxide dismutase (SOD) (EC 1.15.1.1) activity was assayed following the
method as described by Agarwal and coworkers (Agarwal, 2005). The reaction
mixtures of 1.2 mL contained of 0.1 mM EDTA, 50 mM sodium carbonate, 13 mM
methionine, 75 UM Nitro blue tetrasolium (NBT), and 50 pg enzyme in 50 mM
potassium phosphate buffer (pH 7.8). The reaction was started by adding 2 uM
riboflavin and incubated under two 15 W fluorescent lamps cat in light for 15 min.
The absorbance was recorded at 560 nm. One unit of SOD activity was determined as
the amount of enzyme required to cause 50% inhibition of the decrease of NBT
monitored at 560 nm.

Catalase (CAT) (EC 1.11.1.6) activity was determined following the method
of Hugo and coworkers (Hugo, 1974). The reaction mixtures of 1.2 mL containing 50
pg enzyme and 1 M H202 in 50 mM potassium phosphate buffer (pH 7.0). H20, was
lastly added to start the reaction, the quickly recorded the absorbance at 240 nm for O-
3 min and H.O> consumption was calculated using the extinction coefficient,
39.4 mM1cm?,

Peroxidase (POD) (EC 1.11.1.7) activity was measured according to the
method described Putter (Putter, 1974). The reaction mixtures of 1.2 mL compose of
30 mM guaiacol, 50 pg enzyme in 50 mM potassium phosphate buffer (pH 7.0), and

0.1 mM H»0, was added to start the reaction. The absorbance was read at 436 nm.
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POD activity was determined by monitoring of the formation of tetra-guaiacol

(extinction coefficient, 6.39 mM™* cm™).

2.14. Statistical analysis

Statistical analysis was managed by demonstration with a one-way analysis of
variance (ANOVA) following by the Duncan's new multiple range test (P < 0.05)

using SPSS software version 16.0.
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CHAPTER 3

RESULTS

3.1 H202 content

The H20- acts as an essential role of the signaling molecule, the swing of the
H>0:- level alters following the environmental stress. To know the effect of OsCaM1-1
in the H20, content dominated on effects of drought stress condition, leaves of the
three transgenic lines overexpressing OsCaM1-1 gene, wild type, and control were
measured. Figure 3.1A presented the H2O. content of all lines scaled on various
treatment times (0, 6, 12, 24, and 48 h) under drought stress (treated with 20% (w/v)
PEG-4000). At 24 h, the H,O> content of the three transgenic plants, wild type, and
control plants (22.7, 21.9, 26.6, 31.7, and 29.1 pmol/g FW, respectively) was
exhibited the highest level under drought stress condition but it reduced rapidly when
treatment time of drought stress at 48 h (Figure 3.1A). As a result, period of time at 24
h was used for further experiments of the drought stress responses of plants. Figure
3.1B showed the H>O, content of all plants measured on various PEG-4000
concentration treatments at 0, 10, 15, 20, and 25% (w/v) PEG-4000 for 24 h. The
results showed the highest H2O, value at 20% PEG-4000 (Figure 3.1B) which was
selected for further experiments. The H.O, content of the three transgenic plants
under drought stress showed increase about 163-222% that was lower increased than
the H.O> content of wild type and control plants (290 and 783%, respectively) when

compared with the non stress condition (Figure 3.2).
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Figure 3.1 Effect of drought stress on H20: content in leaves of the three
transgenic rice overexpressing OsCaM1-1 gene compare to wild type AWT) and
control (negative control transgenic line) plants after expose to drought stress (20%
(w/v) PEG) A) at different treatment time (0, 6, 12, 24, and 48h) and to B) different

PEG concentration (0, 10, 15, 20, and 25% (w/v)). Values are Mean = SD (n=5).
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Figure 3.2 Effect of drought stress on H202 content in leaves of the three
transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and
control (negative control transgenic line) plants after expose to drought stress (0 and
20% PEG-4000) for 24 h. Values are Mean £+ SD (n=5) and difference letters above
the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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3.2 Na*, K*, and Ca?* concentrations

In order to evaluate the capacity of drought resistance of OsCaM1-1 gene on
the ion collection under drought stress, Na*, K*, and Ca?* contents were distilled and
measured in leave of the three transgenic plants overexpressing OsCaM1-1 gene, wild
type, and control plants. The results showed that drought stress increased Na* content
when comparison to non stress condition, however, the three transgenic plants
overexpressing OsCaM1-1 gene increased slightly in Na* content about 18-38%,
while the wild type and control plants showed significant increased about 109 and
101%, respectively (Figure 3.3A). However, there was no difference in K* content of
all plants under both of drought and non stress condition (Figure 3.3B). Under
drought treatment, the three transgenic plants overexpressing OsCaM1-1 gene
exhibited the significant increase of the Ca?* content about 52-84%, while the wild
type and control plants exhibited a slight increase when compared to non stress
condition (Figure 3.3C). Accordingly, the K*/Na* and Ca®*/Na* ratios of the three
transgenic plants under drought stress condition showed slight reduction about 11-
16% and 19-27%, respectively, while that of the wild type (about 60 and 72%,
respectively) and control (46 and 63%, respectively) plants exhibited significant

decrease under drought stress (Figure 3.4).
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Figure 3.3 Effect of drought stress on Na*, K*, and Ca?* contents in leaves of the
three transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and
control (negative control transgenic line) plants after expose to drought stress (0 and
20% PEG-4000) for 24 h. Values are Mean + SD (n=5) and difference letters above
the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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Figure 3.4 Effect of drought stress on K*/Na* and Ca?*/Na* ratio in leaves of the

three transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and

control (negative control transgenic line) plants after expose to drought stress (0 and

20% PEG-4000) for 24 h. Values are Mean = SD (n=5) and difference letters above

the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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3.3. Lipid peroxidation

The MDA is the end product of the lipid peroxidation which is an oxidative
degradation of lipid membrane. To estimate the role of OsCaM1-1 in lipid
peroxidation under drought treatment, the MDA content of the three transgenic plants
overexpressing OsCaM1-1 gene, wild type, and control plant was extracted from the
leaves. Drought stress was found to increase the MDA accumulation when compared
with non stress (Figure 3.5). The result demonstrated that MDA content of the three
transgenic plants showed the lower increase about 22-50% than that of the wild type

and control plants that were highly increased about 262 and 201%, respectively.
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Figure 3.5 Effect of drought stress on MDA content in leaves of the three
transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and
control (negative control transgenic line) plants after expose to drought stress (0 and
20% PEG-4000) for 24 h. Values are Mean £ SD (n=5) and difference letters above
the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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3.4. Cell membrane stability

To understand the role of OsCaM1-1 gene in the cell membrane stability under
drought stress, the leave electrolytic leakage of the three transgenic plants, wild type,
and control plants was determined after exposed to drought stress. Drought stress
condition led to significant increase of the electrolytic leakage in the wild type and
control plants (about 29 and 23%, respectively) while in the transgenic plants, it did

not increase significantly about 0-3% (Figure 3.6).
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Figure 3.6 Effect of drought stress on electrolytic leakage in leaves of the three
transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and
control (negative control transgenic line) plants after expose to drought stress (0 and
20% PEG-4000) for 24 h. Values are Mean = SD (n=5) and difference letters above
the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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3.5. Relative growth rate

To estimate the drought tolerance ability of OsCaM1-1 gene, 21-day-old rice
seedling of the three transgenic plants overexpressing OsCaM1-1, wild type, and
control plants were collected randomly and estimated. The phenotype responses were
remarked in terms of the relative growth rate of shoot and root. The result showed no
difference in the phenotype of all plants under normal condition (Figure 3.7A) but the
three transgenic rice plants showed more drought tolerance than the wild type and
control plants under drought stress condition (Figure 3.7B). The relative growth rate
of shoot of the three transgenic plants overexpressing OsCaM1-1 gene had lower
decreased about 8-9% than that of the wild type and control plants that showed
reduction about 57 and 62%, respectively under drought stress (Figure 3.8A). In the
same way, the relative growth rate in root of the three transgenic rice plants presented
insignificant decrease about 11-15% under drought stress, while the wild type and
control plants showed significant decrease about 63 and 60%, respectively (Figure

3.8B) when compared with non stress condition.
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Figure 3.7 The phenotype of the three transgenic rice seedlings, the wild type (WT)
and control (negative control transgenic line) seedlings under (A) non stress and (B)

drought stress (20% PEG-4000) for 24 h.
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Figure 3.8 Effect of drought stress on RGR of (A) shoot and (B) root of the three
transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and
control (negative control transgenic line) plants after expose to drought stress (0 and
20% PEG-4000) for 24 h. Values are Mean = SD (n=10) and difference letters above
the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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3.6. Relative water content

To explore the role of OsCaM1-1 gene on the ability of the plant water
retention under drought treatment, the relative water content (RWC) was determined
in leaves of the three transgenic plants overexpressing OsCaM1-1 gene, wild type,
and control plants. There were indifference in RWC level between the three
transgenic rice plants, wild type, and control plants under non stress condition (Figure
3.9). However, drought stress caused decrease in the RWC level when compared to
non stress condition. The three transgenic plants overexpressing OsCaM1-1 exhibited
the slight decrease in the RWC about 4-8% that was lesser than the wild type and

control plants which were highly decreased about 22 and 28%, respectively.
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Figure 3.9 Effect of drought stress on RWC in leaves of the three transgenic rice
overexpressing OsCaM1-1 gene compare to wild type (WT) and control (negative
control transgenic line) plants after expose to drought stress (0 and 20% PEG-4000)
for 24 h. Values are Mean + SD (n=5) and difference letters above the bars indicate

significant differences (P < 0.05, Duncan’s multiple comparison tests).
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3.7. Proline content

To realize the role of OsCaM1-1 in the proline accumulation under drought
stress, the proline content in leaves of the three transgenic plants overexpressing
OsCaM1-1 gene, wild type, and control plants was extracted. The results have
revealed that drought stress increased significantly in the proline content when
compared with non stress condition (Figure 3.10), however, its content on the three
transgenic plants was higher (about 359-714%) than that in the wild type and control

plants (about 188 and 244%, respectively).
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Figure 3.10 Effect of drought stress on proline content in leaves of the three
transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and
control (negative control transgenic line) plants after expose to drought stress (O and
20% PEG-4000) for 24 h. Values are Mean + SD (n=5) and difference letters above

the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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3.8. Soluble sugar content

To know the role of OsCaM1-1 on the effect of drought stress on the
osmoprotectant gathering, the soluble sugar content was extracted in leaves of the
three transgenic plants overexpressing OsCaM1-1 gene, wild type, and control plants.
The results showed that drought stress increased significantly the soluble sugar
content when compared with non stress condition (Figure 3.11), however, the soluble
sugar accumulation was higher level in the three transgenic plants (14.6, 13.1, and
13.1 pg/g FW, respectively) than that of the wild type and control plants (9.8 and 10.9

Ha/g FW, respectively).
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Figure 3.11 Effect of drought stress on soluble sugar content in leaves of the three
transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and
control (negative control transgenic line) plants after expose to drought stress (0 and
20% PEG-4000) for 24 h. Values are Mean = SD (n=5) and difference letters above
the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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3.9. Photosynthetic pigment contents

To observe the role of OsCaM1-1 on the effects of drought stress on
photosynthetic pigment contents (chlorophyll a, b, total chlorophyll, and carotenoid),
after treated with and without 20% PEG-4000 leaves of the three transgenic rice
overexpressing OsCaM1-1 gene, wild type, and control plants were extracted and
analyzed. Drought stress caused reduces the concentration of chlorophyll a, b, total
chlorophyll, and carotenoid (Figure 3.12). The photosynthetic pigment contents were
considerably diminished under the effect of drought stress, nevertheless, the reduction
in the three transgenic plants were lower than the wild type and control plants. The
results showed that the chlorophyll a, b, total chlorophyll, and carotenoid contents of
the three transgenic plants decreased about 3-5%, 20-31%, 9-12%, and 4%,
respectively, while that of wild type (16, 52, 27, and 16%, respectively) and control
(17, 62, 30, and 19%, respectively) plants were highly decreased under drought

treatment.
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Figure 3.12 Effect of drought stress on photosynthetic pigment contents ((A)
chlorophyll a (Chl a), (B) chlorophyll b (Chl b), (C) total chlorophyll (Total chl),
(D) carotenoid (Car)) in leaves of the three transgenic rice overexpressing OsCaM1-
1 gene compare to wild type (WT) and control (negative control transgenic line)
plants after expose to drought stress (0 and 20% PEG-4000) for 24 h. Values are
Mean = SD (n=5) and difference letters above the bars indicate significant

differences (P < 0.05, Duncan’s multiple comparison tests).
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3.10. DPPH scavenging rate

To realize the role of OsCaM1-1 in DPPH scavenging rate subjected to
drought stress, leaves of the three transgenic plants overexpressing OsCaM1-1 gene,
wild type, and control were analyzed under with and without drought stress.
Comparison to non stress condition, the DPPH scavenging rate was up-regulated
under drought stress condition (Figure 3.13). It was significantly up-regulated in the
three transgenic plants about 27-90%, while in wild type and control about 13 and

25%, respectively.



56

Onon stress W drought stress

35

30 A E
,\a de
o J
~ | d,
Py 25 e [ o
S . b !
o 20 | ¢ _’
C
S a,b
3 15 - i a,b a_,_b
§ T a
wn
T 10 -
o
o
o 5 .

0 T T T T
WT Control CaM1-1T1 CaM1-1T2 CaM1-1T3

Figure 3.13 Effect of drought stress on DPPH scavenging rate in leaves of the
three transgenic rice overexpressing OsCaM1-1 gene compare to wild type (WT) and
control (negative control transgenic line) plants after expose to drought stress (0 and
20% PEG-4000) for 24 h. Values are Mean £ SD (n=5) and difference letters above
the bars indicate significant differences (P < 0.05, Duncan’s multiple comparison

tests).
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3.11. Antioxidant enzyme activity

To comprehend the role of OsCaM1-1 in cell prevention controlled to drought
induced oxidative stress, activities of antioxidant enzymes such as SOD, CAT, and
POD were assayed in the transgenic plant compared with the wild type and control
plants. Under non stress, the activity of antioxidant enzymes are similarity in all type
plants (Figure 3.14). But under drought stress condition, the activities of SOD (Figure
3.14A) and POD (Figure 3.14C) were slightly increased in the wild type (about 9 and
14%, respectively) and control plants (about 13 and 17%, respectively), while they
were significantly increased in the transgenic plants (about 27-32% and 36-68%,
respectively). In contrast, drought stress led to decrease of the CAT activities in the
wild type and control plants, but not in the three transgenic plants, a significant

increase activities (about 27-54%) were detected (Figure 3.14B).
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Figure 3.14 Effect of drought stress on the activity of SOD, CAT, and POD in
leaves of the three transgenic rice overexpressing OsCaM1-1 gene compare to wild
type (WT) and control (negative control transgenic line) plants after expose to drought
stress (0 and 20% PEG-4000) for 24 h. Values are Mean + SD (n=5) and difference
letters above the bars indicate significant differences (P < 0.05, Duncan’s multiple

comparison tests).
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CHAPTER 4

DISCUSSIONS

To investigate the effect of the overexpressing OsCaM1-1 in transgenic rice
and participation in drought tolerance devices, the three transgenic plants with the
35SCaMV-0OsCaM1-1 insertion and the vector control transgenic line (control) have
been investigated the effect of drought stress compared to wild type plants. The
results showed that the H.O. content, ion content (Na*, K*, and Ca?"), lipid
peroxidation, electrolytic leakage, DPPH radical scavenging rate, RGR, and activities
of SOD and POD, osmoprotectant accumulation (proline and soluble sugar) in all
plants and CAT activity of the three transgenic plants were increased, while RWC,
photosynthetic pigments, and CAT activity of the wild type and control were
decreased under drought stress. H2O2 content in all plants increased with increasing
level of the PEG-4000 treatment and exposure time, the findings of this study
indicated that exposure time and drought level were two important factors affecting
the plant development under drought stress condition.

The reactive oxygen species (ROS) is the by-product that ordinarily generates
from the physiological metabolisms (You, 2015). In many plant (such as Cleome
gynandra (Uzilday, 2012), sorghum (Nxele, 2017), Iranian Perennial ryegrass
(Mohammadi, 2017), peppermint (Rahimi, 2018), purslane (Jin, 2015), and rice (Guo,
2006; Wang, 2010) reports, it was remarked that accumulation of ROS enhanced
under drought stress when compared to without stress condition. The cation
translocation presents in many essential duties including plant nourishment, signal

transduction, plant growth and plant development (Pardo, 2006). The Na" uptake
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presents to make an osmotic status for the higher water absorption and the higher
turgor retention, nevertheless the excess Na* uptake is toxic to plants (Pardo, 2002).
The K* plays an essential role in water equilibrium storage in plant cells. It is one of
the major essences of cell osmotic potential in many plants, and it acts as a key role in
osmotic adjustment under water stress (Shabala, 2002). Plants need a mechanism for
identifying and responding to abiotic stresses, and the mechanisms are associated with
intracellular Ca?* concentration. The Ca?* represents as a secondary messenger in
molecular mechanisms and essential effector enzymes such as kinases and
phosphatases, and then changes in cytosolic Ca?* concentrations from extracellular
and intracellular storages (endoplasmic reticulum and vacuoles) to cytosol conduct
signal related to remedy and adaptations to abiotic stresses through participation of
calmodulin, Ca?* dependent kinases, and other Ca?* dependent proteins (Sadigov,
2002). In previous reports, drought stress increased in K*and Na* contents in Atriplex
halimus L. (Martinez, 2003), and increased root Ca®" content in Norway spruce
seedlings (Zlobin, 2018), on the other hand, drought did not change in Na* content in
Sakha 102 rice (Hazman, 2016), unaffected the amount of Na* and K balanced in
Atlas mastic tree (Fayyaz, 2013), and also decreased in Ca?* content in barley (Feng,
2016) when compared with without stress condition. The lipid peroxidation of the
cellular membrane is persuaded by ROS (Apel, 2004) and the malondialdehyde
(MDA) is a product of the lipid peroxidation and uses as an indicator to indicate the
plant membrane degradation (Ma, 2015). Under drought stress, MDA was increased
in many plants like peppermint (Rahimi, 2018), purslane (Jin, 2015), wolfberry (Zhao,
2018) , hot pepper (Anjum, 2012), stevia (Karimi, 2015), dendrobium (Xiaolu, 2016),

Cleome gynandra (Uzilday, 2012), and rice (Hazman, 2016; Wang, 2010; Zu, 2017).
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The electrolytic leakage determination as the impact on the cell membrane stability
which is affected by abiotic stresses (Bajji, 2002) and drought stress increased in
electrolytic leakage in various plants such as Iranian Perennial ryegrass (Mohammadi,
2017), purslane (Jin, 2015), black pepper (Anjum, 2012), rice (Chutipaijit, 2016;
Swapna, 2017), maize, and sorghum (Takele, 2010). In this study, we observed that
the overexpression of OsCaM1-1 in the three transgenic plants showed the less
enhancement in the H>O- level and Na* content (Figure 3.2 and 3.3A) and the higher
increase in the Ca®* content (Figure 3.3C) resulting in the less reduction in the K*/Na*
and Ca?*/Na* ratio (Figure 3.4), and the three transgenic plants also presented the less
increase in the MDA content and the electrolytic leakage (Figure 3.5 and 3.6) than
that of the wild type and control plants under drought stress condition. These results
correspond to previous studies that the overexpressing ShCML44 and OsDSR-1,
which are a calmodulin-like gene, in transgenic tomato (Munir, 2016) and transgenic
rice (Yin, 2017), respectively, reduced in ROS and MDA accumulations and the
membrane damage under drought stress when compared to the wild type plants.

The relative growth rate (RGR) is one essential parameter to indicate the plant
growth (Hoffmann, 2002). There are many plant (such as sorghum (Nxele, 2017), and
stevia (Karimi, 2015)) reports, it was observed that biomass and growth of plant were
reduced under drought stress. In this study, the three transgenic plants overexpressing
of OsCaM1-1 gene showed the better retention in the RGR in both shoot and root than
the wild type and control plants under drought stress (Figure 3.8A and 3.8B). These
results are consistent with previous reports such as in the overexpression of OsDSR-1

in the transgenic rice, which are a calmodulin-like gene, showed the better plant
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growth and better survival under drought stress condition than the wild type (Yin,
2017).

The RWC or the relative turgidity, is an index of the leave water status (Smart,
1974) and drought stress also led to loss of cell turgor by reducing water availability
in various plants such as sorghum (Nxele, 2017), Iranian Perennial ryegrass
(Mohammadi, 2017), purslane (Jin, 2015), and dendrobium (Xiaolu, 2016). Under
drought condition, the osmoprotectant such as proline and soluble sugar is a robust
scavenger of ROS and represents like an osmolyte in plants for reducing the cellular
osmotic potential and defending to retain in the turgor pressure by represents like a
consistent solute (Chen, 2005; Delauney, 1993; Yamada, 2005). In previous reports, it
was observed that the proline and soluble sugar accumulations were enhanced in
many plants such as Iranian Perennial ryegrass (Mohammadi, 2017) , black pepper
(Anjum, 2012), purslane (Jin, 2015), peanut (Zhang et al., 2017), stevia (Karimi,
2015), and rice (Mishra, 2017; Swapna, 2017; Zu, 2017) under drought stress. In this
study, the three transgenic plants overexpressing of OsCam1-1 gene appeared the less
reduction in the RWC (Figure 3.9) and showed the higher accumulation in both of
proline and soluble sugar content (Figure 3.10 and 3.11) more than that of the wild
type and control plants under drought stress. These results are harmonized with the
overexpression of OsCPK9 and ShCML44 which a calcium sensor in transgenic rice
(Wei, 2014) and transgenic tomato (Munir, 2016), respectively, the osmolyte
accumulation was higher increased and the RWC was less decreased than the wild
type plants under drought stress.

The physiological function of plant leaves significantly related to the

photosynthetic pigments such as chlorophyll a, b, and carotenoid (Sims, 2002). In



63

earlier studies have been reported that drought stress decreased in pigment contents in
rice (Swapna, 2017; Wang, 2010; Zu, 2017), purslane (Jin, 2015), sorghum (Nxele,
2017), and maize (Takele, 2010) when compared with without stress condition.
However, the three transgenic plants overexpressing of OsCam1-1 gene exhibited the
higher retention in the photosynthetic pigment level than the wild type and control
plants under drought stress (Figure 3.12). These results are consistent with the
previous reports in the overexpression of PeCBL and OsCPK9, which are a calcium
sensor like calmodulin, in transgenic triploid white poplar (Li, 2012) and transgenic
rice (Wei, 2014), respectively, showed the higher retention in the chlorophyll content
than the wild type plants under drought treatment.

Abiotic stress such as drought stress leads to the oxidative damage and the
ROS accumulation, however, ROS can be eliminated by the enzymatic and non-
enzymatic antioxidant processes in cells for decreasing and preventing the damage of
the oxidative stress (Basu, 2009; Pandey, 2015). The increased activities of DPPH
scavenging rate, SOD (superoxide dismutase), CAT (catalase), POD (peroxidase),
APX (ascorbate peroxidase), and GPX (guaiacol peroxidase) activities under drought
stress condition are consistent with the prior studies showed that drought stress
increased in the H.O> content, the activities of SOD, CAT, and POD in wolfberry
(Zhao, 2018), hot pepper (Anjum, 2012), stevia (Karimi, 2015), Cleome gynandra
(Uzilday, 2012), and rice (Mishra, 2017; Swapna, 2017) when compared with without
stress condition. Furthermore, drought stress also increased in the DPPH scavenging
rate in rice (Chutipaijit, 2016). In this study, the overexpression of OsCaml-1 in
transgenic lines showed the less increase in the H>O2 content under drought stress by

the motive of the upper increase in the DPPH-radical scavenging rate (Figure 3.11)
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and the higher promotion in the enzymatic antioxidant activities (Figure 3.12) than
that of the wild type and control plants under drought stress condition. However, the
CAT activities of the wild type and control showed increase under drought stress
(Figure 3.12B). This corresponds to the report of Munir and coworkers (Munir, 2016)
and Yin and coworkers (Yin, 2017), the overexpression of ShCML44, a calcium
sensor like calmodulin, in transgenic tomato and the overexpression of OsDSR-1, a
calmodulin like gene, in transgenic rice, respectively, show the better promotion in
the antioxidant enzyme activities more that wild type plants under drought condition.
Thus, the overexpressing of OsCam1-1 is one of positive regulator to the plant
growth rate and the photosynthetic pigment content, it improved in the modulation of
the non-enzymatic (osmoprotectant accumulation) and enzymatic antioxidant
activities, enhanced in the water retaining, and diminished in the cell membrane lipid
peroxidation defended from the membrane damage by the reason of the maintained
lipids inside their membrane that accommodated for gathering of the cell membrane
stability leading to promoted in the retention of RGR in transgenic rice under drought

stress.
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CHAPTER 5

CONCLUSION

In conclusion, the overexpressing OsCaml-1 gene increased drought tolerance
in transgenic plants by the better promotion in the ability of antioxidant enzyme
activity, DPPH scavenging rate, and the retention of K*/Na* ratio and Ca?*/Na* ratio
of plants. Besides, the overexpressing OsCaml-1 also improved the osmoprotectant
accumulation and the water retention ability as well as decreased the cell membrane
damage in response to drought stress. These results suggested that the overexpression
of OsCaml-1 is a positive indicator to the antioxidant system leading to drought

resistance in rice.
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APPENDIX A
CHEMICAL SOLUTION PREPARATION

1. Limpinuntana’s nutrient solution (300X)

Reagents: Final concentration (1X)
e Solution A (300 mL)
KNO; 9.100 g (0.10 g/L)
Ca(NO3),.4H,0 14.169 g (0.16 g/L)

e Solution B (300 mL)

NH4H>PO4 3.4506 g (41 mg/L)
MgS04.7H.O 3.6972 g (38 mg/L)
NacCl 4973 g (55 mg/L)

e Solution C (300 mL)
FeS0O4.7H20 0.834 g (20 mg/L)
NaeEDTA 1.134 g (27 mg/L)

e Solution D (300 mL)

MnCl,.4H,0 1.134 g (1.44 mg/L)
H3;BO; 0.1297 g (1.14 mg/L)
Na:M004.2H,0 0.1026 g (0.025 mg/L)
ZnS04. 7TH,0 0.0079 g (0.088 mg/L)
CuSOs4. 5H,0 0.00351 g (0.039 mg/L)

Limpinuntana’s nutrient solution (1X, 300 mL)

Solution A-D were mixed together by adding 1 mL/each, after that make up the

volume to 300 mL with deionized water and autoclave at 121 °C, 20 minutes.
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2. Extraction buffer
H20:2 Extraction buffer
e (.05 M Potassium phosphate buffer, pH 7.0
KH2PO4 068 g
K2HPO4 0.87 g
Adjust pH utilizing both solutions, and make up the volume to 100 mL with
deionized water.
Antioxidant enzyme extraction buffer
e 0.5 M Sodium phosphate buffer, pH 7.5
NaH2PO4 0.68 g
NazHPO, 0.87 g
Adjust pH utilizing both solutions, and make up the volume to 100 mL with
deionized water.
e 1mM EDTA
EDTA 0.04 g
Dissolve in deionized water and make up the volume to 100 mL.
o 1IMDTT
DTT 015 g
Dissolve in deionized water and make up the volume to 100 mL.
e 5mM Ascorbic acid
Ascorbic acid 009 ¢
Dissolve in deionized water and make up the volume to 100 mL.

e 1puL/mL PMSF
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Working solution:

0.5 M Sodium phosphate buffer, pH 7.5 20 mL

1mM EDTA 50 mL
IMDTT 50 pL
5mM Ascorbic acid 20 mL
1uL/mL PMSF 100 L

Make up the volume to 100 mL with deionized water and store at 4 °C.
3. Measurement of hydrogen peroxide content
e 1% TiCls in conc. HCI
TiCls 0.58 mL
Conc. HCI 99.42 mL
Prepare on ice in the fume hood and store at 4 °C. The solution must store in
the brown glass bottle.
4. Measurement of DPPH radical scavenging rate

e 6mM DPPH (10 mL)

DPPH 0.237 ¢
Dissolve in 95% methanol and make up the volume to 10 mL and store at 4
°C. The solution must store in the brown glass bottle.
5. Determination of protein

e Bradford reagent

Coomassie Brilliant Blue (G250) 002 ¢

Absolute ethanol 10 mL
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The solution is stirred under dark condition for 2 h, after that 20 mL of 85%
phosphoric acid is added in the solution. Then, make up the volume to 200 mL with
deionized water and filter the solution using Whatman filter paper. The solution must
store in the brown glass bottle (available for several weeks.).
6. Determination of antioxidant enzyme activity
e (.05 M Potassium phosphate buffer, pH 7.0
KH2PO4 0.68 g
K2HPO4 0.87 g
Adjust pH utilizing both solutions, and make up the volume to 100 mL with
deionized water.
e 0.05 M Potassium phosphate buffer, pH 7.8
KH2PO4 068 g
KzHPO, 0.87 g
Adjust pH utilizing both solutions, and make up the volume to 100 mL with
deionized water.

e 1MH:202

30% H.0: 1.01 mL
Dissolve in deionized water and make up the volume to 10 mL and store at
4 °C. The solution must store in the brown glass bottle.

e 133.3 mM Methionine

L-Methionine 20 ¢

Dissolve in deionized water and make up the volume to 100 mL.
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e 75mMNBT

NBT 0.006 g
Dissolve in deionized water and make up the volume to 1 mL.
e 0.5M NaxCOs

Na.CO3 5.3 g

Dissolve in deionized water and make up the volume to 100 mL.

e (0.2 mM Riboflavin

Riboflavin 0.008 g
Dissolve in deionized water and make up the volume to 100 mL. The solution must

store in the brown glass bottle.
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APPENDIX B
CALCULATIONS
1. Determination of lipid peroxidation

TBARS content = (As32 - Asoo) X Vi X V%100

(umol MDA equivalents g FW) exVsxm

V¢ = the total volume of extract solution

V: = the total volume of reaction mixture

Vs = the volume of the extract solution contain in the reaction mixture
m = the weight of sample

e = the extinction coefficient (155 mM*mL?)

For example:
MDA content of WT plants under drought treatment (treated with 20% PEG)
for 24h.

As32 = 0.065, Asoo = 0.022

TBARS content = (0.065-0.022) x 1 mL x 1.2 mL x 100
(umol MDA equivalents g FW) 155 x 0.3 mL x0.05¢
= 2.2193548 umol/gFW

2. Determination of cell membrane stability
Electrolytic leakage (%) = 100 — [(EC4/ECy) x 100]

Where, EC; is the first electro conductivity and EC; is the second

electro conductivity.
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For example:
Electrolytic leakage of WT plants under drought treatment (treated with 20%
PEG) for 24h.

EC1 =5.06 ps/cm, EC, = 12.48 ps/cm

Electrolytic leakage (%) 100 — [(5.06/12.48) x 100]

59.46%

3. Measurement of relative growth rate

RGR = In Ws — In W1

tb—ta
W1 = Initial weight, W> = Final weight, and t; and t, are initial and final
treatment times, respectively (t1 = day 0, before drought treatment and t, = day 1 or 24
h, drought treatment).
For example:
RGR of shoot of WT plants under drought treatment (treated with 20% PEG)
for 24h,

W, = 0.0198 g, W, = 0.0199 g

RGR In 0.0199 — In 0.0198

1-0

0.0050378 g/g.d

4. Measurement of relative water content

RWC = (FW — DW) x 100

(TW — DW)

FW = fresh weight, DW = dry weight, and TW = turgid weight
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For example:
RWC of WT plants under drought treatment (treated with 20% PEG) for 24h.
FW =0.0027 g, TW2 = 0.004 g, DW= 0.0000 g

RWC (%) = (0.0027 — 0.0000) x 100

(0.004 — 0.0000)

= 67.50%

5. Measurement of photosynthetic pigments

Chlorophyll a (ng/mL) [12.7(As64)] — [2.79(As47)]

Chlorophyll b (ug/mL) [20.70(As47)] — [4.62(As64)]

Total chlorophyll (ng/mL) [17.90(Ae47)] + [8.08(As64)]

Carotenoid content (ug/mL) 4 % [(Ase1) + (0.46 x Asss)]

The pigment contents were calculated in mg/g FW of sample.
For example:

Photosynthetic pigments of WT plants under drought treatment (treated with
20% PEG) for 24h.

A461 = 1.936, A647 = 0.774, A664 =2.227

Chlorophyll a (ug/mL) [12.7(2.227)] — [2.79(0.774)]
= 26.12344 ng/mL
= 26.12344 119/0.03 g sample

= 0.87 pg/g sample

Chlorophyll b (ug/mL) [20.70(0.774)] — [4.62(2.227)]
= 5.24544 11g/0.03 g sample

= 0.17 ng/g sample
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Total chlorophyll (ng/mL) [17.90(0.774)] + [8.08(2.227)]
= 11.84168 pg/0.03 g sample

= 1.06 pg/g sample

Carotenoid content (ug/mL) 4 x [(1.936) + (0.46 x 2.227)]

= 31.84876 ng/0.03 g sample

0.39 ng/g sample
6. Measurement of DPPH radical scavenging rate

DPPH radical scavenging rate (%) = (Acontrol = Asample) X 100

Acontrol

For example:
DPPH radical scavenging rate content of WT plants under drought treatment
(treated with 20% PEG) for 24h.

Asis (control) = 0.861, Asis (sample) = 0.702

DPPH radical scavenging rate (%) (0.861 - 0.702) x 100

0.861
= 18.45588%
7. SOD activity
SOD activity = 1 X Ase0 (sample)

As60 (control)/2

One unit of SOD activity was determined as the amount of enzyme required to

cause 50% inhibition of the decrease of NBT monitored at 560 nm.
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For example:

SOD activity of WT plants under drought treatment (treated with 20% PEG)
for 24h.
Asgo control = 0.384, Asgo sSample = 0.342

SOD activity = 1 x 0.342

0.384/2

1.78125 U/0.05 mg protein
SOD activity for 1 mg protein is 35.625 U/mg protein

8. CAT activity

Specific activity Azs0/min x total volume x 1,000

€ x protein content (0.05 mg)

One unit of CAT activity was defined as the amount of enzyme to reduce 1
umol of H20; per min at 240 nm (€ = 39.4 mMcm?)
For example:

CAT activity of WT plants under drought treatment (treated with 20% PEG)
for 24h.
Az40/min = 0.1186

Specific activity = 0.1186x 1.2 mL x 1,000

39.4 mM™*mL*x 0.05 mg
= 72.243655 pmol/min/mg protein

9. POD activity

Specific activity = Auze/min x total volume x 1,000

€ x protein content (0.05 mg)
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One unit of POD activity was defined as the amount of enzyme to reduce 1
umol of guaiacol per min (e = 6.39 mM*cm™).
For example:

POD activity of WT plants under drought treatment (treated with 20% PEG)
for 24h.
Asyze/min = 0.6476

Specific activity = 0.6476 x 1.2 mL x 1,000

6.39 mM~cm™ x 0.05 mg

= 2432.3 pmol/min/mg protein

H»0O3 standard curve

o y = 1.3785x
<™ R?=0.999

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
H,0, (umol)
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