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Rice is the staple food for a majority of the population around the world. Drought 
is one of the many factors that affect rice production yield. Researches have 
used various methods to develop suitable indicator in rice to defend the crop 
against drought environment. Among the biotechnology techniques, cell culture 
is commonly used to develop drought tolerant cell line. In Malaysia, drought has 
greatly affected rice production; as water is the essential element for rice and the 
heavy dependence of rice on irrigation will make rice as the crop most affected 
by water shortage crisis. Hence, it is a need to develop drought-tolerant rice in 
order to fulfil rice demand in Malaysia.The aim of this research is to investigate 
the biochemical responses in Malaysian rice by using plant cell culturing 
technique under water-limited condition. The cell suspension of Malaysian rice 
MR219 line 4 was established and it was cultured in vitro with drought agent 
(PEG6000) in order to prevent water up take by plant cell. After that, biochemical 
analyses were performed such as glyoxalase I (Gly I) enzyme assay, 
methylglyoxal, antioxidant enzymes activities – superoxide dismutase (SOD), 
catalase (CAT), ascorbate peroxidase (APX), and lipid peroxidation of PEG6000 
treated cultures were determined. The results showed that while PEG6000 
concentration increased from 0%, 5%, 10%, 15% to 20%, the settle cell volume 
(SCV), cell viability and relative water content (RWC) were declined maximum 
to 115%, 34% and 24% respectively as a result of drought condition. When 
drought stress occurred, it eventually activated the plant cell defensive system 
by upregulating antioxidant enzymes activities (SOD, CAT and APX) to 
overcome oxidative injury under drought stress condition. It exhibited the highest 
relative activities for SOD (13.7708 U / mg proteins), CAT (0.1238 µmoL / mg 
protein / min) and APX (0.4852 µmoL / mg protein / min). Same trend has been 
applied to Gly I (4.4633 µmoL / mg protein / min). It implicated that the Gly I could 
be one of the potential drought stress indicator for rice. The output of this study 
would contribute tremendously to exploit potential drought-tolerant rice cultivar 
in the future. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Master Sains 

PENGOPTIMUMAN KULTUR SEL AMPAIAN DERIVATIF PADI MALAYSIA 
MR219 DAN TINDAKBALAS ENZIM BERKAIT TEKANAN DI BAWAH 

KONDISI KEMARAU 

Oleh 

ER CHOON YEONG 

Oktober 2019 

Pengerusi      : Noor Azmi Shaharuddin, PhD  
Fakulti      : Bioteknologi dan Sains Biomolekul 

Beras, makanan ruji untuk manusia di seluruh dunia. Kekeringan adalah salah 
satu faktor yang mempengaruhi pengeluaran beras. Penyelidikan menggunakan 
kaedah yang berbeza untuk membangunkan penunjuk yang sesuai dalam padi 
untuk mempertahankan persekitaran kemarau. Antara teknik bioteknologi, kultur 
sel biasanya digunakan untuk membangunkan sel tumbuhan yang tahan 
kemarau. Di Malaysia, kemarau banyak memberi kesan kepada pengeluaran 
beras kerana air adalah unsur penting untuk beras dan ketergantungan berat 
beras pada pengairan akan menjadikan beras sebagai tanaman paling terjejas 
oleh krisis air. Oleh itu, adalah keperluan untuk membangunkan beras yang 
tahan toleran untuk memenuhi keperluan beras di Malaysia.Tujuan kajian ini 
adalah untuk mengkaji tindak balas biokimia di beras Malaysia dengan 
menggunakan teknik kultur sel tumbuhan di bawah keadaan kemarau. Suspensi 
sel beras Malaysia MR219-4 telah ditubuhkan dan dibiakkan secara in vitro 
dengan agen kekeringan (PEG6000) untuk mengelakkan air diambil oleh sel 
tumbuhan. Selepas itu, ujian biokimia termasuk enzim glyoxalase I (Gly I), enzim, 
metilglyoxal, aktiviti enzim antioksidan - superoxide dismutase (SOD), catalase 
(CAT), ascorbate peroxidase (APX) dan peroksidasi lipid PEG 6000 yang telah 
dirawat. Keputusan menunjukkan bahawa, manakala kepekatan PEG6000 
meningkat 0%, 5%, 10%, 15% hingga 20%, volume sel menetap (SCV), viabilitas 
sel dan kadar air relatif (RWC) masing-masing menurun maksimum menjadi 
115%, 34% dan 24% akibat kondisi kemarau. Apabila tekanan kemarau berlaku, 
ia akhirnya mengaktifkan sistem pertahanan sel tumbuhan dengan mengawal 
selia aktiviti enzim antioksidan (SOD, CAT dan APX) untuk mengatasi 
kecederaan oksidatif dalam keadaan kemarau. Ini menunjukkan aktivitas relatif 
tertinggi untuk SOD (137708 U / mg protein), CAT (0,1238 μmoL / mg protein / 
min) dan APX (0,4852 μmoL / mg protein / min). Situasi yang sama telah 
digunakan untuk Gly I (4.4633 µmoL / mg protein / min). Ini membuktikan 
bahawa Gly I boleh menjadi salah satu penunjuk tekanan kemarau berpotensi 
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untuk beras. Hasil kajian ini akan memberi sumbangan besar untuk 
mengeksploitasi kultivar beras yang tahan kemarau di masa depan. 
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CHAPTER 1 

INTRODUCTION 

Rice has been planted by mankind for at least 10,000 years in the world (Yang 
et al., 2015). Most of the countries produce rice, excluding Antarctica, and more 
than 122 countries are growing rice crop on earth. The co-ordination for rice 
growth on the planet starts from the equator to latitudes of fifty degrees on north 
(in China) and thirty five degrees to forty degrees and to elevations (in tropical 
regions) as high as 2,400 m above sea level (Kenmore, 2003). According to the 
paddy statistic of Malaysia (2012), the total area rice plantation is estimated to 
be 100 million hectare with yearly rice yield with average of 720 million metric 
tons. From the above data, rice occupied 29% in the total grain crops on planet 
(Xu and Shen, 2003). In the year 2010, rice became the major food resources 
for more than 50% of human population in terms of protein and calories uptake. 
In average, each person on Earth consume 62-190 kg of rice yearly (zhao et al., 
2020). Besides, in order to solve food-shortage problems, rice production was 
increased during the Green Revolution of the 1960s and 1970s. This answered 
the food demands around the world year by year. Presently, Asians consume 
rice to provide 80% of energy source for themselves. Chukwu et al. (2019) 
mentioned in their research that it is expected that 3.5 billion people will rely on 
rice for their daily food intake in the year 2025. This explain why rice is very 
important for food security globally. 

Rice is the main food resource in Asia (Micheal et al., 2013). Irrigated rice 
possesses very low water use efficiency and consumes 3,000–5,000 litres of 
water to produce 1 kg of rice, which is about 2–3 times more than the quantity 
required to produce 1 kg of other cereals, such as maize or wheat (Ethan et al., 
2010). The available amount of water for irrigation is, however, increasingly 
getting scarce worldwide. In Asia, more than 80% of the fresh water resources 
are used for irrigation. Among of this, 90% of fresh water is used for rice crop 
(Ejlali et al., 2012). The uneven distribution of the rainfall resulted in limited 
availability of water in some parts of the country.  

In Malaysia, more than 75% water usage is for irrigation in agriculture sector, 
which is the largest water withdrawal and it is mainly restricted to irrigated rice 
production (Moquammel Haque et al., 2018). Irrigated rice is usually grown in 
flooded condition during most of its growing period. However, water usage 
efficiency for rice is undesirable (Othman, 2009). Water is the essential element 
for rice and the heavy dependence of rice on irrigation will make rice as the crop 
most affected by the water crisis (Akinbile et al., 2011). All kinds of pollution, 
urbanisation, and abiotic stress such as drought caused water shortage in 
Malaysia and it affects rice production yield in Malaysia. Since rice is the main 
food resource in Malaysia, there is a need to ensure security to fullfil the needs 
of Malaysian and cope with the nation’s increasing demand for rice. 
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At present, the tremendous development in the scientific field brings significant 
contribution to human beings. Biotechnology has become a very powerful tool to 
develop or improve crop variety in order to help farmers globally. It has become 
one of the efficient way to develop drought-tolerant rice to enhance rice 
production in order to meet the high food demand (Quan et al., 2010). Plant 
tissue culture has become one of the important tool for plant production. Cell 
suspension cultures are some cramps of calli immersed in liquid culture medium 
in a closed system, usually in a flask and are agitated by rotary shaker machine 
(Fidemann et al., 2018). In the cell system, the continuous agitation between 
cramps of callli in the liquid culture medium cause the calli to collide with each 
other to separate and become a uniform distribution of cell suspension. It helps 
the exchange between medium and gas in the flask. Because of this unique 
features, cell suspension culture is suitable to be used for investigating its stress 
responses under in vitro drought stress condition. 

A large amount of plant injury that are affected by climate change is related to 
oxidative damage in the plant cell. In the last few years, reactive oxygen species 
(ROS) is widely known to be important as signalling molecules in abiotic stress 
responses (Foyer and Noctor, 2009). Besides, recent studies show that the 
efficiency of antioxidant system and glyoxalase system are correlated to 
minimise the abiotic stress and oxidative damage in plant cell. (Hasanuzzaman 
et al., 2017). Thus, the investigation of glyoxalase enzyme activity in the 
glyoxalase system might discover another potential stress indicator for abiotic 
stress for example drought. The glyoxalase possesses two-steps reaction by 
using glyoxalase I and glyoxalase II enzyme. For the first reaction, methylglyoxal 
(MG) (which is the cytotoxic substance, where induced from the ROS) was 
catalysed by glyoxalase I (glyI) to form S-D lactoylglutathione (SLG) and 
glutathione (GSH). The second reaction, glyoxalase II (gly II) hydrolyses the SLG 
to form D-lactate and the GSH is released (Mustafiz et al., 2010). According to 
the information above, we came up with the hypothesis that glyoxalase I enzyme 
is a potential drought biomarker for Malaysian rice. 

According to the paddy statistics of Malaysia (2012), MR219 has occupied 61% 
hectare of paddy varieties for overall granary area. Therefore, researches co-
operated to improve MR219 cultivar in order to benefit farmers and came out 
with new genotype, MR219-4, which is able to produce a high yield and survive 
under minimal water condition. This cultivar was selected in this study that was 
carried out according to the objectives below:  

1. To optimization rice cell suspension culture.
2. To study the responses of stress-related enzymes in Malaysian rice

under drought stress condition.
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