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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 | (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 pumoL / mg
protein / min) and APX (0.4852 pumoL / mg protein / min). Same trend has been
appliedto Gly | (4.4633 pmoL / mg protein / min). It implicated that the Gly | 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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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 | (Gly 1), 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 ymoL / mg protein /
min) dan APX (0,4852 pmoL / mg protein / min). Situasi yang sama telah
digunakan untuk Gly | (4.4633 umoL / mg protein / min). Ini membuktikan
bahawa Gly | boleh menjadi salah satu penunjuk tekanan kemarau berpotensi



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 (Moguammel 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.



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 calliimmersed 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 | and glyoxalase Il enzyme. For the first reaction, methylglyoxal
(MG) (which is the cytotoxic substance, where induced from the ROS) was
catalysed by glyoxalase | (glyl) to form S-D lactoylglutathione (SLG) and
glutathione (GSH). The second reaction, glyoxalase Il (gly Il) 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 | 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.



REFERENCES

Abbasi, A. R., Sarvestani, R., Mohammadi, B. and Baghery, A. (2014). Drought
stress-induced changes at physiological and biochemical levels in
some common vetch (Vicia sativa L.) genotypes. Journal of Agricultural
Science and Technology. 16, 505-516.

Abid, M., Ali, S., Qi, L. K., Zahoor, R., Tian, Z., Jiang, D.,. Snider, J. L. and Dai,
T. (2018). Physiological and biochemical changes during drought and
recovery periods at tillering and jointing stages in wheat (Triticum
aestivum L.). Nature. 8, 4615.

Abiri, R., Maziah, M., Shaharuddin, N. A. (2017). Enhancing somatic
embryogenesis of Malaysian rice cultivar MR219 using adjuvant
materials in a high-efficiency protocol. International Journal of
Environmental Science and Technology.14, 1091-1108.

Adkins, S. W., Shiraishi, T., McComb, J. A., Ratanopol, S., Kupkanchanakul, T.,
Armstrong, L. J. and Schulz, A. L. (2006). Somaclonal variation in rice
-Submergence tolerance and other agronomic characters. Physiologia
Plantarum. 80, 647-654.

Afshari, R T, Angoshtari, R and Kalantari, S. (2011). Effects of light and different
plant growth regulators on induction of callus growth in rapeseed
(Brassica napus L.) genotypes. Plant Omics Journal. 4, 60-67.

Ahmed, F.A., Abdel-Fatah, O.M., Kobeasy, M. I. and Ahmed, O.K.. (2000).
Factors affecting growth and indole alkaloids content of catharanthus
calli (Catharanthus roseus L.): amino acids, casein hydrolysate and
irradiation. Biotechnology. 5, 379-384.

Ahmed, F., Rafii, M. Y. and Ismail, M. R. (2016). Recurrent parent genome
recovery in different populations with the introgression of Subl gene
from a cross between MR219 and Swarna-Subl. Euphytica. 207, 605—
618

Ahn, C. J., Kim, D. W,, You, Y. N., Seok, M. S., Park, J. M., Hwang, H., Kim, B.
G., Luan, S., Park, H. S., Cho, H. S.(2010). Classification of rice (Oryza
sativa L. Japonica Nipponbare) Immunophilins (FKBPs, CYPs) and
expression patterns under water stress. BioMed Central Plant Biology.
10, 253.

Ahuja, I., De Vos, R. C. H., Bones, A. M. and Hall, R. D. (2010). Plant molecular
stress responses face climate change. Trends in Plant Science. 15,
664-674.

Akhzari, D and Pessarakli, M. (2016) Effect of drought stress on total protein,

essential oil content, and physiological traits of Levisticum officinale
Koch. Journal of Plant Nutrition. 39, 1365-1371.

77



Akinbile, C. O., Abd El-Latif, K. M., Abdullah, R. and Yusoff, M. S. (2011). Rice
Production and Water use Efficiency for Self-Sufficiency in Malaysia:
A Review. Trends in Applied Sciences Research. 6, 1127-1140.

Al Hassan, M., Chaura, J., Donat-Torres, M. P., Boscaiu, M. and Vicente, O.
(2017). Antioxidant responses under salinity and drought in three
closely related wild monocots with different ecological optima. AoB
Plants. 9, plx009.

Albiski, F., Najla, S., Sanoubar, R., Alkabani, R. and Murshed, R.(2012). In vitro
screening of potato lines for drought tolerance. Physiology and Biotogy
of Plants. 18, 31 5-321.

Alam, M. M., Siwar, C., Murad, M. W., and Mohd Ekhwan, T. (2011). Impacts of
Climate Change on Agriculture and Food Security Issues in Malaysia:
An Empirical Study on Farm Level Assessment. World Applied
Sciences Journal. 14, 431-442.

Almeida, D. M., Almadanim, M. C., Lourenco, T., Abreu, I. A., Saibo, N. J. M., &
Oliveira, M. M. (2016). Screening for Abiotic Stress Tolerance in Rice:
Salt, Cold, and Drought. Environmental Responses in Plants.155-182.

Apel, K., and Hirt, H. (2004). Reactive oxygen species: metabolism, oxidative
stress, and signal transduction. Annual Review of Plant Biology. 55,
373-399.

Application of Mutation Techniques and Biotechnology for Minimal Water
Requirement and Improvement of Amylose Content in Rice.(2010)
https://www.fnca.mext.go.jp/english/mb/rice/pdf/6 _malaysia. Access
on 30 october 2013.

Aranjuelo, I., Molero, G., Erice, G., Avice, J. C. and Nogues, S. (2011). Plant
physiology and proteomics reveals the leaf response to drought in
alfalfa (Medicago sativa L.). Journal of Experimental Botany. 62, 111—
123.

Asaduzzaman, M., Bari, M. A., Joarder, O. I. and Huda, S. (2000). Plant
regeneration from leaf base derived callus in rice. Journal of Genetic
Biotechnology. 1, 17 -122.

Asaduzzaman, M., Bari, M. A., Joardar, O., Huda, S., Rahman, M. and Faisal, A.
A. (2001). In vitro plant regeneration from scutelum derived callus in
rice. Journal of BioSciences. 9, 21-25.

Asaduzzaman, M., Rahman, M. and Bari, M. A. (2005). Callus induction and
plant regeneration from mesocotyl explant of rice (Oryza sativa L.).
Journal of Biosciences. 13, 23-26.

Ashraf, M. and Iram, A. (2005). Drought stress induced changes in some organic
substances in nodules and other plant parts of two potential legumes

78


https://www.fnca.mext.go.jp/english/mb/rice/pdf/6_malaysia

differing in salt tolerance. Flora - Morphology, Distribution, Functional
Ecology of Plants. 200, 535-546.

Attree, S. M. Moore, D. Sawhney, V. K. and Fowke. L. C. (1991). Enhanced
Maturation and Desiccation Tolerance of White Spruce [Picea glauca
(Moench) Voss] Somatic Embryos: Effects of a Non-plasmolysing
Water Stress and Abscisic Acid. Annals of Botany. 68, 519-522.

Baker, C. J. and Mock, N. M. (1994). An improved method for monitoring cell
death in cell suspension and leaf disc assays using Evans blue. Plant
Cell Tissue Organ Culture. 39, 7-12.

Baltes, N. J., Gil-Humanes, J., and Voytas, D. F. (2017). Genome Engineering
and Agriculture: Opportunities and Challenges. Gene Editing in Plants,
1-26.d0i:10.1016/bs.pmbts.2017.03.011

Banu, M. N. A., Hoque, M. A., Watanabe-Sugimoto, M., Islam, M. A., Uraji, M.
and Matsuoka, M. (2010). Proline and glycinebetaine ameliorated NaCl
stress via scavenging of hydrogen peroxide and methylglyoxal but not
superoxide or nitric oxide in tobacco cultured cells. Bioscience,
Biotechnology, and Biochemistry. 10, 2043-2049.

Behbahanil, M., Shanehsazzadehll, M. and Hessamil, M. J. (2011). Optimization
of callus and cell suspension cultures of Barringtonia racemosa
(Lecythidaceae family) for lycopene production. Scientia Agricola. 68,
69-76.

Bergmeyer, H. V., Gacoehm, K. and Grassi, M. (1974). In methods of enzymatic
analysis. New York: Academic Press.

Bergmeyer, N. (1970). Methoden der enzymatischen, analyse, vol. I. Akademie
Verlag, Berlin, 636-647.

Bertin, P. and Bouharmont, J. (1997). Use of somaclonal variation and in vitro
selection for chilling tolerance improvement in rice. Euphytica. 1, 135-
142.

Bhat, S. V., Booth, S. C., McGrath, S. G. K. and Dahms, T. E. S. (2015).
Rhizobium leguminosarum bv. viciae 3841 adapts to 2,4-
dichlorophenoxyacetic acid with “auxin-like” morphological changes,
cell envelope remodeling and upregulation of central metabolic
pathways. Public Library of Science. 67, 1-21.

Bidabadi, S. S., Meon, S., Wahab, Z., Subramaniam, S. and Mahmood, M.
(2012). In vitro selection and characterization of water stress tolerant
lines among ethyl methanesulphonate (EMS) induced variants of
banana (Musa spp., with AAA genome). Australian Journal of Crop
Science. 6, 567-575.

Bobadilla Landey, R., Cenci, A., Guyot, R., Bertrand, B., Georget, F., Dechamp,
E., Herrera, J., Aribi, J., Lashermes, P. and Etienne, H.

79



(2015). Assessment of genetic and epigenetic changes during cell
culture ageing and relations with somaclonal variation in Coffea
arabica. Plant Cell, Tissue and Organ Culture. 122, 517-531.

Bouman, B. A. M., Peng S., Castaneda, A. R. and Visperas R. M. (2005). Yield
and water use of irrigated tropical aerobic rice systems. Agricultural
Water Management. 74, 87-105.

Bouiamrine, E. H. and Diouri, M. (2012). Response of durum wheat (Triticum
durum Desf.) callus culture to osmosisinduced drought stress caused
by polyethylene glycol (PEG). Annals of Biological Research. 3, 4555-
4563.

Campanelli, A., Ruta, C., Morone-Fortunato, I. and Mastro, G. D. (2013). Alfalfa
(Medicago sativa L-) clones tolerant to salt stress: in vitro selection.
Central European Journal of Biology. 8, 765-776.

Cassia, R., Nocioni, M., Correa-Aragunde, N. and Lamattina, L. (2018). Climate
Change and the Impact of Greenhouse Gasses: COzand NO, Friends
and Foes of Plant Oxidative Stress. Frontiers in Plant Science, 9. 1-11.

Chakraborty, A. and Chattopadhyay, S. (2008). Stimulation of menthol
production in Mentha piperita cell culture. In Vitro Cellular Development
and Biology - Plant. 44, 518-524.

Chakraborty, A., Chowdhury, S., Haque, Z., Dash, A. K. and Mosnaz, A. T. M. J.
(2018). In Vitro Shoot Regeneration of Rice (Oryza sativa L.) Varieties
under artificial drought stress. The Agriculturists. 16, 55-64.

Chaplen, F.W.R., (1998) Incidence and potential implications of the toxic
metabolite methylglyoxal in cell culture: a review. Cytotechnology. 26,
173-183

Chen, T. H. and Murata, N. (2002). Enhancement of tolerance of abiotic stress
by metabolic engineering of betaines and other compatible solutes.
Current Opinion in Plant Biology. 5, 250-257.

Chukwu, S. C., Rafii, M. Y., Ramlee, S. I, Ismail, S. |., Hasan, M. M., Oladosu,
Y. A., Magaji, U. G., Akos, |. and Olalekan, K. K. (2019). Bacterial leaf
blight resistance in rice: a review of conventional breeding to molecular
approach. Molecular Biology Reports. doi:10.1007/s11033-019-
04584-2

Chutipaijit, S. and Sutjaritvorakul, T. (2018). Application of activated charcoal
and nanocarbon to callus induction and plant regeneration in aromatic
rice (Oryza sativa L.). Agriculture and Agricultural Science Procedia. 9,
456- 461.

Cleland, R. E. (2010) Auxin and cell elongation. In: Davies P. J. (ed) Plant

Hormones: Biosynthesis, Signal Transduction, Action! -Springer,
Dordrecht. 204-220.

80



Coleman-Derr, D. and Tringe, S. G. (2014) Building the crops of tomorrow:
advantages of symbiont-based approaches to improving abiotic stress
tolerance. Frontiers in Microbiology. 5, 283.

Coruzzi, G., & Last, R (2000). Amino Acids. In: Biochemistry and Molecular
Biology of Plants, (Buchanan, B.B., Gruissem, W., and Jones, R. L.
Eds.), American Society of Plant Biologists, Rockville, Maryland, 358-
410.

Crosson, P. (1995). Natural resource and environmental consequences of rice
production Los Banos, Manila, Philippines, in: International Rice
Research Institute (Ed.), Fragile Lives in Fragile Ecosystems,
Proceedings of the Inter- national Rice Research Conference. 83-100.

Cruz de Carvalho M. H. (2008). Drought stress and reactive oxygen species:
Production, scavenging and signaling. Plant Signaling and Behaviour.
3, 156-165.

Cui, X. H., Murthy, H. N., Wu, C. H. and Paek, K. Y. (2010). Sucrose-induced
osmotic stress affects biomass, metabolite, and antioxidant levels in
root suspension cultures of Hypericum perforatum L. Plant Cell Tissue
and Organ Culture. 103, 7-14.

Dakin, H. D. and Dudley, H. W. (1913). On glyoxalase. Journal of Biological
Chemistry. 14, 423.

Daniela, M. A., David, R. H. A., Caesara, A. C. Ramakrishnana, M.,
Duraipandiyana, M.,.Ignacimuthu, S. and Al-Dhabic, N. A. (2018).
Effect of I-glutamine and casein hydrolysate in the development of
somatic embryos from cotyledonary leaf explants in okra
(Abelmoschus esculentus L. monech). South African Journal of Botany.
114, 223-231.

Darkoa, E., Ambrusa, H., Stefanovits-Banyaib, E., Fodorc, J., Bakosa, F. and
Barnabasa, B. (2004). Aluminium toxicity, Al tolerance and oxidative
stress in an Al-sensitive wheat genotype and in Al-tolerant lines
developed by in vitro microspore selection. Plant Science. 3, 583-591.

Das, A, and Mandai, N. (2010). Enhanced development of embryogenic callus
in Stevia rebaudiana Bert. by additive and amino acids. Biotechnology.
9, 368-372.

Datta, K., Baisakh, N., Gangulyl, M., Krishnan, S., Shinozaki, K. Y. and Datta, S.
K. (2012). Over expression of Arabidopsis and Rice stress genes
inducible transcription factor confers drought and salinity tolerance to
rice. Plant Biotechtnology Journal.10, 579-596.

Delporte, F., Pretova, A. Jardin, P. D. and Watillon, B. (2014). Morpho-histology

and genotype dependence of in vitro morphogenesis in mature embryo
cultures of wheat. Protoplasma. 251, 1455-1470.

81



Dewanti, P., Widuri, L. I., Alfian, F. N., Addy, H, S., Okviandari, P. and Sugiharto,
B. (2016). Rapid propagation of virus-free sugarcane (Saccharum
officinarum) by somatic embryogenesis. 9, 456-461.

Dhankher, O. P, Foyer, C. H. (2018). Climate resilient crops for improving global
food security and safety. Plant Cell Environment. 41, 877— 884.

Dien, D. C, Mochizuki, T. and Yamakawa, T. (2019). Effect of various drought
stresses and subsequent recovery on proline, total soluble sugar and
starch metabolisms in Rice (Oryza sativa L.) varieties. Plant Production
Science. 22, 530-545.

Din, A.R.J. M., Ahmad, F. |., Wagiran, A. and Samad, A. A. (2016). Improvement
of efficient in vitro regeneration potential of mature callus induced from
Malaysian upland rice seed (Oryza sativa cv. Panderas). Saudi journal
of Biological Sciences. 23, 69-77.

Din, J., Khan, S. U., Ali, I. and Gurmani, A. R. (2011). Physiological and
agronomic response of canola varieties to drought stress. Journal of
Animal and Plant Sciences. 21, 78-82.

Dionisio-Sese, M. L., Tobita, S. (1998). Antioxidant responses of rice seeding to
salinity stress. Plant Science. 135, 1-9.

Dionne, M., Coen, S. and Casper, S. (2015). The role of methylglyoxal and the
glyoxalase system in diabetes and other age-related disease. Clinical
science. 128, 839-61.

Dorffling, K., Dorffling, H., Lesselich, G. Luck, E., Zimmermann, C., Melz, G. and
Jurgens, H. U. (1997). Heritable improvement of frost tolerance in
winter wheat by in vitro selection of hydroxyproline-resistant proline
overproducing mutanls. Euphytica. 93, 1-10.

Duncan, R. R. Waskom, R. M. and Nabors, M. W. (1995). In vitro screening and
field evaluation of tissue-culture-regenerated sorghum (Sorghum
bicolor (L.) Moench) for soil stress tolerance. Euphytica, 85, 373-380.

El-Dawayati, M. M. Ghazzawy, H. S. and Munir, M. (2018). Somatic
embryogenesis enhancement of date palm cultivar Sewi using different
types of polyamines and glutamine amino acid concentration under in-
vitro solid and liquid media conditions. International Journal of
Biosciences. 12, 149-159.

Ejlali, F. Asgari, A. and Darzi-Naftchally, A. (2012). Influence of water resources
on yield and yield components of rice in paddy fields. Technical Journal
of Engineering and Applied Sciences. 2, 199-205.

El-zZefzafy, M. M., Dawoud, G. T. M. and Shahhat, I. M. A. M. (2018).
Physiological and phytochemical responses of rosemary (Rosmarinus
officinalis L.) plant on in vitro callus formation. European Journal of
Medicinal Plants. 17, 1-16.

82



Ethan, S., Odunze, A. C. Abu, S. T. and Lwuafor, E.N.O. (2012). Field water
management and N-rates to save water and control iron toxicity in
lowland rice. Academic Research International. 3, 2.

Evangelista, F. C., Aldemita, R. R. and Ungson, L. B. (2009). Callus and
regeneration potential of rice (Oryza sativa L.) genotypes towards the
development for salt tolerance. Philippine Journal of Science. 138,
169-176.

Fahad, S., Bajwa, A. A., Nazir, U., Anjum, S. A., Farooq, A., Zohaib, A., Sadia,
S., Nasim, W., Adkins, S., Saud, S., lhsan, M. Z., Alharby, H., Wu, C.,
Wang, P. and Huang, J. (2017). Crop Production under Drought and
Heat Stress: Plant Responses and Management Options. Frontiers in
Plant Science. 8.

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D. and Basra, S. M. A. (2009). Plant
drought stress: effects, mechanisms and management. Agronomy for
Sustainable Development. 29, 185-212.

Fidemann, T., Araujo Pereira, G. A., Heluy, T. R. (2018). Handling culture
medium composition for optimizing plant cell suspension culture in
shake flasks. Plant Cell Tissue Organ Culture. 133, 137-146.

Flick, K. and Kaiser, P. (2012). Protein Degradation and the Stress Response.
Seminars in Cell and Developmental Biology. 23, 515-522.

Filippoua, P., Bouchagier, P., Skotti, E. and Fotopoulos, V. (2014). Proline and
reactive oxygen/nitrogen species metabolism is involved in the tolerant
response of the invasive plant species Ailanthus altissima to drought
and salinity. Environmental and Experimental Botany. 97, 1-10.

Foyer, C. H. and Noctor, G. (2011) Ascorbate and glutathione: the heart of the
redox hub. Plant Physiology.155, 2-18.

Foyer, C. H. and Noctor, G. (2009). Redox regulation in photosynthetic organism:
signalling, acclimation and practical implications. Antioxidants and
Redox Signaling. 11, 816-905.

Fukao, T. Yeung, E. and Bailey-Serres. J. (2011). The submergence tolerance
regulator SUB1A mediates crosstalk between submergence and
drought tolerance in rice. The Plant Cell. 23, 412-427.

Gallego, A., Bonfill, M., Cusido, R. M., Pastor, M., Palazon, J. and Moyano, E.
(2015). Assessing factors that affect the growth of Corylus avellana cell
suspension cultures: a statistical approach. In vitro Cellular and
Developmental Biology — Plant. 51, 1-9.

Gao, J., Xiao, Q., Ding, L., Chen, M., Yin, L., Li, L. Z., Zhou, S. and He, S. (2008)
Differential responses of lipid peroxidation and antioxidants in
Alternanthera philoxeroides and Oryza sativa subjected to drought
stress. Plant Growth Regulation. 56, 89-95.

83



Ge, X., Chu, Z., Lin, Y, and Wang, S. (2006). A tissue culture system for different
germplasms of indica rice. Plant Cell Reports. 25, 392-402.

Geng, P. P., La, H.G., Wang, H.Q. and Stevens, E. J. C. (2008). Effect of sorbitol
concentration on regeneration of embryogenic calli in upland rice
varieties (Oryza sativa L.). Plant Cell Tissue Organ Culture. 92, 303-
313.

George, E. F., Hall, M. A. and Klerk, G. J. D. (2008). The components of plant
tissue culture media Il: Organic additions, osmotic and pH effects, and
support systems. Plant Propagation by Tissue Culture. 115-173.

George, E. F., and de Klerk, G-J. (2008). The components of plant tissue culture
media 1: macro- and micro-nutrients. In George E. F, Hall M. A, de
Klerk G-J, eds., plant propagation by tissue culture, 3rd edition, vol. 1.
The Background. Springer-Verlag, Dordrecht. 65-113.

Gill, A. K., Gosal, S. S. and Sah, S. K. (2014). Differential cultural responses of
wheat (triticum aestivum L.) with different explants. Journal of Cell and
Tissue Research. 14, 4351-4356.

Goggin, D. E., Cawthray, G. R. and Powles, S. B. (2016). 2,4-D resistance in
wild radish: reduced herbicide translocation via inhibition of cellular
transport. Journal of Experimental Botany. 67, 3223-3235.

Gotebiowska-Pikania, G., Kope¢, P., Suréwka, E., Janowiak, F., Krzewska, M.,
Dubas, E. and Zur, |. (2017). Changes in protein abundance and
activity induced by drought during generative development of winter
barley (Hordeum vulgare L.). Journal of Proteomics. 169, 73-86.

Gupta, H. S. and Borthakur, D. N. (1987). Improvement rate of callus induction
from rice anther culture following microscopic staging of microspores
in iron alum-haematoxylin. Theoretical and Applied Genetics. 74, 95-
99.

Haider, M. S., Kurjogi, M. M., Khalil-ur-Rehman, M., Pervez, T., Songtao, J., Fiaz,
M., Jogaiah, S., Wang, C. and Fang, J. (2018). Drought stress revealed
physiological, biochemical and gene-expressional variations in
‘Yoshihime’ peach (Prunus Persica L.) cultivar. Journal of Plant
Interactions. 13, 83-90.

Harb, A., Krishnan, A., Ambavaram, M. M. R. and Pereira, A. (2010). Molecular
and physiological analysis of drought stress in Arabidopsis reveals
early responses leading to acclimation in plant growth. Plant
Physiology. 154,1254-1271.

Hassan, M.N., Haque, M.S., and Hassan, M. M. (2014). An efficient protocol for

somatic embryogenesis of garlic (Allium sativum L.) using root tip as
explant. Journal of Bangladesh Agricultural University.12, 1-6.

84



Hassan N. M., Serag M.S., El-Feky, F.M. (2004). Changes in nitrogen content
and protein profiles following in vitro selection of NaCl resistant mung
bean and tomato. Acta Physiologiae Plantarum. 26, 165-175.

Hasanuzzaman, M., Nahar, K., Hossain, M. S., Mahmud, J. A., Rahman, A.,
Inafuku, M., Oku, H. and Fujita, M. (2017). Coordinated Actions of
Glyoxalase and Antioxidant Defense Systems in Conferring Abiotic
Stress Tolerance in Plants. International Journal of Molecular Sciences.
18, 200.

Hieng, B., Ugrinovic, K., Sustar-Vozlic, J. and Kidric, M. (2004). Different classes
of proteases are involved in the response to drought of Phaseolus
vulgaris L. cultivars differing in sensitivity. Journal of Plant Physiology.
161, 519-530.

Hegde, V., Partap, P.S., Yadav, R.C. and Baswana, K.S. (2017). In vitro
Androgenesis in Capsicum (Capsicum annuum L.). International
Journal of Current Microbiology and Applied Sciences. 6, 925-933.

Hoque, T. S., Uraji, M., Ye, W., Hossain, M. A., Nakamura, Y. and Murata, Y.
(2012). Methylglyoxal-induced stomatal closure accompanied by
peroxidase-mediated ROS production in Arabidopsis. Journal of Plant
Physiology. 10, 979-986.

Hohl, M. and Schopfer. P. (1991). Water relations of growing maize coleoptiles:
comparison between mannitol and polyethylene glycol 6000 as
external osmotica for adjusting turgor pressure. Plant Physiology. 95,
716-722.

Hoque, T. S., Hossain, M. A., Mostofa, M. G., Burritt, D. J., Fujita, M. and Tran,
L. S. (2016). Methylglyoxal: An Emerging Signaling Molecule in Plant
Abiotic Stress Responses and Tolerance. Frontiers in plant science. 7,
1341.

Horvath, E, Szalai, G. and Janda, T. (2007) induction of abiotic stress tolerance
by salicylic acid signalling. Journal of Plant Growth Regulator. 26, 290
—300.

Hosny, S. M., Hammad, G., Sharbasy, S. E. and Zayed, Z. (2016). Effect of
coconut milk, casein hydrolysate and yeast extract on the proliferation
of in vitro barhi date palm (Phoenix dactylifera L.). Journal of
Horticultural Science and Ornamental Plants. 8, 46-54.

Hossain, M. A., Teixeira da Silva, J. A. and Fujita, M. (2011). “Glyoxalase system
and reactive oxygen species detoxification system in plant abiotic
stress response and tolerance: an intimate relationship,” in Abiotic
Stress in Plants-Mechanisms and Adaptations. Rijeka: INTECH-Open
Access Publisher. 235-266.

Htwe, N. N., Maziah, M., Ling, H. C., Zaman, F. Q. and Mohd Zain, A. (2011).
Responses of some selected Malaysian rice genotypes to callus

85



induction under in vitro salt stress. African Journal of Biotechnology.
10, 350-362.

Htwe, N., Maziah, M., Ling, H., Zaman, F., and lain, A. (2011). Regeneration
capacity of cell suspension culture in Malaysian rice genotypes under
salinity stress. Asian Journal of Biotechnology. 3, 357-367.

Hulst, A. C, Meyer, M. M. T, Breteler, H. and Tramper, J. (1989). Effect of
aggregate size in cell cultures of Tagetes patula on thiophene
production and cell growth. Applied Microbiology Biotechnology. 30,
18-25

Hussein, S., Halmi, M. I. E. and Ling, A. P. K. (2016). Modelling the Growth
Kinetics of Callus Cultures from the Seedling of Jatropha curcas L.
According to the Modified Gompertz Model. Journal of Biochemistry,
Microbiology and Biotechnology. 4, 20-23.

Ighodaro, O. M. and Akinloye, O. A. (2018). First line defence antioxidants-
superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPX): Their fundamental role in the entire antioxidant
defence grid. Alexandria Journal of Medicine. 54, 287-293.

Isah T. (2019). Stress and defense responses in plant secondary metabolites
production. Biological research. 52, 39.

Ishizaki, T., Maruyama, K., Obara, M., Fukutani, A., Yamaguchi-Shinozaki, K.,
Ito, Y. and Kumashiro, T. (2012). Expression of Arabidopsis DREB1C
improves survival, growth, and yield of upland New Rice for Africa
(NERICA) under drought. Molecular Breeding. 6, 1-10.

Islam, M. M., Ahmed, M. and Mahaldar, D. (2005). In vitro callus induction and
plant regeneration in seed explants of rice (Oryza sativa L.). Research
Journal of Agriculture and Biological Sciences. 1, 72-75.

Ivanov, B. N., Borisova-Mubarakshina, M. M. and Kozuleva, M. A. (2018).
Formation mechanisms of superoxide radical and hydrogen peroxide
in chloroplasts, and factors determining the signalling by hydrogen
peroxide. Functional Plant Biology. 45, 102-110.

Jaillais, Y. and Chory, J. (2010). Unraveling the paradoxes of plant hormone
signaling integration. Nature. 17, 642-645.

Jaleel C. A, Gopi, R., Sankar, B., Gomathinayagam, M. and Panneerselvam, R.
(2008). Differential responses in water use efficiency in two varieties of
Catharanthus roseus under drought stress. Critical Review in
Biotechnology. 331, 42-47.

Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Somasundaram, R., and
Panneerselvam, R. (2009). Drought stress in plants: a review on
morphological characteristics and pigments composition. International
Journal of Agriculture and Biology. 11, 100-105.

86



Jayanthi, M., Susanthi, B., and Murali Mohan, N. (2015). In vitro somatic
embryogenesis and plantlet regeneration from immature male
inflorescence of adult dura and tenera palms of Elaeis guineensis
(Jacq.). SpringerPlus. 4, 256.

Joshi, R., Shukla, A. and Kumar, P. (2013). In vitro water deficit stress induced
genotypic alterations in protein profile. Annals of Plant Sciences. 10,
455-458.

Joshi, R., Shukla, A. and Sairam, R. K. (2011). In vitro screening of rice
genotypes for drought tolerance using polyethylene glycol. Acta
Physiology Plant. 33, 2209-2217.

Joyia, F. A. and Khan, M. S. (2012). Reproducible and expedient rice
regeneration system using in vitro grown plants. African Journal of
Biotechnology. 11,138-144.

Joyia, F. A. and Khan, M. S. (2013). Scutellum-derived Callus-based Efficient
and Reproducible Regeneration System for Elite Varieties of Indica
Rice in Pakistan. International Journal of Agriculture and Biology. 15,
1.

Junairiah, Mahmuda, A. Manuhara, Y. S. W., Ni'matuzahroh and Sulistyorini, L.
(2019). Callus Induction and Bioactive Compounds from Piper betle L.
var nigra. IOP Conference Series: Earth and Environmental Science.
217, 12-26.

Karam N. S, Jawad F. M, Arikat N. A. and Shibli R. A. (2003). Growth and
rosmarinic acid accumulation in callus, cell suspension, and root
cultures of wild Salvia fruticosa. Plant Cell Tissue Organ Culture. 73,
117-121.

Kareem, T. K. and Karrar, A. T. (2018). Biochemical and physiological changes
of callus growth and lycopene pigment production from tomato
(Lycopersicon esculentum mill.) under drought stress. International
Journal of Innovative Science and Technology. 3, 7-21.

Kato, M. and S. Shimizu. (1987). Chlorophyll metabolism in higher plants. VII.
Chlorophyll degradation in senescing tobacco leaves: phenolic-
dependent peroxidative degradation. Canadian Journal of Botany. 65,
729-735.

Kaur, C., Ghosh, A., Pareek, A., Sopory, S. K., and Singla-Pareek, S. L. (2014).
Glyoxalases and stress tolerance in plants. Biochemical Society
Transactions. 42, 485-490.

Kaur, C., Kushwaha, H. R., Mustafiz, A., Pareek, A., Sopory, S. K., and Singla-
Pareek, S. L. (2015). Analysis of global gene expression profile of rice
in response to methylglyoxal indicates its possible role as a stress
signal molecule. Frontiers in Plant Science. 6.

87



Kenmore, P., (2003). Sustainable rice production, food security and enhanced
livelihoods among aromatic rice varieties. Rice Science: Innovations
and Impact for Livelihood. 27-34.

Keshishian, E. A and Rashotte, A. M. (2015). Plant cytokinin signalling. Essays
In Biochemistry. 58, 13-27.

Keshvari, T., Najaphy, A., Kahrizi, D. and Zebarjadi, A. (2018). Callus induction
and somatic embryogenesis in Stevia rebaudiana Bertoni as a
medicinal plant. Cellular and Molecular Biology. 64, 2.

Khalafalla, M. M., Abd Elaleem, K. G. and Modawi, R. S. (2010). Callus formation
and organogenesis of potato (Solanum tuberosum L.) cultivar almera.
Journal of Phytology. 2, 40—46.

Khalil, S. M., Cheah, K. T., Perez, E. A., Gaskill, D. A. and Hu, J. S. (2002).
Regeneration of banana (Musa spp. AAB cv. Dwarf Brazilian) via
secondary somatic embryogenesis. Plant cell reports. 20, 1128-1134.

Khan, M. N. M. (2019). In vitro callus induction of aromatic rice depends on the
concentration of 2, 4-D. Malaysia Journal of Halal Research Journal.
2, 9-13.

Kiani SP, Maury P, Sarrafi A, Grieu P (2008) QTL analysis of chlorophyll
fluorescence parameters in sunflower (Helianthus annuus L.) under
well-watered and water-stressed conditions. Plant Science. 175, 565—
573.

Kiran, K., Sharma, Bhatnagar-Mathur, P. and Thorpe, T. (2005). Genetic
transformation technology: status and problems. In Vitro Cellular and
Developmental Biology Plant. 41, 102-112.

Kou, C. L., Chang, J. Y., Chang, H. C., Guptar, S. K., Chan, H. S., Chen, C. F.
and Tsay, H. S. (2011). In vitro production of benzylisoquinoline from
Stephania tetrandra through callus culture under the influence of
different additives. Botanical Studies. 52, 285-294.

Kouassi, M. K., Koff, E. K., Silue, O., Tahi, M. G., Toure, M. and Konan, E. P. K.
(2018). Comparison of systems combining auxins with thidiazuron or
kinetin supplemented with polyvinylpirrolidone during embryogenic
callus induction in three Theobroma cacao L. genotypes. International
Journal of Biological and Chemical Sciences.12, 804-811.

Kumar, K. H., Razack, S., Nallamuthu, I. and Khanum, F. (2014). Phytochemical
analysis and biological properties of Cyperus rotundus L. Industrial
Crops and Products. 52, 815— 826.

Kumar, R. R., Karajol, K. and Naik, G. R. (2011). Effect of polyethylene glycol
induced water stress on physiological and biochemical responses in
pigeonpea (Cajanus cajan L. Millsp.). Recent Research in Science and
Technology. 3, 148-152.

88



Kumar, N., Vijayanand, K. G., Reddy, M. P. (2011). Plant regeneration in non-
toxic Jatropha curcas - impacts of plant growth regulators, source and
type of explants. Journal of Plant Biochemistry and Biotechnology. 20,
125-133.

Kumari, A., Baskaran, P., Plackova, L., Omamikova, H., Nisler, J., Dolezal, K.
and Van Staden, J. (2018). Plant growth regulator interactions in
physiological processes for controlling plant regeneration and in vitro
development of Tulbaghia simmleri. Journal of Plant Physiology. 223,
65-71.

Kumar, N. and Reddy, M. P. (2011). In Vitro Plant Propagation: A Review.
Journal of Forest Science. 27, 61-72.

Kusuma, R. R., Sulistyowati, L., Cheng, C. C. and Lin, Y. H. (2018).
Developments of rice cell suspension culture and a novel strategy for
screening new resistant lines to rice blight disease caused by
Xanthomonas oryzae pv. oryzae. Agrivita. Journal of Agricultural
Science. 40, 434-441.

Lawlor, D.W. (1970). Absorption of polyethylene glycols by plants and their
effects on plant growth. New Phytology. 69, 501-514.

Lee, K. S., Jeon, H. S. and Kim, M. Y. (2002). Optimization of a mature
embryobased in vitro culture system for high-frequency somatic
embryogenic callus induction and plant regeneration from japonica rice
cultivars. Plant Cell Tissue and Organ Culture, 71, 9-13.

Lemoine, R., La Camera, S., Atanassova, R., Dédaldéchamp, F., Allario, T.,
Pourtau, N. and Durand, M. (2013). Source-to-sink transport of sugar
and regulation by environmental factors. Frontiers in plant science, 4,
272.

Levall, M. W. and Bornman, J. F., (1993). Selection in vitro for UV tolerant sugar
beet (Beta vulgaris) somaclones. Physiology Plant. 88, 37-43.

Li, J., Zeng, L. and Cheng, Y. (2018). Exogenous melatonin alleviates damage
from drought stress in Brassica napus L. (rapeseed) seedlings. Acta
Physiologiae Plantarum. 40, 43.

Li, Z. (2016). Methylglyoxal and Glyoxalase System in Plants: Old Players, New
Concepts. The Botanical Review. 82, 183—203.

Liu, J., Zhang, F., Zhou, J., Chen, F., Wang, B. and Xie, X. (2012). Phytochrome

B control of total leaf area and stomatal density affects drought
tolerance in rice. Plant Molecular Biology.78, 289-300.

Lin, Y. and Zhang, Q. (2005). Optimising the tissue culture conditions for high
efficiency transformation of indica rice. Plant Cell Reports, 23, 540-547.

89



Liu,. C., Kwanhoon, L., Honda, M. H. & Kobayashi, T. (2001). Enhanced
regeneration of rice (Oryza sativa L.) embryogenic callus by light
irradiation in growth phase. Journal of Bioscience and Bioengineering.
91, 319 - 321.

Machczynska, J., Zimny, J., and Bednarek, P. T. (2015). Tissue culture-induced
genetic and epigenetic variation in triticale (Triticosecale spp. Wittmack
ex A. Camus 1927) regenerants. Plant molecular biology. 89, 279—292.

Magneschi, L. and Favali, S. (2006). Agrobacterium-mediated transformation of
rice, http://www.plantlab.sssup.it/RiceTransformation (access on 10
Janually 2014)

Mahajan, S. and Tuteja, N. (2005). Cold, salinity and drought stresses: an
overview. Archives of Biochemistry and Biophysics. 444,139-158.

Mahmood, |. Razzagq, A..Hafiz, |. A. Kaleem, S., Khan, A. A., Qayyum, A., Ahmad,
M. (2012). Interaction of callus selection media and stress duration for
in vitro selection of drought tolerant callus of wheat. African Journal of
Biotechnology. 11, 4000-4006.

Malecka, A., Derba-Maceluch, M., Kaczorowska, K., Piechalak, A.,
Tomaszewska, B. (2009). Reactive oxygen species production and
antioxidative defense system in pea root tissues treated with lead ions:
mitochondrial and peroxisomal level. Acta Physiology Plant, 31, 1065-
1075.

Mandal, A. B., Maiti, A. and Biswas, A. (2003). Somatic embryogenesis in root
derived callus of indica rice. Plant tissue Culture. 13,125-133.

[MARDI] Malaysia Agricultural Research and Development Institute. (2010)
Strengthening food security through sustainable rice
production.http://agromedia.mardi.gov.my/conference_symp/PADI/.
Access on 13 Janually 2014.

[MARDI] Malaysia Agricultural Research and Development Institute. (2002) High
yielding rice variety, MR219.
http://www.mardi.gov.my/c/document_library/get_file?uuid=bb09dde5
-5bda-45ce-8d37-4eeeeb177cf4&groupld=10138. Access on 13
Janually 2014.

McLellan, A. C. and Thornalley, P. J. (1989). Glyoxalase activity in human red
blood cells fractionated by age. Mechanisms of Ageing and
Development. 48, 63-71.

Mehmood, K., Arshad, M., Ali, S. and Qayyum, M. (2016). Comparative study of
tissue culture response of some selected basmati rice cultivars of
Pakistan. Journal of Rural Development and Agriculture. 1, 30-38.

Mendonca, E. G., Paiva, L. V., Stein, V. C., Pires, M. F., Santos, B. R. & Pereira,
F. J. (2012). Growth curve and development of the internal calli

90



structure of Eucalyptus camalsulensis Dehn. Brazilian Archives of
Biology and Technology. 55, 887-896.

Meneses, A., Flores, D., Munoz, M., Arrieta, G. and Espinoza, A. M. (2005).
Effect-of 2,4-0, hydric stress and light on indica rice (Oryza sativa)
somatic embryogenesis. Intemational Journal of Tropical Biology. 53,
361-368.

Micheal, J. S. A. S., Juraimi, A. S., Selamat, A., Man, A., Anwar, M. P. and Uddin,
M. K. (2013). Critical period of weed control in aerobic rice system.
Australian Journal of Crop Science. 7, 665-673.

Ming, N. J., Mostafiz, S. B., Johon, N. S., Zulkifli, N. S. A., and Wagiran, A. (2019).
Combination of Plant Growth Regulators, Maltose, and Partial
Desiccation Treatment Enhance Somatic Embryogenesis in Selected
Malaysian Rice Cultivar. Plants, 8, 144.

Mingchi, L., Xiangli, L., Jing, H. and Lihong, G. (2010). Effect of simulated
drought stress on plant growth, yield and fruit properties of tomato.
Acta Horticulturae. 856,193-202.

Mohamed, M. A. H., Haris, P. J. C. and Henderson, J. (2000). In vitro selection
and characterization of a drought tolerant clone of Tagetes. Plant
Science. 159, 213 - 222.

Monirul Islam, M., Mahatalat, A. & Debabrata, M. (2005). In vitro callus induction
and plant regeneration in seed explants of rice (Oryza sativa L.).
Research Journal of Agriculture and Biological Sciences .1, 72-75..

Mostafiz, S. B. and Wagiran, A. (2018). Efficient callus induction and
regeneration in selected indica rice. Agronomy. 8, 77.

Mostofaa, M. G., Ghoshb, A., Li, Z., Siddiquia, M. N., Fujitad, M. and Tran, L. P.
(2018). Methylglyoxal-a signaling molecule in plant abiotic stress
responses. Free Radical Biology and Medicine. 122, 96-109.

Moquammel Haque, S. K., Chakraborty, A. and Ghosh, B. (2018). Callus
mediated shoot organogenesis and regeneration of cytologically stable
plants of Ledebouria revoluta: An ethnomedicinal plant with promising
antimicrobial potency. Journal of Genetic Engineering and
Biotechnology. 16, 645-651.

Moquammel Haque, S. K., Chakraborty, A. and Ghosh, B. (2018). Callus
mediated shoot organogenesis and regeneration of cytologically stable
plants of Ledebouria revoluta: An ethnomedicinal plant with promising
antimicrobial potency. Journal of Genetic Engineering and
Biotechnology. 16, 645-651.

Murtaza, G., Rasool, F., Habib, R., Javed, T., Sardar, k., Ayub, M. M., Ayub, M.
A. and Rasool, A. (2016). A Review of Morphological, Physiological
and Biochemical Responses of Plants under Drought Stress

91



Conditions. Imperial Journal of Interdisciplinary Research. 2, 1600-
1603.

Mustafiz, A., Sahoo, K. K., Singla-Pareek, S. L. and Sopory, S. K. (2010).
Metabolic engineering of glyoxalase pathway for enhancing stress
tolerance in plants. Methods in Molecular Biology, Plant Stress
Tolerance. 639, 95-118.

Mwadzingeni, L., Shimelis, H., Tesfay, S. and Tsilo, T. J. (2016). Screening of
bread wheat genotypes for drought tolerance using phenotypic and
proline analyses. Frontiers in Plant Science. 7, 1276.

Nadir, M., Syahrir, R. and Syamsia. (2018). In vitro selection of a drought tolerant
callus of dwarf napier grass (Pennisetum purpureum cv. mott). IOP
Conference Series: Earth and Environmental Science. 156,12-24.

Nahar, K., Hasanuzzaman, M., Alam, M.M., Rahman, A., Mahmud, J.A., Suzuki,
T., Fujita, M.,(2017). Insights into spermine-induced combined high
temperature and droughttolerance in mung bean: osmoregulation and
roles of antioxidant and glyoxalase system. Protoplasma. 254, 445—
460

Naila, R., Mingzhan, X. and Paul, T. (2014). Activity, regulation, copy number
and function in the glyoxalase system. Biochemical Society
Transactions. 42. 419-24.

Nakano, Y. and Asada, K. (1981). Hydrogen peroxide is scavenged by
ascorbate-specific peroxidase in spinach chloroplasts. Plant and Cell
Physiology. 22, 67-80.

Nay, M. M. T. S., Riedel, H., Kutuk, O., Ravichandran, K. and Smetanska, I.
(2010). Effect of elicitors and precursors on the synthesis of
anthocyanin in grape vitis vinifera cell cultures. Energy Research
Journal. 1, 189-192.

Nguyen, K. H., Mostofa, M. G., Li, W., Van Ha, C., Watanabe, Y., Le, D. T., Tran,
L.-S. P. (2018). The soybean transcription factor GmNACO085
enhances drought tolerance in Arabidopsis. Environmental and
Experimental Botany. 151, 12-20. 4, 1-9.

Niroula, R.K., Sah, B.P., Bimb, H.P. and Nayak, S. (2005). Effect of genotype
and culture media on callus induction and plant regeneration from
matured rice grain culture. Journal of the Institute of Agriculture and
Animal Science. 26, 21-26.

Noctor, G., Reichheld, J. P. and Foyerd, C. H. (2018). ROS-related redox

regulation and signaling in plants. Seminars in Cell and Developmental
Biology. 80, 3-12.

92



Noor, A., Rashid, H., Khan, M. and Chaudhry, Z. Studies on the effect of
genotype and explant type on callogenesis and organogenesis in
indica rice. Pakistan Journal of Botani. 43, 2445-2449.

Nuti-Ronchi, V., Caligo., M. A. Nozzolini. M and Luccarini, G. (1984) Stimulation
of carrot somatic embryogenesis by proline and serine. Plant Cell
Reponse. 3, 210-214.

Othma, S. (2009). Aerobic rice - rice production system in water scarce
environment. Agro-environment: Adapting to climate change
uncertainties through sustainable agriculture. 39, 221-224.

Paddy Statistics of Malaysia 2011. (2012).
http://www.doa.gov.my/c/document _library/get file?uuid=8b3bb7ed-
4363-4471-b760-61528e6273dc&groupld=38371. Access on 30
october 2013.

Parida, A. K., Das, A. B., Mohanty, P. (2004). Defense potential to NaCl in a
mangrove, Bruguiera parviflora: differential changes of isoforms of
some antioxidative enzymes. Journal Plant Physiology. 161, 531-542.

Patade, V.Y., Bhargava, S., suprasanna, P. (2012). Effects of NaCl and iso-
osmotic PEG stress on growth, osmolytes accumulation and
antioxidant defense in cultured sugarcane. Cells, Plant Cell tissue
Organ Culture.109, 279-286.

Pawar, B., Kale, P., Bahurupea, J., Jadhava, S., Kales, N. and Pawar, H. (2015).
Proline and glutamine improve in vitro callus induction and subsequent
shooting in rice. Rice Science. 22, 283-289.

Pera, S. T., Khana, N. A., Reddy, P. S., Masood, A., Hasanuzzaman, M., Khan,
M. I. R. and.Anjume, N. A. (2017). Approaches in modulating proline
metabolism in plants for salt and drought stress tolerance:
Phytohormones, mineral nutrients and transgenics. Plant Physiology
and Biochemistry. 115, 126-140.

Petropoulos, S. A., Daferera, D., Polissiou, M. G., Passam, H. C. (2008). The
effect of water deficit stress on the growth, yield and composition of
essential oils of parsley. Scientia Horticulturae. 115, 393-397.

Phaniendra, A., Babu Jestadi, D. and Periyasamy, L. (2015) Free Radicals:
Properties, Sources, Targets, and Their Implication in Various
Diseases. Indian Journal of Clinical Biochemistry. 30, 11-26.

Plants Database USDA, NRCS. 2013. The plant Database
(http://plants.usda.gov). National Plant Data center, Baton Rouge, LA
70874-4490 USA.

Polyn, S., Willems, A. and Veylder, D. (2015). Cell cycle entry, maintenance, and
exit during plant development. Current Opinion in Plant Biology. 23, 1-
7.

93


http://www.doa.gov.my/c/document_library/get_file?uuid=8b3bb7ed-4363-4471-b760-6f528e6273dc&groupId=38371
http://www.doa.gov.my/c/document_library/get_file?uuid=8b3bb7ed-4363-4471-b760-6f528e6273dc&groupId=38371

Purohit, M., Srivastava, S. and Srivastava, P. S. (1998). Stress tolerant plants
through tissue culture. In Srivastava, PS. Plant Tissue Culture and
Molecular Biology: Application and Prospects. New Delhi: Narosa
Publishing House.

Qadir, S. A., Khursheed, M, Q., Huyop, F. Z. (2016). In vitro culture characters
of some Bread wheat genotypes under Drought stress condition.
Journal of Agricultural Faculty of Uludag University. 30, 11-16.

Quan, R., Hu, S., Zhang, Z., Zhang, H., Zhang, Z. and Huang, R. (2010)
Overexpression of an ERF transcription factor TSRF1 improves rice
drought tolerance. Plant Biotechnology Journal. 8, 476—-488.

Rabbani, N., and Thornalley, P. J. (2012). Methylglyoxal, glyoxalase | and
dicarbonyl proteome. Amino Acids. 42, 1133-1142.

Rai, M. K., Kalia, R. K., Singh, R., Gangola, M. P., Dhawan, A. K. (2011).
Developing stress tolerant plants through in vitro selection-An overview
of the recent progress. Environmental and Experimental Botany. 71,
89-98.

Ramachandran, V. (2018). Different Growth Factors Supplement and Growth
Response in Callus Culture of Rice (Oryza sativa L.). Journal of
Advanced Research in BioChemistry and Pharmacology. 1, 48-51.

Ramaswamy, O., Guha-Mukherjee, S., and Sopory, S.K. (1983). Presence of
glyoxalase | in pea. International Journal of Biochemistry. 7, 307-318.

Ramesh, M., Murugiah, V., & Gupta, A. K. (2009). Efficient in vitro plant
regeneration via leaf base segments of indica rice (Oryza sativa L.).
Indian Journal of Experimental Biology. 47, 68-74.

Rao, A. M., Kumar, |. s and Kavi Kishor, p. B. (2012). Effect of growth regulators
and physiological gradients on the high frequency plant regeneration
from the long term callus cultures of different germplasms of rice
(Oryza sativa L.). Journal of Phytology. 4, 6-15.

Rao, S. and Jabeen, F. T. Z. (2013). In vitro selection and characterization of
polyethylene glycol (PEG) tolerant callus lines and regeneration of
plantlets from the selected callus lines in Sugarcane (Saccharum
officinarum L.). Physiology and Molecular Biology of Plants. 19, 261-
268.

Ratnayake, R. M. L. K. and Hettiarachchi, G. H. C. M. (2010). Development of
an efficient Agrobacterium mediated transformation protocol for Sri
Lankan rice variety (BG-250). Tropical Agricultural Research.22, 45 -
53.

Ray, S., Dutta, S., Halder, J. and Ray, M. (1994). Inhibition of electron flow
through complex | of the mitochondrial respiratory chain of Ehrlich

94



ascites carcinoma cells by methylglyoxal. Biochemical Journal. 303,
69-72.

Reddy, S. S. S., Singh, B, Peter, A. J. and Rao, T. V. (2018). Production of
transgenic local rice cultivars (Oryza sativa L.) for improved drought
tolerance using agrobacterium mediated transformation. Saudi Journal
of Biological Sciences. 25, 1535-1545.

Revathi. S. and Pillai, A. M. (2011). In vitro callus induction in rice (Oryza sativa
L.). Research in Plant Biology, 1, 13-15.

Romero-Munar, A., Baraza, E. and Cifre, J. (2018). Leaf plasticity and stomatal
regulation determines the ability of Arundo donax plantlets to cope with
water stress. Photosynthetica. 56, 698—706.

Roy, B. and Mandal A. B. (2005). Towards development of Al-toxicity tolerant
lines in indica rice by exploiting somaclonal variation. Euphytica. 3,
221-227.

Sah, S. K.. Kaur, A. and Sandhu, J. S. (2014). High Frequency Embryogenic
Callus Induction and Whole Plant Regeneration in Japonica Rice Cv.
Kitaake. Journal of Rice Research. 2,1-4.

Sahrawat, A. K. and Chand, S. (2001). High-frequency plant regeneration from
coleoptile tissue of indica rice (Oryza sativa L.). In Vitro Cellular and
Development of Biology Plant. 37, 55-61.

Sakr, D. E. and Sayed, R. M. S. (2018). Morpho-histological observations on
somatic embryogenesis in mature embryo derived callus of Oryza
sativa L. cv. Sakha 101. Journal of Scientific Research. 35.

Sarker, U. and Oba, S. (2018). Drought Stress Effects on Growth, ROS Markers,
Compatible Solutes, Phenolics, Flavonoids, and Antioxidant Activity in
Amaranthus tricolor. Applied Biochemistry and Biotechnology.
doi:10.1007/s12010-018-2784-5

Sakhanokho, H. F. and Kelley, R.Y. (2009). Influence of salicylic acid on in vitro
propagation and salt tolerance in Hibiscus acetosella and Hibiscus
moscheutos (cv 'Luna Red"). African Journal of Biotechnology. 8, 1474-
1481.

Sankaranarayanan, S., Jamshed, M., Kumar, A., Skori, L., Scandola, S., Wang,
T. and Samuel, M. A. (2017). Glyoxalase Goes Green: The Expanding
Roles of Glyoxalase in Plants. International Journal of Molecular
Sciences. 18, 898.

Santos, M. R. A. D. and Souza, C. A. D. (2016). Dedifferentiation of leaf cells

and growth pattern of calluses of Capsicum annuum cv. Etna.
Australian Journal of Basic and Applied Sciences. 10, 362-368.

95



Santos, M. R. A. D., Souza, C. A.and Paz, E. S. (2017). Growth pattern of friable
calluses from leaves of Capsicum annuum var. annuum cv. Iberaba
Jalapefo. Revista Ciencia Agronomica. 48, 523-530.

Saleem, M. Y., Mukhtar, Z., Cheema, A. A. and Atta, B. M. (2005). Induced
mutation and in vitro techniques as a method to induce salt tolerance
in Basmati rice (Oryza sativa L.). International Journal of
Environmental Sciences Technology. 2, 141-145.

Sayar, R. Bchini, H. Mosbahi M.and Ezzine, M. (2010). Effects of salt and
drought stresses on germination, emergence and seedling growth of
Durum wheat (Triticum durum Desf.). Journal of Agricultural Research.
5, 2008-2016.

Shahsavari, E. (2011). Impact of tryptophan and glutamine on the tissue
cultureof upland rice. Plant Soil Environment. 57, 7-10.

Shao, H. B., Chu, L.Y., Jaleel C. A., Manivannan, P., Panneerselvam, R. and
Shao M. A. (2009). Understanding water deficit stress-induced
changes in the basic metabolism of higher plants-biotechnologically
and sustainably improving agriculture and the ecoenvironment in arid
regions of the globe. Critical Review in Biotechnology. 29, 131-151.

Sharma, A., Shahzad, B., Kumar, V., Kohli, S. K., Sidhu, G., Bali, A. S. and
Zheng, B. (2019). Phytohormones Regulate Accumulation of
Osmolytes Under Abiotic Stress. Biomolecules. 9, 285.

Shukla, R., Koshy, E. P. and Ojha, M. D. (2018). Best plant hormon combination
for In vitro callus initiation, organogenesis and regeneration of rice cv.
swarna subl. Journal of Pharmacognosy and Phytochemistry. 7, 1890-
1894,

Shuler ML (1988) Bioreactors for plant cell culture In: Pais MSS, Mavituna F,
Novais J. M. (eds) Plant Cell biotechnology, vol 18.Springer, Berlin
Heidelberg New York, 329-342.

Shehab, G. G., Ahmed, O. K. and El-beltagi., H. S. (2010). Effects of various
chemical agents for alleviation of drought stress in rice plants (Oryza
sativa L.). Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 38, 139-
148.

Shukla, R., Dube, A. and Koshy, E. (2014). Production of high quality
embryogenic callus of rice. International Journal of Life Sciences. 9,
1077-1080.

Shuler ML (1988) Bioreactors for plant cell culture In: Pais MSS, Mavituna F,
Novais JM (eds) Plant Cell biotechnology, vol 18.Springer, Berlin
Heidelberg New York, 329-342.

Silja, P. K. Gisha, G. P. and Satheeshkumar, K. (2014). Enhanced plumbagin
accumulation in embryogenic cell suspension cultures of Plumbago

96



rosea L. following elicitation. Plant Cell, Tissue and Organ Culture. 119,
469-477.

Silva, M. F. D., Araujo, E. F., Silva, L. J., Amaro, H. T. R., Dias, L. A., Santos,
d. and Dias, D. C. F. (2019). Tolerance of crambe (Crambe
abyssinica Hochst) to salinity and water stress during seed
germination and initial seedling growth. Ciéncia e Agrotecnologia.
43, e025418.

Singh, S., Kumar, A., Rana, V., Kumar, A. and Sharma, V. R. (2018). In vitro
callus induction and plant regeneration in basmati rice (Oryza sativa L.)
varieties. Journal of Pharmacognosy and Phytochemistry. 5, 65-69.

Sivamani, E., Shen, P., Opalka, N., Beachy, R. N. and Fauquet, C. M. (1996).
Selection of large quanities of embryogenic calli from indicalce seeds
for production of fertile transgenic plants using the biolistic method.
Plant Cell Report. 15, 322-327.

Song, Y. (2014). Insight into the mode of action of 2,4-dichlorophenoxyacetic
acid (2,4-D) as an herbicide. Journal of IntegrativePlant Biology. 56,
106-113.

Stewart, R. C. and Bewley, J. D. (1980). Lipid peroxidation associated with
accelerated aging of soybean axes. Plant Physiology. 65, 245-248.

Stuart D.A. and Strickland, S.G. (1984). Somatic embryogenesis from cell
cultures of Medicago sativa L. Il. The interaction of amino acids with
ammonium. Plant Sciences. 34,175-181.

Sunaryo, W., Darnaningsih, D. and Nurhasanah, N. (2019). Selection and
regeneration of purple sweet potato calli against drought stress
simulated by polyethylene glycol. [version 2; peer review: 1 approved].
F1000Research.8:10
(https://doi.org/10.12688/f1000research.16993.2)

Swain, A., Dash, M., Molla, K. A., Behera, D., Baig, M. J. and Dash, B. P. (2018).
In vitro regeneration of some economically important elite Indica rice
genotypes. Oryza. 55, 107-114.

Taele, W. D., Ditengou, F. A, Dovzhenko, A. D., Li, X., Molendijk, A. M., Rupertia,
B., Paponov, I. & Palme, K. (2008). Auxin as a model for the integration
of hormonal signal processing and transduction. Molecular Plant.
1,229-237.

Tan, S. H., Musa, R., Ariff, A, Maziah, M. (2010). Effect of plant growth regulators
on callus, cell suspension and cell line selection for flavonoid
production from pegaga (Centella asiatica L. Urban). American Journal
of Biochemistry and Biotechnology. 6 , 284-299.

Tarchoune, I., Sgherric, C., Izzo, R., Lachaal, M., Ouerghi, Z., and Navari-lzzo,
F. (2010). Antioxidative response of Ocimum basilicum to sodium

97


https://doi.org/10.12688/f1000research.16993.2

chloride and sodium sulphate salinization. Plant Physiology and
Biochemistry. 48, 772—-777.

Taski-Ajdukovic, K., Nagl, N., Kovacev, L., Curcic, Z. and Danojevic, D. (2012).
Development and application expression analysis in response of qRT-
PCR for sugar beet gene to in vitro induced water deficit. Journal of
Biotechnology. 5, 6-9.

Taverne, Y. J., Merkus, D., Bogers, A. J., Halliwell, B., Duncker, D. J. and Lyons,
T.W. (2018). Reactive Oxygen Species: radical factors in the evolution
of animal life. BioEssays, 40, 1700158.

Thi-Linh, H. Yenchon, S. and Te-chato, S. (2019). Effects of culture media and
plant growth regulators on callus induction and regeneration of indica
rice (Oryza sativa L. cv. Sangyod). Songklanakarin Journal of Plant
Science. 6, 1-11.

Thornalley, P J. (1990). The glyoxalase system: new developments towards
functional characterisation of a metabolic pathway fundamental to
biological life. Journal of Biochemistry. 269, 1-11.

Tumdam, J. S., Patil, S. R., Uke, A. P., Gaikwad, S. B., Puttawar, M. R. and
Bansod, S. C. (2012). Effect of in vitro drought stress on Brassica
species. Journal of Soils and Crops. 22, 93-99.

Turra, G. L., Agostini, R. B., Fauguel, C. M., Presello, D. A., Andreo, C. S,
Gonzalez, J. M. and Campos-Bermudez, V. A. (2015). Structure of the
novel monomeric glyoxalase | from Zea mays. Acta Crystallographica.
Section D, Biological crystallography. 71, 10.

Upadhyaya, G., Sen, M and Roy, A. (2015). In vitro callus induction and plant
regeneration of rice (Oryza sativa L.) var. 'Sita','Rupali' and 'Swarna
Masuri'. Asian Journal of Plant Science and Research. 5, 24-27.

Valifard, M., Moradshahi, A. and Kholdebarin, B. (2012). Biochemical and
physiological responses of two wheat (Triticum aestivum L.) cultivars
to drought stress applied at seedling stage. Journal of Analytical
Science and Technology. 14, 1567-1578.

Vitamvas, P., Urban, M. O., Skodadek, Z., Kosova, K., Pitelkova, ., Vitamvas,
J., Renaut, J. and Prasil, I. T. (2015). Quantitative analysis of proteome
extracted from barley crowns grown under different drought conditions.
Frontiers in Plant Science. 6, 479.

Vilchez, D., Saez, I. and Dillin, A. (2014). The role of protein clearance
mechanisms in organismal ageing and age-related diseases. Nature.
5,1-13.

Verma, D., Ansari, M. W., Agrawal, G. K., Rakwal, R., Shukla, A. and Tuteja, N.
(2013). In vitro selection and field responses of somaclonal variant

98



plants of rice cv PR113 for drought tolerance. Plant Signaling and
Behavior. 23, 5-19.

Wani, S. H., Sofi, P. A., Gosal, S. S. and Singh, N. B. (2010). In vitro screening
of rice (Oryza sativa L.) callus for drought tolerance. Communications
in Biometry and Crop Science. 5, 108-115.

Wang, Y., Branicky, R., No&, A. and Hekimi, S. (2018). Superoxide dismutases:
Dual roles in controlling ROS damage and regulating ROS signalling.
Journal of Cell Biology. 217, 1915-1928.

Wongsaroj. L., Saninjuk. K., Romsang. A., Duang-nkern. J., Trinachartvanit, W.
and Vattanaviboon, P. (2018). Pseudomonas aeruginosa glutathione
biosynthesis genes play multiple roles in stress protection, bacterial
virulence and biofilm formation. PLoS ONE. 13, e0205815.

Wu, L. and Juurlink, B. H. J. (2002). Increased methylglyoxal and oxidative stress
in Hypertension rat vascular smooth muscle cells. Hypertension. 39,
809-814.

Xu, K. and Shen, G. (2003). Promoting Chinese rice production through
innovative science and technology. In proceedings of the International
Rice Research Conference. Beijing, China. 11-18.

Yang, J. C., Liu, K., Zhang, S. F., Wang, X. M., Wang, Q. Z., Liu, L. J. (2008) .
Hormones in rice spikelets in responses to water stress during meiosis.
Acta Agronomica Sinica. 34, 111-118.

Yang, X., Fuller, D. Q., Huan, X., Perry, L., Li, Q., Li, Z., Zhang, J., Ma, Z.,
Zhuang, Y., Jiang, L., Ge, Y. and Lu, H. (2015). Barnyard grasses were
processed with rice around 10000 years ago. Scientific Reports. 5.

Yang, X. and Zhang, X. (2010). Regulation of somatic embryogenesis in higher
plants. Critical Reviews in Plant Sciences. 29, 36-57.

Yang, Z. B., Eticha, D., Albacete, A., Rao, I. M., Roitsch, T. and Horst, W. J.
(2012). Physiological and molecular analysis of the interaction
between aluminium toxicity and drought stress in common bean
(phaseolus vulgaris). Journal of Experimental Botany. 63, 3109-3125.

Yong, J., Zhang, J., Li, X., Peng, Y., Cai, G., Gao, G., Wu, J. and Liu, J. (2017).
Biomarker responses of rice plants growing in a potentially toxic
element polluted region: A case study in the Le'An Region.
Chemosphere.187, 97-105.

Zhao, M., Lin, Y. and Chen, H. (2020). Improving nutritional quality of rice for
human health. Theoretical and Applied Genetics. doi:10.1007/s00122-
019-03530-x

Zulkarnain, W. N., Ismail, M. R., Ashrafuzzaman, M. Saud, M. H. and Haroun, I.
C. (2009). Growth, physiological and biochemical responses of

99



Malaysia rice cultivars to water stress. Pertanika Journal of Tropical
Agricultural Science. 32, 323 - 333.

Zuraida, A. R., Naziah, B., Zamri, Z. and Sreeramanan, S. (2011). Efficient plant

regeneration of Malaysian indica rice MR219 and MR232 via somatic
embryogenesis system. Acta Physiologiae Plantarum. 33, 1913-1921.

100



BIODATA OF STUDENT

Er Choon Yeong was born in Johor Bahru, Johor on the 28" April 1986. He
received his primary education at Sekolah rendah Jenis Kebangsaan Chien Chi
started from year 1993 to year 1998. He continued his secondary education at
Sekolah Menengah Kebangsaan Permas Jaya from 1999 to 2003. After
obtaining his Sijil Pelajaran Malaysia (SPM), he began his diploma in Tunku
Abdul Rahman University College (TARUC) from year 2004 to 2006. Later, he
continued in the same university for pursuing his degree. In June 2008, he has
successfully earned his Bachelor of Science major and biology and chemistry.
He was given an opportunity to get his second bachelor degree in Liverpool John
Moores University and third bachelor degree under Campbell University. Due to
his inquisitive nature in plant sciences, a decision has been made to enrol himself
as a Masters candidate under the supervision of Dr. Noor Azmi Shaharuddin,
Prof. Dr. Maziah Mahmood and Dr. Zetty Norhana Balia Yusof. During his
candidature, he was offered the Graduate Research Assistantship (GRA) as well
as Ministry of Higher Education - MyBrainl5 scholarship and an opportunity to
work on a rice tissue culture project funded by the National LRGS Food Security
(Rice) Grant. He was also given numerous opportunities to participate in several
national conferences, symposiums, workshops and seminars in order to better
equip himself with the current development of plant sciences.

104



LIST OF PUBLICATIONS

Conferences and symposiums attended

Poster Presenter

Choon

Yeong, E., Noor Azmi, S, Maziah, M. and Zetty, N. B. Y. (2012).
Establishment of in vitro cell suspension culture of Malaysian MR219-4
genotype (Oryza sativa L.). International Agriculture Congress. 4-6th
September 2012. Marriott Putrajaya, Malaysia.

Choon Yeong, E., Noor Azmi, S, Maziah, M. and Zetty, N. B. Y. (2013). In vitro

Choon

response of Malaysia rice cultivar (MR219-4) cell suspension culture to
drought stress. The First National LRGS Food Security Rice Research
Colloquium. 31t January 2013. Auditorium Jurutera, Faculty of
Engineering, Universiti Putra Malaysia, UPM Serdang, Selangor.

Yeong, E., Noor Azmi, S, Maziah, M. and Zetty, N. B. Y. (2014).
Develooping a potential drought tolerant biomarker in rice (Oryza sativa
L.) using cell suspension culture. International Conference on Advances
in Plant Biochemistry and Biotechnology: Empowering Urban Agriculture.
9-10" December 2014. Faculty of Biotechnology and Biomolecular
Sciences, Universiti Putra Malaysia, UPM Serdang, Selangor.

Oral Presenter

Choon Yeong, Er., Noor Azmi, S., Maziah, M. and Zetty, N. B. Y. (2013).
In vitro response of Malaysia rice cultivar (MR219-4) cell suspension
culture to drought stress. LRGS workshop. 16-18™" November 2013.
Faculty of Agrotechnology and Food sciences, Universiti Malaysia
Terengganu, Terengganu.

105



	TABLE OF CONTENTS
	Blank Page
	Blank Page
	Blank Page



