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In Malaysia, severe drought stresses have affected residents and agricultural crops,
especially rice, in various regions of the country and it is likely to continue and may
worsen in the future. To mitigate the problems, new tolerant plant varieties to drought
must be developed. The main objective of the current research was to develop a suitable
in vitro protocol and elucidate the response of Malaysian rice cultivar MR219 to
Jasmonate and Ethylene Response Factor 1 (JERF1) gene in drought condition. The
best recipe of callogenesis for MR219 was MS media added with 2 mg L of 2,4-D and
root was the prominent explant. The best priming conditions were seen at 18 hours of
hydropriming and 50 mg L of abscisic acid. For the proliferation phase, the highest
efficiency was observed at week four in the MS media supplemented with 2 mg L of
2,4-D, 2 mg L of kinetin, 50 mg L of L-proline, 100 mg L™! of casein and 30 mg Lt
of silicon. MS media with 3 mg L of KIN, 30 mg L of silicon and 2 mg L of NAA
was selected as the best media for regeneration. To promote the roots of the regenerated
explants, 0.4 mg L of IBA was found to be the best activator. TRIzol protocol was
found to be an appropriate method for isolating high quality RNA from the tomato
leaves and fruits. Four hours of NaCl and ABA treatments on the tomato prior to
the nucleic acids extractions produced the highest JERF1 expression and led to the
successfully isolating the JERF1 gene. The entry and the expression vectors were
constructed using Gateway® Technology. Agrobacterium-mediated transformation
method was used to transform JERF1 gene to MR219. Transgenicity of the transformed
plants was evaluated using polymerase chain reaction, g-PCR and High-Performance
Liquid Chromatography. The result of functional study has shown that the average width
of the wild type seeds was significantly higher than transgenic seeds. Meanwhile, the
seeds ratio of wild type was higher in comparison to transgenic in the second
generation. The morpho- and physiological results of the two-week-old rice seedlings
had shown that the responses of both wild type and transgenic rice in terms of shoot and
root length and plumule fresh and dry weight were significantly different (p<0.01). The
responses of both wild type and transgenic rice in terms of the shoot and root length,



leaf proline, root proline, chlorophyll a and b, total chlorophyll and carotenoid and other
pigments were significantly different (p<0.01) in three-week-old rice. These results
have confirmed the significant differences (p<0.05) between wild type and transgenic
plants in terms of the ratio of root to shoot proline in three-week-old rice. The
concentrations of some amino acids such as aspartic acid, serine, glycine, proline and
cysteine were significantly different between wild type and transgenic plants. Real-time
PCR confirmed the over-expression of OsLTP1, OsCDPK13, OsP5CS and OsSPDS2 by
JERF1 genes in transgenic plants. To conclude, the results of this experiment confirmed
the high efficiently of somatic embryogenesis protocol and potential of JERF1 as a
prominent gene under drought stress condition.
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Di Malaysia, kemarau yang teruk telah menjejaskan kehidupan dan tanaman pertanian,
terutamanya padi, di seluruh negara ini dan ia mungkin akan berterusan dan boleh
menjadi lebih buruk pada masa akan datang. Untuk mengatasi masalah ini, variati
tumbuhan toleran yang rintang kemarau mesti dibangunkan. Objektif utama
penyelidikan ini adalah untuk membangunkan protokol in vitro dan mengkaji tindak
balas kultivar padi MR219 kepada gen Jasmonate dan Ethylene Response Factor 1
(JERF1) dalam keadaan kemarau. Resipi yang terbaik untuk proses kallogenesis untuk
MR219 adalah media MS yang ditambah dengan 2 mg L* 2,4-D dengan akar sebagai
explan yang paling sesuai. Kondisi proses pemula yang terbaik ialah pada 18 jam
pemula-hidro di dalam 50 mg L* asid absisik. Untuk fasa proliferasi, keeffisyenan
tertinggi didapati pada minggu keempat dalam media MS yang ditambah dengan 2 mg
L1 2,4-D, 2 mg L* kinetin, 50 mg L L-prolin, 100 mg L? kasein dan 30 mg L*
silikon. Media MS dengan 3 mg L KIN, 30 mg L? silikon dan 2 mg L' NAA dipilih
sebagai media terbaik untuk proses percambahan. Untuk menggalakkan pertumbuhan
akar pada eksplan, 0.4 mg L IBA didapati sebagai pengaktif terbaik. Kaedah TRIzol
merupakan kaedah yang sesuai untuk memencilkan RNA berkualiti tinggi dari daun dan
buah tomato. Rawatan NaCl dan ABA pada tomato selama empat jam sebelum
pengekstrakan asid nukleik, telah menghasilkan ekspresi JERF1 tertinggi dan
menyumbang kepada kejayaan pemencilan gen JERF1. Vektor ungkapan dibina
dengan menggunakan teknologi Gateway®. Kaedah transformasi agrobakterium telah
digunakan untuk memindahkan gen JERF1 kepada MR219. Transgenisiti pada padi
transgenik dinilai menggunakan tindak balas rantaian polimerase, g-PCR dan
Kromatografi Cecair Berprestasi Tinggi. Hasil kajian fungsional telah menunjukkan
bahawa lebar purata biji padi jenis liar adalah jauh lebih tinggi daripada biji transgenik.
Sementara itu, nisbah benih liar lebih tinggi berbanding dengan transgenik pada
generasi kedua. Hasil morfologi dan fisiologi dari anak benih padi berusia dua minggu
telah menunjukkan perbezaan yang sinifikan (p<0.01) pada tindakbalas padi liar dan
padi transgenik dari segi pucuk dan panjang akar dan plumul berat segar dan kering.



Respons terhadap kedua-dua jenis liar dan padi transgenik dari segi pucuk dan panjang
akar, proline daun, proline akar, klorofil a dan b, jumlah klorofil dan karotenoid dan
pigmen lain adalah sangat berbeza (p<0.01) dalam padi yang berusia tiga minggu. Hasil
ini telah mengesahkan perbezaan ketara (p<0.05) antara padi jenis liar dan padi
transgenik dari segi nisbah prolin pada akar-pucuk dalam padi berusia tiga minggu.
Kepekatan beberapa asid amino seperti asid aspartik, serin, glisin, prolin dan sistin
sangat berbeza antara padi liar dan padi transgenik. Analisis qRT-PCR telah
mengesahkan pengekspresan lampau gen-gen OsLTP1, OsCDPK13, OsP5CS dan
OsSPDS2 oleh gen JERF1 dalam padi transgenik. Kesimpulannya, hasil eksperimen ini
telah berjaya menghasilkan protokol embriogenesis somatik yg berkeeffisyenan tinggi
dan mengesahkan potensi JERF1 sebagai gen yang utama dalam keadaan kemarau.
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CHAPTER 1

INTRODUCTION

After wheat, rice (Oryza sativa L.) is the second most important plant in the world (Al-
Amin and Ahmed, 2016). Fluctuation and scarcity of agricultural products lead to spike
in prices of rice in recent years (Tadasse et al., 2016; Torero, 2016). In this regard,
environmental stresses have been identified as the top reasons for the price spikes by
affecting on both food security and livelihoods (De La Fuente et al, 2013). Despite the
increasing demands for rice products, this plant is exposed to the wide spectrum of
environmental stresses that negatively effects on its growth, function and productivity
(Bajaj and Mohanty, 2005). Drought and water deficit have been extensively reported as
the most hazardous stresses to rice (Wang et al., 2012).

Drought tolerance mechanism is observed in all crops but its extent varies from one
species to another species and within species (Jaleel et al., 2009). Tolerance to drought
is a complex mechanism, due to interactions between different undesirable factors and
various molecular, biochemical and physiological phenomena affecting plant growth as
well as development (Razmjoo et al., 2008). Drought defense mechanisms in plants can
be classified into four types, including drought -recovery, -escape, -tolerance and -
avoidance. Different physiological indicators have been applied to evaluate the
tolerance of plants under drought conditions such as plant growth regulators contents,
amino acid level, water potential, cell membrane stability, leaf and root traits as well as
adjustment capabilities. During the years, researches have assessed the molecular and
genetic mechanisms of drought resistance plants to obtain the drought-related genes
with regard to drought- tolerance and -avoidance. With increasing knowledge of
drought resistance mechanisms in model plants, it still a matter of concern to improve
drought- resistance and water-saving (Fang and Xiong, 2015; Zheng et al., 2009). A
better conceptual understanding of the plant mechanisms could be used to create or select
resistance plant varieties, which may obtain a more tolerant plant under drought stress
(Jaleel et al., 2009). Under drought stress and water deficit, complex signaling networks
have been elaborated in rice. These networks perceives the stress signals and modulates
the resistance genes expression (Xiong et al., 2002). Rice reaction to drought differs
considerably at diverse organ levels depending upon stress duration and intensity as well
as crop growth stage and species (Jaleel et al., 2009).

Genetic modification (GM) is a popular method that researchers have been using to
increase the yield of plant products by improving certain traits, including the responses
of plants to abiotic and biotic stresses (Ashraf et al., 2008). Success in genetic
engineering process depends upon selecting the proper method of transformation to
introduce desirable traits into the host genome while concentrating on preserving the
individual characteristics of the plant (Abiri et al., 2015). In gene transformation
processes, the gene(s) of interest of donor plants, bacteria or viruses are transferred to
host plants using various methods (Rivera et al., 2012). In rice, the engineered cultivars
were produced through poly ethylene glycol, particle bombardment and electroporation
during the 1980s- 1990s (Birch and Franks, 1991). However, the advantages of
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Agrobacterium-mediated transformation encouraged researchers to use in the rice
genetic transformation (Hiei et al., 1994).

The most important gene family involves in stress responses consists of transcription
factors (sequence-specific DNA-binding factors) that play vital roles in influencing or
controlling several biological processes. Among the stress- responsive transcription
factor-encoding genes, the APETALA 2/ethylene- responsive (AP2/ERF) family genes
have been described as the main stress- responsive genes in various physiological
networks in rice. Jasmonate and Ethylene Response Factor 1 (JERF1) is a tomato
protein containing a conserved ERF DNA- binding motif. The JERF1 overexpression
enhanced the tobacco resistance to low temperature, salt concentration and osmotic
stress (Zhang et al., 2004). The general objective of the current research was to develop
a suitable in vitro protocol as well as to elucidate the response of Malaysian rice cultivar
MR219 to JERF1 gene in drought-induced condition. Therefore, the specific objectives
of this study were:

1. To investigate the effect of different priming factors in germination and
establish the most suitable media formulations in vitro condition.

2. To isolate the drought stress tolerance gene (JERF1) from the most suitable
explants of Malaysian tomato (Solanum lycopersicum) cultivar MT1 and
construct the expression vector.

3. To transfer the JERF1 gene to MR219, determine the function of JERF1 in
MR219 rice cultivar and evaluate JERF1 by computational analysis.
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