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Drought is an insidious natural hazard that imposes serious challenges to agricultural
activities in the world. It causes losses of major food crops, interfering food chains
and losses of world economic worth of million dollars every year. In Malaysia,
climate change such has El Nino has become a major problem that gives negative
impact to environment. ElI Nino has an ability to bring worst drought phenomena.
Apart from that, even though Malaysia receives an average rainfall of 2000 mm
annually, there are certain areas still have low amount of rainfall such as Kedah and
Perlis. The low rainfall period can prolong up to two to three months. Thus, it may
give negative impacts to oil palm (Elaeis guineensisJacq.) plantation, because
adequate water is essential for healthy growth and maximum performance of oil
palm seedlings. Therefore, this study was conducted to determine physiological and
molecular changes of oil palm seedlings in response to different severity of drought
stress. To achieve the objective, a study that links the symptoms under different
drought severity with physiological and molecular responses was carried out. Five
durations of drought treatments (7, 14, 21, 28, 35 days of water withholding; DWW)
were given to 5-month-old seedlings. The necrosis, chlorosis and burned symptoms
started to appear in seedling leaves at 21 DWW (severe drought). However, the leaf
physiological data showed photosynthetic rate (A), stomatal conductance (gs) and
transpiration rate (E) started to decrease earlier as at 7 DWW (mild drought) before
any stress morphological symptoms in leaves were established. Drought-responsive
element binding 1 (DREB1) belongs to AP2 superfamily of plant specific
transcription factor (TF). Early accumulation of the oil palm EgDREBLI transcript
(>1-fold) in roots might be associated with signaling pathway; while the significant
up-regulation of EQDREBL in leaves under severe drought corresponded to the high
peroxidase (POD) antioxidant gene expression in roots. Catalase (CAT), superoxide
dismutase (SOD), ascorbate peroxidase (APX) and glutathione reductase (GR)
antioxidant genes which were highly up-regulated under moderate drought in leaves
may be involved in scavenging reactive oxygen species (ROS) and ensuring water
balance in this tissue. The ethylene responsive binding protein (EREBP), late
embryogenesis abundant (LEA), dehydrin (DHN), cold-induced (CI), heat shock



protein 70 (HSP70) and metallothionein type 2 (MET2) were differentially up-
regulated in the leaves, while in roots only the LEA protein genes (LEA and DHN)
were up-regulated. The diminishing total chlorophyll (chl) content and the ratio of
chl, to chly (chla:chly) were significantly observed (P<0.05). The significant reduction
of chl, was closely related to the deficiency of photosystem Il (PSIl). The proline
content increased gradually in both vegetative tissues, while the total soluble protein
content was affected by increasing drought severity. The activity of the antioxidant
enzyme, catalase (CAT; EC 1.11.1.6) was the highest in the root under severe
drought stress, while guaicol peroxidase (POD; EC 1.11.1.7) activity was shown to
be the highest in the leaves under mild drought stress. The full amino acid sequence
of the EQDREB1 was more closely related to the dicot NtDREB2. The subcellular
localization, in vivo and in vitro DNA-protein binding assays further confirmed the
function of EDREBL protein as a transcription factor (TF). Functional analysis was
carried out in tomato by over-expressing EQDREB1, driven by a constitutive double
cauliflower mosaic virus 35S promoter. The in vitro T, transgenic plants showed
slower growth and dwarf phenotype under controlled conditions (24°C), and they
produced parthenocarpic fruits and fruits with reduced seed numbers when grown in
the transgenic greenhouse at ambient temperature (28-30°C) with direct sunlight even
though they recovered from dwarfism symptom. Expression of EQDREB1 was high
in all transgenic fruits, but not detected in the leaves and roots. The expression of
ethylene-responsive genes (LeACS, LeACO and LeAP2), jasmonate-responsive genes
(LeAOS and LeAOC), auxin-responsive genes (LeARF8 and LeAux/IAA), cytokinin-
responsive genes (LeSICKXI and LeSIIPT1), GA-responsive gene (LeGA20x2 and
LeGA200x4) and ABA-responsive gene (LeAAO) was regulated in a different manner
between the seedless and low seed number phenotypes. This suggests the complex
interplay between the different phytohormones in contributing to the abnormal fruit
phenotype. EQDREB1 transgene and endogenous SRGs like LePOD, LeAPX, LeGP,
LeCAT, LeHSP70, LeLEA, LeMET2, LePCS, LeSOD, LeGR, LeAAO and LeECD
were up-regulated in all seedlings of T; transgenic progeny under polyethylene
glycol (PEG) treatment and cold stress (4°C). Hence, based on these findings,
EgDREB1 might be involved in fruit and seed development, leaves formation,
internodes elongation and adaptation to drought and cold stress.
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Kemarau adalah bencana alam berbahaya yang memberikan cabaran serius kepada
aktiviti pertanian di dunia. la menyebabkan kehilangan tanaman makanan utama,
mengganggu rantaian makanan dan kerugian ekonomi dunia sebanyak jutaan dolar
setiap tahun. Di Malaysia, perubahan iklim seperti EI Nino telah menjadi masalah
utama yang memberi kesan negatif kepada alam sekitar. EI Nino mempunyai
keupayaan untuk membawa fenomena kemarau paling teruk. Selain itu, walaupun
Malaysia menerima purata hujan 2000 mm setahun, terdapat kawasan tertentu masih
menerima jumlah hujan sukatan terendah seperti Kedah dan Perlis. Tempoh kadar
hujan yang rendah boleh berpanjangan sehingga dua hingga tiga bulan. Oleh itu, ia
bolen memberi kesan negatif kepada penanaman kelapa sawit (Elaeis guineensis
Jacq.), kerana air yang mencukupi adalah penting untuk pertumbuhan yang sihat dan
prestasi maksimum benih kelapa sawit. Dengan itu, kajian ini dijalankan untuk
menentukan perubahan fisiologi dan molekul anak benih kelapa sawit sebagai tindak
balas terhadap tahap tekanan kemarau yang berbeza. Untuk mencapai objektif ini,
satu kajian yang menghubungkan gejala di bawah tahap kemarau yang berbeza
dengan tindak balas fisiologi dan molekul telah dijalankan. Lima tempoh rawatan
kemarau (7, 14, 21, 28, 35 tanpa air; DWW) telah diberikan kepada anak benih
berusia 5 bulan. Gejala nekrosis, klorosis dan terbakar mula kelihatan di dalam daun
anak benih pada 21 DWW (kemarau teruk). Walau bagaimanapun, data fisiologi
daun menunjukkan kadar fotosintesis (A), kealiran stomata (gs) dan kadar transpirasi
(E) mula berkurangan lebih awal pada 7 DWW (kemarau awal) sebelum gejala
tekanan morfologi dalam daun kelihatan. “Drought-responsive element binding 1”
(DREB1) tergolong dalam faktor transkripsi (TF) tumbuhan superfamili AP2.
Pengumpulan awal transkrip EQDREB1 kelapa sawit (>1 kali ganda) di dalam akar
mungkin dikaitkan dengan tapak jalan pengisyaratan; manakala naikkawal
EgDREB1yang signifikan di dalam daun pada kemarau teruk adalah sepadan dengan
ekspresi gen antioksidan peroxidase (POD) yang tinggi di dalam akar. Gen
antioksida katalase (CAT), superoxide dismutase (SOD), askorbat peroxidase (APX)
dan glutation reductase (GR) yang dinaikkawal pada kadar yang tinggi di dalam
daun di peringkat kemarau sederhana mungkin terlibat dalam memerangkap spesies
oksigen reaktif (ROS) dan untuk memastikan keseimbangan air di dalam tisu ini.



Protein pengikat responsif etilena (EREBP), “late embryogenesiabundant” (LEA),
“dehydrin” (DHN), “cold-induced” (CI), “heat shock protein 70” (HSP70) dan
“metallothionein type 2” (MET2) telah dikawalnaik secara berbeza di dalam daun,
manakala di dalam akar hanya gen protein LEA (LEA dan DHN) telah dikawalnaik.
Pengurangan jumlah kandungan klorofil (chl) dan nisbah chl, dan chl, (chls: chlp)
diperhatikan dengan ketara (P<0.05). Pengurangan ketara chl, adalah berkait rapat
dengan defisiensi photosystem Il (PSII). Kandungan prolin telah meningkat secara
beransur di dalam kedua-dua tisu vegetatif, manakala jumlah kandungan protein larut
telah terjejas dengan peningkatan tahap kemarau. Aktiviti enzim antioksidan,
katalase (CAT; EC 1.11.1.6) adalah paling tinggi di dalam akar pada peringkat
kemarau yang teruk, manakala aktiviti guaicol peroxidase (POD; EC 1.11.1.7)
berada pada kadar tertinggi di dalam daun pada peringkat awal tekanan. Urutan
lengkap asid amino EgDREB1 lebih berkait rapat dengan NtDREB2 dikot.
Penyetempatan subsel, asai pengikat DNA-protein in vivo dan in vitro mengesahkan
lagi fungsi protein EQDREB1 sebagai faktor transkripsi (TF). Analisis kefungsian
telah dilakukan di dalam tomato melalui pengekspresan melampau EgDREBI,
didorong oleh dua juzukan promoter virus cauliflower mosaic 35S. Tumbuhan
transgenik Ty in vitro menunjukkan pertumbuhan yang lebih perlahan dan fenotip
kerdil di bawah keadaan terkawal (24°C), dan menghasilkan buah ‘parthenocarpic’
dan buah kekurangan bilangan biji apabila ia ditanam di rumah hijau transgenik
dalam suhu ambien dan cahaya matahari langsung walaupun mereka pulih daripada
gejala kerdil. Ekspresi EQDREBL1 telah dinaikkawal di dalam semua buah transgenik,
tetapi tidak dikesan di dalam daun dan akar. Ekspresi gen responsif etilena (LeACS,
LeACO dan LeAP2), gen responsif jasmonate (LeAOS dan LeAOC), gen responsif
auksin (LeARF8 dan LeAux/1AA), gen responsif cytokinin (LeSICKXI dan LeSIIPT1),
gen responsif GA (LeGA20x2 dan LeGA200x4) dan gen responsif ABA (LeAAO)
telah dikawal di dalam cara yang berbeza antara buah tanpa biji dan buah kekurangan
bilangan biji. Ini menunjukkan interaksi kompleks antara fitohormon yang berbeza
dalam menyumbang kepada fenotip buah tidak normal. Transgen EQDREB1 dan
SRGs endogen seperti LePOD, LeAPX, LeGP, LeCAT, LeHSP70, LeLEA, LeMET2,
LePCS, LeSOD, LeGR, LeAAO dan LeECD telah dinaikkawal di dalam semua
progeni anak benih transgenik T, di bawah rawatan polyethylene glycol (PEG) dan
tekanan sejuk (4°C). Maka, berdasarkan daripada penemuan-penemuan ini,
EgDREB1 berkemungkinan terlibat di dalam pengembangan buah, pembentukan
daun, pemanjangan internod dan penyesuaian terhadap tekanan kemarau dan sejuk.
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Figure
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2.3

2.4

2.5

3.1

3.2

LIST OF FIGURES

Effect of drought stress on oil palm seedling (Source: Noor and
Harun, 2004a). The occurrence of unopened spear leaves as the
result of drought stress.

A general model of how receptor kinase plays its role in
transmitting an extracellular signal. The mechanisms involved in
the binding of an extracellular signal to the ligand and
dimerization of the receptor. The process brings the intracellular
kinase domains into close proximity and facilitating the
transphosphorylation. The transphosphorylation activates the
kinase domains and allows them to regulate a cellular response
(Source: Becraft, 1998).

Cross section of tomato fruit. Bar =5 mm.

Overview of tomato fruit development. a) Phase I: Flower of
tomato at anthesis, awaiting pollination, b) Phase Il: Fruit
development and cell division after pollination, c¢) Phase III:
Expansion of fruit cell, d) Phase IV: Ripe tomato fruit. Bars =5
mm.

General scheme in engineering of abiotic stress tolerance in
plants. The candidate gene pools originated from various abiotic
stress-responsive genes from different levels (left boxes) for use
in manipulation of abiotic stress tolerance. Abbreviations: HK,
histidine kinase; RLK, receptor-like kinase; MAPK, mitogen-
activated protein kinase; SnRK, sucrose non-fermentation 1
(SNF1)-related kinase; CDPK, calcium-dependent kinase;
DREB/CBF, dehydration-responsive binding protein/C-repeat
binding factor;, AREB/ABF, ABA-responsive binding
protein/ABA binding factor; HSP, heat shock protein; ERF,
ethylene response factor; NAC, NAM ATAF CUC; GB, glycine-
betaine; ABA, abscisic acid; CK, cytokinin; BR, brassinosteroid;
LEA, late embryogenesis abundant; and ACBPs, acyl-coenzyme
A-binding proteins (Source: Chen et al., 2014).

Schematic layout of CRD design. Treatment levels used were six
(t = 6) where each treatment randomly occurred in the cell. To =
control seedlings, T, = 7 DWW seedlings, T, = 14 DWW
seedlings, T3 = 21 DWW seedlings, T4 = 28 DWW and Ts = 32
DWW seedlings.

Schematic diagram of vector construction of pMDC-EgDREB1

expression clone. The EQDREB1 was amplified by PCR using a
primer pair whose sequences were flanked with attB1 and attB2
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3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

sequences. The EQDREB1 was incorporated into pDONR™ 221
in a BP reaction. Product of the BP reaction was pENTR attL1-
EgDREB1- attL2 (entry clone). In LR reaction the entry clone
was combined with the destination vector to produce an
expression clone containing EgDREB1 in a position and
orientation-specific manner.

Schematic illustration of the basic Y1H assay which involves
two components: a reporter construct with DNA of interest
cloned upstream of a gene encoding a reporter protein and an
expression construct that generates a fusion (or “hybrid”)
between a TF of interest and a yeast transcription activation
domain (AD) (Source: Reece-Hoyes and Walhout, 2012).

Morphological appearance of drought stressed oil palm seedlings
when subjected to water deficit at different period of time. (a)
Control seedlings; (b) 7 days of exposure, (c) 14 days of
exposure, (d) 21 days of exposure, (e) 28 days of exposure and
() 35 days of exposure. Severe leaf necrosis and chlorosis of oil
palm seedlings can be observed at 28 and 35 days of stress
exposure. Bars = 10 cm.

Net photosynthesis (a), Stomatal conductance (b), Transpiration
rate (c) and Water use efficiency (d) of oil palm seedlings
affected by drought stress treatment. Data are mean + SEM of 5
replicates. Different letters indicate significant difference at
P<0.05 by Tukey’s range test.

Expression profile of an EgDREB1 transcription factor in the
leaves and root tissues of oil palm tissues subjected to drought
stress. Bars represent standard error of the mean.

Expression profile of (a) Peroxidase (POD), (b) Ascorbate
peroxidase (APX), (c) Catalase (CAT), (d) Glutathione
reductase (GR) and (e) Superoxide dismutase (SOD) in the
leaves and root tissues of oil palm tissues subjected to drought
stress. Bars represent standard error of the mean.

Genomic DNA extracted from E. guineensis spear leaves.

Successful amplification of intronless coding region of
EgDREB1. MIl1: MassRuler™ Low range DNA Ladder
(Fermentas, Thermoscientific). S1-S4. Successful amplification
of EQDREB1 gene.

Deduced nucleotide and amino acid sequence of EQDREB1. The
AP2 domain amino acid residues are bold. The valine;s and
glutamic acid;g in the AP2 domain are bold, underlined and
italicized. The basic amino acids that may act as a nuclear
localization  signal are underlined  (retrieved  from:
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3.11

3.12

3.13

nls.mapper.iab.keio.ac.jp/cgi-bin/NLS_mapper_form.cgi). The
conserved LWSY motifs found at the end of the C-terminal of
most of the DREB1-type proteins are bold and italicized.

Alignment of the deduced amino acid sequences of the
EgDREBL1 protein with the other DREB A-1-related proteins.
The asterisks indicate the fully conserved residues. The colons
indicate the conservation of strong group. The full stops indicate
the conservation of weak group. The dashes indicate no
consensus. The yellow shadings indicate the putative nuclear
localization sequence (NLS). The turquoise shadings indicate the
conserved AP2 domain. The red shadings indicate the highly
conserved 14" valine and 19" glutamic acid, respectively,
located in the AP2 domain. The predicted B-sheets and o-helix
are also highlighted. The deduced amino acids sequences are
Brassica napus BnCBF7; Brassica juncea BjDREBI1B;
Arabidopsis thaliana AtCBF1, AtDREB1B, AtDREBIC,
AtDREB1; Nicotiana tabacum NtDREB2; Lycopersicum
esculentum LeCBF1; Gossypium hirsutum GhDREB1A.

Predicted protein structure of EQDREB1 by SWISS-MODEL
(http://swissmodel.expasy.org//SWISS-MODEL.html).
EgDREBLI predicted to fold into three B-sheets and one a-helix.

Phylogenetic tree showing relationship between EgDREB1 and
other DREB proteins. A-1 to A-6 indicate groups of DREB
proteins proposed by Sakuma et al. (2002). The tree was
generated using the neighbor-joining algorithm of MEGA 5.05
software. The bar indicates the scale for branch length. The
appended proteins are as follows: Arabidopsis thaliana
AtDREB1 (GenBank accession no. BAA33434), AtDREB1B
(GenBank accession no. BAA33435), AtDREB1C (GenBank
accession no. BAA33436), RAP2.1 (GenBank accession no.
NP564496), RAP2.10 (GenBank accession no. NP195408),
RAP2.4 (GenBank accession no. NP177931), AtCBF1
(GenBank accession no. NP567721), AtDREB2A (GenBank
accession no. AAU93685), AtDREB2B (GenBank accession no.
BAA36706), AtDREB2C (GenBank accession no. Q8LFR2),
ABI4 (GenBank accession no. AF085279), TINY (GenBank
accession no. AAC29139); Oryza Sativa OsDREBI1A,
OsDREB1B (GenBank accession no. AAX28958), OsDREB2
(GenBank accession no. AAN02487), OsDREB2B (GenBank
accession no. Q5W6R4), OsDREB2C (GenBank accession no.
Q84ZA1), OsDBF1 (GenBank accession no. AAP56252); Zea
mays ZmDREB2A (GenBank accession no. ACG47772),
ZmDBF1 (GenBank accession no. AAM80486), ZmDBF3
(GenBank accession no. NP001105651); Triticum aestivum
TaDBF (GenBank accession no. AAL37944); Sorghum bicolor
SbDREB2A; Setaria italica SIDREB2; Hordeum vulgare
HvDBF2 (GenBank accession no. AAM13419), HvCBF1
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3.14

3.15

3.16

3.17

(GenBank accession no. AAX23686), BCBFl (GenBank
accession no. AAK01088), BCBF3 (GenBank accession no.
AAKO01089), HYDRF1.1 (GenBank accession no. AA0O38209),
HvDRF1.3 (GenBank accession no. AAO038211); Festuca
arundinacea FeDREB1; Phyllostachys edulis PeDREB2
(GenBank accession no. ABY19376); Lycopersicum esculentum
LeCBF1 (GenBank accession no. AAS77820); Nicotiana
tabacum NtDREB2 (GenBank accession no. ACE73694);
Gossypium hirsutum GhDREB1A (GenBank accession no.
AAP83936); Glycine max GmTINY (GenBank accession no.
ACP40513); Catharanthus roseus ORCA1 (GenBank accession
no. CAB93989); Brassica juncea BJDREB1B (GenBank
accession no. ABX00639); Brassica napus BnCBF7 (GenBank
accession no. AAM18959); Thellungiella halophila (GenBank
accession no. ABV08790).

Subcellular localization of EgDREB1 protein fused to N-
terminal of GFP in transiently transformed onion epidermal
cells. (ab) Onion epidermal cells transiently expressing
EgDREB1-GFP, (c,d) Onion epidermal cells transformed with a
control construct pMDC(-85)2x35S:GFP, (a,c) Dark field
images to capture GFP fluorescence, (b,d) bright field images to
capture cell morphology. The images were detected using
scanning confocal microscope (FV1000; Olympus, Tokyo,
Japan).

In vivo DNA-protein binding assay of EQDREBL protein using
yeast one-hybrid system. The protein was fused to GAL4 AD of
the pGADT7-Rec vector. (a-b) Positive control strains in SD/-
Leu medium without antibiotic and with antibiotic, (c-f)
DRE/CRT bait-strains in SD/-Leu medium without antibiotic
and with antibiotic, respectively, (g-j) GCC bait strains in SD/-
Leu medium without antibiotic and with antibiotic, respectively.

EMSA showing the interaction of EgDREB1 protein with
DRE/CRT probes. Interaction of EgDREB1 protein with
DRE/CRT probes. Lane 1 (control): the DRE/CRT probes with
nuclear protein extract from untransformed yeast, Lane 2
(control): the mDRE/CRT probe with EQDREBL1 protein, Lane
3: the DRE/CRT probe with EQDREB1 protein, Lane 4: the
DRE/CRT probe with 200-fold molar excess of the competitor,
Lane 5 (control): position of the free DRE/CRT probe.

Proposed mechanism of EQDREB1 as a mobile transcription
factor. Upon drought stress, the soil is dehydrated. The
accumulations of EQDREB1 transcript in the leaves are
transported through phloem sieve cell in the form of protein-
MRNA complex from the leave to the root. It binds to the DRE
and induces expression of POD in the roots.
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4.1

4.2

4.3

4.4

5.1

5.2

5.3

Proline content in leaf and root tissues of oil palm seedlings
subjected to drought stress. Data are mean + SEM of 5
replicates. Different letters show significant difference at P<0.05
by Tukey’s range test.

Total soluble protein content in leaf and root tissues of oil palm
seedlings subjected to drought stress. Data are mean £ SEM of 5
replicates. Different letters show significant difference at P<0.05
by Tukey’s range test.

Effect of drought stress on the activities of antioxidant enzymes.
a) Catalase, b) Guaicol peroxidase and c) Ascorbate peroxidase.
Data are mean + SEM of 3 replicates. Different letters indicate
significant difference at P<0.05 by Tukey’s range test.

Expression profile of stress-responsive genes in the leaves and
root tissues of oil palm tissues subjected to drought stress.
a) EREBP transcription factor, b) Late embryogenesis abundant
c) Dehydrin, d) Cold-induced, e) Heat shock protein 70, and
f) Metallothionein type 2. Bars represent standard error of the
mean.

Schematic diagramme of pMDC(-32) vector construction. The
pMDC32 was digested with Xbal. The plasmid was ligated with
T4 DNA ligase. The plasmid was verified by PCR and
restriction digest and was named as pMDC(-32). RB: right
border, LB: left border, 2x 35S: double CaMV 35S promoter,
Nos: Nos terminator, Kan: Kanamycin resistance gene, Hyg:
Hygromycin resistance gene, CMr: Chloramphenicol resistance
gene.

Verification of pMDC(-32) vector after transformation into A.
tumefaciens LBA4404 by using a) PCR analysis with CaMV
35S promoter primers and b) using Xbal restriction enzymes. N:
negative control, S1-S3: PCR product of different colonies of
transformed Agrobacterium, P: undigested pMDC32 as positive
control, U: undigested pMDC(-32) plasmid, S4: digested
pMDC(-32) plasmid. M1: MassRuler™ Low range DNA Ladder
(Fermentas, Thermoscientific), M2: Gene Ruler™ DNA Ladder
Mix (Fermentas, Thermoscientific).

Effect of different types and concentrations of cytokinin (6-
benzylaminopurine, BAP; thidiazuron, TDZ); kinetin, KIN) on
percentage of shoot induction from cotyledonary leaf of tomato
(Solanum lycopersicum Mill cv. MT1). Data are mean + SEM of
6 replicates. Different letters show significant difference at
P<0.05 by Tukey’s range test.
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5.4a

5.4b

5.4c

The effect of different concentrations of benzylaminopurine
(BAP) on tomato cotyledonary explants after four weeks of
culture. a) No changes was observed on cotyledonary explant
after 4 weeks of culture on Murashigae and Skoog supplemented
with Gamborg B5 vitamins (MSB5), b) Multiple shoots
induction after 4 weeks of culture on MSB5 supplemented with
5 uM BAP, c) Multiple shoots and green-globular somatic
embryo induction after 4 weeks of culture on MSB5
supplemented with 10 uM BAP, d) Multiple shoots, yellow-
green calli and embryogenic calli induction after 4 weeks of
culture on MSB5 supplemented with 15 pM BAP, e) Multiple
shoot primordia developed on the surface of embryogenic callus
mass after 4 weeks of culture on MSB5 supplemented with 20
UM BAP, f-h) Poorly-differentiated shoot primordia on the
surface of yellow-green compact calli after 4 weeks of culture on
MSB5 supplemented with 25, 30 and 35 M, respectively, i)
Poorly-differentiated shoot primordia on the surface of brown-
green compact calli after 4 weeks of culture on MSB5
supplemented with 40 uM BAP, j-k) Brown-green compact calli
induction after 4 weeks of culture. Bars = 1cm.

The effect of different concentrations of kinetin (KIN) after four
weeks of culture. @) No changes was observed on cotyledonary
explant after 4 weeks of culture on Murashigae and Skoog
supplemented with Gamborg B5 vitamins (MSB5), b-c) Poorly-
differentiated shoot primordia from embryogenic calli after 4
weeks of culture on MSB5 supplemented with 5 and 10 uM KIN
respectively, d-f) Multiple shoots induction after 4 weeks of
culture on MSB5 supplemented with 15, 20 and 25 puM KIN,
respectively, g-j) Poorly-differentiated shoot primordia on the
surface of yellow-green ambryogenic calli after 4 weeks of
culture on MSB5 supplemented with 30, 35, 40 and 45 uM KIN,
k) Poorly-differentiated shoot primordial from yellow-brown
calli after 4 weeks of culture on 50 uM KIN. Bars = 1 cm.

The effect of different concentrations of thidiazuron (TDZ) after
four weeks of culture. a) No changes was observed on
cotyledonary explant after 4 weeks of culture on Murashigae and
Skoog supplemented with Gamborg B5 vitamins (MSB5), b-d)
Multiple shoot primordia developed on the surface of
embryogenic callus mass after 4 weeks of culture on MSB5
supplemented with 5, 10 and 15 uM TDZ, e-j) Multiple shoot
primordia and green-globular somatic embryo induction after 4
weeks of culture on MSB5 supplemented with 20, 25, 30, 35, 40,
45 uM TDZ, respectively, k) Green-globular somatic embryo
induction after 4 weeks of culture on MSB5 supplemented with
50 uM TDZ. Bars =1 cm.
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5.5

5.6

5.7

5.8

5.9

5.10a

5.10b

Minimum lethal dose of hygromycin B on cotyledonary leaf
explant of tomato var. MT; after four weeks of culture. a)
MSBS5, b) MSB5 + 5 uM BAP; c,d,e,f,g,h,i,j and k represent
MSB5 + 5 uM BAP with 10, 30, 40, 50, 60, 70, 80, 90 and 100
mg/L hygromycin, respectively. All the explants were dead at
30, 40, 5, 60, 70, 80, 90, 100 mg/L hygromycin, Bars =5 mm.

Selection of putative tomato transformants after Agrobacterium
mediated transformation with pMDC-EgDREBL. a) Pre-cultured
cotyledonary explants on MSB5 salts containing 1 mg/L BAP
and 0.1 mg/L NAA, b) selection of putative transformants on
MSBS5 salts containing 2 mg/L BAP, 0.1 mg/L NAA, 300 mg/L
timentin and 6 mg/L hygromycin, c) Regeneration of putative
transformants on MSB?5 salts containing 2 mg/L BAP, 0.1 mg/L
NAA, 300 mg/L timentin and 6 mg/L hygromycin and d)
Regeneration on root induction medium (MSB5 salts containing
1 mg/L IAA, 150 mg/L timentin and 6 mg/L hygromycin). The
yellow arrow points to putative transgenic plant. Bars =5 mm.

Verification of transgenic plants harbouring EQDREB1 by PCR
using hptll primer pair. WT: untransformed plant and L1-L14:
putative transformed plants. M: Gene Ruler™ DNA Ladder Mix
(Fermentas, Thermoscientific). P: positive control.

PCR products from tomato plants transformed with pMDC (-32)
using CaMV 35S promoter primers. WT: untransformed plant,
P: positive control and L1-L11: putative transformed plants with
pMDC(-32). M: MassRuler™ Low range DNA Ladder
(Fermentas, Thermoscientific).

In vitro flower and fruits of EQDREB1 tomatoes. All plants were
grown in full strength MSB5 basal salts containing 1 mg/L 1AA,
6 mg/L hygromycin and 150 mg/L timentin. a) Wild type plant,
b) pMDC(-32) plant, ¢, d and e represent independent transgenic
line EQDREB1-L5, EgDREB1-L9 and EgDREB1-L13.
EgDREB1-L5 showed early flowering while, EQDREB1-L9 and
EgDREB1-L13 showed early fruiting in selective media. Bars =
5 mm.

Phenotypic observation of EgDREB1 tomatoes. a) The
EgDREBL1 tomatoes showed slow growth in controlled condition
compared to wild type. Bar =5 cm.

Phenotype of EQDREBL1 tomato leaves compared to wild type

and pMDC(-32). The EgDREBL1 leaves showed rolling and
curling inwards. Bars =5 cm.
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5.11

5.12

5.13

5.14

5.15

5.16

5.17

Phenotype of the Ty transgenic tomato fruits. a) Wild type, b)
pMDC(-32), c, d, e, f, g and h represent different EQDREB1
transgenic lines which are EgDREBI1-L5, EgDREB1-L9,
EgDREB1-L13, EQDREB1-L1, EgDREB1-L3 and EgDREB1-
L10, respectively.

Expression of EQDREBL1 in Ty transgenic fruits. Bars represent
standard error of the mean.

Expression patterns of genes that are potentially involved in the
development of parthenocarpic transgenic tomato fruits. a) AP2-
like-ethylene transcription factor (LeAP2), b) Allene oxide
synthase (LeAOS), c¢) Allene oxide cyclase (LeAOC),
d) Aminocyclopropane-1-carboxylic acid synthase (LeACS), e)
1-Aminocyclopropane-1-carboxylate oxidase 1 ~ (LeACO), f)
Auxin responsive factor 8 (LeARF8), g) Auxin/Indole-3-acetic
acid (LeAux/IAA), h) Cytokinin oxidase/Dehydrogenase-like
(LeSICKX1), i) Adenylate isopentenyltransferase (LeSIIPT1),
J) Gibberellin 2-oxidase 2 (LeGO2), k) Gibberellin 20-oxidase 4
(LeGO4) and I) ABA-aldehyde oxidase (LeAAO). Bars represent
standard error of the mean.

Verification of the presence of transgene in independent T,
transgenic lines of tomato by PCR using hptll primer pair and
genomic DNA from leaves as template. WT: wild type tomato;
L1, L3, L10 and L13: independent T, transgenic lines of tomato
transformed with EQDREBI. M: Gene Ruler™ DNA Ladder
Mix (Fermentas, Thermoscientific).

Verification of the presence of transgene in T transgenic plants
harboring pMDC(-32) by PCR using CaMV 35S primer pair and
genomic DNA from leaves as template. P: Positive control, WT:
wild type tomato, L1, L2, L3 and L4: different T, transgenic
tomato plants transformed with pMDC(-32) from the seeds of
the same T, tomato. M: Gene Ruler™ DNA Ladder Mix
(Fermentas, Thermoscientific).

Expression of EQDREBL in T; transgenic seedlings under
a) PEG and b) cold stress.

Expression patterns of drought- and cold-stress response genes.
a) Peroxidase (LePOD), b) Glutathione peroxidase (LeGP),
c) Ascorbate peroxidase (LeAPX), d) Catalase (LeCAT),
e) Superoxide dismutase (LeSOD), f) Glutathione reductase
(LeGR), g) Heat shock protein 70 (LeHSP70), h) Late
embryogenesis abundant (LeLEA), i) Metallothionein type 2
(LeMET2), j) ABA-aldehyde oxidase (LeAAO), k) 9-cis-
Epoxycarotenoid dioxygenase (LeECD) and ) Delta 1-
pyrroline-5-carboxylate synthetase (LePCS) showed increased
expression levels in relative to untreated wild type seedlings
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(Control). Wild type (WT) pMDC9-32) are treated control
plants. EQDREB1-L1, L3, L10 and L13 are treated transgenic
seedlings. Bars represent standard error of the mean.
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A
ABA
ABRE
AD
ADC
AFB
AHK
AHP
APX
ARE
ARFs
AUX/IAA

A. tumefaciens

AP2/ERF
AREB
BADH
BAP
bHLH

BLAST
bp
BSA
bZIP

CaMV 35S
CAT
CaCO3
Ca*
CBF1
Chi
Chl,
Chly
CK

Ci
CO,
CPPU

CRD
CRT
CTAB
DEPC
DHAR
DHN
DMSO
DNA
dNTPs
DREB
DRE/CRT

LIST OF ABBREVIATIONS

CO, assimilation

Abscisic acid

ABA-responsive element (ABRE)
Activation domain

Arginine decarboxylase

Auxin F-box

Receptor histidine kinase
Histidine phospho-transfer protein
Ascorbate peroxidase

Auxin responsive element

Auxin response factors
Auxin/Indole-3-Acetic Acid

Agrobacterium tumefaciens

APETALA 2/ethylene-responsive factor
ABA-responsive element binding
Betaine aldehyde dehydrogenase
Benzylaminopurine
Basic-helix-loop-helix

Basic Local Alignment Search Tool
Base pair

Bovine serum albumin

Basic leucine zipper containing domain

proteins

Cauliflower Mosaic Virus 35S
Catalase

Calcium carbonate

Calcium

C-repeat binding factor 1
Chlorophyll

Chlorophyll a

Chlorophyll b

Cytokinin

Cold-induced

Carbon dioxide

cytokinin N-(2-chloro-pyridin-4-yl) -N -
phenylurea

Completely randomized design
C-repeat

Cetyltrimethyl ammonium bromide
Diethylpyrocarbonate
Dehydroascorbate reductase
Dehydrin

Dimethyl sulfoxide
Deoxyribonucleic acid
Deoxynucleotide
Drought-responsive element binding
Dehydration-responsive element/C-repeat
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DWW
E
EA1332
EABF
EDTA
EIN

EL
EMSA
EREBP
ERF
EST
ETR
FFB
GA
GAPDH
GB

GP

GR

gs
HDL
HSPs
HSP70
H.0,
IAA

JA

Jacq.
JIP

KIN
LDL
LEA
LiCl

LP
LRR-RLKs
LTRE
MAPKSs
MARDI

MET2
MDHAR
MgCl,
MIC

MS

MT1
MT11
MYC

Days of water withholding
Transpiration rate

Unknown protein (rice)
ABA-responsive binding factor
Ethylenediaminetetraacetic acid
Ethylene insensitive 2

Electrolytic leakage

Electrophoretic Mobility Shift Assay
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CHAPTER 1

INTRODUCTION

Oil palm is an important oil crop commercially grown in Malaysia. Cultivation of the
high yielding tenera hybrid (Dura X Pisifera) together with a strong infrastructure
and technical know-how have led Malaysia to its present status as the second largest
producer of palm oil after Indonesia (Gan and Li, 2014). There is a great demand for
palm oil in the food sector mainly for producing cooking oil, margarines and
shortenings and in the non-food sector as raw materials such as in producing
detergents, cosmetics and biodiesel (Latip et al., 2013; Rashid et al., 2014;
Siwayanan et al., 2014). Today, about 5.39 million hectares of land in Malaysia are
being used for oil palm cultivation. (Malaysian Palm Oil Board, 2014). However,
there are limited areas for further expansion, and available areas gazetted for
agricultural activities in Malaysia may also be required for rubber plantations and for
enhancing self-sufficiency in food production. Apart from that, certain oil palm
plantations have been cleared for the development of new townships and industrial
area as Malaysia is moving towards achieving a developed country status by the year
2020. The search and opening of new plantations in other countries with less suitable
climate for oil palm cultivation by Malaysian companies may be catastrophic due to
abiotic stress faced by the trees. Abiotic stress can cause the young palm seedlings
become stunted and even result in plant death due to the high injury index in the
plant tissues when they are planted in the field (Cao et al, 2011).

Abiotic stress is an adverse force or influence that tends to inhibit the biological
system from functioning optimally in a normal plant (Mahajan and Tuteja, 2005). As
a sessile living organism on the earth, plants are certainly affected by abiotic stresses
like drought, flood, salinity, cold, extreme temperature and exposure to heavy metal
ions. Extreme climate changes like El Nino, La Nina and global warming are major
phenomena that can lead to major abiotic stress in plants. Abiotic stresses must be
seriously addressed as they can lead to disastrous effects to agriculture and plantation
industries due to crop loss and major drop in productivity. It was estimated that
hundreds of million dollars are lost every year due to the effects of abiotic stresses on
crop production (Schowalter, 2011).

Studies on the mechanisms of abiotic stress adaptation and response have been
explored extensively. However, most of them have been intensively investigated in a
model plant, the Arabidopsis thaliana (Jones, 2009). There has been no in depth
studies carried out on the oil palm on the effect of abiotic stress on its growth and
development. Primary perception of extreme condition from their surroundings leads
to biochemical and physiological alterations in plants and transcriptional activation
of stress-responsive genes (SRGs) as a recovery and adaptation system. It results in
transcriptional activation of genes involved in production of osmo-protectants such
as proline, glycinebetaine and mannitol and antioxidant enzymes and metabolites.
Genes encoding products involved in protein turnover especially proteases



stress-signaling pathway like mitogen activated protein kinase and transcriptional
regulation particularly transcription factors (Cabello et al., 2014; Danquah et al.,
2014) are also transcriptionally activated.

Transcriptional regulation of the expression of SRGs is a critical part of the plant
response to a range of abiotic stresses. The initial step when the SRGs are selected
for expression during stress conditions and also during modulation of the
transcription of the SRGs are controlled by transcription factors (TFs) (Vaahtera and
Brosche, 2011; Prasch and Sonnewald, 2015). TFs are trans-acting proteins
responsible for regulating expression of downstream genes. They act by binding to
cis-acting elements in the promoters of the target genes and therefore they can
activate or suppress the transcription of the target genes (Mizoi et al., 2011).
Dehydration-responsive element binding (DREB) is a transcription factor commonly
involved in regulating SRGs expression. DREB interacts with dehydration response
element (DRE). The DREB family of transcription factors is involved in conferring
drought, salt and cold tolerance in plants. Their protein sequences contain a highly
conserved AP2/ERF domain of approximately 58 to 70 amino acids (Li et al., 2013;
Zhang et al., 2014). Apart from that, the different functions of DREB family
members such as DREB1 and DREB2 in different signaling pathways of abiotic
stress remain controversial and not fully understood (Yoshida et al., 2014). DREB1A
transcription factor is believed to be involved in modulation of cold stress response,
while DREB2A is responsible in modulation of drought stress response (Nakashima
et al., 2014). The gene functional study via ectopic expression of DREB in transgenic
plants shows different phenotypic changes besides inducing abiotic stress tolerance.
The phenotypic changes include growth retardation of transgenic plants and delayed
flowering time. The changes are believed to be due to interference of gibberellic acid
(GA) biosynthesis and metabolism (Agarwal, et al., 2006; Akhtar et al., 2012).
However, different phenotypic changes between different transformation events and
transformed plants are still questionable.

In Malaysia, climate change likes prolonged hot and dry season may induce water
deficit. Water deficit gives negative impacts to agricultural activities. In oil palm
industry, drought stress severely reduces oil yield and productivity, which can
decrease export revenue worth several million Ringgit Malaysia. Oil yield and
productivity does not only depend on genetic background of the palm, but it also
includes the interaction between palm and the environments (Cha-um et al., 2011).
The use of susceptible oil palm seedlings in hot and dry plantation area may also
influence the growth and productivity, in which extreme condition may contribute to
high injury index and death of the seedlings. Thus, the aims of this study were to
observe physiological changes of the oil palm seedlings and to screen and
characterize potential SRGs involved in response to drought in oil palm seedlings.
The potential SRGs can be used as a molecular marker in plant breeding and genetic
engineering to develop abiotic stress tolerant palm. Therefore, the objectives of this
study were:



To screen potential stress-responsive genes involved in drought stress and
determine molecular, biochemical and physiological responses to abiotic
stress in oil palm seedlings using EgDREB1 and other molecular and
biochemical markers

To isolate and carry out molecular characterization of oil palm EgDREB1
encoding the complete open reading frame (ORF)

To construct a recombinant vector harboring EgDREB1 and to produce
transgenic tomato via Agrobacterium-mediated transformation

To determine biochemical, physiological and phenotypic changes in response
to abiotic stress in non-transgenic and transgenic tomatoes
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