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ABSTRACT

The formation of callus and somatic embryos remains one of the major bottlenecks in oil 
palm tissue culture. Unlike other crops, oil palm tissue culture is a very slow process. In 
the present study, EgGST (GenBank accession no. AIC33066.1), an oil palm gene coding 
for a putative glutathione S-transferase protein, has been characterized molecularly. The 
full length cDNA sequence of EgGST isolated from oil palm cultured leaf explants at 
the 6th week is 1002 bp in length, with an Open Reading Frame (ORF) of 651 bp. The 
deduced EgGST encodes a 216-amino-acid protein with a predicted molecular mass of 23.68 
kD and a pI value of 6.16. Its protein sequence shares 63% identity with the glutathione 
s-transferase gstf2 from Oryza sativa Indica Group (GenBank accession no. ABR25713.1) 
and contains thioredoxin fold and chloride channel domain. Real-time RT-PCR results 
showed that the EgGST transcript was differentially expressed across a time series of 
fortnightly-cultured leaf explants and had a higher transcript levels in nodular callus (NC) 
compared to friable callus (FC) for oil palm ortet of clone 4178. EgGST was also found 
to be preferentially expressed in all tissue culture derived materials except for oil palm 
cell suspension culture (CSC), whereas there were almost negligible expressions in all the 

non-tissue culture derived materials, except 
for root. Hence, it can be suggested that 
EgGST transcript may possibly be regulated 
differently at different stages of tissue culture 
and various tissues. Interestingly, EgGST 
also displayed a tissue-specific expression 
pattern via RNA in situ hybridization. To our 
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knowledge, this is the first reported study 
on the analysis of the localization of target 
mRNA transcript of EgGST in different oil 
palm tissues. We postulated that EgGST 
might play significant roles at different 
stages of oil palm callogenesis, and could 
potentially be a candidate marker for oil 
palm callogenesis.

Keywords: Oil palm, callogenesis, glutathione 

S-transferases, full length cDNA, real-time RT-PCR, 

RNA in situ hybridization

INTRODUCTION

Oil palm (Elaeis guineensis Jacq.) is an 
unbranched monocotyledonous plant of 
the palm family (Arecaceae) originating 
from West Africa. The oil palm belongs 
to the family Palmaceae and the genus 
Elaeis. Elaeis is derived from the Greek 
work elaion, which means oil, while the 
specific name guineensis shows that Jacquin 
attributed its origin to the Guinea coast, 
West Africa (Corley & Tinker, 2003). At 
present, there is a potential demand for more 
than 100 million oil palm (Elaeis guineensis 
Jacq.) tissue cultured plantlets in the world 
(Corley, 2009; Sharifah & Abu, 2007). In 
terms of performance, clonal plantlets from 
selected ortets have out-yielded commercial 
DxP seedlings by 7%-34% in fresh fruit 
bunch (Kushairi et al., 2010; Sharma, 2006; 
Simon & Koh, 2005; Zamzuri et al., 2005; 
Khaw & Ng, 1997). The use of clonal palms 
has been predicted to improve oil production 
up to 30% (Low et al., 2008).

However, unlike other crops, oil palm 
tissue culture is a very slow process. The 

regeneration process through oil palm tissue 
culture takes 2 to 4 years, depending on the 
genotype. On average, at least 18 months 
are required to produce complete plants 
from callus derived from leaf explants, 
with a callusing rate of only about 20% for 
young leaf and root explants, and the rate 
of embryogenesis from proliferating callus 
culture too was only 3 - 6%, depending 
on the genotypes (Rajainadu et al., 2007; 
Rohani et al., 2000; Wooi, 1995), making 
oil palm tissue culture rather inefficient. 
In an effort to gain insights into oil palm 
callogenesis, a previous study employed 
representational difference analysis (RDA) 
to a pair of cDNA populations from E. 
guineensis; one transcribed from the RNA 
of the 6th week oil palm cultured leaf 
explants (where callus initiation occurred) 
and the other from RNA of 0-day leaf 
explants, which led to the identification of 
the abundantly expressed partial glutathione 
S-transferases gene (Fatihah, 2010).

Plant glutathione S-transferases (GSTs) 
have been actively investigated during the 
past decades (Chronopoulou & Labrou, 2009; 
Basantani & Srivastava, 2007; Moons, 2005; 
Dixon et al., 2002; Edwards et al., 2000; 
Droog, 1997). All the GSTs are reported 
to be either soluble or loosely membrane-
associated dimers with a monomeric size 
of 15 - 28 kDa, and together they comprise 
1 - 3.5% of the total cellular protein (Pairoba 
& Walbot, 2003; Droog et al., 1995). 
GSTs are a superfamily of multifunctional 
enzymes in plants, subdivided into eight 
classes, seven of which (phi, tau, zeta, theta, 
lambda, dehydroascorbate reductase, and 
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tetrachlorohydroquinone dehalogenase) are 
soluble and one is microsomal (Dixon & 
Edwards, 2010; Lan et al., 2009; Basantani & 
Srivastava, 2007). Since their identification 
in plants in 1970, these enzymes have been 
well established as phase II detoxification 
enzymes that perform several other essential 
functions in plant growth and development. 
The GST enzymes have been associated 
with detoxification of xenobiotics, limiting 
oxidative damage and other stress responses 
in plants (Gong et al., 2005).

Currently, a large number of the GST 
genes have been identified or annotated from 
at least 17 plant species (Chronopoulou & 
Labrou, 2009; Conn et al., 2008; Basantani & 
Srivastava, 2007). The number of GST-like 
sequences found in different plant species 
ranges from 25 in soybean to 42, 53, 59 
and 81 in maize, Arabidopsis (http://www.
arabidopsis.org/browse/genefamily/gst.jsp), 
rice and Populus trichocarpa, respectively 
(Lan et al., 2009; Sappl et al., 2009; Sappl 
et al., 2004; Soranzo et al., 2004; Dixon et 
al., 2002; Wagner et al., 2002; McGonigle 
et al., 2000). Some of the GST genes have 
been patented (Chronopoulou & Labrou, 
2009). Until now, no other data have been 
reported on the genome-wide identification 
of the GST family, although at least 20 
plant genomes have been completely 
sequenced (http://www.genomesonline.
org/gold.cgi) (Chi et al., 2011). To date, the 
whole family-based expression analyses 
have been carried out only in Arabidopsis 
(Sappl et al., 2009), P. trichocarpa (Lan et 
al., 2009) and rice (Jain et al., 2010). The 
transcript profiling of all family members 

for the other plants, including oil palm, as 
well as the functional divergence of the 
GST family, is still not available. Hence, it 
will be interesting to know the functional 
role of glutathione S-transferase genes 
(EgGSTs) in E. guineensis. To date, there 
is no reported full-length cDNA isolation of 
EgGST from oil palm. Thus, the aims of this 
study were to isolate a full-length EgGST 
cDNA from oil palm and perform molecular 
characterization.

MATERIALS AND METHODS

Plant Material

Tissue cultured materials of Elaeis guineensis 
Jacq. var. tenera were provided by Felda 
Agricultural Services Sdn. Bhd., Malaysia. 
For expression analysis, young leaf explants 
of clone 4178 cultured on Murashige 
and Skoog (MS) basal culture medium 
(Murashige & Skoog, 1962) supplemented 
with auxin, were collected every 2 weeks 
(day 0 to 26 weeks of culturing). Clone 4178 
was selected as the plant material due to the 
high proliferation ability at the commercial 
laboratory of Felda Biotechnology Centre, 
Felda Agricultural Services Sdn. Bhd. 
(Fatihah, 2010). Meanwhile, the samples 
for tissue specificity study were provided by 
Malaysian Palm Oil Board (MPOB), Sime 
Darby Seeds and Agricultural Services Sdn. 
Bhd. (SDSAS) and Applied Agricultural 
Resources Sdn. Bhd. (AAR). The tissue 
samples were categorised into two groups: 
tissue culture derived materials from 
the leaf [embryogenic callus (EC), non-
embryogenic callus (NEC), oil palm cell 
suspension culture (CSC) and the three 
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different morphologies of oil palm somatic 
embryos identified during the maturation 
stage (globular, haustorium and germinating 
embryo)] and non-tissue culture derived 
materials [female flower (FF), male flower 
(MF), apical meristem (M) and root (R)].

Total RNA Extraction

Each plant material (0.1 g) was ground 
in liquid nitrogen to fine powder using a 
mortar and pestle. Total RNA extraction 
was performed by using TRIzol® reagent 
(Molecular Research Centre,  USA) 
according to the manufacturer’s instructions. 
The RNA concentration was measured 
by absorbance at 260 nm (A260) and the 
purity of the RNA sample was evaluated 
by A260/A280 and A260/A230 ratios using 
NanoPhotometer™ (Implen GmbH, 
Munich, Germany). The integrity of RNA 
obtained was determined by visualization 
on a 1.5% (w/v) formaldehyde agarose gel 
electrophoresis (Sambrook & Russel, 2001).

Full-Length cDNA Isolation of the EgGST

A partial-length cDNA sequence encoding 
putative glutathione S-transferase protein 
was previously identified by Fatihah (2010). 
This gene was designated as EgGST. 
EgGST had partial-length sequence lacking 
the 5’- and 3’-region. Two gene specific 
primers (5’ GSP: 5’-GCATCGCAGA 
G G T C A C C T T C T T G C A C G C - 3 ’ 
a n d  3 ’ G S P :  5 ’ - C C G C AT G T TA A 
GGCATGGTGGGAGG-3’) were designed 
based on the partial-length of the cDNA 
sequence to isolate the 5’ and 3’-region 
of the putative EgGST, respectively. The 

SMARTerTM RACE (Rapid Amplification 
of cDNA Ends) cDNA Amplification Kit 
(Clontech, USA) and the Advantage 2 
Polymerase Mix (Clontech, USA), together 
with the gene specific primers, were used in 
the isolation of the 5’ and 3’-regions of the 
gene. The sequences of all the partial-length, 
5’ and 3’-regions were assembled into 
contigs by the Contig Assembly Programme 
(CAP) using the BioEdit  Sequence 
Alignment Editor Version 7.0.9.0 (Hall, 
1999) to get the full-length sequence of the 
EgGST. Based on the full-length sequence, 
two gene specific primers (ORF forward:5’-
AGACGATGGGGGTGA AGGTCTATG-3’ 
and ORF reverse: 5’-ACGCAGATCCAG 
GCATCGCAGAG-3’) were designed to 
amplify the Open Reading Frame (ORF) 
region. The ORF of the transcript was 
isolated by PCR amplification of the 
5’-RACE-Ready cDNA template with 
the two gene specific primers. The PCR 
product was then cloned into the yT&A 
cloning vector (Yeastern Biotech, Taiwan) 
and sequenced at both directions (NHK 
Bioscience Solutions Sdn. Bhd., Malaysia).

Sequence Analysis

The 5’-RACE PCR product, 3’-RACE 
PCR product and ORF sequences of the 
putative EgGST were analyzed using 
the BLASTN, BLASTX and BLASTP 
programmes at the National Centre of 
Biotechnology Information (NCBI). 
These programmes were used to search 
for significant similarities between the 
isolated sequences with NCBI/Genbank 
databases. BLASTX and BLASTN were 
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used to search for significant identities 
in the non-redundant protein sequences 
(nr) and expressed sequence tags (ESTs) 
databases, respectively. The clustal W 
multiple alignment programme in the 
Bioedit software was used to align the 
amino acid sequence of the EgGST with 
homologous sequences from other plants. 
The acquired sequence data were also 
analyzed further using the Prediction of 
Protein Sorting Signals and Localization 
Sites in Amino Acid Sequences (PSORT) 
(http://psort.nibb.ac.jp) (Horton et al., 2007), 
plant-mPLoc (http://www.csbio.sjtu.edu.cn/
bioinf/plant-multi/) (Kuo-Chen & Hong-
Bin, 2010), Biology Workbench Version 3.2 
(http://workbench.sdsc.edu) (Subramaniam, 
1998), SignalP 4.0 Server (http://www.
cbs.dtu.dk/services/SignalP/) (Petersen 
et al., 2011), Compute pI/Mw (Expasy) 
(http://br.expasy.org/tools/) and FEX 
Programme (http://www.molquest.com/
molquest.phtml?group=index&topic=gfind) 
(Solovyev et al., 1994). The phylogenetic 
tree of EgGST was constructed using the 
Mega version 4 software (Tamura et al., 
2007). In this study, the cut-off score and 
Expect (E) value were set at 50 and 10-5, 
respectively; whereby all the matches with 
BLASTX scores equal to 50 or above and E 
value equal or less than 10-5 were considered 
significant.

Expression Study by using Real-Time RT-
PCR (Reverse Transcriptase-PCR)

One microgram of the total RNA was used 
for reverse transcription into first-strand 
cDNA using the QuantiTect® Reverse 

Transcription Kit (Qiagen, USA). Primers 
for the real-time RT-PCR analysis were 
designed using the Primer3Plus software 
(http://www.bioinformatics.nl/cgi-bin/
primer3plus/primer3plus.cgi) based on 
the 3’ un-translated regions (UTRs) of 
the full-length transcript sequence of the 
EgGST obtained. The suitability of the 
designed primers was checked by using 
the Oligonucleotide Properties Calculator 
software (http://www.basic.northwestern.
edu/biotools/oligocalc.html). The Brilliant® 
SYBR Green QPCR Master Mix (Stratagene, 
USA) was used for real-time RT-PCR 
reaction. Each PCR mixture contained 
1X master mix (comprising SYBR® 
green I dye, 2.5 mM MgCl2, and dNTPs 
mixture), 100 nM of gene specific primers 
(Forward primer: 5’-ATCTGCGTGAGA 
G G TAT C G G T T G - 3 ’ a n d  R e v e r s e 
p r i m e r :  5 ’ - AT TA C C C A C C AT C C 
CACCCTAGA-3’), 2 μL of 10-fold diluted 
first-strand cDNAs in a total volume of 
20 μL. The amplification was performed 
in the iQ5 Real Time PCR Detection 
System (BioRad, USA) using the following 
program: 95°C for 10 minutes; 50 cycles of 
95°C for 30 seconds, 60°C for 45 seconds 
and 72°C for 30 seconds. For each sample, 
three technical replicates were included. All 
the experiments contained a non-template 
control (negative control) and a calibrator. 
The quantity of the gene expression levels 
in every experimental tissue was expressed 
relative to the calibrator, i.e. 0-day leaf 
explants (clone 4178). Comparative CT 
method was used to estimate the relative 
expression level of EgGST transcripts 
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(Livak & Schmittgen, 2001). The relative 
expression were carried out across a 
time series of fortnightly-cultured leaf 
explants and in different oil palm tissues 
and analysed using the geNorm software 
(Primer-Design, UK) (Vandesompele et 
al., 2002). In the analysis, the relative 
quantity of the transcripts were normalized 
with the expression of three endogenous 
genes including unknown/hypothetical 
protein (EA 1332; GenBank accession 
no. EY406625.1), superoxide manganese 
dismutase (PD 569; GenBank accession 
no. EL682210.1) and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH; 
GenBank accession no. DQ267444).

The sequences of the primers are as 
follow:

EA 1332 sense 
5’ – TTAAGAATGCTCGGGAAAGG – 3’

EA 1332 antisense 
5’ – CTACTTCTGTCTGCAATTTTGG – 3’

PD 569 sense 
5’ – ATCAACCACTCAATCTTCTGG – 3’

PD 569 antisense 
5’ – CTTCTGCGTTCATCTTTTGC – 3’

GAPDH sense 
5’ – GCCAGCTTTAACATCATTCCTAGC – 3’

GAPDH antisense 
5’ – AGCTTTCCATTTAAGGCAGGAAG – 3’

Expression Study by using RNA in situ 
Hybridisation

One morphology of oil palm somatic 
embryo identified during the maturation 
stage (germinating embryo), plus several 
oil palm in vitro cultured-derived samples 
such as leaf explants (LE), embryogenic 

callus (macroscopically nodular and friable 
cultures) and non-embryogenic callus 
(macroscopically not friable), were used to 
study the expression of EgGST transcripts. 
All the plant materials were provided by 
Felda Agricultural Services Sdn. Bhd., 
Malaysia. Sense and antisense riboprobes 
were synthesised by using AmpliscribeTM T3 
High Yield and AmpliscribeTM T7 FlashTM 
Transcription Kit, respectively (Epicentre® 
Biotechnologies, USA) according to the 
manufacturer’s instructions. Sense and 
antisense probes were generated by designing 
the gene specific primers containing 
the minimum T3 promoter sequence 
(5’-AATTAACCCTCACTAAAGG-3’) 
a n d  T 7  p r o m o t e r  s e q u e n c e 
(5’-TAATACGACTCACTATAGG-3’), 
respectively needed for efficient transcription 
(as bolded below). The primers were 
designed at the ORF and 3’UTR region of 
the EgGST sequence. The sequences of the 
primers are as follows:

T3F:
5’-AATTAACCCTCACTAAAGG 

GATGTGTGGTTGGAAGTGGAATC-3’
T7R: 
5’-TAATACGACTCACTATAGG 

CTCAATAGACAGGGACTCACAGC-3’

In situ  hybridisation (ISH) was 
performed according to the method described 
by Ooi et al. (2012). All the images were 
then viewed and photographed with a 
camera attached to the LEICA DM6000 
B light microscope (Leica, Germany) and 
processed with the Progress Research Pro 
software (Leica, Germany).
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RESULTS AND DISCUSSION

Sequence Analysis of the Full-Length 
cDNA of EgGST

The full-length cDNA sequence of EgGST 
(1002 bp) was predicted to encode a 
polypeptide of 216 amino acid residues with 
78 bp of 5’ UTR, 651 bp of open reading 
frame and 273 bp of 3’ UTR including 
a poly-A tail (GenBank accession no. 
AIC33066.1). By using Compute pI/Mw 
(Expasy tools software), the EgGST has a 
predicted molecular mass of 23.68 kD, with 
a pI value of 6.16. The BLASTX analysis 
(NCBI) showed that the deduced amino acid 
sequence of EgGST was 63% identical to 
glutathione s-transferase gstf2 from Oryza 
sativa Indica Group and 62% identical to 
glutathione transferase from Alopecurus 
myosuroides. This was followed by phi class 
glutathione transferase GSTF3 from Populus 
trichocarpa (61%), glutathione transferase 
from Hordeum vulgare subsp. vulgare 
(61%), glutathione-S-transferase 19E50 
from Triticum aestivum (61%), glutathione-
s-transferase theta, gst, putative from 
Ricinus communis (60%), and glutathione 
S-transferase 1 from Zea mays (56%). The 
deduced amino acid sequence of EgGST 
has a thioredoxin fold domain located at the 
positions of 4 - 82 and a chloride channel 
domain located at the positions of 90 - 216 
(see Fig.1).

Glutathione (GSH) is the tripeptide 
γ-glutamyl-cysteinyl-glycine and plays a 
central role in the processes of detoxification 
and redox buffering (Noctor & Foyer, 1998). 
GST proteins consist of two well-defined 
domains, the N-terminal domain that 

binds the primary substrate GSH and the 
C-terminal domain that binds the secondary 
substrate (Edwards et al., 2000). Plant GSTs 
acted by catalyzing nucleophilic conjugation 
of the reduced form of the tripeptide GSH to 
a wide variety of hydrophobic, electrophilic, 
and usually cytotoxic substrates. The toxic 
molecule, GSH conjugate can then be 
transported to the vacuole or apoplast and 
metabolised to a non-toxic compound such 
as peptide derivatives (Dixon & Edwards, 
2010; Edwards et al., 2000).

Most GSTs are active as dimers, 
composed of either homogeneous (the most 
prevalent form) or heterogeneous subunits 
(Edwards et al., 2000). The thioredoxin-like 
N-terminal domain (4 - 82 amino acids), 
as shown in Figure 1, binds to GSH, and 
is conserved in all classes of GSTs (Dixon 
et al., 2002). By contrast, the C-terminal 
chloride channel domain (90 - 216 amino 
acids) (Figure 1) is the domain that provides 
structural elements for the recognition of 
xenobiotic substrates, which tends to exhibit 
much more diversity within and among 
classes of GSTs (Basantani & Srivastava, 
2007; Edwards et al., 2000). In 2009, 
Lan et al. suggested that the C-terminal 
domain could lead to diversification in 
substrate selectivity and specificity among 
the members of Populus trichocarpa tau 
GSTs, while preserving the enzymes’ 
primary function and thus, enhance the 
metabolism of substances encountered in 
the environment.

Plant GSTs are classified based on amino 
acid sequence identity and conservation of 
gene structure (i.e., exon/intron numbers), 
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in which the number of exons is different 
for each class (Licciardello et al., 2014; 
Mohsenzadeh et al., 2011). For example, 
phi class of GST genes contains three exons, 
tau class contains two exons and zeta class 
contains ten exons in their genes. In the FEX 
Program (Prediction of internal, 5’- and 

3’- exons) analysis, EgGST was predicted 
to have five potential exons. Conserved 
Domain Database (CDD) analysis (NCBI) 
on the deduced amino acid sequence of 
EgGST (http://www.ncbi.nlm.nih.gov/
Structure/cdd/cdd.shtml) (Marchler-Bauer 
et al., 2013) showed that EgGST belongs 

Fig.1: Alignment of Deduced Amino Acid Sequences of EgGST with Alopecurus myosuroides, Triticum 
aestivum, Populus trichocarpa, Hordeum vulgare subsp. vulgare, Oryza sativa Indica Group, Ricinus 
communis and Zea mays sequences.

The identical amino acids are boxed. The sequences were downloaded from Genbank: AmGST, glutathione transferase of 
Alopecurus myosuroides (Acc. No. CAA09191.1); TaGST, glutathione-S-transferase 19E50 of Triticum aestivum (Acc. 
No. AAL47688.1); PtGST, phi class glutathione transferase GSTF3 of Populus trichocarpa (Acc. No. ADB11382.1); 
HvsvGST, glutathione transferase of Hordeum vulgare subsp. vulgare (Acc. No. AAL73394.1); OsigGST, glutathione 
s-transferase gstf2 of Oryza sativa Indica Group (Acc. No. ABR25713.1); RcGST, glutathione-s-transferase theta, gst, 
putative of Ricinus communis (Acc. No. XP_002531867.1); ZmGST, glutathione S-transferase 1 of Zea mays (Acc. No. 
NP_001105412.1). The thioredoxin fold domain (4 – 82 amino acids) and chloride channel domain (90 – 216 amino 
acids) are as shown above.
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to phi class GSTs. However, this is only 
a prediction by bioinformatics data and 
the exact classification of EgGST can 
only be confirmed after resolving the 
crystal structures of EgGST through X-ray 
crystallography. The tau and phi class 
GSTs are the most represented ones, plant-
specific and chiefly involved in xenobiotic 
metabolism (Basantani & Srivastava, 2007; 
Moons, 2005). Genome-wide analysis of 
biochemical characteristics of Arabidopsis 
thaliana and Populus trichocarpa tau and 
phi GSTs found that these two classes of 
GSTs have broad substrate specificities 
(Dixon et al., 2009; Lan et al., 2009), 
which may be related to the high tolerance 
to abiotic stresses, especially to a broad 
spectrum of xenobiotics such as herbicides, 
salt and UV stressors (Jha et al., 2011). Zeta- 
and theta-class GSTs have very restricted 
activities towards xenobiotics. Theta-class 
GSTs are glutathione peroxidases and 
involved in oxidative-stress metabolism, 
whereas zeta-class GSTs act as glutathione-
dependent isomerases and catalyse the 
glutathione-dependent conversion of 
maleylacetoacetate to fumarylacetoacetate. 
Zeta-class GSTs participate in tyrosine 
catabolism. Dehydroascorbate reductase- 
and lambda-class GSTs function as 
thioltransferases (Basantani & Srivastava, 
2007). Dehydroascorbate reductase is 
also a key enzyme in the ascorbate-
glutathione cycle that maintains reduced 
pools of ascorbic acid, which serves as 
an important antioxidant (Moons, 2005). 
Microsomal-class GSTs are members of the 
MAPEG (membrane-associated proteins 

in eicosanoid and glutathione metabolism) 
superfamily (Basantani & Srivastava, 2007).

In the WoLF PSORT and Plant-mPLoc 
analysis, EgGST was predicted to be located 
in the cytosol. The GSTs reported so far 
are mostly soluble cytosolic enzymes, and 
have been classified in classes ranging 
from mammals, plants, insects, parasites, 
fungus, to bacteria (Mohsenzadeh et al., 
2011; Wongsantichon & Ketterman, 2005). 
By using SignalP, EgGST was predicted 
to not having any signal peptide, implying 
that it is located in the cytosol. A sequence 
comparison between the deduced EgGST 
with GST protein of other plants revealed 
that GST proteins are indeed well conserved 
across monocot and eudicot plants (Figure 
1). The similarities are almost evenly 
distributed throughout the sequence, in 
the thioredoxin fold domain (4 - 82 amino 
acids) and the chloride channel domain 
(90 - 216 amino acids). A phylogenetic tree 
was plotted to estimate the relationship 
between the sequences of EgGST with 
other sequences of plant glutathione 
transferase proteins (Figure 2). The resulting 
phylogenetic tree (Figure 2) is organized 
into two clades. Interestingly, EgGST that 
encodes a putative glutathione transferase 
protein appeared to be belonging to clade 2, 
together with the putative PtGST sequence 
from Populus trichocarpa and RcGST 
sequence from Ricinus communis. Hence, 
EgGST might belong to either phi- or theta-
class GSTs. Therefore, the comparison 
of monocot and eudicot GST proteins in 
this study revealed that during evolution 
eudicot, members of the GST family have 
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developed along two different directions. 
Hence, understanding the genomic and 
functional evolution of gene families is 
essential for understanding the phenotypic 
diversification of organisms and their 
genetic systems. Lan et al. (2009) revealed 
the complex history of genome duplications 
and chromosomal rearrangements in 
Populus through the course of genome 
evolution, which is thought to occur in order 
to supply raw genetic material, allowing 
functional divergence and rapid biological 
evolution. The genome duplications and 
chromosomal rearrangements process could 
have probably been taking place in oil palm 
too through the course of evolution as GSTs 
are evolutionarily ancient proteins. Hence, 
EgGST might also be descendant from 

gene duplication. However, to date, limited 
information is available on the patterns 
of functional diversification governing 
the evolution of most classes of gene 
families in the plant kingdom (Lan et al., 
2009). Previous phylogenetic analysis had 
suggested that Theta, Zeta and Omega GSTs 
as the most ancestral classes in plants (Chi 
et al., 2011; da Fonseca et al., 2010). GSTs 
were also thought to have evolved from a 
thioredoxin-like ancestor in response to the 
development of oxidative stress (Martin, 
1995; Koonin et al., 1994).

Real-Time RT-PCR Analysis of EgGST

The EgGST transcript was shown to be 
differentially expressed across a time 

Fig.2: Phylogenetic Relationship of EgGST and Different Plant Species Based on the Deduced Amino Acid 
Sequences

An unrooted neighbour-joining tree generated from the multiple alignment of EgGST protein (underlined) with GST 
proteins of other plant’s proteins, with repeat verification for 5000 times by Bootstrap. The number on the branch means 
the percentage of repeat verification credibility. Bootstrap values are indicated for branches supported by more than 50% 
of 5000 replicates. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances 
used to infer the phylogenetic tree. The length of the branches is proportional to the number of amino acid substitutions 
per residue. MEGA (Molecular Evolutionary Genetic Analysis version 4) was used to construct the phylogenetic tree 
based on neighbour-joining method.



Isolation and Characterization of EgGST, a Glutathione S-transferase Protein Transcript in Oil Palm (Elaeis guineensis Jacq.)

245Pertanika J. Trop. Agric. Sci. 38 (2): 235 - 257 (2015)

series of fortnightly-cultured leaf explants. 
The expression showed an increase from 
0-day leaf explants to 6th week cultured leaf 
explant and dropped at 8th week but started 
to peak again from 10th week until 14th week 
cultured leaf explants (see Figure 3A). The 
expression profile of the EgGST transcript 
was similar to that reported previously by 
Che et al. (2006) who observed that the 
frequency of stress response genes increased 
with time during callus development in 
Arabidopsis tissue culture. However, it 
dropped again at 16th week, followed by a 
rhythmic pattern of expression at different 
time points, peaking at 20th week with a 
subsequent decline at 22nd week, and a slight 
increase from 24th week to 26th week cultured 
leaf explants. The result, as illustrated in 
Figure 3A, is also in agreement with the 
previous finding by Fatihah (2010), where 
the relative transcript level of EgGST was 
found higher in the cultured leaf explants 
at 6th week in comparison to the 0-day leaf 
explants. FC is embryogenic callus and has 
the capacity to produce somatic embryo 
of oil palm but the frequently produced 
callus is NC, which is non-embryogenic 
callus. An expression comparison was 
done in both stages of the oil palm callus 
development, which might help to enhance 
our understanding on the embryogenic callus 
production. EgGST had higher transcript 
levels in nodular callus (NC) compared 
to friable callus (FC) for oil palm ortet of 
clone 4178 (Figure 3B), with 5.08764 and 
0.71569 folds, respectively, compared to 
that of the expression level in 0-day leaf 
explants. The expression level of EgGST 

transcript in 0-day leaf explants was used 
as a reference point (calibrator). The result 
shown in Figure 3B is in agreement with that 
of Low et al. (2008). GST was reported to 
be up-regulated in non-embryogenic callus 
of oil palm compared to embryogenic callus 
and embryoid via northern blot analysis, 
but was to some extent genotype-dependent 
(Low et al., 2008). Nevertheless, Legrand 
et al. (2007) had also reported that two 
GSTs were preferentially expressed in the 
cultured explants from a non-embryogenic 
genotype of Cichorium intybus L. via in 
silico EST data analysis and real-time RT-
PCR experiments.

Evidence showed that the transcript of 
plant GST genes was regulated by various 
abiotic and biotic stresses, as well as 
hormones including xenobiotic-type stresses 
such as herbicide application (Edwards et 
al., 2000), chilling (Seppänen et al., 2000), 
dehydration (Bianchi et al., 2002; Kiyosue 
et al., 1993), hypoxic stress (Moons, 
2003), wounding (Vollenweider et al., 
2000), pathogen attack (Mauch & Dudler, 
1993), ethylene (Zhou & Goldsbrough, 
1993), auxin (Chen & Singh, 1999), 
2,4,6-trinitrotoluene (TNT) (Brentner et 
al., 2008), hydrogen peroxide (H2O2) and the 
defence signal salicylic acid (SA) (Chen et 
al., 1996). Callus is often induced in or upon 
contact of the wounded part of the explants 
with the media. During tissue culture, 
mechanical wounding, osmotic shock, 
hormonal imbalances and environmental 
cues such as exogenous auxin induction 
and cutting may cause significant stress 
effects that can trigger the somatic cells to 
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Fig.3: Expression Profiles of EgGST. (A) Relative transcript levels of EgGST in fortnightly-cultured leaf 
explants, (B) Relative transcript levels of EgGST in 0-day leaf explants, Friable Callus and Nodular Callus, 
(C) Relative transcript levels of EgGST in different oil palm tissues. 

Relative amounts of EgGST transcripts were normalized to the geometric mean of the three endogenous references (EA 
1332, PD 569 and GAPDH) by using the Comparative CT method and were then rescaled to the expression values in 
0-day leaf explants (clone 4178). The error bars represent mean ± SD of three technical replicates. LE, leaf explant; EC, 
embryogenic callus; NEC, non-embryogenic callus; CSC, cell suspension culture.
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differentiate into embryogenic competent 
cells (Singla et al., 2007; Fehér et al., 2003; 
Dixon et al., 2002; Pfeiffer & Höftberger, 
2001). The stress effect may produce 
reactive oxygen species (ROS) such as 
H2O2 that may lead to lipid peroxidation, 
biological macromolecule deterioration, 
membrane dismantling, ion leakage, and 
DNA-strand cleavage and finally death of 
plants (Rascio & Navari-Izzo, 2011; Hossain 
et al., 2010; Romero-Puertas et al., 2002). 
H2O2 is a small, diffusible molecule that is 
widely considered to be a signal molecule 
in the regulation of the defense system 
(Neill et al., 2002). H2O2 plays a dual role 
in plants: at low concentration, it acts as 
a signal that induces the expression of 
numerous defense genes encoding cellular 
protectants such as glutathione S-transferase 
and glutathione peroxidase, and activates 
multiple defense responses to abiotic 
stresses, while excessive accumulation 
leads to cellular oxidative damage and 
even programmed cell death (Levine et al., 
1994; Prasad et al., 1994). The ability of a 
plant to express stress-response genes to 
endure stress and regulate ROS levels can 
inevitably help the proliferation of culture 
lines into embryoids. This was supported 
by Lin et al. (2009), who reported that 
most of the disease- and defense-related 
ESTs isolated during oil palm somatic 
embryogenesis code for GST. This is also in 
line with the finding of a previous study by 
Fatihah (2010), which showed that EgGST 
was up-regulated in leaf explants at 6th 
week as compared to 0-day, which could 
be stress responsive effect or to initiate 

callus formation. Besides its plausible role 
in the initiation of meristematic cells that 
led to callus formation in 6th week cultured 
leaf explants, GST was probably involved 
in the morphogenesis of NC. Stressful 
environment can also induce morphogenic 
events in vitro (Gong et al., 2005). Stress-
induced growth is related to the production 
of ROS that might trigger the expression of 
GST (Gong et al., 2005; Fehér et al., 2003; 
Dixon et al., 2002).

In contrast, there are also reports 
that GSTs were expressed in cultured 
leaves of Cichorium undergoing somatic 
embryogenesis (Galland et al., 2001) and 
thus, have been linked with somatic embryo 
formation in carrot (Kitamiya et al., 2000). 
Consistently, GST accumulation has been 
reported in somatic embryos of Cyclamen 
persicum (Winkelmann et al., 2006), 
Vitis vinifera (Marsoni et al., 2008), and 
embryogenic cells of Medicago truncatula 
(Imin et al., 2004). This is not surprising as 
GSTs are represented by a large and diverse 
gene family in plants which can be divided 
on the basis of sequence identity into phi, 
tau, theta, zeta and lambda classes (Dixon et 
al., 2002). This can also be explained by the 
compensatory potential of other members of 
the GST family. Hence, it can be suggested 
that EgGST transcript might possibly be 
regulated differently at different stages 
of tissue culture, FC and NC. However, 
this can only be verified by performing 
validation tests using a much larger numbers 
of samples and a wider range of genotypes.

Over all in oil palm, EgGST was found 
to be preferentially expressed in all tissue 
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culture derived materials from leaf except for 
CSC, whereas there were almost negligible 
expression in all the non-tissue culture 
derived materials except for root (Figure 
3C). In 2005, Gong et al. had reported that 
BjGSTF2, a gene homologous to the phi 
class GSTs, accumulated differentially in 
mustard organs, where the transcript was 
most abundant in root. In addition to that, 
a plant GST from Arabidopsis thaliana, 
AtGSTU17 had been reported to be involved 
in seedling development and root elongation, 
whereby the loss-of-function mutant of 
AtGSTU17 resulted in a reduced biomass of 
seedlings and number of lateral roots in the 
presence of auxin (Jiang et al., 2010). Since 
the GST enzymes have long been associated 
with detoxification of xenobiotics, limiting 
oxidative damage and other stress responses 
in plants (Gong et al., 2005), a higher 
expression of EgGST transcript in root is 
probably to exclude the processes from 
the sensitive metabolism in shoot. The 
relative transcript levels of EgGST were 
fluctuating during the embryoid transition 
from globular to germinating stages which 
occurred at the late stages of somatic 
embryogenesis. During the transition period, 
EgGST was found to be highly expressed in 
germinating embryoid followed by globular 
and haustorium, with 0.48258, 0.35309 
and 0.28537 fold, respectively, compared 
to that of the expression level in 0-day leaf 
explants. Since the expression of EgGST 
transcripts were detected in all tissue 
culture derived materials from leaf (except 
for CSC) and in root, it can be concluded 
that EgGST may have a broader roles in oil 
palm growth and development, in addition 

to having functions in various stresses as 
supported by Gong et al. (2005) and Moons 
(2005). Besides, there are also a few other 
reported roles of GSTs in endogenous plant 
developmental processes; in the vacuolar 
sequestration of anthocyanins in maize, 
petunia and Arabidopsis (Kitamura et al., 
2004; Alfenito et al., 1998; Marrs et al., 
1995), as binding proteins by binding to 
various hormones including auxin (Smith 
et al., 2003) and cytokinin (Gonneau et al., 
2001), as well as porphyrin compounds 
(Lederer & Böger, 2003) to regulate their 
activities. Recently, Arabidopsis GSTF2 
was found to selectively bind the indole-
derived phytoalexin camalexin as well as 
the flavonol quercetin-3-O-rhamnoside, 
suggesting a role in regulating the binding 
and transport of defense-related compounds 
in plants (Dixon et al., 2011). The fact that 
plant GSTs can be induced by a wide variety 
of phytohormones, including ethylene, 
auxin, methyl jasmonate, salicylic acid, and 
abscisic acid (ABA) (Moons, 2003; Smith 
et al., 2003; Wagner et al., 2002) and that 
all these hormones regulate many aspects 
of plant development also supports that 
plant GSTs may play vital roles in plant 
growth and development as well. However, 
evidence to substantiate this role is still 
limited.

RNA in situ Hybridization Analysis of 
EgGST

The analysis of the localization of target 
mRNA transcript of EgGST was performed 
in germinating embryo, EC, NEC and 
LE, as the transcripts were found to be 
preferentially expressed in the respective 



Isolation and Characterization of EgGST, a Glutathione S-transferase Protein Transcript in Oil Palm (Elaeis guineensis Jacq.)

249Pertanika J. Trop. Agric. Sci. 38 (2): 235 - 257 (2015)

tissues of oil palm (Figure 3C). RNA in situ 
hybridization is a widely used method that 
allows one to analyse the localization of 
target mRNAs in a preserved tissue section 
(Bayer et al., 2009). The main objective of 
this part of study is to examine the spatial 
expression pattern of EgGST in various 
oil palm tissues at cellular level and to 
clarify the signals detected in real-time 
RT-PCR. In addition, eukaryotic cells are 
highly compartmentalized, and the correct 
localization of proteins is essential for their 
function (Boruc et al., 2010).

In both germinating embryo and 
EC hybridized with antisense and sense 
of riboprobe each, positive signal was 
detected in the middle of the developing 
germinating embryo and EC (Figure 4a, 
4b, 4c, 4d). No expression was observed 
in the rest of the germinating embryo and 
EC tissue. Meanwhile, in NEC hybridized 
with antisense and sense of riboprobe each, 
a weak signal was detected at the corner 
of the developing NEC (Figures 4g & 4h). 
No expression was observed in the rest of 
the NEC tissue. When NEC was hybridised 
with the elongation factor ELF antisense 
probe (positive control), a clear signal was 
observed that was exclusively localized 
to the actively-dividing cell layer at the 
surrounding of NEC (Figures 4e & 4f). 
Besides its plausible role in the initiation of 
meristematic cells that led to callus formation 
in 6th week cultured leaf explants, EgGST is 
probably involved in the morphogenesis of 
nodular callus (Fatihah, 2010). Moreover, 
Galland et al. (2001) suggested that the 
GST transcript accumulation is not only 

caused by abiotic and biotic stress but might 
also be involved in cellular proliferation 
activity. They also reviewed that GST was 
expressed during transition of G to S phase 
of mitosis of tobacco mesophyll protoplast 
and Arabidopsis zygotic embryogenesis. 
During tissue culture, mechanical wounding, 
osmotic shock, hormonal imbalances and 
environmental cues such as exogenous auxin 
induction and cutting may cause significant 
stress effects that can trigger the somatic 
cells to differentiate into embryogenic 
competent cells (Singla et al., 2007; Féher 
et al., 2003; Dixon et al., 2002; Pfeiffer & 
Höftberger, 2001). This indicated the role of 
GST in the initiation of meristematic activity 
of differentiated cells (Vernoux et al., 2000; 
Takahashi & Nagata, 1992).

On the other hand, strong positive 
signals were observed in the oil palm leaf 
explants when hybridised with antisense and 
sense of EgGST riboprobe each (Figures 
4i & 4j). This is not surprising as during 
tissue culture, mechanical wounding and 
cutting of oil palm leaf explants may cause 
significant stress effects that induce the 
expression of GST. To date, this has been 
the first reported study on the analysis of 
the localisation of target mRNA transcript 
of EgGST in different oil palm tissues. 
Hence, we proposed that EgGST might play 
significant roles at different stages of oil 
palm callogenesis and could potentially be 
a candidate marker for oil palm callogenesis. 
As such, EgGST can be used for screening 
explants with high callusing rates, thus 
enabling reductions in time and costs in the 
micropropagation process.
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CONCLUSION

The full length cDNA sequence of EgGST 
(GenBank accession no. AIC33066.1) 
isolated from oil palm cultured leaf explants 
at the 6th week is 1002 bp in length with 
an Open Reading Frame (ORF) of 651 bp. 
The deduced EgGST encodes a 216-amino-

acid protein and contains thioredoxin fold 
and chloride channel domain. Based on 
the real-time RT-PCR results obtained, it 
can be suggested that EgGST transcript 
might possibly be regulated differently 
at different stages of tissue culture and 
various tissues. EgGST also displayed a 
tissue-specific expression pattern via RNA 

Fig.4: Localization of mRNA transcript of selective probes (EgGST or ELF) on various oil palm tissues. 

a, b: germinating embryo hybridized with EgGST; c, d: embryogenic callus (EC) hybridized with EgGST; e, f: non-
embryogenic callus (NEC) hybridized with elongation factor (ELF, positive control); g, h: non-embryogenic callus (NEC) 
hybridized with EgGST; i, j: oil palm leaf explants (LE) hybridized with EgGST. The a, c, e, g, i are antisense and b, 
d, f, h, j are sense hybridizations. The presence of purple stain or deposit is regarded as positive signal (black arrows). 
Scale bar = 260.3 μm.
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in situ hybridisation. Hence, we postulated 
that EgGST might play significant roles at 
different stages of oil palm callogenesis and 
could potentially be a candidate marker for 
oil palm callogenesis. It may be interesting 
to further explore the expression profiles 
of EgGST across a wider range of oil palm 
genotypes in order to confirm the suitability 
as putative marker.

ACKNOWLEDGEMENTS

This research was partially funded by the 
Yayasan Felda Research Grant. We would 
like to thank Felda Agricultural Services 
Sdn. Bhd., Malaysian Palm Oil Board 
(MPOB), Sime Darby Seeds & Agricultural 
Services Sdn. Bhd. (SDSAS) and Applied 
Agricultural Resources Sdn. Bhd. (AAR) 
for generously providing us oil palm tissue 
cultivated materials. Miss Conie Toh 
is supported by the Graduate Research 
Fellowship, UPM.

REFERENCES
Alfenito, M. R., Souer, E., Goodman, C. D., Buell, 

R., Mol, J., Koes, R., & Walbot, V. (1998). 
Functional complementation of anthocyanin 
sequestration in the vacuole by widely divergent 
glutathione S-transferases. The Plant Cell, 10, 
1135-1149.

Basantani, M., & Srivastava, A. (2007). Plant 
glutathione transferases - a decade falls short. 
Canadian Journal of Botany, 85(5), 443-456.

Bayer, M., Nawy, T., Giglione, C., Galli, M., Meinnel, 
T., & Lukowitz, W. (2009). Paternal control of 
embryonic patterning in Arabidopsis thaliana. 
Science, 323(5920), 1485-1488.

Bianchi, M. W., Roux, C., & Vartanian, N. (2002). 
Drought regulation of GST8, encoding the 

Arabidopsis  homologue of ParC/Nt107 
glutathione transferase/peroxidase. Physiologia 
Plantarum, 116(1), 96-105.

Boruc, J., Mylle, E., Duda, M., De Clercq, R., 
Rombauts, S., Geelen, D., Hilson, P., Inzé, 
D., Van Damme, D., & Russinova, E. (2010). 
Systematic localization of the Arabidopsis core 
cell cycle proteins reveals novel cell division 
complexes. Plant Physiology, 152, 553-565.

Brentner, L. B., Mukherji, S. T., Merchie, K. M., 
Yoon, J. M., Schnoor, J. L., & Van Aken, B. 
(2008). Expression of glutathione S-transferases 
in poplar trees (Populus trichocarpa) exposed 
to 2,4,6-trinitrotoluene (TNT). Chemosphere, 
73, 657-662.

Che, P., Lall, S., Nettleton, D., & Howell, S. H. (2006). 
Gene expression programs during shoot, root, 
and callus development in Arabidopsis tissue 
culture. Plant Physiology, 141, 620-637.

Chen, W., Chao, G., & Singh, K. B. (1996). The 
promoter of a H2O2-inducible, Arabidopsis 
glutathione S-transferase gene contains closely 
linked OBF- and OBP1- binding sites. The Plant 
Journal, 10, 955-966.

Chen, W., & Singh, K. B. (1999). The auxin, hydrogen 
peroxide and salicylic acid induced expression 
of the Arabidopsis GST6 promoter is mediated 
in part by an ocs element. The Plant Journal, 
19(6), 667-677.

Chi, Y., Cheng, Y., Vanitha, J. ,  Kumar, N., 
Ramamoorthy, R., Ramachandran, S., & 
Jiang, S-Y. (2011). Expansion mechanisms 
and functional divergence of the glutathione 
S-transferase family in Sorghum and other higher 
plants. DNA Research, 18, 1-16.

Chronopoulou, E. G., & Labrou, N. E. (2009). 
G l u t a t h i o n e  t r a n s f e r a s e s :  e m e rg i n g 
multidisciplinary tools in red and green 
biotechnology. Recent Patents on Biotechnology, 
3(3), 211-223.



Conie Toh, Parameswari Namasivayam, Ho Chai Ling and Sharifah Shahrul Rabiah Syed Alwee

252 Pertanika J. Trop. Agric. Sci. 38 (2) 235 - 257 (2015)

Conn, S., Curtin, C., Bézier, A., Franco, C., & Zhang, 
W. (2008). Purification, molecular cloning, and 
characterization of glutathione S-transferases 
(GSTs) from pigmented Vitis vinifera L. cell 
suspension cultures as putative anthocyanin 
transport proteins. Journal of Experimental 
Botany, 59(13), 3621-3634.

Corley, R. H. V., & Tinker, P. B. (2003). The Oil Palm 
(4th Edn). Oxford: Blackwell Science Ltd.

Corley, R. H. V. (2009). How much palm oil do we 
need? Environmental Science and Policy, 12, 
134-139.

da Fonseca, R. R., Johnson, W. E., O’Brien, S. J., 
Vasconcelos, V., & Antunes, A. (2010). Molecular 
evolution and the role of oxidative stress in 
the expansion and functional diversification 
of cytosolic glutathione transferases. BMC 
Evolutionary Biology, 10, 281.

Dixon, D. P., Lapthorn, A., & Edwards, R. (2002). 
Plant glutathione transferases. Genome Biology, 
3(3), reviews3004.1–3004.10.

Dixon, D. P., Hawkins, T., Hussey, P. J., & Edwards, 
R. (2009). Enzyme activities and subcellular 
localization of members of the Arabidopsis 
glutathione transferase superfamily. Journal of 
Experimental Botany, 60(4), 1207-1218.

Dixon, D. P., & Edwards, R. (2010). Glutathione 
transferases. In The Arabidopsis Book, vol. 8, 
the American Society of Plant Biologists, Austin, 
Tex, USA.

Dixon, D. P., Sellars, J. D., & Edwards, R. (2011). 
The Arabidopsis phi class glutathione transferase 
AtGSTF2: binding and regulation by biologically 
active heterocyclic ligands. Biochemical Journal, 
438, 63-70.

Droog, F. N. J., Hooykaas, P. J. J., & van der Zaal, 
B. J. (1995). 2,4-Dichlorophenoxyacetic acid 
and related chlorinated compounds inhibit two 
auxin-regulated type-III tobacco glutathione 
S-transferases. Plant Physiology, 107, 1139-
1146.

Droog, F. (1997). Plant glutathione S-transferases, a 
tale of theta and tau. Journal of Plant Growth 
Regulation, 16(2), 95-107.

Edwards, R., Dixon, D. P., & Walbot, V. (2000). 
Plant glutathione S-transferases: enzymes with 
multiple functions in sickness and in health. 
Trends in Plant Science, 5(5), 193-198.

Fatihah, M. Y. (2010). Molecular and microscopic 
analyses of oil palm (Elaeis guineensis Jacq.) 
callogenesis, Master Thesis, Universiti Putra 
Malaysia.

Fehér, A., Pasternak, T. P., & Dudits, D. (2003). 
Transition of somatic plant cells to an 
embryogenic state. Plant Cell, Tissue and Organ 
Culture, 74(3), 201-228.

Galland, R., Randoux, B., Vasseur, J., & Hilbert, J. 
L. (2001). A glutathione S-transferase cDNA 
identified by mRNA differential display is 
upregulated during somatic embryogenesis in 
Cichorium. Biochimica et Biophysica Acta, 
1522(3), 212-216.

Gong, H., Jiao, Y., Hu, W. W., & Pua, E. C. (2005). 
Expression of glutathione-S-transferase and its 
role in plant growth and development in vivo and 
shoot morphogenesis in vitro. Plant Molecular 
Biology, 57(1), 53-66.

Gonneau, M., Pagant, S., Brun, F., & Laloue, M. 
(2001). Photoaffinity labelling with the cytokinin 
agonist azido-CPPU of a 34 kDa peptide of 
the intracellular pathogenesis-related protein 
family in the moss Physcomitrella patens. Plant 
Molecular Biology 46(5), 539-548.

Hall, T. A. (1999). BioEdit: a user-friendly biological 
sequence alignment editor and analysis 
program for Windows 95/98/NT. Nucleic Acids 
Symposium Series, 41, 95-98.

Horton, P., Park, K. J., Obayashi, T., Fujita, N., 
Harada, H., Adams-Collier, C. J., & Nakai, K. 
(2007). WoLF PSORT: protein localization 
predictor. Nucleic Acids Research,  35(Web 
Server issue), W585-7. 



Isolation and Characterization of EgGST, a Glutathione S-transferase Protein Transcript in Oil Palm (Elaeis guineensis Jacq.)

253Pertanika J. Trop. Agric. Sci. 38 (2): 235 - 257 (2015)

Hossain, M. A., Hasanuzzaman, M., & Fujita, 
M. (2010). Up-regulation of antioxidant and 
glyoxalase systems by exogenous glycinebetaine 
and proline in mung bean confer tolerance to 
cadmium stress. Physiology and Molecular 
Biology of Plants, 16(3), 259-272.

Imin, N., De Jong, F., Mathesius, U., van Noorden, 
G., Saeed, N. A., Wang, X. D., Rose, R. J., & 
Rolfe, B. G. (2004). Proteome reference maps of 
Medicago truncatula embryogenic cell cultures 
generated from single protoplasts. Proteomics 
4(7), 1883-1896.

Jain, M., Ghanashyam, C., & Bhattacharjee, A. (2010). 
Comprehensive expression analysis suggests 
overlapping and specific roles of rice glutathione 
S-transferase genes during development and 
stress responses. BMC Genomics, 11, 73.

Jha, B., Sharma, A., & Mishra, A. (2011). Expression 
of SbGSTU (tau class glutathione S-transferase) 
gene isolated from Salicornia brachiata in 
tobacco for salt tolerance. Molecular Biology 
Reports, 38, 4823-4832.

Jiang, H. W., Liu, M. J., Chen, I. C., Huang, C. H., 
Chao, L. Y., & Hsieh, H. L. (2010). A glutathione 
S-transferase regulated by light and hormones 
participates in the modulation of Arabidopsis 
seedling development. Plant Physiology, 154, 
1646-1658.

Khaw, C. H., & Ng, S. K. (1997). Performance 
of commercial scale clonal oil palm (Elaeis 
guineensis Jacq.) planting in Malaysia. Paper 
presented at International Society of Horticultural 
Science Symposium. Brisbane, Australia. p. 8.

Kitamiya, E., Suzuki, S., Sano, T., & Nagata, T. 
(2000). Isolation of two genes that were induced 
upon the initiation of somatic embryogenesis on 
carrot hypocotyls by high concentrations of 2,4-
D. Plant Cell Reports, 19(6), 551-557.

Kitamura, S., Shikazono, N., & Tanaka, A. (2004). 
TRANSPARENT TESTA 19 is involved in 

the accumulation of both anthocyanins and 
proanthocyanidins in Arabidopsis. The Plant 
Journal, 37(1), 104-114.

Kiyosue, T., Yamaguchi-Shinozaki, K., & Shinozaki, 
K. (1993). Characterization of two cDNAs 
(ERD11 and ERD13) for dehydration-inducible 
genes that encode putative glutathione 
S-transferases in Arabidopsis thaliana L. 
Federation of European Biochemical Societies 
Letters, 335(2), 189-192.

Koonin, E. V., Mushegian, A. R., Tatusov, R. L., 
Altschul, S. F., Bryant, S. H., Bork, P., & 
Valencia, A. (1994). Eukaryotic translation 
elongation factor 1γ contains a glutathione 
transferase domain - Study of a diverse, ancient 
protein superfamily using motif search and 
structural modelling. Protein Science 3, 2045-
2054.

Kuo-Chen, C., & Hong-Bin, S. (2010). Plant-mPLoc: 
a top-down strategy to augment the power for 
predicting plant protein subcellular localization. 
Public Library of Science One 5, e11335.

Kushairi, A., Tarmizi, A. H., Zamsuri, I., Ong-
Abdullah, M., Samsul, K. R., Ooi, S. E., & 
Rajanaidu, N. (2010). Production, performance 
and advances in oil palm tissue culture. Paper 
presented at the International Seminar on 
Advances in Oil Palm Tissue Culture, Yogyakarta, 
Indonesia, 29 May 2010.

Lan, T., Yang, Z. L., Yang, X., Liu, Y. J., Wang, X. 
R., & Zeng, Q. Y. (2009). Extensive functional 
diversification of the Populus glutathione 
S-transferase supergene family. The Plant Cell, 
21, 3749-3766.

Lederer, B., & Böger, P. (2003). Binding and protection 
of porphyrins by glutathione S-transferases of 
Zea mays L. Biochimica et Biophysica Acta, 
1621(2), 226-233.

Legrand, S., Hendriks, T., Hilbert, J. L., & Quillet, 
M. C. (2007). Characterization of expressed 



Conie Toh, Parameswari Namasivayam, Ho Chai Ling and Sharifah Shahrul Rabiah Syed Alwee

254 Pertanika J. Trop. Agric. Sci. 38 (2) 235 - 257 (2015)

sequence tags obtained by SSH during somatic 
embryogenesis in Cichorium intybus L. BMC 
Plant Biology, 7, 27.

Levine, A., Tenhaken, R., Dixon, R., & Lamb, 
C. (1994). H2O2  from the oxidative burst 
orchestrates the plant hypersensitive disease 
resistance response. Cell, 79(4), 583-593.

Licciardello, C., D’Agostino, N., Traini, A., Recupero, 
G. R., Frusciante, L., & Chiusano, M. L. (2014). 
Characterization of the glutathione S-transferase 
gene family through ESTs and expression 
analyses within common and pigmented cultivars 
of Citrus sinensis (L.) Osbeck. BMC Plant 
Biology, 14, 39.

Lin, H. C., Morcillo, F., Dussert, S., Tranchant-
Dubreuil, C., Tregear, J. W., & Tranbarger, 
T. J. (2009). Transcriptome analysis during 
somatic embryogenesis of the tropical monocot 
Elaeis guineensis: evidence for conserved gene 
functions in early development. Plant Molecular 
Biology 70, 173-192.

Livak, K. J., & Schmittgen, T. D. (2001). Analysis 
of relative gene expression data using real-time 
quantitative PCR and the 2-ΔΔCt Method. Methods, 
25, 402-408.

Low, E. T., Halimah, A., Boon, S. H., Elyana, M. S., 
Tan, C. Y., Leslie, O. C. L., Cheah, S. C., Raha, A. 
R., Wan, K. L., & Rajinder, S. (2008). Oil palm 
(Elaeis guineensis Jacq.) tissue culture ESTs: 
Identifying genes associated with callogenesis 
and embryogenesis. BMC Plant Biology, 8, 62. 

Marchler-Bauer, A., Zheng, C., Chitsaz, F., Derbyshire, 
M. K., Geer, L. Y., Geer, R. C., Gonzales, N. R., 
Gwadz, M., Hurwitz, D. I., Lanczycki, C. J., Lu, 
F., Lu, S., Marchler, G. H., Song, J. S., Thanki, 
N., Yamashita, R. A., Zhang, D., & Bryant, S. 
H. (2013). CDD: conserved domains and protein 
three-dimensional structure. Nucleic Acids 
Research, 41(D1), D348-D352.

Marrs, K. A., Alfenito, M. R., Lloyd, A. M., & Walbot, 
V. (1995). A glutathione S-transferase involved 

in vacuolar transfer encoded by the maize gene 
Bronze-2. Nature, 375, 397-400.

Marsoni, M., Bracale, M., Espen, L., Prinsi, B., Negri, 
A.S., & Vannini, C. (2008). Proteomic analysis 
of somatic embryogenesis in Vitis vinifera. Plant 
Cell Reports, 27(2), 347-356.

Martin, J. L. (1995). Thioredoxin - a fold for all 
reasons. Structure 3, 245-250.

Mauch, F., & Dudler, R. (1993). Differential induction 
of distinct glutathione-S-transferases of wheat 
by xenobiotics and by pathogen attack. Plant 
Physiology, 102, 1193-1201.

McGonigle, B., Keeler, S. J., Lau, S-M. C., Koeppe, 
M. K., & O’Keefe, D. P. (2000). A genomics 
approach to the comprehensive analysis of the 
glutathione S-transferase gene family in soybean 
and maize. Plant Physiology, 124, 1105-1120.

Mohsenzadeh, S., Esmaeili, M., Moosavi, F., 
Shahrtash, M., Saffari, B., & Mohabatkar, 
H. (2011). Plant glutathione S-transferase 
classification, structure and evolution. African 
Journal of Biotechnology, 10(42), 8160-8165.

Moons, A. (2003). Osgstu3 and osgtu4, encoding tau 
class glutathione S-transferases, are heavy metal- 
and hypoxic stress-induced and differentially 
salt stress-responsive in rice roots. Federation 
of European Biochemical Societies Letters, 553, 
427-432.

Moons, A. (2005). Regulatory and functional 
interactions of plant growth regulators and plant 
glutathione S-transferases (GSTs). Vitamins and 
Hormones, 72, 155-202.

Murashige, T., & Skoog, F. (1962). A revised medium 
for rapid growth and bioassays with tobacco 
tissue cultures. Physiologia Plantarum, 15, 
473-497. 

Neill, S., Desikan, R., & Hancock, J. (2002). 
Hydrogen peroxide signalling. Current Opinion 
in Plant Biology, 5(5), 388-395.



Isolation and Characterization of EgGST, a Glutathione S-transferase Protein Transcript in Oil Palm (Elaeis guineensis Jacq.)

255Pertanika J. Trop. Agric. Sci. 38 (2): 235 - 257 (2015)

Noctor, G., & Foyer, C. H. (1998). Ascorbate and 
glutathione: keeping active oxygen under 
control. Annual Review of Plant Physiology and 
Plant Molecular Biology, 49, 249-279.

Ooi, S. E., Lee, F. C., & Meilina, O. A. (2012). A 
rapid and sensitive in situ RNA hybridisation 
method for oil palm tissues. Journal of Oil Palm 
Research, 24, 1235-1239.

Pairoba, C. F.,  & Walbot,  V. (2003). Post-
transcriptional regulation of expression of the 
Bronze2 gene of Zea mays L. Plant Molecular 
Biology 53(1-2), 75-86.

Petersen, T. N., Brunak, S., Heijne, G. V., & Nielsen, 
H. (2011). SignalP 4.0: discriminating signal 
peptides from transmembrane regions. Nature 
Methods, 8, 785-786.

Pfeiffer, W., & Höftberger, M. (2001). Oxidative 
burst in  Chenopodium rubrum  suspension 
cells: Induction by auxin and osmotic changes. 
Physiologia Plantarum, 111(2), 144-150.

Prasad, T. K., Anderson, M. D., Martin, B. A., & 
Stewart, C. R. (1994). Evidence for chilling-
induced oxidative stress in maize seedlings and 
a regulatory role for hydrogen peroxide. Plant 
Cell 6(1), 65-74.

Rajainadu, N., Kushairi, A., Chan, K. W., & Mohd 
Din, A. (2007). Current status of oil planting 
material in the world and future challenges. In 
Proceedings of Agriculture, Biotechnology and 
Sustainability Conference (International Palm 
Oil Congress), Kuala Lumpur, 2007, 1, 503-520. 
Malaysian Palm Oil Board, Kuala Lumpur.

Rascio, N., & Navari-Izzo, F. (2011). Heavy metal 
hyperaccumulating plants: how and why do they 
do it? And what makes them so interesting? Plant 
Science, 180(2), 169-181. 

Rohani, O., Sharifah, S. A., Rafii, M. Y., Ong, M., 
Tarmizi, A. H., & Zamzuri, I. (2000). Tissue 
culture of oil palm. In Y. Basiron, B. S. Jalani, 

& K. W. Chan (Eds.), Advances in Oil Palm 
Research (pp. 238-283). Bangi: Malaysian Palm 
Oil Board.

Romero-Puertas, M. C., Palma, J. M., Gómez, M., Del 
Río, L. A., & Sandalio, L. M. (2002). Cadmium 
causes the oxidative modification of proteins in 
pea plants. Plant, Cell and Environment, 25(5), 
677-686.

Sambrook, J., & Russel, D. (2001). Molecular cloning: 
a laboratory manual (3rd Edn). Cold Spring 
Harbor, NY: Cold Spring Harbor Laboratory.

Sappl, P. G., Heazlewood, J. L., & Millar, A. H. 
(2004). Untangling multi-gene families in 
plants by integrating proteomics into functional 
genomics. Phytochemistry, 65(11), 1517-1530.

Sappl, P. G., Carroll, A. J., Clifton, R., Lister, R., 
Whelan, J., Harvey Millar, A., & Singh, K. B. 
(2009). The Arabidopsis glutathione transferase 
gene family displays complex stress regulation 
and co-silencing multiple genes results in altered 
metabolic sensitivity to oxidative stress. The 
Plant Journal, 58(1), 53-68.

Seppänen, M. M., Cardi, T., Hyökki, M. B., & Pehu, 
E. (2000). Characterization and expression 
of cold-induced glutathione S-transferase in 
freezing tolerant Solanum commersonii, sensitive 
S. tuberosum and their interspecific somatic 
hybrids. Plant Science, 153, 125-133.

Sharifah, S. R. S. A. & Abu, Z. O. (2007). Achieving 
vision 35:25 through Clonal Planting. In 
Proceedings of Agriculture, Biotechnology and 
Sustainability Conference (International Palm 
Oil Congress), Kuala Lumpur, 2007, 1: 219-227. 
Malaysian Palm Oil Board, Kuala Lumpur. 

Sharma, M. (2006). Challenges facing the Malaysian 
palm oil industry: multi-pronged strategy for 
raising the oil yield, productivity and profitability. 
In A. Kushairi, R. Sambanthamurthi, M. Ong-
Abdullah, & K. W. Chan, Proc. of the Clonal and 
Qty. Rep. Material. MPOB, Bangi.



Conie Toh, Parameswari Namasivayam, Ho Chai Ling and Sharifah Shahrul Rabiah Syed Alwee

256 Pertanika J. Trop. Agric. Sci. 38 (2) 235 - 257 (2015)

Simon, S., & Koh, H. L. (2005). An update of oil 
palm tissue culture clones in PPB Oil Palm 
Bhd - East Malaysia. Advances in breeding and 
clonal technologies for super yielding planting 
materials. 2005 National Seminar, Kuala 
Lumpur, 7 - 8 March 2005.

Singla, M., Clavier, A., Shahid, R., & Sahai, V. (2007). 
Abdominal mass in a 3-month-old infant. Acta 
Paediatrica, 96(8), 1245-1247.

Smith, A. P., Nourizadeh, S. D., Peer, W. A., Xu, 
J., Bandyopadhyay, A., Murphy, A. S., & 
Goldsbrough, P. B. (2003). Arabidopsis 
AtGSTF2 is regulated by ethylene and auxin, 
and encodes a glutathione S-transferase that 
interacts with flavonoids. The Plant Journal, 
36(4), 433-442.

Solovyev, V. V., Salamov, A. A., & Lawrence, 
C. B. (1994). Predicting internal exons by 
oligonucleotide composition and discriminant 
analysis of spliceable open reading frames. 
Nucleic Acids Research, 22(24), 5156-5163.

Soranzo, N., Sari Gorla, M., Mizzi, L., De Toma, G., 
& Frova, C. (2004). Organisation and structural 
evolution of the rice glutathione S-transferase 
gene family. Molecular Genetics and Genomics, 
271(5), 511-521.

Subramaniam, S. (1998). The Biology Workbench - a 
seamless database and analysis environment for 
the biologist. Proteins, 32, 1-2.  

Takahashi, Y., & Nagata, T. (1992). Differential 
expression of an auxin-regulated gene, parC, 
and a novel related gene, C-7, from tobacco 
mesophyll protoplasts in response to external 
stimuli and in plant tissues. Plant and Cell 
Physiology, 33(6), 779-787.

Tamura, K., Dudley, J., Nei, M., & Kumar, S. 
(2007). MEGA4: molecular evolutionary 
genetics analysis (MEGA) software version 
4.0. Molecular Biology and Evolution, 24, 
1596-1599. 

TRI Reagent - RNA, DNA, protein isolation reagent. 
Manufacturer’s protocol (1995). Molecular 
Research Centre, Inc. Cincinnati, OH.

Vandesompele, J., de Preter, K., Pattyn, F., Poppe, B., 
Roy, N. V., de Paepe, A., & Speleman, F. (2002). 
Accurate normalization of real-time quantitative 
RT-PCR data by geometric averaging of multiple 
internal control genes. Genome Biology, 3, 1-12.

Vernoux, T., Wilson, R. C., Seeley, K. A., Reichheld, 
J-P., Muroy, S., Brown, S., Maughan, S. C., 
Cobbett, C. S., Montagu, M. V., Inzé, D., 
May, M. J., & Sung, Z. R. (2000). The ROOT 
MERISTEMLESS1/CADMIUM SENSITIVE2 
gene defines a glutathione-dependent pathway 
involved in initiation and maintenance of cell 
division during postembryonic root development. 
The Plant Cell, 12, 97-109.

Vollenweider, S., Weber, H., Stolz, S., Chételat, A., 
& Farmer, E.E. (2000). Fatty acid ketodienes 
and fatty acid ketotrienes: Michael addition 
acceptors that accumulate in wounded and 
diseased Arabidopsis leaves. The Plant Journal, 
24(4), 467-476.

Wagner, U., Edwards, R., Dixon, D. P., & Mauch, F. 
(2002). Probing the diversity of the Arabidopsis 
glutathione S-transferase gene family. Plant 
Molecular Biology, 49(5), 515-532.

Winkelmann, T., Heintz, D., Van Dorsselaer, A., 
Serek, M., & Braun, H.P. (2006). Proteomic 
analyses of somatic and zygotic embryos of 
Cyclamen persicum Mill. reveal new insights 
into seed and germination physiology. Planta, 
224(3), 508-519.

Wongsantichon, J., & Ketterman, A. J. (2005). 
Alternative splicing of glutathione S-transferases. 
Methods in Enzymology, 401, 100-116.  

Wooi, K. C. (1995). Oil palm tissue culture – current 
practice and constraints. In V. Rao, I.E. Henson, 
& N. Rajanaidu. Proceedings of the 1993 
ISOPB International Symposium on Recent 



Isolation and Characterization of EgGST, a Glutathione S-transferase Protein Transcript in Oil Palm (Elaeis guineensis Jacq.)

257Pertanika J. Trop. Agric. Sci. 38 (2): 235 - 257 (2015)

Developments in Oil Palm Tissue Culture and 
Biotechnology (pp. 1-32). Palm Oil Research 
Institute of Malaysia, Bangi.

Zamzuri, I., Isa, Z. A., & Rohani, O. (2005). Field 
evaluation of MPOB clones. Proceedings of the 
2005 National Seminar Advances in Breeding 
and Clonal Technologies for Super Yielding 
Planting Materials. MPOB, Bangi.

Zhou, J., & Goldsbrough, P. B. (1993). An Arabidopsis 
gene with homology to glutathione S-transferases 
is regulated by ethylene. Plant Molecular 
Biology, 22(3), 517-523.




