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ABSTRACT
For a century, Malaysia has been bestowed with oil palm as one of its economic drivers. In the recent decades, 
the industry witnesses a major breakthrough in oil palm research with the success of oil palm genome 
sequencing. The access to genome information opens a new door for the crop improvement towards higher 
yield and quality. Herein, we highlight the harnessing of this opportunity via genetic engineering, coalesced 
with transcriptomics, proteomics and metabolomics techniques to lay a foundation for comprehensive and 
systematic crop advancement programme. With the extensive complement of genes, promoters and constructs 
for oil palm, and the development of reliable transformation systems, genetic engineering programme has 
been embarked with an objective to fulfil and sustain the growing global need for oils and fats. The production 
of transgenic oil palm has been reported and this achievement has further created an opportunity towards 
genome editing.  Spectrometry detection and measurement of oil palm biochemical components aided with 
chemometrics data interpretation further reinforce post-genomic investigation with in-depth understanding 
of oil palm biology. The availability of genetic engineering system and the application of omics platform on 
the genome-wide association study outlined in this article create an unprecedented prospect for oil palm 
improvement programme.
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INTRODUCTION

The chronicle of oil palm (Elaeis guineensis Jacq.) in 
Malaysia describes the humble origin of the species 
from West Africa until its eminence as an important 
crop and commodity for this prospering country. The 
rapid increase in plantation area from merely 400 000 
ha in 1972 to 5.74 million hectares in 2016 (Kushairi, 
2017) indicates the economic significance of this 
plantation crop. In tandem with the increase in area 
of cultivated palm, Malaysia’s annual export of palm 
oil has also risen steadily from 1.17 million tonnes 

in 1975 to 16.05 million tonnes in 2016 (Kushairi, 
2017). The performance of palm oil is impressive 
and has maintained growth in the global market 
by contributing to 55% of the world’s production of 
oils and fats (Kushairi, 2017). It has been known as a 
high-yielding source of vegetable oil which is widely 
consumed in food and oleochemical industries, and 
has been increasingly used for biofuel. The palm 
oil industry has grown rapidly with an expansion 
of upstream and downstream sectors and has been 
identified as one of the key players in elevating 
the Malaysian socio-economy towards becoming a 
high-income nation by 2020 (Choo, 2012). Despite 
these economic advantages, the industry faces 
several challenges such as climate change, pests 
and diseases, limitation of arable farmland as 
well as increasing oil for food demand due to the 
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growing world population (Low et al., 2016). Thus, 
in order for the industry to remain competitive yet 
sustainable, a comprehensive strategy needs to be 
developed through the improvement of oil palm 
quality and yield.

The production of  4-6 t oil per hectare should 
be increased to more than 10 t ha-1 (Parveez et al., 
2015a; Murphy, 2014) in the existing arable land, 
as the rapid expansion on agriculture may cause 
devastating impact on biodiversity (Bhore, 2013). 
The first wave of oil palm improvement success 
was achieved through conventional breeding. An 
impressive increase in oil yield was accounted since 
more than 50 years ago with an average of 1% genetic 
gain per year (Rival and Jaligot, 2010). However, 
the technology is resource and time-intensive 
that takes more than 12 years for one selection 
cycle (Sambanthamurthi, 2016), and is limited by 
a narrow gene pool (Parveez et al., 2015a). Hence, 
complementing this established breeding technique 
with novel approaches from biotechnology will 
accelerate the progress in oil palm improvement 
(Ramli et al., 2016; Murphy, 2014). Application of 
agricultural biotechnology through the discovery of 
molecular markers or genetic engineering approach 
has increased the productivity of many crops. 
The global market for agricultural biotechnology 
products was worth USD 15.3 billion in 2012, and 
it is expected to double by 2019 (Arujanan, 2016). 
Therefore, the Malaysian Palm Oil Board (MPOB) 
plays a significant role to pioneer and promote 
oil palm biotechnology in efforts to expedite the 
production of improved planting materials. The 
technology is being developed with the focus 
on three main areas, viz. i) increasing oil yield, 
ii) modifying fatty acid composition, and iii) 
developing oil palm with pest and disease tolerance 
(Parveez et al., 2015a; Murphy, 2014).

Multidisciplinary approaches such as genomics, 
transcriptomics, proteomics and metabolomics 
are being developed and adopted to pave this 
endeavour forward. The accomplishment of 
oil palm genome sequencing has given a major 
impact in oil palm research, with over 30 000 oil 
palm genes sequenced, and the genome assembly 
and annotations being continuously improved 
(Low et al., 2016; Singh et al., 2013). The wealth of 
genomic information has created the opportunity 
to diversify and accelerate oil palm modification 
using various post-genomics approaches. In linking 
genes to traits, omics approach enables the systems 
biology reconnaissance at the molecular, cellular 
and biochemical levels by delineating interactions 
between genes, proteins, and metabolites within 
a specific phenotype (Emon, 2016). Hence, the 
advancement of omics platforms has provided 
valuable resources for the discovery, assessment 
and establishment of molecular markers and precise 
gene modification through genetic engineering. 

In addition to higher precision of gene 
modification, genetic engineering also offers 
several other benefits including reduction of cost 
and time for introgressing the desired traits and 
the potential to broaden the plant genetic base 
(Sambanthamurthi et al., 2009). Genetic modification 
involves insertion of transgenes into plant either 
using sense or antisense technologies. Introducing 
of sense sequences is necessary for upregulating the 
targeted genes. However, both technologies can be 
used to downregulate or silence target sequences. 
The ribonucleic acid interference (RNAi) technology 
was later developed and emerged as a precise, 
efficient, stable and better than antisense technology 
for gene suppression (Duan et al., 2012; Younis et al., 
2014). However, as the technology rapidly evolved, 
the route of genetic engineering has been shifted 
to gene or genome editing which does not involve 
the transfer of foreign genes, and promises lesser 
regulatory scrutiny and public concerns (Arujanan, 
2016). This technique is an efficient and powerful 
tool, which requires the availability of genome 
and transcriptome information, coalesced with an 
efficient genetic transformation tool. Thus, the effort 
to establish oil palm genetic transformation and the 
instrumental discoveries from omics research will be 
looked in-depth, as these post-genomics approaches 
have promised quantum leap improvement of oil 
palm with beneficial traits.

HARNESSING GENOME INFORMATION FOR 
OIL PALM IMPROVEMENT

Once a genome sequence of an organism has been 
assembled and annotated, a deeper understanding 
of genetics factor can help researchers expound 
basic components and variations that determine 
the traits and their heredity. Optimum utilisation 
of the sequenced oil palm can now be carried out 
with the genome information at our disposal. 
Research on oil palm genetic modification 
escalated in the mid of 1990s, with a high endeavour 
to channel its inherent high productivity towards 
value-added products (Parveez et al., 2015a). As 
a basis of precision gene modification through 
genetic engineering, an effort to understand 
omics complex interaction in oil palm biological 
system is very important. The proteomics and 
metabolomics research can accurately monitor 
and profile a variety of molecular processes that 
facilitate the identification of biological traits, 
such as high yielding, disease resistance, good 
oil quality and clonal/transgenic palm (Ramli 
et al., 2016). Such advanced platforms provide 
an inclusive insight towards manipulating the 
oil palm targeted pathways, such as fatty acid 
and carotenoid biosynthesis pathways and plant 
defence mechanisms.
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Adding value to oil synthesis is an important 
improvement; and in other oil-bearing crops this is 
achieved by manipulating fatty acid biosynthesis 
pathway. In soyabean, cotton and Jatropha, the 
increment of oleic acids was obtained by reducing 
linoleic acid (Graef et al., 2009; Liu et al., 2000; Qu 
et al., 2012), while the stearic acid in Brassica napus 
increased with a concomitant reduction in oleic 
acid (Knutzon et al., 1992). Besides, in canola, 
modifying its very long chain fatty acids (VLCFA) 
resulted in a significant increase in cosenoic, erucic 
and nirvanic polyunsaturated fatty acids (Lassner 
et al., 1996). Likewise, the omega-3 fatty acid such 
as eicosapentaenoic (EPA) and docosahexaenoic 
(DHA) that are essential for human dietary could 
be produced in plants by a stepwise metabolic 
engineering of long chain polyunsaturated fatty 
acids (LC-PUFA), through the expenses of α-linoleic 
acid (Betancor et al., 2017; Ruiz-Lopez et al., 2013). 
These studies denoted the huge potential of plants 
to serve as a cost-effective and sustainable factory or 
bioreactor in generating value-added products. As 
a perennial crop, oil palm will gain most of these 
advantages, as the value-added products can be 
harvested for at least 25 years (Manaf et al., 2017).

The main target of oil palm genetic engineering 
is to increase oleic acid, which is used as an 
important feedstock in oleochemicals industry 
(Parveez et al., 2015a). Other targets of oil palm 
genetic engineering work are to produce high stearic 
acid, high palmitoleic acid, lycopene, high ricinoleic 
acid and biodegradable plastics (Parveez et al., 
2000; 2003; 2015a). In general, the comprehensive 
strategies for modifying these targeted value-added 
products in oil palm have been critically reviewed 
by Parveez et al. (2015a) and Manaf et al. (2017). 
The isolation of key important genes involved in 
medium and long chain fatty acids and carotenoid 

biosynthesis were also reported (Table 1). In addition 
to gene isolation, focus has also been given to the 
isolation of regulatory or promoter sequences. To 
ensure that the expression of transgenes for the 
production of genetically engineered products is 
directed to the targeted tissue, promoter sequences 
that are responsible to direct the expression of the 
desired genes have been identified. The oil palm 
tissue specific promoters from mesocarp, kernel, 
leaves and roots, as well as constitutive promoters 
have been isolated and fully characterised (Table 2). 
The genes were identified using various molecular 
approaches such as northern analysis, reverse-
transcription polymerase chain reaction (RT-PCR), 
suppression subtractive hybridisation (SSH) and 
expressed sequence tags (EST). The gene function 
studies were carried out in either bacterial host 
system and/or model plants such as Arabidopsis 
thaliana (Abrizah et al., 2000; Ramli et al., 2012; 
Hanin et al., 2016; Parveez et al., 2010; Safiza et al., 
2009a; Zubaidah et al., 2017), tobacco (Izawati et al., 
2017a, Bahariah et al., 2012) and tomato (Izawati et 
al., 2017a).

In addition to modifying oil content, managing 
the challenge of Ganoderma infection that causes 
basal stem rot disease is also one of the concerted 
biotechnological approaches for increasing oil yield. 
Effort to investigate the interaction between oil 
palm and Ganoderma has been initially performed 
at the molecular level through identification of 
important genes involved in the oil palm defence 
mechanisms (Safiza et al., 2015; Manaf et al., 2017). 
A number of genes from Ganoderma, that are highly 
expressed during infection and potentially involved 
in fungus pathogenicity have also been isolated 
and characterised (Lim et al., 2014; 2016; Fakhrana 
et al., 2011; Rasid et al., 2014b). Such comprehensive 
research can provide an inclusive understanding of 

TABLE 1. THE GENES ISOLATED AND CHARACTERISED FROM OIL PALM

 Gene Function References

 Acetyl-CoA carboxylase Fatty acid synthesis Wan Saridah et al. (2008)
 Ketoacyl ACP synthase II (KAS II) Fatty acid synthesis Ramli and Sambanthamurthi (1996), Ramli et al. (2012)
   Mapped by Montoya et al. (2013)
 Palmitoyl-ACP thioesterase Fatty acid synthesis Abrizah (2001), Abrizah et al. (2000), Parveez et al. (2010)
 Stearoyl ACP desaturases Fatty acid synthesis Rasid and Shah (1996), Siti Nor Akmar et al. (1999), 
   Safiza et al. (2009a)
   Mapped by Montoya et al. (2013)
 Oleoyl-ACP-thioesterase Fatty acid synthesis Asemota  et al. (2004)
   Mapped  by Montoya et al. (2013)
 Oleoyl-CoA desaturase Fatty acid synthesis Syahanim et al. (2007)
 Acetyl-CoA carboxylase  Fatty acid synthesis Omar et al. (2008)
 Lysophosphatidic acid  acyltransferase  Triacylglycerol synthesis Manaf et al. (2005), Safiza et al. (2009b)
 Lipase Lipid breakdown Nurniwalis et al. (2008; 2015)
 Phytoene synthase Carotenoid synthesis Rasid et al. (2008)
 Phytoene desaturase Carotenoid synthesis Rasid et al. (2014a)
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fungus and host interactions to facilitate effective 
strategies for controlling or eliminating the disease 
spread.

Although the full complement of the genes 
and promoters for oil palm genetic modification 
is already in hand, work to discover more novel 
endogenous genes and promoters is still on-going. 
The availability of oil palm and Ganoderma genome 
data with abundant transcriptome information 
provide new and powerful tool for gene isolation 
and expression studies. Recently, a number of oil 
palm mesocarp-specific genes have been identified 
through meta-analysis of multiple transcriptome 
dataset (Siti Suriawati et al., 2016). The use of meta 
or RNA-seq analysis for profiling the transcriptome 
has aided the expression study of different transcript 
isoforms, and allowed comparison to be made for 
isoform diversity and abundance (Malone and 
Oliver, 2011). The identification of correct isoform 
is very important in modification of oil palm traits 
because the different isoforms from the same gene 
can produce proteins that have different properties 
and functions. Thus, complementing the advance 
RNA-seq approach with other functional genomics 
tools, such as Seqping analysis (Chan et al., 2016) 
and RT-qPCR will certainly accelerate the discovery 
of oil palm potential genes essential for oil palm 
transformation. 

Development of Oil Palm Transformation Systems 

Establishment of reliable and efficient plant 
transformation systems is an absolute prerequisite 
for any genetic engineering programme (Birch, 
1997). With an effective transformation system, 
the transformed genes could stably integrate into 
the plant genome and express over generations. 
The feasibility of transforming oil palm was 
demonstrated in the end of 1990 (Abdullah et 
al., 1996; Chowdhury et al., 1997; Parveez et al., 
1997; 2000). This was achieved through particle 
bombardment or biolistics gene delivery method, 
following the comprehensive efforts in identifying 
the most effective constitutive promoter and the 
best selection agents to select transformed oil palm 
cells (Chowdhury et al., 1997; Parveez, 2000; Parveez 
et al., 1996; 1997; 1998). Since then, an extensive 

effort has been made towards improvement of oil 
palm traits, focusing on the development of various 
gene delivery methods, transformation vector 
constructions, application of different selection 
agents and evaluation of starting materials.

The Agrobacterium mediated transformation 
has been developed for oil palm and a successful 
protocol was reported for oil palm calli (Masli 
et al., 2009; Izawati et al., 2015) and immature 
embryo (Abdullah et al., 2005; Fuad et al., 2008). 
Agrobacterium mediated transformation protocols 
are advantageous for precise insertion of transgenes 
with low copy numbers and relatively high 
transformation efficiency. In addition to gene 
delivery methods, the availability of effective 
transformation vectors are important determinants 
for the success. The transformation vectors for 
each of targeted traits, carrying the isolated genes 
and promoters, were constructed (Parveez et al., 
2015a). The vectors contain multiple-genes flanked 
with matrix attachment region (MAR) as means to 
reduce the incidence of gene silencing as well as to 
enhance transgene expression (Yunus and Kadir, 
2008; Yunus et al., 2008; Masani et al., 2009). The 
vectors were transformed into oil palm embryogenic 
calli which later regenerated on Basta selection. 
In order to increase the transformation efficiency, 
oil palm transformation was performed by using 
visual selection agent such as green fluorescence 
protein (GFP) (Majid and Parveez, 2007; Parveez 
and Majid, 2008). However, possibly due to the 
cell toxicity, the cells transformed with gfp gene 
were unable to express GFP in whole plant (Majid 
and Parveez, 2016; Manaf et al., 2017). The positive 
selection markers including phosphomannose 
isomerase (pmi) (Bahariah et al., 2012; 2013) and 
2-deoxyglucose (2-DOG) (Izawati et al., 2012; 2015) 
were also evaluated for oil palm transformation. The 
regeneration of some oil palm transgenic lines under 
Basta, 2-DOG and pmi selections has been reported 
(Bahariah  et al., 2012; 2013; Izawati et al., 2015; 
Parveez et al., 2015b; Nurfahisza et al., 2014). Some 
of the regenerated transgenic lines were transferred 
to soil and grown in a biosafety screenhouse.

Despite the success, the transformation 
efficiency obtained for oil palm is relatively low, 
between 0.7% and 1.5% (Parveez, 2000; Masli et 

(a) (c) (e)(b) (d) (f)

TABLE 2. TISSUE-SPECIFIC AND CONSTITUTIVE PROMOTERS ISOLATED FROM OIL PALM

Type of promoter Promoter References

Mesocarp-specific MT3-A promoter Siti Nor Akmar and Zubaidah (2008)
 FLL1 promoter Nurniwalis et al. (2015)
Kernel-specific pOP-KT21 Siti Nor Akmar et al. (2014)
Root-specific MT3-B Zubaidah and Siti Nor Akmar (2005)
Leaf-specific LS01 Chan et al. (2008)
Constitutive uep1 Masura et al. (2010)
 TCTP Masura et al. (2011)



POST-GENOMIC TECHNOLOGIES FOR THE ADVANCEMENT OF OIL PALM RESEARCH

473

al., 2009). The initial molecular analysis showed 
the recovery of nearly 90% transgenic lines at the 
plantlet stage (Parveez et al., 2003). However, after 
7-8 years, the unstable integration of transgene into 
oil palm genome in some of transgenic lines was 
detected (Nurfahisza et al., 2014). This could be 
due to the non-optimal selection, which allowed 
the regeneration of chimeric plants that carry 
both transgenic and non-transgenic tissues. The 
condition could also allow the presence of escapes. 
Transgene integration is predominantly a random 
process, which depends mainly on factors such 
as methylation, integration site of transgene and 
position effect (Gandhi et al., 1999). Hence, in order 
to increase the stability of transgene integration into 
oil palm, a recalcitrant crop with a more complex 
genome, further improvement of the developed 
transformation protocols has to be performed. 

The various aspects of transformation 
are currently being evaluated in efforts to 
effectively improve the efficiency of oil palm 
transformation. Optimisation of biological and 
physical parameters affecting stable integration 
of transgenes using biolistics and Agrobacterium 
mediated transformation is among the main focus 
for increasing oil palm transformation efficiency. 
Evaluation of these parameters for Agrobacterium 
mediated transformation in wheat (Cheng et al., 
2003), rice (Hiei and Komari, 2006; Priya et al., 
2012), carnation (Zuker et al., 1999), banana cv 
Rastali (Subramanyam et al., 2011), soyabean, flax 
and chickpeas (Trick and Finer, 1998; Beranova et 
al., 2008; Pathak and Hamzah, 2008) significantly 
increased the transformation efficacy. Likewise, 
optimisation of these parameters for biolistics also 
increased the transformation efficiency of many 
plants such as soyabean, bean, cotton, wheat, Coffee 
arabica and Brassica rapa (Rech et al., 2008; Fadeev et 
al., 2006; Gatica et al., 2009; Young et al., 2008). 

In addition to Basta®, the effect of other bar base 
selection agents such as glufosinate ammonium and 
bialaphos was also evaluated to tighten the oil palm 
selection. Basta® is a chemical herbicide formulated 
using glufosinate ammonium, an ammonium salt of 
phosphinothricin (Fromm et al., 1990). Meanwhile, 
bialaphos is natural herbicide synthesised from 
bacterial strains either by Streptomyces hygroscopicus 
or Streptomyces viridochromeogenes, which consist 
of L-phosphinothricyl-L-alanyl-alanin (Dennehey 
et al., 1994). As the sensitivity of selection agent is 
tissue, age and genotype dependent (Eustice and 
Wilhelm, 1984), efforts to evaluate the efficiency of 
these selection agents at the different growth stages 
of embryogenic calli (EC) were carried out. The 
optimal concentrations of these bar base selection 
agents to inhibit the growth of embryogenic calli and 
embryoid were reported by Nurfahisza et al. (2015). 
In addition, the efficacy of other selection agents for 
oil palm transformation has also been evaluated. In 

addition to herbicide Basta®, hygromycin was also 
identified as a suitable selection agent for isolation 
of transformed cells from oil palm EC (Parveez et al., 
1996; Bahariah et al., 2017) and immature embryos 
(IE) (Parveez et al., 2007; Abdullah et al., 2005). The 
effective inhibitory concentrations of hygromycin 
for four different types of EC, such as suspension 
culture, fine EC, yellowish and whitish EC were 
reported by Fakhrana et al. (2015). 

EC has been used as starting materials as it was 
reported to be a good target tissue for transformation 
(Izawati et al., 2015). EC provides a source of dividing 
cells and has unique homogenous characteristics. 
The suitability of immature EC as starting material 
for oil palm transformation has been evaluated 
(Masura et al., 2017). Several studies indicated that 
the use of calli at an earlier or immature stage has 
significantly improved the transformation efficiency 
(Ribas et al., 2011; Manimaran et al., 2013). The 
friability and lack of differentiation of immature 
EC in early callus proliferation may facilitate an 
effective in vitro selection, thereby minimising the 
chance of escapes. Oil palm plantlets resistant to 
glufosinate ammonium from immature EC were 
successfully obtained. Initial molecular analysis via 
PCR indicated that some of the plantlets carrying the 
high oleate traits were positive for bar gene (Masura 
et al., 2017).

The potential of IE as alternative starting 
materials for oil palm transformation has also been 
explored. The direct regeneration of transgenic 
oil palm from IE was reported by Abdullah et al. 
(2005). However, molecular evidence describing 
the stable integration of transgenes has not been 
reported so far. While, Bhore and Shah (2012), also 
demonstrated the effort to transform Elaeis oleifera 
using IE. In fact, in the first report of successful oil 
palm transformation, the EC that was derived from 
IE was used as the target tissue (Parveez, 1998). Thus, 
the effort to propagate calli from IE has been carried 
out extensively, by evaluating the culture media for 
regeneration of whole plants from IE. The initial 
data has demonstrated that MS+Y3 medium was 
the most suitable medium for IE callus induction 
(Syuhada et al., 2016). In addition to Elaeis guineensis 
var tenera species, the rigorous experiments have 
been also carried out to look into the possibility of 
using dura for oil palm transformation. As mother 
palm, dura has advantages to be used for crossing and 
backcrossing to regenerate transgenic lines, which 
is unfeasible if using tenera. The comprehensive 
optimisation of biological and physical parameters 
affecting biolistics transformation of dura has been 
performed (Izawati et al., 2017b). 

Development of novel methods for transforming 
oil palm via protoplast has opened a new door for oil 
palm improvement, especially to circumvent issues 
related to current protocol of producing transgenic 
oil palm. The successful transformation of oil palm 
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Due to the fact that plant chromoplasts possess 
active metabolism and the ability to synthesise some 
of their structural components, proteins from the 
organelle are indispensable for many physiological 
processes (Ljubešić et al., 1991). Although there is 
much knowledge of genes coding for the proteins 
and the products of lipid biosynthesis pathway in 
higher plants, the fatty acid biosynthetic and other 
cellular metabolic pathways remain unclear at the 
protein level. Au fond, characterisation of fatty acid 
biosynthetic enzyme expression in the oil palm 
mesocarp tissue will help expound this conundrum 
(Lau et al., 2015).

Integrated omics approach requires precision 
chemical analytical methods and informatics with 
the focus on key traits of interest (Emon, 2016). 
When evaluating large and multi-dimensional 
omics data sets e.g. combination of electrophoresis 
or chromatography and mass spectrometry 
measurements for comparative purposes such as 
contrasting treatments and traits or gradual changes 
such as growth, pattern recognition statistics 
such as chemometric are employed to expedite 
data interpretation. From a dataset containing 
information on concentrations, intensity or spectral 
properties along with sample identifier e.g. name 
or accession number, omics data can be processed 
into informative graphics. Thousands of transcripts, 
proteins and/or metabolites from various samples 
can be compared for any distinction that is relevant 
to their particular condition. 

Coupled with mass spectrometry, separated 
biomolecules from oil palm biological replicates 
of different traits or treatments can be analysed 
comparatively by multivariate statistics such as 
principal component analysis (PCA) and partial 
least square-discriminant analysis (PLS-DA). This 
platform is very effective in discovery analysis such 
as in oil palm disease study. Figure 1 shows a PLS-
DA scores plot from gas chromatography-mass 
spectrometry (GC-MS) analysis of leaf metabolome 
from oil palm with different Ganoderma boninense 
susceptibility backgrounds (Rozali et al., 2017).

As a consequence of pathogenic aggression 
on oil palm, biochemical responses of both the 
infectious agent and host will be stimulated as part 
of their respective attack and defence strategies. 
In the case of G. boninense infection, physical 
symptoms such as rotting, necrosis and presence of 
fruiting bodies do not appear until the disease is at 
a critical stage, resulting in loss of standing palms 
(Nurazah et al., 2017). Several detection and control 
measures have been initiated to tackle this disease 
as early as possible ranging from remote sensing to 
hyperspectral reflectance statistical model (Chong 
et al., 2017; Lelong et al., 2010) but the inclusive 
comprehension of the fungal attack needs to be 
grasped in order to fully manage the disease spread 
or even eliminate this threat.

protoplasts using microinjection and PEG-mediated 
transformation was reported (Masani et al., 
2014). The use of protoplast as starting materials 
is beneficial for oil palm genetic engineering 
because regeneration of transgenic plants from 
single transformed cell would potentially eliminate 
the chances of escapes and chimeras (Masani et 
al., 2013; 2014). Moreover, the oil palm protoplast 
system will also serve as an invaluable tool for gene 
functional studies either for genetic modification 
or genome editing approaches, as the evaluation 
of gene function could be performed within a 
shorter timeline (3-5 years) as opposed to the 
stable Agrobacterium-mediated transformation and 
biolistics systems (5-10 years). 

OMICS REVOLUTION IN OIL PALM 
RESEARCH

Omics technology promises consistency and 
predictability in plant breeding towards better 
yield and quality food crops. Several emerging 
omics technologies have been introduced to oil 
palm research for unravelling the molecular 
mechanisms of oil palm system biology under 
various conditions. In the area of oil palm genome, 
the release of the genetic blueprint of the oil palm is 
considered to have major implications in enhancing 
the future production and sustainability of the oil 
palm industry (Ong-Abdullah et al., 2015; Singh et 
al., 2013).

Understanding the changes of target molecules 
such as proteins, transcripts, fatty acids and 
various metabolites provides insights beyond 
the molecular mechanism of complex traits such 
as yield and oil palm diseases. This integrated 
approach relies heavily on many disciplines of 
biology, analytical methods and computation 
analysis (Mochida and Shinozaki, 2011). Therefore, 
recent innovative analytical platforms comprising 
essential infrastructure such as mass spectrometry 
for proteomics and metabolomics research in oil 
palm have been established (Ramli et al., 2016).

The omics methodologies applied in oil palm 
research have facilitated extensive discoveries of 
indicative transcripts, proteins and metabolites 
associated with yield traits such as fruit ripeness, 
fruit quality, fruit form and lipid formation (Wong 
et al., 2017; Hassan et al., 2016; Ooi et al., 2015; 
Teh et al., 2014; 2013; Loei et al., 2013; Neoh et al., 
2013; Dussert et al., 2013; Hassan et al., 2014). 
Chromoplasts of coloured fruits such as ripe oil palm 
drupes contain plastoglobules, lipid-containing 
structures present in all types of plant plastids. This 
plastoglobules amass carotenoids (xanthophyll 
esters), α-tocopherol and quinones in the central 
core, with their polar head groups oriented outward 
interacting with a protein coat (Ytterberg et al., 2006). 
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The application of transcriptomics, proteomics 
and metabolomics has been employed to investigate 
the interactions between oil palm and G. boninense 
fungus (Nusaibah et al., 2016; Dzulkafli et al., 2016; 
Tee et al., 2013; Nurazah et al., 2013; Alizadeh et al., 
2011; As’wad et al., 2011). Table 3 lists differentially 
expressed proteins in both oil palm roots and 
G. boninense during several separate inoculation 
experiments which are responsible for the survival 
of both the host and the pathogen. These findings, 
along with cohesive exploration with transcript 
and metabolome profiling may provide inclusive 
insights into pathogenicity of G. boninense towards 
oil palm or even tolerance of certain oil palm 
genotypes. Such integrative investigation along with 
classical physiological measurements for phenome 
analysis was exemplified by a study on pine tree 
(Pinus radiata) seedlings irradiated with ultraviolet 
(UV) light to mimic natural incidence of increased 
UV radiation (Pascual et al., 2017).

Verification of Oil Palm Genetic Improvement 
Using Omics

The ultimate aspiration of crop research 
and development is the observable phenotype 
i.e. improved characteristics or traits as a result 
of genome alteration or selective breeding, and 
increased productivity in terms of yield and quality 
ensuing enhanced agricultural practices. Going 
downstream of the genome information within 
a biological system, the transcripts, proteins and 
metabolites are the closest features to phenotypic 
characterisation (Wienkoop et al., 2008). In principal, 
through this omics passage, the genome information 
via both conventional breeding and genetic 
engineering aimed to produce superior oil palm will 
be transcribed and translated in the organism until 
it is expressed physically as illustrated in Figure 
2. However, the expression of genes into RNA is 
already prone to internal and external influences 

Figure 1. The PLS-DA scores plot of leaf metabolome from oil palm of different susceptibility backgrounds to 
G. boninense [adapted from Rozali et al. (2017)].

TABLE 3. OIL PALM ROOT AND G. boninense PROTEINS OF DIFFERENT ABUNDANCE

 Investigations Oil palm root Oil palm root G. boninense 
    7-day post-infection  14-day post-infection 3-day post-infection

 References Syahanim et al.  Al-Obaidi et al.  Al-Obaidi et al. 
   (2013) (2014) (2017)

 1  β-1,3-glucanase Malate dehydrogenase Enolase
 2  Nucleoside diphosphate  Cysteine synthase Alpha-aminoadipate 
   kinase (NDPK)  reductase
 3  Glutathione-S-transferase Enolase Carboxypeptidase
 4  Early flowering protein 1 Catechol O-methyltransferase Dienelactone hydrolase
 5  Ferritin ATP synthase alpha subunit Glutamine synthetase
 6  Thioredoxin H2 Fructokinase Guanine nucleotide 
     binding proteins
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(Emon, 2016). Based on this premise, uncertainties 
in unintended effects and risk assessments can be 
extrapolated using omics mechanistic data gathered 
from multilevel observations (Van Aggelen et al., 
2010).

In general, the productivity of crop is influenced 
by complex interactions with its surroundings. 
Unfavourable environmental factors such as 
challenging soil type and drought may prevent 
the realisation of expected outcome albeit excellent 
background of the oil palm. Being contiguous 
to phenome, the employment of comparative 
metabolome profiling can help researchers assess 
the status and responses of oil palm grown in 
different planting setup. As an example, oil palm 
leaf metabolome from similar clone showed 
differentiation according to their planting sites by 
the content of dopamine and asparagine (Tahir et al., 
2016). This demonstrated phenotypic responses that 
may not be studied effectively by a single discipline, 
e.g. genome study and may hinder attempts by 
molecular-assisted breeders and tissue culturists to 
improve the crop.

The potentials of genetic improvement of oil 
palm in boosting its performance is tremendous, 
particularly from the view of sustaining the planet 
by avoiding the opening of new plantation and 
deforestation. Precision research and development 
from the laboratory to field are warranted to 
accomplish this mission as phenotypic change is 
a consequence of either or both genetic change 
or phenotypic plasticity (Merilä and Hendry, 

2014). This concern is further aggravated by 
possible unintended effects due to pleiotropism 
and could not be gauged with the analysis of a 
single domain such as metabolomics (Hall and 
De Maagd, 2014). Such impact can be elucidated 
by the measurement of at least four types of 
information to detect differences between the 
genetically improved crop and its conventional 
counterpart (Li et al., 2017; Hall and De Maagd, 
2014; Kooke and Keurentjes, 2012):

i. Molecular characterisation, e.g. open 
reading frames, primer pair.

ii. Compositional analysis, e.g. the magnitude 
of expressions of existing and new proteins, 
toxicants and allergens.

iii. Agronomic and phenotypic characterisation, 
e.g. statistically significant data of genome 
inheritance pattern and stability.

iv. Plant-environment interactions (investi-
gation using appropriate replication and    
controls in space (spatial/synchronic) and 
in time (temporal/allochronic).

The plant phenotype is highly capricious 
on a spatiotemporal scale and the comparative 
measurement should be carried out on specimens 
that are grown side by side under controlled 
conditions to elucidate the influence of genetic 
and environment (Ricroch et al., 2011). Another 
interesting point to ponder is the equilibrium 
between the organism investment in growth and 
defence. In shifting the mechanism of the plant 

Figure 2. Information flow of integrated omics for crop research.
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towards being tolerance to certain factors, e.g. 
disease or drought, the components driving its 
yield could be at expense (Kooke and Keurentjes, 
2012). Therefore, the transparent studies from 
omics research to elucidate the various impact of 
genetic engineering would certainly increase public 
acceptance towards genetically modified oil palm.

 

POST-GENOMICS FUTURE PROSPECTS

In essence, the advances in genome sequences 
and genetic engineering techniques have also laid 
a foundation towards genome editing approach. 
Genome editing is a new technology that could 
be applied to allow the modification of oil palm 
genome in a precise and predictable manner 
without introducing foreign DNA. The use of 
genome editing in plant for improvement of various 
traits was reviewed by Malzahn et al. (2017). This 
technology also promises a lesser regulatory 
scrutiny (Arujanan, 2016), as some of regulatory 
authorities, such as USDA, have decided that some 
of plants mutated by genome editing, should not be 
regulated (Wolt et al., 2016). 

Genome editing involves the introduction of 
targeted DNA double-strand breaks (DSB) using 
engineered nuclease and stimulating DNA repair 
mechanisms. Zinc finger nuclease (ZFN) and  
transcription activator-like effector-based nucleases 
(TALEN) are sequence specific nucleases  with DNA 
binding domain commonly used in genome editing 
for targeting DNA mutagenesis. In soyabean, 
TALEN was used for increasing oil yield by targeting 
FAD2 gene (Haun et al., 2014).  However, ZFN and 
TALEN approaches are not widely adopted for 
plant regulation due to the difficulty in engineering 
of modular DNA binding protein, which can 
potentially increase time and financial investment 
(Malzahn et al., 2017). A simpler genome editing 
approach known as clustered regularly interspaced 
palindromic repeats (CRISPR) has been developed, 
which allows more effective regulation of targeted 
gene. The CRISPR/Cas 9 system is an adaptive of 
bacterial II immune system which requires Cas 9 
nuclease to degrade DNA that matches to a single 
guided RNA (sgRNA) (Malzahn et al., 2017; Song 
et al., 2016).  With the availability of genome and 
transcriptome data, the sgRNA sequence (19-23 
nucleotides) specific to a targeted gene could be 
precisely designed in efforts to reduce the off-target 
risks. This system has been widely used in rice 
for functional genes study (Malzahn et al., 2017).  
Successful adoption of CRISPR technology was also 
reported for several other crops with more complex 
genome such as sorghum, maize, citrus, poplar, 
tomato, wheat (Jia and Wang, 2014; Jiang et al., 2013; 
Liang et al., 2014; Svitashev et al., 2015). Recently, 
CRISPR/Cas 9 has also been looked as a practical 

approach for editing date palm genome (Sattar et al., 
2017). 

In Camelina sativa, adoption of CRISPR by 
editing FAD2 gene has led to an increment of oleic 
acid from 16% to over 50% until T3 generation (Jiang 
et al., 2017). The stable inheritance of DNA mutation 
in camelina indicates the suitability of this plant to 
be used in functional gene studies. Camelina is a 
hexaploid relative to Arabidopsis, and also is an oil-
bearing crop. Camelina also has high concentrations 
of α-linolenic acid essential for modifying the LC-
PUFA (Betancor et al., 2016; 2017). Thus in addition 
to Arabidopsis, tobacco, and tomato, the use of 
camelina as an alternative model plant may allow 
more efficient functional gene study that is beneficial 
in oil palm genetic transformation.

CONCLUSION

Genetic manipulation of crop began with selective 
breeding for domestication and agriculture, 
marking the beginning of trait establishment of 
higher yields, pest and disease resistances and faster 
growth (Emon, 2016). As the demand from human 
population intensifies, crop performance is bound 
for rapid improvement with biotechnology as one 
of the impetus. As human intervention will always 
be fine-tuned by nature, the precise inference of 
genetic influence against the environmental effects 
of biotic and abiotic elements needs to be resolved. 
Post-genomics oil palm research using omics 
techniques will allow comprehensive assessment 
of gene enhancement efforts and further reinforce 
understanding of oil palm yield and performance 
traits, developmental stages and effects of agronomic 
practices.

Genetic engineering will continue to drive 
significant research towards crop enhancement, 
with advances in omics technologies that will further 
reinforce this endeavour. There are challenges to be 
tackled that limit the beneficial use of omics data 
such as limited knowledge of metabolic pathways 
and reproducibility of analysis that could hamper 
the progress of oil palm improvement. These 
should be addressed by vigorous and synchronised 
efforts of researchers from MPOB and the industry. 
Through these post-genomic researches, the oil 
palm can be manipulated towards the production of 
highest possible yield with sustainable practices to 
fulfil the mission for advancing the Malaysian palm 
oil industry.
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