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Genetic engineering is highly regarded as a forefront technology in agriculture.
Various crops have been improved via this technology to increase the overall
yield or specific product of targeted crops. Genetic engineering has also been
carried out to address multiple issues that cause production losses, including
drought conditions or susceptibility to pest and pathogen attacks. The steady
progress and maturation of genome editing technology have allowed scientists
to do this more precisely and efficiently. Nevertheless, multiple tools for the
target crop, such as an established transformation method for optimal DNA
delivery, a reliable transient expression system for preliminary evaluation of
the targeting efficiency, and a proven tissue culture routine for regenerating
genome-edited plantlets, are required. This current research was carried out
to develop a high-throughput transient expression system for oil palm by
utilizing protoplasts isolated from oil palm in vitro-derived leaves. First, seven
transformation vectors that carry DsRED protein-encoding genes, each
controlled by a different promoter, were constructed. Next, the isolation of
mesophyll protoplasts was optimized by identifying the best parameters
affecting protoplast yield and viability, such as enzyme combinations and
procedures to obtain clean and viable protoplasts. By doing this, an efficient
protocol for isolation of oil palm mesophyll protoplast that can produce up to
2.5 x 108 protoplasts/g FW with up to 94.78% viability was developed. Then,
optimization for isolation of protoplasts from the mesocarp of the age around
12 weeks after anthesis (WAA) was carried out with previously optimized
enzyme mixtures. After two hours of incubation time, 3.98 x 108 protoplasts/g
FW with 85% viability were recovered. Five parameters affecting the
polyethylene glycol (PEG)-mediated transformation efficiency were optimized,
including DNA and polyethylene glycol (PEG) incubation time, concentrations



of DNA and PEG, and duration of heat-shock applied. This study has shown
an increment in transformation efficiency of almost 56%. The developed
transient expression system was tested with eight DNA constructs with DsRED
as a visual reporter gene. This experiment indicated that the CaMV35S
promoter drove significantly higher expression of DsRED in oil palm
protoplasts than other plants constitutive, oil palm constitutive and tissue-
specific promoter tested in this study. This advanced method will serve as a
high-throughput transient expression platform in the current pipeline for oil
palm genome editing.
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Kejuruteraan genetik diiktiraf sebagai salah satu pemacu utama kemajuan di
dalam bidang pertanian. Pelbagai jenis tanaman telah berjaya ditambahbaik
dengan menggunakan pendekatan ini dalam meningkatkan hasil tanaman.
Selain itu, kejuruteraan genetik juga diaplikasikan dalam menyelesaikan
pelbagai isu yang menyebabkan kerugian hasil tanaman termasuk kemarau
dan kerentanan terhadap serangan perosak serta patogen. Kemajuan pesat
dalam bidang teknologi penyuntingan genom membolehkan para saintis
mengaplikasikan penambahbaikan tanaman melalui kaedah kejuruteraan
genetik dengan lebih tepat dan berkesan. Walau bagaimanapun, pelbagai
protokol bagi tanaman sasaran seperti kaedah transformasi bagi pemindahan
DNA yang optimum, sistem pengekspresan gen sementara bagi menilai
kecekapan sasaran sgRNA, dan rutin tisu kultur untuk regenerasi tanaman
yang telah disunting perlu ada. Kajian ini bertujuan untuk membangunkan
sistem pengekpsresan gen sementara sawit berdaya pemprosesan tinggi,
berasaskan protoplas yang dihasilkan daripada daun in vitro sawit. Tujuh
vektor transformasi yang membawa gen mengekod protein DsRED dengan
setiap satunya dikawal oleh promoter berlainan telah dihasilkan. Seterusnya,
penghasilan protoplas mesofil sawit dioptimumkan dengan mengenalpasti
parameter yang mempengaruhi hasil dan kebolehhidupan protoplas seperti
gabungan enzim dan prosedur mendapatkan protoplas hidup yang bersih dari
bendasing. Dengan ini, protokol penghasilan protoplas mesofil daripada sawit
yang efisyen dengan hasil sebanyak 2.5 x 10° protoplas/g berat segar dengan
kebolehhidupan sehingga 94.78% berjaya dibangunkan. Seterusya,
penghasilan protoplas sawit dari tisu mesokarpa pada usia 12 minggu selepas
antesis dioptimumkan dengan menggunakan gabungan enzim optimum
terdahulu. Selepas tempoh inkubasi selama 2 jam, 3.98 x 106 protoplas/g



berat segar dengan kebolehhidupan sebanyak 85% berjaya dihasilkan.
Selepas itu, lima parameter yang mempengaruhi kecekapan kaedah
transformasi dengan polietilena glikol (PEG) telah dioptimumkan termasuk
tempoh inkubasi DNA dan PEG, kepekatan DNA dan PEG, serta tempoh
kejutan suhu yang dikenakan. Kajian ini telah menunjukkan peningkatan
kecekapan transformasi mendadak menghampiri 56% berjaya dicapai.
Berikutan keputusan tersebut, sistem pengekspresan gen sementara yang
dibangunkan telah diuji dengan lapan konstruk yang berbeza, setiap satunya
dikawal oleh promoter berlainan yang membawa DsRED sebagai gen pelapor
visual. Dapatan kajian menunjukkan CaMV35S memacu pengekspresan
DsRED yang sangat tinggi di dalam protoplas sawit berbanding promoter
konstitutif tumbuhan, promoter konstitutif sawit dan promoter spesifik tisu sawit
yang lain. Sistem yang dibangunkan ini akan diaplikasikan sebagai pelantar
pengekspresan gen sementara di dalam program penyuntingan genom sawit.
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multiple range test. Values represent the mean number of
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Effect of heat shock treatment on PEG-mediated
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Evaluation of promoter strength with oil palm protoplasts
transient gene analysis tool. The CaMV35S promoter in
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represents the standard error of the means (SEM) of three
replicates (Appendix B).

Visualization of GFP signals from transformed oil palm
embryogenic calli under the fluorescent microscope. The
LSP promoter in plasmid LSP-ETGFP11 able to drive the
expression of GFP in oil palm embryogenic calli. A:
35hrGFP; B: LSP-ETGFP11. Scale bar = 1 mm.

Visualization of GFP signals from transformed oil palm
protoplasts under the fluorescent microscope. The LSP
promoter in plasmid LSP-GFP was able to drive the
expression of GFP in oil palm protoplasts transformed via
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the PEG-mediated method. A: 35hrGFP; B: LSP-GFP.
Scale bar = 50 ym.

Isolation of backbone vector (yellow arrow) and insert (blue
arrow) for construction of LSP-DsRED2 transformation
vector. LSP-HSA was digested with EcoRI/Xhol while
35DsRED2 was digested with Xhol/Xbal.

Construction of LSP-DsRED2 transformation vector. A:
Verification by digestion with restriction endonuclease Xbal,
B: Overall cloning strategy.

Evaluation of the functionality of constructed pLSP-DsRED2
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bombardment. There are very few fluorescent signals
observed on samples transformed with plasmid pLSP-
DsRED as compared to plasmid pLSP-ETGFP11.
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pLSP-DsRED. Scale bar = 1 mm.

Evaluation of the functionality of pLSP-DsRED2 in tobacco
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CHAPTER 1

INTRODUCTION

The outstanding share the palm oil gathers in the global market has proved its
potential in leading the world to combat the forecasted food insecurity. Current
oil palm productivity (tonnes oil hectare' year') was already high compared
to other oil seeds, such as soybean, rapeseed, and sunflower (Zimmer, 2010).
However, the extrapolated global population growth and food demand have
required us to move forward and break the current yield barrier. The Malaysian
palm oil industries have pursued efforts to improve oil palm via genetic
engineering since the start of the 21t century. Since then, tremendous
progress has been achieved in the field of omics, methods to deliver foreign
DNA into oil palm, production of transgenic oil palm, to the complete sequence
of Elaeis guineensis published for researcher and industry uses.

Several methods have been published for the DNA transformation of oil palm,
including by biolistic (Hanin et al., 2020; Parveez and Christou, 1998),
Agrobacterium-mediated (lzawati et al., 2012), polyethylene glycol (PEG)-
mediated and microinjection of protoplast (Masani et al., 2014). Transgenic oil
palm production has specific objectives such as improving the oil content,
introducing novel resistance traits, or biological factory synthesizing novel
products (i.e., bioplastic). Genes introduced for these purposes require
promoters to drive the expression in oil palm.

Several plant constitutive promoters are commonly used in generating
transgenic plants, such as the Cauliflower Mosaic Virus 35S promoter
(CaMV35S) and maize-ubiquitin promoter. However, the possibility of
introducing multiple genes for the generation of a transgenic oil palm requires
more promoter candidates as the overuse of a similar promoter could lead to
homology-dependent gene silencing (Badai et al., 2019). Multiple studies to
isolate the oil palm endogenous promoter were initiated. Several oil palm
endogenous promoters have been isolated, including the constitutive promoter
such as TCTP (Masura et al., 2011), UEP1 (Masura et al., 2010) and UEP2
(Masura et al.,, 2019) also various tissue-specific promoters for oil palm
(Zubaidah et al., 2018). Evaluation of the performance of available promoters
is required before selecting the most suitable promoter to control the
expression of the desired transgene in oil palm.

The option of evaluating gene function in perennial crops via stable
transformation is time-intensive and not viable due to its long lifecycle nature.
Adopting a robust transient expression approach, on the other hand, provides
the preliminary data and helps users to make better-informed decisions before
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proceeding with the stable gene integration experiments. The transient
expression has been used in oil palm to evaluate the activities of isolated
promoters (Masura et al., 2019) and as a visual selectablemarker (Majid and
Parveez, 2016). The use of a suitable visual reporter gene is essential in
transient gene analyses.

B-glucuronidase (GUS) gene, originated from Escherichia coli, is regularly
used for evaluation of novel promoters isolated from oil palm (Masura et
al.,2011; Masura et al., 2010; Masura et al., 2019; Zubaidah et al., 2018;
Zubaidah and Siti Nor Akmar 2010). Detection of gus gene activity can be
easily carried out based on the development of blue colour spots upon the
presence of 5-bromo-4-chloro-3-indolyl-B-D-glucuronic (X-Gluc), which is the
substrate for B-glucuronidase. The assay requires many sample tissues, and
its destructive nature means none of the evaluated samples could be
regenerated. GUS assay appears problematic for those sample tissues that
are difficult to obtain and those perennial crops with limited samples
availability.

Another visual reporter commonly used for oil palm genetic engineering works
is fluorescent protein (FP). The FP has been proven to be more efficient as
direct visual screening can be carried out in the absence of substrates (Zhang
et al., 2015). Green fluorescent protein (GFP), first isolated from Aequorea
jellyfish, is the earliest and most commonly used FP (Chalfie et al., 1994). The
potential of GFP as a visual reporter for the transformation of oil palm has been
studied in advance (Parveez and Majid, 2018; Majid and Parveez, 2016).
However, the latest study indicated that application GFP as a visual reporter
in oil palm could interfere with the cycle of plant regeneration and toxic to the
cells of oil palm (Parveez and Majid, 2018).

Red fluorescent protein (RFP) can be utilized to replace GFP. DsRED, a
variant of RFP, is a 28-kDa fluorescent protein found in the coral of Discosoma
genus (Bevis and Glick, 2002). Experimental findings have shown no evidence
of its toxic impact on plant cells (Nietsch et al., 2017; Saha and Blumwald,
2016; Wu et al., 2016). Furthermore, DsRED has been proven to be more
robust and accurate than the GFP-based reporter system in walnut (Zhang et
al., 2015). The photostable characteristic and distinct DsRED red fluorescent
signals differentiating between transformants and non-transformants improved
the walnut reporter system previously based on GFP. To date, there is no
published report on DsRED in oil palm; hence it is interesting to explore the
impact of the promoter in driving transgenes in an oil palm system. The
adoption of DsRED may provide a new role for FP in future oil palm genetic
engineering works.

A protoplast-based transient gene expression system offers versatility and a
time-efficient solution for high-throughput gene functional analysis (Page et al.,
2019). Protoplasts are produced by removing the cell wall via enzymatic or
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mechanical means. It has been suggested that a protoplast-based transient
gene expression system could provide the solution in analysing the large scale
of genes quickly (Page et al., 2019). The ability of protoplast to maintain its cell
type characteristics after being isolated will be helpful in cells and tissue-
specific gene functional analysis (Marx, 2016).

A few studies have been carried out on protoplast isolation from oil palm
mature tissues (Masani et al., 2013; Sambanthamurthi et al., 1996). The
isolation of protoplast from different oil palm tissues is required to observe the
specificity of tissue-specific promoter driving transgene expression in its
specialized tissues in vivo. On the other hand, it has been reported that
mesophyll tissues were the best candidate for transient gene analysis tool due
to the mature metabolite synthesis machinery it houses (Yoo et al., 2007).
Hence, the protocols for protoplast isolation from oil palm mature tissue need
to be developed and optimize. The optimized mixture of enzymes and
procedures would result in a higher yield and viability of the isolated
protoplasts.

One method available for direct transfer of DNA into protoplasts is by treatment
with polyethylene glycol (PEG). This method has been less damaging to the
plant cells than other protoplast transformation techniques such as
electroporation and microinjection (Masani et al., 2014). Previously, Masani et
al. (2014) have developed a protocol for the transformation of oil palm
protoplast via PEG-mediated method. It is reported that the successful
transformation rate was 5%. For a transient gene analysis platform to be
reliable, it needs to be replicable with high efficiency. In that light, further
optimization needs to be carried out. Optimizing parameters affecting the PEG-
transformation would improve the transformation efficiency, thus improving the
transient gene analysis platform's reliability.

There is no available transient gene analysis system utilizing protoplasts that
was specifically developed for oil palm. This leaves a gap for a high-throughput
transient gene expression platform to determine the activity of isolated
endogenous promoter and the expression of isolated genes in oil palm. It also
affects the pace of oil palm gene-editing progress. This system plays an
essential role in evaluating the gRNA efficiency and preliminary proof-of-
concept in vivo study. Developing a protoplast-based transient gene analysis
system for oil palm would provide a versatile platform to study the gene
function and its expression faster and more efficiently than other tools currently
available for oil palm. In order to close this gap, an extensive project on the
development of a transient gene analysis system utilizing oil palm protoplast
was designed. This research was devised to provide a solution for the
highlighted problems with the following objectives:

i. To construct transformation vectors carrying gene encoding red
fluorescent protein (DsRED), each driven by a plant constitutive



promoter, an oil palm constitutive promoter or an oil palm tissue-specific
promoter.

To test the functionality of constructed transformation vectors in oil palm
embryogenic calli and tobacco protoplasts.

To optimize protoplast isolation from oil palm in vitro leaf and mesocarp
tissues.

To optimize parameters involve in the transformation of final constructs
into oil palm protoplasts via PEG-mediated method.

To analyse the relative strength of different promoters introduced based
on the red fluorescent signals under the fluorescent microscope.
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