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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 106 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 × 106 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 
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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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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
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TRANSFORMASI SAWIT UNTUK ASAI PENGEKSPRESAN

SEMENTARA DENGAN MENGGUNAKAN GEN PELAPOR 

Oleh

MOHD AL AKMARUL FIZREE BIN MD PIJI

April 2021

Pengerusi: Noor Azmi Shaharuddin, PhD
Fakulti: Bioteknologi dan Sains Biomolekul

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 × 106 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 × 106 protoplas/g 
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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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the PEG-mediated method. A: 35hrGFP; B: LSP-GFP. 
Scale bar = 50 μm.

33 Isolation of backbone vector (yellow arrow) and insert (blue 
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vector. LSP-HSA was digested with EcoRI/XhoI while 
35DsRED2 was digested with XhoI/XbaI.
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B: Overall cloning strategy.
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observed on samples transformed with plasmid pLSP-
DsRED as compared to plasmid pLSP-ETGFP11. 
Observed red fluorescent signals proved the functionality of 
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protoplasts. Plasmid (A) 35SDsRED2 as control and (B) 
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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-1 year-1) 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 21st 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 (Izawati 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.  

 
 

β-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-β-D-glucuronic (X-Gluc), which is the 
substrate for β-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 
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promoter, an oil palm constitutive promoter or an oil palm tissue-specific 
promoter. 

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

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

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

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



© C
OPYRIG

HT U
PM

77 
 

REFERENCES 

 

Ayub, R. A., and Reis, L. (2016). Organogenesis inhibition of strawberry, 
cultivar “Festival”, by the kanamycin antibiotic. Acta Horticulturae, 1113, 
(147–150). 

 
Bab, B. K., Mathur, R. K., Anitha, P., Ravichandran, G. and Bhagya, H. P. 

(2021). Phenomics, genomics of oil palm (Elaeis guineensis Jacq.): way 
forward for making sustainable and high yielding quality oil palm. 
Physiology and Molecular Biology of Plants, 27, 587-604. 

 
Badai, S. S., Chan, K.-L., Chan, P.-L., Parveez, G. K. A., and Rasid, O. (2019). 

Identification of genes preferentially expressed in mesocarp tissue of oil 
palm using in silico analysis of transcripts. Journal of Oil Palm Research, 
31, 540–549. 

 
Baird, G. S., Zacharia, D. A., and Tsien, R. Y. (2000). Biochemistry, 

mutagenesis, and oligomerization of DsRED, a red fluroescent protein 
from coral. Proceeding of Natural Acadedmy of Science U.S.A., 97(22), 
11984–11989. 

 
Berg, R. H., and Beachy, R. N. (2008). Fluorescent protein applications in 

plants. Methods in Cell Biology, 85, 153–177. 
 
Bevis, B. J., and Glick, B. S. (2002). Rapidly maturing variants of the 

Discosoma red fluorescent protein (DsRed). Nature Biotechnology, 
20(11), 83–87. 

 
Campbell, R. E., Tour, O., Palmer, A. E., Steinbach, P. A., Baird, G. S., 

Zacharias, D. A., and Tsien, R. Y. (2002). A monomeric red fluorescent 
protein. Proceeding Natural Acadedmy of Science U.S.A., 99, 7877-7882. 

 
Castelblanque, L., Garcia-Sogo, B., Pineda, B., and Moreno, V. (2010). 

Efficient plant regeneration from protoplasts of Kalanchoe blossfeldiana 
via organogenesis. Plant Cell Tissue and Organ Culture (PCTOC), 
100(107). 

 
Chalfie, M., Tu, Y., Euskirchen, G., Ward, W. W., and Prasher, D. C. (1994). 

Green fluorescent protein as a marker for gene expression. Science, 
263(5148), 802–805. 

 
Chan, P. L., Siti Nor Akmar, A., and Roohaida, O. (2008). Light-harvesting 

chlorophyll a/b binding protein ( lhcb ) promoter for targeting specific 
expression in oil palm leaves. Journal of Oil Palm Research,2, 21–29. 

 
Chiu, W. L., Niwa, Y., Zeng, W., Hirano, T., Kabayashi, H., and Sheen, J. 

(1996). Engineered GFP as a vital reporter in plants. Current Biology, 6, 
325–330. 



© C
OPYRIG

HT U
PM

78 
 

Chowdhury, M. K. U., Parveez, G. K. A., and Saleh, N. M. (1997). Evaluation 
of five promoters for use in transformation of oil palm (Elaeis guineensis 
Jacq.). Plant Cell Reports, 16, 277–281 

 
Christensen, A. H., and Quail, P. H. (1996). Ubiquitin promoter-based vectors 

for high-level expression of selectable and/or screenable marker genes in 
monocotyledonous plants. Transgenic Research, 5(3), 213–218. 

 
Cline, J. (1996). PCR fidelity of pfu DNA polymerase and other thermostable 

DNA polymerases. Nucleic Acids Research, 24(18), 3546–3551.  
 
Cocking, E. C. (1960). A method for the isolation of plant protoplasts and 

vacuoles. Nature, 187(4741), 962–963. 
 
Cocking, E. C. (1972). Plant cell protoplasts - isolation and development. 

Annual Review of Plant Physiology, 23, 29–50. 
 
Davey, M. R., Anthony, P., Power, J. B., and Lowe, K. C. (2005). Plant 

protoplasts: Status and biotechnological perspectives. Biotechnology 
Advances, 23(2), 131–171.  

 
Deal, R. B., and Henikoff, S. (2011). Histone variants and modifications in plant 

gene regulation. Plant Biology, 14, 116–122. 
 
Dieffenbach, C. W., Lowe, T. M., and Dveksler, G. S. (1993). General concepts 

for PCR primer design. PCR Methods and Applications, 3, S30–S37. 
 
Dixit, R., Cyr, R., and Gilroy, S. (2006). Using intrinsically fluorescent proteins 

for plant cell imaging. Plant Journal, 45, 599–615. 
 
Draper, J., and Scott, R. (1991). Gene transfer to plants. In D. Grierson (Ed.), 

Plant Genetic Engineering (pp. 38–81). Dordrecht: Springer. 
 
Duarte, P., Ribeiro, D., Carqueijeiro, I., Bettencourt, S., and Sottomayor, M. 

(2016). Protoplast transformation as a plant-transferable transient 
expression system. In A. Fett-Neto (Ed.), Methods in Molecular Biology,. 
New York: Humana Press.  

 
Duquenne, B., Eeckhaut, T., Werbrouck, S., and Van Huylenbroeck, J. (2007). 

Effect of enzyme concentrations on protoplast isolation and protoplast 
culture of Spathiphyllum and Anthurium. Plant Cell, Tissue and Organ 
Culture, 91(2), 165–173.  

 
Faraco, M., Di Sansebastiano, G. P., Spelt, K., Koes, R. E., and Quattrocchio, 

Q. (2011). One protoplast is not the other! Plant Physiology, 156, 474–
478. 

 
Feng, S., Jacobsen, S. E., and Reik, W. (2010). Epigenetic reprogamming in 

plant and animal development. Science, 330, 622–627. 
 



© C
OPYRIG

HT U
PM

79 
 

Fizree, P. M. A. A., Shaharuddin, N. A., Ho, C. L., Masura, S. S., Manaf, M. A. 
A., Ahmad Parveez, G. K. A., and Masani, M. Y. A. (2019). Evaluation of 
transient DsRED gene expression in oil palm embryogenic calli. Scientia 
Horticulturae, 257, 1–9.  

 
Goodrich, J. A. (2001). Promoters. In Encyclopedia of Genetics (pp. 1549–

1551).  
 
Gou, Y.-J., Li, Y.-L., Bin, P.-P., Wang, D.-J., Ma, Y.-Y., Hu, Y., Zhou, H.-C., 

Wen, Y.-Q., and Feng, J.-Y. (2020). Optimization of the protoplast 
transient expression system for gene functional studies in strawberry 
(Fragaria vesca). Plant Cell, Tissue and Organ Culture (PCTOC), 141, 
41–53. 

 
Green, M. R., and Sambrook, J. (2012). Molecular Cloning: Laboratory Manual 

(4th ed.). Cold Spring Harbor Laboratory Press. 
 
Gunadi, A., Dean, E. A., and Finer, J. J. (2019). Transient transformation using 

particle bombardment for gene expresssion analysis. In S. Kumar, P. 
Barone, and M. Smith (Eds.), Transgenic Plants. Methods in Molecular 
Biology (pp. 67–79). New York: Humana Press. 

 
Gunadi, A., Rushton, P. J., McHale, L. K., Gutek, A. H., and Finer, J. J. (2016). 

Characterization of 40 soybean (Glycine max) prmoters, isolated from 
across 5 thematic gene groups. Plant Cell, Tissue and Organ Culture, 
127(1), 145–160. 

 
Hamada, H., Liu, Y., Nagira, Y., Miki, R., Taoka, N., and Imai, R. (2018). 

Biolistic-delivery-based transient CRISPR/Cas9 expression enables in 
planta genome editing in wheat. Scientific Reports, 8(1), 1–7. 

 
Hanin, A. N., Parveez, G. K. A., Rasid, O. A. and Masani, M. Y. A. (2020). 

Biolistic-mediated oil palm transformation with alfalfa glucanase (AGLU1) 
and rice chitinase (RCH10) genes for increasing oil palm resistance 
towards Ganoderma boninense. Industrial Crops and Products., 144, 
112008. 

 
Hasseloff, J., Siemering, K. R., Prasher, D. C., and Hodge, S. (1997). Removal 

of a cryptic intron and subcellular localisation of green fluorescent protein 
are required to mark transgenic Arabidopsis plant brightly. Proceeding 
Natural Acadedmy of Science U.S.A., 94, 2122–2127. 

 
Hernandez-Garcia, C. M., and Finer, J. J. (2014). Identification and validation 

of promoters and cis-acting regulatory elements. Plant Science, 217, 109–
119. 

 
Higuera, J. J., Garrido-Gala, J., Lekhbou, A., Arjona-Girona, I., Amil-Ruiz, F., 

Mercado, J. A., Pliego-Alfaro, F., Munoz-Blanco, J., Lopez-Herrera, C. J., 
and Caballero, J. L. (2019). The strawberry FaWRKY1 transcription factor 
negatively regulates resistance to Colletotrichum acutatum in fruit upon 



© C
OPYRIG

HT U
PM

80 
 

infection. Frontiers in Plant Science, 10, 480. 
 
Huo, A., Chen, Z., Wang, P., Yang, L., Wang, G., Wang, D., Liao, S., Cheng, 

T., Chen, J., and Shi, J. (2017). Establishment of transient gene 
expression systems in protoplasts from Liriodendron hybrid mesophyll 
cells. PLoS ONE, 12(3), 1–14.  

 
Inoue, A., Mori, D., Minagawa, R., Fujii, Y., and Sasamoto, H. (2015). 

Allelopathy in a leguminous mangrove plant, Derris indica: Protoplast co-
culture bioassay and rotenone effect. Natural Product Communications, 
10(5), 747–750. 

 
Izawati, A. M. D., Masani, M. Y. A., Ismanizan, I., and Parveez, G. K. A. (2015). 

Evaluation on the effectiveness of 2-deoxyglucose-6-phosphate 
phosphatase (DOGR1) gene as a selectable marker for oil palm (Elaeis 
guineensis Jacq.) embryogenic calli transformation mediated by 
Agrobacterium tumefaciens. Plant Science, 6 (September 2015), 727. 

 
Izawati, A. M. D., Parveez, G. K. A., and Masani, M. Y. A. (2012). 

Transformation of Oil Palm Using Agrobacterium tumefaciens, In: Dunwell 
J., Wetten A. (eds) Transgenic Plants. Methods in Molecular Biology 
(Methods and Protocols), (pp. 177-188). New York: Humana Press.  

 
Jefferson, R. A., Burgess, S. M., and Hirsh, D. (1986). β-Glucuronidase from 

Escherichia coli as a gene-fusion marker. Proceeding Natural Acadedmy 
of Science U.S.A., 83(22), 8447–8451. 

 
Kativat, C., Poolsawat, O., and Tantasawat, P. A. (2012). Optimization of 

factors for efficient isolation of protoplasts in sunflower (Helianthus 
annuus L.). Australian Journal of Crop Science, 6(6), 1004–1010. 

 
Kushairi, A., Loh, S. K., Azman, I., Hishamuddin, E., Ong-Abdullah, M., 

Izuddin, Z. B. M. N., Razmah, G., Sundram, S., and Parveez, G. K. A. 
(2018). Oil Palm Economic Performance In Malaysia and R&D Progress 
in 2017. Journal of Oil Palm Research, 30(2), 163–195. 

 
Larkin, P. J. (1976). Purification and viability determinations of plant protoplast. 

Planta, 128(3), 213–216. 
 
Levy, A., El-Mochtar, C., Wang, C., Goodin, M., and Orbovic, V. (2018). A new 

toolset for protein expression and subcellular localization studies in citrus 
and its application to citrus tristeza virus proteins. Plant Methods, 14(1), 
1-11. 

 
Long, L., Guo, D.-D., Gao, W., Yang, W.-W., Hou, L.-P., Ma, X.-N., Miao, Y.-

C., Botella, J. R., and Song, C.-P. (2018). Optimization of CRISPR/Cas9 
genome editing in cotton by improved sgRNA expression. Plant Methods, 
14, 85. 

 
Low, E. T. L., Singh, R., Nookiah, R., Ong-Abdullah, M., Ooi, L. C. L., Lakey, 



© C
OPYRIG

HT U
PM

81 
 

N. D., Smith, S. W., Ordway, J. M., and Sambanthamurthi, R. (2016). New 
frontiers for the oil palm industry through genome technology. The Planter, 
92(1087), 701–710. 

 
Majid, N. A., and Parveez, G. K. A. (2007). Evaluation of green fluorescence 

protein (GFP) as a selectable marker for oil palm transformation via 
transient expression. Asia Pacific Journal of Molecular Biology and 
Biotechnology, 15, 1–8. 

 
Majid, N. A. and Parveez, G. K. A. (2016). Oil palm carrying gfp gene used as 

a visual selectable marker regeneration of transgenic oil palm carrying gfp 
gene used as a visual selectable marker. 28, 415–430. 

 
Manaf, M. A. A., Izawati, A. M. D., Zubaidah, R., Masani, M. Y. A., Safiza, M., 

Lim, F. H., Nurniwalis, A. W., Rasid, O. A., and Parveez, G. K. A. (2017). 
Biotechnology for diversification and improved resilience of the oil palm. 
The Planter, 93(1093), 237–249. 

 
Marx, V. (2016). Plants: a tool box of cell-based assays. Nature Methods, 

13(7), 551–554.  
 
Masani, M. Y. A. (2013). Development of a Protoplast-based Transformation 

System for Genetic Engineering of Oil Palm. RWTH Aachen University. 
 
Masani, M. Y. A., Izawati, A. M. D., Rasid, O. A., and Parveez, G. K. A. (2018). 

Biotechnology of oil palm: Current status of oil palm genetic 
transformation. Biocatalysis and Agricultural Biotechnology, 15, 335–347. 

 
Masani, M. Y. A., Noll, G. A., Parveez, G. K. A., Sambanthamurthi, R., and 

Prüfer, D. (2014). Efficient transformation of oil palm protoplasts by PEG-
mediated transfection and DNA microinjection. PLoS ONE, 9(5), 1–11.  

 
Masani, M. Y. A., Noll, G., Parveez, G. K. A., Sambanthamurthi, R., and Prüfer, 

D. (2013). Regeneration of viable oil palm plants from protoplasts by 
optimizing media components, growth regulators and cultivation 
procedures. Plant Science, 210, 118–127.  

 
Masura, S. S., Parveez, G. K. A., and Eng Ti, L. L. (2011). Isolation and 

characterization of an oil palm constitutive promoter derived from a 
translationally control tumor protein (TCTP) gene. Plant Physiology and 
Biochemistry, 49(7), 701–708. 

 
Masura, S. S., Parveez, G. K. A., and Ismail, I. (2010). Isolation and 

characterization of oil palm constitutive promoter derived from ubiquitin 
extension protein (uep1) gene. New Biotechnology, 27(4), 289–299. 

 
Masura, S. S., Parveez, G. K. A., and Rasid, O. A. (2019). Isolation of an oil 

palm constitutive promoter derived from ubiquitin extension protein (uep2) 
gene. Journal of Oil Palm Research, 31, 28–41. 

 



© C
OPYRIG

HT U
PM

82 
 

Masura, S. S., Tahir, N. I., Rasid, O. A. B. D., Ramli, U. M. I. S., Yunus, M. A. 
T., Masani, A., Kadir, G., and Parveez, A. (2017). Post-genomic 
technologies for the advancement of oil palm research. Journal of oil palm 
research, 29, 469–486. 

 
Nadzri, M. M. M., and Ahmad, A. (2016). Roller picker robot (ROPICOT 1.0) 

for loose fruit collection system. RPN Journal of Engineering and Applied 
Science, 11(14), 8983–8986. 

 
Nanjareddy, K., Arthikala, M.-K., Blanco, L., Arellano, E. S., and Lara, M. 

(2016). Protoplast isolation, transient transformation of leaf mesophyll 
protoplasts and improved Agrobacterium-mediated leaf disc infiltration of 
Phaseolus vulgaris: tools for rapid gene expression analysis. BMC 
Biotechnology, 16(1), 53. 

 
Negrutiu, I., Shillito, R., Potrykus, I., Biasini, G., and Sala, F. (1987). Hybrid 

Genes in the Analysis of Transformation Conditions. Plant Molecular 
Biology, 8, 363–373. 

 
Nietsch, J., Brügmann, T., Becker, D., and Fladung, M. (2017). Old methods 

rediscovered: application and improvement of two direct transformation 
methods to hybrid poplar (Populus tremula × P. alba). Plant Cell, Tissue 
and Organ Culture, 130(1), 183–196.  

 
Nishizawa, K., Kita, Y., Kitayama, M., and Ishimoto, M. (2006). A red 

fluorescent protein, DsRed2, as a visual reporter for transient expression 
and stable transformation in soybean. Plant Cell Reports, 25(12), 1355–
1361.  

 
Nonaka, S., Someya, T., Kadota, Y., Nakamura, K., and Ezura, H. (2019). 

Super Agrobacterium ver. 4: improving the transformation frequencies 
and genetic engineering possibilities for crop plants. Frontiers in Plant 
Science, 10, 1204. 

 
Nonaka, S., Someya, T., Zhou, S., Takayama, M., Nakamura, K., and Ezura, 

H. (2017). An Agrobacterium tumefaciens strain with gamma-
aminobutyric acid transaminase activity shows and enhanced genetic 
transformation ability in plants. Scientific Reports, 7, 42649. 

 
Ortín-Párraga, F., and Burgos, L. (2003). Isolation and culture of mesophyll 

protoplast from apricot. Journal of Horticultural Science and 
Biotechnology, 78(5), 624–628.  

 
Ortiz-Ramírez, C., Arevalo, E. D., Xu, X., Jackson, D. P., and Birnbaum, K. D. 

(2018). An Efficient Cell Sorting Protocol for Maize Protoplasts. Current 
Protocols in Plant Biology, 3(3), e20072.  

 
Page, M. T., Parry, M. A. J., and Carmo-Silva, E. (2019). A high-throughput 

transient expression system for rice. Plant Cell and Environment, 42(7), 
2057–2064.  



© C
OPYRIG

HT U
PM

83 
 

Parveez, G. K. A. (2000). Production of transgenic oil palm (Elais guineensis 
Jacq.) using biolistic techniques. In S. M. Jain and S. C. Minocha (Eds.), 
Molecular Biology of Woody Plants (vol. 66, pp. 327–350). Dordrecht: 
Springer. 

 
Parveez, G. K. A., Hishamuddin, E., Loh, S. K., Ong-Abdullah, M., Salleh, K. 

M., Bidin, M. N. I. Z., Sundram, S., Hasan, Z. A. A., and Idris, Z. (2020). 
Oil palm economic performance in Malaysia and r&d progress in 2019. 
Journal of Oil Palm Research, 32(2), 159–190. 

 
Parveez, G. K. A.  and Majid, N. A. (2008). Factors affecting green 

fluorescence protein (GFP) gene expression in oil palm after 
microprojectile bombardment. Journal of Palm Oil Research, 20, 4975-
507. 

 
Parveez, G. K. A., and Majid, N. A. (2018). Green fluorescent protein as a 

visual selection marker for oil palm transformation. Industrial Crops and 
Products, 115, 134–145. 

 
Parveez, G. K. A., Mohd Masri, M., Zainal, A., Abdul Majid, N., Masani, M. Y. 

A., Fadilah, H. H., Rasid, O., and Cheah, S.-C. (2000). Transgenic oil 
palm: production and projection. Biochemical Society Transactions, 28(6). 

 
Parveez, G. K. A., and Paul, C. (1998). Biolistic- mediated DNA delivery and 

isolation of transgenlc oil palm (Elaeis guineensis Jacq.) embryogenic 
callus cultures. Journal of Oil Palm Research, 10(2), 29–38. 

 
Parveez, G. K. A., Rasid, O. A., Masani, M. Y. A., and Sambanthamurthi, R. 

(2015). Biotechnology of oil palm: strategies towards manipulation of lipid 
content and composition. Plant Cell Reports, 34, 533–543. 

 
Potenza, C., Aleman, L., and Sengupta-Gopalan, C. (2004). Targetting 

transgene expression in research, agricultural, and environmental 
applications: Promoters used in plant transformation. In Vitro Cellular and 
Developmental Biology - Plant, 40, 1–22. 

 
Potrykus, I., and Raymond D. Shilito. (1986). Protoplasts: Isolation, culture, 

plant regeneration. Methods in Enzymology, 118, 549-578.  
 
Power, J. B., and Cocking, E. (1970). Isolation of leaf protoplasts: 

Macromolecule uptake and growth substance response. Journal of 
Experimental Botany, 21(66), 64–70. 

 
Ramli, U. S., Lau, B. Y. C., Tahir, N. I., Syahanim, S., Hassan, H., Nurazah, 

Z., Roazali, N. L., Dzulkafli, S. B., Nur’ain, M. I., and Abrizah, O. (2016). 
Proteomics and metabolomics: spearheading oil palm improvement and 
sustainability. The Planter, 92(1087), 727–737. 

 
Ren, R., Gao, J., Lu, C., Wei, Y., Jin, J., Wong, S.-M., Zhu, G., and Yang, F. 

(2020). Highly efficient protoplast isolation and transient expression 



© C
OPYRIG

HT U
PM

84 
 

system for functional characterization of flowering related genes in 
Cymbidium orchids. International Journal of Molecular Sciences, 21(7), 
2264. 

 
Roa-Rodriguez, C. (2003). Promoters used to regulate gene expression. 

CAMBIA. 
 
Roberts, A. W., Dimos, C. S., Budziszek, M. J., Goss, C. A., and Lai, V. (2011). 

Knocking out the wall: protocols for gene targeting in Physcomitrella 
paatens. Methods in Molecular Biology, 715, 273–290. 

 
Saha, P., and Blumwald, E. (2016). Spike-dip transformation of Setaria viridis. 

The Plant Journal, 1, 89–101. 
 
Sahab, S., Hayden, M. J., Mason, J., and Spangenberg, G. (2019). Mesophyll 

protoplasts and PEG-mediated transfections: Transient assays and 
generation of stable transgenic canola plants. In S. Kumar, P. Barone, M. 
Smith (Eds) Methods in Molecular Biology (Vol. 1864). New York: 
Humana Press. 

 
Sambanthamurthi, R., Parman, S. H., and Noor, M. R. M. (1996). Oil palm 

(Elaeis guineensis) protoplasts: Isolation, culture and microcallus 
formation. Plant Cell, Tissue and Organ Culture, 46(1), 35–41.  

 
Shaner, N. C., Campbell, R. E., Steinbach, P. A., Giepmans, B. N. G., Palmer, 

A. E., and Tsien, R. Y. (2004). Improved monomeric red, orange and 
yellow fluorescent proteins derived from Discosoma sp. red fluorescent 
protein. Nature Biotechnology, 22, 1567–1572. 

 
Sharmila, A., Alimon, A. R., Azhar, K., Noor, H. M., and Samsudin, A. A. 

(2014). Improving Nutritional Values of Palm Kernel Cake (PKC) as 
Poultry Feeds: A Review. Malaysian Society of Animal Production, 17(1), 
1–18. 

 
Shillito, R. D., Saul, M. W., Paszkowski, J., Muller, M., and Potrykus, I. (1985). 

High Efficiency direct gene transfer to plants. Bio/Technology, 3, 1099–
1103. 

 
Singh, R., Ong-Abdullah, M., Low, E.-T. L., Manaf, M. A. A., Rosli, R., Nookiah, 

R., Ooi, L. C.-L., Ooi, S., Chan, K.-L., Halim, M. A., Azizi, N., Nagappan, 
J., Bacher, B., Lakey, N., Smith, S. W., He, D., Hogan, M., Budiman, M. 
A., Lee, E. K., DeSalle, R., Kudrna, D., Goichoechea, J. L., Wing, R. A., 
Wilson, R. K., Fulton, R. S., Ordway, J. M., Martienssen, R. A. and 
Sambanthamurthi, R. (2013). Oil palm genome sequence reveals 
divergence of interfertile species in Old and New worlds. Nature, 
500(7462), 335–339.  

 
Siti Nor Akmar, A., Cheah, S. C., and Nurniwalis, A. W. (2014). U.S. Patent 

No. 8,791,330. Washington, DC: U.S. Patent and Trademark Office. 
 



© C
OPYRIG

HT U
PM

85 
 

Siti Nor Akmar, A., and Zubaidah, R. (2008). Mesocarp-specific 
metallothionein-like gene promoter for genetic engineering of oil palm. 
Journal of Oil Palm Research, 2, 1–8. 

 
Sun, B., Zhang, F., Xiao, N., Jiang, M., Yuan, Q., Xue, S., Miao, H., Chen, Q., 

Li, M., Wang, X., Wang, Q., and Tang, H. (2018). An efficient mesophyll 
protoplast isolation, purification and PEG-mediated transient gene 
expression for subcellular localization in Chinese kale. Scientia 
Horticulturae, 241, 187–193.  

 
Sun, H., Lang, Z., Zhu, L., and Huang, D. (2013). Optimized condition for 

protoplast isolation from maize, wheat and rice leaves. Chinese Journal 
of Biotechnology, 29(2), 224–234. 

 
Sun, L., Alariqi, M., Zhu, Y., Li, J., Li, Z., Wang, Q., Li, Y., Rui, H., Zhang, X., 

and Jin, S. (2018). Red fluorescent protein (DsRED2), an ideal reporter 
for cotton genetic transformation and molecular breeding. The Crop 
Journal, 6(4), 366–376. 

 
Sundram, K., Sambanthamurthi, R., and Tan, Y. A. (2003). Palm fruit 

chemistry and nutrition. Asia Pacific Journal of Clinical Nutrition, 12(3), 
355–362. 

 
Sutiojono, E., Nonhebel, H. M., and Kantharajah, A. S. (1998). Factors 

affecting protoplast culture of Cucumis melo “Green Delica.” Annals of 
Botany, 81, 775–777. 

 
Takebe, I., Otsuki, Y., and Aoki, S. (1968). Isolation of tobacco mesophyll cells 

in intact and active state. Plant and Cell Physiology, 9(1), 115–124. 
 
Vyacheslavova, A. O., Berdichevets, I. N., Tyurin, A. A., Mustafaev, O. N., and 

Pavlova, I. V. G. (2012). Expression of heterologous genes in plant 
systems : New possibilities. Russian Journal of Genetics, 48(11), 1067–
1079.  

 
Wahara, M., Inoue, C., Kohguchi, T., Sugai, K., Kobayashi, K., Nishiguchi, M., 

Yamaoka, N., and Yaeno, T. (2017). Improved method for in situ biolistic 
transformation to analyze barley-powdery mildew interactions. Fungal 
Diseases, 83, 140–146. 

 
Wang, Y., Wu, J., Kim, S. G., Yoo, J. S., Gupta, R., Je, B. I., Jeon, J. S., Jung, 

K. H., Kim, Y. J., Kang, K. Y., and Kim, S. T. (2020). A modified transient 
gene expression protocol for subscellular protein localization analysis in 
rice. Plant Biotechnology Reports, 14, 131–138. 

 
Wu, F. -H., Shen, C. -C., Lee, L. -Y., Lee, S. -H., Chan, M. -T. and Lin, C. -S. 

(2009). Tape-Arabidopsis sandwich - a simpler Arabidopsis protoplast 
isolation method. Plant Methods, 5, 16.  

 
Wu, F. and Hanzawa, Y. (2018). A simple method for isolation of soybean 



© C
OPYRIG

HT U
PM

86 
 

protoplasts and application to transient gene expression analyses. Journal 
of Visualized Experiments, 2018(131).  

 
Wu, J. Z., Liu, Q., Geng, X. S., Li, K. M., Luo, L. J., and Liu, J. P. (2017). Highly 

efficient mesophyll protoplast isolation and PEG-mediated transient gene 
expression for rapid and large-scale gene characterization in cassava 
(Manihot esculenta Crantz). BMC Biotechnology, 17(1), 1–8.  

 
Wu, T.-M., Lin, K.-C., Liau, W.-S., Chao, Y.-Y., Tang, L.-H., Chen, S.-Y., Lu, 

C.-A., and Hong, C.-Y. (2016). A set of GFP-based organelle marker lines 
combined with DsRED-based gateway vectors for subcellular localization 
study in rice (Oryza sativa L.). Plant Molecular Biology, 1–2(107–115). 

 
Xiao, K., Zhang, C., Harrison, M., and Wang, Z. Y. (2005). Isolation and 

characterization of a novel plant promoter that directs strong constitutive 
expression of transgenes in plants. Molecular Breeding, 15(2), 221–231. 

 
Yaakub, Z., and Husri, M. N. (2018). Designing the oil palm of the future. 

Journal of Oil Palm Research. 29(4), 440-455. 
 
Yang, J., Wang, X., Hasi, H., and Wang, Z. (2018). Structural and functional 

analysis of bidirectional promoter from Gossypium hirsutum in 
Arabidopsis. International Journal of Molecular Sciences, 19(11), 3291. 

 
Yang, S., Hu, Y., Cheng, Z., Rice, J. H., Miao, L., Ma, J., Hewezi, T., Li, Y., 

and Gai, J. (2019). An efficient Agrobacterium-mediated soybean 
transformation method using green fluorescent protein as a selectable 
marker. Plant Signalling and Behaviour, 14(7), 1612682. 

 
Yarra, R., Jin, L., Zhao, Z., and Cao, H. (2019). Progress in tissue culture and 

genetic transformation of oil palm: An overview. International Journal of 
Molecular Sciences, 20(21), 5353. 

 
Yoo, S. D., Cho, Y. H., and Sheen, J. (2007). Arabidopsis mesophyll 

protoplasts: A versatile cell system for transient gene expression analysis. 
Nature Protocols, 2(7), 1565–1572.  

 
Zeng, H., Xie, Y., Liu, G., Wei, Y., Hu, W., and Shi, H. (2019). Agrobacterium-

mediated gene transient overexpression and Tobacco Rattle Virus (TRV)- 
based gene silencing in cassava. International Journal of Molecular 
Sciences, 20(16), 3976. 

 
Zhang, Q., Walawage, S. L., Tricoli, D. M., Dandekar, A. M., and Leslie, C. A. 

(2015). A red fluorescent protein (DsRED) from Discosoma sp. as a 
reporter for gene expression in walnut somatic embryos. Plant Cell 
Reports, 34, 861–869. 

 
Zhou, M. Y., and Gomez-Sanchez, C. E. (2000). Universal TA cloning. Current 

Issues in Molecular Biology, 2(1), 1-7. 
 



© C
OPYRIG

HT U
PM

87 
 

Zimmer, Y. (2010). Competitiveness of rapeseed, soybeans and palm oil. 
Journal of Oilseed Brassica, 1(2), 84–90. 

 
Zubaidah, R., Nurniwalis, A. W., Chan, P. L., Siti Masura, S., Siti Nor Akmar, 

A., and Parveez, G. K. A. (2018). Tissue-specific promoters : the 
importance and potential application for genetic engineering in oil palm. 
Journal of Oil Palm Research, 30, 1–12. 

 
Zubaidah, R., and Siti Nor Akmar, A. (2010). Functional characterization of the 

oil palm type 3 metallothionein-like gene (MT3-B). Plant Molecular 
Biology, 28, 531–541. 

 
  



© C
OPYRIG

HT U
PM

117 

BIODATA OF STUDENT

Mohd Al Akmarul Fizree bin MD Piji was born in Tg Karang, Selangor. He 
received her early kindergarten education in Klang, primary education at S.K. 
Klang from 1996-2000 and S.K. Bukit Beruntung from 2000 onward. He 
continued his secondary education at S.M. Sains Selangor from 2002-2006.

He then pursued his study with Diploma in Microbiology at UITM Shah Alam 
from 2008-2011. He was then given a chance to further his undergraduate 
study in Bachelor of Science, majoring in Biotechnology and Management with 
Honours from 2011 to 2014. His final year project was Identification and 
Cloning of Riboswitches from Burkholderia pseudomallei under the 
supervision of Assoc. Prof. Dr. Firdaus Raih from Faculty of Science and 
Technology, UKM.

He was allowed to pursue his Master program at the Department of 
Biochemistry, Faculty of Biotechnology and Biomolecular Sciences, Universiti 
Putra Malaysia (UPM), in 2017 while working as a research officer at 
Malaysian Palm Oil Board. He is a recipient of Tawaran Kemudahan Latihan 
MPOB. During his post-graduate program, he actively participated in the 
international conference as a poster presenter, international symposium, 
workshops, and seminars. He has published a manuscript in Scientia 
Horticulturae entitled Evaluation of DsRED Expression in Oil Palm 
Embryogenic Calli. While performing his duty as a research officer and further 
his study at the same time, he was also awarded with Anugerah Perkhidmatan 
Cemerlang and Anugerah Khas Ketua Pengarah (organizing PIPOC 2019) at 
Majlis Penyampaian Anugerah Dalaman MPOB 2019 (ADaM). 



© C
OPYRIG

HT U
PM

118 

LIST OF PUBLICATIONS

Indexed Refereed Journal

Fizree, P. M. A. A., Shaharuddin, N. A., Ho, C. L., Manaf, M. A. A., 
Parveez, G. K. A., and Masani, M. Y. A. (2021). Efficient protocol 
improved the yield and viability of oil palm protoplast isolated 
from in vitro leaf and mesocarp. Scientia Horticulturae.

Fizree, P. M. A. A., Shaharuddin, N. A., Ho, C. L., Masura, S. S., Manaf, 
M. A. A., Ahmad Parveez, G. K. A., and Masani, M. Y. A. (2019). 
Evaluation of transient DsRED gene expression in oil palm 
embryogenic calli. Scientia Horticulturae, 257, 1–9.

Poster/ Conference Proceeding

Fizree, M. P. M. A. A., Shaharuddin, N. A., Ho, C. -L., Manaf, M. A. A., 
Parveez, G. K. A., and Masani, M. Y. A. (2021). Optimization of 
protoplast isolation from oil palm in vitro-derived leaf and 
mesocarp. 4th International Conference on Molecular Biology & 
Biotechnology (ICMBB2021). Kuala Lumpur, Malaysia: 
Malaysian Society for Molecular Biology and Biotechnology.

Fizree, MPMAA., Shaharuddin, NA., Ho, C-L., Manaf, MAA., Parveez, 
GKA., and Masani, MYA. (2019). Optimization of oil palm 
protoplast transformation via PEG-mediated method. PIPOC19 
International Palm Oil Congress. Kuala Lumpur, Malaysia: 
Malaysian Palm Oil Board.

Fizree, MPMAA., Masani, MYA., Shaharuddin, NA., Chai-Ling, H., 
Manaf, MAA., and Parveez, GKA. (2018). Optimization of 
parameters affecting the mesophyll protoplast isolation from oil 
palm in vitro leaf. The 14th International Symposium on 
Biocatalysis and Agricultural Biotechnology. Kuala Lumpur, 
Malaysia: Malaysian Palm Oil Board and International Society of 
Biocatalysis and Agricultural Biotechnology.

Fizree, MPMAA., Masani, MYA., Shaharuddin, NA., Chai-Ling, H., 
Manaf, MAA., and Parveez, GKA. (2018). Isolation of Mesophyll 
Protoplast from Oil Palm In Vitro Leaf. 5th Plant Genomics & 
Gene Editing Congress: Asia. Bangkok, Thailand: Global 
Engage.

Fizree, MPMAA., Masani, MYA., Shaharuddin, NA., Yazid, N., Zariman, 
H., Subhi, SM., & Parveez, GKA. (2017) PEG-mediated Tobacco 
Protoplasts Transformation with DsRED Gene Driven by Oil 
Palm Constitutive and Tissue Specific Promoter. 12th Malaysia 
International Genetic Congress. Kuala Lumpur, Malaysia: 
Genetics Society of Malaysia.



© C
OPYRIG

HT U
PM

119 

Fizree, MPMAA., Masani, MYA., Yazid, N., Zariman, H., Subhi, SM., & 
Parveez, GKA. (2017). Evaluation of Red Fluorescent Protein 
(DsRED) as Visual Reporter Gene in Oil Palm Embryogenic 
Calli, PIPOC2017 International Palm Oil Congress. Kuala 
Lumpur, Malaysia: Malaysian Palm Oil Board.



© C
OPYRIG

HT U
PM

 
 

UNIVERSITI PUTRA MALAYSIA

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT
AND COPYRIGHT

ACADEMIC SESSION : ________________

TITLE OF THESIS / PROJECT REPORT :

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________   

NAME OF STUDENT :   

__________________________________________________

I acknowledge that the copyright and other intellectual property in the 

thesis/project report belonged to Universiti Putra Malaysia and I agree to allow 

this thesis/project report to be placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for 

educational purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this 
thesis for academic   exchange. 

I declare that this thesis is classified as:

*Please tick (√ )

CONFIDENTIAL (Contain confidential information under Official 
Secret Act 1972).

RESTRICTED (Contains restricted information as specified 
by the organization/institution where research 
was done).

OPEN ACCESS I agree that my thesis/project report to be 
published as hard copy or online open access. 

SECOND SEMESTER 2020/2021

OPTIMIZATION OF OIL PALM PROTOPLAST ISOLATION AND 

TRANSFORMATION METHOD FOR TRANSIENT EXPRESSION 
ASSAYS USING DsRED REPORTER GENE

MOHD AL AKMARUL FIZREE BIN MD PIJI




