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Abstract
The improvement of the yield and quality of oil palm via precise genome editing has been indispensable goal for oil palm 
breeders. Genome editing via the CRISPR/Cas9 (CRISPR-associated protein 9) system, ZFN (zinc finger nucleases) and 
TALEN (transcription activator-like effector nucleases) has flourished as an efficient technology for precise target modi-
fications in the genomes of various crops. Among the genome editing technologies, base editing approach has emerged 
as novel technology that could generate single base changes i.e. irreversible conversion of one target base in to other in a 
programmable manner. A base editor (adenine or cytosine) is a fusion of catalytically inactive CRISPR–Cas9 domain (Cas9 
variants) and cytosine or adenosine deaminase domain that introduces desired point mutations. However, till date no such 
genetic modifications have ever been developed in oil palm via base editing technology. Precise genome editing via base 
editing approach can be a challenging task in oil palm due to its complex genome as well as difficulties in tissue culture and 
genetic transformation methods. However, availability of whole genome sequencing data in oil palm provides a platform 
for developing the base editing technology. Here, we briefly review the potential application and future implications of base 
editing technology for the genetic improvement of oil palm
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Introduction

Oil palm (Elaeis guineensis, Jacq.) is the most productive 
oil crop that alone contribute higher proportion of vegetable 
oil production globally (Barcelos et al. 2015; Corley 2009). 
To the emerging needs of vegetable oil in the food and 
fuel industries, it’s mandatory to produce high oil yielding 
varieties of oil palm with tailored oil composition. Genetic 
improvement of oil palm with a tailored oil composition 
is possible with the help of modern genomic tools (Yarra 
et al. 2019; Masani et al. 2018). Availability of oil palm 
genome sequencing enabling us for the genetic improvement 
of oil palm (Singh et al. 2013). The genome editing tools 
such as zinc finger nucleases (ZFNs), transcription activa-
tor-like effector nucleases (TALENs), clustered regularly 

interspaced short palindromic repeats (CRISPR) along with 
Cas9 and base editors have revolutionized in precise editing 
of various plant genomes (Qin et al. 2019; Veillet et al. 2019; 
Ren et al. 2018; Zong et al. 2017; Shimatani et al. 2017). 
Among the GE tools, base editing tool has emerged as novel 
platform for efficient and precise genome modifications at 
target sites in plant genome (Mishra et al. 2020; Bharat et al. 
2019). It represents new aspect of CRISPR/Cas mediated 
precise genome editing at targeted sites by generating single 
nucleotide changes in DNA or RNA without creating dou-
ble strand breaks (DSBs) and homology directed mediated 
repair (HDR) (Molla et al. 2019; Eid et al. 2018; Komor 
et al. 2016). Additionally, very low rates of indel forma-
tion with high editing efficiency can be achieved through 
base editing technology (Mishra et al. 2020; Bharat et al. 
2019; Chen et al. 2019; Eid et al. 2018). Base editing plat-
forms mainly consisting of a modified Cas9 variants such as 
dCas9 or Cas9 nickase fused with a cytosine or adenosine 
deaminases for precise gene editing (Fig. 1). Two types of 
base editors (adenine BE or cytidine BE) are widely used in 
base editing approach. The base editors are chimeric pro-
teins composed of a DNA targeting module and a catalytic 
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domain, capable of deaminating a cytidine or adenine base. 
Adenine base editors (ABE) converts A into G, or A–T into 
G–C, where as cytidine base editors (CBE) converts cytosine 
into uracil (Fig. 1). These two base editing systems (ABEs 
and CBEs) are widely employed in precise genome editing 
in various plants (Mishra et al. 2020; Bharat et al. 2019; 
Eid et al. 2018). Thus single guide RNA (sgRNA) associ-
ated with the ncas9 or dCas9/deaminase fusion targets to the 
desired region and then permits the deamination on the non-
complementary strand (Eid et al. 2018). This programmable 
genome modification via base editing in oil palm holds great 
promise in crop improvement.

Though base-editing approach is an advanced genome 
editing tool with high sensitivity and precision, there are 
still many aspects and challenges that should be overcome 
before accepting its efficacy in genome editing. The major 
limitations of this technology are concerned with specific 
PAM sequence requirement, size of catalytic window and 
off-target editing (Mishra et al. 2020). To extend the com-
patibility of PAM sequence, several base editors (ABEs and 
CBEs) with Cas9 variants have been developed to recognize 
different PAM motifs (Mishra et al. 2020). The wide window 
(~ 4–5 nucleotides) activity of base editors is a major limita-
tion for obtaining high editing efficiency. Though attempts 
have been made to generate base editors with narrow cata-
lytic window, still more efforts are needed for generating 
high precision base editors that can edit precisely with in 
the catalytic window (Mishra et al. 2020). Off-target editing 
is also one of the constraints in base editing approach. Off 
target activities are mostly caused by CBEs and occurs when 
additional cytosines proximal to the target base gets edited. 

Off-targets can be minimized by optimizing the deaminase 
domain, UGI components and with improved variants of 
base editors (Mishra et al. 2020).

Till date, no genome editing tools have been exploited or 
reported for the genetic improvement of oil palm. Though 
tissue culture and genetic transformation methodologies 
were well established for oil palm, little progress has been 
achieved for the genetic improvement. For the sustainability 
of oil palm with high yield varieties, it is imperative to apply 
the novel genomic tools for genome editing of oil palm. This 
can be achieved with the help of genome editing technolo-
gies such as CRISPR/Cas9 or base editing approaches. Espe-
cially, base editing application for the genetic improvement 
of oil palm will pave the way for genome editing of other 
palm crops.

Proposed base editing strategy in oil palm

The success of base editing technology is associated with 
the different platforms such as well-established transforma-
tion methods and construction of base editor vectors with 
sgRNA, appropriate Cas9 variants that recognize different 
PAM sequence and deaminases(cytidine deaminase or aden-
osine deaminase) (Fig. 2). Here we propose the strategy for 
base editing in oil palm.

Somatic embryogenesis

A reliable, amenable and efficient genetic transformation 
methods are essential for genome editing of plants. Somatic 

Fig. 1   CRISPR/Cas mediated 
base editing mechanism. A cata-
lytically inactive Cas9 (dCas9) 
fused to adenosine or cytidine 
deaminase domain, guided by a 
sgRNA to generate single‐base 
substitutions without double‐
stranded breaks (DSBs) in the 
DNA. The cytidine deaminase 
catalyzes the deamination 
of cytosine (C) and converts 
cytosine (C) to thymine (T) 
at the target site. The adeno-
sine deaminase catalyzes the 
deamination of adenine (A) and 
converts adenine (A) to guanine 
(G) at the target site. ABE, 
adenosine base editor; CBE, 
cytidine base editor
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embryogenesis is the extensively used and well established 
method for genetic transformation of oil palm (Yarra et al. 
2019; Masani et al. 2018). Embryogenic callus induced from 
choice of explants can be used as a target tissue in base edit-
ing of oil palm.

Construction of base editor vector sgRNA design 
and online tools

Primary requirement for the successful base editing is the 
suitable sgRNA sequences for targeting site in the genome. 
For designing guide RNAs, particular requirements should 
be taken in to consideration such as off target activity, opti-
mal activities for DNA modifying and PAM sequences. 
Various online tools such as BE-Designer (https​://www.
rgeno​me.net/be-desig​ner/), beeditor (https​://pypi.org/proje​
ct/beedi​tor/) and benchling (https​://bench​ling.com) are cur-
rently employing to design sgRNAs for CRISPR base edi-
tors (Dandage et al. 2019; Hwang et al. 2018). These tools 
provide a list of potential sgRNAs from a given input target 
DNA sequence along with editable sequences in a target 
window, relative target positions, GC content, and potential 
off-target sites.

Selection of Cas9 variant with different PAM 
and deaminase

Selection of Cas9 variant with specific PAM is required for 
efficient and precise base editing at targeted site. Currently 

available Cas9 variants with specific PAM sequences are 
SpCas9 (5′-NGG-3′), SpCas9-VQR (5′-NGAN-3′), SpCas9-
EQR (5′-NGAG-3′), SpCas9-VRER (5′-NGCG-3′), xCas9 
3.7 (TLIKDIV SpCas9; 5′-NGR-3′ and 5′-NG-3′), StCas9 
(5′-NNAGAAW-3′), CjCas9 (5′-NNNVRYAC-3′), SaCas9 
(5′-NNGRRT-’3) and, SaCas9-KKH (5′-NNNRRT-’3). 
Proper selection and fusion of either cytidine deaminase or 
adenine deaminase with Cas9 variants is important to con-
vert one base to another base at targeted region.

CRISPR/Cas9 deaminase vector construction 
and delivery

Designed guide RNA should be cloned into the gRNA 
expression vector with Cas9 protein compatible to our host 
system. Then the base editor vector can be constructed 
by cloning sgRNA expression cassette and CRISPR/Cas9 
-deaminase fusion (cytidine or adenine deaminases) cassette 
into a suitable vector. Till date, various cytidine deaminases 
(APOBEC, APOBEC1, pmCDA1 and human AID) or ade-
nine deaminases (ecTadA) have been successfully utilized 
in base editing of various plants. These deaminases can be 
used in oil palm base editing. Subsequently, the base editor 
vector consisting of gRNA expression cassette and CRISPR/
Cas9-deaminase fusion cassette will be transformed to suit-
able target tissue (Embryogenic callus) via Agrobacterium or 
particle bombardment mediated method as genetic transfor-
mation methods were well established in oil palm (Masani 
et al. 2018; Yarra et al. 2019; Parveez 2000; Parveez et al. 

Fig. 2   Base editing technology 
strategy in oil palm. Suitable 
base editor vector is constructed 
by cloning both gRNA expres-
sion cassette and CRISPR/
Cas9 adenosine or cytidine 
deaminase fusion cassette. Base 
editor construct will be further 
transformed to embryogenic 
calli of oil palm followed by 
selection, regeneration, and 
mutant identification by sanger 
or deep sequencing

https://www.rgenome.net/be-designer/
https://www.rgenome.net/be-designer/
https://pypi.org/project/beeditor/
https://pypi.org/project/beeditor/
https://benchling.com
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2015; Izawati et al. 2012, 2015; Bahariah et al. 2013; Masli 
et al. 2009). Transformed embryogenic calli can be further 
cultured on selection, regeneration medium to regenerate 
the base edited plants.

Detection of on‑target mutations

Base edited oil palm plants with single base conversions at 
targeted regions can be analyzed by T7E1, PCR-RE assay, 
sanger sequencing and deep sequencing. As T7E1 and PCR-
RE assays are depending on the endonucleases and PCR 
technology, it’s difficult to detect single base changes at tar-
geted region. Due to high sensitivity and precision, sanger 
and deep sequencing methods are the reliable to analyze the 
results of base editing. However, deep sequencing is very 
reliable with high throughput and inexpensive compared 
to sanger sequencing method. Base conversion ratios can 
be calculated by uploading the targeted deep sequencing 
data into the BE-analyzer tool (https​://www.rgeno​me.net/
be-analy​zer/).

Advantages and prospective genes for base 
editing in oil palm

Employing traditional breeding approaches to introduce 
desired trait in the crops with polyploidy nature of genomes 
like oil palm is time consuming and laborious. Moreover, 
conventional breeding approach takes 10–12 years to release 
an improved oil palm variety. Enhancing the palm oil pro-
duction via modifying the metabolic pathways is impos-
sible through conventional breeding strategy. But it can 
be achieved to some extent by over-expressing the genes 
through transgenic approach. Now with the genome editing 
technology like base editing, these hindrances can be over-
come with fruitful progress. Base editing (BE) is a potent 
genome editing tool that harnesses Cas9-mediated gene tar-
geting to induce specific point mutations in DNA or RNA. 
Various important traits in plants are mostly conferred by 
SNPs in their genome and base editing tool plays an essen-
tial function in correcting those point mutations for trait 
improvement. Many SNP trait associations have been iden-
tified in oil palm (Astorkia et al. 2020; Babu et al. 2019a, b; 
Xia et al. 2018, 2019; Teh et al. 2016) and cytosine, adenine 
base editors can be employed to edit specific genes conferred 
by SNPs in oil palm plants. The base editing approach can 
be utilized to develop disease resistant plants against vari-
ous pathogens by modifying the target regions in genome 
(Mushtaq et al. 2019).The major disease that affects signifi-
cant losses in oil palm yield is the basal stem rot caused by 
the fungal pathogen Ganoderma boninense (Barcelos et al. 
2015; Rees et al. 2009). This novel genome editing technol-
ogy solves this problem by editing single bases in genes 

or transcription factors that negatively regulating resistance 
against this fungal pathogen.

Abiotic stresses such as cold, high temperature are the 
major constraints for edible oil production and expected to 
exacerbate with anticipated climate change (Xiao et al. 2017; 
Murugesan et al. 2017). Especially, low temperature causes 
yellowing and withering of young leaves and flowers in oil 
palm. Various EgWRKY, DREB1, EgRBP42, EgEREBP and 
EgNAC genes were identified and characterized in oil palm 
under different abiotic stresses (Xiao et al. 2017; Azzeme 
et al. 2017; Yeap et al. 2012, 2019; Omidvar et al. 2013). 
Base editing tool can be applied to edit endogenous WRKY 
DREB1, RBP42, EREBP and NAC genes for developing 
stress tolerant oil palm plants.

Being oil palm is the most oil yielding crop, it is impor-
tant to elucidate the genes that are responsible the biosynthe-
sis of oil. Till date, very few genes related to oil yield have 
been characterized in oil palm (Nakkaew et al. 2013; Zheng 
et al. 2018). Among them, wrinkled1(wrl1) transcriptional 
factor is essential for the transcriptional control of plant oil 
biosynthetic pathways and its function has been validated 
in many plants including oil palm(Kong et al. 2019; Yeap 
et al. 2017; Bourgis et al. 2011). Yeap et al. (2017) reported 
that novel regulators such as EgNF-YA3, EgNF-YC2, and 
EgABI5 specifically bind to the EgWRI1 promoter and acti-
vate EgWRI1 expression. With the help of base editing tech-
nology, it’s possible to change the precise base changes at the 
binding sites to elucidate the exact function and unlock the 
oil yield related expression at transcription level in oil palm. 
Another important gene EgGDSL, associated with the oil 
content has been characterized (Zhang et al. 2018) and will 
be a potent gene to target through base editing technology.

The complexities in a polyploid genome 
and challenges ahead

The oil palm has huge genome size about 1.8 GB with hap-
loid chromosome number of 16. Though various biotechno-
logical tools have been employed for the genetic improve-
ment of oil palm, still many efforts and novel technologies 
are needed for improving yield related traits in oil palm. 
Oil palm is recalcitrant for both forward and reverse genetic 
studies due to its large complex genome, high ploidy and 
high proportion of repetitive DNA.

One of the vital necessities for base editing technology 
is the ease availability of functional genomic resources for 
designing gRNAs for precise editing at target regions. Espe-
cially, scientists working on this important oil crop require 
sound knowledge in designing sgRNAs and use of specific 
base editors for precise and efficient editing. Moreover, 
the transcriptomic and EST data is not available or limited 
and many of the important agronomic trait genes yet to 

https://www.rgenome.net/be-analyzer/
https://www.rgenome.net/be-analyzer/
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be identified (Chan et al. 2017). Base editing technology 
requires specific Cas9 variants regulated by highly efficient 
promoters. Its also a big challenge to select the promoters 
for highly efficient genome editing in oil palm. Evaluating 
the efficacy of base editor for precise editing in oil palm is 
also one of the major hurdles to achieve the base editing in 
oil palm.

Base editing technology utilizes the range of plant trans-
formation methods such as protoplast transformation, agro-
infiltration and stable transformation. Transient expression 
methods are not well established and unsuccessful in oil 
palm. Though, Agrobacterium and particle bombardment 
mediated method of transformations are well established, 
they are laborious and time consuming. The frequency of 
obtaining base edited plants is very low and needs more 
transgenics to analyze the edited events. Obtaining more 
number of oil palm transgenics is difficult. For achieving 
high regeneration efficiency in base editing technology, oil 
palm plants transformed with EgSERK1 (Lee et al. 2019) 
can be used as a mother plants for base editing technology.

Due to the complexities in polyploidy genome of oil 
palm, multiple gRNAs can be designed to edit the genome 
via base editing technology. Therefore, experts in bioinfor-
matics are needed to develop the web based tools for target-
ing the specific copy or homologous copies. Another chal-
lenge ahead is to screen the base edited plants with edited 
events at target regions. Oil palm mutant identification by 
T7E1, PCR-RE assays, sanger sequencing is expensive and 
sensitive. More methods for screening base edited plants are 
needed to be explored in future.

However, scientist should also think about the GM regu-
lations before producing the base edited plants. This genome 
editing technology also raise the serious concerns regarding 
ecological imbalance due to introduction of genome edited 
plants. Nevertheless, base editing approach is well estab-
lished in various important food crops like rice, wheat and 
tomato and can be useful to obtain high yield varieties of oil 
palm. Though, none of this genetically modified food plants 
is accepted for general consumption in food chain.

Conclusion and future prospectives

Base editing is a novel technology in biological research that 
converts one base to another base. However base editing has 
been successfully applied for rice and wheat crop improve-
ment, still its application to various crops is in infancy stage. 
Various Cas9 variants and base editors generated so far can 
be utilized to apply this technology to the important crops 
like oil palm. Further improvement of base editing technol-
ogy with various base editors will show a path to edit the 
genome of oil palm with improved traits in near future. This 

GE platform paves the way for remarkable changes in oil 
palm industry.
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