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Abstract

Genome editing through cisgenesis develops
into scientific breakthroughs in accelerating oil palm
breeding programs. However, one remaining
problem is the low success of transformed calli
regeneration, while its scientific explanation is still
underexplored. This study aimed to characterize and
regenerate transformed calli using various amino
acids and antioxidants. Transformed callus that did
not regenerate (un-regenerated transformed callus or
UTC) after the transformation process was taken,
then T-DNA integration was detected using the
NPTII gene. Furthermore, the UTC was divided into
four types based on morphological characteristics.
The four types of UTCs were regenerated on media
enriched with glutamine (for Type-1 callus),
cysteine and putrescine (for Type-2 callus), and a
combination of cysteine and ascorbic acid (for Type-
3 and Type-4 callus). The research results obtained
NPTII successfully amplified with a band size of
700bp. The results showed that on Type-1 callus,
enrichment media with 10 mg L' L-glutamine could
induce the formation of new nodular structures on
UTC Type-1. On Type-2, media enriched with
5 mg L' L-cysteine + 20 mg L' putrescine increased
the density of callus structures. Media enriched with
25 mg L' ascorbic acid +25 mg L' L-cysteine could
prevent the spread of brown callus on Type-3 callus,
while Type-4 callus did not show any response and
became dry. Our new findings will facilitate the
basic research and unregenerated transformed callus
and morphological callus development behavior in
oil palm.
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Introduction

Oil palm is a versatile industrial plant worldwide
because it is the key to vegetable oil and biofuel
resources. As the highest-yielding oil crop in the
world, oil palm can produce 81 million tons of oil
from 19 million hectares. This production is eight-
fold higher than vegetable oil crops such as soybean
and rapeseed (Murphy et al., 2021). In Mahlia et al.
(2019) found that oil palms and their wastes are
viable as a fuel source, especially as fossil fuel
substitutes that are not environmentally friendly.
Developing oil palm planting material with high-
value traits has become a recent challenge for
breeding researchers.

In addition, a breeding program for oil palm
takes more than ten years. As a result, classical
breeding programs and biotechnology approaches
have to collaborate to find a market gap in the oil
palm industries, such as developing superior oil
palm planting material. Moreover, genome editing
can be one of the efficient techniques in the oil palm
breeding program. This technology has opened the
possibility of enhancing oil palm’s future traits.
Some genes in oil palm have been successfully
edited using this approach, such as early
methionine-labeled  polypeptide (EgEMLP),
phytoene desaturase (EgPDS), brassinosteroid-
insensitive 1 (EgBRII), palmitoyl-acyl carrier
protein thioesterase (EgPAT), fatty-acid desaturase
2 (FAD2) (Bahariah et al., 2023). Furthermore, the
IOPRI cisgenic research team from 2017
successfully inserted some oil palm genes that are
involved in fatty acid biosynthesis i.e. palmitoyl-
ACP thioesterase (EgPTE) (Minarsih et al., 2023)
and genes that are responsible for disease attack i.e.
early methionine-labeled polypeptide (EgEMLP)
(Budiani et al., 2019).
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However, some calli failed to regenerate and
transform and still encountered several issues, such
as underdevelopment, browning, and necrosis.
Efforts to improve the quality of transformed calli
are necessary for the success of biotechnology
breeding programs, and one way to achieve this is
by modifying the culture media. Some methods for
regenerating callus into healthy and complete
plantlets have been reported, such as adding
ascorbic acid, hydrolyzed casein, glutamine,
asparagine, and arginine at variable concentrations.
Moreover, amino acids such as glutamine and
cysteine have been used as an organic nitrogen
source. Organic nitrogen enhances plant
regeneration by making cells use energy more
efficiently because the cells can directly uptake and
use the nitrogen source (Dellero, 2020). Polyamine
is a small amine that promotes cell growth with
stable DNA (Chen et al., 2019). There are some
types of polyamines namely, putrescine (Put),
cadaverine (Cad), spermidine (Spd) and spermine
(Spm). Each polyamine could be found abundantly
in different plant organs. Putrescine was higher in
leaves, while Cad, SPd, and Spm in shoot apical
meristem (Sakhanokho et al., 2005). Moreover,
some reports found that polyamines could affect the
embryogenesis process in plants (Sivanandhan et al.,
2011). Another obstacle in oil palm regeneration is
the browning phenomenon since oil palm is a
recalcitrant plant. Browning handling in plant tissue
culture is carried out by modifying the medium with
an anti-browning compound, manipulating cultural
practice, and inhibiting the enzyme that caused the
activity of phenol oxidase. In addition, some
research suggests that antioxidant additions like
ascorbic acid can prevent lethal browning in plants

in vitro micropropagation (Ndakidemi et al., 2014;
Bhat et al., 2022; Sinta et al., 2024).

This study aimed to characterize the morphology
of transformed callus in oil palm and regenerate
transformed callus on a medium supplemented with
amino acid (AC) (glutamine and cysteine),
polyamines (PA) (putrescine), and antioxidants
(AO) (ascorbic acid).

Materials and Methods
Plant material

The six-month-old transformed oil palm calli
(TOPC), which showed no growth and development
character, were picked as samples. The selected
samples were distinguished into the unregenerated
transformed callus (UTC), and the T-DNA
integration was checked using PCR amplification.
The positive transformant (UTC) was then
characterized based on its appearance such as
structure, texture, color, and water content. UTC
was classified into four types of callus based on
morphology character (Table 1, Figure 1). Each type
of transformed callus was cultured into the modified
medium.

Medium modification

The basal medium for regeneration calli was
deFossard (DF) (de Fossard et al., 1974)
supplemented with 30 g L' sucrose, 1 g L™ activated
charcoal, and pH media was set at 5.6-5.8 before
autoclave sterilization. The medium was sterilized
using an autoclave at 120°C and pressure 101 Pa for
20 minutes. Four types of UTC were treated in
different modified media (Table 1, Figure 1).

Table 1. Morphological characteristics of oil palm transformed callus

Type Characteristic stcr: :lltlljjsre Callus surface texture  Dominant callus color E::::TI];S()\SI;I’[ai?r:
1 Non-embryogenic Compact Nodular — dried Creamy-White Anhydrous
2 Non-embryogenic ~ Not compact Spongy - watery Creamy-Translucent Hydrous
3 Non-embryogenic Compact Nodular — dried Creamy — Brown Anhydrous
4 Non-embryogenic Compact Nodular — dried Brownish — Black Anhydrous

Figure 1. Type of oil palm transformed callus (a) Type-1; (b) Type-2; (c) Type-3; (d) Type-4 (1 bar =25 mm)
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Type-1 callus was cultured in a medium enriched
with 0, 5, and 10 mg L of glutamine (medium was
coded as GO (control), G5, and G10). For Type-2,
the media was enriched with 5 mg L' cysteine
combined with putrescine at 0, 10, and 20 mg L-!
(medium was coded as C5P0 (control), C5P10, and
C5P20). Meanwhile, for Type-3 and Type-4 callus,
the media was enriched with cysteine combined with
ascorbic acid at 0, 10, and 25 mg L' (coded as COAQ
(control), C10A10, and C25A25). The medium was
placed in jar bottles, with each jar containing 30 mL
of medium. Every treatment consisted of four
replications. The cultures were then incubated in the
dark condition at 27+2°C. Afterwards, the callus
weight was measured using a digital balance
aseptically every four weeks, representing the
culture cycles.

Molecular detection

All samples were ground using micro-pestle and
DNA from callus was extracted using the CTAB
method (Doyle & Doyle, 1990). Polymerase chain
reaction (PCR) detection was performed using ACT
primers specific to B-actin (ACT) as a housekeeping
gene (F: 5'-CCC-ACC-TGA-ACG-GAA-ATA-CA-
3'; R: 5-CGG-ATG-GCA-CCT-CAG-TCT-TA-3")
and NPTII primer to amplify the kanamycin
resistance gene (F: 5'-ATC-GGG-AGC-GGC-GAT-
ACC-GT-3'; R: 5'-TAG-CCG-TCG-CCG-CTA-
TGG-CA-3"). PCR was conducted in 35 cycles with
the condition: pre-denaturation (95 °C; 1 min),
denaturation (95 °C; 15 s), annealing (55 °C; 15 s),
extension (72 °C; 10 s), and post-extension (72 °C;
10 min). The electrophoresis was conducted using
0.8% agarose gel in 0.5x TBE buffer.

Statistical analysis

The experiments were performed with four
replications. A one-way analysis of variance

(ANOVA) and Duncan’s multiple range test
(DMRT) were used to establish the significance
(P<0.05) of differences. Data were analyzed using
the SPSS v.2 software (IBM, USA).

Results and Discussion

Molecular detection of un-regenerated transformed
callus (UTC)

The presence of transgene construct in UTC was
carried out using PCR targeting the marker gene,
NPTII. Amplification of NPTII gene was observed
presence only in samples C#1, C#2, and C#4 (Figure
2). This means these clumps were expected to be
positive  transformants and can continue
regenerating to be fully planted. In plant
transformation using Agrobacterium tumefaciens, T-
DNA integration into plant chromosomes is the
mark that the system is successfully carried out, and
we will get a stable plant. According to Gelvin
(2021), integrating T-DNA from Agrobacterium into
plant cells involves DNA repair process. This is
because the process contains invasion and ligation
of DNA. In addition, samples C#3, C#5, and C#6 did
not show any band in the electropherogram. This
result means there is a failure in the T-DNA
integration system. In Edwards et al., (2022), the
integration of T-DNA via Agrobacterium-mediated
transformation is still random in the plant genome.
Recent studies also reveal that the T-DNA
integration may relate to epigenetic phenomenon.
So, it is difficult to detect the precise location of the
integration. Furthermore, as internal control, ACT
was also amplified to convince that PCR was
obtained successfully. In Figure 2, ACT fragment
could be amplified in samples except for the non-
template control (C(-)) with a band size 400 bp.

ACT 1000bp

OmmmEa IR EREEa

NPTII

Figure 2. Electrophoregram T-DNA detection in UTC. Marker (M); non-template control (C(-)); Wild Type (WT); Callus (C)

155


YORA
Rectangle

YORA
Typewriter
155

YORA
Rectangle

YORA
Typewriter
153-161


Characterization and morphological development of oil palm transformed callus .................................. (Setiawati et al.)

Regeneration of UTC on enrichment medium

Four types of UTC used in this research are
classified into non-embryogenic calli. According to
Rajesh et al. (2003), embryogenic calli in oil palms
had a whitish-yellow and friable appearance.
Meanwhile, the non-embryogenic callus looked
translucent and spongy. Regeneration in plants
includes cell repair and organ reconstruction after
injury. The process of plant regeneration is divided
into two cellular strategies: reactivation of
undifferentiated cells and reprogramming of
differentiated somatic cells (Ikeuchi et al., 2019).
Efforts to improve the health of transformed calli are
necessary for the success of biotechnology breeding
programs, and one way to achieve this is by
modifying the culture media using ascorbic acid,
hydrolyzed casein, glutamine, asparagine, and
arginine at variable concentrations.

Data showed that each callus type had a different
response (Table 2). Glutamine enrichment for Type-
1 callus did not significantly affect callus weight.
The combination of additive chemical cysteine and
putrescine in Type-2 callus also did not show a
significant result depending on its control. However,
adding cysteine and ascorbic acid for callus Type-3
and Type-4 can provide statistically different results
compared to the control after three culture cycles. In
oil palm, a suitable protocol for micropropagation
was carried out, and the result showed that the
response varies depending on the type of explant,
genotype, and age of the explant. Regeneration rates

in oil palm somatic embryogenesis still become an
obstacle. Usually, somatic embryos fail to develop a
shoot or root system (Gomes et al., 2016).

Effect of L-glutamine in UTC Type-1

Based on the result, medium G10 enhanced
callus growth rate by 2.13 mg until the 3rd cycle
(Table 2). In Elmeer (2013), glutamine is one of the
amino acids that are most available in the cell.
Abundant glutamine in the cell could be a source of
energy when the cell is dividing rapidly. According
to Mariani et al. (2018), optimizing callus
regeneration in oil palms using amino acids,
specifically glutamine 10 mM, affected callus size.
Allegedly, adding glutamine affects cell division due
to the enlargement of oil palm callus meristematic
zone.

In the callus biomass, every treatment of
L-Glutamine rises in each cycle and remains
stagnant in the 3™ cycle until 5" cycle (Figure 3).
Callus stagnancy after 3™ cycle may be caused by
the decreased concentration of L-Glutamine.
According to Pawar et al. (2015) in rice, L-
Glutamine 500 mg L' can enhance callus growth
rate and it is a relatively non-toxic additive chemical
that can maintain callus health and growth.
According to Velmurugan & Sivakumar (2020), the
best concentration of L-Glutamine for callus growth
and callus phenotype in Stevia rebaudiana was
15mgL-.

Table 2. Effect of medium enrichment on Un-regenerated Transformed Callus (UTC) after three cycles of culture

Callus type

Medium treatment

Average callus growth rate (mg)

GO (Control) 152"

Type-1

1.75°

2.13°
NS

C5PO0 (Control) a

Type-2

1.26
a

1.19

a
1.97
NS

COAO (Control) 0.73°

Type-3 and Type-4

0.89°

150°
0.0043

" Means in the same column of the same callus type followed by the same letters are not significantly different according to Duncan’s multiple

range test at o. = 0.05.
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Figure 3. Biomass of UTC Type-1 in regeneration medium enriched with L-Glutamine

Figure 4. UTC Type-1 callus at 20 weeks old on medium with L-Glutamine enrichment (1 bar = 100mm)

The morphology in 20-week-old UTC showed
that control (GO) did not show any additional
formation of cells; meanwhile, G5 and G10 could
give additional cell growth phenotypes (red arrow)
(Figure 4). Adding glutamine into the medium show
positive result in the way some friable callus
structures are expected as a meristematic callus. This
structure perhaps could develop into a new oil palm-
transformed callus. According to Karyanti et al.
(2021), the best time for callus proliferation in a
liquid medium occurs from the 1st to 4% subculture
cycle and decreases after 5" to 7%.

Effect of putrescine in the UTC Type-2

Based on Table 2, the average callus growth rate
in each treatment is not significantly different
depending on the control. In Figure 5, the biomass
of UTC Type-2 increased in 1% and 2™ cycles, but
C5P20 gave the best enhancement, although the
former weight of the Type-2 callus was lighter than
others. Interestingly, we also found the stagnancy

pattern in Type-2 transformed callus. Stagnancy
occurs from the 3™ cycle until the 5" cycle.

UTC Type-2 was the callus with a watery and
soft structure (Figure 1). Polyamines are reported to
play a role in the various physiological and
developmental processes in plants. This research
found that the medium combination of C5P20 was
the best concentration to develop a watery callus
into dense callus (red arrow). The morphology of
callus in 20 weeks old depicted in Figure 6. Medium
C5P20 provides callus with a solid texture (red
arrow) compared to CS5PO and C5P10. The
embryogenic callus and its regeneration ability in oil
palms could be projected from its structure. Usually,
calli with soft and watery structures lose 20% of the
ability to regenerate (Karyanti et al., 2021). In oil
palm, 1 mM putrescine-containing medium
enhances the formation of somatic embryos and
secondary somatic embryo shoot meristemoid
(Rajesh et al., 2003). Report from El-Dawayati et al.
(2018) in date palm, 100 mg L' putrescine can
induce more than 30 somatic embryos from fresh
callus.
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Figure 5. Biomass of UTC Type-2 in regeneration medium enrichment with L-Cysteine and Putrescine

C5P0 - Control

Figure 6. Type-2 callus at 20 weeks old on medium with Putrescine and L-Cysteine enrichment (1 bar = 100 mm)

Effect of L-Cysteine and ascorbic acid on the UTC
Type-3 and Type-4

The most significant difference between Type-3
and Type-4 was in the severity level of browning.
The main objective of this treatment was to give the
best combination of antioxidants to generate a
healthy secondary callus. The best medium to
enhance callus biomass was in the C25A25, either in
Type-3 or Type-4 (Figure 7). Callus morphology
after 20 weeks of incubation in medium treatment
showed that Type-3 still could regenerate a
secondary callus. Meanwhile, Type-4 did not show
any formation of fresh callus (Figure 8). Browning
of plant tissue culture is usually caused by a
chemical process reaction such as lipid oxidation,
enzymatic oxidation, carbonyl amine reaction, and
phenylalanine deamination (Wu et al., 2018). The
severe browning can cause the failure of
regeneration into a plantlet and the death of the
explant.

Phenolic compound secretions in the tissue
culture process have been associated with a low
conversion rate in the regeneration stage. According
to Alemanno et al. (2003), only a small amount of
polyphenol could be found in the regenerated
somatic embryos of cocoa, while polyphenols were
distributed randomly across all tissues in non-
regeneration plants. Consistent with Khosroushahi
et al. (2011), phenolic compounds are a
phenomenon that involves many toxic compounds
that can cause cell necrosis. Adding ascorbic acid
and cysteine in oil palms could prevent browning
during callus induction and lead to embryo
maturation. The dosage that is usually used varies
depending on genotype, culture stages, and explant
type. According to Romero et al. (2013), Cysteine
plays an important role as a precursor to a large
number of essential biomolecules. Cysteine
possesses a thiol group that is usually located in the
active sites. This group can catalyze the enzymatic
reaction related to numerous plant cell processes
(Richau et al., 2012).
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Figure 7. Biomass of UTC Type-3 (a) and Type-4 (b) in regeneration medium enriched with L-Cysteine and ascorbic acid
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Figure 8. Type-3 (a) and Type-4 (b) calli at 20 weeks old on medium with L-Cysteine and ascorbic acid enrichment (1 bar =

100 mm)

The stagnancy phenomenon was also observed
in Type-3 and Type-4 calli. This could be caused by
the severity of browning in callus and the dosage
range being unsuitable for oil palms. According to
Permadi et al. (2023), in Musa spp. the addition of
ascorbic acid at 10 — 150 mg L' has been reported
to decrease tissue darkening. Therefore, ascorbic
acid is thermolabile, so adding it into the medium

may become a determining factor in minimizing
lethal browning.
Conclusion

Four types of transformed callus were
characterized as non-embryogenic calli. These types
of calli have not been successfully regenerated into
plantlets. Each type of callus has a stagnancy
phenomenon after 3™ cycle of subculture. In Type-1
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callus, L-Glutamine can enhance callus biomass.
The best treatment was found in 10 mg L' L-
Glutamine, which indicates positive callus
development. Type-2 callus on medium with L-
Cysteine and  Putrescine  (C5P20)  show
morphological development with higher callus
density. A combination of L-Cysteine and ascorbic
acid (C25A25) can develop a new secondary
structure in Type-3 callus, but there was no
morphological development in Type-4 callus.
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