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ABSTRACT
One of the important requirements for producing transgenic plants is the ability to isolate true transformed
cells and regenerate into complete plants without chimera and escapes. Therefore, an efficient selection
process is essential. In this study, three different selection agents, namely Basta, bialaphos and glufosinate
ammonium were evaluated on embryogenic calli and embryoids, for their effectiveness on selecting
transformed oil palm tissues. Untransformed tissues were used in this study as the minimal concentrations
which inhibit the growth of the tissues would be the optimum concentrations for selecting the transformed
cells. Based on this study, the growth of embryogenic calli was shown to be fully inhibited at 10 mg litre’
of Basta. Meanwhile, only 3 mg litre™ of bialaphos and glufosinate ammonium are needed to inhibit the
embryogenic calli. For oil palm embryoid cultures, the minimal concentration for Basta was determined at
20 mg litre’" as compared to 5 mg litre” for bialaphos and glufosinate ammonium. This result indicated that
a higher concentration of Basta is needed to completely inhibit the growth of oil palm tissues as compared
to bialaphos and glufosinate ammonium. Furthermore, these observations revealed that embryogenic calli
are more sensitive to the three selection agents as compared to embryoids. The information gained from

this study will be used as a guideline to increase the efficiency for selecting transformed oil palm cells and

producing transgenic oil palm.
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INTRODUCTION

Genetic transformation has been identified as a
tool for synthesising high-value-added products
in transgenic oil palm (Parveez et al, 2015a).
There are numerous reports on successful genetic
transformation of other crops such as maize (Yan et
al., 2010), wheat (Weeks et al., 1993) and rice (Cao
et al., 1992). Particle bombardment is one of the
common transformation methods used to transfer
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foreign genes of interest into plant cells. However,
besides the transfer of gene of interest, a selectable
marker gene is always required to be transferred as
well as it is essential for selecting and regenerating
transformed plant cells. It was previously reviewed
that there are approximately 50 selectable marker
genes commonly used in transgenic plant research
(Miki and McHugh, 2004) which is needed to
distinguish the transformed cells which will survive
on selection agents. Kanamycin, hygromycin and
phosphinothricin (PPT) are among the widely used
selection agents in plant transformation work.
The use of these selection agents depends on the
efficiency, availability and applicability across a
wide range of plant species and the regenerative
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efficacy in plant tissue culture systems (Sundar and
Sakthivel, 2008).

Bar gene is known as an effective selectable
marker for monocots crops such as wheat, corn and
also oil palm. Bar gene, which was isolated from
Streptomyces hygroscopius, encodes phosphinothricin
N-acetyltransferase (PAT) enzyme. This enzyme will
detoxify herbicide PPT by acetylation using acetyl-
coenzyme A as cofactor (De Block et al., 1987). The
PPT is an analogue of glutamate which will become
a competitive inhibitor of the enzyme glutamine
synthetase. The enzyme glutamine synthetase plays
a role in removing toxic ammonia from cell by
catalysing the conversion of glutamate to glutamine.
The inhibition of glutamine synthetase will cause
the accumulation of ammonia and ultimately the
plant cell death (Tachibana et al., 1986).

The selectable marker, bar gene confers
resistance to phosphinothricin, Basta, bialaphos and
glufosinate ammonium. Basta has been widely used
as the selection agent for monocot transformation
studies such as wheat (Mariana et al., 2002), sugar-
cane (ljaz et al., 2012) and rice (Christou ef al., 1991).
The use of bialaphos as a selection agent has been
reported in soyabean (Kita et al., 2009) and barley
(Koprek et al., 1996). Meanwhile, glufosinate has
also been used as a selection agent in a number of
plant transformation works such as tomato (Fani et
al., 2012) and sweet potato (Shin et al., 2011).

In the first report on successful oil palm
transformation using biolistic device (Parveez et al.,
2000), bar gene and Basta were used for selection of
transformants. Later, other selectable markers, green
fluorescence protein (Majid and Parveez, 2007;
Parveezand Majid, 2008;Masaniet al.,2014), mannose
(Bahariah et al., 2012; 2013) and 2-deoxyglucose
(Izawati et al., 2012; 2015) were evaluated for oil
palm. Basta was the most effective selection agent
and widely used in oil palm transformation. It
was observed that the transformed cells carrying
bar gene survived on herbicide Basta containing
media while the untransformed cells eventually
died. However, for oil palm, recently there is a first
report indicating the presence of escapes in some of
the plantlets obtained after selection on herbicide
Basta, which might be due to non-optimal selection
process (Nurfahisza et al., 2014). The non-optimal
concentration of selection agents used may have
caused the regeneration of escape plants. On the
other hand, selection on a higher concentration of
Basta may have inhibited the transformed cells. In
order to tighten the selection process, a study should
be carried out at different tissue culture stages to
determine the minimal inhibitory concentration of a
particular selection agent needed for different types
of oil palm tissues.

Besides herbicide Basta, bar gene also confers
resistance to other selection agents such as bialaphos
and glufosinate ammonium. Herbicide Basta is a
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commercial formulation of glufosinate, which is
the ammonium salt of PPT (Fromm et al., 1990).
Meanwhile, bialaphos is a tripeptide herbicide
produced by Streptomyces hygroscopius consisting
of two L-alanine molecules and one L-glutamic
acid analog called PPT (Ogawa et al., 1973; Kondo
et al., 2002). To date, no study evaluating the use of
bialaphos and glufosinate ammonium as selection
agent for oil palm has been reported. This article
reports the evaluation of bialaphos, glufosinate
ammonium and Basta as selection agents for oil
palm. Work was carried out on oil palm tissues
at two different stages of regeneration, namely
embryogenic calli and embryoids. As different
tissues have different sensitiveness towards a given
selection agent (Zang et al., 2009), this information is
extremely crucial in order to ensure a tight selection
at different stages of tissue development during the
selection and regeneration of transformed cells.

MATERIALS AND METHODS
Plant Materials

Oil palm cabbages were subcultured onto solid
callus initiation media [MS salts (Murashige and
Skoog, 1962) + Y, vitamins (Eeuwans, 1976) + 0.1 g
litre! myo-inositol and L-glutamine + 3% sucrose
+ 5 x 10° M 2,4-dichlorophenoxyacetic acid (2,
4-D) + 0.25% activated charcoal + 0.7% agar] and
incubated in the dark at 28°C. The calli formed were
subcultured every four weeks onto same media.
Since experiments need embryogenic calli and
embryoids as a target tissue, subculturing on callus
initiation media was carried out until embryogenic
calli were formed. Meanwhile, the embryoids were
obtained by subculturing the embryogenic calli for
every four weeks onto solid embryogenic calli (EC)
media containing MS (Murashige and Skoog, 1962),
macro and micronutrients supplemented with 1 mg
litre™ naphthalene acetic acid (NAA) and 30 g litre™!
sucrose with pH 5.7.

Sensitivity to Selection Agent

In order to determine the minimal inhibitory
concentration of the three different selection agents
(Basta, bialaphos and glufosinate ammonium),
various concentrations were added in EC media.
For Basta, the concentrations tested were 0, 5,
10, 15, 20, 25, 30, 35, 40, 45 and 50 mg litre'. For
bialaphos and glufosinate, concentrations used
were 0,1, 2,3,4,5 6,7,8 9 and 10 mg litre”. For
each concentration, five replicates (plates) were
prepared to make it statistically sound. In each plate,
0.5 g of embryogenic calli and 1.0 g of embryoids
were cultured/transferred on fresh EC media and
incubated at 28°C in light/dark condition at 16 hr/
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8 hr. Subculturing onto fresh media containing
selection agents was carried out every four weeks
and the weight of the calli was recorded monthly for
six months. The characteristics of the samples was
also observed and recorded during the subculture.

Determination of Efficient Selection

The minimal inhibitory concentration was
determined based on the proliferation percentage
of treated tissue against control tissue during six-
month culture period. In this experiment, the tissue
on media without selection agent (untreated) acted
as control tissue where the proliferation rate was
considered as 100%. The weight of the treated
tissue and control (untreated) was recorded every
month and the means of five replicates were used
in final calculations. Proliferation percentages were
calculated by using the formula given below:

(Final weight — initial weight)

_ treated samples <100

(Final weight — initial weight)
control samples

Proliferation
percentage (%)

The final weight is the sample weight during
subculturing on that month while initial weight is
the sample weight when starting the experiment.
In this formula, the control was considered to have
100% proliferation (Dennehey et al., 1994) assuming
that there were no inhibitions or stresses which will
reduce the proliferation rate (Parveez et al., 1996).
The proliferation percentages for each concentration
of selection agents were plotted for six months
culture period.

RESULTS AND DISCUSSION
The Effectiveness of Three Selection Agents

The minimal inhibitory concentration of the
selection agents is defined as a concentration which
effectively inhibits the growth of untransfomed calli.
As bar gene is the main selectable marker used in oil
palm transformation, experiments were carried out
to determine the minimal inhibitory concentrations
for three different selection agents, namely Basta,
bialaphos and glufosinate ammonium. This study
focussed on two different stages of oil palm tissue
culture, namely embryogenic calli and embryoids.
Based on the graph of proliferation percentage
against culture duration (month) (Figure 1a), 10
mg litre? of Basta was shown to be the minimal
concentration that could sufficiently inhibit the
growth of untransformed embryogenic calli. On
the other hand, a higher concentration of Basta,
20 mg litre”!, was needed to effectively suppress
the growth of untransformed embryoids. Same

249

concentration of glufosinate ammonium and
bialaphos were effectively inhibit the growth of
oil palm embryogenic calli and embryoids. It was
observed that for both glufosinate ammonium
(Figure 1b) and bialaphos (Figure 1c), a concentration
of 3 mg litre! was required to inhibit the growth of
embryogenic calli. For the embryoids, a slightly
higher concentration, 5 mg litre”, was required to
inhibit the growth of the untransformed embryoids.

From this study, the results also showed a
higher concentration of Basta was needed to
inhibit the growth of either embryogenic calli or
embryoids. Basta (Bayer Cropscience, Germany),
a commercial formulation of glufosinate (Fromm
et al., 1990) containing 150 g litre? of glufosinate
ammonium was diluted and used in this study.
The results showed that a higher concentration of
Basta was needed as compared to bialaphos and
glufosinate ammonium. Study on maize (Dennehey
et al., 1994) also showed that 3 mg litre! of Basta is
needed to select and regenerate the transformants
as compared to bialaphos, which requires only 1
mg litre” for selection. Study on transformation of
Gladiolus plants also showed similar result where
6 mg litre” of Basta was required as compared to 1
mg litre! of bialaphos for isolating transformants
(Kamo et al., 1995).

In this study, the oil palm tissue appearance at
various concentrations of selection agent was also
observed. The tissue onmedium containing herbicide
Basta (Figure 2) and glufosinate ammonium (Figure
3) turned blackish after six months. The appearance
of calli on Basta and glufosinate ammonium showed
no difference even though a higher concentration
of Basta was used as compared to glufosinate.
This showed that the Basta is less effective than
glufosinate ammonium and needs a higher
concentration to inhibit the untransformed callus
growth. Meanwhile, calli on medium containing
bialaphos (Figure 4) showed a different effect on
tissue appearance where calli turned brownish after
six months. Bialaphos and glufosinate ammonium
showed the same minimal concentration to inhibit
the growth of oil palm tissues but were more
blackish on glufosinate ammonium as compared
to bialaphos. The difference might be due to the
difference in the chemical structure between these
two agents. The tripeptide form of PPT (bialaphos)
may be more efficiently utilised by plant cells than
unconjugated PPT (Basta and glufosinate) (Kamo
and Van Eck, 1997). Thus, the different effect towards
oil palm tissues might be because of the difference in
the chemical structure.

The minimal concentrations of a selection agent
should be determined precisely to make sure that
the concentration used is sufficiently high to cause
lethality to untransformed cells but would allow
transformed cells to proliferate. A low concentration
of selection agents may cause the ‘escapes’ to
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Figure 1. Proliferation percentage of oil palm embryogenic calli and embryoids after six months of culture at different concentrations of
a) Basta, b) glufosinate ammonium and c) bialaphos.

develop and will ultimately give rise to many false
positives (ljaz et al., 2012). Escapes will also occur
when untransformed cells get protected from the
neighbouring transformed cells and survive on
selection agents (Bower and Birch, 1992). Analysis
on generated oil palm on selection agent Basta also
showed the escapes were obtained (Nurfahisza et al.,
2014). The problems also occurred on study of citrus
where 90% of generated plantlets were escapes and
chimeric (Dominguez et al., 2004). Other than that,
study on wheat by Mariana et al. (2002) showed
30% of escapes were obtained after the selection on

250

Basta. This problem might be due to non-optimal
concentration of selection agents during selection
process. Besides that, the escapes may also generate
because of the temporal expression of the selectable
marker gene (Mariana et al., 2002; Bhore and Shah,
2012). On the other hand, if the concentration is too
high, the untransformed as well as transformed
cells will lose their ability to survive the selection
(Parveez et al., 2007; Jjaz et al., 2012). Moreover, the
use of selection agents at high concentrations may
also increase the cost (Parveez et al., 1996; Oneto et
al., 2010; Tjaz et al., 2012).
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Figure 2. Oil palm embryogenic calli and embryoids after six months of culture on media supplemented with Basta. A) Embryogenic calli on medium
without Basta (control). B) Embryogenic calli on medium supplemented with 10 mg litre™ of Basta. C) Embryogenic calli on medium supplemented
with 25 mg litre™ of Basta. D) Embryoids on medium without Basta (control). E) Embryoids on medium supplemented with 15 mg litre” of Basta.
F) Embryoids on medium supplemented with 20 mg litre’ of Basta.

Glufosinate ammonium

Figure 3. Embryogenic calli and embryoid tissues after six months of culture on media supplemented with glufosinate ammonium. A) Embryogenic
calli on media without glufosinate (control). B) Embryogenic calli on media supplemented with 3 mg litre™ of glufosinate. C) Embryogenic calli on
media supplemented with 5 mg litre of glufosinate. D) Embryoid tissue on media without glufosinate (control). E) Embryoid tissue on selection media
supplemented with 3 mg litre™ of glufosinate. F) Embryoid tissue on media supplemented with 5 mg litre™ of glufosinate.
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Bialaphos

Figure 4. Embryogenic calli and embryoid tissues after six months of culture on media supplemented with bialaphos. A) Embryogenic calli on media
without bialaphos (control). B) Embryogenic calli on media supplemented with 3 mg litre™ of bialaphos. C) Embryogenic calli on media supplemented
with 5 mg litre™ of bialaphos. D) Embryoid tissue on media without bialaphos (control). E) Embryoid tissue on media supplemented with 3 mg litre™ of
bialaphos. F) Embryoid tissue on media supplemented with 5 mg litre’ of bialaphos.

The Sensitivity towards Different Tissues

The sensitivity of calli at different tissue culture
stages was also investigated in this study. The result
showed that embryogenic calli were more sensitive
to the selection agents compared to embryoids. The
different levels of sensitivity to selection agents
might be due to several factors such as size, age and
morphology of the tissues. Zang et al. (2009) reported
that the sweet potato aggregates which were smaller
and younger as compared to embryogenic calli were
shown to have different sensitivity towards PPT. The
concentration at 0.5 mg litre™ of PPT was sufficient
to inhibit the growth of sweet potato cell aggregates.
In contrast, 5 mg litre” of PPT was needed to inhibit
the growth of sweet potato embryogenic calli (Otani
et al., 2003; Choi et al., 2007).

Other than that, recently Parveez et al. (2015b)
reported that 50 mg litre! of Basta was needed to
inhibit growth of oil palm embryogenic calli and
regenerate transgenic plants. The concentration
was higher compared to the concentration obtained
from this study. This is because the morphology
of material used were different. Calli used for that
study were derived from immature embryos. In
current study, calli derived from oil palm’s cabbage
was used. The morphology of calli derived from
immature embryos was mostly compact in nature,
while the calli derived from cabbage were mostly
friable. The differences in their morphology could
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cause the different level of sensitiveness towards
selection agents.

Since the sensitiveness between the tissues
towards selection agents is different, it is essential
that the minimal inhibitory concentration for a
particular selection agent should be determined
for each tissue or culture type. This is important to
eliminate the chimera and escapes at every stage of
oil palm development and improve the selection
process in order to increase the efficiency of oil palm
transformation.

CONCLUSION

The results obtained suggest that the three different
selection agents tested in this study could be
used for oil palm transformation when using bar
as a selectable marker gene. Their effectiveness
to inhibit the growth of embryogenic calli and
embryoids was clearly indicated in this study. The
information obtained from this work will be useful
in designing an effective selection scheme for oil
palm transformation.
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