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QUANTITATIVE REAL-TIME PCR (RT-qPCR)
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ABSTRACT
The extraction of high quality total ribonucleic acid (RNA) has become an essential step for downstream
plant molecular biology research. In oil palm, several total RNA extraction protocols have been reported
across specific tissues using either conventional method or commercial kits. To our knowledge, there is no
specific total RN A extraction method described for oil palm whole fruit which contains lipids, polysaccharides,
protein, polyphenols and other secondary metabolites. Here, a modified cetyltrimethylammonium bromide-
lithium chloride (CTAB-LiCl) method with addition of phenol was established to extract total RNA across
various oil palm tissues, especially for whole fruit at eight weeks after anthesis (WAA) and 15 WAA. To assess
the extracted total RNA, quality and quantity as well as integrity were evaluated using spectrophotometer
and bioanalyser, respectively. It was found that modified CTAB-LiCl method with addition of phenol was
[A. and A, |A . ratios > 1.8) and intact (RIN > 7.4) total RNA.

able to produce good quality (both A o0
Furthermore, reverse transcription quantitative real-time polymerase chain reaction (RT-gPCR) was
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successfully performed across all total RNA extracted using two reference genes (PD00569 and pOP-
EA01332) and one gene of interest, ethylene-responsive transcription factor-3 like, designated as PD00088.
The results indicated that the method is suitable for extraction of total RN A from whole fruit as well as other

oil palm tissues and is amenable to RT-gPCR.
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INTRODUCTION

Oil palm (Elaeis guineensis) is one of the important oil
crops worldwide. It is a tropical perennial oil crop
that can produce palm oil from mesocarp and palm
kernel oil from kernel. Palm oil is mainly used for
edible purposes, while palm kernel oil has industrial
application (Sambanthamurthi et al., 2000; Kushairi et
al., 2018). Due to its growing economic importance,
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extensive research has focused on elucidating the
underlying molecular mechanism associated with
oil synthesis during fruit development (Tranbarger
et al., 2011; Umi et al., 2012; Dussert et al., 2013; Wong
etal., 2014; Jin et al., 2017). In order to study molecular
regulation during these development processes,
ribonucleic acid (RNA) extraction is the necessary
first step. High quality total RNA is essential for
cDNA synthesis in gene expression studies such
as reverse transcription quantitative real-time
polymerase chain reaction (RT-qPCR), northern
blot, in situ hybridisation, DNA microarray and next
generation transcriptome sequencing.
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However, extracting high quality total RNA
from oil palm fruit is difficult due to the presence
of lipids, polysaccharides, protein, polyphenols
and other secondary metabolites (Kok et al., 2013).
Whole fruit tissues of oil palm comprise of epicarp,
mesocarp, endocarp and kernel (endosperm and
embryo). Moreover, these tissues contain different
levels of biochemical composition during the various
stages of development particularly at the maturity
stage. Oil deposition in mesocarp and kernel start at
approximately 15 to 20 weeks after anthesis (WAA)
and 12 to 16 WAA, respectively (Sambanthamurthi
et al., 2000). Large amount of lipids often found in
whole fruit at this stage can co-precipitate with total
RNA, thus restricting its yields and deteriorating the
quality. In recent years, several conventional total
RNA extraction methods including sodium dodecyl
sulphate (SDS) (Low et al., 2009; Shaharuddin and
Parveez, 2003), cetyltrimethylammonium bromide
(CTAB) (Laksana and Chanprame, 2015) and
commercial RNA extraction kits such as iNtRON
Biotechnology (Habib et al., 2014) and Qiagen
(Amanda and Cartealy, 2015; Chai et al., 2016) have
been successfully used to extract total RNA from
different oil palm tissues such as vegetative (leaf
and root), reproductive (fruit and flower) as well as
tissue culture materials (embryogenic callus, non-
embryogenic callus and embryoid). However, the
extraction of total RNA from oil palm fruits had
only been carried out separately on the mesocarp
and/or kernel (Shaharuddin and Parveez, 2003;
Low et al., 2009; Amanda and Cartealy, 2015). To
our knowledge, no work has been done thus far
to extract the total RNA from whole fruit without
separating the mesocarp and kernel.

Methods involving CTAB were mainly
developed for total RNA extraction from a wide
range of plant tissues containing high level of
polysaccharides and secondary metabolites in pine
(Chang et al., 1993), peach (Tong et al., 2012) and tea
(Muoki et al., 2012). This method was also used for
extracting total RNA from lipid-rich tissues such
as jatropha seed (Sangha et al., 2010) and avocado
fruit (Djami-Tchatchou and Straker, 2012). The
method was able to extract high quality total RNA
from specific plant species with different content of
polysaccharides and lipids. Therefore, it would be
the most reliable and efficient method for extracting
total RNA from the whole fruit of oil palm.

For an accurate quantification of gene expression
using RT-qPCR, high quality total RNA must be
used for cDNA synthesis. The RT-qPCR is one of
the common and powerful methods for the study
of gene expression. It has become the preferred
choice for quantifying genes of interest (GOI) in
plant research, due to its high sensitivity, specificity,
accuracy, repeatability and reproducibility (Gachon
et al., 2004; Bustin et al., 2009). Prior to evaluating
expression patterns in different tissues or at different
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developmental stages, it is important to ensure that
high quality total RNA is being used for cDNA
synthesis (Bustin and Nolan, 2004; Fleige and Pfaffl,
2006). Therefore, the quality and purity of the total
RNA is very important for accurate quantification of
the gene expression.

In this study, a modified CTAB-lithium
chloride (LiCl) method with addition of phenol
was developed to extract high quality total RNA
from various oil palm tissues including leaf,
inflorescence, root, mesocarp and kernel at two
developmental stages (8 and 15 WAA) as well
as whole fruit. Downstream application of the
extracted total RNA was evaluated using RT-qPCR
by investigating the expression profile of ethylene-
responsive transcription factor-3 like (PD00088)
gene in these tissues. The PD00088 was the obvious
choice as the gene had been tested successfully for
association with somatic embryogenesis in oil palm
(Chan et al., 2014). However, the expression profiles
across vegetative tissues were only determined for
the first time in this study.

MATERIALS AND METHODS
Plant Materials

All the oil palm tissues were collected from
the Malaysian Palm Oil Board (MPOB) Research
Stations (MPOB/UKM, Selangor and Kluang,
Johor in Malaysia). Various tissues, including
spear leaf, mature leaf, male inflorescence, female
inflorescence, root, whole fruit, mesocarp and
kernel were included in this study. Whole fruits
were harvested at two developmental stages (8 and
15 WAA). During sampling, whole fruits (epicarp,
mesocarp, endocarp and kernel) were chopped into
small pieces. For mesocarp and kernel samples, these
tissues were dissected and separated from oil palm
fruits. All samples with one biological replicate were
immediately frozen in liquid nitrogen and stored at
-80°C until further use.

Total RNA Extraction (modified CTAB-LiCl
method with addition of phenol)

Total RNA extraction method for oil palm was
adapted from Sangha et al. (2010). The extraction
buffer contained 2% (w/v) CTAB, 2% (w/v)
polyvinylpyrrolidone (PVP-40), 100 mM Tris-HCl
[pH 8.0], 25 mM EDTA [pH8.0], 2 M sodium chloride
(NaCl) and RNase-free water (for final volume
makeup) was prepared and pre-heated in 65°C
water bath. Frozen tissue (approximately 1 g weight
per sample) was ground into fine powder in liquid
nitrogen using pre-chilled mortar and pestle. A total
of 2% (w/v) P-mercaptoethanol was added just
before use to the pre-heated extraction buffer and
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mixed well. The ground powder was transferred
immediately into 15 ml of pre-heated extraction
buffer in a glass beaker and mix thoroughly. The
mixture was transferred to a polypropylene tube
and homogenised by vortexing for 10 min. The
polypropylene tube was subsequently incubated at
65°C water bath for 30 min with vigorous vortexing
every 10 min during the incubation period.

Subsequently, an equal volume of phenol:
chloroform: isoamylalcohol (25:24:1; phenol
equilibrated with Tris-HCl, pH8.0) was added to
the mixture and vortexed vigorously for 10 min.
The mixture was centrifuged at 11 950 x g for 20
min at 4°C using Sorvall RC 6 Plus Superspeed
Centrifuge (Thermo Fisher Scientific, USA). The
clear upper aqueous phase was transferred into
another polypropylene tube. An equal volume of
chloroform:isoamylalcohol (24:1) was added and
mixed by vortexing for 10 min. The mixture was
centrifuged at 11 950 x g for 10 min at 4°C.

After centrifugation, the upper aqueous phase
was transferred into a new polypropylene tube.
The aqueous supernatant was ethanol precipitated
with 0.1 volume of ice-cold 3 M sodium acetate (pH
4.8) and 2 volume of ice-cold absolute ethanol. The
reaction was gently mixed by inverting the tube and
was kept at -80°C for 1 hr. Nucleic acids pellet was
collected by centrifugation at 11 950 x g for 30 min at
4°C and the supernatant was discarded. The pellet
was rinsed with 12 ml of ice-cold 70% ethanol and
followed by centrifugation at 11 950 x g for 30 min at
4°C. The supernatant was discarded and the pellet
was dried partially on ice for 10 min. The pellet
containing nucleic acids was re-suspended in 6 ml
of ice-cold RNase-free water.

To selectively precipitate RNA, 2 M of ice-cold
LiClwas added and incubated overnight at 4°C. Total
RNA was pelleted by centrifugation at 11 950 x g for
30 min at 4°C and the supernatant was discarded.
The pellet was dried partially on ice for 10 min and
re-suspended in 3 ml of ice-cold RNase-free water.
The total RNA pellet was precipitated again with
the addition of 2 M of ice-cold LiCl and stored at
-20°C for 2 hr. The total RNA was recovered through

centrifugation at 11 950 x g for 30 min at 4°C. Then,
the supernatant was discarded and the pellet was
dried partially on ice for 10 min and dissolved in
200 pl ice-cold RNase-free water. The total RNA was
transferred into a microcentrifuge tube and stored
at -80°C.

Assessment of Total RNA Quantity and Purity

The concentration and purity of the total
RNA was estimated using NanoDrop ND-1000
spectrophotometer ~ (NanoDrop  Technologies,
USA). The total RNA was subjected to purification
using RNeasy Mini kit (Qiagen, USA). In order to
minimise genomic DNA contamination that could
interfere with gene expression studies, on-column
DNase I digestion was also performed according to
the manufacturer’s instructions. The integrity of the
purified total RNA was determined on an Agilent
2100 Bioanalyser using a RNA 6000 Nano LabChip
(Agilent Technologies, USA).

Reverse Transcription Quantitative Real-time PCR
(RT-qPCR)

First strand cDNA synthesis was performed
with 2 ug of purified total RNA using High-
Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, USA) according to the manufacturer’s
instructions. The synthesised ¢cDNA was used
as template for RT-qPCR. The RT-qPCR was
performed with KAPA SYBR Fast qPCR Kit (KAPA
Biosystems, USA) using the Mastercycler ep realplex
(Eppendorf, Germany) as described by Chan et al.
(2014). Each reverse transcription (RT) reaction was
performed in triplicate and included two negative
controls such as no reverse transcription (NRT) and
no template control (NTC). Two published reference
genes (PD00569 and pOP-EA01332) and a gene of
interest (PD00088) were used for gene expression
analysis (Chan et al., 2014). The primers used in RT-
qPCR are listed in Table 1.

The cycle threshold (Ct) values were retrieved
using Realplex software version 2.2 (Eppendorf,

TABLE 1. PRIMER SEQUENCES FOR RT-qPCR

Gene name Genebank ID Primer sequences (5’-3") Amplicon Annealing
(abbreviation) length (bp) temperature (°C)
Manganese superoxide EL682210.1  Forward: CACCACCAGACGTACATCACAAA 129 60
dismutase (PD00569) Reverse: GATATGACCTCCGCCATTGAACT
Predicted protein IFH-1 EY406625.1  Forward: AAACGAAGGTACGGCAAGTACAAG 111 60
like (pOP-EA01332) Reverse: CTTAGCACATGCAGAGCAGATGTT
Putative ethylene- 105050183 Forward: CGTGGAAGAAGACGAGGAAATG 122 60

responsive transcription and
factor-3 like (PD00088) 105039100

Reverse: CAGGTACCCGAAGTTCGTCTTG

Note: RT-qPCR - reverse transcription quantitative real-time polymerase chain reaction.
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Germany) and accepted for further analysis if the
standard deviation among replicates were less
than 0.3. The PCR amplification efficiency of the
primer was determined using LinRegPCR (Ruijter
et al., 2009). The normalised expression level (R)
of the PD00088 gene was calculated based on the
mathematical model described by Pfaffl (2001).
The specificity of each primers by RT-qPCR was
investigated using melting curve and the PCR
products were examined using 1% agarose gel.

RESULTS AND DISCUSSION

Modified CTAB-LiCl Method with Addition of
Phenol is Suitable for Total RNA Extraction from
Various Oil Palm Tissues

Using the described method, high quality total
RNA was extracted from all tested oil palm tissues.
The CTAB-based method is widely used to extract
total RNA from plant tissues. Extraction of total
RNA from whole fruit in oil palm was initiated
for studies related to fruit colour. The total RNA
from nigrescens and virescens whole fruits were
used for transcriptome sequencing (Singh et al.,
2014). However, oil palm whole fruit is rich in
polysaccharides, polyphenols and other secondary
metabolites. Conventional CTAB method failed to
extract total RNA from whole fruit at mature stage.
Furthermore, when the method was used to extract
total RNA from kernel at 15 WAA, it was observed
that the absorbance ratio for A, /A,;, (0.45) and total
yield (0.9 ug g fresh weight) were very low.

In the modified method, application of phenol:
chloroform:isoamylalcohol (25:24:1) as extraction
reagents was found to be more efficient than using
chloroform:isoamylalcohol (24:1) alone. Addition
of phenol equilibrated with Tris-HCI [pH8.0] in
chloroform:isoamylalcohol (24:1) purification step
enabled the removal of proteins more effectively

and assisted in the inactivation of RNase (Zhang et
al., 2018). The modified method also included a LiCl
precipitation step which is generally used for total
RNA precipitation. Due to the high ionic strength of
LiCl, large RNA (rRNA and mRNA) are insoluble
in the LiCl containing solution (Sambrook and
Russell, 2001). Hence, it helps to separate total RNA
from other contaminants such as DNA, protein or
carbohydrate (Smart and Roden, 2010). Carpenter
and Simon (1998) reported that good quality total
RNA was obtained when resuspension, incubation
and precipitation in LiCl was repeated. This was
found to be applicable in other plant species such as
mulberry (Sajeevan et al., 2014) and loquat (Morante-
Carriel et al., 2014). In our study, application of
repeated LiCl precipitation step has also resulted in
the extraction of good quality total RNA.

The total RNA yield obtained from this method
ranged from 60.31 to 373.97 ug g™ fresh weight (Table
2). The highest total RN A yield was observed in male
inflorescence and the lowest total RNA yield was
obtained from kernel at 15 WAA. To evaluate purity
of total RNA, the spectrophotometric absorbance at
230, 260 and 280 nm were obtained. The A / A
ratio was higher than 2.00 in all the tested samples,
ranging from 2.04 to 2.14, indicating that minimal
protein contamination was present in the total
RNA samples. The A, /A, ratio was above 1.83,
suggesting that the total RNA samples had low
polysaccharide contamination. Previous study has
reported the ratios of A, /A, and A, /A, values
greater than 1.8, which showed the absence of
protein and other organic compounds (Claros and
Canovas, 1999).

The integrity of the total RNA were examined
using Agilent 2100 Bioanalyser and the
electropherogram showed the presence of intact
ribosomal bands of 18S and 25S (Figure 1). In
addition, the thickness of the 255 was approximately
twice of 18S. The results indicated that minimum
or no total RNA degradation occurred. However,

TABLE 2. YIELD AND PURITY OF TOTAL RNA EXTRACTED FROM VARIOUS OIL PALM TISSUES

Tissue used Aol Asgo Aol Assg RIN Yield (ug g™
Spear leaf 2.14+0.01 1.83+0.01 8.1 85.49+0.49
Mature leaf 2.12+0.02 2.27+0.01 7.4 91.39+0.47
Male inflorescence 2.124+0.00 2.27+0.01 8.5 373.97+0.78
Female inflorescence 2.12+0.01 2.26+0.01 9.0 246.77+0.16
Whole fruit_8 WAA 2.07+0.02 2.23+0.01 8.5 154.37+0.78
Whole fruit_15 WAA 2.04+0.02 2.11+0.02 7.5 76.97+0.09
Mesocarp_8 WAA 2.13+0.01 1.89+0.01 8.3 181.00+1.20
Mesocarp_15 WAA 2.13+0.01 2.12+0.01 8.4 115.79+0.71
Kernel_8 WAA 2.05+0.00 2.02+0.01 8.5 89.95+1.01
Kernel_15 WAA 2.10+0.02 2.22+0.01 7.5 60.31+0.39
Root 2.13+0.01 2.22+0.02 8.9 64.07+0.26

Note: The absorbance readings were measured three times. RNA — ribonucleic acid.
Values are means + standard deviation (n = 3). RIN — RNA integrity number.

WAA — weeks after anthesis.
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some faint bands were observed in total RNA
extracted from spear leaf (non-green tissue, sample
1) and mature leaf (green tissue, sample 2). This
observation seems to be consistent with that of
Claros and Canovas (1999) who showed that faint
bands (small rRNA molecules from chloroplast and
mitochondria) were observed in spinach leaves. The
RNA integrity number (RIN) values observed in this
study ranged from 7.4 to 9.0. A RIN values exceeded
7.0, suggesting that the total RNA is suitable for high
stringency application such as RT-qPCR (Udvardi et
al., 2008) and next generation sequencing (Yockteng
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et al., 2013). These results showed the successful
isolation of high quality total RNA from various oil
palm tissues.

Expression Profiling of PD00088 across Various
Tissues of Oil Palm

The quality of the total RNA was further
examined by RT-qPCR. All the total RNA samples
extracted from spear leaf, mature leaf, male
inflorescence, female inflorescence, whole fruit
(8 WAA and 15 WAA), mesocarp (8 WAA and

— — — — — e — — — — —

45 -
40 -
35 -
30 -
25 -
20 -
Is] L 1 2 3 4 5

| 1 1

7 8 9

B el | et | S— ¢

10 11

(b) [FU] | i
| !
80 - | | |
| It |
60 - | H |
| |
| L| | -
40 A \ ‘ I e
| ‘ |
20 | 0 |‘| /| |
' Mla o '
o1 LTINS :,
| T | | | T | | | T -
20 25 30 35 40 45 50 55 60 [s]
Whole fruit_15WAA _
(¢) [FU] i |
| |
80 | . |
60 l \ :
| i
40 | ! | =
| - ' | =
041 il |
| |'«‘ I‘ki e 1 L‘*‘I-;. .Li%’) |
0 | 1 L |
| | | | | | | 1 1 1 -
20 25 30 35 40 45 50 55 60 [s]

Figure 1. Total ribonucleic acid (RNA) samples investigated on an Agilent 2100 Bioanalyser RNA Nano LabChip. (a) Total RN A extracted from various
oil palm tissues: 1) spear leaf, 2) mature leaf, 3) male inflorescence, 4) female inflorescence, 5) whole fruit_8 weeks after anthesis (WAA), 6) whole
fruit_15 WAA, 7) mesocarp_8 WAA, 8) mesocarp_15 WAA, 9) kernel_8 WAA, 10) kernel_15 WAA, 11) root and L) Ambion® RNA 6000 Ladder. An
electropherogram of (b) whole fruit_8 WAA and (c) whole fruit_15 WAA are provided as an example.
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15 WAA), kernel (8 WAA and 15 WAA) and root
were successfully amplified using a target gene
(PD00088) and two reference genes (PD00569 and
pOP-EA01332) as shown in Figure 2. Moreover, a
single peak was observed in the melting curve and a
fragment was obtained in 1% agarose gel from each
of the selected gene. These results indicated the
specificity of the amplified PCR products.

The expression levels of an ethylene-responsive
transcription factor-3 like (PD00088) gene were
normalised with two reference genes, PD00569 and
pOP-EA01332. The PCR amplification efficiencies
for each gene were in the range of 1.834 to 1.891.

1 2 3 4 5 67 8 9 10 11 12 3 4

6 7 8 9

Quantitative expression investigation of PD00088
through RT-qPCR confirmed their differential
expression in various oil palm tissues as shown in
Figure 3. The spear leaf was used as calibrator for
RT-qPCR experiment. This calibrator sample was
a reference point for the relative quantification
of the PD00088 expression level which was set at
1.0. Therefore, the normalised expression level of
PD00088 in each sample is indicated as a comparison
to the calibrator value. The PD00088 was expressed
in all the tested tissues and showed higher expression
in whole fruit (15 WAA) followed by root. The lower
expression levels of the gene were observed in male
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Figure 2. Reverse transcription quantitative real-time polymerase chain reaction (RT-qPCR) amplification products. a) Ethylene-responsive
transcription factor-3 like (PD00088) and two reference genes b) PD00569 and c) pOP-EA01332 were amplified across total ribonucleic acid (RNA)
samples extracted from various oil palm tissues using modified cetyltrimethylammonium bromide-lithium chloride (CTAB-LiCl) method with
addition of phenol. The cDNA was synthesised from 1) spear leaf, 2) mature leaf, 3) male inflorescence, 4) female inflorescence, 5) mesocarp_8 WAA,
6) mesocarp_15 WAA, 7) root, 8) kernel_8 WAA, 9) kernel_15 WAA, 10) whole fruit_8 WAA and 11) whole fruit_15 WAA. No products were amplified

for no reverse transcription (NRT) and no template control (NTC).
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Figure 3. Analysis of PD0O0088 gene expression in various oil palm tissues.
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inflorescence, female inflorescence and kernel (8 WAA
and 15 WAA). A previous study by Osorio et al.
(2012) showed the up-regulation of this gene during
the fruit ripening in pepper. Furthermore, over-
expression of the Glycine max ERF3 in transgenic
tobacco resulted in enhanced resistance to bacterial
and fungal pathogens as well as salt and drought
tolerance (Zhang et al., 2009). All these data suggest
that ethylene-responsive transcription factor-3 like
could play an important role during fruit ripening,
biotic and abiotic stress responses. Further studies
would likely provide a better understanding of the
expression and regulation of this gene in oil palm.

CONCLUSION

A reliable method for total RNA extraction from
various oil palm tissues especially whole fruit at
two different developmental stages (8 WAA and
15 WAA) was successfully developed. The method
produced high quality and intact total RNA.
Effectiveness of this method was confirmed by
spectrophotometric analysis, Bioanalyser and RT-
gPCR. These results demonstrated that the extracted
total RNA is suitable for gene expression analysis
using RT-qPCR.
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