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ABSTRACT Alternative splicing is a complex process that contributes to the generation of diverse mRNA and protein
isoforms, including in oil palm (Elaeis guineensis). Despite their importance, many functions of alternative splicing genes
remain poorly characterized. This study aims to investigate splicing variants of gene encodingHeading date 3a in E. guineensis
(EgHd3a) using the GenBank database and ClustalW algorithm. To ensure the data accuracy and reliability of design isoform‐
specific primers, special emphasis is given to primer design techniques and validation using polymerase chain reaction
(PCR) and quantitative real‐time (qRT)‐PCR analysis. The designed primers demonstrated high specificity and discrimination
between mRNA specimens. Nucleotide variations at the 3’‐end influenced the specificity of primers with the addition of
GC composition. Furthermore, qRT‐PCR analysis revealed a strong correlation between Ct values and gene concentration
for the isoforms which indicates a reliable amplification of EgHd3a. Although two isoforms, Hd3a‐X2 and Hd3a‐X3, showed
slightly higher than acceptable PCR efficiency values, caution is advised to prevent non‐specific amplification. Despite the
challenge posed by the limitation of primer positioning due to alternative splicing, the chosen primer proved optimal for
analysis. This study highlights the importance of considering alternative splicing in gene quantification experiments and
provides insights into the critical steps, methods, and quality control measures necessary for accurately detecting alternative
splicing events, contributing to understanding this complex biological process.
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1. Introduction

Alternative splicing is a complex process bywhich a single
gene can generate multiple protein isoforms through the
inclusion or exclusion of specific combinations of exons
in premRNA transcripts (Harvey and Cheng 2016). A
large ribonucleoprotein complex, spliceosome, assembles
at splice sites and removes introns through a series of phos
phodiester transfer events (Fu and Ares 2014). The recog
nition of splice sites and the branch site, which mark the
beginning and end of each intron, is carried out by small
nuclear ribonucleoproteins (snRNPs) U1, U2, U4, U5, and
U6 (Wilkinson et al. 2020). The spliceosome is one of the
most complex machines in the cell that is responsible for
removing introns and connecting the chosen exons through
two transesterification events (Shang et al. 2017; Szakonyi
and Duque 2018). The assembly and regulation of the
spliceosome are dynamic processes guided by consensus
sequences (Baralle and Giudice 2017).

In plants, alternative splicing occurs to varying de
grees, with genomewide transcriptome mapping reveal

ing ranges from 42% to 61% in Arabidopsis thaliana
(Klepikova et al. 2016; Shang et al. 2017). Alternative
splicing enables the generation of multiple mRNA tran
scripts from a single premRNA, resulting in increased
diversity in the transcriptome and proteome (Yang et al.
2014; Baralle and Giudice 2017; Shang et al. 2017). This
process generates novel and unstable mRNA isoforms that
are subsequently degraded through nonsensemediated de
cay (NMD), contributing to transcript level regulation.
Alternative splicing can produce functionally distinct m
RNAs encoding protein isoforms with varying subcellular
localization, stability, or function, achieved through intron
retention, alternative splice site selection, or the presence
of premature termination codons (Shang et al. 2017; Sza
konyi and Duque 2018).

As a widely cultivated crop, the study on alternative
splicing in oil palm has garnered significant interest. Se
veral studies have identified alternative splicing events
in oil palm through transcriptome analysis. Zhang et al.
(2022) identified 33,434 alternative splicing events in oil
palm fruit tissues. One of the genes exhibiting alterna
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tive splicing in oil palm is Heading date 3a (Hd3a; gene
ID: LOC105040685), which is among the most inten
sively studied types of genes since its importance in plant
development (Hassankhah et al. 2020; Li et al. 2015).

Hd3a is a protein that is the homolog of Flowering lo
cus T (FT). It acts as a florigen, which is a key signaling
molecule that controls when plants bloom (Purwestri et al.
2012; Tsuji et al. 2015; Yun et al. 2023). Both Hd3a and
FT proteins exhibit considerably similar molecular struc
tures and share a common function of inducing flowering
(Wu et al. 2019; Polosoro et al. 2021). Given how impor
tant FT and Hd3a are to this important biological process,
many studies have been done on both of them in different
plant species, where it has been found that they both play
similar roles in flowering induction (Liu et al. 2016).

Alternative splicing of Hd3a/FT has been identified
in other species, including in rice (KanekoSuzuki et al.
2018), Platanus acerifolia (Shao et al. 2022), Chrysan
themum morifolium (Mao et al. 2016), and coconut (Xia
et al. 2020). This alternative splicing may exert signifi
cant effects on plant phenotype. In coconuts, analysis of
alternative splicing in photoperiod pathway genes revealed
transcript differences between tall and dwarf coconut va
rieties. Xia et al. (2020) found that the shorter alternative
splice variant of theFT gene, which has a 6 bp deletion and
alternative 3′ splice sites (A3SS), was only found in dwarf
coconut varieties and not in most tall coconut varieties.
Moreover, alternatively, spliced transcripts help make R
proteins that help plants fight off diseases and recognize
when pathogens are invading the plants (Yang et al. 2014).
However, the major functions of alternative splicing genes
remain unknown due to the limitations of the study.

The identification of alternative splicing events in
RNA samples is crucial due to their vital function in the
biological process. However, the minimal differences in
RNA sequences among mRNA isoforms present signi
ficant challenges, particularly in quantitative analysis us
ing quantitative real time polymerase chain reaction (qRT
PCR). Therefore, it is essential to develop an accurate
and reliable technique to detect alternative splicing. The
objectives of this study are to design and validate splic
ing variantspecific primers for accurately detecting and
quantifying the splicing variants of the EgHd3a gene, us
ing PCR and qRTPCR analysis techniques. In this study,
we employed the GenBank database built by the National
Center for Biotechnology Information (NCBI) and the
ClustalW algorithm suite to find alternative splicing events
and visualize genomic DNA and mRNA samples. We pri
oritized good primer design and primer validation utiliz
ing PCR and qRTPCR analyses for accurate and reliable
data. This study also covers the methods, and quality con
trol measures needed to detect alternative splicing events
in gene quantification, which can help us understand the
complicated mechanics of alternative splicing in biologi
cal systems. The complexity of alternative splicing in oil
palm and its critical role in gene regulation and trait di
versity can be elucidated. Understanding these patterns
is pivotal for developing superior varieties with enhanced

disease resistance, yield, and environmental adaptability.

2. Materials and Methods

2.1. Alternative splicing identification
The genomic sequence of Hd3a gene in oil palm and
mRNA samples were obtained from NCBI database based
on previous study conducted by Polosoro et al. (2021) and
Whankaew et al. (2019). Alternative splicing was visual
ized by comparing genomic DNA and mRNA using the
ClustalW method (Supplementary data 1).

2.2. Alternative splicing visualization and primer de‐
sign

To visualize the alternative splicing, forward and reverse
primer pairs were designed manually at unique/specific
target sequences to generate 70–150 bp amplicon with low
secondary structure (GC content <60%). The primer de
sign followed established guidelines, including a length of
15–20 bp, a GC content of approximately 50–55%, and
a melting temperature of 65 °C, which is approximately
5 °C higher than the annealing temperature (60 °C). The
primers were anchored with a G/C at the 3’end and had
similar annealing/extension temperatures. To ensure the
absence of primer dimer formation, we assessed the prob
ability of dimer formation using the Multiple Primer Ana
lyzer tool by ThermoFisher Scientifc (ThermoFisher Sci
entific, NA).

2.3. Primer validation
To examine primer specificity, especially for mRNA spec
imens of similar sizes, cloning of the mRNA samples
into a vector was performed. Total RNA was extracted
from whole oil palm mature male flowers using a modi
fied RNeasy kit (QIAGEN, USA) (Polosoro et al. 2024).
The flowers were collected from the 17th frond position,
which has commonly reached the stage of anthesis for
our oil palm. Total cDNA was made using the Rever
Tra Ace™ reverse transcriptase kit (Toyobo, Japan). All
EgHd3a variant fragments were amplified usingMyTaq™
DNA Polymerase (Bioline, USA) and primers flank
ing the EgHd3a gene (F: GCAGATCTATGAGCAGA
GAAAGGGATCC and R: CTGGTACCTTAAGGTTG
CATCCTTCTCC) with standard recommended proce
dure. The amplification process of the gene fragment was
performed on a PCR thermal cycler (BioRad, USA) with
the following cycle: a denaturation stage at 95 °C for 20 s,
primer annealing at 60 °C for 30 s, and DNA elongation at
72 °C for 35 s. This PCR cycle was repeated 35 times and
concluded with a final elongation stage at 72 °C for 2 min.
The resulting amplifications were ligated into pTA cloning
vectors (Toyobo, Japan) and transformed into competent
E. coli strain DH5α cells. Positive clones were identi
fied by direct PCR using geneclamping primers. Subse
quently, 50 colonies were selected, cultured in liquid me
dia, and plasmid extraction was performed using the QIA
prep SpinMiniprep Kit (QIAGEN, USA). Finally, specific
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primers were used to confirm the presence of the target se
quence in all plasmids (Table 1).

TABLE 1 List of specific primer sequence generated from alterna‐
tive splicing analysis of EgHd3a gene.

No Primer Name Primer Sequences

1
F_EgHd3aX1 ACCTTCTACACCCTTGGTGTCC
R_EgHd3aX1 CACACAATCTCCTGACCGTAG

2
F_EgHd3aX2 GGACCTTCTACACCCTTATTATG
R_EgHd3aX2 CACACAATCTCCTGACCGTAG

3
F_EgHd3aX3 GGACCTTCTACACCCTTATTATG
R_EgHd3aX3 CACACAATCTCCTGACCTGAAC

The primer specificity was further confirmed by per
forming qRTPCR. All cloned plasmids underwent a serial
dilution, with each being diluted 10 times to create 5 stan
dard samples. Each sample was mixed with 12.5 μL of
SensiFAST™ SYBR® NoROX Kit (Bioline, USA) con
taining SYBR® Green dye, 0.75 μL of forward and re
verse primers (10 mM), 1 μL of plasmid dilution prod
uct, and ddH2O to achieve a total reaction volume of 25
μL. The PCR reaction was performed on a RotorGene Q
realtime PCR cycler (QIAGEN, USA) using the absolute
quantification mode with three replications. The reaction
consisted of an initial denaturation step of 2 min at 95 °C.
However, due to the failure to obtain X3 mRNA speci
mens, cDNA samples with 2× serial dilutions were used
instead. Standard curves were analyzed with the Rotor
Gene Q series software (QIAGEN, USA), following re
commended procedural guidelines. Melting point data for
the three types of amplicons were collected and subse
quently analyzed using Duncan’s multiplerange test, uti
lizing SAS software (SAS Institute Inc., USA).

3. Results and Discussion

EgHd3a gene is located on chromosome 3 of the
oil palm genome and produces three distinct pro
tein isoforms: XP_029119083.1, XP_019705100.1, and
XP_019705101.1, as documented by Whankaew et al.
(2019). These isoforms correspond to three dif
ferent mRNA sequences, namely XM_019849541.2,
XM_019849542.2, and XM_029263250.1, which were

designated as specimens X1, X2, and X3, respectively.
Among these isoforms, X2 mRNA demonstrates protein
homology with the Hd3a and FT proteins (Polosoro et al.
2021). However, it shares common exons with the other
isoforms, except for the second exon in X1 mRNA and
the fourth exon in X3 mRNA. Notably, the fourth exon
in X3 mRNA exhibits a longer exon and a premature stop
codon (Figure 1), resulting in a smaller protein and a sig
nificant alteration in the protein structure. In compari
son, X1 mRNA possesses a second exon that is 24 bases
longer than X2, which suggests the presence of an addi
tional 8 amino acids within the Hd3alike protein struc
ture. These findings emphasize the variation among the
isoforms, with X2 mRNA demonstrating similarities with
Hd3a and FT proteins, while X1 mRNA exhibits a longer
second exon and potential amino acid variations, and X3
mRNA undergoes significant changes in protein structure
due to a shorter protein length and possible loss of specific
domains.

Using multiple alignment data, the sequences were
found in different among mRNA samples. The precise po
sitions of the primers are depicted in Figure 2. For X1, the
forward primer is situated on the second exon and has a
specific sequence encompassing an additional 24 bases. In
contrast, the forward primers for X2 and X3 are identical
and located on the first exon, extending five bases into the
second exon. The reverse primers for X1 and X2 are de
rived from the end of the third exon, with an additional 16
bases from the beginning of the fourth exon. Conversely,
the reverse primer for X3 corresponds to a sequence that
is unique to this particular mRNA specimen (Figure 2).

Primer design is a crucial step in ensuring the speci
ficity and efficiency of PCR amplification. Several factors
that influence primer design are the length and complexity
of the target sequence, the presence of single nucleotide
polymorphisms (SNPs) or insertions/deletions (indels),
and the intended application (Kalendar et al. 2022). To
achieve specific binding to the template DNA, it is es
sential to select a stable and specific 3′end. Regions of
the template that contain repetitive sequences or exhibit
high similarity to other sequences in the genome should
be avoided. High guaninecytosine (GC) content at the 3′
end of a primer can lead to nonspecific binding. In this
study, the 3′end of the primer was selected from the al

FIGURE 1 Simplified illustration of unspliced mRNA precursor with four exons (1, 2, 3, and 4) and three introns (shown as lines). Specific
primer positions within the exon were shown as blocked boxes and their sequences were indicated with the same color.
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(a) (b)

FIGURE 2 PCR amplicon product from (a) mature male flower cDNA using EgHd3a flanking primer (X1 and X2 at around 550 bp and X3
at 654bp) and (b) direct PCR from E. coli colony from cloning result, every electrophoresis hole related to one colony. M= 1 kb plus DNA
marker, B=blank, 1 = PCR result of cDNA sample, 1‐17 = results of direct PCR from colony samples.

ternatively spliced region to enhance the specificity of the
target sequence. A range of annealing temperatures was
used to ensure specific binding during PCR. Careful eval
uation and design of the 3′end of the primer are crucial
for achieving efficient and specific PCR amplification.

In this study, we assessed primer specificity by in
sertion of the mRNA specimens into the pTA cloning
vector. While we successfully cloned two mRNA spec
imens, the X3 specimen proved to be challenging due
to its significantly low expression level (Figure 2a). To
gain further insights to this matter, we conducted direct
PCR cloning on 50 colonies. Surprisingly, all the colonies
showed a band of approximately 550 bp (Figure 2b). Sub

sequent sequencing analysis confirmed that these colonies
exclusively contained cDNA specimens for X1 and X2.
Notably, the cDNA and colony amplification approaches
failed to detect the presence of the X3 specimen, indicating
an extremely low expression level.

The results of PCR using the specific primers demon
strated excellent discrimination between the three mRNA
specimens. Primer pair X1 exhibited specific amplifica
tion with the X1 specimen at the lowest annealing tem
perature of 55 °C, as evidenced by the absence of a band
on the X2 specimen (Figure 3a). Conversely, primer pair
X2 amplified the X1 specimen at annealing temperatures
of 55 °C and 58 °C but achieved specificity at a higher

(a) (b)

(c) (d)

FIGURE 3 PCR optimization for amplification of three mRNA specimens with X1, X2, and X3 specific primers at different annealing temper‐
atures. (a) Amplification of X1 and X2 cloned fragment using X1 specific primer. (b) Amplification of X1 and X2 cloned fragment using X2
specific primer. (c) Amplification of X1 fragment, X2 fragment, and cDNA using X3 specific primer. (d) Amplification of cDNA using X1, X2,
and X3 specific fragment. M= 1 kb plus DNA marker, X1= EgHd3a‐X1 (158 bp), X2 = EgHd3a‐X2 (136 bp), and X3 = EgHd3a‐X3 (220 bp).
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annealing temperature of 60 °C (Figure 3b). On the other
hand, primer pair X3 exhibited strong specificity at low an
nealing temperatures (Figure 3d). Importantly, the speci
ficity of this primer pair was observed in cDNA samples
annealed at 60 °C, as seen in Figure 3d, where all samples
showed a single band.

In the case of SNAP primer design, the 3′end of a
primer plays a crucial role in the successful amplification
of the target gene. It is essential to design the primer with
a 3′end that specifically binds to the target sequence and
allows for efficient elongation during PCR (Busk 2014).
Additionally, incorporating three GC nucleotide bases at
the last five bases at the 3′end can prevent secondary for
mations, that may interfere with amplification efficiency
(Li et al. 2020; Mardalisa et al. 2021). A welldesigned
primer with a stable and specific 3′end can significantly
enhance the specificity and sensitivity amplification (Pal
2022).

Primer forward X1 exhibits notable differences in the
last 7 bases when compared to specimens X2/X3. It con
tains two bases capable of forming TA bonds and two C
bases in the last 5 bases at the 3′end (Figure 4a). Despite
the presence of TA bonds, the 7nucleotide disparity at the
3′end of primer X1 confers a high level of specificity. In
contrast, primer forward X2/X3 has six nucleotide bases
that are different from X1 at the 3′end, with one TA
bond and only one G base in the last five bases (Figure
4b). However, PCR test results indicate that this primer is
still capable of amplifying specimen X1 at annealing tem
peratures below 60 °C (Figure 2b). This suggests that the
impact of the TA bonds on specificity appears to be rel
atively weak, while the presence of GC bases improves
specificity.

Similar effects of GC content on primer specificity are
observed in the reverse primers. Five nucleotide bases at
the 3′end of the reverse X1/X2 primer are different from

the X3 sequence. There is one TA bond and three GC
bases in the last five bases (Figure 4c). Similar to primer
forward X1, this reverse primer also demonstrates a high
level of specificity. Additionally, primer reverse X3 has
five different bases at the 3′end compared to the X1/X2
sequence, with two GC bases in the last five bases and no
nucleotide bases binding (Figure 4d). It also exhibits high
levels of specificity. The presence of G or C bases within
the last five bases at the 3′end of the primer, known as the
GC clamp, facilitates amore specific binding affinity at the
3′end due to the increased stability of GC base pairing.

However, cautionmust be exercised to avoid including
more than three consecutive G or C bases within the last
five bases at the 3′end of the primer to ensure optimal
primer specificity (Jadav et al. 2016). Understanding these
factors can help enhance the accuracy and efficiency of
PCRbased experiments.

As a confirmation of what was found with traditional
PCR, a melting point analysis based on qRTPCR (Table
2) was conducted to verify the identity of the amplified
products. The analysis confirmed that each PCR amplicon
originated from a single mRNA specimen. The X1 spec
imen displayed a distinct peak at 84.17 °C, the X2 spec
imen exhibited a peak at 84.92 °C, and the X3 specimen
showed a peak at 84.46 °C. These melting points were sig
nificantly different from each other, indicating that the de
signed primers were highly specific to their target mRNA
samples and could distinguish closely related sequences.
Melting point analysis is widely used in research and clin
ical settings for SNP genotyping in various organisms (Li
et al. 2014).

Using qRTPCR analysis, the EgHd3aX1, EgHd3a
X2, and EgHd3aX3 primers exhibited a strong positive
linear relationship with correlation coefficients of 99.88%,
99.34%, and 99.12%, respectively (Table 2). These high
correlation coefficients indicate a tight relationship be

(a)

(b)

(c)

(d)

FIGURE 4 Attachment location of primer (a) forward EgHd3a‐X1 in the sequence EgHd3a‐X2/EgHd3a‐X3 (left) and EgHd3a‐X1 (right), (b)
forward EgHd3a‐X2/ EgHd3a‐X3 in the sequence EgHd3a‐X1(left) and EgHd3a‐X2 (right), (c) reverse EgHd3a‐X1/EgHd3a‐X2 in the sequence
EgHd3a‐X3 (left) and EgHd3a‐X1/EgHd3a‐X2 (right), and (d) reverse EgHd3a‐X3 in the sequence EgHd3a‐X1/EgHd3a‐X2 (left) and EgHd3a‐X3
(right). The red sequences indicate un‐attached sequence to template.
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TABLE 2 List of specific primer sequence generated from alterna‐
tive splicing analysis of EgHd3a gene.

Primer Regression R2 PCR
Efficiency Amplicon Tm

EgHd3aX1 99.89% 0.99774 110% 84.17 ̊C *a

EgHd3aX2 99.34% 0.98688 116% 84.91 ̊C *c

EgHd3aX3 99.12% 0.96247 115% 84.46 ̊C *b

*a, b, and c denote statistical significance

tween Ct values and the logarithm of the mRNA speci
mens’ concentration (Supplementary data 2). The stan
dard curve in qRTPCR is a crucial component that enables
accurate quantification of DNA fragments (Adams 2020).
By establishing a correlation between the Ct values (cycle
threshold) and the logarithm of the target gene’s concentra
tion, the standard curve allows researchers to estimate the
gene’s concentration in unknown samples with precision
and reliability (Bak and Emerson 2019; Adams 2020).

The efficiency of a PCR reaction is a critical para
meter that directly influences the accuracy and reliability
of gene expression quantification. Typically, the accept
able and desirable range for PCR efficiency is between
90% and 110% for most experiments (Tellinghuisen and
Spiess 2015). Based on the analysis presented in Figure
4, the qRTPCR standard curve analysis demonstrates that
the amplification processes for all three mRNA specimens
are generally efficient. EgHd3aX1 mRNA showed an ef
ficiency within the acceptable range, indicating optimal
amplification. According to Svec et al. (2015), when the
efficiency falls within this range, the amplification pro
cess is reliable and effective, allowing for accurate mea
surement of gene expression levels. Maintaining optimal
efficiency is crucial as it ensures consistent amplification
of the target gene at the expected rate. Several factors, in
cluding primer design, template purity, PCR reagent, and
thermal cycler conditions, can contribute to fluctuations in
efficiency (Bustin and Huggett 2017).

Conversely, the efficiency values of EgHd3aX2 and
EgHd3aX3 primers exceed the upper limit, suggesting the
possibility of more efficient amplification. While higher
efficiency values can increase the assay’s sensitivity, cau
tion must be exercised due to the risk of nonspecific am
plification or other errors (Zuhar 2019). Therefore, meti
culous optimization of experimental conditions is essen
tial to achieve efficiency within the normal range, en
suring precise and reliable quantification of gene expres
sion levels. In this case, where alternative splicing lim
its primer positioning options, it is important to note that
the selected primer remains the optimal choice for analy
sis. By carefully considering efficiency values and mak
ing appropriate experimental adjustments, an accurate and
meaningful interpretation of the qRTPCR results can be
achieved.

4. Conclusions

In conclusion, our study focused on the EgHd3a gene and
its mRNA isoforms in oil palm to design primers for ac
curately detecting and quantifying the splicing variants of
the EgHd3a gene. Our analysis showed that the designed
primers were highly specific and capable of differentiat
ing between mRNA samples. Notably, the variations in
nucleotides at the 3’end of the primers, particularly the
GC composition, played a crucial role in enhancing the
specificity of primers.

The analysis of the qRTPCR standard curve demon
strated a strong correlation between Ct values and gene
concentration for the EgHd3aX1, EgHd3aX2, and
EgHd3aX3 primers. While EgHd3aX1 primer demon
strated efficiency values within an acceptable range, cau
tionwas advised forEgHd3aX2 andEgHd3aX3 primers,
as their slightly higher efficiency values necessitate meti
culous optimization to prevent potential nonspecific am
plification. Despite encountering challenges with primer
positioning due to alternative splicing, our chosen primer
proved to be optimal for the comprehensive analysis con
ducted in this study. Overall, our research emphasizes
the importance of considering alternative splicing in gene
quantification experiments. It provides valuable insights
into methodologies and quality control measures, ensur
ing precise and accurate detection of alternative splicing
events. However, this research may not be applicable in
the case of very high or very low GC content and highly
repeat area of adjacent splicing area. Future research in
cluding the transformation of specimens to model plants
and its quantification in different populations may confirm
the function of this alternative splicing. The findings pre
sented in this study significantly contribute to the under
standing of gene expression dynamics in oil palm and open
avenues for further advancements in molecular studies and
genetic research in plant species.
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