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Abstract. Maryanto SD, Tanjung ZA, Roberdi, Sudania WM, Pujianto, Hairinsyah, Utomo C, Liwang T. 2021. Involvement of purple
acid phosphatase gene into nitrogen uptake of oil palm (Elaeis guineensis). Biodiversitas 22: 1385-1390. Nitrogen is the most important
nutrient element in terms of plant growth. Plant purple acid phosphatases (PAPs) are known to participate in the phosphate (Pi)
acquisition and utilization. Moreover, PAP gene plays an important role in nitrogen fixation. A single nucleotide polymorphism (SNP)
was previously detected in the exon 7 of EgPAP3, based on SNP mining analysis of oil palm (Elaeis guineensis Jacg.). genome
database. This study was aimed to obtain a Cleaved Amplified Polymorphic Sequences (CAPS) marker based on SNP within EgPAP
associated with efficient nitrogen uptake oil palm progenies. Primer pairs were designed and used for PCR amplification of 3 oil palm
progenies that showed low N-content, 3 progenies with moderate N-content, and 3 progenies with high N-content. The amplicon was
purified prior to single-pass DNA sequencing analysis. Based on Pearson’s chi-square and odds ratio statistical analysis, the SNP has
strong positive correlation with the phenotype. The SNP is located at chromosome 13 with a distance of 17.7771 ¢cM from start codon.
The sequencing analysis revealed that three progenies with high N-content samples had GG allele motif, while moderate N-content
progenies had GA allele and low N-content progenies had AA allele motifs respectively. In addition, a restriction site of NlalV was
found to be adjacent to the SNP location, thus the PCR products of all samples were digested with NlalV restriction enzyme. NlalV was
able to distinguish between high, medium and low efficient DNA samples. Whole high N-content progenies with GG allele motifs were
undigested indicating a single band size of 670 bp identical to the untreated PCR product (control). Moderate N-content progenies
produced a 670 bp, 550 bp, and 120 bp bands because of digested by NlalV. Low N-content progenies also resulted in double bands of
550 bp and 120 bp due to digested by NlalV. Furthermore, NlalV restriction enzyme was applied to digest other 54 oil palms DNA
samples with unknown genotypes. Whole GG samples were consistently shown to have single band, GA and AA samples were also
consistent in producing two bands with different lengths. Based on this result, CAPS marker based on SNP in EgPAP3 was successfully
developed to screen between high and low efficient N-uptake of oil palm progenies.
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INTRODUCTION

Oil palm (Elaeis guineensis, Jacg.) is an important
perennial crop with the highest yielding oil in the world
(Corley and Tinker 2015). High yield can be achieved by
supplying optimum mineral nutrition consisted of the
supply, absorption, and utilization of the essential nutrients
(Fageria et al. 2010). Nitrogen (N) is the most important
nutrient in plant growth, its availability being a major
limiting factor for crop productivity (Mohidin et al. 2015).
Nitrogen plays many roles in growth and development of
plants such as constituents of amino acids, proteins,
protoplasm, and chlorophyll (Fita et al. 2011). The
proportion of nitrogen absorbed and used by plants is
called nitrogen use efficiency (NUE). An improvement in
nitrogen use efficiency and fertilizer efficiency is vital to
make agriculture more sustainable (Baligar and Fageria
2015).

Nitrogen in the form of nitrate (NO3~) and ammonium
(NHs*) was absorbed from the soil by plants and

transported through xylem as nitrate, and dissolved
ammonia, amino acids from the root to the shoot (Zhao et
al. 2018). Several nitrate transporters were taken up of
nitrate that uses a proton gradient to power the transport
mechanism. Roots reduce only a small fraction of the
absorbed nitrate to ammonia, while nitrate reduction was
carried out in the shoots. Ammonia is incorporated into
amino acids via the glutamine synthetase-glutamate
synthase (GS-GOGAT) pathway. A significant amount of
ammonium ions were transported in the shoots, whereas
whole ammonia is usually incorporated into amino acids in
the root. Furthermore, biological nitrogen fixation converts
N into ammonia. Nitrogen fixation is a converted process
of molecular nitrogen from air into ammonia (NHs) or
related nitrogenous compounds in soil. Plant purple acid
phosphatases (PAPs) encoding gene is known to participate
in nitrogen fixation. Ammonium ions from nitrogen
fixation processes were absorbed by the plant through
ammonia transporters (Feng et al. 2020).

The largest group of plant acid phosphatases (APases)
(EC 3.1.3.2) is plant purple acid phosphatases. The PAPs
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are called because of their purple color in water solution.
This color results from the charge-transfer transition
between ferric ion and the tyrosine residue. The presence of
seven variant amino acid residues in five conserved motifs
(DXG/GDXXY/GNH(D/E)/VXXH/GHXH of PAP s
essential for the formation of a binuclear metal center (Yin
et al. 2019). Whole PAPs are capable of hydrolyzing
phosphate esters such as ADP, ATP, and glycolipid (Wang
2011). They play multiple roles during plant development,
including the accumulation of phosphate, modulation of
ascorbate biosynthesis, flower development, cell wall
biosynthesis, control of seed germination, and the
generation of reactive oxygen species (Tian et al. 2012; Li
et al. 2008). The PAP is associated with phosphate (Pi)
utilization, and they considered to be induced by phosphate
deprivation. Pi is the second most limiting nutrient in oil
palm, playing most important role in plants energy transfer
and storage. Pi is a structural component of nucleic acids,
nucleotides, and coenzymes (Xie and Shang 2018). PAPs
have biochemical function in regulating ADP levels and
energy charge. The ratio of ATP or ADP and the energy
charge in nodule cells of Astragalus sinicus was changed in
silenced PAPs, leading to the damage of nitrogenase
activity (Wang et al. 2015). Nitrogenase activity was
regulated by the ratio of ATP or ADP, energy charge and
ATP content in nodule cells (Ott et al. 2005).

The PAP gene also has an important role related to
nitrogen fixation. The PAP genes play important role in
nodule formation including nodule primordium formation,
nodule early senescence, nitrogen fixation and induced
hairy roots. This affected root nitrogen uptake and is
essential to increase biological nitrogen fixation (Wang et
al. 2020). Thirteen SNPs in soybean PAP gene are
significantly associated with phosphate limitation tolerance
(Ning et al. 2016).

Plant breeding is the manipulation processes of plant
species to create desired phenotypes and genotypes for
specific purposes (Daryono et al. 2012). Molecular markers
can be used to identify useful genotypes for inclusion in
plant breeding (Daryono and Maryanto 2018). The
variation in a single position in DNA sequence among
individuals of same species is called Single Nucleotide
Polymorphism. SNP is a type of molecular marker, which
can be used as a selection tool and crop genetic diversity
analysis for plant breeding programs (Borlay et al. 2017).
SNPs have important applications as molecular markers
that reflect both natural genetic variability and a genetic
drift created by breeders in plants (Shavrukov 2016).

SNP markers have been applied to select nitrogen use
efficient plants in rice (Oryza sativa) (Duan and Zhang
2015). The polymorphism in EgFUM1 was reported to be
associated with N uptake in oil palm (Maryanto et al.
2020). SNPs in this gene could be used to select oil palm
plants with high N-uptake efficiency. SNP could be
detected in several methods including Sanger-sequencing,
Single Nucleotide Amplified Polymorphism (SNAP),
Cleaved Amplified Polymorphic Sequences (CAPS), High
Resolution Melting (HRM), and Kompetitive Allele
Specific PCR (KASP). CAPS markers also known as
polymerase chain reaction-restriction fragment length
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polymorphism (PCR-RFLP) (Konieczny and Ausubel
1993). CAPS are applicable for SNP detection in a wide
range of populations (Liu et al. 2016). The advantages of
CAPS markers are co-dominant, locus-specific, easy scored
and interpreted, easy conducted in laboratory, rapid, and do
not require radioactive isotopes. Previously, efforts have
been initiated to convert SNPs to CAPS markers in many
crops. CAPS marker was applied in the validation of SNP
on rice (Lee et al. 2009), soybean (Shu et al. 2011), and
EgSHELL for selection of Dura, Pisifera and Tenera in oil
palm fruits (Babu et al. 2017). SNP-based CAPS markers
were also conducted for molecular characterization of
natural oil palm populations (Ong et al. 2015). However,
there are no reports of the CAPS marker applied for SNP
validation of the EgPAP3 gene associated with nitrogen
uptake in oil palm. So, the aim of this study is to develop
CAPS marker for SNP validation in EgQPAP3, an important
gene for efficient N uptake of oil palm.

MATERIALS AND METHODS

Trials and planting materials

Tenera (DxP) seedlings used in this study were
obtained from the crossing design of three Dura female
parents and a Pisifera male parent. The Dura palms were
selected based on their N-leaf content (high, moderate and
low) ranged from 1.99% to 2.89% (Fadhila 2015; Maryanto
et al. 2020). Thus, there were three progenies comprised of
each high, moderate, and low N efficient uptake. Three
plants from each progeny were used in Sanger’s
sequencing analysis to reveal any SNPs that may be
associated with the respective phenotype. In addition, the
number of samples enlarged up to 18 plants in each
progeny for the CAPS marker development. N-leaf content
was measured from 7-month-old tree leaves that were dried
in an oven at 70-80° C for 12 hours using the Kjeldahl
method with 3 repetitions (Gholizadeh et al. 2009;
Rahmawati and Santoso 2017).

Polymerase Chain Reaction-Restriction Fragment
Length Polymorphism (PCR-RFLP)

Plant DNA was isolated using Nucleospin Plant Il Kit
(Macherey-Nagel, Duren, Germany) according to the
manufacture instruction. Quantity and quality of DNA were
measured using Nanodrop Spectrophotometer 2000C
(Thermoscientific, MA, USA). DNA integrity was
visualized using 1% agarose gel (Bioron, Ludwigshafen,
Germany) electrophoresis in TAE 1x buffer (0.04 M Tris,
0.001 M EDTA-Na; 2H;0, 0.02 M acetic acid pH 8.5). The
gel was visualized using UV transilluminator Gel-DocTM
XR (Biorad, USA).

The primer pair for PCR amplification targeting the
SNP region at exon 7 of EgQPAPs gene was designed using

Primer3  software (http://simgene.com/Primer3). The
primer was consisted of forward 5’-
TTCTACGATGTCTTCGGCCG-3> and reverse 5°-

CAATCGAAATGAACTTCTTCCCC-3". The primer was
designed to produce a PCR amplicon of 670 base pairs
(bp). Furthermore, PCR amplification was performed using
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the KOD FX Neo 200U kit (Toyobo, Osaka, Japan) based
on manufacturer instruction. The PCR reaction was
comprised of 12.5 pL of 2x PCR buffer for KOD FX, 5 pL
of 0.4 uM dNTP, 1.5 pL of 0.3 uM each primer forward
and reverse, 1 pL of 1 u/50 pL of DNA polymerase, 1 pL
of DNA template, and 4,5 pL of ddH;O. The PCR reaction
was performed initially by a denaturation cycle at 95°C for
5 min, followed by 35 cycles of denaturation at 95°C for 30
s, annealing at 60°C for 30 s, and DNA synthesis at 72°C
for 1 minute. Finally, an extension cycles at 72°C for 7
min. Each PCR product was visualized using 1% agarose
DNA gel electrophoresis.

Single-pass sequencing analysis based on Sanger’s
methods was performed to determine the allele variants in
all DNA samples conducted at the Integrated DNA
Technologies, Ltd, Malaysia. The recognition site of a
restriction enzyme nearby the SNP position was done using
Geneious version 9.0.5 software (Biomatters Ltd). The
NlalV (GGN|NCC) was designed to digest of amplicon of
EgPAP3 gene. The NlalV digestion was conducted based
on protocol from manufacturer’s instruction. Total final
solutions were 10 pL consisted of 1 pL of 10x NEbuffer
(NEB Company, Ipswich, Massachusetts, United States),
0.2 puL of 2,000 U/ml restriction enzyme, 5 pL/40 ng
template of amplicon, and 3.8 pL ddH,O. The solution was
incubated in water bath on 37° C for 3 hours.

Data analysis

N-leaf content was categorized based on Fairhurst
(2015) approach with critical nutrient level of N is 2.50%.
Sequence variants were analyzed using Geneious version
9.0.5 software (Biomatters Ltd). CAPS marker
development was analyzed statistically using Pearson's chi-
square and odds ratio with two-by-two table analysis with
Simple Interactive Statistical Analysis (SISA) online
software (http://www.quantitativeskills.com) (Maryanto et
al. 2020).

RESULTS AND DISCUSSION

N-leaf content

The result showed that fifty-four palms were clustered
into 2 groups, the N-leaf content in the high group (more
than 2.50%) was ranged from 2.60% to 2.89%, while in
low group (below 2.50%) it was ranged from 1.99 to 2.34
% (Figure 1).

Single nucleotide polymorphism

Initially, SNPs in the oil palm EgPAP3 gene were
identified based on a local database in silico analysis. The
EgPAP3 gene consisted of 3,232 bp with 7 exons and 6
introns. The total length of exon was 996 bp. Primer was
designed in SNP flanking region. Nine palm samples (3
samples from each progeny) were amplified and sequenced
using Sanger methods. One SNP motif was found among
samples on 17.7771 cM position. The allele variants were
GG, GA, and AA (Figure 2) for efficient, moderate, and
non-efficient progenies, respectively.
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G
High
K
) ‘s 5
A
YL Low
. 'I-‘ :
" “Moderate
Ay

Figure 2. Electropherogram of EgPAP3 gene

Development and validation of a CAPS marker

A recognition site of NlalV was found nearly to the
SNP based on analysis with Geneious version 9.0.5
software. CAPS marker has been attempted to develop for
SNP that associated with high and low N efficient uptake
progenies. Eighteen palms per progeny were used to verify
the ability of NlalV to distinguish among progenies.
Sample with GG allele showed a band at 670 bp, while
sample with AA allele showed double band with 550 bp
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and 120 bp. Furthermore, GA allele showed triple band in
670 bp 550 bp, and 120 bp (Figure 3).

The result was validated with 54 oil palm samples
consists of 27 high and 27 low N uptake efficiency palms.
All of GG genotypes were consistent showed single band;
AA genotypes were showed double band with different
amplicon lengths, and GA was also consistent showed
triple band (Figure 4).

Fifty-four palms were divided into 2 groups including
the higher group consisted of eleven palms containing GG
allele, ten palms had GA allele, and six palms had AA
allele; while in lower group one palm had GG allele, nine
palms had GA allele, and seventeen palms had AA allele
(Table 1). Based on statistical analysis, SNP had strong
positive correlation with N uptake based on N-content in
the leaf parameters (Table 2). The GG genotype was
related to high N uptake; GA genotype was related to
moderate N uptake efficiency, while AA genotype was
related to low N uptake.

Discussion

Nitrogen is essential nutrition for oil palm vegetative
growth and fruit development (Wang et al. 2012). The PAP
gene has important role related to nitrogen fixation and
nodule formation. The PAP gene was reported to contribute
to nitrogen fixation (Wang et al. 2015). Nitrogen fixation is
a process by which nitrogen molecules in the air are
converted into ammonia (NHs) or related nitrogenous
compounds in soil. Nitrogen fixation process occurs at root.
The impact of increasing nitrogen fixation is plant absorbs
more nitrogen. The PAP gene would induce nodule
formation, consisted of nodule primordium formation and
nodule early senescence in A. Sinicus (Wang et al. 2015).
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Table 1. Allele variants of EgPAP3 gene in 54 oil palm samples

Category
Sample C,\?fggr?{gngf Allele  Sample of N- Allele
content
N1 H AA N28 L GA
N2 H AA N29 L GA
N3 H AA N30 L AA
N4 H AA N31 L AA
N5 H AA N32 L AA
N6 H GA N33 L AA
N7 H GA N34 L GA
N8 H GG N35 L AA
N9 H GA N36 L AA
N10 H GA N37 L AA
N11 H GG N38 L AA
N12 H GA N39 L AA
N13 H AA N40 L AA
N14 H GG N41 L GA
N15 H GG N42 L AA
N16 H GG N43 L AA
N17 H GA N44 L GA
N18 H GG N45 L GA
N19 H GA N46 L AA
N20 H GA N47 L GA
N21 H GG N48 L AA
N22 H GG N49 L AA
N23 H GG N50 L AA
N24 H GA N51 L GA
N25 H GG N52 L GA
N26 H GG N53 L GG
N27 H GA N54 L AA

S1 S2 S3

*Note: N: sample code; H: high N-leaf content; L: low N-leaf
content

s4 s5

S6 S7 S8

Figure 3. PCR profiles of oil palm samples A) Before digestion; B) After digested with NlalV. Note: S1-S3: GG (single band); S4-Sé:

AA (double bands), and S7-S9: GA (triple bands).
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Figure 4. PCR profiles of oil palm samples with EQPAP3 gene, A) Visualization before digestion; B) After digested with NlalV
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Table 2. Statistical analysis of SNPs EgPAP3 gene

1389

Odds .
SNP . . - - 95% Confidence -
(M) Flanking Allele Genotype High Low value }(?Oag? Interval (CI) Finding
17.7771 CC(G>A)TT GA GG 11 1 10.71  17.88 2.10>17.88> 151.89 Significant, strong
positive correlation
Non GG 16 26 0.056 0.007 >0.056> 0.475

The EgPAP3 gene was highly upregulated which may
be presumed to stimulate hairy root at low nitrogen
condition in oil palm. Increasing nitrogen fixation could be
stimulated by hairy root growth. Increasing nitrogen
fixation would influence root nitrogen uptake in the plant.
Nitrogen fixation will increase the converted nitrogen in
the air into ammonia. Ammonia will be absorbed by plants
to the leaf through the ammonia transporter mechanism.
They may affect the nitrogen activity and N-content in leaf
according to the result in a previous study that under low N
condition glutamine synthetase-glutamate synthase (GS)
plays the important role in N uptake and utilization (Shah
et al. 2017).

The polymorphism of EgPAP3 gene was associated
with nitrogen fixation in oil palm. One SNP was found
among samples with different N-leaf content, located in
chromosome 13 on 17.7771 cM positions. The allele
variants were GG, GA, and AA. Furthermore, this SNP
was converted to CAPS marker for validation. Single-band
was indicated homozygote allele (GG), while triple band
with 670 bp, 550 bp, and 120 bp were indicated GA and
double band with 550 bp and 120 bp were indicated AA
alleles. Statistical analysis of SNPs shown that there was
strong positive correlation with the phenotype. The GG
allele was correlated with efficient N-uptake which is
indicated from majority of palm which GG allele has
highest N-content in leaf. The GA allele was correlated
with moderate N-uptake which is indicated from palm
which GA allele has middle N-content in leaf. Furthermore,
the AA allele was correlated with not efficient N-uptake
which is indicated from palm which AA allele has low N-
content in leaf. The EgPAP3 gene which GG allele might
induce hairy root at low nitrogen condition in oil palm, so
that nitrogen fixation (convert from N, into ammonia)
would be faster. Increasing nitrogen fixation would induce
a lot of nitrogenous compounds in root. Ammonia
transporter mechanism will be absorbed of ammonia into
leaf. The amount of N-content in the leaf will be high,
which means that N-uptake would be efficient.
Furthermore, The EgPAP3 gene which AA allele might not
induce hair roots at low nitrogen conditions in oil palm, so
that nitrogen fixation (convert from N into ammonia)
would be slow. An ammonia supply would be affected into
leaf, when N-uptake would be not efficient.

In conclusion, the EgPAP3 gene from oil palm encodes
a purple acid phosphatase which participates in nitrogen
fixation. One SNP was found in 17.7771 cM in EgPAP3
gene. CAPS marker based on SNP was developed and
could be used for the molecular assisted selection of oil

palm. It was found a strong positive correlation between
polymorphism and N-leaf content phenotype.
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