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SUMMARY

Nibung (Oncosperma tigillarium [Jack] Ridl.) has a stronger wood quality and is resistant to tidal
deformations. For centuries, the local people are traditionally using nibung for different purposes.
However, its utilization is higher than its cultivation, causing a decrease in supply every year.
Taxonomic data based on molecular markers are urgently needed in the nibung germplasm. We need
to study their molecular characters to provide basic data for genetic diversity and conservation study
purposes. The present study aims to analyze the phylogenetic relationship of seven accessions of
nibung in Riau, Sumatra, Indonesia, based on molecular characters and to clarify the relationship
among closely related infra-specific categories. The seven accessions of nibung were grouped by types
of habitats i.e., lowland and highland areas. Accessions collected from the highland areas (Bukit
Suligi) were very different from those collected from the lowland areas based on their genetic and
evolutionary data. Based on Neighbor-Joining (NJ) analysis, it is estimated that the accession O.
tigillarium from Bukit Suligi was more advanced than another accession. The present study has been
able to compare more primitive and advanced accessions based on genetic distance. The studies also
confirmed that the more advanced species are highly capable to survive in their in situ environment.
Such type of genetic variability is very important for breeding and conservation studies and can be
used in future generations of palm.

Keywords: DNA barcoding, trnL-F intergenic spacer, nibung (Oncosperma tigillarium), Riau -
Indonesia

Key findings: Phylogenetic studies of O. tigillarium accessions at Riau, Indonesia evaluated and
compared with more primitive and evolutionarily advanced accessions based on genetic distance.
These findings are of great importance for further improvement in palm through future breeding and
conservation studies.
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INTRODUCTION

Nibung (Oncosperma tigillarium) is a wetland
palm species that grows in swampy habitats of
the coastal areas, brackish water coastal
swamps, creek banks, and on sandy/rocky
seashores in Southeast Asia, particularly from
Malaysia to Borneo and the Sumatra,
Indonesia. In Indonesia, nibung is distributed
in the Kalimantan and Sumatra (POWO, 2019).
The nibung existence in Sumatra, and
especially in Riau Province, is found in coastal
areas dominated by peat swamp forests and
coastal forests. The said plant floras develop
the mangrove ecosystem in Riau Province,
Indonesia (Desti et al., 2019).

Nibung plants have been traditionally
used by the local communities in the coastal
areas of the Sumatra region. Almost all parts
of the nibung i.e., roots, stems, leaves, and
fruits can be used directly. Nibung roots are
used by the local community as a febrifuge
(Heyne, 2008). The nibung branch has a hard,
strong, and termite-resistant character and has
the potential to be used as a base material to
build houses, bridges, boats, and fishing gears
for fishers (Desti and dan-Melissa, 2017).
Furthermore, nibung leaves are also used as
basic ingredients for crafts such as roofs and
baskets (Nurlia et al., 2013).

Nibung usage has been exploited, with
visible leaves stumps, damaged strands, and
serious habitat damage in Riau, Indonesia.
With the excessive use of nibung, it also needs
more conservation efforts to preserve the
same for future generations. The effectiveness
of germplasm management can be fulfilled
after its further exploration, identification,
classification, and characterization based on
taxonomic evidence (Hidayat and Pancoro,
2008). Further taxonomic studies on nibung
are required to use that information as a
reference in future conservation activities.
Taxonomic data based on molecular markers
are urgently needed in the nibung germplasm.
Hence, we need to study their molecular
characters to provide basic data for genetic
diversity and conservation study purposes.

DNA barcoding can be a valuable tool
for confirming the identification of palm
species, especially for the specimens at
immature stages of development, where the
diagnostic floral characteristics are rarely found
(Baker et al., 2011; Alapetite et al., 2014).
DNA barcoding also provides many
characteristics because of the varied forms of
the base nucleotides at other loci. Studies
using chloroplast DNA  (cpDNA) trnL-F
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intergenic spacer (IGS) sequences are the
most extensively used which offer the broadest
basis for comparison through nuclear DNA and
morphological analyses that provide an
important contribution to the phylogenetic
understanding of the family (Hahn, 2002).

Phylogenetic analysis using the trnL-F
intergenic spacer has successfully shown a
kinship relationship between 65 species
belonging to the Palmae family (Baker et al.,
1999) and 10 taxa of the genus Arisaema
(Jung et al., 2004). However, a phylogenetic
study using the trnL-F IGS marker in nibung
has never been done before. Therefore, the
present study aims to a) analyze nibung
relationships, and b) construct phylogenetic
tree based on marker trnL-F IGS.

MATERIALS AND METHODS
Plant material and DNA extraction

In this study, all the seven nibung (O.
tigillarium) accessions were collected in Riau
Province, Indonesia (Table 1 and Figure 1).
Five accessions belonging to the Arecaceae
family i.e., Phoenix dactylifera (KC541557.1),
P. paludosa (MH215767.1), Nenga pumila

(AJ404911.1), Cyrtostachys renda
(AJ404907.1), and Acanthophoenix rubra
(AM113679.1), were wused as out-group

obtained from Genebank Data (NCBI). The
DNA was extracted from silica-dried plant
leaves using CTAB (cetyl trimethylammonium
bromide) methods with modification and was

stored in TE (Tris-EDTA) buffer at -20 °C
before use (Doyle and Doyle, 1987).
Amplification and DNA sequencing

The genomic DNA was amplified using
universal primer trnlL-F intergenic spacer

(IGS). The PCR reaction 50 pL consisted of 10-
50 ng/uL genomic DNA, 10 pmol of each
primer, Dream Taq Buffer 10x, and 2mM dNTP
Mix. The PCR reaction was conducted according
to Small et al. (2005) consisted of an
activation step of denaturation 95 °C for 4 m,
an annealing step of 52 °C for 1 m, and an
extension step of 72 °C for 1 m 30s. The PCR
mixture underwent 35 cycles. The PCR
products were run on 1.2% agarose gel
electrophoresis at 110 volts for 30 minutes.
The amplified products were then purified by
PCR Clean-Up or Gel Extraction depending on
visualization results for Single Pass DNA
Sequencing. Forward sequencing reactions
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Table 1. Sources of O. tigillarium sequences and their locality origin.

No. Collection code

Locality origin

. tigillarium_K1
. tigillarium_K2
. tigillarium_K3
. tigillarium_K4
. tigillarium_K5
. tigillarium_K6

Bengkalis Island, Bengkalis District, Riau Province
Bengkalis Island, Bengkalis District, Riau Province
Rupat Island, Bengkalis District, Riau Province
Rupat Island, Bengkalis District, Riau Province
Rupat Island, Bengkalis District, Riau Province
Bukit Suligi, Rokan Hulu District, Riau Province

NouhbhwNne
Q000000

. tigillarium_K7

Forest Park Sultan Syarif Hasyim, Siak District, Riau Province

Slak
Pebanbers  RIAU PROVINCE

Figure 1. Map of locations for collecting nibung accessions in Riau Province, Sumatra, Indonesia.

were performed by a Big Dye Terminator v3.1
cycle sequencing kit using trnL-F 1GS (First
Base Laboratories).

Phylogenetic analysis

Online data mining BLAST was done to identify
similar sequences based on the NCBI. DNA

sequences of nibung were aligned with
ClustalW Multiple Alignment in Molecular
Evolutionary = Genetics  Analysis (MEGA)

software (Tamura et al., 2013). Phylogenetic
tree  construction used the Maximum
Parsimony (MP) and Neighbor-Joining (NJ) was
carried out with the program of PAUP version
4.0 (Swofford, 2002). The NJ analysis was
performed by using a model of evolution
HKY85 with 1000 bootstrap (BS) replications to
test the strength of each branch of the
phylogenetic tree obtained with a frequency of
>50% (Hasegawa et al., 1985). Bootstrap
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support (BS) was categorized as strong
(>85%), moderate (70%-85%), weak (50%-
69%), and poor (<50%) (Kress et al., 2005).

RESULTS

Maximum Parsimony (MP) analysis

The Maximum Parsimony (MP) analysis results
based on the sequences data of trnL-F IGS

were summarized in Table 2. The aligned
matrix analysis for the combination between

in-group 0. tigillarium and  out-group
comprised of 533 characters with 209
parsimony-informative characters,

parsimonious trees with a length of 378 steps,
CI (0.96), and RI (0.98). Parsimony
information comprising the character's
differences in nucleotide bases can be used as
distinguishing information between species.
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Table 2. Summary of parsimony analysis.

Variables trnL-F 1GS
Oncosperma tigillarium accession + out-group

GC content (%) 31.79-45.66
GC content average (%) 35.03
Sequences length 533
Number of characters constant 203
Parsimony uninformative characters 121
Parsimony informative characters 209

Tree length 378
Consistency index (CI) 0.96
Retention index (RI) 0.98
Oncosperma tigillarium accession

GC content (%) 33.75-45.66
GC content average (%) 36.65
Sequences length 500
Number of characters constant 401
Parsimony uninformative characters 97
Parsimony informative characters 2

Tree length 104
Consistency index (CI) 1.00
Retention index (RI) 1.00

The difference in nucleotide bases in
informative parsimony characters is caused by
a long evolutionary process (Yuri et al., 2013).

The aligned matrix analysis for seven
accessions of O. tigillarium comprised 500
characters with two parsimony-informative
characters, parsimonious trees with a length of
104 steps, CI, and RI of 1.00. The CI value
(1.00) indicated a cladogram that is formed
gradually with consistent higher character and
no homoplasy (Klingenberg and Gidaszewski,
2010). Homoplasy is a character that can be
found among different taxa, however, not
found in a common ancestor (Suparman et al.,
2013).

Sequence alignment aims to determine
the level of conservation and look at the
genetic variation that comes from changes in
the base nucleotides. The alignment results
revealed that the nibung sequence has the
highest conserved region with a constant
character of 401 bp obtained from a total of
500 bp. A conserved region is an area that
does not undergo mutation and changes in
nucleotide bases. The more conserved regions
in isolated plant sequences, the lesser
emergence of genetic variation (Liu et al.,
2017).

The average content of G + C was
36.65% in nibung sequences (Table 2). The
number of nucleotide base compositions G + C
in the DNA sequence makes it prone to
mutation. This might be due to C nucleotide
bases which are easily methylated. Methylation
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occurs due to the addition of the methyl group
at the 5' end of cytosine covalently triggers the
occurrence of substitution mutation (Smarda et
al., 2014; Singh et al., 2016). Mutation in the
nucleotide base arrangement can provide
variation in the studied accessions of nibung,
and it can be used as a source of data in
phylogenetic study (Travnicek et al., 2019).

Phylogenetic analysis of O.
based on MP method

tigillarium

Phylogenetic analysis was done for the same
group of nibung accessions with different sets
of data and the study of relationships. The
phylogenetic analysis was presented in a
cladogram with the strict consensus tree and
phylogram tree (Figures 2 and 3). Phylogenetic
tree construction based on MP and a brief
evolutionary process revealed the smallest
change (Kannan and Wheeler, 2012; Maatta
and Roos, 2016).

The analysis using MP showed a
monophyletic presence in each taxa group. A
monophyletic clade and its members have a
very close relationship and have a common
ancestor. MP analysis phylogram separated a
single clade of O. tigillarium_K6 from the Bukit
Suligi, District Rokan Hulu (Figure 3), with 26
different base arrangements from other
accessions i.e., the nucleotide sites 27 (A-G),
174 (G-C), 295 (G-C), 387 (T-C), 455 (G-T),
and 495 (A-C). In species, the observed fewer
changes in the nucleotide bases being
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Figure 2. Strict consensus tree derived from maximum parsimony analysis of trnL-F intergenic spacer
sequences of Oncosperma tigillarium and out-group taxa. CI: 0.97, RI: 0.98, RC: 0.95. Numbers

Phoenix dactylifera KC541557.1
Nenga pumila AJ404911.1
Acanthophoenix rubra AM113679.1

100
84

Oncosperma tigillarium K1
Oncosperma tigillarium K2
72 Oncosperma tigillarium K5
80 Oncosperma tigillarium K3
70 Oncosperma tigillarium K4
Oncosperma tigillarium K7

Cyrtostachys renda AJ404907.1
Phoenix paludosa MH215767.1

Oncosperma tigillarium K6

below branches showed bootstrap values.

Phoenix dactylifera KC541557.1
t Nenga pumila AJ404911.1
5

IEcanthophoenix rubra AM113679.1

2— Phoenix paludosa MH215767.1
Oncosperma tigillarium K1
Oncosperma tigillarium K2

N Oncosperma tigillarium K5
27 Oncosperma tigillarium K3

£~ Oncosperma tigillarium K4

Oncosperma tigillarium K7
26

Oncosperma tigillarium K6

= 5 changes

Cyrtostachys renda AJ404907.1

Figure 3. Phylogram tree derived from maximum parsimony analysis of trnL-F intergenic spacer
sequences of Oncosperma tigillarium and outgroup taxa. CI: 0.97, RI: 0.98, RC: 0.95. The number
above the branch shows the branch length based on the change in the character of the nucleotide

base.

compared, the closer the relationship (Ha et
al., 2018).

Two accessions from Districts of Rupat
Island, Bengkalis (O. tigiilarium,) and Forest
Park Sultan Syarif Hasyim, Siak (O.
tigiilarium;) and two accessions from Bengkalis
Island, District Bengkalis (O. tigiilarium; and O.
tigiilarium,) form a sister group clade which
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indicated these two accessions have close
relationship based on the c¢pDNA trnL-F IGS
gene. Four accessions from Rupat and
Bengkalis islands are grouped into one clade.
The close relationship among these accessions
might be due to the same geographic location
(Han et al., 2020).
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Phylogenetic analysis of O. tigillarium
based on Neighbor-Joining (NJ) method

In addition to using the MP method, the
construction of a phylogenetic tree
(Phylogram) on nibung (O. tigillarium) was also
made through the Neighbor-Joining (NJ)
method. The phylogenetic analysis used the NJ
method presented in the phylogram tree
(Figure 4). Classification based on the NJ]
analysis is the same as classification based on
the MP analysis. These two analytical methods
supported each other and built a firm and clear
phylogenetic tree. Based on the NJ analysis,

0.498

the accession from Bukti Suligi, District Rokan
Hulu (O. tigillarium_K6) has longer branches
than other accessions. Based on the alignment
of the seven accessions of nibung from Riau,
Indonesia it was found that there were
differences in the base order of nibung
accessions from Bukit Suligi, namely the
presence of insertions (O. tigillarium_K6) and
deletion (another accession) at the base size of
272-288 bp. Insertion and deletion (INDEL) is
one of the main events contributing to genetic
and phenotypic diversity. INDEL is the addition
or loss of nucleotide pairs in genes (Yan et al.,
2014; Sehn, 2015).

99'Bnoenix dactylifera KC541557.1

o

92 hoenix paludosa MH215767.1

Oncosperma tigillarium K1
0j019
@ncosperma tigillarium K2

c5:1cu:rs|[.mr1'na tigillarium K3

! .1)39

ncosperma tigiflarium K7
0" Yncosperma tigitlarium K5

o GSZOncosperma tigillarium K&

= 0.01 substitutions/site

Oncosperma tigillarium K4

Nenga pumila AJ404911.1

odo yrtostachys renda AJ404907.1

0%3

Acanthophoenix rubra AM113679.1

Figure 4. Phylogram tree from Neighbor-Joining analysis of trnL-F IGS sequences. Numbers above

branches correspond to the genetic distance.

DISCUSSION

Phylogenetics study can classify the organisms
according to their similarities and differences
by several decades. The phylogenetic analysis
using Maximum Parsimony (MP) showed
monophyletic presence in each taxa group of O
tigillarium. Monophyletic means that each taxa
group comes from a single and same ancestor
(Comer et al. 2016). Based on Lewis (2002)
studies which analyzed the phylogenetic of the
genus Oncosperma based on morphological
characters revealed a group of monophyletic in
the same genus. In a monophyletic group, the
members are considered to have a very close
relationship and are assumed to carry similar
genetic and biochemical patterns (Zhang et al.,
2014; Hertweck et al., 2015).

In phylogeny analysis, the
monophyletic factor is an important parameter.

180

In evolutionary research, if the number of the
ancestors is more than one, this will confuse
the process of determining the characteristic
changes that occur during evolution. The
confusion also occurs due to the uncertainty of
the ancestors passing down their traits to their
descendant taxa (Soltis et al., 2019; Su et al.,
2021).

Two accessions of O. tigillarium from
Bengkalis Island form a sister group clade
indicating that these two accessions were
closely related based on the cpDNA trnL-F IGS
gene. A close relationship between these two
nibung collections is because of the same
geographic location. Related organisms may
appear very similar because organisms
developed very common adaptations that
evolved within similar environmental conditions
(Meerow et al., 2015). Relatives affected by
geographic proximity were also recorded in the
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examination of the relationship in ironwood
(Eusideroxylon zwageri) accessions in North
Kalimantan, Indonesia (Harkingto et al., 2008).
Moreover, order data availability of the species
O. tigiilarium in GenBank is very limited, and
this study contributed seven new sequences of
O. tigillarium in the GenBank data.

Nibung accession from Bukti Suligi,
Indonesia has longer branches than other
accessions. Long branching character shows
the relative evolutionary of long age and a
greater number of nucleotide base changes.
Meanwhile, the short branching shows a long
evolutionary journey of the species with
relatively shorter age, and with small changes
in the nucleotide bases (Yi, 2013; Plomion et
al., 2018). Based on the obtained phylogram
tree using the NJ method, it is estimated that
the accession O. tigillarium procured from
Bukit Suligi was found more advanced than
other accessions with a tree branch strength
value of 80% (Figure 4).

O. tigillarium is a palm species that
grows in swampy habitats and always on the
coastal areas, brackish water coastal swamps,
creek, banks, sandy and rocky seashores in
Southeast Asia, from Malaysia to Borneo and
Sumatra, Indonesia. In Bengkalis and Siak
Districts, the species O. tigillarium was found
in swampy lowland waters, however, the

" |TTTT|TTTTITTTT|TTTTITTTTlTTTTITTTTlTTTTITTTT
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accessions obtained from Bukit Suligi were in
areas with high altitude. Hence, the nibung
from Bukit Suligi is well adapted to dry
highland habitat conditions. A change in base
within a certain period occurred, which
explains why the nibung from Bukit Suligi to be
very different and a more advanced species
evolutionarily.

Based on the NJ analysis, nibung
collected from Bukit Suligi has greater genetic
distance values than other accessions (Figure
5). The greater the genetic distance, the higher
the genetic adaptation developed by the
species to survive in its environment. Genetic
distance also showed that the greater the
genetic variation within a species, the species
will be more able to survive in its environment,
and this variation would be passed on to the
next generation (Govindaraj et al., 2015;
Daniell et al., 2016). The rate of evolution can
run faster or slower depending on the
adaptation processes and environmental
conditions. The more advanced species will be
more able to survive in their existing
environment. This distinction will be passed on
to the next generation, and therefore, the
current findings are very important to further
improve the nibung species through future
breeding and conservation studies.

TTTTlTTTTITTTTlT'I

230 260 270 280 290

Figure 5. Nucleotide sequence variation of trnL-F IGS in nibung (O. tigillariumg) procured from Bukit
Suligi compared to other accessions (insertion at base number 272-288).

CONCLUSIONS

Present research identified seven accessions of
Oncospermum tigillarium from Riau Province,
Indonesia. Six accessions were collected from
the lowland area and one accession from the
highland area. Nibung accessions were
grouped by habitat types i.e., lowland and
highland areas. Accessions collected from Bukit
Suligi (highland area) were very different
based on their genetic and evolutionary
information. Based on Neighbor-Joining (NJ)
analysis, it is estimated that the O. tigillarium

181

accession from Bukit Suligi was more advanced
than other accessions. The present study
compared the more primitive and advanced
accessions evolutionarily based on genetic
distance.
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