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SUMMARY

Snake fruit (Salacca spp.), also called Salak, is a unique tropical fruit. The salak wild germplasm is
distinct in Aceh, Indonesia, and with its larger variation, it has the potential for further development
through breeding. Therefore, in Aceh, the identification and relationship of various salak accessions
are necessary in producing superior genotypes; however, complete information is still unavailable. The
presented study aimed to construct the relationship about the salak found in Aceh using the trnL-F
intergenic spacer sequence. The salak different accessions collected from several areas in Aceh
included the Seulawah Valley, Montasik, Sabang, Kutacane, and Leuser Ecosystem. In the
phylogenetic tree construction, using the maximum parsimony (MP) and neighbor-joining (NJ)
methods helped in the Phylogenetic Analysis Using Parsimony (PAUP). The results showed there are
206 parsimony informative characters to construct a phylogenetic tree. The MP cladogram separated
the 18 salak wild and cultivated accessions into two groups. Based on the NJ analysis, evolutionarily
wild type salak is assumedly the most primitive accession and could have genes for the various traits
that may disappear in cultivated types due to domestication pressure. The same was also valid from
the neighbor-joining cladogram with the shortest clade branch.

Keywords: Salak, cultivated types, wild type, maximum parsimony method, neighbor-joining
method, PAUP, trnL-F intergenic spacer

Key findings: Relationship information of the salak (Salacca spp.) is crucial in developing future
superior genotypes. Based on molecular data, the cladogram was able to separate the salak wild and
cultivated types. Evolutionarily, the wild type could be the most primitive accession and seemed to
have viable genes for the various traits.
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INTRODUCTION

Salak (Salacca spp.) is a group of endemic
palms found in tropical areas (Zumaidar and
Miftahuddin, 2018). The use of salak is
generally as fresh fruit and processed product
by the community. The said fruit belongs in the
underutilized fruit group; however, it has the
potential in pharmacology because of its high
antioxidant content and as the best source of
carbohydrates and dietary fibers (Saleh et al.,

2018). Concerning salak fruit production,
especially Salacca sumatrana, the peak
production is in May-August, previously

marked by massive flowers in January to April.
The fruit formation period is around 5-6
months (Adelina et al., 2021). Ecologically,
salak plays a vital role as a phytoremediation
for heavy metals and can save the soil from
environmental pollution (Mazumdar et al.,,
2019).

Based on morphology and molecular
aspects, salak genetic diversity is high, with
the discovery of more than 40 cultivars in
Indonesia (Zumaidar et al., 2015). Around 19
species of salak were prevalent in lowland
tropical rainforests up to 800 meters above sea
level (Budiyanti, 2016). The salak distribution
can be prominent in three different regions—
Borneo, the Malay Peninsula, and Sumatra
worldwide. The salak two species most
commonly found in Indonesia are S. sumatrana
and S. zalacca. The Tropical Fruit Research
Institute, Indonesia divided the salak
genotypes into two, i.e., cultivated and wild
(Annisaurrohmah et al., 2014; Zumaidar and
Miftahuddin, 2018).

Salak’s three wild species found in
Indonesia rarely consumed consisted of S.
wallichiana, S. affinis, and S. magnifica
(Budiyanti, 2016; Zumaidar and Miftahuddin,
2018). The leaflet size is one of the vital
morphological characteristics that can
distinguish the salak species, especially in the
cultivated group (Hadiati et al., 2023). Based
on observations in the field, the Aceh Province,
Indonesia, has a diversity of wild and
cultivated salak varieties. Cultivated salak is
predominant in fruit plantations in the Lembah
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Seulawah, Montasik, Sabang, and Kutacane
areas, and the wild species are prominent in
the Gunung Kemiri area and Southeast Aceh.
The salak three species found in Aceh are S.
zallaca, S. sumatrana, and S. acehensis,
observed with the highest variation due to the
genetic mixing of these species. Wild salak has
the disease resistance potential, and
incorporating such disease tolerance is possible
in cultivated types through breeding. However,
its identity and relationship are still unknown.
Currently, the wild salak from Aceh is typically
the S. acehensis, enlisted in the endangered
species (Zumaidar et al., 2014).

The land conversion policy
implemented in Sumatra, Indonesia, has also
caused threatening salak species’ extinction in
its natural habitat. Therefore, its conservation
and expansion in cultivation are absolutely
necessary to prevent this valuable fruit from
vanishing. The initial step in determining
conservation strategies and cultivation
techniques is to define a well-constructed
evolutionary relationship of the salak species
(Hidayat and Pancoro, 2008; Wallinger et al.,
2012; DeSalle and Goldstein, 2019). The
morphological characteristics of salak has been
a focus in various phylogenetic study;
however, the continuity of morphological
characteristics makes it difficult to define
evolutionary relationships. Therefore, the
informative DNA sequence-based molecular
markers are beneficial to support and
strengthen the data based on morphological
characteristics (Zumaidar et al., 2015).

The trnL-F intergenic spacer sequence
is one of the molecular markers used to
analyze the phylogeny of salak species in Aceh.
This marker is conservative, with a low rate of
evolution (Kajita et al., 1998; Coissac et al.,
2016; Fitmawati et al., 2017), and its
sequences vary in height, short, and are easy
to amplify (Small et al., 2005). Therefore,
based on the previous discussion, the
promising study aimed to analyze and
construct the phylogenetic relationships of
salak from Aceh, Indonesia, using the trnL-F
intergenic spacer sequence.



Zumaidar et al. (2025)

MATERIALS AND METHODS
Salacca spp. DNA extraction

Eighteen salak accessions were samples used
in the latest study, collected from Aceh,
Indonesia (Figure 1, Table 1). Outgroups from
the GenBank data used were the species
Salacca ramosiana (AM113614.1) and
Oncocalamus manii (AJ241280.1). Genomic
DNA extraction proceeded from 0.15 g of fresh
young leaf samples using the CTAB method
with some modifications (Doyle and Doyle,
1987). Checking the quality of the extracted
DNA used an electrophoresis machine, with a
1% agarose gel concentration in 1X TBE buffer.

Amplification and sequencing

The barcoding primers used were derivatives of
the plastid trnL-F. The applied trnL-F sequence
was the cpDNA forward primer 5'-5'ATT TGA
ACT GGT GAC ACG AG -3’ and the cpDNA
reverse primer 5’- GGT TCA AGT CCC TCT ATC
CC-3' (Small et al., 2005). Each PCR reaction
received amplification in a volume of 50 pL,
consisting of 5 yL DNA (0.5-2.0 ng), 1 UL E
primer, 1 yL F primer, 25 yL DreamTaqTM Hot
Start Green PCR Mix (containing DreamTaq Hot
Start DNA polymerase, 2X DreamTaq Green
Buffer, 0.4 mM dNTPs, and 4 mM MgClI2), and
18 pL nuclease-free water. The PCR reaction
temperature profile had pre-denaturation at 95
°C for 5 min, followed by 35 cycles; each cycle
consisted of denaturation at 95 °C for 45 s,
annealing at 50.6 °C for one minute, initial
extension at 72 °C for 45 s, final extension at
72 °C for 10 min, and cooling at 15 °C. The
PCR products’ electrophoresis ensued on 1%
agarose gel in 1X TBE buffer. The PCR results
attained sequencing at the First BASE
Laboratories through PT Genetika Science,
Indonesia.

Phylogenetic analysis

The sequence data identification for sequence
similarity used the BLAST analysis via online
data mining based on the database available at
the National Center for Biotechnology
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Information (NCBI). The DNA sequences of the
trnL-F intergenic spacer region and out-group
reached alignment with the ClustalW Multiple
Alignment in the UGENE program (Golosova et
al., 2014). Phylogenetic tree construction using
the maximum parsimony (MP) and neighbor-
joining (NJ) methods engaged the PAUP*
program version 4.0b10 (Swofford, 2002). The
obtained branch support values utilized 1000x
bootstrap, with categories of strong (> 85%),
moderate (70%-85%), weak (50%-69%), and
poor (< 50%) (Kress et al., 2002).

RESULTS AND DISCUSSION

Sequencing and phylogenetic analysis
using the Maximum Parsimony method

The obtained sequencing of trnL-F intergenic
spacer and outgroup’s aligning used the
ClustalW Multiple Alignment in the UGENE
program. Lengths of nucleotide bases ranged
from 356 to 418 bp in the Aceh salak
accessions. The G+C content ranged from
29.04% to 33.49%. Based on Chargaff's law,
the DNA base content’s expression was G+C in
the nucleotide arrangement, with varying
values ranging from 26% to 74%.

The sequence alignment of salak
accessions used 468 characters, with 208
constant characters, 54 parsimony
uninformative characters, and 206 parsimony
informative characters. A site is parsimony
informative if it contains at least two types of
nucleotides, occurring with a minimum
frequency of two. This site showed the
differences in the number of substitutions in
the branching pattern to explain the variation
at the site that occurs due to evolution over a

long period. Parsimony informative sites
proved useful for reconstructing parsimony
phylogenetic trees, while parsimony

uninformative characters were those that do
not provide information about the presence of
variation (Kumar et al., 2018).

The parsimony analysis of 18 salak
accessions revealed a consistency index (CI)
value of 0.95 and a retention index (RI) value
of 0.99, with a tree length of 330 bp. The CI
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Figure 1. Locations of Salacca spp. accessions in Aceh, Indonesia.

Table 1. Nucleotide base BLAST of Salacca spp. on the GenBank from Aceh, Indonesia.

Accession

Sequence similarity  Sample code Query cover

No. code Sample Location Type on GenBank on GenBank (%)

1 NH.05 Seulawah Valley Cultivated Salacca ramosiana KT312921.1 98.40
2 NH.06 Seulawah Valley Cultivated Salacca ramosiana KT312921.1 99.43
3 NH.07 Seulawah Valley Cultivated Salacca ramosiana KT312921.1 98.92
4 NH.08 Montasik, Greater Aceh Cultivated Salacca ramosiana KT312921.1 99.72
5 NH.09 Montasik, Greater Aceh Cultivated Salacca ramosiana KT312921.1 98.59
6 NH.10 Montasik, Greater Aceh Cultivated Salacca ramosiana KT312921.1 99.39
7 NH.11 Balohan, Sabang Cultivated Salacca ramosiana KT312921.1 93.96
8 NH.12 Balohan, Sabang Cultivated Salacca ramosiana KT312921.1 99.75
9 NH.14 Paya Seunara, Sabang Cultivated Salacca ramosiana KT312921.1 99.75
10 NH.TM Kutacane, Southeast Aceh Cultivated Salacca ramosiana KT312921.1 98.90
11 NH.JO Kutacane, Southeast Aceh Cultivated Salacca ramosiana KT312921.1 99.43
12 NH.MA Kutacane, Southeast Aceh Cultivated Salacca ramosiana KT312921.1 99.73
13 NH.R1 Leuser Ecosystem Wild Salacca ramosiana KT312921.1 98.53
14 NH.R2 Leuser Ecosystem Wild Salacca ramosiana KT312921.1 99.75
15 NH.R3 Leuser Ecosystem Wild Salacca ramosiana KT312921.1 96.54
16 NH.R4 Leuser Ecosystem Wild Salacca ramosiana KT312921.1 98.54
17 NH.R5 Leuser Ecosystem Wild Salacca ramosiana KT312921.1 99.75
18 NH.R6 Leuser Ecosystem Wild Salacca ramosiana KT312921.1 98.54

and RI values indicate the consistency and
retention of the cladogram tree. A CI value = 1
indicates a change in character in the base that
is parsimonious, while an RI value = 1
indicates a complete character, consistent with
the phylogeny (Nei and Kumar, 2000). High CI
and RI values imply the resulting cladogram
has a high level of parsimony (Juliantari et al.,
2018). In general, the phylogenetic tree
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analysis by maximum parsimony shows a
strong category, characterized by branching
values, mostly 100% in clade I and clade II.
The salak phylogenetic tree in the Aceh
region forms a monophyletic group and a
branch originating from the same ancestor.
The maximum parsimony cladogram can
separate the wild and cultivated snake fruit
types into two distinct groups. The
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phylogenetic tree divides 18 salak accessions
into two clades—I and II, collected from
different locations in Aceh, which tend to
cluster based on the geographic locations
(Figure 2). Clade I comprised the accessions
collected from the locations of Lembah
Seulawah and Montasik, Aceh Besar Regency
and Kutacane, Southeast Aceh Regency.
Meanwhile, the clade II consisted of accessions
procured from Balohan and Paya Seunara of
Sabang City and the Leuser ecosystem area.
Cultivated salak accessions proceeded to
cluster in clade I, while the wild types grouped
in clade II. The salak accessions NH.12 and
NH.14 (Sabang) belonged in the cluster with
the wild group (Figure 1) because of no
significant variations in several characteristics
in these wild samples. The grouping of
cultivated and wild accessions depended on the
variations in  numerous nucleotide base
sequences. Based on its organoleptic
observation, it seemed Sabang salak has a
slightly astringent flavor, indicating low tannin
content as the wild salak type.

Reconstruction of relationship based on
proximity of the evolutionary distance was
indicative of the value of the kinship distance
matrix between the salak accessions. The
evolutionary model does not explicitly describe
the mechanisms of mutation and natural
selection; however, this model describes the
relative rate of variations in the different
nucleotides. The difference in genetic distance
describes the rate of evolution of each salak
accession, and the greater the genetic
distance, the more adaptation strategies
resulted from the species to survive in its
existing environment. Genetic distance also
showed the greater variation in the species,
resulting in the species trait variations to
survive and pass on the traits to the next
generation through inheritance. The rate of
evolution can be fast or slow, depending on the
adaptation mechanism and the environmental
conditions of its habitat (Matthews et al,,
2020).
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Figure 2. Phylogenetic tree of Salacca spp. from Aceh based on trnL-F intergenic spacer by maximum
parsimony with bootstrap values 1000x. Bootstrap value on node < 50% does not appear. Yellow
color signed salak cultivated type and blue color signed salak wild type.
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Figure 3. Phylogenetic tree of Salacca spp. from Aceh based on trnL-F intergenic spacer by neighbor-
joining with bootstrap values 1000x. Yellow color signed salak cultivated type and blue color signed

salak wild type.

Phylogenetic analysis using the Neighbor-
Joining method

Clade I comprised the salak wild type
accessions from Aceh, which were assumedly
the first most primitive type of accession to
appear (Figure 3). The salak wild type had
basis from the neighbor-joining cladogram with
the shortest clade branch. However, the
branch of the cultivated salak (clade II) was
longer (0.46 branch value) than the wild type
(clade I) (Figure 3) because of the many
variations appearing in nucleotide bases due to
domestication and selection pressure, and
evolutionarily, it showed more advanced traits.
Genetic distance describes the shape of the
branch length as the length of the evolutionary
journey, describing the sequence distance and
considering molecular age. The longer the
branch formed, the more variations occur in
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the characters of the species (Fitmawati et al.,
2018).

Evolutionarily, wild snake fruit seemed
to be the most primitive accession based on
the NJ analysis, and the wild salak type still
has genes for traits that could be lost in
cultivated accessions due to domestication and
selection pressure. However, this description of
kinship relationship will have a major impact
on the variations produced in the cultivated
salak group. Crosses between cultivated salak
accessions turned out to produce highly
significant variations in fruit weight (Budiyanti
et al., 2019). The variations in the nucleotide

base content can affect evolution in the
species. Nucleotide variations caused by
mutations resulted in genetic diversity

(Maloukh et al., 2017; Sanjuan and Calap,
2021).
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The NJ method was able to describe
the evolutionary journey of salak accessions
collected in Aceh by providing the best
estimate based on the branch length. The NJ
method relied on the principle of minimum
evolution with an estimate of the branch length
(Nei and Kumar, 2000). The pair of sequences
with the smallest number of variations among
the accessions, called neighbors, indicated0.01
branches value on clade I as the salak wild
type. This method aims to correctly identify
trees in the neighbor position and also have
branches that will produce original data as
close as possible (Dharmayanti, 2011; Azouri
etal., 2021).
Sequence NCBI
database

similarity based on

Salak accessions in the Aceh area has a
sequence similarity to Salacca ramosiana
based on the Genbank NCBI. The similarity
values of 18 samples succeeded amplification,
with a range from 96.54% to 99.75% (Table
1). Salacca ramosiana Mogea is a species of
Balinese salak, distributed in Malaysia and the
Philippines (Gari, 2005). The BLAST analysis
used online data mining to identify the
sequence similarity based on the database
available at NCBI by showing the percent
query cover value. Query Cover is the
percentage of sequences aligning with the
sequences in the GenBank database (Ainiyah
et al., 2020).

Accessions from the Leuser Ecosystem
area were the most primitive type of salak in
the Aceh area as compared with other
samples. Zumaidar and Miftahuddin (2018)
explained geographically, the regions of
Kalimantan, the Malay Peninsula, and Sumatra
in Indonesia, referred to as adjacent triangle
regions. They also have the higher level of
salak diversity than other regions. Even
Sumatra, Indonesia, has diverse habitats and
morphology of the salak fruit.
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CONCLUSIONS

Salak germplasm will serve as a base material
for developing the high quality salak in the
future. The plastid trnL-F data has 206
parsimony informative characters, which can
be useful for constructing a phylogeny tree of
salak from Aceh, Indonesia. The maximum
parsimony analysis can separate the wild and
cultivated types of salak. However, the
neighbor joining analysis can group the wild
types as primitive and cultivated types as more
advanced, evolutionarily.
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