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Abstract. Rinawati DY, Reflinur, Dinarti D, Sudarsono. 2021. Genetic diversity of sugar palm (Arenga pinnata) derived from nine
regions in Indonesia based on SSR markers. Biodiversitas 22: 3749-3755. Sugar palm (Arenga pinnata (Wurmb) Merr.) has an
important economic and conservation value. Indonesia has genetic diversity potential of sugar palm, considering the widespread
distribution of sugar palm in Indonesia which has variations in geographical type. This study aims to determine the diversity and
relationship of sugar palm from nine regions in Indonesia based on SSR markers. The genetic material consists of 141 sugar palm
accessions derived from Bangka, Lampung, Lebak, Bogor, Tasikmalaya, Brebes, Gowa, Bombana, and Muna. Nine pairs of SSR
primers were used for genotyping. The highest and lowest genetic diversity was found in the Bangka and Muna populations,
respectively. The genetic diversity within a population (79%) was higher than the genetic diversity between populations (21%). The
genetic distance between Bangka and Lebak is the closest (0.033), while between Lampung and Muna is the farthest (0.283). The
accession relationship is divided into three major clusters. Clusters 1 consisted of Bangka, Lampung, Bogor, Tasikmalaya, Brebes,
Gowa, Bombana and Muna accessions. Cluster 2 consisted of Bangka, Lampung, Lebak, Bogor, Tasikmalaya, Brebes, and Gowa
accessions. Cluster 3 consisted of Bangka, Lebak, Brebes, Tasikmalaya, and Gowa accessions. Accession clustering does not show a

typical relationship pattern based on geographic location.
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INTRODUCTION

Sugar palm (Arenga pinnata (Wurmb) Merr.) is an
annual plant of the palm family (Arecaceae) that is
adaptive to various types of agro-climate and land
conditions. It extensively spreads in Indonesia, inhabits
from lowland to highland. Sugar palm has a dense root
system which makes it suitable for the conservation of soil
and water (Effendi 2015). All parts of the plant can be
utilized. Since a long time ago, the community has used
sugar palm trees for various domestic purposes, according
to local wisdom. Sugar palm leaves and stems are used for
household appliances and building materials. The pith or
medulla stem of an old palm tree contains starch that can
be processed into flour. Endosperm seeds from unripe fruit
can be processed into kolang-kaling, which has a high
dietary fiber content. Palm tree roots can be used to treat
kidney stones and toothache. Sugar palm flowers can be
tapped to produce sap that can be processed into sugar, and
as raw material bioethanol (Lim 2012). Lately, the
utilization of sugar palm oil leads to industrial purposes,
such as in the bioethanol industry, natural fiber industry,
and food industry.

The potential of sugar palm commodity development is
broadly quite attractive in line with the industry's need for
sugar palm plant products. The development of sugar palm
in marginal land can be considered to obtain economic
benefits, conservation, and avoid land-use competition with

other crop commodities. Small-scale sugar palm cultivation
has been done by farmers using intercropping planting
systems, but the production value is not much different
from wild palm crops. Better production potential can be
obtained if technological innovations are available,
including superior varieties and superior palm seeds. The
breeding of sugar palm plants is needed to produce superior
varieties through hybridization or superior seeds of the
selected parent tree.

Germplasm is very important as the source of genetic
material in plant breeding programs. The assortment
genetic diversity in the collection of germplasm can be
utilized to assemble new varieties that have certain superior
traits, such as high sap production potential and late-
flowering. Indonesia’s diverse geographical and agro-
climate types are very prospective in identifying the genetic
diversity. Genetic diversity of the plants among regions can
be formed because of human activities and natural factors
that last for a long period (Zhou et al. 2020). The
management and utilization of germplasm will be more
effective and efficient if genetic diversity information is
available (Elshibli and Korpelainen 2011).

Identifying the genetic diversity of germplasm at this
time is widely done by utilizing molecular markers as a
selection tool. One of the DNA markers that are often used
in evaluating the genetic diversity of a plant commodity is
the SSR (Simple Sequence Repeats) marker based on PCR
(Polymerase Chain Reaction). SSR markers on the plant
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genome are quite abundant, so their use can produce a high
level of polymorphism. The SSR mark is codominant,
which means it can identify heterozygous loci. The
reproducibility of SSR markings is also relatively high
(Nadeem et al. 2018). Genetic diversity studies of several
species of palm plants have been successfully conducted
using SSR markers, including in oil palm (Arias et al.
2015; Bakoume et al. 2015; Ithnin et al. 2017), Nypa
fruticans (Jian et al. 2010), date palm (Elmeer et al. 2011;
Al-Faifi et al. 2016; Ahmed et al. 2021), and coconut
(Mahayu and Taryono 2019).

This study aims to study the genetic diversity and
genetic relationship of palms from nine regions in
Indonesia based on the analysis of SSR markings. The
results of this study are expected to provide information
about the genetic diversity of sugar palm from Indonesia so
that the management and utilization of palm germplasm for
crop breeding programs can be more precise and efficient.

MATERIALS AND METHODS

Plant materials

The genetic material used in this study consists of 144
accession sugar palm from nine regions in Indonesia,
namely Bangka (10 accessions), Lampung (16 accessions),
Lebak (16 accessions), Bogor (11 accessions), Tasikmalaya
(10 accessions), Brebes (26 accessions), Gowa (13
accessions), Bombana (13 accessions), and Muna (29
accessions).

DNA isolation
The DNA genome of a total of 144 accessions of palm
was isolated from palm leaves using the modified CTAB
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2% (gL') (Doyle and Doyle 1990) method with
modification of polyvinylpyrrolidone additions of 0.2%
(mL L) and mercaptoethanol 2% (gL?) of the extraction
buffer volume. The concentration and purity of DNA stock
were tested using the Thermo Scientific™ 2000
microvolume spectrophotometer tool. Test results with a
value of A260/280 ~1.8 show that DNA stock already has
good purity. Furthermore, DNA stock is stored in a 1x TE
(Tris-EDTA) pH 8.0 buffer solution at -20°C until the
DNA stock is ready for use.

Before use for PCR analysis needs, DNA stocks are
diluted using sterile ddH,O until the concentration of DNA
solution is in the range of 20 nguL™. The concentration and
quality of DNA dilution results are confirmed through
electrophoresis techniques with 1x TBE buffer solution by
including standard ADNA with concentrations of 10 nguL™,
20 ngpLt, and 50 nguL as comparisons.

Genotyping uses SSR markers

A total of nine pairs (forward + reverse) of SSR primers
gone through polymorphism selection are used for
genotyping 144 palm accessions originating from nine
regions. PCR is performed using a Bio-Rad Thermal
Cyclers T100TM machine with a total reaction solution
volume of 20 pL. The composition of the reaction solution
consists of 10 pL. MyTaq HS Red Mix 2x, 1.6 uL primer
(forward + reverse) 5 M, 6.4 uL ddH,O sterile, and 2 pL
DNA template (20 nguL?). PCR begins with a pre-
denaturation stage at 94°C for 5 minutes, followed by
denaturation at 94°C for 30 seconds, annealing at 55°C for
1 minute, elongation at 72°C for 1 minute, extension at
72°C for 15 minutes, and temperature 4°C for 5 minutes.
The denaturation stage up to elongation lasts 35 cycles.

Figure 1. The map of study sites of sugar palm population in Indonesia. A. Bangka, B. Lampung, C. Lebak, D. Bogor, E. Tasikmalaya

F. Brebes, G. Gowa, H. Bombana, . Muna
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PCR product separation is done through electrophoresis
technique on polyacrylamide gel 5% printed in a sandwich
plate with 1x TBE solution as a buffer. Pre-run is
performed at 55°C and 120 W power for 60 minutes for the
gel to be denatured. A total of 5 uLL PCR products from
each accession number were transferred to the new PCR
plate, then denatured at 95°C for 5 minutes. The PCR plate
is moved to a container containing ice shards, and 1 pL 3x
STR loading dye is added to the PCR product. After the
pre-run is complete, as many as 5 pL of PCR products from
each accession are inserted into each well on the gel using
micropipettes. A total of 3 uL DNA ladder 100 bp is
inserted into the front well so that later PCR product size
can be estimated. The GT top safety cover is reconnected
with an electric current source. Electrophoresis is run at
50°C and 100 W of electrical power until the lightest dye
loading color reaches the bottom of the gel.

The sandwich plate is disassembled by separating short
glass and long glass. The gel attached to the short glass
then goes through the stages of fixing, staining, developing,
and stopping. Fixing stage: immersion in 2 L of glacial
acetic acid solution 10% for 20 minutes, then rinsed using
2 L ddHO for 5 minutes twice. Staining: immersion in 2 L
of silver nitrate solution for 30 minutes, then rinsed with 2
L ddH,O for 10 seconds. Developing: immersion in the
developer solution for 5 minutes or until DNA tape
appears. Stopping: soaking for 10 minutes in a solution
previously used for fixing, then rinsed with 2 L ddH,O for
10 minutes. The glass is then placed in a vertical position
for one night so that the gel attached to the glass is
dehydrated. All immersion and flushing stages are
performed on a separate box on top of the shaker engine at
a speed of 5 rpm. The PCR amplification tape shown on the
glass is rated 1, 2, 3, and so on according to the number of
alleles identified to obtain allelic data for analysis.

Data analysis

The genotyping data were analyzed using GeneAlEXx
6.5 software to determine the number of alleles (Na), the
number of effective alleles (Ne), observation
heterozygosity (Ho), and the heterozygosity of expectations
(He), the percentage of genetic diversity in the population
and between populations, as well as the genetic distance
between populations. PIC (Polymorphism Information
Content) indicates informativity of primer obtained from
data analysis using Cervus 3.0.7 software. Phylogenetic
analysis was conducted with Darwin 6.0.14 software to
obtain the relationship of accessions.

RESULTS AND DISCUSSION

Polymorphism, allele frequency, and heterozygosity
The informativity of primer is represented by the
primer's ability to detect polymorphism between
individuals. The PIC value is the causation of primer
informativity. The PIC value range for the codominant
mark is 0 to 1. According to Botstein et al. (1980), primer
informativity levels are categorized as high (PIC > 0.5),
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moderate (0.25 < PIC < 0.5), and low (PIC < 0.25). There
were two primers with high informativity in this study,
namely AD647 and AD707, with PIC values of 0.547 and
0.551, respectively. The other four primers have moderate
informativity, namely AD87, AD299, AD 499, and AD139,
with PIC values of 0.304, 0.413, 0.373, and 0.322,
respectively. Primers AD623, AD655, and AD671 are low
informativity levels with PIC values of 0.207, 0.020, and
0.007.

Terryana et al. (2019) analyzed the genetic diversity of
sugar palm using a highly informative SSR primer with
PIC values between 0.937 and 0.951. It is alleged that
because the accession tested came from three populations
with different types of growth, so the chances of allele
variations were higher. The accession samples in this study
were taken randomly without information on the
differences in traits for a particular character between
accessions and between populations. The low PIC value of
a primary is caused by the low genetic variation of
accession tested on the primary locus. The chances of
obtaining an informative primer to analyze genetic
diversity can be increased by multiplying the number of
primers selected before genotyping.

Testing 144 palm accessions from nine populations
based on the regional origin on nine SSR loci resulted in 24
alleles. The number of alleles per locus varies from two to
four alleles, with an average of 2,667 alleles per locus. The
level of genetic diversity in the SSR locus is indicated by
Ne, He, and PIC values. The higher the value of these three
variables, the higher the genetic diversity of accession
(Zhou et al. 2020). The average scores of Ne, He, and PIC
were 1,558, 0.292, and 0.305, respectively, indicating that
the genetic diversity in the study was not so high. Among
the nine loci tested (Table 1), the AD671 locus produced
the lowest genetic diversity with Ne, He, and PIC values of
1,009, 0,008, and 0.007, respectively. The highest genetic
diversity of sugar palm was obtained from the LOCUS
ADG647 with Ne, He, and PIC values of 2,075, 0.465, and
0.547, respectively. Thus, primary AD647 is quite well
used to study the genetic diversity sugar palm population
based on the origin of different regions.

Genetic diversity of populations

Genetic diversity can be attributed to gene variations
within a population or between populations passed down
between generations. Natural selection, spontaneous
mutations, gene flow, genetic drift, and inbreeding can
affect the population's genetic diversity (Jaradat 2015). The
highest genetic diversity is owned by the population of
Bangka with a value of Ne 1.811 and He 0.355. Muna's
population has the lowest level of genetic diversity, with
Na 1.447 and He 0.255.

A comparison of Ho and He values may indicate the
level of heterozygosity (Zhou et al. 2020). Among the nine
sugar palm populations in this study, the populations of
Lebak, Tasikmalaya, and Brebes had low heterozygosity
based on Ho values that were smaller than the values
(Table 2). Long-term crossing with individuals from
outside the population and the process of adaptation to the
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environment can affect heterozygosity levels (Aljuhani
2016). In the populations of Lebak, Tasikmalaya, and
Brebes, it is suspected that the incidence rate of crossings
with individuals from outside the population is shallow,
and environmental changes have not very successfully
stimulated the response of significant adaptations of
individuals in the population, thus not giving rise to new
alleles.

Analysis of molecular variance results shows that
accession genetic diversity in the population is 79%, while
genetic diversity between populations amounts to 21% of
the total genetic diversity available (Table 3). FSt and P
values of 0.205 and 0.001 respectively indicate marked
genetic differences, and accession genetic differences in
populations contribute greatly to total genetic diversity. In
this study, the genetic diversity of sugar palm in the
population was higher than the genetic diversity between
populations. Other studies on genetic diversity in sugar
palm (Harjanto et al. 2011; Terryana et al. 2020), sago
(Abbas et al. 2010), oil palm (Okoye et al. 2016), and date
palm (Al-Faifi et al. 2016) show similar results.

Low genetic diversity among the general population is
found in the annual cross-pollinating plant (Zhou et al.
2020). Cross-pollinating annual forest plant species
generally have genetic diversity in populations higher than
genetic diversity between populations (Porth and El-
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Kassaby = 2014).  Cross-pollination  can  produce
recombinants that have genetic variations. One bunch of
female palm flowers consists of hundreds of flowers and
has the opportunity to be randomly pollinated by pollen
from other sugar palm trees in the vicinity. One female
flower bunch can produce hundreds of seeds with different
genetic compositions. In natural populations, the mature
palm fruit can fall from trees or be dispersed with the help
of wild animals. The seeds can grow into new palm trees
with different genotypes that form high genetic diversity in
the population. The long-distance distribution of plant
genetic material between regions involves the role of
human mobility, especially those related to agricultural
activities and trade in agricultural commodities (Bakoumé
et al. 2015).

The status of sugar palm as a plant that has not been
widely domesticated causes gene flow from outside of the
population through human migration to be very limited, so
that the genetic diversity between sugar palm populations is
lower than the genetic diversity within the population The
percentage of genetic diversity in the population and
between populations can be considered in selecting sugar
palm accessions for conservation purposes or plant
breeding materials. For efficiency, the number of palm
sugar sampling areas is not very large, but the number of
samples taken from each location can be increased.

Table 1. Polymorphism, allele frequency, and heterozygosity in nine loci of SSR

Locus
AD87 ADG623 AD647 ADG655 AD671 AD707 AD299 AD499 AD139 Average
Na 2.000 2.000 4.000 2.000 2.000 4,000 3.000 2.000 3.000 2.667
Ne 1.529 1.315 2.075 1.033 1.009 1.903 1.931 1.753 1.470 1.558
Ho 0.438 0.272 0.439 0.031 0.009 0.333 0.630 0.533 0.387 0.341
He 0.317 0.224 0.465 0.028 0.008 0.438 0.460 0.417 0.267 0.292
Fst 0.098 0.049 0.277 0.069 0.034 0.316 0.085 0.165 0.190 0.143
Nm 2.307 4.803 0.651 3.396 7.031 0.540 2.700 1.268 1.068 2.641
PIC 0.304 0.207 0.547 0.020 0.007 0.551 0.413 0.373 0.322 0.305

Na: number of alleles, Ne: number of effective alleles, Ho: observed heterozygosity, He: expected heterozygosity, Fst: number of
inbreeding effect within population, Nm: gene flow, PIC: polymorphism information content

Table 2. Genetic diversity of sugar palm populations from nine regions

Population
Bangka Lampung Lebak Bogor Tasikmalaya Brebes Gowa Bombana Muna
Na 2.333 2.333 2.000 2.000 1.889 2.000 2.444 2.000 2.000
Ne 1.811 1.618 1.544 1.542 1.568 1.474 1.542 1.471 1.447
Ho 0.456 0.410 0.257 0.333 0.298 0.248 0.394 0.291 0.387
He 0.355 0.327 0.286 0.274 0.300 0.265 0.301 0.261 0.255

Na: number of alleles, Ne: effective allele number, Ho: observed heterozygosity, He: expected heterozygosity

Table 3. Genetic diversity within and between populations of sugar palm derived from nine regions

Sources of diversity degrees of Sum of Middle squared Estir_nated Percentage variance
freedom squares value variance

Between populations 8 96.277 12.035 0.342 21%

Within population 279 368.890 1.322 1.322 79%

Total 287 465.167 1.644 100%

Fst = 0.205 P =0.001

Note: Fst: number of inbreeding effects within a population, P: Probability component of variance that does not explain the total variance
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Genetic distance and relationship

Genetic differences between populations of a species
can be represented by genetic distance value (Okoye et al.
2016). The genetic distance is shown based on values 0 to
1. The value of the genetic distance closer to 1 indicates an
increasingly large genetic difference. In this study, the
value of genetic distance ranged from 0.033 to 0.283.
Bangka and Lebak populations have the closest genetic
distance (0.033), while the furthest genetic distance
between Lampung and Muna populations (0.283). Terryana
et al. research (2020) reveal that populations in closer
geographic areas tend to have closer genetic distances to
each other. Lebak's population is geographically located on
the Java islands, such as Bogor, Tasikmalaya, and Brebes,
but the genetic distance is closer to the different Bangka
island populations, and the geographical distance is getting
farther. The mountain that became a barrier among Lebak,
Bogor, Tasikmalaya, and Brebes is thought to have a strong
isolation effect on the four populations (Table 4).

The population of sugar palm from the western region
of Indonesia (Bangka, Lampung, Lebak, Bogor,
Tasikmalaya, and Brebes) tends to have a close genetic
distance from each other, as well as between populations
from the central region of Indonesia (Bombana and Muna).
Species spread influenced by geological, historical events,
such as the separation of continents, the formation of
mountains, and changes in sea level height (Wiens and
Donoghue 2004). Past land-level segregation events have
affected the spread and diversity of species in Southeast
Asia (Eiserhardt et al. 2011).

The western region of Indonesia, which includes the
islands of Sumatra, Java, and Kalimantan in the past era is
a Sundaland that merges with the Asian continent. In
contrast, the central region of Indonesia, including
Sulawesi, is separated as its land (Bird et al. 2005). Based
on geological history, the western and central regions of
Indonesia are two different biogeographic regions. It does
not close the possibility that the close genetic distance
between populations in one biogeographic region is due to
those populations from the same ancestors. Different trends
are seen in Gowa populations that come from the central
region but have a genetic distance closer to the populations
of the western regions. Similarly, (Sulistyawati and
Widyatmoko 2017) reported that the genetic distance of

Table 4. Genetic distance between the populations of sugar palm
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Timor Island's redwood population is closer to the redwood
population of Seram Island compared to the population of
Flores Island, which is geographically closer.

The results of the phylogenetic analysis showed that the
sugar palm of the nine populations was divided into three
major clusters (Figure 1). Each cluster consists of
accessions originating from various populations. Cluster 1
consists of accessions from Bangka, Lampung, Bogor,
Tasikmalaya, Brebes, Gowa, Bombana and Muna. Cluster
2 consists of accessions from Bangka, Lampung, Lebak,
Bogor, Tasikmalaya, Brebes, and Gowa. Cluster 3 consists
of accessions from Bangka, Lebak, Brebes, Tasikmalaya,
and Gowa. The sugar palm accessions in this study had
genetic relationship patterns that spread into all three
clusters, except for accession from Muna populations
whose relationship patterns only grouped in cluster 1.
Certain accessions of different island populations or even
different biogeographic regions have a close genetic
relationship. For example, in cluster 1, the accession of the
populations of Bogor, Tasikmalaya, and Brebes in Java
Island is closely related to the accession of Bangka
population and Lampung population of different islands,
even still related to the accession of Gowa, Bombana, and
Muna which are in the biogeographical region of central
Indonesia. This indicates the role of ocean currents in the
history of the widespread palm oil in the Indonesian
archipelago. Ocean currents play a major role in helping
the long-range spread of Araceae family palm plants
between islands, including in the Indo-Pacific archipelago
(Baker and Couvreur 2012). In the species Aquilegia
coerulea, the occurrence of long-distance dispersal of
pollen through the assistance of hawkmoth migration is
thought to cause genetic similarities between populations
from different regions of the United States separated by
great geographical distances and large desert barriers
(Brunet et al. 2012). The results of the research by Harjanto
et al (2011) showed a random pattern in the grouping of
sugar palms based on isozyme markers. The grouping of
sugar palms from Java, Sumatra, Kalimantan, and Sulawesi
islands does not show a pattern of relationship groups
based on geographical location. In general, the pattern of
accession grouping does not indicate a typical tendency of
palm genetic relationship based on geographical location.

A B C D E F G H I

A -

B 0.048 -

C 0.030 0.059 -

D 0.074 0.082 0.070 -

E 0.073 0.047 0.075 0.039 -

F 0.111 0.145 0.064 0.144 0.098 -
G 0.082 0.056 0.095 0.051 0.042 0.163 -

H 0.157 0.197 0.143 0.134 0.104 0.075 0.160 -

I 0.220 0.283 0.186 0.262 0.228 0.072 0.275 0.049 -

Note: A: Bangka, B: Lampung, C: Lebak, D: Bogor, E: Tasikmalaya, F: Brebes, G: Gowa, H: Bombana,l: Muna.
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Bl Brebes: 126

B Bangka: 43-52

B Lampung: 53-68
] Gowa: 69-81
[] Bogor 82-92

I Tasikmalava: 93-102
[] Bombana: 103-113
] Muna: 116-144

Figure 2. Sugar palm phylogenetic trees from nine regions based on the method Tree Construction-Neighbour Joining

All accessions of the Muna population in one
relationship cluster show that there are no significant
genetic structural differences between accessions in the
Muna population. This is thought to be because Muna
populations are on small islands quite isolated, so gene
flow from outside the population is minimal. There is the
accession of the Bombana population in one relationship
cluster with accession to the Muna population. Bombana
and Muna are geographically separated by narrow straits,
making it possible that gene flow between them is possible.
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