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The Bangka Belitung Islands Province is a major centre of black pepper production
in Indonesia. Black pepper production in Indonesia has dropped, so it needs to be
increased using superior varieties. Identifying the genetic diversity of black pepper
plants is important for breeding superior varieties. The study's objective was to
determine the genetic diversity and relationships of Bangka landrace black pepper
using SSR markers. This research was conducted from June to August 2024 at the

KEYWORDS," . Biology Laboratory, Universitas Bangka Belitung. The black pepper genotypes
Ge.netlc relgtlonshlp > used in this study were as follows: Lampung Daun Kecil (LDK), Nyelungkup,
I\/I.lcrosa%telhte, Petaling 1, Chunuk, Peremis, Balunijuk 1, Balunijuk 2, and Jerambah Gantung. The
Piper msrum, SSR markers employed in this study included Psol3, Psol6, Psol9, Psol10, Psolll,
Polymorphic

Psol17, and Psol19. The genetic relationship of Bangka black pepper was analysed
using the UPGMA method. Genetic relationship revealed two main clusters of eight
Bangka black pepper genotypes. Cluster I consisted of the Peremis and Balunijuk
2 genotype, while the remaining six genotypes were contained within cluster II.
The structure population exhibited two subpopulations, with FST values of 0.30
and 0.61, respectively. The results showed that the seven primers used produced
polymorphic (82.1%) and monomorphic (17.9%) bands on eight pepper genotypes.
The Polymorphic Information Content (PIC) value of all primers tested was found
to be medium, with the exception of Psol9, which exhibited a low PIC value. The
average PIC value was 0.32, which is categorized as medium.
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1. Introduction of Plantations (2024) reveals that the production of
black pepper in Indonesia has decreased significantly
from 86,083 tons in 2020 to 73,536 tons in 2024. The

decline in black pepper production in Indonesia can

Black pepper (Piper nigrum L.) is a plantation crop
cultivated in Indonesia and classified as a spice plant.

It is evident that black pepper constitutes a pivotal
export commodity in Indonesia, playing a substantial
role in the nation's economy, particularly in terms of
its contribution to foreign exchange earnings (Shaliha
et al. 2022). A significant decrease has been observed
in black pepper production in Indonesia. A recent study
of data reported by the Indonesian Directorate General
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be caused by pest and disease attacks on black pepper
plants, such as stem base rot, stem and flower borers, and
dwarfism (Suryanti et al. 2017). As asserted by Bande
et al. (2015), the emergence of diseases within black
pepper agroecosystems is likely to lead to a decline in
productivity.

The Bangka Belitung Islands are a province that
serves as the centre for the development of black
pepper cultivation in Indonesia, particularly in the West
Bangka, South Bangka, and Belitung regencies, as stated
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in Kepmentan No. 830/KPTS/RC.040/12/2016. The
black pepper cultivated in the Bangka Belitung Islands
is known as Muntok White Pepper (Pranoto 2016).

The production of black pepper in the Bangka Belitung
Islands, as reported by the Indonesian Directorate
General of Plantations (2024), was recorded at 25,458
tons. This suggests a potential for augmentation to
support the national-scale advancement of black pepper
production. Shaliha et al. (2022) state that the Bangka
Belitung Islands have the perfect climate and geography
for black pepper plantations in Indonesia. Using superior
varieties that meet high production criteria and are
resistant to plant pests and diseases helps increase black
pepper production. This can be achieved through black
pepper plant breeding programmes.

Genetic diversity is a critical factor in the
development of superior varieties. The enhancement of
genetic diversity can be achieved through the utilisation
of existing germplasm or by cross-breeding between
germplasm (Widyaningtyas et al. 2023). Genetic
diversity in the assembly of high-yielding black pepper
varieties can be sourced from local, native, and wild
relatives (Prayoga et al. 2020). Between 1998 and
2018, a total of ten superior black pepper varieties were
released in Indonesia, including Petaling 1, Petaling
2, Natar 1, Natar 2, Chunuk, Bengkayang, Lampung
Daun Kecil (LDK), Malonan 1, Cinten, and Nyelungkup
(Rostianana and Ruhnayat 2020). Bangka black pepper
has distinctive characteristics for each variety. For
instance, the Nyelungkup variety can be distinguished
by its downward-curved leaf pattern. Therefore, it is
essential to analyze its genetic diversity as a resource
for developing superior varieties in black pepper plant
breeding programs. [ am running a few minutes late; my
previous meeting is running over.

The analysis of genetic diversity in black pepper
can be performed using molecular markers. Molecular
markers are defined as DNA fragments that are present
within a genome and are associated with specific
characteristics (Hafizah et al. 2018). Genetic diversity
analysis can utilise Simple Sequence Repeat (SSR)
markers. Analysis using SSR markers has been shown
to have several advantages, including its codominant,
abundant presence in the plant genome, based on
PCR techniques, high levels of reproducibility, high
polymorphism, and its ease of scoring (Andarini and
Nugroho 2023). The utilisation of SSR markers has
been previously employed by Christ et al. (2018) for
the identification of multiple species of piper within the
family Piperaceae. Meilawati et al. (2020), analysed

the genetic relationships in nine superior black pepper
varieties grown in the Indonesian Spice and Medicinal
Research Institute. The analysis, based on SSR and
RAPD markers, divided the varieties into three main
clusters, namely cluster 1 (Natar 1, Natar 2, Petaling
1, Petaling 2), cluster 2 (Chunuk, LDK, Malonan), and
cluster 3 (Ciinten, Bengkayang).

An analysis of the morphological diversity of Bangka
landrace black pepper has been conducted; however, a
genetic level analysis has not been carried out (Prayoga
et al. 2020). The analysis revealed the distribution of
nine black pepper plant accessions, which were divided
into five clusters at the 50% similarity level based on
morphological characters. The objective of this study
is to obtain genetic information regarding the genetic
relationship of black pepper in Bangka and to ascertain
the reliability of SSR markers in its identification. This
information can subsequently be utilised as a foundation
for the cultivation of superior varieties of black pepper
plants.

2. Materials and Methods

2.1. Plant Materials

The materials employed in this study were eight
Bangka black pepper genotypes (Lampung Daun Kecil
(LDK), Nyelungkup, Petaling 1, Chunuk, Peremis,
Balunijuk 1, Balunijuk 2, Jerambah Gantung (JG)). The
plant samples were obtained from the Indonesian Agency
for the Assembly and Modernisation of Agriculture
(BRMP), Bangka Belitung Island, and farmers' fields
in Merawang District, Bangka.

2.2. DNA Extraction

Leaves from each black pepper genotype were
extracted for DNA analysis, with three leaves selected
per genotype as the biological sample. The optimal
sample criteria should be fresh, young leaves that are free
from pest and disease infestations. During the fieldwork,
the leaves were stored in an icebox and subsequently
stored at -20°C in the laboratory for DNA extraction.

The extraction of black pepper DNA was conducted
in accordance with the protocol outlined by the
Vivantis GF-1 Plant Extraction Kit. Extracted DNA
samples were stored at -20°C until the next use. The
quality of the extracted DNA was evaluated through
the implementation of agarose gel electrophoresis,
utilising a 1% (w/v) agarose solution. This procedure
was conducted for a duration of 30 minutes, employing
an electric current of 100 volts.
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2.3. PCR Amplification and Visualization

The seven SSR primers used in this study are listed in
Table 1. The SSR primers utilised in this study align with
those reported in the research conducted by Meilawati et
al. (2020) and Yoshida ef al. (2014). The PCR reaction
utilized was 25 pL of reaction solution, composed
of 12 puL Taq polymerase, 1 pL of each forward and
reverse SSR primer (0.5 ul each), 8 ul Nuclease-free
water, and 4 ul DNA. The process of DNA amplification
was conducted in accordance with the following steps:
initial denaturation at 94°C for 4 minutes; denaturation
at 94°C for 4 minutes; annealing at 37°C for 1 minute;
and extension at 72°C for 1 minute. The process was
repeated for a total of 35 cycles, after which the final
extension stage was initiated at a temperature of 72°C
for a duration of 5 minutes (Meilawati et al. 2020) PCR
products were electrophoresed on a 2.5% agarose gel,
run at 100 V for 30 minutes. The gel was then visualized
under UV light at 70% intensity. The 50 bp DNA ladder
from Tiangen Biotech was used as a standard marker.

2.4. Data Analysis

The data were analyzed by interpreting the DNA
bands formed during visualization. The analysis was
conducted by examining the variations in the size of
DNA bands (polymorphism) formed, utilizing binary
data visualization through the implementation of
scoring, categorized as band (1) and non-band (0).
The DNA band size reading was conducted using
GenAnalyzer software. Clustering analysis for genetic
relationships was performed using the Unweighted Pair
Group Method with Arithmetic Averages (UPGMA) and
Gower distance by PBSTAT-CL 2.2.1 (Suwarno et al.
2025). The population structure was analyzed using the
STRUCTURE v2.3.4 software, with K values ranging
from 2 to 4. The determination of the optimal K was

achieved through the implementation of Evanno's AK
method, which was executed by the Structure Selector
(Li and Liu 2018).

The reliability of each primer used to measure
diversity in Bangka black pepper was evaluated using
Polymorphic Information Content (PIC) value analysis.
The PIC value was calculated using the following
formula:

ng.
PIC =1-%; P?

Where:

i :thei-th allele of the j-th marker
n :number of j-th marker allele

P : allele frequency

The PIC value is divided into three categories: PIC >
0.5 =very informative, then 0.25 > PIC > 0.5 = medium,
and PIC < 0.25 = low (Botstein et al. 1980).

3. Results

3.1. PCR Visualization Result

The PCR visualisation revealed that amplification
with seven SSR primers resulted in the identification of
19 alleles across eight black pepper genotypes (Table
2). The Psol6 and Psol19 primers exhibited the highest
number of alleles, with four alleles each, while the
Psol9 primer exhibited the fewest alleles, with only
one allele. The results of the DNA band visualisation
process demonstrated that several DNA bands were not
present in black pepper genotypes, namely Balunijuk
2 (Psol10, Psoll7, and Psol19), Peremis (Psol3 and
Psol19), and Chunuk (Psol19). The size of the bands
formed varies for each primer, with a band size range of
50-271 bp. For instance, the PCR visualisation on eight

Table 1. List of seven SSR primers for genetic diversity analysis of Bangka black pepper

Primer Genebank accession number Primer sequence (5'-3") Source

Psol3 JQ924478 F: CACGACGTTGTAAAACGACGCGGATCTTACCAGAATCAG  Meilawati et al. (2020)
R: GAGTAGCCTTTGGTTGTTGC

Psol6 JQ9244381 F: CACGACGTTGTAAAACGACCTCTTGGCAAAAGTCACCTG  Meilawati et al. (2020)
R: ATCCCATACCGATCTCCTTC

Psol9 JQ924484 F: CACGACGTTGTAAAACGACGGAACCCACGAGTTTCTTG Meilawati et al. (2020)
R: GGGGTCCTTTTTACGTTGAG

Psol10 JQ924485 F: CACGACGTTGTAAAACGACCAGACGGATTCCCACTGAT Meilawati et al. (2020)
R: GGACTTGTAACCCATCGAGA

Psoll1 JQ924486 F: CACGACGTTGTAAAACGACTTATTTGGTTGGAGCTGTGTG Meilawati et al. (2020)
R: CCACGGTGGGTTATCACAC

Psol17 JQ924492 F: CACGACGTTGTAAAACGACTATTCCCATGCGAGATGC Yoshida et al. (2014)
R: CGGCATAACCACTAAACCAC

Psol19 JQ924494 F: CACGACGTTGTAAAACGACCGCGTGATGCATGCTTAT Yoshida et al. (2014)

R: GCTCAACTCCGGAATCTACA
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black pepper genotypes with Psolll primers revealed
the presence of DNA bands for all genotypes tested.
The total number of alleles identified was two, with
sizes of 50 bp and 58 bp, respectively. Six genotypes
were observed to exhibit the same DNA band size (50
bp), namely Nyelungkup, Balunijuk 2, Lampung Daun
Kecil, Peremis, Petaling 1, and Chunuk. Meanwhile,
Balunijuk 1 and Jerambah Gantung genotypes exhibited
a distinct pattern of band size variation (58 bp) (Figure
1).

The total number of alleles formed was 17, with
88.2% of these (15 alleles) being polymorphic and the
remaining 11.8% (2 alleles) being monomorphic. The
presence of polymorphic alleles was detected using
the following primers: Psol3, Psol6, Psol10, Psolll,
Psol17, and Psol19. In contrast, monomorphic alleles
were only identified on Psol9.

3.2. Genetic Relationships

The genetic relationship among eight Bangka black
pepper genotypes was investigated based on seven
SSR markers. The analysis revealed two main clusters,
as illustrated in the dendrogram (Figure 2). Cluster I

consisted of the Peremis and Balunijuk 2 genotypes. In
contrast, the remaining six genotypes were contained
within cluster II. A close genetic relationship was
identified between the Petaling 1 and Nyelungkup
genotypes, as well as between the Balunijuk 1 and
Lampung Daun Kecil (LDK) genotypes.

The results of the population structure analysis
revealed two subgroups among the 8 Bangka black
pepper genotypes at the K = 2 value. Peremis and
Balunijuk 2 genotypes were in subgroup 1 (P1), while
the other six genotypes were in subgroup 2 (P2) (Figure
3). These results are consistent with the findings of the
genetic kinship analysis. The FST values in P1 and P2
were 0.30 and 0.61, respectively. Subgroup P2 was
the most genetically diverse and less differentiated
compared to the other subpopulations.

3.3. Polymorphic Information Content
Values

The results of PIC analysis on seven primers
showed an average value of 0.32, which is categorized
as medium (Table 3). All of the primers examined
exhibited medium PIC values, except for PSol9, which

(PIC)

Table 2. Amplification results of 7 SSR primers on 8 Bangka black pepper genotypes

Primer Number of alleles Band size (bp) Polymorphic Monomorphic
Total % Total %

Psol3 3 61-88 3 100.0 0 0.0
Psol6 4 129-271 3 75.0 1 25.0
Psol9 1 122-143 0 0.0 1 100.0
Psol10 3 69-264 3 100.0 0 0.0
Psoll1l 2 50-58 2 100.0 0 0.0
Psoll7 2 124-199 2 100.0 0 0.0
Psoll9 2 50-100 2 100.0 0 0.0
Total 17 15 88.2 2 11.8
500 bp
400 bp
350 bp
300 bp
250 bp
200 bp
150 bp
100 bp

50 bp

Figure 1. The following example illustrates a representative DNA banding pattern of Bangka black pepper with Psol11 primers. Ladder
50Bp (L), Nyelungkup (N), Balunijuk 2 (B2), Lampung Daun Kecil (LDK), Peremis (PS), Petaling 1 (P1), Chunuk (C), Balunijuk

1 (B) and Jerambah Gantung (JG)
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Figure 2. Dendrogram of the genetic relationship between Bangka black pepper genotypes
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Figure 3. Population structure analysis of eight Bangka black pepper genotypes

resulted in a low PIC value. Psol17 and Psol19 primers
exhibited the highest PIC value, while primer Psol19
showed the lowest PIC value.

4. Discussion

The presence of DNA bands indicates the successful
execution of the primer amplification process on

Bangka local black pepper DNA. The process of
amplifying DNA relies on the existence of a sequence
that is compatible with the primers utilised (Adeputri
et al. 2016). The success of primers to amplify a
DNA fragment is influenced by many factors, such as
primer constituent sequences, primer size, attachment
temperature, and the composition of GC content
(Indradewi et al. 2022). It was hypothesized that the
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Table 3. PIC values of seven primers

Primer PIC Category
Psol3 0.39 Medium
Psol6 0.30 Medium
Psol9 0.00 Low
Psoll10 0.27 Medium
Psolll 0.38 Medium
Psoll7 0.47 Medium
Psoll19 0.47 Medium
0.32 Medium

The PIC value is divided into three categories: PIC > 0.5 is
considered very informative, PIC between 0.25 and 0.5 is
medium, and PIC < 0.25 is low (Botstein et al. 1980)

primers used did not match the local Bangka black
pepper tested, as DNA bands that did not appear on
some genotypes were identified. Despite repeated
optimization of the PCR process, DNA bands have
not been observed for several genotypes when using
specific primers. Dalimunthe et al. (2020) explain that
the utilisation of primers that are not in accordance
with the DNA sequences under study will result in the
product not being amplified, due to the absence of a
complementary match between the DNA and primer
sequences employed.

The primers used showed the presence of alleles
formed in 8 genotypes of Bangka black pepper. The
results of the present study demonstrated that the number
of alleles formed did not exceed four per primer, with a
size range of 50-271 bp, across the eight black pepper
genotypes utilised. Meilawati et al. (2020) conducted a
study utilising five SSR primers on nine black pepper
genotypes (Petaling 1, Petaling 2, Natar 1, Natar 2,
Chunuk, Lampung Daun Kecil, Bengkayang, Malonan,
and Cilinten). Their findings revealed the presence of up
to 20 distinct alleles, exhibiting a size range of 50-250
base pairs (bp). Furthermore, multiple alleles in Psol17
and Psol19 were identified in Yoshida et al. (2014). The
presence of different alleles in individuals observed
in SSRs is due to variations in the number of repeats
of the motif, which are caused by polymerase strand
slippage during DNA replication or by recombination
errors (Vieira et al. 2016). Primers that bind to multiple
locations in the genome are also known as non-specific
primers. These primers are not optimally designed
for the target SSR locus, and as a consequence, they
can lead to off-target amplification. Furthermore, the
observed variation in the number of alleles may be
attributable to differences in the genotypes of the black
pepper utilized. The DNA sequence of an organism
is the basic unit that determines its genetic diversity
(Anchana et al. 2020). Salgotra and Chauhan (2023)

explained that each individual or variety has genetic
diversity due to differences in DNA sequences.

An additional factor that affects the number of
alleles is the type of electrophoresis gel used. The
present study employed agarose gel, while the research
of Meilawati et al. (2020) utilised polyacrylamide
gel electrophoresis (PAGE). Agarose gel is known to
produce suboptimal band resolution and is not well-
suited for samples with small DNA fragment sizes
(Djankpa et al. 2021). Polyacrylamide gels have been
demonstrated to yield high-resolution separation results
(Harahap 2018). As posited by Green and Sambrook
(2020), polyacrylamide gels have been demonstrated
to possess high separation power, rendering them
most efficacious for the purpose of distinguishing
between small DNA fragments (50-500 bp). It has been
established that DNA fragments differing in size by
only 1 bp can be effectively separated from each other.
Therefore, PAGE utilisation is highly recommended
for DNA visualisation of Bangka black pepper DNA,
which has a size range of 50-271 bp.

The amplification results of seven primers on eight
genotypes of local Bangka black pepper produced
polymorphic and monomorphic bands. The total
percentage value of polymorphic bands was found to
be 88.2%, while the percentage of monomorphic bands
was determined to be 11.8%. The results of this study
are in accordance with the research of Meilawati et al.
(2020), which showed the presence of polymorphic
and monomorphic bands in the results of SSR primer
amplification on black pepper DNA.

Polymorphic bands are defined as DNA bands
that are present in only some DNA samples, while
monomorphic bands are those present in all samples
(Ballo and Nge 2020). Sulistyawati and Widyatmoko
(2017) further reinforced by explaining that
polymorphic bands are DNA bands that appear at a
specific size and are not found in other DNA samples.
Differences in the arrangement of bases in each DNA
sample cause the presence of polymorphic banding
patterns. Polymorphic bands have been utilised to
demonstrate the diversity or variation between local
Bangka black pepper genotypes. The presence of
variations in banding patterns serves as an indication
of genetic differences between samples. The greater
the number of polymorphic bands produced, the more
evident the variations between the sample DNA (Sinaga
etal 2017).

The genetic relationship of eight Bangka black
pepper genotypes, as determined by seven SSR markers,
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revealed two main clusters. Cluster I consisted of the
Peremis and Balunijuk 2 genotypes, while the other six
genotypes were in Cluster II. A cluster will consist of
accessions with the highest genetic similarity (Lestari et
al. 2022). The genetic relationships of black pepper are
supported by, or in accordance with, the morphological
characteristics of black pepper plants (Meilawati et al.
(2020). The Petaling 1 variety is frequently referred
to as Lampung Lebar Daun (LDL) by farmers. The
Petaling 1 pepper variety was selected from local
accessions of the Lampung Daun Lebar (LDL)
variety, which were cultivated in Bangka (Sudarsono
et al. 2019). The Petaling 1 (LDL) and Nyelungkup
genotypes have been shown to exhibit morphological
similarities, including the character of leaf vein, leaf
margin, leaf base shape, leaf tips, leaf color, flowering
nature, fruit shape, unripe and ripe fruit color, ripe stem
color, and growth habits (Prayoga et al. 2020).

Apopulationstructure analysis was conducted, which
revealed the presence of two distinct subpopulations.
The FST wvalues for these subpopulations were
determined to be 0.30 and 0.61, respectively. The
Peremis and Balunijuk 2 genotypes were classified as
belonging to subgroup 1 (P1), while the remaining six
genotypes were designated as belonging to subgroup 2
(P2). FST values greater than 0.25 indicate significant
population differentiation (Eltaher et al. 2018). These
findings indicated that subgroup P2 exhibited higher
genetic diversity and less differentiation compared to
the other subpopulations.

The PIC is a value that is used to determine the level
of polymorphism of a marker (Terryana et al. 2020).
A low PIC value was found in the Psol9 primer, while
the other primers used showed a medium PIC value.
The PIC value is influenced by the type of primer
used or the characteristics of the primer (Fatimah et
al. 2019). The absence of DNA bands can cause low
PIC values, or the PCR products may show the same
banding pattern on all the DNA used (Dalimunthe et al.
2020). The use of non-specific primers during genetic
diversity analysis can lead to the production of low PIC
values or uninformative primers. The employment of
non-specific primers has been demonstrated to result
in the amplification of other regions within the genome
that were not targeted during the process (Sinaga et al.
2017). In addition, the selection of appropriate primers
is a critical component in the development of molecular
markers for specific plant traits or characteristics
(Herison et al. (2020)). In this study, all of the primers

utilized by Yoshida et al. (2014) for Piper solmsianum,
have also been employed by Meilawati et al. (2020)
for the purpose of conducting a genetic relationship
analysis on black pepper (Piper nigrum) plants. A
critical consideration in the utilization of SSR markers
pertains to the necessity of optimization of the primers
prior to their application to specific plant species,
given the inherent variations among different plants
(Dalimunthe et al. 2020). According to the PIC value
analysis, the average PIC value of the primers used
to analyze black pepper genetic diversity is medium
to moderate, with the exception of the Psol9 primer,
which showed a low PIC value.
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