Journal of Multidisciplinary Applied Natural Science Vol. 4 No. 2 (2024) https://doi.org/10.47352/jmans.2774-3047.216

Research Article

Identification of DNA Barcodes from rbcL. Chloroplast DNA
in Katokkon Chili (Capsicum annuum var. chinense)
Origin of Tana Toraja, South Sulawesi

M) Check for updates

Cut Muthiadin*, Arma Arma, Isna Rasdianah Aziz, Masriany Masriany, and Hajrah Hajrah

Received : March 22, 2024 Revised : May 21, 2024 Accepted : May 23, 2024 Online : June 21, 2024

Abstract

Katokkon chili (Capsicum annuum var. chinense) is a type of chili which are commonly found in Tana Toraja. It has a
distinctive aroma, high spiciness, and a potential economic value but has not been widely identified and explored,
thus, it is necessary to carry out molecular identification using DNA barcodes from chloroplast DNA. The aim of this
study was to determine genetic variation and the results of constructing a phylogenetic tree from DNA sequences
katokkon chili (C. annuum var. chinense) using the rbcL marker. This study used 6 samples of katokkon chilies (C.
annuum var. chinense) and 3 outgroup samples (C. frutescens, C. chinense and C. baccatum). The stages of the
research included total DNA isolation, qualitative and quantitative tests, PCR amplification using rbcL primers, and
sequencing. Data analysis used is sequence alignment, phylogenetic, genetic distance matrix, haplotypes and
phylogeography. The results showed genetic variation with 7 polymorphisms consisting of 4 singleton sites at the
nucleotide base sequences of 6, 525, 715 and 737, and 3 parsimony informative sites at the nucleotide base sequences
370, 616 and 902 and the haplotype distribution is divided into 4 haplotypes namely Hap 1 (A1, A2, A3, B1, B2 and
B3), Hap 2 (C1), Hap 3 (C2), and Hap 3 (C3). The phylogenetic tree construction formed two clades, namely clade I
consist of six samples of katokkon chilies (C. annuum var. chinense) and clade II consisting of three outgroup
samples. Mark the highest bootstrap is 96 and the lowest bootstrap value is 29. Genetic distance matrix values are in

the range of 0.000-0.005.
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1. INTRODUCTION

Indonesia is a tropical country with a high
diversity of plants, even though Indonesia's territory
is only about 1.3% of the earth's area. Plants in
Indonesia are about 25% of the world's plants, with
a total of 20,000 species and 40% are endemic
plants. Plant diversity has enormous potential to
meet food needs, economic needs and renewable
energy as well as being the basis for determining
superior varieties of a species [1].

South Sulawesi is geographically located in a
transitional area between the continents of Asia and
Australia, so it has unique plants, one of which is
the katokkon chili (C. annuum var. chinense) found
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in Tana Toraja. Katokkon chilies have a very
distinctive aroma and a high level of spiciness and
have a unique shape resembling bell peppers but are
smaller and fatter in size [2]. Katokkon chili
powder is also very spicy compared to other chili
powders. Hot pepper varicties with Scoville Heat
Units 30,000-50,000 SHU. Katokkon chili is about
100-120 cm in length, type of shrub habitus, and
has a root system, namely taproot. The shape of the
fruit is fat, blunt and short, green when it is young
and bright red when it is ripe and has a thick fruit
skin [3].

Katokkon chili is one of the chili varieties in
Indonesia with high potential economic value but
has not been identified and explored much [4].
Identification of a plant can be done based on
morphological characteristics in all parts of the
plant, and then matched with existing specimen
collections. This system has weaknesses, namely
the identification process is only for mature plants,
requires a long time and is influenced by
environmental factors and experts in the field of
taxonomy are limited [5]. Thus, we need the
process for identifying differences in a plant species
using a faster and more accurate method through
DNA barcodes. Identification of a species was
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Figure 1. Katokkon chili research location map. Location 1 (Pasa Village, Makale Selatan District)
(03008'30.86"S. 119049'05.19"E) and location 2 (Lembang Kaduaja, Gandang Batusillanan sub-district) in
Tana Toraja Regency (03013'09.84"S. 119047'43.53"E).

initially only based on morphological characters.
However, now it has developed species
identification based on molecular characters.

DNA barcodes are short DNA sequences that are
used to simplify and speed up the process of
identifying a species on a molecular basis and have
a very important contribution to diversity and
taxonomy research. Barcoding DNA sequences are
orthologous and could differentiate between species
[6]. DNA barcodes aim to identify a species by
molecular technique that has not been previously
identified [7]. In addition, DNA barcodes aim to
help taxonomists identify species that are difficult
to identify [8]. The advantage of DNA barcoding is
that it enables fast and accurate species
identification using short, standardized genes as
internal species markers and helps taxonomists
accelerate the rate of species discovery [9]. Another
advantage of the DNA barcode identification
technique is that it identifies organisms with
incomplete and even degraded forms of DNA [10].

Molecular markers that are often used in
determining plant barcodes are the maturase-K
(matK) andribulose-1,5-bisphosphate carboxylase
(rbcL) genes [11]. In this study, the rbcL gene was
used as a molecular marker. The rbcL gene has a
high success rate during the amplification process
and plays a role in encoding the RuBisCO protein
which causes the rbcL gene to have a low mutation

rate, making it advantageous in intraspecies
phylogenetic studies and genetic variation [7]. This
study aims to determine the genetic variation of
DNA sequences katokkon chili using rbcL markers
and to construct a phylogenetic tree from the rbcL
sequence of katokkon chili. Result of phylogenetic
tree showed analysis of diversity and family
relationships can provide information on these
Biological genetic relationships between genotypes.
This information is important for overall planning.
Plant breeders can identify and select local
genotypes as parents for breeding based on
population relatedness. This study could provide
DNA barcode that impact the urgency of the
research on katokkon chili and has been highlighted
in the context of its potential applications and
benefits, especially in the preservation of seed
diversity and food security.

2. MATERIALS AND METHODS

2.1. Materials

In total, the collection of 6 living plant
specimens of the katokkon chili fruit (Capsicum
annuum var. chinense) carried out at two locations
in Tana Toraja Regency, namely Pango-Pango,
Lembang Pasang, Makale Selatan District and
Sangbua, Lembang Kaduaja, Gandang batu Sillanan
District (Figure 1). In addition, their close relative
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species were used as outgroup; Capsicum frutescens
(JX996068.1), Capsicum chinense (KF917580.1),
and Capsicum baccatum (U08610.1).

2.2. Methods

2.2.1. Morphological Characterization

Samples were taken from two districts in Tana
Toraja. Morphological characterization is observed
fruit such as fruit color before ripening and when
ripe, fruit shape, fruit cross-sectional shape, fruit
shape at the tip of the bloom and the character of
the fruit position. Chili leaves used are young

leaves and fruit samples were randomly taken from
about 30 fruits directly from the farmer’s field. The
samples obtained were stored in plastic clips which
were given silica gel. Physical parameters of the
environment were also observed, such as pH and
soil moisture, air temperature and humidity, light
intensity, wind speed, and altitude.

2.2.2. Isolation of Total DNA of Plant Tissue from
Leaves

DNA isolation was performed using The
Wizard® Genomic DNA Purification Kit Promega.
The sample was frozen using liquid nitrogen and
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Figure 2. Katokkon chili fruit morphology location I. (A) Color intensity (green, orange color of fruit
before ripening and red color after ripening), (B) square shape of fruit, (C) triangular fruit shape,
(D) pointed fruit shape at flower tip, (E) blunt fruit shape at flower tip, (F) the shape of the fruit is concave
at the end of the flower, (G) the cross-section of the fruit is wavy, (H) slightly wavy, and (I) not wavy.

Table 1. Observation results of physical environmental factors.

No. Environmental Physical Factors
1. Altitude (masl)
2. Temperature (°C)
3. Air Humidity (%RH)
4.  Light Intensity (Lux)
5. Wind Speed (m/s)
6. Soil pH

7. Soil Moisture (%RH)

Research sites

1 2
1348 1532
27.5 293
68.5 51.2
85.3 120
1.0 1.5
5.5 5.5

9 9

*Location 1 (Pasa Village, Makale Selatan District) and location 2 (Lembang Kaduaja, Gandang Batusillanan sub-district) Tana Toraja Regency

293

[5D PANDAWA



J. Multidiscip. Appl. Nat. Sci.

LA A AL 4

(F)

Figure 3. Katokkon chili fruit morphology location II. (A) Color intensity (green, purple spots, orange
color before ripening and red after ripening), (B) square fruit shape, (C) triangular fruit shape,
(D) fruit shape pointed at the tip of the flower, (E) fruit shape blunt at the end flower,
(F) the shape of the fruit is concave at the end of the flower, (G) the cross-section of the fruit is wavy,
(H) slightly wavy, and (I) not wavy.

then pulverized using a mortar and pestle to form a
powder. The leaf powder was taken as much as 40
mg and put into a 1.5 mL tube and added by 600 mL
of nuclei lysis solution and then vortexed for 1-5
seconds. The suspension formed was then incubated
for 15 min at 65 °C. Then 3 puL of RNAase solution
was added to the suspension, followed by closing
the tube and inverting it 2-5 times so that the
suspension was evenly mixed. The suspension was
incubated again for 15 min at 37 °C, after which the
suspension was allowed to stand for 5 min at room
temperature.

The next step is protein precipitation in DNA
suspension by adding 200 pL  of protein
precipitation solution in a tube and vortexing for 20
s. Then, the DNA suspension was centrifuged at
speeds ranging from 13,000-16,000 rpm for 30 min
to separate the molecules based on weight, then the
supernatant was taken in the tube and transferred to
a new tube measuring 1.5 pL and 600 pL
isopropanol DNA was added. The mixture between
DNA and isopropanol is homogenized by slowly
state. Once

inverting the tube in a closed

homogeneous, centrifuge again for 1 min at room
temperature at 13,000-16,000 rpm.

The next process is DNA purification where the
mixture of DNA and isopropanol that has been
centrifuged is taken as part of the supernatant and
discarded, while the pellet portion is added to 600
pL of 70% ethanol (room temperature). The tube
containing the solution is slowly inverted several
times to wash the sample DNA. Then the solution
was separated again by centrifuging for 1 min at
13,000-16,000 rpm at room temperature.

Then, the supernatant is taken wusing a
micropipette and disposed of carefully because at
this stage the DNA pellet easily separates from the
tube. The pellets that had been cleaned from the
supernatant were air-dried for 15 min after which
100 pL of DNA rehydration solution was added and
then homogenized by inverting the tube 1-5 times.
The last step of DNA isolation is the DNA solution,
which is incubated for 1 h at 65 °C, and then stored
in a refrigerator at 4 °C so that it can be used for a
long time.
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2.2.3. Qualitative and Quantitative Tests

Results DNA isolation was then tested
qualitatively using electrophoresis with 1% agarose
gel, while the quantitative test was carried out using
nanodrops.

2.2.4. PCR Amplification

The isolation was then amplified using a PCR
machine in 30 pL of a solution consisting of 15 uL.
PCR Master Mix Nexpro, 3 pL DNA template
sample (100 ng/pL), 6 uL water, 3 pL primer (10
pmol each forward and reverse primer). The
primers used in the PCR-amplification were
forward rbcL1 (TGTCACCAAAAAACAGACT)
and reverse rbcl2
(TTCCATACTTCACAAGCAGC) primers.
Amplification was carried out with the following
temperature settings, pre-denaturation at 95 °C for 2
min, then followed by 35 cycles consisting of
denaturation at 95 °C for 30 s, annealing at 50 °C
for 30 s, and extension at 72 °C for 120 s. Then the
post elongation process was carried out at 72 °C for
7 min. The PCR results were then sequenced using
the sequencing service of 1st BASE Laboratories
Sdn Bhd.

2.2.5. Data Analysis

Identification is carried out using Basic Local
Alignment Search Tool (BLAST) analysis at the
National Center of Biotechnology Information
(NCBI), sequence alignment, phylogenetic tree
construction and determination of genetic distance
matrix values using MEGA XI, determination
haplotypes and phylogeography using DnaSP and
haplotype networks.

3. RESULTS AND DISCUSSIONS

3.1. Observation of Environmental Factors and
Fruit Morphology of Katokkon Chili

There are seven parameters of physical
environmental factors observed in the observations,
namely altitude, temperature, air humidity, light
intensity, wind speed, soil pH, and soil moisture
(Table 1). In observing fruit morphology several
fruit morphological characteristics were observed
such as color intensity, fruit shape, fruit tip shape,
fruit cross section, and fruit genotypic position (Fig
2 and 3). The morphological character of katokkon
chili fruit shows that there are several colors of fruit
before it ripens such as green, purple spots, orange
and the color of the fruit when ripe is red (Fig 2(a)
and 3(a)). The observed fruit shape characters were
square (Fig 2(b) and 3(b)) and triangular (Fig 2(c)
and 3(c)). The shape of the fruit at the end of the
flower is blunt (Fig 2(d) and 3(d)), concave (Fig 2
(e) and 3(e)), and pointed (Fig 2(f) and 3(f)). The
cross-sectional shape of the fruit is wavy (Fig 2(g)
and 3(g)), slightly wavy (Fig 2(h) and 3(h)), and not
wavy (Fig 2(i) and 3(i)) influenced by the surface
appearance of the fruit. The position of the fruit on
the katokkon chili is facing down.

3.2. PCR Amplification and Sequencing
Amplification using the forward rbcL1 and
reverse rbcL2 primers has been successfully carried
out on katokkon chili. Visualization of the target
gene amplified by all samples showed +1500 bp
DNA fragments (Figure 4). Sequencing was
successfully carried out from the forward direction
with a length of £1000 bp. The results of the rbcL

Al A2

1500 bp —
1000 bp —

500 bp —
200 bp —

A3 B1 B2

B3

Figure 4. PCR amplification results of katokkon chili.
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Figure 5. Chromatogram of sample (a) Al, (b) A2,

(c) A3, (d) B1, (e) B2, and (f) B3 sequencing results.

ing showed a
clear

high-quality
and

gene  sequenc
chromatogram, marked by

overlapping peaks (Figure 5).

Sequencing data of katokkon chili were

identified using the Basic Local Alignment Search

Tool (BLAST) analysis at the National Center of

Biotechnology Information (NCBI). BLAST results
show that the six samples katokkon chili (C
annuum var. chinense) were identified to hav

similarities with C. annuum (MHS559329.1) (Table

non-  2).

3.3 Alignment of The Katokkon Chili DNA
Seque
AlgnmthNA seque was carried out
with the aim of matchin gth ame characters and
ly g the presence of gaps in the same
e (Figur 6) Sample code Cl =
pepper (Capsicum frutescens), C2 = habanero

cayenne
chili

TTTTTTT
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(Capsicum chinense) as well as C3 = Capsicum
baccatumas an outgroup sample. Alignment in the
nucleotide base sequences of the nine samples
yielded 972 bp as the final basepare amount.
Sequence alignment using the rbcL molecular
marker on six katokkon chili samples and three
outgroup samples showed that the aligned sequence
length was 972, and there were 7 polymorphism
events consisting of 4 singleton variable sites and 3
parsimony  informative  sites. On  results,
phylogeography is divided into 4 haplotype
distributions and has a haplotype diversity of
0.5833 (Figure 7).

3.4. Construction of Phylogenetic Trees and
Genetic Distance Matrices of Katokkon Chili

The construction of phylogenetic trees from
sequences that have been aligned aims to determine
the level of kinship in six samples of katokkon chili
and three outgroup samples. Results of
phylogenetic tree construction on katokkon chili
and outgroup samples using the rbcL molecular
marker found that two large clades were formed
(Figure 8). Samples Al and A2 are closely related
to sample A3 with the highest bootstrap value of 96.
Both samples are in the same branching group as
sample A3 with the same bootstrap value.

Genetic distance matrix values katokkon chili
and the outgroup sample showed the lowest genetic
distance matrix value was 0.000 and the highest
genetic distance was 0.05 (Table 3). The farthest
genetic distance matrix values occur in samples C1
and C3 with samples Al, A2, A3, B1, B2, and B3.
The value of the katokkon chili genetic distance
matrix and outgroup samples obtained from the

construction of phylogenetic trees.

3.5. Discussion

Variation in a plant is also influenced by
environmental factors, not only determined by the
diversity of genes it has. The traits possessed by
each individual are the result of the interaction
process between the environment and genes.
Individuals with identical gene characters do not
necessarily have the same morphological
characteristics. There are several environmental
factors that affect the morphological characteristics
of plants, namely location altitude, humidity,
temperature, and climate [12]. Observation of
environmental factors at the first location (Pasa
Village, South Makale sub-district) and the second
location (Lembang Sangbua, Gandangbatu Sillanan
District) have differences in environmental factors
such as altitude, temperature, light intensity, air
humidity, and wind speed. As well as having
similarities in soil pH and moisture (Table 1).
Cignore katokkon it only grows well in the
highlands with altitudes ranging from 1000-1500
meters above sea level and is susceptible to
temperatures around 16-24 °C [13]. Rain intensity
required for optimal growth is around 1500-3500
mm/year with humidity around 82-86%. Soil pH
suitable for growth cignore katokkon is around 3.5-
5.0. Based on the results of observations on the
morphology of the katokkon chili fruit that there is
no difference in color, fruit shape, fruit tip, cross-
section and fruit position between the two sites with
different heights. It is presumably that both
locations are still within the same range, so there
are no morphological differences due to the

Table 2. Identification test results based on the NCBI Database.

No. Sampel
Identification
1. Al Capsicum annum
2. A2 Capsicum annum
3. A3 Capsicum annum
4. B1 Capsicum annum
5. B2 Capsicum annum
6. B3 Capsicum annum

NCBI
Similarities Acc Number
98.82% MH559329.1
98.60% MH559329.1
99.15% MH559329.1
97.79% MH559329.1
99.48% MH559329.1
99.24% MH559329.1

Note: Sample code Al, A2 and A3 (First location), sample code B1, B2, and B3 (Second location)
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Figure 6. The results of the alignment of the katokkon chili sequences and outgroup samples.

different biophysical and environmental status of
both locations, katokkon chili at the first location
and the second location is a local variant (Limbong
Sangpolo).

PCR is an enzymatic DNA replication process
using a PCR machine with a working principle that
involves reactions DNA
polymerase [14]. The working procedure of PCR is
divided into three stages, namely denaturation,
annealing, and extension. There are several factors

enzymatic using

that affect the success rate of the PCR process such
as temperature at the annealing stage, DNA
polymerase enzymes, and concentrations of PCR
components. Six samples katokkon chili succeeded
in amplification characterized by thick and clear
DNA bands. PCR visualization results for the six
samples yielded £1500 bp DNA bands (Figure 4).
The PCR process goes well if thick and clear bands
are obtained as a sign that PCR has reached
optimum conditions so that it can proceed to the
sequencing process [15].

The peaks of the sequenced chromatogram have
different colors for each purine base and pyrimidine
base. Adenine is green, guanine is black, thymine is
red and cytosine is purple. A chromatogram of the
sequencing of the rbcL gene in six chili samples
katokkon shows quality results with clear peaks and

no overlap between one peak and another. The
chromatogram of good sequencing results is
indicated by clear peaks, separated from one
another, not overlapping, and having high peaks
[16]. Meanwhile, the chromatogram of poor
sequencing results is shown by short peaks, unclear,
overlapping and not separated from one another.

The results of the analysis of the BLAST for the
rbcL gene of the six samples katokkon chili (C.
annuum var. chinense) has a high homology value
with C. annuum which has an accession number
MHS559329.1. The similarity level identified varies
from 97.79% to 99.82% (Table 2). The higher the
percentage of similarity obtained, the higher the
level of homology of the two sequences being
analyzed [15]. The high homology value of a
sequence causes low genetic variation between two
individuals.

Alignment of DNA sequences was carried out to
determine similarities between aligned sequences
by comparing sequence homology and genetic
variation [15]. Based on the alignment results of the
nine samples, it was found that these samples had
polymorphisms or differences in the nucleotide base
sequence. The difference occurs due to mutation
events in the nucleotide base sequence.
Polymorphism or differences in the nucleotide base

[§) PANDAWA
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sequence in an individual can be caused by
mutations. Mutations are divided into several types
such as deletions, substitutions and insertions.
Deletion mutations occur when there is a loss of a
nucleotide base and an insertion mutation is when
there is an insertion of a nucleotide base.
Substitution mutations are further divided into two,
namely transversion and transition substitution.
Transversion mutations are the replacement of
pyrimidine bases with purines or purines with
pyrimidines (TA, TG, CA, CG), while transition
mutations are the replacement of pyrimidine
nucleotides with pyrimidines (TC) and purines with
purines (GA) [14].

Based on the results of the analysis of sequence
alignment, it can be seen that there are
polymorphisms consisting of 4 singleton sites and 3
parsimony informative sites. Polymorphism on the
singleton sites contained the 6th, 525th, 715th and
737th nucleotide base sequences. Parsimony
informative sites on the 370th, 616th and 902th
nucleotide bases. The 6th nucleotide bases, 370,
525, 616, 715 and 737 underwent mutations
transition. Meanwhile, the 902nd nucleotide base
underwent a transition mutation.

Results  phylogeography that the
haplotype distribution is divided into 4 haplotypes,
namely Hap 1 (A1,A2, A3, B1, B2 and B3), Hap 2
(Cl), Hap 3 (C2), and Hap 3 (C3). Has a
haplotype diversity (hd) value of 0.5833. The hd
value indicates that the 9 samples have a low level
of haplotype diversity. Muqaddas et al (2020),

shows

explained that hd values > 0 <0.5 (having low
haplotype diversity) and hd values > 0.5 <1 (having
high haplotype diversity) [17]. Haplotype values
with low diversity indicate that the level of genetic
diversity that occurs in a population is low and vice
versa.

A total of six samples katokkon chili and three
outgroup sample which has been aligned is then
used to construct a phylogenetic tree using the
Neighbor-Joining method. The Neighbor-Joining
method is a method used to construct phylogenetic
trees based on evolutionary distances by looking at
the differences between the sequences used [18].
Results of phylogenetic tree construction katokkon
chili and outgroup sample using the molecular
marker rbcL. showed that the nine samples formed
two large clades. Clad I consists of six samples
katokkon chili with codes A1, A2, A3, B1, B2 and
B3. Clad II consists of three samples outgroup with
codes C1, C2 and C3. Sample outgroup who is in
Clade II the most polymorphism occurs. The
formation of clades I and clades II is supported by
the many mutations that occur in the nucleotide
base sequence [19]. This is in accordance with the
results obtained that the sample on Clade II
polymorphism does not occur, whereas in Clade I
there are 7 polymorphisms caused by mutations.

Clade also influenced by
bioecological differences between katokkon chili

formation is

and outgroup samples. This is due to the outgroup
sample sequences obtained from NCBI coming
from different katokkon

countries chili, so

H4 @)

718

e 4]

o

- H 2@

Figure 7. Phylogeography of katokkon chili and outgroup samples.
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Table 3.The value of the katokkon chili genetic matrix and outgroup samples.

Sequence Code Al A2 A3 B1 B2 B3 Cl C2 C3
Al

A2 0.000

A3 0.000  0.000

B1 0.000  0.000 0.000

B2 0.000 0.000 0.000 0.000

B3 0.000 0.000 0.000 0.000 0.000

C1 0.005 0.005 0.005 0.005 0.005 0.005

C2 0.003 0.003 0.003 0.003 0.003 0.003 0.002

C3 0.005 0.005 0.005 0.005 0.005 0.005 0.004 0.002

Note: Sample codes Al, A2 and A3 (First location), sample codes B1, B2, and B3 (Second location) and sample codes C1, C2 and C3 (Outgroup

Sample).

At
96

96

A3

29

B1

B2

32

B3

95

G2

C1

39

C3

Figure 8. Construction of the katokkon chili phylogenetic tree and outgroup samples.

environmental factors affect the growth of katokkon
chilies and samples of different outgroups.
Environmental factors such as altitude, temperature,
light intensity, soil pH, moisture and availability of
nutrients in the soil are indicators that determine
physiological and metabolic processes in a plant
[20]. Differences in physiological and metabolic
processes will affect the genotype and sequence of a
plant species.
Phylogenetic tree construction using the
Neighbor-Joining method uses 1000 replications for
bootstrap values. The bootstrap value used aims to

test the validity of the phylogenetic tree topology.

Evaluation of phylogenetic tree bootstrap values
based on the value of each cladogram [21]. Mark
bootstrap katokkon chili and outgroup samples
show that samples Al, A2 and A3 have value the
highest bootstrap is 96 and the three samples are
closely related. Meanwhile, sample Bl has the
lowest bootstrap value with a value of 29 and is
included in the same group as samples B2 and B3
with a bootstrap value of 32. The nine samples have
a bootstrap value range from very weak to high (29
—96%). This is in accordance with the previous
work, which states that bootstrap values are
categorized starting from <50% (very weak), 50—
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69% (weak), 70-85% (moderate), and >85% (high)
[22].

Phylogenetic tree construction can also be used
to view the genetic distance matrix of six katokkon
chili sequence samples (C. annuum var. chinense)
and three outgroup samples (C. frutescens, C.
chinense, C. baccatum). Genetic distance is one of
the determining factors used to see the level of
kinship of the species studied [23]. The lowest
genetic distance matrix value will have a very close
kinship relationship, obtained in the sequence of
samples Al, A2, A3, B1, B2 and B3 with samples
Al, A2, A3, BI1, B2 and B3 which is 0.000. While
the highest genetic distance value will have a
distant kinship relationship, obtained in the
sequence of samples C1 and C3 with samples Al,
A2, A3, Bl1, B2 and B3, namely 0.005. The low
genetic distance between samples is due to the lack
of differences between the nucleotide bases.
Conversely, if the genetic distance is high, the
samples have many differences in the nucleotide
base sequence. This is in accordance with the
previous opinion that the farther the value of the
genetic distance matrix of an individual, the further
the kinship relationship [14]. Vice versa, the closer
the value of the genetic distance matrix of an
individual, the closer the level of kinship will be.
Sample C1 (Capsicum frutescens) and sample C3
(C. baccatum) with samples A and B of katokkon
chili (C. annuum var. chinense) have a large genetic
distance value because the three chilies are different
chili species. to Ferniah (2018),
domestication of the Capsicum genus divided
chilies into five species, namely, C. frutescens, C.

According

annuum, C. pubescens, C. chinense and C.
Bataccum [24].

Genetic distance matrix values katokkon chili
and outgroup samples are in the range of 0.000—
0.005 which indicates that the genetic distance of
the six samples katokkon chili and the three
outgroup samples were included in the very low
group. The genetic distance values are grouped into
three, namely the genetic distance values between
1.00-2.00 including high, the genetic distance
with susceptibility between 0.10-0.99
including moderate and the genetic distance values
with susceptibility between 0.010-0.099 including
low [25].

values

4. CONCLUSIONS

We conclude that the genetic variation of the six
samples katokkon chili (C. annuum var. chinense)
and three outgroup samples that resulted in 7
polymorphisms consisting of 4 singleton sites and 3
parsimony informative sites and 4 haplotype
distributions. The phylogenetic tree construction
forms two clades and the value of the genetic
distance matrix is in the range of 0.000-0.005.
Suggestions for further research, namely the
method for reconstructing phylogenetic trees can
use methods other than the Neighbor-Joining Tree
and it is recommended that different islands be
sampled so that it will produce polymorphism and
distribution of various haplotypes.
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