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Abstract

Phylogenetics is a method used to study and analyze evolutionary relationships among living organisms. In phylogenetic studies,
organisms that share similar traits or characteristics are considered to have close evolutionary relationships, as they are assumed to have
originated from a common ancestor. Papilio blumei is characterized by wings with a bright, iridescent green coloration. This study aimed
to describe the phylogenetic relationship of P. blumei based on the cytochrome oxidase subunit I (COI) gene. Sampling was conducted
using a roaming (exploratory) method. DNA was isolated using the GS 100gSYNCTM DNA Extraction Kit. DNA amplification was
performed using CO! primers (LCO1490 forward and HCO2198 reverse) through polymerase chain reaction (PCR). DNA electrophoresis
was carried out using 1% agarose gel, a UV transilluminator, and a gel documentation system. Data were analyzed using GeneStudio,
DnaSP, BLAST, DNASTAR, and MESQUITE software, and phylogenetic reconstruction was performed using the Neighbor-Joining and
Maximum Likelihood methods in MEGA 11 with the Kimura 2-parameter model and 10,000 bootstrap replications. The results showed
that the DNA samples had a 99.50% identity with the reference sequences in GenBank. Genetic variation analysis revealed two
haplotypes with haplotype diversity (hd = 0.600 £ 0.175) and nucleotide diversity (z = 0.00051 £ 0.00015). Phylogenetic tree
reconstruction formed a single monophyletic cluster of P. blumei with bootstrap values ranging from 99% to 100%. A genetic distance of
0.00% among populations from Central Sulawesi (PBPSST.1, PBPSST.2, PBPSST.3), North Sulawesi (JQ982056.1), and South Sulawesi
(JQ982058.1) confirms that all P. blumei samples have very close genetic relationships.
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INTRODUCTION One molecular identification method that can be
applied is phylogenetic analysis. Phylogenetics is a
method used to study and analyze evolutionary
relationships among living organisms. In phylogenetic
studies, organisms that share similar traits or
characteristics are considered to have close evolutionary
relationships, as they are assumed to originate from a
common ancestor. Such similarities form monophyletic
groups, which consist of a single ancestor and all of its
descendants (Fietri et al., 2020). Phylogenetic analyses
often involve the use of genes to determine evolutionary
relationships among species, one of which is the COI
gene marker (Partiwi et al., 2023). The COI gene is part
of mitochondrial DNA (mtDNA) and plays an important
role in energy production processes, making it relatively
conserved (Hermawan et al., 2022). The COI gene,

The family Papilionidae comprises large-sized butterflies
with striking and attractive coloration (Makhzuni &
Dahelmi, 2013). One species within this family is Papilio
blumei, an endemic butterfly of Sulawesi (Alias &
Soesilohadi, 2015). P. blumei wings has a bright
iridescent green coloration (Kolle et al., 2010). This
species exhibits adaptive survival behaviors, including
countershading, Batesian mimicry, and the use of an
osmeterium as a defensive mechanism against predators.
P. blumei employs a reproductive strategy known as
patrolling, in which males actively fly to search for
females in open areas (Alias & Soesilohadi, 2015). The
unique morphology of P. blumei makes it a highly
interesting  species  for  scientific  investigation

(Condamine et al., 2013). However, existing studies have
been largely limited to morphological and morphometric
analyses, while molecular analyses of the Sulawesi-
endemic butterfly P. blumei using the COI gene remain
scarce.

located within the mitochondrial genome and known to
be an effective genetic marker, has advantageous
characteristics such as a low rate of deletions and
insertions in its sequence (Tindi et al., 2017). The use of
the COI gene marker located in the mitochondrial
segment allows for the analysis of nucleotide base
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variation ~within species, thereby enabling the
determination of phylogenetic relationships among
species (Kamal et al., 2019).

Mitochondrial DNA has advantages in genetic
diversity studies due to its much higher copy number in
cells compared to nuclear DNA and its higher mutation
rate (Hendiari et al., 2020). Currently, mitochondrial
DNA has been widely utilized in various fields, including
disease detection, population genetic analysis, species
identification, and phylogenetic studies. This is
supported by its maternal inheritance pattern, relatively
rapid mutation rate, and continuous replication ability
(Mohapatra et al., 2019). However, no phylogenetic
analysis of P. blumei butterflies from Bakubakulu
Village, Palolo District, Sigi Regency, Central Sulawesi,
using the COI (Cytochrome Oxidase subunit I) gene has
been reported to date. This study aimed to describe the

phylogenetic relationship of P. blumei based on the
cytochrome oxidase subunit I (COI) gene.

MATERIALS AND METHODS

Study area

This study was conducted in November 2025 in
Bakubakulu Village, Palolo District, Sigi Regency,
Central Sulawesi, Indonesia (Figure 1). The study area is
characterized by  heterogeneous  environmental
conditions, dominated by hilly landscapes and
agricultural land adjacent to forested areas. The region
has relatively diverse vegetation cover, sufficient food
resources, and a tropical climate that supports the
presence and activity of butterflies, particularly endemic
species. The samples used in this study consisted of three
individuals of P. blumei.

829000 836090

9831000

9884000

9677000

BIOLOGY EDUCATION STUDY PROGRAM
DEPARTMENT OF MATHEMATICS AND NATURAL SCIENCES EDUCATION|
FACULTY OF TEACHER TRAINING AND EDUCATION
TADULAKO UNIVERSITY
ADMINISTRATIVE MAP OF
BAKUBAKULU VILLAGE, PALOLO DISTRICT
N

1:35.000
e
-

GREATED BY : RIZKIA KHAIRUNISA NIM A22122071

£23000 836000

Figure 1. Map of the research location in Bakubakulu Village, Palolo District, Sigi Regency, Central Sulawesi, Indonesia.

Procedures

Sample Collection

Samples of Papilio blumei were collected using an
exploratory (roaming) method by surveying areas
considered potential butterfly habitats. Each P. blumei
individual encountered was captured using an insect net
to minimize morphological damage. The geographic
coordinates of each sampling location were recorded
using a Global Positioning System (GPS) to ensure
accurate spatial data and facilitate species distribution
mapping. Collected specimens were properly labeled
according to location and sampling time and
subsequently prepared for further molecular analysis.

DNA Isolation

DNA isolation was performed on Papilio blumei
specimens after removing the head and wings to reduce
contamination and obtain optimal DNA quality. The
isolation process was carried out using the GS
100gSYNCTM DNA Extraction Kit following the
manufacturer’s protocol. Tissue samples were incubated
at 60°C for 2.5 hours to enhance cell lysis. The resulting
supernatant was then processed using GSB solution,
absolute ethanol (EtOH), and a GS column to bind the
DNA. Washing and drying steps were conducted to
remove residual contaminants, followed by DNA elution
at 60°C. The extracted DNA was stored at —20°C until
further use in the amplification process.
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Amplification and Sequencing

DNA amplification was conducted using the Polymerase
Chain Reaction (PCR) technique with COI primers,
namely LCO1490 (forward) and HCO2198 (reverse), in
a total reaction volume of 25 pL. The PCR program
consisted of a pre-denaturation step at 95°C for 5
minutes, followed by 35 cycles of denaturation at 94°C
for 35 seconds, annealing at 50°C for 30 seconds, and
extension at 72°C for 30 seconds. A final post-extension
step was performed at 72°C for 7 minutes. Successful
PCR products were subsequently sent to the Integrated
Research and Testing Laboratory (LPPT), Universitas
Gadjah Mada, for sequencing using a Genetic Analyzer
3500 (Applied Biosystem).

Electrophoresis

DNA electrophoresis was performed to verify the success
of PCR amplification using a 1% agarose gel prepared
from 0.2 g agarose dissolved in 20 mL of 1x TAE buffer
and stained with FloroSafe. The gel was cast in an
electrophoresis tray equipped with wells. Each well was
loaded with a DNA ladder as a molecular size marker
and 2 pL of PCR product from each sample.
Electrophoresis was conducted at 50 volts for 17-20
minutes until distinct DNA bands were observed. The
results were visualized using a UV transilluminator and
documented with a gel documentation system to confirm
the presence of amplified DNA fragments.

Data analysis

Sequencing data in the form of forward and reverse abl
files were edited and assembled using GeneStudio and
DNASTAR software to generate consensus sequences.
The obtained sequences were then analyzed using
Nucleotide BLAST (NCBI) to confirm species identity
based on similarity to reference sequences. Sequence
alignment was performed using MESQUITE and
converted into FASTA format prior to further analysis in
MEGA 11. Genetic distances were estimated using the
Kimura 2-parameter model, while phylogenetic trees
were reconstructed using the Neighbor-Joining and
Maximum Likelihood methods with 10,000 bootstrap
replications. Genetic variation analyses, including

haplotype and nucleotide diversity, were conducted using
DnaSP version 6.

RESULTS AND DISCUSSION

Amplification and Sequence Similarity of Papilio
blumei

Amplification of the mitochondrial Cytochrome Oxidase
subunit I (COI) gene of P. blumei collected from
Bakubakulu Village, Palolo District, Sigi Regency,
Central Sulawesi, was successfully achieved using PCR
with the forward primer LCO1490-F and the reverse
primer HCO2198-R (Figure 2). The DNA bands
produced during electrophoresis showed good quality
with clear and well-defined patterns. The quality of the
DNA bands reflects the quality of the PCR products
obtained (Dailami et al., 2022).

PBPSST PBPSST PBPSST
1 2 3

M

10.000bp

1.200bp

1.000bp
750bp
500bp

Figure 2. The results of mitochondrial COI gene amplification show that
samples labeled PBPSST represent P. blumei collected from Bakubakulu
Village, Palolo District, Sigi Regency, Central Sulawesi, while M denotes
the molecular size marker.

The obtained DNA sequences were analyzed using
the Nucleotide BLAST tool provided by the National
Center for Biotechnology Information (NCBI) to
evaluate query coverage and sequence similarity for the
three DNA sequences generated in this study. This
analysis was conducted to confirm species identity by
comparing the obtained sequences with reference
sequences available in the GenBank database (Table 1).

Table 1. BLAST analysis of mitochondrial COI gene sequences of P. blumei from Central Sulawesi.

BLAST
Code Species Verification Location
% Identity % Query Cover Accession Numbern GenBank
PBPSST.1 99,50 100 JQ982058.1 Papilio blumei Central Sulawesi
PBPSST.2 99,50 100 JQ982058.1 Papilio blumei Central Sulawesi
PBPSST.3 99,50 100 JQ982058.1 Papilio blumei Central Sulawesi
Genetic Variation of Papilio blumei genetic  diversity among P. blumei populations

Genetic variation analysis of P. blumei sequences was
conducted on five sequences with a nucleotide length of
1188 bp. This analysis aimed to assess the level of

originating from different regions of Sulawesi. Genetic
variation was analyzed using DnaSP software to
determine the number of haplotypes (h), variable sites,
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parsimony-informative sites, haplotype diversity (hd),
and nucleotide diversity (m). The results revealed the
presence of two haplotypes. Haplotype 1 consisted of
samples PBPSST 1, PBPSST 2, and PBPSST 3,
representing P. blumei from Central Sulawesi, whereas
haplotype 2 included sequences JQ982058 (P. blumei
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from South Sulawesi) and JQ982056 (P. blumei from
North Sulawesi). In addition, one variable site and one
parsimony-informative site were identified across all
analyzed sequences. The estimated haplotype diversity
was hd = 0.600 + 0.175, while the nucleotide diversity
was = 0.00051 + 0.00015 (Table 2).

Table 2. Intraspecific genetic variation of P. blumei based on mitochondrial COI gene sequences compared with P. blumei from GenBank.

Sample Code bp Number of Number of Variable Parsimony  Haplotype Nucleotide
Individual Haplotypes Site Site Diversity (Hd)  Diversity (1)

PBPSST.1

PBPSST.2

PBPSST.3 1188 5 2 1 1 0,600+0,175 0,00051+0,00015

JQ982058

JQ982056

Nucleotide Composition of Papilio blumei

DNA is composed of four nitrogenous bases, namely
thymine (T), cytosine (C), adenine (A), and guanine (G).
The base pair adenine (A) and thymine (T) is connected
by two hydrogen bonds, whereas cytosine (C) and
guanine (G) are linked by three hydrogen bonds, making
the C—G pair more stable and stronger than the A—T pair
(Saleky & Dailami, 2021). These differences in bonding
strength play an important role in maintaining DNA
structural stability and contribute to genetic variation

Table 3. Average nucleotide composition of P. blumei.

within organisms. Based on the analysis of five P. blumei
sequences, the average nucleotide composition indicated
a dominance of thymine (T) and adenine (A). The mean
percentages of nitrogenous bases were 40.70% T,
14.00% C, 31.20% A, and 14.10% G. This pattern
reflects a higher A-T content compared to C—G, which is
a common characteristic of mitochondrial genes,
particularly the COI gene (Table 3).

Code TWU) C A G A+T G+C Location References

PBPSST.1 40,60 14,00 31,20 14,10 71,80 28,10 Central Sulawesi Research Data
PBPSST.2 40,60 14,00 31,20 14,10 71,80 28,10 Central Sulawesi Research Data
PBPSST.3 40,60 14,00 31,20 14,10 71,80 28,10 Central Sulawesi Research Data
JQ982058 40,80 14,00 31,20 14,10 72,00 28,10 South Sulawesi Condamine et al. (2013)
JQ982056 40,80 14,00 31,20 14,10 72,00 28,10 North Sulawesi Condamine et al. (2013)
Rata-rata 40,70 14,00 31,20 14,10 71,88 28,10

Phylogenetic Tree and Genetic Distance

Phylogenetic tree analysis was conducted to determine
the evolutionary relationships and genetic affinities
among the analyzed P. blumei sequences. Phylogenetic
reconstruction was performed using MEGA 11 software
by applying two analytical methods, namely Neighbor-
Joining (NJ) (Figure 3) and Maximum Likelihood (ML)
(Figure 4). The Kimura 2-parameter (K2P) nucleotide
substitution model was employed, as it is commonly used
in mitochondrial gene-based phylogenetic studies,
particularly those involving the COI gene. The reliability
of the phylogenetic tree topology was assessed through
bootstrap analysis with 10,000 replications. Higher
bootstrap values indicate greater confidence in the
branching patterns and taxon groupings within the
phylogenetic tree; thus, increasing bootstrap values
reflect improved robustness of the inferred clades and
evolutionary relationships (Sianturi et al., 2021). In

addition, genetic distance analysis among sequences was
conducted to support the interpretation of the
phylogenetic relationships obtained (Table 4).

Genetic distance analysis using the Kimura 2-
Parameter (K2P) model revealed that the genetic
distances among Papilio blumei individuals from Central
Sulawesi ranged from 0.00% to 0.00%, indicating no
detectable genetic divergence among these samples.
Similarly, the genetic distances between P. blumei from
Central Sulawesi and P. blumei populations from other
regions of Sulawesi also ranged from 0.00% to 0.00%.
These results indicate a very high level of genetic
homogeneity among P. blumei populations across
Sulawesi. In contrast, the genetic distances between P.
blumei and the comparative species Troides helena and
Tirumala hamata were considerably higher, ranging from
14.79% to 15.37%. Such substantial genetic divergence
reflects clear evolutionary separation between P. blumei
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and these species (Table 4). A commonly accepted
threshold for species delimitation based on genetic
divergence is 3%. When the genetic distance between
two individuals or groups exceeds 3%, they are
considered to belong to different species. Conversely, if
the genetic distance is equal to or less than 3%, the
individuals or groups are regarded as belonging to the
same species (Zhang & Bu, 2022).

PBPSST.2 Papilic blumei Sulawesi Tengsh Indonesia
PBPSST.3 Papilic blumei Sulawesi Tengsh Indonesia
PBPSST.1 Papilic blumei Sulawesi Tengah Indonesia

103820561 Papifio blumei blumei Sulavesi Utara
1(982058.1 Papifio blumei frufrstoferi Sulawesi Selatan Indonesia
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Figure 3. Phylogenetic tree constructed using the Neighbor-Joining (NJ)
method with the Kimura 2-Parameter model and 10,000 bootstrap
replicates.
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Figure 4. Phylogenetic tree constructed using the Maximum Likelihood
(ML) method with the Kimura 2-Parameter model and 10,000 bootstrap
replicates.
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Table 4. Genetic distance of Papilio blumei.
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Discussion

DNA amplification is a method used to increase the
quantity of DNA strands obtained after the extraction
stage, thereby enabling clearer and more accurate
molecular analysis (Rahmadhan et al., 2019). The
objective of amplification using the polymerase chain
reaction (PCR) technique is to synthesize DNA at
specific temperatures through repeated cycles. Short
DNA primers bind to single-stranded DNA templates to
initiate replication (Adhiyanto et al., 2020). Primers used
in amplification must be specific to the target DNA to
enhance amplification success. Each primer has its own
optimal annealing temperature; therefore, optimization
through PCR temperature cycling is required to
determine the most suitable conditions. The amplified
DNA products are subsequently subjected to
electrophoresis to evaluate amplification quality (Aulia et
al., 2021).

The amplification results of Papilio blumei specimens
from Sulawesi produced clear and uniform DNA bands
corresponding to the target fragment size. This indicates
that the PCR process was optimal, with no evidence of
DNA degradation or contamination. Additionally, no
extra bands or smearing were observed, demonstrating
the high specificity of the primers for the COI gene.
Similarity analysis using Nucleotide BLAST (NCBI)
revealed that the three P. blumei sequences from Central
Sulawesi exhibited 100% query coverage and sequence
identity values exceeding 98%, indicating a high level of
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accuracy in identifying P. blumei from Central Sulawesi.
Higher query coverage and similarity values reflect
greater homology between the sample sequences and
reference sequences in the database (Aprilianto &
Sembiring, 2016).

Genetic variation refers to changes at the nucleotide
to genomic level that influence an organism’s ability to
adapt to environmental conditions; higher genetic
variation generally increases the survival potential of a
population (Rani et al., 2024). In this study, genetic
variation parameters were analyzed using DnaSP
software, including the number of haplotypes, variable
sites, parsimony-informative sites, haplotype diversity
(Hd), and nucleotide diversity (m). Analysis of the COI
gene sequences (1,188 bp in length) revealed the
presence of two haplotypes. Haplotype 1 consisted of
samples PBPSST.1, PBPSST.2, and PBPSST.3 from
Central Sulawesi, while Haplotype 2 included samples
JQ982058.1 from South Sulawesi and JQ982056.1 from
North Sulawesi. Furthermore, one variable site and one
parsimony-informative site were identified.

The genetic variation analysis of P. blumei from
Central Sulawesi yielded a haplotype diversity value of
Hd = 0.600 + 0.175, indicating high haplotype diversity,
as the value falls within the range of 0.5 < Hd < 1. In
contrast, the nucleotide diversity value was & = 0.00051
+ 0.00015, indicating low nucleotide diversity, as the
value is less than 0.10. A high Hd value suggests
substantial variation among individuals within the P.
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blumei population, while low nucleotide diversity may
result from population decline due to natural events
followed by rapid population expansion (Dewana et al.,
2025).

Analysis of nucleotide composition showed
proportions of T = 40.70%, A = 31.20%, C = 14.00%,
and G = 14.10%, resulting in an A+T content of 71.88%
and a C+G content of 28.10%. This indicates that the GC
content is lower than the AT content. Adenine (A)
always pairs with thymine (T) through two hydrogen
bonds, which are weaker than the three hydrogen bonds
connecting guanine (G) and cytosine (C). DNA
sequences with lower GC content generally have lower
denaturation temperatures compared to sequences with
higher GC content (Dailami et al., 2022). A low GC
percentage may reduce primer-binding efficiency to
target DNA, as GC base pairs provide greater stability
due to stronger hydrogen bonding (Nova et al., 2023).
Variations in nucleotide composition are useful for
detecting genetic similarities and differences among
individuals for species identification purposes (Triandiza
etal., 2021).

Phylogenetic analysis based on the mitochondrial
COI gene was conducted using MEGA software with the
Neighbor-Joining and Maximum Likelihood methods
under the Kimura 2-parameter model with 10,000
bootstrap replications. Both methods produced similar
tree topologies, with no significant differences in
bootstrap values, and formed distinct clades in which
each species clustered within the same clade.
Phylogenetic reconstruction revealed that Papilio blumei
from Central Sulawesi, Papilio blumei fruhstorferi from
South Sulawesi, and Papilio blumei blumei from North
Sulawesi exhibited very close evolutionary relationships,
supported by bootstrap values ranging from 99% to
100%. Higher bootstrap values indicate greater
confidence in the accuracy of the reconstructed
phylogenetic topology (Oktafia & Badruzsaufari, 2021).

Genetic distance analysis showed that the highest
genetic distances occurred between P. blumei and the
outgroup species Troides helena and Tirumala hamata,
ranging from 14.79% to 15.37%. These results are
supported by the phylogenetic tree topology, which
places P. blumei and the outgroup species far apart.
Greater genetic distance values indicate more distant
evolutionary relationships, which are reflected by
increased separation in the phylogenetic tree (Bramasta
et al., 2021). The lowest genetic distance value (0.00%)
was observed among Papilio blumei from Central
Sulawesi, Papilio blumei fruhstorferi from South
Sulawesi, and Papilio blumei blumei from North
Sulawesi. A genetic distance of 0.00% indicates that
these taxa belong to the same genus and share very close
genetic relationships. In general, lower genetic distance
values correspond to closer evolutionary relationships. A
commonly used threshold for species delimitation based
on genetic divergence is 3% (Sahadeva & Pertiwi, 2023).

CONCLUSIONS

The phylogenetic analysis of P. blumei using the
Neighbor-Joining (NJ) and Maximum Likelihood (ML)
methods revealed that endemic butterfly specimens from
Central Sulawesi are very closely related to P. blumei
populations from South and North Sulawesi. This close
relationship is supported by high bootstrap values (99—
100) in the phylogenetic tree reconstruction, a query
cover of 100%, and a sequence identity of 99.50%,
indicating a clear and consistent phylogenetic
relationship among P. blumei populations.
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