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1. Introduction
  

	 World coffee production decreased by 1.4% 
to 168.5 million bags in coffee year 2021-2022 
(ICO 2023). One of the most significant tropical 
commodities, coffee generates income at every stage 
of the global value chain that connects growers and 
consumers (ICO 2019). In addition to oil and gas, 
another significant export good from Indonesia 
that generates foreign cash is coffee (Badan Pusat 
Statistik 2019). Aceh, North Sumatra, Bengkulu, 
South Sumatra, and Lampung are the five main 
coffee-producing provinces on the island of Sumatra 
(Direktorat Jenderal Perkebunan 2022). The three 

most significant varieties of coffee in the world are 
arabica (Coffea arabica), robusta (Coffea canephora), 
and liberica (Coffea liberica). Approximately 10 
million hectares of these varieties are cultivated in 80 
countries in tropical and subtropical climates (Escobar 
et al. 2019).
	 Geographical considerations, changes in the global 
environment, and the adaption strategies used by 
H. hampei in each place can all have an impact on 
insect genetic variety (Johnson et al. 2020). A species' 
capacity to adapt to changes in its environment and 
its ability to reproduce will both suffer from low or 
lost genetic variety in its population (Frankham et al. 
2010). The genetic diversity and distribution of H. 
hampei have been examined by molecular research 
employing the mitochondrial COI gene. Forensic 
purposes have utilized mitochondrial DNA (mtDNA), 

Hypothenemus hampei Ferrari, 1867, is a globally significant pest of coffee (Coffea 
spp.). Genetic information about H. hampei from various locations, including countries 
in America, Africa, and Asia (Java, Indonesia), is available. However, the data has yet 
to be available for Sumatra. This research aims to study the genetic population of H. 
hampei in coffee plants in Sumatra. In this study, a total of 27 mitochondrial cytochrome 
oxidase subunit 1 (COI) gene sequences were used to estimate the population genetics 
of H. hampei in Sumatra, collected from C. arabica, C. canephora, and C. liberica at 
nine locations. The analysis of the COI gene sequences revealed that they contained 
236 base pairs (53.76%) of conserved sites, 203 base pairs (46.24%) of variable sites, 
153 base pairs (34.85%) of parsimony sites, and 50 base pairs (11.38%) of informative 
single sites out of a total of 439 base pairs. Haplotype analysis of the COI gene in H. 
hampei from Sumatra revealed 10 haplotypes, with a haplotype diversity (h) of 0.649 
and nucleotide diversity (π) of 0.004. Genetic differentiation (Fst) of H. hampei is 
low among populations in Sumatra. Genetic variation within populations is higher, 
and between populations is low. The genetic distance of 0-0.28%, 27 H. hampei 
sequences from Sumatra are in the same branch, indicating low genetic variation. 
This information holds great potential for designing sustainable control strategies to 
manage this pest species in coffee plants, particularly in the Sumatra region.
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specifically the cytochrome oxidase subunit I (COI) 
gene, to identify species (Hebert et al. 2003; Khedkar 
et al. 2019). The COI gene provides information about 
the natural history and ecological interactions of a 
species (Joly et al. 2013). It also serves as a useful 
tool for studying genetic variation within populations, 
as indicated by (Marosi et al. 2013). 
	 Research on animal species with the COI gene 
has been done. Insect pollinators of coffee plants 
(Sitompul et al. 2018) and gobi fish (Roesma et al. 
2020) are among the species that other researchers have 
identified using COI gene molecular markers. Gauthier 
(2010), Sim et al. (2016), Vega et al. (2020), and Sun 
et al. (2020) are among the places where a number of 
investigations on the identification of H. hampei based 
on the COI gene have already been carried out. The 
COI gene is used to identify H. hampei in Indonesia, 
particularly in Sumatra, albeit there currently needs 
to be more reports on this identification. Therefore, 
this research aims to study the genetic population of 
Hypothenemus hampei Ferarri from Coffee (Coffea 
spp.) in Sumatra, Indonesia, using the Cytochrome 
Oxidase Subunit I gene. This information is important 
for designing sustainable control strategies for this 
pest in coffee plants.
 
2. Materials and Methods

2.1. Study Area 
	 Samples of H. hampei were utilized, and nine study 
sites in Sumatra were provided (Table 1, Figure 1). 
Every experiment conducted for the investigations was 
carried out in the Department of Biology's Genetic 
and Biomolecular Laboratory at Andalas University's 
Faculty of Mathematics and Natural Sciences in Padang, 
Indonesia.  

2.2. Sample Collection Site  
	 H. hampei specimens were gathered from fruit 
that was infested with C. arabica, C. canephora, and 
C. liberica in a number of Sumatra coffee-producing 
regions. Nine different regions in the provinces of Aceh, 
Jambi, and Bengkulu yielded 27 samples. After being 
extracted from contaminated berries, the specimens were 
put in different tubes with 90% ethanol before being 
subjected to molecular analysis.

2.3. DNA Isolation, Amplification and 
Sequencing
	 DNA isolation followed the GeneAll Exgene 
Genomic DNA mini kit protocol for tissue sample 

isolation. The quality of the DNA isolate was 
checked by electrophoresis using 1.2% agarose 
gel in a TBE solution. The electrophoresis results 
were checked using a documentation gel with a UV 
illuminator. Amplification of the COI mtDNA gene 
in H. hampei was carried out using primer F: 5’- 
GGATCACCTGATATAGCATTCCC -3’ for the forward 
primer and RI: 5’- GGTGTTGATATAGGATTGGGTC 
-3’ for the reverse primer (Andreev et al. 1998). DNA 
amplification was carried out with a total volume of 
25 μL consisting of 10 μL Bioline Supermix solution, 
eight μL ddH2O, one μl forward primer, one μL reverse 
primer, and five μL DNA isolate. The PCR process takes 
place in 4 stages: pre-denaturation at 94°C for 3 minutes 
followed by 35 cycles for denaturation at 94°C for 45 
seconds, annealing at 50°C for 90 seconds, and extension 
at 72°C for 2 minutes. The final extension is at 72°C 
for 5 minutes, and PCR results are stored in a cooler at 
40°C. The PCR products were purified at the Genetic 
Science Laboratory and sent to First Base Malaysia for 
sequencing.

2.4. Molecular Analysis  
	 All sequencing results were contigs (forward 
and reverse sequences) using DNA star software 
(Burland 2000). The resulting contigs were checked 
for sequence similarity using BLAST on the website 
http://blast.ncbi.nlm.nih.gov/Blast.cgi. Seventeen 
comparison sequences were taken from GenBank, 
NCBI, to be aligned with 27 H. hampei sequences from 
Sumatra using CLUSTAL X1.8 software (Thompson 
et al. 1997). Aligned sequences were checked using 
Bioedit software (Hall 2011). They were using the 
website of http://insilico.ehu. Es/translation: the 
DNA sequences were translated and verified as the 
amino acid sequence. Polymorphism sequence data 
(haplotype type, haplotype diversity, and nucleotide 
diversity) were analyzed using DNA SP 5.10 software 
to examine nucleotide base variations (Rozas et al. 
2003). Haplotype network analysis was carried out 
on 27 H. hampei samples from Sumatra and eight 
comparison sequences (H. hampei GenBank, NCBI) 
using Haplotype Network Popart V.1.7 software 
(Tamura et al. 2021). The genetic differentiation index 
(F-statistics, FST) between populations was estimated 
by computing the genetic distance matrix using the 
population comparisons function in the Arlequin 
3.1 software (Excoffier and Lischer 2010). AMOVA 
in Arlequin 3.1 was used to analyze the genetic 
variation composition and genetic differentiation 
index (FST) of the populations. The phylogenetic tree 
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Table 1. Collecting locations of H. hampei samples
Locations

Aceh

Jambi

Bengkulu

Population Code sample Ordinate Elevation (mdpl)Coffee species
Kab. Bener Meriah, Desa Alur Cicin 

Kab. Aceh Tengah, Desa Asir-Asir

Kab. Pidie, Desa Blang Malo

Kab. Kerinci, Desa Siulak Deras

Kab. Kerinci, Desa Muara Hemat

Kab. Tanjung Jabung Timur, Desa 
Talang Babat

Kab. Kepahiyang, Desa Bukit Sari

Kab. Rejang Lebong, Desa Air Pikat

Kab. Kepahiyang, Lubuk Saung

AACAC

RNAAC

LBMAC

ASDJ

RMHJ

LTBJ

ABSB

RAPB

LSMB

04˚53'38.8"N, 
096˚44'25.8"E

04˚54'55.4"N, 
096˚43'52.0"E

05˚05'29.9"N, 
095˚54'06.6"E

01°55'09.5"N, 
101°19'01.1"E

02°13'43.1"N, 
101°44'04.6"E

1'13.15'3"N, 
103'49.11'7" E

03°34'50.0"N, 
102°38'23.5"E

03°26'14.7"N, 
102°26'08.9"E

3°41'29,28228"N, 
102°36'31,08658"E

1,303

688

340

920

670

109

1,020

765

514

C. arabica

C. canephora

C. liberica

C. arabica

C. canephora

C. liberica

C. arabica

C. canephora

C. liberica

Figure 1. The study area of H. hampei from coffee plantations in Sumatra
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was reconstructed using the Neighbor-joining (NJ) 
method with 1,000 bootstraps. Genetic distance values 
were analyzed using Molecular Evolutionary Genetics 
Analysis MEGA 7 software (Kumar et al. 2016). Table 
2 lists the GenBank-published sequences utilized in 
phylogenetic analysis.

3. Results

3.1. Nucleotide Base Variations
A total of 27 individuals of H. hampei from 

three coffee species, C. arabica, C. canephora, 
and C. liberica, were collected at three locations in 
Aceh, Jambi, and Bengkulu, Indonesia. The results 
of aligning all COI sequences obtained 439 bp for 
analysis. BLAST analysis shows that Hypothenemus is 
similar to GenBank by 98.61-99.77%. BLAST analysis 
was carried out to verify that the first target sequence 
was the H. hampei COI gene sequence. Among the 439 
bp analyzed, there were 236 bp (53.76%) conserved 
sites, 203 bp (46.24%) variable sites, there were 153 bp 
(34.85%) parsimony sites, and 50 bp (11.38%) single 
sites. The nucleotide base composition of the COI gene 
in H. hampei is A (Adenine) 32%, T (Thymine) 28.6%, 
G (Guanine) 15.2%, and C (Cytosine) 24.2%. The 
nucleotide base Adenine + Thymine (A + T) is 60.6%, 
while the nucleotide base Guanine + Cytosine (G + 
C) is 39.4%. The GC content was lower than the AT 
content in this study.

 A total of 14 nucleotide base variations were found 
in 27 H. hampei sequences. This difference occurs due 
to transition and transversion mutations. The results 

of the analysis were that transition mutations occurred 
at seven bases, and transversion mutations occurred 
at seven bases. One of the bases a transition mutation 
between purine bases is the 169th sequence base 
(A→G). Meanwhile, the transition mutation between 
the pyramidin bases is the 9th sequence base (C→T). 
One example of a transversion mutation occurs at the 
120th base sequence (A→T). Mutations are the main 
cause of differences in nucleotide variations in the COI 
gene, causing variations in the nucleotide arrangement. 
Variations in nucleotide bases from 27 samples of H. 
hampei in Sumatra are different but not specific, so 
it can be assumed that these variations occur in the 
population randomly.

Amino acid variations in 27 H. hampei samples 
from Sumatra include eight changes in the sequence 
analyzed, located at sequences 57, 66, 118, 139, 140, 
141, 143, and 145. The amino acid in sequence 57 is 
the first formed as a result of mutation. The results of 
the analysis of 27 samples of H. hampei from Sumatra 
with the base composition GAT produced the amino 
acid Aspartate (D). In contrast, the population of Aceh 
on C, arabica and C. liberica, and Bengkulu on C. 
arabica and C. canephora with the base composition 
AAT produced the amino acid Asparagine (N), and 
the Jambi population of C. canephora with the base 
composition CAT produces the amino acid Histidine 
(H).

Amino acid changes in proteins can have complex 
and varied effects depending on the context and 
structure of the particular protein. All changes in amino 
acid variations in this study differ in protein structure 

Table 2. Sequence data from GenBank
Species
H. hampei
H. hampei
H. hampei
H. hampei
H. hampei
H. hampei
H. hampei
H. hampei
H. hampei
Hypothenemus sp.
Hypothenemus sp.
H. obscurus
H. seriatus
H. eruditus
H. areccae
H. birmanus
Cryphalus bicolor
X. compactus

Accession number AuthorsCountry 
LC551857.1
MK622727.1
KP996498.1
MK256782.1
MK074728.1
KX818264.1
GU133363.1
GU133354.1
JX424269.1
MK759648.1
KY800336.1
KF724882.1
KX818311.1
KX818250.1
MG051181.1
JX263803.1
MG051132.1
MW532748.1

Sun et al. (2020)
Vega et al. (2020)
Sim et al. (2015)
Pradeeksha et al.(2018)
Pradeeksha et al. (2018)
Mitchell and Maddox (2010)
Gauthier (2010)
Gauthier (2010)
An et al. (2012)
Basset and Donoso (2019)
Kambestad et al. (2017)
Chapman et al. (2015)
Mitchell and Maddox (2010)
Mitchell and Maddox (2010)
Johnson et al. (2017)
Jordal and Cognato (2012)
Johnson et al. (2017)
Benvenuti et al. (2021)

China
Puerto Rico
USA
India
India 
Australia
Africa, America, and Asia
Indonesia
Cina
Panama
Americas, Africa, and Australia, and Costa Rica
Hawaii
Australian
Australian
America
Norwegia
America
Italia
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and function. Aspartic acid (D) plays a role in protein 
synthesis and is an important component in various 
biological processes. Asparagine (N) plays a role in 
protein synthesis and the transformation of one amino 
acid into another amino acid required for cellular 
function. Histidine (H) plays a role in metabolic and 
digestive processes. The variations in amino acids in 
this study were also grouped into essential and non-
essential amino acids. Essential amino acids (Histidine, 
Valine, Threonine, and Phenylalanine). Meanwhile, 
non-essential amino acids (Aspartic Acid, Asparagine, 
Arginine, Alanine, Glycine, Proline, and Glutamine).

3.2. Haplotype Analysis
Haplotype network analysis of the H. hampei COI 

gene sequence with a length of 439 bp forms two 
haplogroups (Figure 2). Haplogroup 1 consists of 17 
haplotypes from various H. hampei populations. The 
results of H. hampei in 27 individuals in Sumatra 
revealed 10 haplotypes. Haplotype one includes 16 
individuals from Aceh, Jambi, and Bengkulu. Haplotype 
two was an individual of Aceh. Haplotype three 
consists of three individuals from Aceh and Bengkulu. 
The four to ten Haplotypes represent each Aceh, Jambi, 
and Bengkulu sample. The differences in haplotypes 

are due to changes in the nucleotide base. The same 
haplotype indicates similarity in all nucleotide bases of 
individuals. The results of this study show that there 
are individuals in a population of different haplotypes 
over a long distance.

The haplotype and nucleotide diversity value of 
H. hampei in each population are shown in Table 3. 
The values for nucleotide diversity (π) and haplotype 
diversity (h) were 0.004 and 0.649, respectively. 
Haplotype diversity values in the nine H. hampei 
populations range from 0 to 1. The existence of a 

Outgroup

AACAC

RAPB

RNAAC

LSMB

LBMAC

China

ASDJ

Puerto Rico

RMHJ

USA

ABSB

Australia
Indonesia
Panama
Hawaii
Norwegia
Outgroup

LTBJ

India

Outgroup

Haplogroup II

Haplogroup I - H. hampei

Hypothenemus sp.

H. seriatus

Hypothenemus sp.

H. arecca
H. obscurus

H. eruditus

H. bimanus

Figure 2. The haplotype network of H. hampei based on the COI gene

Table 3. Haplotype diversity (Hd) and Nucleotide diversity (π) for 
each population of H. hampei based on COI sequences

n: number samples; Hn: number haplotype; Hd: haplotype diversity; 
π: nucleotide diversity

Population 
AACAC
RNAAC
LBMAC
ASDJ
RMHJ
LTBJ
ABSB
RAPB
LSMB

n Hn Hd Π
3
3
3
3
3
3
3
3
3

3
1
3
1
3
1
2
2
3

1.00000
0.00000
1.00000
0.00000
1.00000
0.00000
0.66667
0.66667
1.00000

0.00304
0.00000
0.01367
0.00000
0.00911
0.00000
0.00304
0.00152
0.00607
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population with a value of 0 indicates that individuals 
have the same haplotype. The populations in Alur 
Cicin, Blang Malo, Muara Hemat, and Lubuk Saung 
have the highest haplotype diversity value, namely 
1, because they have four individuals with different 
haplotypes. H. hampei populations have relatively 
high haplotype diversity (above 0.6), except for the 
Asir-Asir, Siulak Deras, and Talang Babat populations. 
Nucleotide diversity values in H. hampei populations 
ranged from 0.000 to 0.013. The Blang Malo 
subpopulation has the highest nucleotide diversity 
among the other subpopulations. Overall, H. hampei 
has moderate haplotype diversity and low nucleotide 
diversity. Genetic differentiation of H. hampei between 
populations in Sumatra shows low genetic differences 
(Fst = 0.06189). This FST value indicates that genetic 
variation between populations is low (38.11%), and 
within populations it is higher (61.89%).

3.3. Phylogenetic Analysis
Phylogenetic relationships of the Hypothenemus 

group were demonstrated using the Neighbor-joining 
(NJ) method with 1,000 bootstraps (Table 4, Figure 3). 
Phylogenetic tree reconstruction shows that 27 samples 
of H. hampei from Sumatra are divided into two main 
clusters. Cluster A consists of five subclusters. In the first 
subcluster, 27 H. hampei sequences from Sumatra are 
in the same branch with a genetic distance of 0-0.28%, 
which indicates low genetic variation and indicates 
that all samples used are the same species. Subcluster 
two has four H. hampei sequences from China 
(LC551857.1), India (MK074728.1 and MK256782.1), 
and Indonesia (GU133354.1), with a genetic distance 
of 0.2–4.1%. Subcluster three had one H. hampei 
sequence from Puerto Rico (MK622727.1). Subcluster 
four has three H. hampei from the USA (KP996498.1), 
Australia (KX818264.1), and Africa, America, and 
Asia (GU133363.1), with a genetic distance of 0.2-
4.4%. Subcluster five had one sequence of H. birmanus 
from Norway (JX263803.1) with a genetic distance of 
20.5-25.5%. as a different species. This shows that the 
COI gene is effectively used for DNA barcoding as an 
identification tool in the Hypothenemus group. Each 
cluster displays a monophyletic group, which means 
that every individual in each cluster comes from the 
same ancestor.

Cluster B consists of six species of H. seriatus 
(KX818311.1) from Australia, with a genetic distance 
of 23.5-26.3%. H. obscurus (KF724882.1) from Hawaii 
with 18.6-26.7%. H. eruditus (KX818250.1) from 
Australia with 22.5-27.6%. H. arecca (MG051181.1) 

from America with 21.2-26.9%. Hypothenemus 
sp. (MK759648.1) from Panama with 19.1-28.4%. 
Hypothenemus sp. (KY800336.1) from America, 
Africa, and Australia, with Panama and Costa Rica at 
26.3-30.5%. 

The outgroup consists of two species of X. 
compactus (MW532748.1) from Italy, with a genetic 
distance of 31-38%. Cryphalus bicolor (MG051132.1) 
from America with 35.1-42.4%. Clusters one and two 
are separated with a genetic distance value of 30.5-
42.4%.

4. Discussion

	 The identification of H. hampei from Coffea in 
Sumatra using the mtDNA COI gene was first reported 
in this study. Gaining insight into the characteristics 
of COI sequences helps understand the genetic 
structure of a population (Liu et al. 2013). Maternal 
genomes derived mostly from gene mutations inherit 
mitochondrial sequence variants. Among mitochondrial 
coding and variable genes, COIs are helpful in offering 
important data for the investigation of intraspecific 
polymorphisms (Barbaresi et al. 2003). Insect species 
identification, genetics, and population structure often 
use mtDNA as molecular markers (Hebert et al. 2003; 
Krishnamurthy and Francis 2012; Yatkin and Guz 
2018).
	 The results of H. hampei research in Sumatra were 
based on the mtDNA COI gene, which contained 
variations in nucleotide bases. Mutations are the 
main cause of differences in nucleotide variations 
in the COI gene, causing variations in nucleotide 
arrangement (Mattern et al. 2009). Variations in 
nucleotide bases occur due to transitional mutations 
and transversions. Transition mutations are changes 
between purines, namely bases A (Adenine) and G 
(Guanine) or between pyrimidines, namely bases C 
(Cytosine) and T (Thymine). Transversion mutations 
are changes between purine bases and pyrimidine 
bases (Murray 1987). Nucleotide substitutions are 
higher in transitions than transversions; this is in 
accordance with previous research at the species level, 
most of which are transitions (Kocher et al. 1989). The 
variation of nucleotide bases from 27 sequences of H. 
hampei in Sumatra is different but not specific, so it can 
be assumed that this variation occurs in the population 
randomly or randomly.
	 H. hampei Sumatra experienced eight amino acid 
changes in the sequences studied. Based on interviews 
with coffee farmers in all research locations, coffee 
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as pesticide exposure allow insects to adapt to the new 
environment, which is one of the causes of amino acid 
variation. H. hampei can adapt to chemical exposure, 
as evidenced by the high level of resistance to 
endosulfan-type insecticides in New Caledonia (Brun 
et al. 1994). Resistance is associated with the change 
of one amino acid, alanine, to serine (French-Constant 
et al. 1994). Amino acid variation in H. hampei in 
Sumatra is assumed to occur due to random mutations 
in the population. Mutations that occur in H. hampei in 
Sumatra allow this insect to adapt to pesticide exposure. 
This is evidenced by changes in amino acids in the 
structure and function of proteins, which indicates the 
occurrence of H. hampei resistance in Sumatra.
	 The results of H. hampei haplotype research in 
Sumatra with the mitochondrial COI gene show that 
some haplotypes are shared by several populations. For 
example, Haplotype 1 contained samples of AACAC, 
RNAAC, ASDJ, RMHJ, LTBJ, ABSB, RAPD, and 
LSMB from different populations. The same haplotype 
indicates similarity in all nucleotide bases of the 
individual. Haplotypes of H. hampei Sumatra are 
close to Java, India, China, the United States, Australia 
and Panama. This phenomenon of populations with 
similar haplotypes over long geographic distances 
may be due to gene flow between populations caused 
by human trade activities or retained from a common 
ancestor (Posada et al. 2000). The spread of H. hampei 
is strongly influenced by human activities through 
transportation modes, national and international trade 
of coffee infested with H. hampei (Trujillo et al. 1995; 
Gauthier 2010). According to Xu and Guan (2014), two 
populations can share a haplotype due to a common 
ancestor. Thus, the results of this study indicate the 
sharing of the H. hampei haplotype in Sumatra because 
it comes from the same ancestor (monophyletic). 
	 In our study, Haplotype diversity was moderate, 
and Nucleotide diversity was low. Nucleotide diversity 
is the diversity of nucleotide bases per site between 
two DNA sequences in a population (Avise 2004). 
Nucleotide diversity values below 0.002 (0.2%) 
indicate that genetic variation is low (Hartatik et al. 
2019). Low genetic variation of H. hampei is caused 
by high inbreeding (Baker et al. 1992). Inbreeding 
results in loss of genetic variation and decreased levels 
of heterozygosity because it is closely related to the 
loss of some alleles and low levels of polymorphism 
(Arens et al. 2006). Low values of heterozygosity allow 
individuals in a population to be less able to adapt to 
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Figure 3. The phylogenetic tree of H. hampei sequences uses the Neighbour-joining method with 1,000 bootstrap
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branching, displaying a monophyletic group, which 
means that each individual in each cluster comes from 
the same ancestor. The low genetic distance based 
on the mitochondrial COI gene shows the closeness 
between taxa and between populations of H. hampei in 
Sumatra.
	 In conclusion, the COI gene is effectively used for 
DNA barcoding as an identification tool for H. hampei 
in Sumatra. There is a sharing haplotype of H. hampei 
in Sumatra, and genetic differentiation of H. hampei 
between populations in Sumatra also shows low genetic 
differences, indicating that H. hampei may come from 
the same ancestral population (monophyletic). The 
spread of H. hampei in Sumatra is strongly influenced 
by human activities through transportation modes and 
trade in infested coffee.
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