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ABSTRACT

Infestations of German cockroach (Blattella germanica) pose a significant threat to public
health and the economy. Understanding its population's genetic diversity can improve pest
control strategies to tackle this resilient pest. Therefore, this study focused on the genetic
analysis of several populations of B. germanica collected from urban commercial spaces in
Penang, Malaysia. Five urban commercial spaces, comprising restaurants and shopping
centres, were selected from Bukit Mertajam, Juru, Bayan Lepas, and Gelugor. A total of 30
isolates were collected, and fragments of the mitochondrial cytochrome c oxidase subunit I
(COI) gene and the 16S rRNA gene were amplified and sequenced. Genetic analysis revealed
the formation of two haplotypes, separating B. germanica populations from shopping
complexes and restaurants, with slightly higher nucleotide diversity observed in populations
from shopping centers. Phylogenetic analysis using the Neighbor-Joining method also
supported the observed separation between populations from restaurants and shopping centers.
These findings suggest that the population genetics of B. germanica in urban areas is influenced
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by human-mediated activities, reflecting their adaptability and ongoing evolution. This
indirectly underscores the significance of refining the integrated pest management (IPM)
strategies for more effective pest control in high-traffic commercial areas.
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ABSTRAK

Serangan lipas German (Blattella germanica) memberi ancaman yang signifikan kepada
kesihatan awam dan ekonomi. Pemahaman tentang kepelbagaian genetik populasinya dapat
menambah baik strategi pengawalan makhluk perosak yang berdaya tahan ini. Oleh itu, kajian
ini fokus kepada penganalisisan genetik B. germanica daripada beberapa populasi yang di
kumpulkan daripada kawasan komersial di bandar Pulau Pinang, Malaysia. Lima kawasan
komersial bandar yang terdiri daripada restoran dan pusat membeli belah telah dipilih di Bukit
Mertajam, Juru, Bayan Lepas, dan Gelugor. Sebanyak 30 isolat telah dikumpul, dan sebahagian
daripada gen mikondria sitokrom c oksidase subunit I (COI) serta gen 16S rRNA telah
diamplifikasi dan dijujuk. Analisis genetik menunjukkan pembentukan dua haplotip yang
memisahkan populasi B. germanica daripada kompleks membeli belah dan restoran. Analisis
filogenetik menggunakan kaedah Neighbor-Joining juga telah menyokong perpisahan di antara
populasi restoran dan kompeks membeli belah. Hasil penemuan ini mencadangkan bahawa
genetik populasi B. germanica di bandar telah dipengaruhi oleh aktiviti-aktiviti manusia,
menunjukkan keupayaan mereka dalam beradaptasi dan sentiasa berevolusi. Secara tidak
langsung, ini menekankan kepentingan penambahbaikan strategi pengurusan perosak
bersepadu (IPM) ke arah yang lebih berkesan untuk pengawalan perosak di kawasan komersial
tumpuan ramai.

Kata kunci: Lipas German; Blattella germanica; genetic; perosak; COI;16S tNA
INTRODUCTION

The German cockroach, Blattella germanica (Linnaeus) (Blattodea: Ectobiidae), is a
significant urban pest worldwide. It is frequently found in human structures such as houses,
restaurants, grocery stores, hospitals, and sewers, as well as other areas where food, water, and
shelter are available (Marin-Miret et al. 2024; Nasirian & Salehzadeh 2019; Rajab et al. 2020).
Blattella germanica is an omnivorous species that feeds on a diverse range of materials, such
as human and pet food, cardboard, dead insects, and live plants, with a particular preference
for protein- and carbohydrate-rich diets (Cruz & Sfara 2018; Marin-Miret et al. 2024;
McPherson et al. 2021). Due to its presence in human environments, B. germanica is
considered a health pest, as it can transmit harmful diseases to humans and act as a vector for
various pathogens, including bacteria, viruses, and parasites responsible for vector-borne
illnesses (Gits et al. 2023; Mond & Pietri 2023; Nasirian 2017a; Nasirian 2019a; Oz et al. 2024;
Yulianti et al. 2023).

Previous studies have indicated a global rise in cockroach infestations and asthma cases,
suggesting a possible correlation between the two (Nasirian 2017b). Later, a study by Evcen et
al. (2024) revealed a connection between the sensitivity and frequency of asthma patients and
their increasing sensitivity to cockroaches during the COVID-19 pandemic. The global mean
infestation rate of German cockroaches (55.2%) (Nasirian 2017b) and their bacterial
contamination rate (62.9%) (Nasirian 2019b) highlight their significance as a persistent pest.
These infestations threaten human health and result in economic losses through food
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contamination and increased medical expenses due to exposure to cockroach allergens
(Tisgratog et al. 2023; Yulianti et al. 2023).

Despite its status as a significant pest affecting the economy and public health,
controlling B. germanica remains challenging because of its resistance to 42 distinct
insecticide-active ingredients worldwide (Gao et al. 2023; Zhu et al. 2016). To date, researchers
have been actively working to tackle this issue by conducting studies to determine the genetic
factors associated with insecticide resistance (Gao et al. 2023; Hu et al. 2021; Konkala & Narra
2024; Tisgratog et al. 2023; Tseng et al. 2024). In addition, researchers are also evaluating the
effectiveness of new active ingredients such as isocycloseram (Lee et al. 2024b),
bioinsecticides like essential oils (Manzanares-Sierra et al. 2025), and antibiotics (Marin-Miret
et al. 2024). Moreover, they are investigating the artificial sweetener sucralose as an alternative
control agent (Lee et al. 2024a) and assessing the impact of different baiting strategies, such as
solid versus aqueous formulations, in controlling the German cockroach population (Oz et al.
2024).

Most of these studies have incorporated multiple cockroach populations in their
research, including laboratory and wild strains. This approach is essential because each
population is unique, as different strains exhibit different resistance profiles toward insecticides
(Gits et al. 2023; Lee et al. 2024b). Therefore, understanding this important pest's genetic
structure and diversity is critical for developing effective control strategies. Advancements in
molecular analysis have significantly contributed to understanding genetic diversity and
evolutionary patterns within different populations of the same species. Molecular analysis of
the cytochrome ¢ oxidase I (COI) and 16S rRNA genes have been widely used for species
identification, population studies, genetic diversity, and phylogenetic relationships in diverse
range of insects, for example, cockroaches (Crissman et al. 2010; Hashemi-Aghdam et al. 2017;
Rajab et al. 2020; Tang et al. 2024; Vargo et al. 2024), fruit flies (Doorenweerd et al. 2024),
stingless bees (Sayusti et al. 2023), and honeybees (Joaty et al. 2022).

Therefore, the main goal of our study was to investigate the genetic diversity and
phylogenetic relationships of B. germanica populations using the COI and 16S rRNA gene
from different urban commercial spaces in Penang, Malaysia. This study is significant as it can
provide insights into how high-human-traffic urban commercial environments may influence
the genetic adaptability of B. germanica populations.

MATERIALS AND METHODS

German Cockroach Sample Collection

Collections of B. germanica were made from five urban commercial spaces located across
different areas in Penang, Malaysia, designated as ABM (Aeon Bukit Mertajam), RR (Ryujin
Restaurant), AQB (Aeon Queensbay Mall), TP (T Palace Dining), and G (Gelugor) (Figure 1).
Based on the sampling map, G and AQB were located on Penang Island, while RR, ABM, and
TP were located on the mainland. The cockroaches collected from these locations were labeled
as Population 1 through Population 5, respectively (Table 1). Cockroaches were captured from
restaurants and shopping centres using traps or hand vacuum and immediately stored in vials
containing 95% ethanol. A total of 30 adult B. germanica were collected from each location.
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Figure 1. Map of Penang, Malaysia, showing the sites of B. germanica populations
collected. The abbreviation details are listed in Table 1. The map was edited and

retrieved from Google

Table 1. Population number, location code, location, sources, and GPS coordinates of
each B. germanica population in this study
Population ng;;twn Location Source Coordinate
Bukit Mertajam, . 5°19'15.9835" N
! ABM e nang Shopping Centre 1 550 9139 .0901" E
5° 20" 34.432" N
2 RR Juru, Penang Restaurant 100° 26'9.3281" E
. 5° 19" 55.443" N
3 AQB Bayan Lepas, Penang Shopping Centre 100° 18' 26.5623" E
Bukit Mertajam, 5° 21' 18.5982" N
4 i Penang Restaurant 100° 28 11.0304" E
5° 21" 31.3816" N
5 G Gelugor, Penang Restaurant 100° 17' 33.1146" E
DNA Extraction

Adult B. germanica specimens (one per site, in triplicate) were used for total genomic DNA
extraction. The DNA extraction was performed using HiYield Plus™ Genomic DNA Mini Kit
(Blood/Tissue/Cultured Cells) from Real Biotech Corporation (Taiwan). The specimens were
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meticulously washed three times with sterile distilled water, and then, the leg tissues were
carefully dissected and homogenized in a cell lysis buffer containing Proteinase K. The
homogenate was incubated for an hour at 60°C using a Mini Dry Bath to ensure efficient cell
lysis. Subsequently, the lysates underwent protein precipitation and ethanol washes. Finally,
the DNA was eluted twice using 50 uL elution buffer. The concentration and purity of extracted
DNA were measured using an OPTIZEN™ NanoQ Lite Microvolume Spectrophotometer
(KLAB, Korea) at the wavelength of 260/280 nm, and fragments of DNA were observed using
1% agarose gel electrophoresis. Then, the extracted DNA samples were subjected to PCR
amplification targeting the COI and 16S rRNA genes.

COI and 16S rRNA Genes PCR Amplification

The COI gene was amplified using a pair of primers (Table 2), forward primer LCO1490 (5'-
GGTCAACAAATCATAAAGATATTGG-3') and reverse primer HCO2198 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3") (Folmer et al. 1994). The 16S rRNA gene was
amplified using a combination of primer pair (Table 2), forward LR-J-13017 (5’-TTA CGC
TGT TAT CCTAA-3), and reverse LR-N-13398 (5’-CACCTGTTTAACAAAAACAT-3")
(Rajab et al. 2020). The PCR reaction mixture (50 pL) contains 25 pL of 2x TopTaq Master
Mix, producing a final concentration of 1.5 mM MgCl2, 1.25 units TopTaq DNA polymerase,
1% PCR buffer, and 200 uM of each dNTP. Additionally, 1 pL (10 uM) of each primer, 5 pL
(10x) CoralLoad Concentrate (as a substitute for loading dye), 10- 100 ng of bulk DNA
template, and sterile distilled water were added. The PCR program comprised an initial
denaturation at 94°C for 2 minutes, followed by 40 cycles of denaturation at 94°C for 45
seconds, primer annealing at 45°C for COI and 38°C for 16S rRNA for 45 seconds, the first
extension step at 72°C for 60 seconds, and the final extension step at 72°C for 5 minutes. The
PCR products were purified with MEGAquick-spin™ Total Fragment DNA Purification Kit
(iNtRON Biotechnology, South Korea).

Sequencing and Analysis of COI and 16S rRNA Gene Sequences

The purified PCR products were sequenced using Sanger sequencing at First Base Laboratories
Sdn. Bhd., Malaysia. Raw sequence data were extracted and processed using FinchTV 1.4
(Geospiza Inc.). Multiple sequence alignment was performed using T-Coffee (Notredame et al.
2000). Following alignment, the sequences were manually edited to remove low-quality bases.
Finally, the edited sequences were converted to FASTA format. The FASTA files were then
used for a BLASTn search against the NBCI GenBank database to identify similar COI gene
sequences. Species identification was based on sequences with >99% similarity. The partial
COI sequences were subsequently submitted to GenBank for public access.

Genetic Diversity and Phylogenetic Analysis

All sequences were automatically aligned using ClustalX v2.1 software under default settings
(Larkin et al. 2007; Thompson et al. 1997). Genetic characteristics, including haplotype
diversity (Hd) and nucleotide diversity (m), were calculated using DnaSP v6 (Rozas et al. 2017).
Phylogenetic relationships were inferred through Neighbour-joining (NJ) trees, which were
constructed based on p-distance using MEGA 7 (Kumar et al. 2016). To assess the robustness
of NJ trees, bootstrap analysis with 1000 resamplings was performed.

RESULTS
Five distinct cockroach populations were sampled, with six individuals collected from each

sampling site. From each cockroach population, three individuals were sequenced for the COI
gene and three for the 16S rRNA gene, resulting in 30 sequences. The primer pair LCO1490
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and HCO2198 (Table 2) amplified approximately 710 base pairs (bp) of the COI gene, while
the primer pair of LR-J-13017 and LR-N-13398 (Table 2) amplified approximately 410 bp of
the 16S rRNA gene. BLASTn analysis confirmed the cockroach species was B. germanica.
The edited and trimmed sequences of this study were submitted to the NCBI GenBank database
for an accession number. The assigned accession numbers for the COI and 16S rRNA gene
sequences were listed in Tables 3 and 4, respectively. The general morphology of B. germanica
is illustrated in Figure 2.

Table 2. List of primers and their sequences. COI primers, LCO1490 and HCO2198
(Folmer et al. 1994) and 16S primers LR-J-103017 and LR-N-13398 (Rajab et
al. 2020). Dots represent identical nucleotides at specific locations compared to

Blattella germanica in the GenBank with accession number NC 012901.1
(Xiao et al. 2012)

Primer (COJI) Sequence lzi)zs;:)l:l))n
(LCO1490) 5’- GG TCA ACA AAT CAT AAA GAT AIT GG -

3
B. germanica TT . 1452
(HCO2198) 5- TGA TTT TTT GGT CAC CCT GAA GTIT TA -

3’
B. germanica .C LA T LA . 2162
Primer
(16S rRNA)
(LR-J- 5°- TTA CGC TGT TAT CCT AA -
103017) 3
B. germanica .C T. 12835
(LR-N- 5’- CAC CTG TTIT AAC AAA AAC AT -
13398) 3’
B. germanica GCG GAC AAA TTG TTT TTG TA 13246

Figure 2. Morphological features of Blattella germanica specimens collected from urban

commercial spaces. (a) The dorsal view shows a light brown colour body with
two dark longitudinal stripes on the pronotum. (b) The ventral view shows the
abdomen, legs, and antennae. (c) close-up of the head and antennae,
highlighting the pronotum and its dark stripes
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Table 3. Details of samples based on COI gene sequences.
Population E(())f;;tlon Source Sample Haplotype ‘?Vcl;es;lg:l
1 ABM Shopping Centre  ABMO1 2 PP751793
ABMO02 2 PP754525
ABMO3 2 PP751831
2 RR Restaurant RRO1 1 PP752033
RRO02 1 PP752032
RRO3 1 PP758930
3 AQB Shopping Centre ~ AQBO1 2 PP752063
AQBO02 2 PP754240
AQBO3 2 PP752155
4 TP Restaurant TPO1 1 PP754236
TP02 1 PP754231
TPO3 1 PP752154
5 G Restaurant GO1 1 PP752117
G02 1 PP754233
GO03 1 PP754234
Table 4. Details of samples based on 16S rRNA gene sequences
Population nglitmn Source Sample Haplotype Accession Number
1 ABM Shopping Centre = ABMO1 1 PP751933
ABMO02 1 PP751999
ABMO03 1 PP752012
2 RR Restaurant RRO1 1 PP752054
RRO2 1 PP752057
RRO3 1 PP757920
3 AQB Shopping Centre ~ AQBO1 2 PP752066
AQBO02 2 PP752067
AQBO03 2 PP752091
4 TP Restaurant TPO1 1 PP757922
TP02 1 PP754436
TPO3 1 PP752116
5 G Restaurant GOl 1 PP752127
G02 1 PP752139
GO03 1 PP752138

Genetic Diversity of COI and 16S rRNA gene

In this study, the genetic variation of Blattella germanica was examined across different types
of urban commercial spaces on Penang Island and the mainland. From the results, both
mitochondrial genes COI and 16S rRNA showed a similar haplotype distribution where B.
germanica populations were clustered based on the type of urban commercial spaces rather
than the geographic separation. For the COI gene (Table 5), haplotype 1 was associated with
restaurants (RR, TP, and G), while haplotype 2 was associated with shopping centres (ABM
and AQB). For the 16S rRNA gene (Table 5), haplotype 1 was associated with all populations
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except AQB, and haplotype 2 was solely grouped into the shopping centre (AQB). By contrast,
the COI gene shows clearer separation by commercial space type than 16S.

In terms of haplotype diversity, all B. germanica populations in shopping centres
exhibited moderate diversity values (Hd = 0.667). In contrast, populations collected from
restaurants showed no haplotype diversity with Hd values of 0.000. These values indicate that
the genetic diversity of B. germanica was higher in shopping centres and lower in restaurants.
A similar pattern was observed for nucleotide diversity () (Table 5), where populations in
shopping centres displayed greater genetic variability. For the COI gene, population ABM had
a value of m = 0.338 for nucleotide diversity, while population AQB had a slightly higher value
of 1= 0.051. These values indicated moderate variation at the nucleotide level. In contrast, for
the 16S rRNA gene, only population AQB showed nucleotide diversity with the value n =
0.003, which indicates low genetic variation. All restaurant populations (RR, TP, G) displayed
no nucleotide diversity (r = 0.000) for both gene markers.

Table 5. Haplotype (Hp), haplotype diversity (Hd), nucleotide diversity (n) of Blattella
germanica populations from five locations
Population Code Hp Hp Hd Hd T T
(COI) (16SrRNA) (COI) (16SrRNA) (COI) (16S rRNA)
1 ABM 2 1 0.667 0.338
2 RR 1 1
3 AQB 2 2 0.667 0.667 0.351 0.003
4 TP 1 1
5 G 1 1

Phylogenetic Relationship Inferred from COI and 16S rRNA Genes

Two phylogenetic trees of B. Germanica were constructed using the Neighbor-joining (NB)
method with p-distance, based on the COI (Figure 3) and 16S rRNA (Figure 4) gene sequences.
For the COI sequences, the NJ tree showed that German cockroaches from commercial spaces
in Penang, Malaysia, clustered into two clades, distinguishing B. germanica populations from
restaurants and shopping centers.

Similarly, the NJ tree for 16S rRNA sequences displayed a pattern consistent with the

COI sequences, forming two distinct clades. However, only population 3 (AQB) appeared in
the second clade.
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Figure 3. A Neighbor-joining tree constructed from COI gene sequences of 15 B.

germanica specimens collected from five urban commercial spaces in Penang,
Malaysia (see Table 3 for the name codes). The third clade corresponds to the
outgroup species, including Periplaneta svenhedini, P. americana, B. bisignata,
and B. parilis. The numbers represent bootstrap percentages (%) based on 1000

replications

ISSN 1394-5130

118



Serangga 2025, 30(2): 110-125. Nurul Akmar et al.

Hp1
Hp2
100 - 16 PA1 NC 016956 Periplanata americana
- 17 PS1 NC 070187 Periplaneta svenhedini
100 L— 18 BB1 NC 018549 Blattella bisighata
100 - 19 BP1 OQ736916 Blattella parilis
—
0.050
Figure 4. A Neighbor-joining tree constructed from 16S rRNA gene sequences of 15 B.

germanica specimens collected from five urban commercial spaces in Penang,
Malaysia (see Table 4 for the name codes). The third clade corresponds to the
outgroup species, including P. svenhedini, P. americana, B. bisignata, and B.
parilis. The numbers represent bootstrap percentages (%) based on 1000
replications

DISCUSSIONS

This study compared the genetic variation of B. germanica populations isolated from various
locations in Penang, Malaysia, including the island (Bayan Lepas, Gelugor) and mainland
(Bukit Mertajam, and Juru), using two mitochondrial gene markers: COI and 16S rRNA.
Instead of reflecting geographic segregation (island versus mainland), both gene markers
consistently showed two distinct haplotypes where populations were separated according to the
type of urban commercial spaces (shopping centres versus restaurants) rather than geographic
origin (Penang Island versus mainland). This pattern suggests that habitat type has a significant
role in shaping the genetic structure of B. germanica populations than physical distance. These
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findings may be explained by the natural behavior of German cockroaches, which are generally
incapable of dispersing outside human dwellings and rely solely on human-mediated
movement for passive dispersal (Booth et al. 2011; Vargo et al. 2014).

Following this, we observed moderate genetic diversity (Hd = 0.667, &= = 0.338-0.351)
in shopping centre populations (AQB and ABM) compared to restaurant populations (RR, G,
TP), which showed no genetic diversity. It is well known that shopping centres have bigger
spaces and higher levels of human activity compared to restaurants. Thus, the increased human
movement in shopping centres might allow for greater dispersal and mixing of cockroach
populations, potentially influencing their genetic structure through frequent introductions from
various locations.

In contrast, despite the high level of human activity, abundant food sources, and water
availability in restaurants, the genetic diversity of restaurant populations was low (Hd = 0.00,
n = 0.00). Moreover, B. germanica was found to be the most prevalent cockroach species in
restaurants compared to other species (Jeffery et al. 2012). Based on the findings from
Crissman et al. (2010) and Vargo et al. (2014), we suggest that the limited movement of
cockroaches within buildings may contribute to this pattern. They also proposed that every
population should function as a single unit, which may explain why restaurant populations are
more isolated, leading to reduced genetic mixing and lower genetic variation. However, factors
such as hygiene practices, environmental conditions, and pest control measures may potentially
shape the genetic makeup of B. germanica populations. Therefore, further investigation is
needed to understand these influences better.

The genetic divergence between cockroach populations from shopping centres and
restaurants is further supported by phylogenetic analysis using Neighbor-Joining, which shows
two distinct clades in the resulting trees. Both phylogenetic trees (Figures 3 and 4) distinctly
separated restaurant and shopping centre populations, except for the 16S rRNA tree (Figure 4),
where population 3 (AQB) formed a separate clade. This suggests that while both are efficiently
used for DNA barcoding and genetic differentiation, the COI gene has drastic evolutionary
changes compared to other genes (Srinu 2018). The COI gene permits more specific
identifications, but 16S rRNA covers broad taxa, but is low at taxonomic resolution (Magoga
et al. 2022). Thus, combining these markers allows for a comprehensive understanding of
genetic diversity and the evolutionary history of the populations.

Additionally, the observed genetic differentiation may have important implications for
pest control strategies. Different populations may have different levels of susceptibility to
insecticides. For example, a study on four German cockroach populations collected from the
field showed mortality rates ranging from 0% to 58% when exposed to deltamethrin (Tseng et
al. 2024). Another study reported that two out of five strains of German cockroaches collected
from the field demonstrated resistance when treated using topical isocycloseram assays (Lee et
al. 2024b). Future research should further investigate insecticide susceptibility between these
two genetic clusters, as this could help refine targeted pest control strategies for managing
urban infestations. Although the sample size in this study is relatively small, the data obtained
can serve as an important baseline for future research on insecticide resistance profiles in urban
commercial pests.
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CONCLUSION

In conclusion, both gene markers COI and 16S rRNA showed separation of the B. germanica
populations according to habitat type rather than geographic origin. The genetic diversity was
moderately higher in populations from shopping centres compared to those from restaurants.
We suggest that this differentiation may be influenced by human-mediated dispersal activity.
These findings contribute to a broader understanding of German cockroach population genetics
and emphasize the need for additional research into how genetic variation affects pest resilience
and the development of effective management strategies in urban environments.

ACKNOWLEDGEMENTS

This work was supported by the Industrial Research Grant Scheme with Project Code: R504-
LR-GAL007-0000001030-E136

AUTHORS DECLARATIONS

Funding Statement
Industrial Research Grant Scheme with Project Code: R504-LR-GAL007-0000001030-E136

Conflict of Interest
The authors declare no conflict of interest.

Ethics Declarations

The research protocol received approval from the Human Ethics Committee of Universiti Sains
Malaysia (USM/JEPeM/19120868). All procedures were executed in compliance with the
National Research Council's Guide for the Care and Use of Laboratory Animals.

Credit Authorship Contribution Statement

Nurul Akmar Hussin: Data curation, Formal analysis, Investigation, Writing — original draft,
Writing — review & editing. Hussein Ali Baqir: Data curation, Formal analysis &
Investigation. Li Lim: Data curation, Formal analysis & Investigation. Martini Martini: Data
curation, Formal analysis & Investigation. Retno Hestiningsih: Data curation, Formal
analysis & Investigation. Sri Yuliawati: Data curation, Formal analysis & Investigation.
Ameilia Zuliyanti Siregar: Data curation, Formal analysis & Investigation. Wan Aisyah
Natasya Wan Gidi Sairee: Data curation, Formal analysis, Investigation, Writing — original
draft, Writing — review & editing. Abdul Hafiz Ab Majid: Conceptualization, Funding
acquisition, Methodology, Project administration, Resources, Software, Supervision,
Validation, Writing —review & editing.

ISSN 1394-5130 121



Serangga 2025, 30(2): 110-125. Nurul Akmar et al.

REFERENCES

Booth, W., Santangelo, R.G., Vargo, E.L., Mukha, D.V. & Schal, C. 2011. Population genetic
structure in German cockroaches (Blattella Germanica): Differentiated islands in an
agricultural landscape. Journal of Heredity 102(2): 175-183.

Crissman, J.R., Booth, W., Santangelo, R.G., Mukha, D.V., Vargo, E.L. & Schal, C. 2010.
Population genetic structure of the German cockroach (Blattodea: Blattellidae) in
apartment buildings. Journal of Medical Entomology 47(4): 553-564.

Cruz, X.M.S. & Sfara, V. 2018. Chemical signals are involved in the detection and preference
of food sources in Blattella germanica. Emerging Science Journal 2(5): 261-271.

Doorenweerd, C., San Jose, M., Leblanc, L., Barr, N., Geib, S.M., Chung, A.Y.C., Dupuis, J.R.,
Ekayanti, A., Fiegalan, E., Hemachandra, K.S., Hossain, M.A., Huang, C.L., Hsu, Y.F.,,
Morris, K.Y., Maryani, A., Mustapeng, A., Niogret, J., Pham, T.H., Thi Nguyen, N.,
Sirisena, U.G.A.L,, Todd, T. & Rubinoff, D. 2024. Towards a better future for DNA
barcoding: Evaluating monophyly- and distance-based species identification using COI
gene fragments of Dacini fruit flies. Molecular Ecology Resources 24(6): e13987.

Evcen, R., Colkesen, F., Yildiz, E., Sadi Aykan, F., Kiling, M. & Arslan, S. 2024. Impact of the
COVID-19 pandemic on cockroach allergy: A 4-year retrospective study. International
Archives of Allergy and Immunology 185(11): 1066-1073.

Folmer, O., Black, M., Hoeh, W., Lutz, R. & Vrijenhoek, R. 1994. DNA primers for
amplification of mitochondrial cytochrome ¢ oxidase subunit I from diverse metazoan
invertebrates. Molecular Marine Biology and Biotechnology 3(5): 294-299.

Gao, H., Zang, Y., Zhang, Y., Zhao, H., Ma, W., Chen, X., Wang, J., Zhao, D., Wang, X., Huang,
Y. & Zhang, F. 2023. Transcriptome analysis revealed that short-term stress in Blattella
germanica to B-cypermethrin can reshape the phenotype of resistance adaptation.
Pesticide Biochemistry and Physiology 197: 105703.

Gits, M.P., Gondhalekar, A.D. & Scharf, M.E. 2023. Impacts of bioassay type on insecticide
resistance assessment in the German cockroach (Blattodea: Ectobiidae). Journal of
Medical Entomology 60(2): 356-363.

Hashemi-Aghdam, S.S., Rafie, G., Akbari, S. & Oshaghi, M.A. 2017. Utility of mtDNA-COI
barcode region for phylogenetic relationship and diagnosis of five common pest
cockroaches. Journal of Arthropod-Borne Diseases 11(2): 182-193.

Hu, [.LH., Tzeng, H.Y., Chen, M.E., Lee, C.Y. & Neoh, K.B. 2021. Association of CYP4G19
expression with gel bait performance in pyrethroid-resistant German cockroaches
(Blattodea: Ectobiidae) from Taiwan. Journal of Economic Entomology 114(4): 1764-
1770.

Jeffery, Sulaiman, S., Zainol-Ariffin, Razak, A., Kamil-Ali, Rohela, M. & Abdul-Aziz. 2012.

Domiciliary cockroaches found in restaurants in five zones of Kuala Lumpur Federal
Territory, peninsular Malaysia. Tropical Biomedicine 29(1): 180-186.

ISSN 1394-5130 122



Serangga 2025, 30(2): 110-125. Nurul Akmar et al.

Joaty, J.Y., Rahman, M.M., Amin, M.R., Arifur Rahman, Khan, M.A.R. & Hassan, J. 2022.
Mitochondrial DNA based phylogeny and haplotype networking of European honeybee
Apis mellifera L. in Bangladesh. Serangga 27(3): 220-237.

Konkala, A. & Narra, M.R. 2024. Comparative study on biochemical responses to imidacloprid
and clothianidin in cockroaches (Blattella germanica). Physiological Entomology
49(4): 401-411.

Kumar, S., Stecher, G. & Tamura, K. 2016. MEGA7: Molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Molecular Biology and Evolution 33(7): 1870-1874.

Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R., Mcgettigan, P.A., McWilliam, H.,
Valentin, F., Wallace, .M., Wilm, A., Lopez, R., Thompson, J.D., Gibson, T.J. &
Higgins, D.G. 2007. Clustal W and Clustal X version 2.0. Bioinformatics 23(21): 2947-
2948.

Lee, S.H., Choe, D.H., Rust, M.K. & Lee, C.Y. 2024a. Oral toxicity of an artificial sweetener
sucralose on the German cockroach (Blattodea: Ectobiidae) and its impact on water
balance and gut microbiome. Journal of Economic Entomology 117(1): 268-279.

Lee, S.H., So,J., Kund, G.S., Lum, J.-Y., Trinh, E., Ta, E.L., Chungsawat, R., Choe, D.H., Cox,
D.L., Rust, M.K. & Lee, C.Y. 2024b. Toxicity of isocycloseram, an isoxazoline
insecticide, against laboratory and field-collected German cockroaches (Blattodea:
Ectobiidae). Journal of Economic Entomology 117(3): 1086-1094.

Magoga, G., Forni, G., Brunetti, M., Meral, A., Spada, A., De Biase, A. & Montagna, M. 2022.
Curation of a reference database of COI sequences for insect identification through
DNA metabarcoding: COins. Database 00: baac055.

Manzanares-Sierra, A., Monsonis-Giiell, E., Gomez, C., Abril, S. & Moreno-Gomez, M. 2025.
Essential oils as bioinsecticides against Blattella germanica (Linnaeus, 1767):
Evaluating its efficacy under a practical framework. Insects 16(1): 68.

Marin-Miret, J., Pérez-Cobas, A.E., Dominguez-Santos, R., Pérez-Rocher, B., Latorre, A. &
Moya, A. 2024. Adaptability of the gut microbiota of the German cockroach Blattella
germanica to a periodic antibiotic treatment. Microbiological Research 28: 127863.

McPherson, S., Wada-Katsumata, A., Hatano, E., Silverman, J. & Schal, C. 2021. Comparison
of diet preferences of laboratory-reared and apartment-collected German cockroaches.
Journal of Economic Entomology 114(5): 2189-2197.

Mond, M. & Pietri, J.E. 2023. Horizontal transmission of Salmonella Typhimurium among
German cockroaches and its possible mechanisms. Ecology and Evolution 13(5):

€10070.

Nasirian, H. 2017a. Contamination of cockroaches (Insecta: Blattaria) to medically fungi: A
systematic review and meta-analysis. Journal de Mycologie Medicale 27(4): 427-448.

Nasirian, H. 2017b. Infestation of cockroaches (Insecta: Blattaria) in the human dwelling
environments: A systematic review and meta-analysis. Acta Tropica 167: 86-98.

ISSN 1394-5130 123



Serangga 2025, 30(2): 110-125. Nurul Akmar et al.

Nasirian, H. 2019a. Contamination of cockroaches (Insecta: Blattaria) by medically important
Bacteriae: A systematic review and meta-analysis. Journal of Medical Entomology
56(6): 1534-1554.

Nasirian, H. 2019b. Recent cockroach bacterial contamination trend in the human dwelling
environments: A systematic review and meta-analysis. Bangladesh Journal of Medical
Science 18(3): 540-545.

Nasirian, H. & Salehzadeh, A. 2019. Control of cockroaches (Blattaria) in sewers: A practical
approach systematic review. Journal of Medical Entomology 56(1): 181-191.

Notredame, C., Higgins, D.G. & Heringa, J. 2000. T-coffee: A novel method for fast and
accurate multiple sequence alignment. Journal of Molecular Biology 302(1): 205-217.

Oz, E., Polat, B., Cengiz, A., Kahraman, S., Gultekin, Z.N., Caliskan, C. & Cetin, H. 2024.
Effects of solid and aqueous dietary diflubenzuron ingestion on some biological
parameters in synthetic pyrethroid-resistant German cockroach, Blattella germanica L.
(Blattodea: Ectobiidae). Medical and Veterinary Entomology 38(2): 172-178.

Rajab, A.M., Moravvej, G. & Asoodeh, A. 2020. Rapid, one-step DNA extraction for the
identification of German cockroach, Blattella germanica (L.) (Dictyoptera:
Blattellidae) using DNA sequence of mitochondrial ribosomal RNA gene (16S rRNA
gene). Journal of Entomological Research 44(2): 189-194.

Rozas, J., Ferrer-Mata, A., Sanchez-DelBarrio, J.C., Guirao-Rico, S., Librado, P., Ramos-
Onsins, S.E. & Sanchez-Gracia, A. 2017. DnaSP 6: DNA sequence polymorphism
analysis of large data sets. Molecular Biology and Evolution 34(12): 3299-3302.

Sayusti, T., Raffiudin, R., Atmowidi, T., Aisyah, C.N., Ludiro, F.R., Baher, R.A., Putra, R.E.,
Soesilohadi, RC.H. & Purnobasuki, H. 2023. High genetic variations of the stingless
bee Tetragonula laeviceps based on mitochondrial DNA of cytochrome c oxidase
subunit 1 (CO1) gene in Sumatra and Java, Indonesia. Serangga 28(3): 295-311.

Srinu, G. 2018. COI vs 16s rRNA sequences: Molecular characterization of Culex (Diptera:
Culicidae) vector species from India. International Journal of Advanced Science and
Research 60(1): 60-64.

Tang, Q., Vargo, E.L., Ahmad, 1., Jiang, H., Varadinova, Z.K., Dovih, P., Kim, D., Bourguignon,
T., Booth, W., Schal, C., Mukha, D.V., Rheindt, F.E. & Evans, T.A. 2024. Solving the
250-year-old mystery of the origin and global spread of the German cockroach,

Blattella germanica. Proceedings of the National Academy of Sciences of the United
States of America 121(22): €2401185121.

Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F. & Higgins, D.G. 1997. The
CLUSTAL X windows interface: flexible strategies for multiple sequence alignment
aided by quality analysis tools. Nucleic Acids Research 25(24): 4876-4882.

Tisgratog, R., Panyafeang, C., Lee, S.H., Rust, M.K. & Lee, C.Y. 2023. Insecticide resistance

and its potential mechanisms in field-collected German cockroaches (Blattodea:
Ectobiidae) from Thailand. Journal of Economic Entomology 116(4): 1321-1328.

ISSN 1394-5130 124



Serangga 2025, 30(2): 110-125. Nurul Akmar et al.

Tseng, S.P., Lee, S.H., Choe, D.H. & Lee, C.Y. 2024. Overexpression of cytochrome P450 gene
CYP6K1 is associated with pyrethroid resistance in German cockroaches (Blattodea:
Ectobiidae) from California. Journal of Economic Entomology 117(3): 1071-1076.

Vargo, E.L., Crissman, J.R., Booth, W., Santangelo, R.G., Mukha, D.V. & Schal, C. 2014.
Hierarchical genetic analysis of German cockroach (Blattella germanica) populations
from within buildings to across continents. PLoS ONE 9(7): e102321.

Xiao, B., Chen, A.H., Zhang, Y.Y., Jiang, G.F., Hu, C.C. & Zhu, C.D. 2012. Complete
mitochondrial genomes of two cockroaches, Blattella germanica and Periplaneta
americana, and the phylogenetic position of termites. Current Genetics 58(2): 65-77.

Yulianti, D.M., Hikam, A.R., Ambarningrum, T.B. & Satwika, T.D. 2023. Detection of
pathogen foodborne disease bacteria Staphylococcus aureus from German cockroach

(Blattella germanica) in the hospital area. IOP Conference Series: Earth and
Environmental Science 1230(1): 012085.

Zhu, F., Lavine, L., O’Neal, S., Lavine, M., Foss, C. & Walsh, D. 2016. Insecticide resistance
and management strategies in urban ecosystems. Insects 7(1): 2.

ISSN 1394-5130 125



