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ABSTRACT   
 

Identification of the microbiome in the dengue vector Aedes aegypti is crucial for developing 
effective vector control strategies. The 16S ribosomal DNA (rDNA) gene is frequently used as 
a genetic marker in microbiome analysis. This study aimed to design and validate specific 
primers to identify Serratia and Wolbachia in Aedes aegypti. The study employed Primer-
BLAST using DNA sequence data from NCBI (accession numbers OR801069.1 for Serratia and 
MN046789.1 for Wolbachia). The designed primers included: for Serratia—Forward 5’-
GTCGACTTTGATCCTGGCTCAG-3’ and Reverse 5’-TCAGCCTGTTTCCAATGACC-3’; and for 
Wolbachia—Forward 5’-TGATGAAGTTAGCTTGCTAACG-3’ and Reverse 5’-
ACGGCTGAGTGAACGGGTG-3’. Validation was conducted through PCR, followed by 
visualization of the amplification products using 1.5% agarose gel electrophoresis. PCR 
amplification revealed distinct DNA bands of 766 bp for Serratia and 556 bp for Wolbachia, 
confirming primer specificity. The Sanger sequencing results were validated using BLAST, 
showing high alignment with reference strains in the GenBank database. The specific primers 
based on the 16S rDNA gene are effective for detecting Serratia and Wolbachia in Aedes 
aegypti. 
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INTRODUCTION 

 Dengue fever remains a major public 

health issue worldwide, especially in tropical 

and subtropical regions (Khan et al., 2023), 

where the mosquito Aedes aegypti serves as the 

primary vector (Kularatne & Dalugama, 2022). 

This disease, caused by the dengue virus, 

continues to burden countries with high 

transmission rates, particularly in densely 

populated and urbanized areas (Tian et al., 

2022). Despite various control efforts, 

traditional vector management strategies, such 

as the application of chemical insecticides (Gan 

et al., 2021), face challenges due to the 

development of insecticide resistance in 

mosquito populations (Da Silva et al., 2020; 

Konkon et al., 2023; Silalahi et al., 2022). The 

resistance cases of Aedes aegypti  to several 

insecticide in Indonesia have been reported like 

to malathion in Bitung, Banyumas, Semarang, 

Bantul, and Sleman, pyrethroids in Semarang, 

Klaten, Kudus, Gombong, and Pekanbaru 

(Sofiana et al., 2023).  Therefore, innovative and 

sustainable control strategies are needed to 

reduce dengue transmission effectively. 

A promising alternative approach involves 

leveraging the microbiome of Aedes aegypti, 

specifically certain bacterial species that inhabit 

the mosquito's gut and other tissues, as 

potential bioinsecticides (Ferreira et al., 2023). 

Among the diverse microbiome species 

associated with A. aegypti, Serratia (Jupatanakul 
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et al., 2020) and Wolbachia have shown 

significant potential for vector control 

(Montenegro et al., 2024). Serratia species are 

known for their insecticidal properties, 

producing compounds that can adversely affect 

mosquito larvae and adult mosquitoes (Kozlova 

et al., 2021). They are naturally found in the 

midgut of A. aegypti and have been observed to 

interfere with pathogen development within 

the mosquito (Miesen & van Rij, 2019), which 

can help reduce vectorial capacity (Scolari et al., 

2019). Wolbachia, on the other hand, has 

received extensive attention in recent years for 

its ability to inhibit virus replication within 

mosquito hosts (Ant et al., 2023; Hussain et al., 

2023) and its unique capability to manipulate 

mosquito reproduction through cytoplasmic 

incompatibility, which has been leveraged in 

mosquito release programs to suppress 

populations over time (Liang et al., 2020). 

To accurately profile these bacterial 

symbionts, this study targets the 16S rDNA 

gene, a well-established molecular marker 

widely used in bacterial taxonomy and 

microbiome research (Bartoš et al., 2024; 

Johnson et al., 2019). The 16S rDNA gene is 

composed of conserved regions that are shared 

across bacterial species (Fuks et al., 2018), 

interspersed with hypervariable regions unique 

to specific taxa, which enables reliable 

identification of bacterial species within 

complex communities (Hassler et al., 2022). Its 

extensive database coverage and high 

specificity make the 16S rDNA gene particularly 

suitable for microbiome profiling in Aedes 

aegypti, as it allows for the discrimination of 

bacterial symbionts down to the genus or 

species level (Ames et al., 2017; Scolari et al., 

2019). Despite its advantages, few studies have 

specifically targeted the 16S rDNA-based 

molecular identification of bacterial symbionts 

like Serratia and Wolbachia within A. aegypti, 

especially in a manner that allows for precise, 

species-specific microbiome profiling. 

This study addresses this gap by 

designing specific primers for the 16S rDNA 

gene to identify key microbiome species, 

Serratia and Wolbachia, in Aedes aegypti. By 

employing both in silico and in vitro techniques, 

this study will contribute to the growing body of 

knowledge on mosquito microbiome diversity 

and its potential applications in vector control 

strategies. The findings could serve as a 

foundational step toward using microbial 

symbionts in innovative mosquito management 

programs, ultimately enhancing the 

effectiveness of dengue control efforts. 

  

METHOD 

Study design 
This study employed an observational 

descriptive design with a cross-sectional 

approach, conducted from April to October 2024 

in Malang Raya, Indonesia. The primary aim was 

to develop and optimize specific primers for the 

identification of Serratia and Wolbachia bacteria 

in Aedes aegypti using in silico and in vitro 

methods. Ethical approval for the study was 

obtained from the Ethics Committee of 

Universitas Negeri Malang (Approval No: 

22.5.4/UN32.14.2.8/LT/2024). 

 

Sample collection 

Larval Aedes aegypti were collected by 

direct collection in house hold water tank, from 

various districts across Malang Raya, including 

Junrejo (Batu City), Klojen and Lowokwaru 

(Malang City), Pakis and Tumpang (Malang 

Regency). These locations were selected to 

ensure wide geographic coverage across Malang 

Raya, capturing a broad representation of 

mosquito populations. The collected larvae were 

then transported to the laboratory, where they 

were reared under controlled environmental 

conditions to maturity. This rearing process 

facilitated optimal growth of the mosquitoes 

until adulthood. The adult mosquitoes obtained 

through this method were subsequently used 

for microbiome analysis, enabling the 

identification of symbiotic microorganisms, such 

as Serratia and Wolbachia, within the tissues of 

adult A. aegypti. 
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Morphological identification of A. aegypti 

Morphological identification was 

conducted before DNA extraction to confirm the 

collected samples as Aedes aegypti. Using a 3.6 

MP digital microscope, key morphological 

characteristics (Supriyono et al., 2023), such as 

the presence of white scales on the legs and a 

lyre-shaped pattern on the thorax, were 

observed to ensure accurate species 

identification. 

 

DNA template selection 

The 16S rDNA sequences of Serratia and 

Wolbachia were obtained from the NCBI 

database to serve as the DNA templates for 

primer design. The criteria of the sequence 

were full gene of 16s rDNA, isolated from 

mosquito especially Aedes sp., come from 

Indonesia or at least south east asia region. 

These sequences were aligned in FASTA format 

for consistency across in silico primer design 

tools, ensuring accurate targeting of the 

bacterial species within Aedes aegypti. 

 

Primer design 

Specific primers for the 16S rDNA gene 

were designed using primer 3 

(https://primer3.ut.ee/) with optimized 

parameters: an annealing temperature (Tm) 

between 55–60°C, GC content between 40–60% 

for primer stability and specificity, and a 

product size of 500–800 bp for clear resolution 

during gel electrophoresis. A primer pair were 

selected for each bacterial target based on their 

compatibility with the sequences of Serratia 

and Wolbachia, and in silico confirmation of 

specificity by using primer blast 

(https://www.ncbi.nlm.nih.gov/tools/primer-

blast/). 

 

DNA extraction 

DNA extraction was performed using a 

modified salting-out extraction method. 

Samples were homogenized with 100 µL of 

homogenizing buffer, and 40 µL of 20% SDS and 

8 µL of proteinase K were added. The mixture 

was incubated at 65°C for 2 hours, followed by 

the addition of 300 µL of 6 M NaCl and 

centrifugation at 10,000 rpm for 1 minute at 

4°C. The supeDNAtant was then mixed with an 

equal volume of isopropanol, incubated at -20°C, 

and centrifuged at 13,000 rpm for 3 minutes to 

obtain DNA pellets. These pellets were 

subsequently washed with 300 µL of 70% 

ethanol, dried, and resuspended in 50 µL of 

sterile distilled water for further analysis. 

 

Polymerase Chain Reaction (PCR) 

Conventional polymerase chain reaction 

(PCR) was performed to amplify the 16S rDNA 

gene regions of Serratia and Wolbachia using 

the designed primers. Each reaction mixture 

contained 3 µL of template DNA, 12.5 µL of PCR 

master mix, 1 µL each of forward and reverse 

primers, and sterile distilled water to a final 

volume of 25 µL. The amplified products were 

visualized through 1.5% agarose gel 

electrophoresis stained with ethidium bromide 

under UV illumination. The PCR Condition can 

be seen at Table 1. 

Table. 1 PCR condition 

Step Temperature Time Cycles 
Initial 

Denaturation 
95°C 3 minutes 1 

Denaturation 95°C 1 minutes 30 
Anealing 50°C 1 minute 30 

Extension 72°C 1 minute 30 
final extension 72°C 5 minute 1 

 

Sequencing 

After PCR amplification, the 16S rDNA 

gene amplicons for Serratia and Wolbachia were 

purified and subjected to Sanger sequencing. 

The resulting sequences were verified by 

aligning them with reference sequences in the 

NCBI database to confirm species identity. 

 

Phylogenetic analysis 

The verified sequences of Serratia and 

Wolbachia were analyzed for phylogenetic 

relationships using MEGA (Molecular 

Evolutionary Genetics Analysis) software, 

version X. Multiple sequence alignments were 

performed using the ClustalW algorithm, 

https://primer3.ut.ee/
https://www.ncbi.nlm.nih.gov/tools/primer-blast/
https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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followed by phylogenetic tree construction 

using the Neighbor-Joining (NJ) method with 

1,000 bootstrap replicates to ensure robustness 

of the tree. The evolutionary distances were 

computed using the Maximum Composite 

Likelihood model, allowing for a comprehensive 

comparison of bacterial strains associated with 

Aedes aegypti. 

 

RESULTS AND DISCUSSION 

Study area and landing collection 

The study area covered multiple districts 

in Malang Raya, including Junrejo (Batu City), 

Klojen and Lowokwaru (Malang City), and Pakis 

and Tumpang (Malang Regency). These districts 

were chosen to provide a comprehensive 

geographic representation across the region, 

capturing diverse habitats that support Aedes 

aegypti populations (Knoblauch et al., 2024; 

Vulu et al., 2024). Conducting this study in 

Malang Raya is particularly relevant due to its 

status as a densely populated metropolitan area 

with a high incidence of dengue fever 

(Masluhiya et al., 2022), making it a critical 

region for vector control studies. Figure 1 

presents a map illustrating the distribution of 

collection sites within the study area. 

 
Figure 1. Map of study area showing Aedes aegypti 

collection sites in Malang Raya 

 

Malang Raya, encompassing Malang City, 

Batu City, and Malang Regency (Rofiah et al., 

2022), offers a unique blend of urban, 

suburban, and rural landscapes in East Java, 

Indonesia. This diversity in topography and 

population density provides ideal conditions for 

studying the microbiome of Aedes aegypti across 

varied environmental contexts, potentially 

yielding insights that can be applied to other 

regions with similar ecological conditions. 
 

Morphological identification of Aedes aegypti 

The collected larva samples were reared 

in the laboratory until adulthood, after which 

morphological identification was conducted. 

Under a 3.6 MP digital microscope, Aedes 

aegypti was identified based on distinct 

morphological characteristics. The thorax 

exhibited a lyre-shaped pattern, and the legs 

showed white scales, both of which are defining 

features of Aedes aegypti (Miranti et al., 2023). 

These morphological markers ensured the 

accurate identification of mosquito species 

before further microbiome analysis (Facchinelli 

et al., 2023; Gunara et al., 2023). 

 

 

 
Figure 2. Morphological characteristics of Aedes 

aegypti (personal documentation): (A) 
Adult Aedes aegypti showing the tarsus 
marked by silvery white bands on a black 
base (Tb = tibia; Tars = tarsus); (B) Dorsal 
scutum displaying a transparent white area 
between two curved lines. 

 

Primer design and in silico analysis 

Using Primer-BLAST, specific primers 

targeting the 16S rDNA gene of Serratia and 
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Wolbachia were designed (Kozyreva et al., 

2021). The Serratia sequence with GenBank 

accession number OR801069.1 and the 

Wolbachia sequence with accession number 

MN046789.1 were used to confirm primer 

binding sites and optimize specificity. The 

primers met criteria for annealing temperature 

and GC content, with in silico analysis 

predicting a product size of 766 bp for Serratia 

and 556 bp for Wolbachia. Table 2 lists the 

primer sequences along with their respective 

annealing temperatures and GC content. 

 

PCR amplification and visualization 

 
Figure 3. Gel electrophoresis of PCR products for 

Serratia and Wolbachia. Lane S = Serratia, 
Lane W = Wolbachia. 

 

PCR amplification confirmed the primer 

specificity, with distinct DNA bands visible on a 

1.5% agarose gel. The bands corresponding to  

 
 

Serratia (766 bp) and Wolbachia (556 bp) 

confirmed successful amplification of the target 

genes, as shown in Figure 3. This verification 

supports the primers' utility in microbiome 

profiling for these symbiotic bacteria within 

Aedes aegypti. 

 

Phylogenetic analysis 

Phylogenetic analysis of the Sanger 

sequencing data was conducted using MEGA X 

software (Hall, 2013; Kumar et al., 2018). The 

sequences obtained from the study, including 

Serratia and Wolbachia isolates, were aligned 

with reference sequences from the NCBI 

database to assess their evolutionary 

relationships. The Neighbor-Joining method was 

used to construct the phylogenetic tree, as 

shown in Figure 4 (Zou et al., 2024). The 

evolutionary history was inferred using the 

Neighbor-Joining method (Fernández et al., 

2023), and the percentage of replicate trees in 

which the associated taxa clustered together in 

the bootstrap test (1,000 replicates) is shown 

next to the branches. 

 
 Wolbachia (sample)

 Wolbachia (NCBI MH732670.1)

 Klebsiella sp. (NCBI PP854834.1)

 Serratia marcescens (NCBI PP708095.1)

 Serratia (sample)  
Figure 4. Phylogenetic tree of Serratia and 

Wolbachia strains constructed using MEGA 
X software. 

Table 2. Primer sequences and predicted product sizes for Serratia and Wolbachia 

Target Species Primer Sequence (5' - 3') Tm (°C) %GC Content 
Predicted 

Product Size (bp) 

Serratia Forward: [GCCATCAGATGTGCCCAGAT] [60.18] [55.00] 766 
 Reverse: [GGTAAGGTTCTTCGCGTTGC] [59.83] [55.00]  

Wolbachia Forward: [TACGGAGAGGGCTAGCGTTA] [59.82] [55.00] 556 
 Reverse: [CCCAACATCTCACGACACGA] [60.04] [55.00]  
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The tree shows the evolutionary 

relationships among the sample isolates and 

reference strains from the NCBI database: 

Wolbachia (NCBI MH732670.1), Serratia 

marcescens (NCBI PP708095.1), and Klebsiella 

sp. (NCBI PP854834.1). 

The evolutionary distances were 

computed using the Maximum Composite 

Likelihood method and are expressed as the 

number of base substitutions per site (Al-Atiyat 

& Aljumaah, 2014). The rate variation among 

sites was modeled with a gamma distribution 

(shape parameter = 5). Codon positions 

included were 1st, 2nd, 3rd, and non-coding. All 

ambiguous positions were removed for each 

sequence pair using the pairwise deletion 

option (Mohd Salleh et al., 2023). A total of 741 

positions were analyzed in the final dataset. 

The genetic distances between taxa 

provide insights into the evolutionary 

relatedness of the analyzed sequences. The 

Wolbachia sample isolate showed a close 

genetic distance (4.9912) to the Wolbachia 

reference strain (NCBI MH732670.1) (Table 3), 

suggesting a high level of similarity and 

potential evolutionary conservation. The 

genetic distance between the Serratia sample 

and Serratia marcescens (NCBI PP708095.1) 

was 7.0582, indicating a related yet distinct 

relationship between the two. 

Klebsiella sp. (NCBI PP854834.1) was 

used as an  outgroup   and   showed   a    genetic  

 

distance of 6.6844 from Wolbachia (NCBI 

MH732670.1) and 6.8185 from the Serratia 

sample, underscoring the distinct evolutionary 

pathway compared to the other taxa. These 

findings highlight the genetic variation among 

the symbiotic bacteria associated with Aedes 

aegypti, contributing to our understanding of 

local adaptations and strain diversity. The strain 

diversity of microbiome is supported by the 

host-associated functions of its microbiome, as 

the composition of microbiomes can change 

over time, with hosts within a population 

exhibiting significant turnover in microbiome 

composition among individuals (Medeiros et al., 

2022). 

The phylogenetic analysis involved five 

nucleotide sequences and demonstrated that the 

sample isolates of Serratia and Wolbachia share 

evolutionary relationships with known 

reference strains, supporting their stable 

presence in the Aedes aegypti microbiome. 

This study successfully demonstrated the 

in silico and in vitro design of specific primers 

for the 16S rDNA gene to identify key 

microbiome species, Serratia and Wolbachia, 

within Aedes aegypti. The study was conducted 

across Malang Raya, an area with diverse 

environmental contexts that provided a 

comprehensive sampling ground for Aedes 

aegypti populations. Morphological 

identification confirmed the accurate selection 

of the mosquito species, which was essential for 

ensuring reliable microbiome analysis. 
 

Table 3. Genetic distance matrix among Wolbachia, Serratia, and reference strains 

 Wolbachia 
NCBI 

Wolbachia 
sample 

Serratia 
NCBI 

Serratia 
sample 

Klebsiella 
NCBI 

Wolbachia NCBI      

Wolbachia sample 4.9912     
Serratia NCBI 16.6279 12.893    

Serratia sample 10.4884 6.4349 7.0582   
Klebsiella NCBI 6.6844 1.5103 8.0581 6.8185  

 

The primers designed for Serratia and 

Wolbachia showed high specificity, as 

evidenced by successful PCR amplification and 

subsequent Sanger sequencing. The sequences 

obtained aligned closely with reference strains 

from the NCBI database, specifically Serratia 

marcescens (NCBI PP708095.1) and Wolbachia 

(NCBI MH732670.1), indicating a stable 

association within Aedes aegypti populations. 

The genetic distance matrix further underscored 
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the evolutionary relationships, with the 

Wolbachia sample showing a close genetic 

distance to its reference strain (4.9912), 

suggesting high similarity and conservation. 

The Serratia sample, while related to Serratia 

marcescens, showed a genetic distance of 

7.0582, indicating some degree of genetic 

diversity that may reflect local adaptations. 

The results align with prior studies that 

have demonstrated the importance of Serratia 

and Wolbachia in modulating vector 

competence (Lee et al., 2023). Serratia has been 

noted for its insecticidal properties, which can 

impact mosquito survival and vectorial 

capacity, while Wolbachia is recognized for its 

ability to inhibit pathogen transmission and 

manipulate mosquito reproduction through 

cytoplasmic incompatibility (Liang et al., 2020). 

These findings contribute to a deeper 

understanding of the microbiome in Aedes 

aegypti and its potential applications in 

sustainable vector control strategies. 

However, this study has some limitations. 

The sample size was restricted to specific 

districts in Malang Raya, which may limit the 

generalizability of the findings to other 

geographic regions. Additionally, the use of 

conventional PCR and Sanger sequencing, while 

effective, may not capture the full diversity of 

the microbiome compared to next-generation 

sequencing methods. Future studies should 

consider larger sample sizes and advanced 

sequencing technologies to provide a more 

comprehensive view of the mosquito 

microbiome and its functional implications 

 

CONCLUSION 

This study designed and validated 

specific primers for the 16S rDNA gene to 

detect Serratia and Wolbachia in Aedes aegypti 

through in silico and in vitro approaches. The 

findings highlight the presence and genetic 

relationships of these symbiotic bacteria, 

supporting their potential role in vector 

control strategies. Further research should 

expand the geographic scope and employ more 

comprehensive sequencing methods to better 

understand the microbiome's impact on 

mosquito biology and vectorial capacity.  
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