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ABSTRACT

Background and Objectives: Although the study on the bacteria residing in the mid-gut, salivary gland, and reproductive
organs of insect vectors have drawn appeal to the host-pathogen interactions, we know comparatively less about microbiota
that naturally exist in different mosquito organs within Iran.

Materials and Methods: In the current investigation, PCR assay by using 16S rRNA gene amplification and DNA sequenc-
ing, in addition to the traditional culture-based approach utilized for the detection of cultivable bacterial assemblages in
mid-gut and reproductive tracts of Culex quinquefasciatus.

Results: The identified bacteria isolated from different tissues of 45 individuals were consisted of Achromobacter, Aero-
monas, Arthrobacter, Asaia, Enterobacter, Gluconobacter, Klebsiella, Lysinibacillus, Micrococcus, Psuedomonas and Serra-
tia. The results showed that Proteobacteria was the most prevalent phylum in both genders' mid-gut and reproductive tracts,
and Asaia was the most common bacteria that originated in adult females and males’ tissues.

Conclusion: These outcomes recommend that the discovered microbiome may span through Cx. quinquefasciatus popula-
tions. This data can be utilized to interfere with the transmission of pathogens and design new strategies for the control of

mosquito-borne diseases.
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INTRODUCTION

Blood feeding by southern house mosquito, Culex
quinquefasciatus Say 1823 (Diptera: Culicidae) caus-
es zoonotic diseases like West Nile fever, lymphatic
filariasis (Wuchereria bancrofti), St. Louis encepha-
litis, Western equine encephalitis, Japanese enceph-
alitis (1-7), and also introduced as a potential vector
for Zika virus with major influences on public health
(8). The transmission of avian malaria, Plasmodium
spp., has also been indicated by this anthropophilic
vector (9, 10).

Diseases transmission is attributed to the assort-
ment of microbiota that directly and indirectly has
a great impact on mosquitoes’ populations (11). The
microbiota has been introduced as principal co-ex-
istent organisms with pronounced impressions on
mosquitos’ characteristics related to re-produc-
tion success, the fitness of female adults, immunity
versus pathogens, sensitivity and resistance to pes-
ticides, persistence, and control of different popu-
lations. As the mosquitoes protect the symbiotic mi-
crobiota, they contribute to nutritional and ecological
supports which affect vector competence and devel-
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opment, from immature stages to the adult, in return
(12, 13). The prominence of microbial communities
is due to the three-way relationship between the vec-
tor, the bacteria, and the disease pathogen (11). The
major consequences of insecticide resistance, sus-
tainability, and organizational complications were
accompanied by the lack of treatments and vaccines.
The application of conventional vector control strat-
egies like personal protective procedures and con-
trol of mosquito populations served as the limited
methods to prevent arboviral diseases (14, 15). Due
to the medical significance of human vector-borne
diseases, a large amount of cost and time are dedi-
cated to developing novel vaccines and drugs to con-
trol pathogens. Application of paratrangenic method
by using resident bacteria in mosquitoes may set out
as a promising technique toward control strategies
(16). This method would be useful to generate para-
transgenic bacteria along with symbiotic organisms
living inside different organs of mosquito species.
This strategy facilitates quickly spreading of a spe-
cial gene within wild mosquito populations. Besides,
the capability of paratransgenic bacterial strains by
expressing a protein that targets various species,
could be applied versus a verity of competent vectors
(17-19). Following researches on Culex species’ mi-
crobiota have shown the bacterial strains of different
phylum and classes (20-25).

Although the study on the bacteria residing in mid-
guts, salivary glands, and reproductive tracts of in-
sect” vectors have recently increased considerably,
few investigations have studied the bacterial assem-
blage in reproductive tracts and mid-gut of Culici-
dae species in Iran, mostly concentrated on Anoph-
eles (26-28). Toward this goal, we aimed to identify
bacteria diversity originated in field-collected larvae
and laboratory-reared Cx. quinquefasciatus to find if
bacterial collection differs over the different tissues:
mid-gut, ovary, and testes, and to report common
bacterial strains in mosquito organs to define gender-
or organ-specific bacteria.

MATERIALS AND METHODS

Samples collection and identification. To detect
the cultivable bacteria in mid-gut and reproductive
tracts of Cx. quinquefasciatus, 45 individuals were
examined in a PCR-based study. The specimens were
male and female’ adults collected from urban loca-

http://ijm.tums.ac.ir

MICROBIOTA OF CULEX QUINQUEFASCIATUS

tions with semi mountainous or hilly places in Iran-
shahr, Sistan and Baluchestan province, south-east of
Iran. Larvae were collected by the standard dipping
technique and transferred to the lab settled in the Na-
tional Insectarium of Malaria and Vector Research
Group (MVRG) at Pasteur Institute of Iran (Karaj,
Alborz province). The captured larvae were retained
in pre-sterilized cages until maturation. Laborato-
ry-reared colonies of adult female and male mosqui-
toes were used for the current study. The morpholog-
ical identification of adult mosquitoes was carried out
by the standard taxonomic key of Culicinae, for Culex
species (29). This study was carried out following the
guidelines and protocols permitted by the Research
Committee and Institutional Ethics Committee of
National Institute for Medical Research Develop-
ment, Iran (No: IR.NIMAD.REC.1397.012).

Sample preparation and bacteriological experi-
ments. To examine the microbial diversity, mid-guts,
testes, and ovary pairs of blood-fed adult mosquitoes
were separated. Prior to the dissection, mosquitoes
were anesthetized for two minutes at -20°C and then
transferred on the ice. The samples surface was ster-
ilized by washing the whole body in the micro-tubes
(2 ml) containing 70% ethanol and shaking gently for
several minutes (21). Under sterile settings (biological
laminar flow hood class-Il), the microscopically dis-
sections were performed individually and then, sepa-
rated organs were preserved in 200 pl sterile physio-
logical saline (0.9% NaCl). The suspension was then
homogenized by an electrical homogenizer and 100
I of that were inoculated into the 5 ml cultural tubes
containing LB broth media for general bacteria and
handmade enhancement media for Asaia sp. growth
(30). After overnight incubation (for general bacteria)
and three days incubation (for Asaia), the bacterial
growth was checked by turbidity observation. Sub-
sequently the suspension of the grown up bacteria
was cultured on LB agar, MacConkey agar and Asaia
enriched agar plates, followed by incubation at 30°C
for 12 to 16 hours for Asaia and 37°C for general bac-
teria. The purified single bacterial colonies were ob-
tained after several sub-cultures.

DNA isolation of pure colonies, PCR, and se-
quencing. The bacterial DNA extractions were per-
formed by DNA isolation kit (Yekta Tajhiz Azma
Inc., Tehran, Iran) following the manufacturer’s in-
structions. The quality of isolated DNA was quan-
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tified to approve the adequate genetic material for
sequencing by using Nanodrop spectrophotometer.
Molecular identification of pure colonies was per-
formed by amplification of 1,450 base pairs frag-
ments of the 16S rRNA gene by the universal primers
of 16suF: 5-GAGTTTGATCCTGGCTCAG-3 and
16suR: 5-GTTACCTTGTTACGACTT-3°(27). More-
over, the specific primers Asafor (5>-GCG CGT AGG
CGG TTT ACA C-3) and Asarev (5’-AGCGTCAG-
TAATGAGCCAGGT T-3") was used for confirma-
tion of Asaia (30). Reaction mixtures were prepared
using 12.5 pl PCR red master-mix (AMPLIQON,
Denmark), 0.5 pm of each primer, 100 ng of the ex-
tracted DNA as a template and ddH20O up to final
volume of 25 pl. Reactions were performed at 94°C
for 5 min and cycled 35 times through a protocol of
30 s at 94°C, 30 s at 60°C, and 100 s at 72°C. Final-
ly, the reactions were maintained at 72°C for 10 min.
Positive PCR products were confirmed by agarose
gel electrophoresis (1%) and GreenViewer DNA stain
(Parstous Biotechnology, Mashhad, Iran) visualized
by UV transilluminator. Positive amplicons were
purified and sequenced bi-directly using automated
DNA sequencer ABI 3500 (Applied Biosystems Inc.,
CA, USA) in Codon Genetic Group (Tehran, Iran).

Phylogenetic analysis and haplotype network.
The attained sequences were edited, assembled, and
aligned using MAFFT online algorithm and BioEdit
v.7. To ascertain the nearest related strains, the bac-
terial sequences were blasted via nucleotide BLAST
search tool (http://blast.nchi.nim.nih.gov/Blast.cgi).
The nearest taxon to each sequence was used in phy-
logenetic tree analysis. The sequences divergence
was measured with Kimura 2-parameter distance
matrix, implemented in MEGAG.0 using the pairwise
comparison of all sequences (31). Phylogenic analysis
accomplished by Bayesian inference executed in Mr-
Bayes v3.2 software (32) with two concurrent MCMC
searches for 1,000,000 generations and sampled in
each 1,000 generations. The posterior probabilities
were calculated at the end of the analysis, when the
burn-in period of 50% was set and the chains were
reached stationary status under evolutionary model
selected by ModelTest v.7 software (33). The resul-
tant phylogenetic tree was edited and visualized by
FigTree v1.4. In addition, haplotype diversity was es-
timated using DnaSP v.5 package (34) and haplotype
network was also constructed to determine the ge-
netic distances among detected Asaia isolates in Iran

260 IRAN. J. MICROBIOL. Volume 15 Number 2 (April 2023) 258-266

and other published species by using Median-Joining
method in POpART program.

RESULTS

To define bacterial diversity in mid-gut and repro-
ductive tracts, two sets of primers for general bacte-
ria and Asaia were used in molecular approach. The
general primers amplify a ~ 1400 base-pairs (bp) frag-
ment of 16S rRNA gene whereas the Asaia-specific
primers set to amplify a ~180 bp. Successful PCR re-
sults approved Asaia presence in different specimens
on the agarose gel electrophoresis. Positive amplicons
produced by general and specific primer sets were
sequenced. The analysis of sequences showed that
the identified bacteria isolated from mid-guts and re-
productive tracts of 45 individuals of Cx. quinquefas-
ciatus included 11 bacterial genera; Achromobacter,
Aeromonas, Arthrobacter, Asaia, Enterobacter, Glu-
conobacter, Klebsiella, Lysinibacillus, Micrococcus,
Pseudomonas, and Serratia (Table 1). The common
and specific bacterial genus in each organ is shown
in Fig. 1.

The results showed that Proteobacteria was the most
prevalent phylum in both genders’ mid-gut and repro-
ductive tracts, and Actinobacteria and Firmicutes were
less dominant phyla. Lysinibacillus, a genus belonging
to Firmicutes found in males’ mid-gut. Arthrobacter
and Micrococcus which belong to Actinobacteria were
recorded in females” mid-gut.

The bacterial genera Asaia, Klebsiella, and Serratia
were detected in ovaries while Asaia, Gluconobacter,
Klebsiella, Pseudomonas, and Serratia were isolated
form testis. Asaia, Klebsiella, and Serratia were sim-
ilarly identified bacteria in both genders’ reproductive
tracts. Females and males’ mid-gut were mainly col-
onized by Asaia and Enterobacter. Correspondingly
to other organs Serratia was found in the mid-gut of
both genders. Moreover, other detected taxa compris-
ing Aeromonas, Arthrobacter and Micrococcus in
females’ mid-gut whereas Achromobacter and Lysini-
bacillus were found in males” mid-gut. Although the
diversity of bacterial taxa changed in the mosquito or-
gans, the most common bacteria that originated from
adult female and male mosquitoes was Asaia which
found in mid-gut and reproductive tracts of both gen-
ders (Table 1 and Fig. 1).

The amplified and edited sequences (n=27) were sub-
mitted into GenBank database under accession num-
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Table 1. Isolated and identified bacteria of Cx. quinquefasciatus from Iran.

Bacteria Phyla Nearest taxon from BLASTn No. of MF OF MM TM
genera (Similarity %) sequence (s)

Achromobacter ~ Proteobacteria A. xylosoxidans (99.93%) 1 N
Aeromonas Proteobacteria A. hydrophila (99.86%) 2 \

Arthrobacter Actinobacteria A. agilis (99.93%) 1 \

Asaia Proteobacteria A. bogorensis (99.78%) 12 \ \ \ \
Enterobacter Proteobacteria E. hormaechei (99.86%) 2 S S
Gluconobacter  Proteobacteria Gluconobacter sp. (99.85%) 1 S
Klebsiella Proteobacteria K. michiganensis (99.93%) 2 N S
Lysinibacillus Firmicutes L. fusiformis (99.86%) 1 \
Micrococcus Actinobacteria M. luteus (99.91%) 1 \

Pseudomonas Proteobacteria P. mosselii (99.86%) 1 \
Serratia Proteobacteria S. marcescens (99.68%) 3 \ \ \

Bacteria isolated of each organ are summarized as mid-gut bacteria of females (MF), mid-gut bacteria of males (MM), ovary’

bacteria (OF), testis’ bacteria (TM).

MF

Arthrobacter

Aeromonas

Micrococcus

MM

Achromobacter

Lysinibacillus

Entrobacter

Asaia

Gluconobacter

Psudomonas

™

Serratia

Klebsilla

OF

Fig. 1. Detected bacteria isolated from Cx. quinquefasciatus organ

s. MF: mid-gut bacteria of female mosquitoes, MM: mid-gut

bacteria of male mosquitoes, OF: ovary- and TM: testis originated bacteria are shown by different colors.

bers of OP734286 to OP734312. In the subsequent
stage, these sequences were aligned using ClastalW
with a retrieved dataset from GenBank (n=66) to infer
the phylogenetic relationship of detected species. The
Bayesian tree was assembled by using the retrieved
data from previous investigations around the world
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from NCBI beside attained sequences based on ~1400
bp of the 16S rRNA gene presented the placement of
isolates clustered along with the nearest taxon (Fig.
2). Enterobacter and Klebsiella were positioned as the
earliest sister taxa while Serratia, Pseudomonas and
Aeromonas were clustered in parapyletic situations.
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Fig. 2. The phylogenetic Bayesian tree of detected bacteria in Cx. quinquefasciatus collected from South-eastern Iran and
retrieved sequences of nearest taxon in blast analysis. Detected bacteria in the current study are specified with star.

The position of Asaia bacterial species in the related
cluster showed that the detected samples of this study
are grouped with A. bogorensis whereas the other
species clustered in the paraphyletic situations. Glu-
conobacter was the nearest taxon to Asaia has placed
as the sister taxa. Besides, the genus of Micrococcus
was placed as the out-group in the basal clade (Fig. 2).
Blast analysis of sequences showed that two Klebsiella
sequences originated from different organs, the testis,
and ovary which are grouped near K. michiganensis.
The median joining haplotype network was con-
structed to screen the genetic relationship of Asa-
ia haplotypes. The results revealed the presence of
18 haplotypes (haplotype diversity + SD: 0.9056
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+ 0.047) in 49 sequences (Fig. 3). Iranian isolates
placed in haplotypes (Hap 1) near Hap 2, 8, 17 which
are similar to position in the Bayesian tree (more in-
formation for haplotypes are given in appebdix). Hap
1 was comprised of 12 sequences of Asaia isolated
from females mid-gut (n=7), male mid-gut (n=2) and
testis (n=1) and ovaries (n=2). Hap 2 was included 6
sequences, A. bogorensis (n=4), Asaia sp. (n=1), A.
platycodi (n=1) while Hap 3 was comprised A. bogo-
rensis (n=1). The other haplotypes belonged Asaia sp.
(Hap 4, accession number: AB025932.1), A. krungth-
epensis (Hap 5, NR113845.1) and Asaia sp. (Hap
5, NR114292.1), Asaia sp. (Hap 6, MG886832.1),
A. bogorensis (Hap 7, NR113849.1), A. krungth-
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Fig. 3. Asaia species haplotype network estimated and il-
lustrated by DNaSP package and PopART software. The
median-joining method was used to draw the haplotype
network and the size of the circles specifies the haplotype
frequency. The mutational steps between haplotypes are
demonstrated by lines.

epensis (Hap 8, NR024810.1), Asaia sp. (Hap 9,
MG886831.1), A. platycodi (Hap 10, NR112879.1),
A. lannensis (Hap 11, KF896277.1), A. astilbis (Hap
12, AB485743.1 and NR122089.1) and A. prunellae
(Hap 13, AB485741.1). Genetic distances of Irani-
an Asaia isolates and global species demonstrated a
range of differences from 0.1% to 1.1% in pairwise
distances analysis.

DISCUSSION

The mosquito’s organs are involved in interactions
with pathogens and other microbial communities,
having a possible influence on their host biology and
vector competence for transmission of particular
diseases (22, 35). In this study, we characterized the
bacteria hosted in mid-gut and reproductive tracts
of Cx. quinquefasciatus, a recognized hematopha-
gous vector for human viral diseases, collected from
the southeast of Iran, by using the traditional cul-
ture-based method, PCR method and DNA sequenc-
ing (36). Our analysis of the mid-gut and reproduc-
tive tracts’ bacterial colonies disclosed the presence
of 11 genera with no organized pattern either shared
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by one or both genders or present in different organs.
Nonetheless, other investigation introduced Actino-
bacteria, as the dominant phylum in Cx. quinquefas-
ciatus (37), in the present study, Proteobacteria was
the prevalent phylum discovered in different organs.
Among all bacteria discovered, Asaia was the com-
mon genus in both reproductive tracts and mid-gut,
and in both genders. A study to investigate the mid-
gut microbiota of female Cx. quinquefasciatus mos-
quitoes captured from India by using the application
16S ribosomal DNA sequencing from cultivable bac-
teria showed the occurrence of 83 bacterial species
and 31 genera with the dominant incidence of Proteo-
bacteria, followed by Firmicutes and Actinobacteria
(22). To the best of our knowledge, this is the first
study of the identification and isolation of different
organs’ microbiota in Cx. quinquefasciatus from the
southeast of Iran. Staphylococcus and Enterobacter
possessed the highest rate of the detected genus in
Culex species, represented in the most sampling
field locations (22). Other investigations proved the
presence of a new Aeromonas species isolated form
Cx. quinquefasciatus, and Sphingomonas sp. was de-
tected in two species, Culex restuans and Cx. pipi-
ens (21, 38). The existence of midgut microbe’s flora
demonstrated seasonal changes in various groups of
Cx. quinquefasciatus at the genus level. The genera
Wolbachia, Pantoea, Acinetobacter, Pseudomonas,
and Staphylococcus were of dominant bacteria in in-
spected groups (39).

The reported data for bacterial community inhab-
ited in Cx. quinquefasciatus’ organs in both adults
and larvae, and different genders at the global level,
demonstrated the variety of bacterial genera and spe-
cies, such as the following prevalent species: Asaia,
Aeromonas, Acinetobacter, Bacillus, Escherichia,
Klebsiella, Pantoea, Pseudomonas, Serratia, Staph-
ylococcus and Wolbachia and less common bacteria.
The earlier researches have shown that bacteria were
isolated from various such as the mid-gut, testis,
ovary, saliva gland, abdomen or whole mosquitoes,
and in different age groups (larvae, pupae and adult)
with the more concentrate of researches on mid-gut.
In the current study, the microbiota originated from
mid-gut and productive organs of males and females
mosquitoes. Other investigations have collected Cu-
lex species samples were wild adults (wild) or larvae
collected from the field and reared in the insectary.
The given results in the present study were based on
collected larvae samples reared in insectary which
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did not show any pattern in accordance with latter ex-
periments, biased for wild or insectary-reared hosts.
The previous investigations on Culex species micro-
biota were run by conventional bacterial culture, PCR
16S rRNA, and DNA sequencing for the detection of
various bacterial strains (40, 41) and continued by up-
to-date approaches: RNA shotgun metagenomic se-
quencing, next generation sequencing, culturomics,
and MALDI-TOF MS (24, 42-44). Next-generation
sequencing method revealed the presence of Wolba-
chia, Streptococcus, Stenotrophomonas, Staphylo-
coccus, Corynebacterium, and Rothia in ovaries of
female Cx. quinquefasciatus and Ochrobacterum in
the testis of similar host species (24) whereas Eliz-
abethkingia sp. and Pantoea dispersa were isolated
from ovaries in the same host, isolated by PCR 16S
rRNA and DNA sequencing (40). Though the main
target for detection of microbiota was mid-gut, some
other investigations focused on defining bacterial as-
semblage of salivary gland. These bacteria included
Asaia, Cupriavidus, Pseudomonas, Serratia, Sphin-
gomonas, Staphylococcus, and Veillonella identified
by next-generation sequencing in Cx. quinquefascia-
tus (24).

Most researchers isolated bacteria from one or
more specific tissues and the others performed ex-
aminations in whole mosquitoes’ culture. Their re-
sults demonstrated the detection of Actinobacillus in
Cx. pipiens by RNA shotgun metagenomic sequenc-
ing (45) and Acinetobacter in Cx. pipiens/restuans
and Cx. salinarius by 16S rRNA Illumina sequenc-
ing method (46). Furthermore, Anaplasma, Asaia,
Bacillus, Bradyrhyzobium, Escherichia, Shigella,
Gluconobacter, Moraxella, Pantoea, Pseudomonas,
Ralstonia, Rickettsiella, Spiroplasma, and Wolba-
chiaare were discovered from whole body cultures
in other researches (45-47).

Researches based on the role of microbial commu-
nities in mosquito biology and pathogen intervention
may lead to the development of novel vector control
methods by using alterations of the microbiota (48-
51) among the detected bacteria in this investigation,
Asaia, Enterobacter, Pseudomonas, and Serratia
have been recommended as prospective nominees
for vector control strategies through paratransgenic
manipulations (24), and as an appropriate method
based on the procedure to modify symbiotic species
for transportation of effector molecules to wild vec-
tors (24, 26-28). In this sense, well established and
cultivable microorganisms in mosquitoes are ap-
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propriate for genetic modifications with the ability
to transmit anticipated qualities to the next genera-
tions, pass from males to females during mating, and
colonize in reproductive organs and salivary glands
(30, 52). There are numerous studies that investigate
the origin of these bacteria transferring into hosts.
Horizontal transferring of bacteria occurred through
breeding water contamination in both larvae and
adults that cause bacterial existence in mid-gut (53).
In another investigation, Vagococcus fluvialis was
detected in the mid-gut of Cx. quinquefasciatus was
common species isolated from domestic animals and
human resources which verified the hypothesis of the
food origin of the mosquito microbiota (23).

CONCLUSION

In this investigation, the composition of bacterial
communities of reproductive tracts and mid-gut of
Cx. quinquefasciatus mosquito was studied in south-
eastern Iran. We have recognized several bacteria
which may be utilized in mosquito control approach-
es. Novel data attained by using culture-dependent
and culture-independent approaches to the microbio-
ta diversity in various geographical regions will help
scientists predict the possible circulation of micro-
biota.
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