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ABSTRACT

Insect microbiota are receiving increasing attention from researchers, particularly with the continued advances
in next generation sequencing (NGS) techniques. However, there is a paucity of data on the microbiota of ants
that scavenge around human settlements. In this study, we characterized the bacterial communities of Pheidole
rugaticeps Emery that were collected scavenging on other household insects using Illumina MiSeq high-
throughput sequencing of the bacterial 16S ribosomal DNA gene. P. rugaticeps DNA was extracted from the in-
sect samples using a HiYield™ Genomic DNA isolation kit according to the manufacturer’s protocols and
amplified using polymerase chain reaction (PCR). The PCR products were sequenced with the Illumina MiSeq
platform according to the standard protocols to amplify the V3-V4 of the 16S rDNA gene. The results for the 16S
rDNA genes were analysed using QIIME 2 Core — 2020.6, and a 16S rDNA metabarcoding dataset was presented.
A total of 46,651 reads were obtained from three genomic samples. A total of 368 amplicon sequence variants
(ASV) comprising 165 genera were revealed and classified into 17 phyla. Proteobacteria (57.47%) and Firmicutes
(33.14%) were the most abundant taxa, while Acinetobacter (37.10%) was the most abundant genus in all three
sampling groups. Pathogenic bacteria species, such as Acinetobacter baumannii (15%) and Pseudomonas aeruginosa
(2.92%), were identified from P. rugaticeps samples collected from a hospital environment. However, this study
recommends more studies on the microbiota of Pheidole ants with different feeding habits and habitats to
establish their core microbiome.

Introduction

species (Martins and Moreau, 2020). The study also found that food
resources and geographical location influenced the microbiota of Phei-

Recent studies have been focused on insect microbiota in particular
with the continued advances in next generation sequencing (NGS)
techniques (Feldhaar, 2011; Russell et al., 2017). Ants, like many other
insects, have a varying composition of microbiota ranging from a gut
microbiome that aids in food processing and nutrient enrichment
(Feldhaar et al., 2007; Feldhaar, 2011; Hu et al., 2018) to opportunistic
bacteria that resides on the body cuticles (Birer et al., 2017). This may
add to the variation in the microbial density of ants with some, such as
Crematogaster (Rubin et al., 2014), Solenopsis (Ishak et al., 2011), Line-
pithema (Hu et al., 2017), and several other ant genera (Sanders et al.,
2017a; 2017b), having low bacteria densities, while Cephalotes (Hu
et al., 2014; Lanan et al., 2016) and many others (Sanders et al., 2017a;
2017b) have a high diversity of bacteria. However, Pheidole were
recently revealed to have a comparatively stable microbiota across its
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dole ants.

Generally, Pheidole ants are a hyper-diverse group of ants with
worldwide distribution (Fowler, 1994; Wilson, 1976) and a high species
richness globally (Bolton, 2018; Longino, 2009; Wilson, 2003). They are
most abundant and diverse in the tropics (Ward, 2000; Wilson, 2003).
They have wide-ranging feeding habits (Fowler et al., 1991) with several
studies indicating them as seed harvesters (Martins and Moreau, 2020;
Thomson et al., 2016), predators of insects (Dejean et al., 2007), and
scavengers of arthropods and animal carcasses (Cruz and Vasconcelos,
2006; Monteiro-Filho and Penereiro, 1987; Watson and Carlton, 2005).
Studies also showed that they exhibit a discriminating capability for
collecting corpses and invading colonies of other ants (Dejean et al.,
2007). Hence, their multiple feeding habits, diet, microhabitat, species,
and geography may influence their microbiota (Anderson et al., 2012;
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Kelly et al., 2019; Lanan et al., 2016; Martins and Moreau, 2020; Moreau
and Rubin, 2017; Ramalho et al., 2017a, 2017b; Reeves et al., 2020;
Sanders et al., 2014, 2017a, 2017b).

Human settlements harbor many ant species, including Pheidole in
areas, such as kitchens, restaurants, and food stores, with poor control
and food storage practices (Santos et al., 2009; Zarzuela et al., 2002).
These ants harbor a complex community of bacteria (Currie et al., 1999;
Lanan et al., 2016) both internal (Boursaux-Eude and Gross, 2000;
Zientz et al., 2005) and external (de Zarzuela and de Campos-Farinha,
2005; Hughes et al., 1989; Zurek and Gorham, 2008). Their presence
can aid the spread of pathogens (Boursaux-Eude and Gross, 2000;
Campos and Silva, 2010). Pathogens are typically picked up during
foraging (Zurek and Gorham, 2008) and may eventually be deposited on
food, utensils, and/or hospital apparatus. Several bacteria pathogens
have been reported from ants collected from hospital environments (dos
Lima, 2013; Fowler et al., 1993; Maximo et al., 2014; Oliveira et al.,
2017) and houses (Alharbi et al., 2019; Silva et al., 2014; Simothy et al.,
2018). The majority of the previous studies examined the bacteria
communities using culture-dependent approaches that merely recov-
ered 1%-10% of the actual bacterial diversity present in an environment
(Pace, 1997; Hugenholtz et al., 1998).

In this study, we characterized the bacteria communities of
P. rugaticeps collected scavenging on other household insects using
Mumina MiSeq high-throughput sequencing of the bacterial 16S ribo-
somal DNA gene. P. rugaticeps was the most abundant scavenging ant
where these ant samples were taken. No research has been done on the
bacterial communities of P. rugaticeps, and little or no research has been
conducted to compare the microbial communities of ants collected from
hospitals and residential areas. The molecular analysis of bacterial
communities of an environment allows for the identification of several
low-abundance bacteria, which would not be identified by culture
dependent techniques (Jackson et al., 2013). In this study, we deter-
mined the microbial composition of P. rugaticeps using a 16S rDNA
metabarcoding approach.

Materials and methods
Ants Sample collection and processing

Household ants were baited with dead American cockroaches during
night hours (20:00 h to 22:00 h). The ants were collected scavenging on
Periplaneta americana after the cockroaches were sprayed with aerosol
insecticides (Knockdown). Some of the cadavers of the cockroaches were
picked with sterile tweezers and placed in and around ant nests inside
houses, hospitals, and other administrative areas, and ants foraging on
the bait were collected into sterile tubes. Ants are frequently seen
around dead P. americana and other household insects, which led us to
study the microbiome of these scavenging ants. The ant samples were
grouped as the administrative areas: both polytechnic and federal uni-
versity (BPF), hospitals: Dalhatu Specialist Hospital Lafia and a primary
healthcare center in Akwanga (DPH), and residential areas: collected
from residents in rural and urban areas of Nasarawa state, Nigeria (UR)
according to where they were collected. The ant samples were sorted
and identified using standard taxonomic keys (AntWeb, 2020; Taylor,
2012). P. rugaticeps Emery happened to be the most abundant species
collected, which is why we selected P. rugaticeps Emery for the 16S rDNA
metabarcoding analysis to determine the bacteria composition. Both
major and minor workers of P. rugaticeps Emery were selected for DNA
extraction. Fresh workers from each group were pooled separately and
their genomic DNA was extracted.

DNA Extraction
The ant specimens were surface washed with 2 mL of sterile distilled

water to remove soil and other debris from the samples prior to mo-
lecular analysis. A pool of ten minor and major workers were ground in
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200 pL of phosphate-buffered saline (PBS) using a sterile pestle with
adequate up and down strokes without twisting. The choice of 10 ants is
in line with the procedure of the Global Ant Genomics Alliance (GAGA)
to fundamentally advance the multidisciplinary genomics-based study
of ant biology. According to GAGA, the minimum requirement for
microbiome analyses is 3 x 10 worker ants regardless of individual size.
The DNA extraction was performed using a HiYield™ Genomic DNA
isolation kit (Real Biotech Corporation, Taiwan) according to the man-
ufacturer’s protocols with little modifications: 200 uL 1X PBS was used
in lieu of QGT Buffer; PBS was simultaneously mixed with Proteinase K,
RNAse A, and QGB Buffer before tissue homogenization and incubation;
the incubation period was reduced to 2 h; and the solutions were gently
mixed by flicking the tube not pipetting (Kingan et al., 2019). The
modifications were done to achieve a high molecular weight DNA. The
process was conducted without negative control but under sterile con-
ditions to avoid possible contaminants (Moreau, 2014). The total DNA
samples were submitted to MyTACG Bioscience Enterprise (Kualar
Lumpur, Malaysia) for lllumina sequencing.

16S Illumina Library and Sequencing

The 16S rDNA amplicon library was constructed using the primer set
341F and 806R to amplify the V3-V4 region of the 16S rDNA gene
(Zhang et al., 2018). Amplicons were extracted from 2% agarose gels
and purified using the AxyPrep DNA Gel Extraction Kit (Axygen Bio-
sciences, Union City, CA, U.S.) according to the manufacturer’s in-
structions and quantified using QuantiFluor™ -ST (Promega, U.S.) prior
to sequencing. Sample libraries were pooled in equimolar with paired-
end sequences (2 x 250/300 bp) on an Illumina MiSeq platform ac-
cording to the standard protocols.

16S rDNA Metabarcoding data analysis

The raw fastq files were analysed with the QIIME 2 software package
(q2cli version 2020.6.0) (https://qiime2.org.) (Bolyen et al., 2019) and
its associated plugins. The demux emp-paired command was used to
demultiplex the paired-end reads using the demux plugin (https://gith
ub.com/qiime2/q2-demux). Quality control, chimeric sequence
filtering, and feature table construction were performed using the q2-
dada2 plugin (Callahan et al., 2016) and the trimming parameters
were done based on the demux visualization. Taxonomic classification,
clustering, and dereplicating with 99% similarity were done using the
Feature-classifier plugin (Bokulich et al., 2018) and VSEARCH plugin
(https://github.com/qiime2/q2-vsearch) (Rognes et al., 2016) against
the SILVA 132 database (Quast et al., 2013). The phylogenetic tree was
reconstructed using the q2-phylogeny plugin (https://github.com/
giime2/q2-phylogeny) while the alpha and beta diversity analysis
were done via the q2-diversity plugin (https://github.com/qiime2/q2-
diversity).

Deposition of nucleotide sequences

All sequences obtained were deposited at National Centre for
Biotechnology Information (NCBI) Sequences Read Archive (SRA) da-
tabases with the bioproject accession number: PRINA609841 (Runs:
SRR11235855, SRR11235854, and SRR11235853).

Results
Data Summary from Illumina Sequencing

Following the quality filtering and removal of chimeric sequences
using dada2 on the QIIME 2 platform, a total of 46,651 reads were
produced from all the groups (BPF, DPH, and UR). The number of reads
per sample and other alpha diversity analyses, such as Chao 1 and
Shannon of the results are presented in Table 1. The Good’s coverage
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Table 1
Results from the alpha diversity analysis of the three samples
Sample ID* Reads 0.97
ASVs Chao 1 Coverage Shannon Simpson
BPF 14293 202 202 1.000000 4.2 0.0347
(202,202) (4.18,4.23) (0.0334,0.0361)
DPH 14073 111 111 1.000000 2.73 0.2012
(111,111) (2.7,2.76) (0.1949,0.2074)
UR 18285 55 55 1.000000 1.66 0.4478
(55,55) (1.63,1.69) (0.4392,0.4565)
Total 46651 368

*BPF represents samples collected from Both Polytechnic Nasarawa and Federal University Lafia, DPH represents Dalhatu Specialist Hospital Lafia and a Primary
Healthcare Center in Akwanga, and UR represents samples collected from residents in Urban Residential areas in Nasarawa state, Nigeria.

estimates showed that the sequencing coverage sufficiently secured the
microbial diversity of P. rugaticeps (Table 1). A rarefaction curve of the
P. rugaticeps sample groups showing the species richness of each sample
is also shown in Fig. 1.

Taxonomic classification

The majority of the reads from the Pheidole samples groups were
taxonomically classified down to the species level. The total number of
bacterial taxonomic units (ASVs) identified was 368 defined at a 99%
sequence similarity. Of the total number of 368 ASVs, 202 were from the
BPF sample, 111 were from the DPH sample, and 55 were from the UR
sample. We found that 99.96% of these were classified as bacteria. These
368 ASVs were assigned to 17 phyla, 28 classes, 53 orders, 94 families,
and 165 genera. Proteobacteria, Firmicutes, Actinobacteria, and

Bacteroidetes were the four of the most predominant phyla with per-
centage frequencies of 57.47%, 33.14%, 6.77%, and 1.90%, respec-
tively. Of all the sequences, 99.28% belonged to these four phyla and the
rest (0.72%), with less than 1%, were classified as others. At the class
level, Gammaproteobacteria (54.74%) was the most abundant followed
by Bacilli (29.80%), Actinobacteria (6.45%), Clostridia (2.96%)
Alphaproteobacteria (2.70%), and Bacteroidia (1.90%). The remaining
classes with less than 1% occurrence were represented as Others
(1.45%) as presented in Fig. 2.

Bacterial genera with percentage occurrence of more than 1% in
P. rugaticeps samples are presented in Fig. 3. Acinetobacter (37.10%) was
the most abundant genus followed by Weissella (15.94%). Other genera
with a high percentage occurrence included Pseudomonas (5.87%),
Enterococcus (3.07%), Bacillus (3.02%), Escherichia-Shigella (2.80%),
Lysinibacillus (2.77%), and Gilliamella (2.13%). All the other remaining
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Fig. 1. Rarefaction curves showing species richness of the microbial communities of P. rugaticeps Emely. Samples BPF (black curve), DPH (blue curve) and UR (green
curve). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. A summary of the bacterial classes identified from P. rugaticeps collected from Administrative area (BPF), Hospitals (DPH) and Residential areas (UR).
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Fig. 3. A pie chart of the top microorganisms at genera from the four (4) of the most abundant bacteria phyla.

genera that had at least 1% occurrence are presented in Fig. 3. All these
genera were from one of the phyla Proteobacteria, Firmicutes, Actino-
bacteria, and Bacteroidetes.

Bacterial Communities Associated with P. rugaticeps Collected from the
Administrative (BPF), Hospitals (DPH), and Residential (UR) Areas

At the phylum level, Proteobacteria had a relative percentage of
49.48% in BPF, 41.40% in DPH, and 81.54% in UR. Firmicutes was the
second most abundant phylum with 35.12%, 50.72%, and 13.58% in
BPF, DPH, and UR, respectively. The phylum, Actinobacteria had 9.32%,
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6.31%, and 4.68% while Bacteroidetes had 4.59%, 0.98%, and 0.13% in
BPF, DPH, and UR, respectively. The remaining phyla, having less than
1% in all the locations, were grouped as Others and had 1.49%, 0.60%,
and 0.07% in BPF, DPH, and UR, respectively.

Gammaproteobacteria, being the most abundant class, had a relative
frequency of 43.79% in BPF, 39.33% in DPH, and 81.11% in UR. This
was followed by the class Bacilli with a relative abundance of 27.54% in
BPF, 48.7% in DPH, and 13.15% in UR. The third most abundant class
was Actinobacteria with a relative frequency of 8.52% in BPF, 6.15% in
DPH, and 4.68% in UR. The relative frequency of the remaining bacte-
rial classes identified from P. rugaticeps are summarized in Fig. 2.
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Of the total of 165 genera, only Acinetobacter and Enterococcus were
shared by all the three groups at a relative frequency of more than 1%
(Fig. 4). Acinetobacter had the highest frequency in the ant samples
collected from the administrative (15.01%) and residential areas
(68.99%). In addition, Acinetobacter was the second most abundant
genera in the sample from the hospital environment (27.29%). While the
genus Enterococcus recorded relative frequencies of 3.03%, 2.32%, and
3.86% in BPF, DPH, and UR, respectively. Weissella (43.25%) had the
highest percentage of the microbial community identified from the
sample collected from the hospital environment. This was also recorded
in the administrative area (BPF) (4.57%). Other genera, such as Pseu-
domonas (13.15% and 4.32%), Escherichia-Shigella (7.34% and 1.07%),
Lactococcus (2.23% and 1.03%), and Corynebacterium 1 (2.88% and
2.36%), were shared only by the administrative (BPF) and hospitals
(DPH) samples, respectively. Glutamicibacter was the only genus shared
by BPF (1.52%) and UR (2.79%). All the other genera were unique to
each location at greater than 1% relative frequency (Fig. 4).

Discussion

This study presents the microbiota of Pheidole ants (P. rugaticeps)
collected from Administrative, Hospital, and Residential areas using
Illumina MiSeq high-throughput sequencing of the bacterial 16S rDNA
gene. A previous study investigated the influence of phylogeny,
geographic locations, and a seed harvesting diet on the bacteria com-
munities of this globally distributed ant genus, Pheidole (Martins and
Moreau, 2020). The study revealed that geographic locations and diets
could influence the bacterial community of Pheidole ants (Martins and
Moreau, 2020). Several other studies investigated the microbial
composition of ants and revealed diet, geography, phylogeny, and spe-
cies as factors influencing the ant microbiome (Anderson et al., 2012;
Kelly et al., 2019; Lanan et al., 2016; Martins and Moreau, 2020; Moreau
and Rubin, 2017; Ramalho et al., 2017a, 2017b; Reeves et al., 2020;
Sanders et al., 2014, 2017). Many bacteria pathogens were identified as
associated with ants collected in hospital environments (Fowler et al.,
1993; dos Lima et al., 2013; Maximo et al., 2014; Oliveira et al., 2017)
and residential areas (Alharbi et al., 2019; Silva et al., 2014; Simothy
et al., 2018).

From the findings of this study, Proteobacteria and Firmicutes were
the most predominant phyla and this is consistent with previous studies
conducted on Pheidole ants (Martins and Moreau, 2020), and the guts of
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other ants (Brown and Wernegreen, 2016; Li et al.,, 2012), the
P. americana gut (Bertino-Grimaldi et al., 2013; Fang et al., 2013), as
well as several other insects (Colman et al., 2012; Esposti and Romero,
2017; Jones et al., 2013; Lim and Ab Majid, 2020; Yun et al., 2014).
Likewise, other findings on the microbiota of cadavers and associated
insects also revealed Proteobacteria and Firmicutes as the two pre-
dominant phyla (Hyde et al., 2017; Pechal and Benbow, 2016). The
predominance of this group of bacteria in Pheidole, ants and other insects
suggests that they are an important part of an ant’s microbiome.

At the genus level, the most prevalent bacteria was Acinetobacter,
with a relative abundance of 37.10%, and this was previously recorded
as the second highest genus in Pheidole ants (Martins and Moreau, 2020).
The genus Acinetobacter has been reported to be widespread in
arthropod microbiota (Esposti and Romero, 2017), in ants (Ishak et al.,
2011; Meirelles et al., 2016), and in other insects (Brucker and Bor-
denstein, 2012; Hussin et al., 2018; Paulson et al., 2014). Acinetobacter is
a highly diverse bacterial genus generally found in wet environments.
The majority are nonpathogenic environmental organisms. However,
Acinetobacter baumannii with a prevalence of 15.39% from the sample
group collected in hospital environments, is a common species that
causes infections, such as bacteremia and nosocomial infections (Wong
et al., 2017). This antibiotic-resistant pathogen (Lopez-Otsoa et al.,
2002; Cisneros and Rodriguez-Bano, 2002), has previously been isolated
from ants collected in hospital (Moreira et al., 2005) and houses
(Alharbi, 2019) using culture dependent techniques.

The genus Weissella was the second most prevalent genus with a
15.94% relative frequency, and was previously identified from ants
(Chua et al., 2018; Fhoula et al., 2018); house flies (Park et al., 2019);
pine weevils (Berasategui et al., 2016); from the gastrointestinal tract,
vagina, and feces of humans (Fusco et al., 2015); other animal feces; soil;
plants; and fermented plant-based foods (Bjorkroth et al., 2002; Fhoula
et al.,, 2018; Lee et al., 2012; Lee, 2005). Some specific strains of Weis-
sella have been studied for use as probiotics, for combatting diseases,
like periodontal disease, and for potential prebiotic activity (Fusco et al.,
2015). Conversely, species, such as W. cibaria, which is the most prev-
alent in the samples we collected in the hospital environments (14.17%)
were previously recognized as a potential source of human opportunistic
infections, like bacteremia and endocarditis (Fusco et al., 2015).

The genus Pseudomonas was another predominant genus identified
with a relative abundance of 5.87%. Though the genus Pseudomonas was
identified as a contaminant in early studies (Salter et al., 2014), it was
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Fig. 4. Composition of bacterial genera (less than1%) in workers of P. rugaticeps from Administrative (BPF), Hospital (DPH) and Residential (UR) Areas.
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identified as part of the microbiome in a recent study on Pheidole ants
(Martins and Moreau, 2020) that involved negative control. A study on
the microbiome of animal carcasses revealed Pseudomonas was the
dominant bacterial community (Hyde et al., 2017). The study further
hinted at the possibility of interaction between insects and cadaver
microbiomes. The Pheidole ants used in this study were observed and
collected scavenging on cadavers of other cockroaches and other insects.
Previously, Pseudomonas were thoroughly represented as a highly
abundant part of the community metagenomes of ants and beetles
(Aylward et al., 2014). However, the presence or absence of Pseudo-
monas in the microbiome of ants, and in particular those that scavenge
on other insects, will remain open to future studies that involve the use
of the Decontam package (https://github.com/benjjneb/decontam)
(Davis et al., 2018) to illuminate contaminants using a negative control.

Along with Bacillus, Pseudomonas was also reported from the guts of
gypsy moth caterpillars with bacterial communities that are highly
dependent on their diet (Broderick et al., 2004). Bacillus is another genus
identified from the Pheidole samples with a relative frequency of 6%. The
genus Bacillus has been isolated from dried human feces (Hoyles et al.,
2012).

The genera Escherichia-Shigella and Lysinibacillus have relative fre-
quencies of 2.80% and 2.77%, respectively. The genus Escherichia-
Shigella was identified in a relatively high abundance in potato tuber
moths (Zheng et al., 2020), in the feces of animals (Flannigan et al.,
2018), and the feces of patients of kidney diseases (Hu et al., 2020). The
genus Escherichia-Shigella was suggested to play a potential role as a
biomarker for kidney illness (Hu et al., 2020). Escherichia-Shigella is
correlated with classical renal damage markers (Hu et al., 2020). The
genus Lysinibacillus, was also isolated from the guts of Anopheles albi-
manus larvae (Galeano-Castaneda et al., 2019) and dried human feces
(Hoyles et al., 2012).

Other genera identified from the samples were Staphylococcus,
Enterococcus, and Gilliamella. All these genera are commonly associated
with insects, animals, and human surroundings. Staphylococcus and
Enterococcus were recently reported in Pheidole ants (Martins and Mor-
eau, 2020; Silva et al., 2014). Enterococcus together with Gilliamella were
also identified in Apis mellifera (Engel et al., 2012), and they function in
digestion and protection against parasites (Engel et al., 2012; Koch and
Schmid-Hempel, 2011b; Martinson et al., 2011). Enterococcus is possibly
an important part of the microbial community of Pheidole as it has been
isolated from all ant samples collected from different locations in this
study and previous studies (Martins and Moreau, 2020; Silva et al.,
2014). Similarly, Staphylococcus has also been reported from the guts of
Acromyrmex echinatior workers ants (Zhukova et al., 2017), house flies
(Park et al., 2019) and termite spp. (Eutick et al., 1978).

Shimwellia is bacteria genus that had a relative frequency of 1.34%.
This bacteria genus was previously isolated from the hind-gut of cock-
roaches (Brzuszkiewicz et al., 2012), as well as moths and beetles
(Ignasiak and Maxwell, 2017). Shimwellia blattae DSM 4481 = NBRC is a
bacterium that was first isolated from the hindgut of cockroaches and
was also identified in our samples.

Though it is difficult to make conclusions from a sample size of three,
the findings of this study and other related studies suggest that Acine-
tobacter and Enterococcus might be vital parts of the microbiota of
Pheidole. This study has some limitations, which include the lack of a
negative control and the absence of the Decontam platform to eliminate
possible contaminants from the extraction kits and reagents. However,
the study was conducted under sterile conditions and analyzed using the
qiime2/dada2 platform, which reduced the impurities to the barest
minimum. Therefore, studies with larger biological replicates and
negative controls are recommended to complement our results.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence

181

Journal of Asia-Pacific Entomology 24 (2021) 176-183
the work reported in this paper.
Acknowledgement

This research was funded under the Universiti Sains Malaysia (USM)
Bridging Fund (304/PBIOLOGI/6316510)

References

Alharbi, J.S., Alawadhi, Q., Leather, S.R., 2019. Monomorium ant is a carrier for
pathogenic and potentially pathogenic bacteria. BMC Res. Notes 12 (1), 1-5. https://
doi.org/10.1186/513104-019-4266-4.

Anderson, K.E., Russell, J.A., Moreau, C.S., Kautz, S., Sullam, K.E., Hu, Y., Basinger, U.,
Mott, B.M., Buck, N., Wheeler, D.E., 2012. Highly similar microbial communities are
shared among related and trophically similar ant species. Molecular Ecology 21 (9),
2282-2296. https://doi.org/10.1111/j.1365-294X.2011.05464.

AntWeb (2020) AntWeb.org, Available from: https://www.antweb.org/description.do?
subfamily=myrmicinae&genus=pheidole&species=rugaticeps&rank=species&cou
ntryName=Nigeria (Accessed 24 November 2020).

Aylward, F.O., Suen, G., Biedermann, P.H.W., Adams, A.S., Scott, J.J., Malfatti, S.A.,
Currie, C.R., 2014. Convergent bacterial microbiotas in the fungal agricultural
systems of insects. MBio 5 (6), 1-10. https://doi.org/10.1128/mBio.02077-14.

Berasategui, A., Axelsson, K., Nordlander, G., Schmidt, A., Borg-Karlson, A.K.,
Gershenzon, J., Kaltenpoth, M., 2016. The gut microbiota of the pine weevil is
similar across Europe and resembles that of other conifer-feeding beetles. Mol. Ecol.
25 (16), 4014-4031. https://doi.org/10.1111/mec.13702.

Bertino-Grimaldi, D., Medeiros, M.N., Vieira, R.P., Cardoso, A.M., Turque, A.S.,
Silveira, C.B., Machado, E.A., 2013. Bacterial community composition shifts in the
gut of Periplaneta americana fed on different lignocellulosic materials. SpringerPlus
2 (1), 1-11. https://doi.org/10.1186/2193-1801-2-609.

Birer, C., Tysklind, N., Zinger, L., Duplais, C., 2017. Comparative analysis of DNA
extraction methods to study the body surface microbiota of insects: A case study with
ant cuticular bacteria. Mol. Ecol. Resour. 17 (6), e34-e45. https://doi.org/10.1111/
1755-0998.12688.

Bjorkroth, K.J., Schillinger, U., Geisen, R., et al., 2002. Taxonomic study of Weissella
confusa and description of Weissella cibaria sp. nov., detected in food and clinical
samples. Int. J. System. Evolution. Microbiol. 52 (1), 141-148.

Bokulich, N.A., Kaehler, B.D., Rideout, J.R., et al., 2018. Optimizing taxonomic
classification of marker-gene amplicon sequences with QIIME 2’s q2-feature-
classifier plugin. Microbiome 6, 90. https://doi.org/10.1186/540168-018-0470-z.

Bolton B. (2018). An online catalog of the ants of the world. Available at http:// antcat.
org (accessed on 10 August 2018).

Bolyen, E., Rideout, J.R., Dillon, M.R., Bokulich, N.A., Abnet, C.C., Al-Ghalith, G.A.,
Alexander, H., Alm, E.J., Arumugam, M., Asnicar, F., Bai, Y., Bisanz, J.E.,
Bittinger, K., Brejnrod, A., Brislawn, C.J., Brown, C.T., Callahan, B.J., Caraballo-
Rodriguez, A.M., Chase, J., Cope, E.K., Da Silva, R., Diener, C., Dorrestein, P.C.,
Douglas, G.M., Durall, D.M., Duvallet, C., Edwardson, C.F., Ernst, M., Estaki, M.,
Fouquier, J., Gauglitz, J.M., Gibbons, S.M., Gibson, D.L., Gonzalez, A., Gorlick, K.,
Guo, J., Hillmann, B., Holmes, S., Holste, H., Huttenhower, C., Huttley, G.A.,
Janssen, S., Jarmusch, A K., Jiang, L., Kaehler, B.D., Kang, K.B., Keefe, C.R., Keim, P.,
Kelley, S.T., Knights, D., Koester, I., Kosciolek, T., Kreps, J., Langille, M.G.1., Lee, J.,
Ley, R., Liu, Y.X., Loftfield, E., Lozupone, C., Maher, M., Marotz, C., Martin, B.D.,
McDonald, D., Mclver, L.J., Melnik, A.V., Metcalf, J.L., Morgan, S.C., Morton, J.T.,
Naimey, A.T., Navas-Molina, J.A., Nothias, L.F., Orchanian, S.B., Pearson, T.,
Peoples, S.L., Petras, D., Preuss, M.L., Pruesse, E., Rasmussen, L.B., Rivers, A.,
Robeson, M.S., Rosenthal, P., Segata, N., Shaffer, M., Shiffer, A., Sinha, R., Song, S.J.,
Spear, J.R., Swafford, A.D., Thompson, L.R., Torres, P.J., Trinh, P., Tripathi, A.,
Turnbaugh, P.J., Ul-Hasan, S., van der Hooft, J.J.J., Vargas, F., Vazquez-Baeza, Y.,
Vogtmann, E., von Hippel, M., Walters, W., Wan, Y., Wang, M., Warren, J., Weber, K.
C., Williamson, C.H.D., Willis, A.D., Xu, Z.Z., Zaneveld, J.R., Zhang, Y., Zhu, Q.,
Knight, R., Caporaso, J.G., 2019. Reproducible, interactive, scalable and extensible
microbiome data science using QIIME 2. Nat. Biotechnol. 37, 852-857. https://doi.
org/10.1038/541587-019-0209-9.

Boursaux-Eude, C., Gross, R., 2000. New insights symbiotic associations between ants
and bacteria. Res. Microbiol. 519, 513-519.

Broderick, N.A., Raffa, K.F., Goodman, R.M., Handelsman, J., 2004. Census of the
bacterial community of the gypsy moth larval midgut by using culturing and culture-
independent methods. Appl. Environ. Microbiol. 170, 293-300.

Brown, B.P., Wernegreen, J.J., 2016. Deep divergence and rapid evolutionary rates in gut
associated Acetobacteraceae of ants. BMC Microbiol. 16, 140. https://doi.org/
10.1186/512866-016-0721-8.

Brucker, R.M., Bordenstein, S.R., 2012. The roles of host evolutionary relationships
(genus: Nasonia) and development in structuring microbial communities. Evolution:
Int. J. Organic Evol. 66 (2), 349-362.

Brzuszkiewicz, E., Waschkowitz, T., Wiezer, A., Daniel, R., 2012. Complete genome
sequences of the B12-producing Shimwellia blattae strain DSM 4481, isolated from a
cockroach, 4436-4436 J. Bacteriol. 194 (16). https://doi.org/10.1128/JB.00829-12.

Callahan, B.J., McMurdie, P.J., Rosen, M.J., Han, A.W., Johnson, A.J.A., Holmes, S.P.,
2016. DADAZ2: high-resolution sample inference from Illumina amplicon data. Nat.
Methods 13, 581-583. https://doi.org/10.1038/nmeth.3869.

Campos, R.B.F,, Silva, C.G., 2010. Formigas (Hymenoptera: Formicidae) urbanas em um
hospital no municipio de Luz, Estado de Minas Gerais. Acta Scientiarum: Health
Sciences 32, 29-34.


https://github.com/benjjneb/decontam
https://doi.org/10.1186/s13104-019-4266-4
https://doi.org/10.1186/s13104-019-4266-4
https://doi.org/10.1111/j.1365-294X.2011.05464
https://www.antweb.org/description.do%3fsubfamily%3dmyrmicinae%26genus%3dpheidole%26species%3drugaticeps%26rank%3dspecies%26countryName%3dNigeria
https://www.antweb.org/description.do%3fsubfamily%3dmyrmicinae%26genus%3dpheidole%26species%3drugaticeps%26rank%3dspecies%26countryName%3dNigeria
https://www.antweb.org/description.do%3fsubfamily%3dmyrmicinae%26genus%3dpheidole%26species%3drugaticeps%26rank%3dspecies%26countryName%3dNigeria
https://doi.org/10.1128/mBio.02077-14
https://doi.org/10.1111/mec.13702
https://doi.org/10.1186/2193-1801-2-609
https://doi.org/10.1111/1755-0998.12688
https://doi.org/10.1111/1755-0998.12688
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0045
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0045
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0045
https://doi.org/10.1186/s40168-018-0470-z
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1038/s41587-019-0209-9
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0065
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0065
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0070
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0070
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0070
https://doi.org/10.1186/s12866-016-0721-8
https://doi.org/10.1186/s12866-016-0721-8
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0080
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0080
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0080
https://doi.org/10.1128/JB.00829-12
https://doi.org/10.1038/nmeth.3869
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0095
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0095
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0095

M.A. Ashigar and A.H. Ab Majid

Chua, K.O., Song, S.L., Yong, H., Sen, See-Too, W.S., Yin, W.F., Chan, K.G., 2018.
Microbial Community Composition Reveals Spatial Variation and Distinctive Core
Microbiome of the Weaver Ant Oecophylla smaragdina in Malaysia. Sci. Rep. 8 (1),
1-11. https://doi.org/10.1038/541598-018-29159-2.

Cisneros, J.M., Rodriguez-Bano, J., 2002. Nosocomial bacteremia due to Acinetobacter
baumannii: epidemiology, clinical features and treatment. Clin. Microbiol. Inf. 8
(11), 687-693.

Colman, D.R., Toolson, E.C., Takacs-Vesbach, C.D., 2012. Do diet and taxonomy
influence insect gut bacterial communities? Mol. Ecol. 21, 5124-5137.

Cruz, T.M., Vasconcelos, S.D., 2006. Entomofauna de solo associada & decomposicao de
carcaca de suino em um fragmento de Mata Atlantica de Pernambuco. Brasil.
Biociéncias. 14, 193-201.

Currie, C.R., Scott, J.A., Summerbell, R.C., Malloch, D., 1999. Fungus-growing ants use
antibiotic-producing bacteria to control garden pests. Nature 398, 701-704.

Davis, N.M., Proctor, D.M., Holmes, S.P., Relman, D.A., Callahan, B.J., 2018. Simple
statistical identification and removal of contaminant sequences in marker-gene and
metagenomics data. Microbiome 6 (1), 226.

de Zarzuela, M.F.M., de C. Campos-Farinha, A.E., Pecanha, M.P., 2005. Evaluation of
urban ants (Hymenoptera: Formicidae) as carriers of pathogens in residential and
industrial environments: I. Bacteria. Sociobiology 45 (1), 9-14.

Dejean, A., Moreau, C.S., Uzac, P., Le Breton, J., Kenne, M., 2007. The predatory
behavior of Pheidole megacephala. C.R. Biol. 330 (9), 701-709. https://doi.org/
10.1016/j.crvi.2007.06.005.

dos Lima, W.R.S., Marques, S.G., Rodrigues, F.S., Rebélo, J.M.M., 2013. Ants in a hospital
environment and their potential as mechanical bacterial vectors. Rev. Soc. Brasileira
Med. Tropical 46 (5), 637-640. https://doi.org/10.1590/0037-8682-1607-2013.

Engel, P., Martinson, V.G., Moran, N.A., 2012. Functional diversity within the simple gut
microbiota of the honeybee. PNAS 109, 11002-11007.

Esposti, M.D., Romero, E.M., 2017. The functional microbiome of arthropods. PLoS ONE
12, 1-26.

Eutick, M.L., O’Brien, R.W., Slaytor, M., 1978. Bacteria from the gut of Australian
Termites. Appl. Environ. Microbiol. 35, 823-828.

Fang, W., Fang, Z., Liu, Z., Yuan, J., Zhang, X., Peng, H., Hong, Y., Xiao, Y., 2013.
Phylogenetic analysis of bacterial community in the gut of American cockroach
(Periplaneta americana). Acta Microbiol. Sin. 53, 984-994.

Feldhaar, H., 2011. Bacterial symbionts as mediators of ecologically important traits of
insect hosts. Ecol. Entomol. 36, 533-543.

Feldhaar, H., Straka, J., Krischke, M., Berthold, K., Stoll, S., Mueller, M.J., Gross, R.,
2007. Nutritional upgrading for omnivorous carpenter ants by the endosymbiont
Blochmannia. BMC Biol. 5, 48. https://doi.org/10.1186/1741-7007-5-48.

Fhoula, I, Rehaiem, A., Najjari, A., Usai, D., Boudabous, A., Sechi, L. A., & Hadda-Imene,
0. (2018). Functional Probiotic Assessment and in Vivo Cholesterol-Lowering
Efficacy of Weissella sp. Associated with Arid Lands Living-Hosts. BioMed. Res. Int.,
2018.Doi: 10.1155/2018/1654151.

Flannigan, K.L., Taylor, M.R., Pereira, S.K., et al., 2018. An intact microbiota is required
for the gastrointestinal toxicity of the immunosuppressant mycophenolate mofetil.
J. Heart Lung Transplant. 37 (9), 1047-1059.

Fowler, H.G., 1994. Relative representation of Pheidole (Hymenoptera: Formicidae) in
local ground ant assemblages of the Americas. Anales de Biologia 19, 29-37.

Fowler, H.G., Bernardi, O.C., Sadatsube, T., Montelli, A.C., 1993. Ants as potencial
vectors of pathogens in Brazil hospitals in the State of Sao Paulo, Brazil. Insect Sci.
Appl. 14, 367-370.

Fowler, H.G., Forti, L.C., Brandao, C.R.F., Delabie, J.H.C., Vasconcelos, H.L., 1991.
Nutritional ecology of ants. Nutritional ecology of insects and its implications in pest
management. Manole, Sao Paulo, SP, Brazil. (in Portuguese), 131-209.

Fusco, V., Quero, G.M., Cho, G.S., Kabisch, J., Meske, D., Neve, H., Franz, C.M.A.P.,
2015. The genus Weissella: Taxonomy, ecology and biotechnological potential.
Front. Microbiol. 6 https://doi.org/10.3389/fmicb.2015.00155.

Galeano-Castaneda, Y., Urrea-Aguirre, P., Piedrahita, S., Bascunan, P., Correa, M.M.,
2019. Composition and structure of the culturable gut bacterial communities in
Anopheles albimanus from Colombia. PLoS ONE 14 (12), 1-18. https://doi.org/
10.1371/journal.pone.0225833.

Hoyles, L., Honda, H., Logan, N.A., Halket, G., La Ragione, R.M., McCartney, A.L., 2012.
Recognition of greater diversity of Bacillus species and related bacteria in human
faeces. Res. Microbiol. 163 (1), 3-13. https://doi.org/10.1016/j.
resmic.2011.10.004.

Hu, X., Du, J., Xie, Y., Huang, Q., Xiao, Y., Chen, J., Ouyang, S., 2020. Fecal microbiota
characteristics of Chinese patients with primary IgA nephropathy: A cross-sectional
study. BMC Nephrology 21 (1), 1-12. https://doi.org/10.1186/512882-020-01741-
9.

Hu Y., Holway D. A, Lukasik P., Chau L., Kay A. D., LeBrun E. G., Miller K. A., Sanders J.
G., Suarez A. V., Russell J. A. (2017). By their own devices: invasive Argentine ants
have shifted diet without clear aid from symbiotic microbes. Mol. Ecol. 26, 1608-
1630 DOI 10.1111/mec.13991.

Hu, Y., Lukasik, P., Moreau, C.S., Russell, J.A., 2014. Correlates of gut community
composition across an ant species (Cephalotes varians) elucidate causes and
consequences of symbiotic variability. Mol. Ecol. 23, 1284-1300. https://doi.org/
10.1111/mec.12607.

Hu, Y., Sanders, J.G., Lukasik, P., D’Amelio, C.L., Millar, J.S., Vann, D.R., Lan, Y.,
Newton, J.A., Schotanus, M., Kronauer, D.J.C., Pierce, N.E., Moreau, C.S., Wertz, J.
T., Engel, P., Russell, J.A., 2018. Herbivorous turtle ants obtain essential nutrients
from a conserved nitrogen-recycling gut microbiome. Nat. Commun. 9, 964. https://
doi.org/10.1038/541467-018-03357-y.

Hugenbholtz, P., Goebel, B.M., Pace, N.R., 1998. Impact of culture-independent studies on
the emerging phylogenetic view of bacterial diversity. J. Bacteriol. 180 (18),
4765-4774.

182

Journal of Asia-Pacific Entomology 24 (2021) 176-183

Hughes, D.E., Kassim, 0.0., Gregory, J., Stupart, M., Austin, L., Duffield, R., 1989.
Spectrum of bacterial pathogens transmitted by Pharaoh’s ants. Lab. Anim. Sci. 39
(2), 167-168.

Hussin, N.A., Zarkasi, K.Z., Ab Majid, A.H., 2018. Characterization of gut bacterial
community associated with worker and soldier castes of Globitermes sulphureus
Haviland (Blattodea: Termitidae) using 16S rRNA metagenomic. J. Asia-Pac.
Entomol. 21 (4), 1268-1274.

Hyde, E. R., Metcalf, J. L., Bucheli, S. R., Lynne, A. M., & Knight, R. (2017). Microbial
communities associated with decomposing corpses. In D. O. Carter, J. K. Tomberlin,
M. E. Benbow, & J. L. Metcalf (Eds.), Forensic Microbiology (First Edit, pp.
245-273). https://doi.org/10.1002/9781119062585.ch10.

Ignasiak, K., Maxwell, A., 2017. Antibiotic-resistant bacteria in the guts of insects feeding
on plants: prospects for discovering plant-derived antibiotics. BMC Microbiol. 17,
223.

Ishak, H.D., Plowes, R., Sen, R., Kellner, K., Meyer, E., Estrada, D.A., Dowd, S.E.,
Mueller, U.G., 2011. Bacterial diversity in Solenopsis invicta and Solenopsis geminata
ant colonies characterized by 16S amplicon 454 pyrosequencing. Microb. Ecol. 61,
821-831. https://doi.org/10.1007/s00248-010-9793-4.

Jackson, C.R., Randolph, K.C., Osborn, S.L., Tyler, H.L., 2013. Culture dependent and
independent analysis of bacterial communities associated with commercial salad leaf
vegetables. BMC Microbiol. 13 (1), 1-12. https://doi.org/10.1186/1471-2180-13-
274.

Jones, R.T., Sanchez, L.G., Fierer, N., 2013. A cross-taxon analysis of insect-associated
bacterial diversity. PLoS ONE 8, 1-10.

Kelly, M., Price, S.L., de Oliveira Ramalho, M., Moreau, C.S., 2019. Diversity of
Wolbachia associated with the giant turtle ant, Cephalotes atratus. Curr. Microbiol.
76 (11), 1330-1337.

Kingan, S.B., Heaton, H., Cudini, J., Lambert, C.C., Baybayan, P., Galvin, B.D.,
Lawniczak, M.K.N., 2019. A High-Quality De novo Genome Assembly from a Single
Mosquito Using PacBio Sequencing. Genes 10 (64). https://doi.org/10.3390/
genes10010062.

Koch, H., Schmid-Hempel, P., 2011. Socially transmitted gut microbiota protect bumble
bees against an intestinal parasite. Proceed. Natl. Acad. Sci. U.S.A. 108,
19288-19292.

Lanan, M.C., Rodrigues, P.A.P., Agellon, A., Jansma, P., Wheeler, D.E., 2016. A bacterial
filter protects and structures the gut microbiome of an insect. ISME J. 10,
1866-1876. https://doi.org/10.1038/ismej.2015.264.

Lee, Y., 2005. Characterization of Weissella kimchii PL9023 as a potential probiotic for
women. FEMS Microbiol. Lett. 250, 157-162.

Lee, K.W., Park, J.Y., Jeong, H.R., Heo, H.J., Han, N.S., Kim, J.H., 2012. Probiotic
properties of Weissella strains isolated from human faeces. Anaerobe 18, 96-102.

Li, X., Nan, X., Wei, C., et al., 2012. The Gut Bacteria Associated with Camponotus
Jjaponicus Mayr with Culture-Dependent and DGGE Methods. Curr. Microbiol. 65,
610-616.

Lim, L., & Ab Majid, A. H. (2020). Metagenomic 16S rDNA amplicon data of microbial
diversity of guts of fully fed tropical bed bugs, Cimex hemipterus (F.)(Hemiptera:
Cimicidae). Data in Brief, 30.

Longino, J.T., 2009. Additions to the taxonomy of New World Pheidole (Hymenoptera:
Formicidae). Zootaxa 2181 (2181), 1-90. https://doi.org/10.11646/
zootaxa.2181.1.1.

Lopez-Otsoa, F., Gallego, L., Towner, K.J., Tysall, L., Woodford, N., Livermore, D.M.,
2002. Endemic carbapenem resistance associated with OXA-40 carbapenemase
among Acinetobacter baumannii isolates from a hospital in northern Spain. J. Clin.
Microbiol. 40 (12), 4741-4743.

Martins, C., Moreau, C.S., 2020. Influence of host phylogeny, geographical location and
seed harvesting diet on the bacterial community of globally distributed Pheidole ants.
PeerJ 2020 (2), 1-23. https://doi.org/10.7717 /peerj.8492.

Martinson, V.G., Danforth, B.N., Minckley, R.L., Rueppell, O., Tingek, S., Moran, N.A.,
2011. A simple and distinctive microbiota associated with honeybees and bumble
bees. Mol. Ecol. 20, 619-628.

Maximo, H.J., Felizatti, H.L., Ceccato, M., Cintra-socolowski, P., Laura, A., Beretta, R.Z.,
2014. Ants as vectors of pathogenic microorganisms in a hospital in Sao Paulo
county, Brazil. BMC Research Notes 7 (554), 1-5.

Meirelles, L.A., McFrederick, Q.S., Rodrigues, A., Mantovani, J.D., de Melo
Rodovalho, C., Ferreira, H., Mueller, U.G., 2016. Bacterial microbiomes from
vertically transmitted fungal inocula of the leaf-cutting ant Atta texana. Environ.
Microbiol. Rep. 8 (5), 630-640.

Monteiro-Filho, E.L.A., Penereiro, J.L., 1987. Estudo de decomposicao e sucessao sobre
uma carcaca animal numa area do estado de Sao Paulo, Brasil. Rev. Bras. Biol. 47,
289-295.

Moreau, C.S., 2014. A practical guide to DNA extraction, PCR, and gene-based DNA
sequencing in insects. Halteres 5, 32-42.

Moreau C. S., & Rubin, B. E. R. (2017). Diversity and Persistence of the Gut Microbiome
of the Giant Neotropical Bullet Ant, Integrative and Comparative Biology, Volume
57, Issue 4, October, Pages 682-689, https://doi.org/10.1093/icb/icx037.

Oliveira, Rafaela Machado, Sousa, B., Ferreira de, L., Chala Soares, R., César
Nascimento, T., Silva Madureira, M., Luiz Fortuna, J., 2017. Ants as Vectors of
Bacteria in Hospital Environments. J. Microbiol. Res. 7 (1), 1-7. https://doi.org/
10.5923/j.microbiology.20170701.01.

Pace, N.R., 1997. A molecular view of microbial diversity and the biosphere. Science 276
(5313), 734-740.

Park, R., Dzialo, M.C., Spaepen, S., Nsabimana, D., Gielens, K., Devriese, H.,
Verstrepen, K.J., 2019. Microbial communities of the house fly Musca domestica
vary with geographical location and habitat. Microbiome 7 (1), 1-12. https://doi.
org/10.1186/540168-019-0748-9.


https://doi.org/10.1038/s41598-018-29159-2
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0105
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0105
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0105
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0110
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0110
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0115
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0115
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0115
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0120
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0120
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0125
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0125
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0125
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0130
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0130
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0130
https://doi.org/10.1016/j.crvi.2007.06.005
https://doi.org/10.1016/j.crvi.2007.06.005
https://doi.org/10.1590/0037-8682-1607-2013
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0150
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0150
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0160
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0160
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0165
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0165
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0170
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0170
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0170
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0175
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0175
https://doi.org/10.1186/1741-7007-5-48
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0190
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0190
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0190
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0195
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0195
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0200
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0200
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0200
https://doi.org/10.3389/fmicb.2015.00155
https://doi.org/10.1371/journal.pone.0225833
https://doi.org/10.1371/journal.pone.0225833
https://doi.org/10.1016/j.resmic.2011.10.004
https://doi.org/10.1016/j.resmic.2011.10.004
https://doi.org/10.1186/s12882-020-01741-9
https://doi.org/10.1186/s12882-020-01741-9
https://doi.org/10.1111/mec.12607
https://doi.org/10.1111/mec.12607
https://doi.org/10.1038/s41467-018-03357-y
https://doi.org/10.1038/s41467-018-03357-y
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0245
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0245
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0245
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0250
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0250
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0250
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0255
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0255
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0255
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0255
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0265
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0265
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0265
https://doi.org/10.1007/s00248-010-9793-4
https://doi.org/10.1186/1471-2180-13-274
https://doi.org/10.1186/1471-2180-13-274
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0280
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0280
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0285
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0285
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0285
https://doi.org/10.3390/genes10010062
https://doi.org/10.3390/genes10010062
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0295
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0295
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0295
https://doi.org/10.1038/ismej.2015.264
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0305
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0305
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0310
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0310
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0315
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0315
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0315
https://doi.org/10.11646/zootaxa.2181.1.1
https://doi.org/10.11646/zootaxa.2181.1.1
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0330
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0330
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0330
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0330
https://doi.org/10.7717/peerj.8492
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0340
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0340
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0340
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0345
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0345
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0345
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0350
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0350
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0350
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0350
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0355
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0355
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0355
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0360
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0360
https://doi.org/10.5923/j.microbiology.20170701.01
https://doi.org/10.5923/j.microbiology.20170701.01
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0375
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0375
https://doi.org/10.1186/s40168-019-0748-9
https://doi.org/10.1186/s40168-019-0748-9

M.A. Ashigar and A.H. Ab Majid

Paulson, A.R., von Aderkas, P., Perlman, S.J., 2014. Bacterial associates of seed-parasitic
wasps (Hymenoptera: Megastigmus). BMC Microbiol. 14 (1), 224.

Pechal, J.L., Benbow, M.E., 2016. Microbial ecology of the salmon necrobiome: evidence
salmon carrion decomposition influences aquatic and terrestrial insect microbiomes.
Environ. Microbiol. 18 (5), 1511-1522.

Quast, C., Pruesse, E., Yilmaz, P., Gerken, J., Schweer, T., Yarza, P., Peplies, J.,
Glockner, F.O., 2013. The SILVA ribosomal RNA gene database project: improved
data processing and web-based tools. Nucl. Acids Res. 41 (D1), D590-D596.

Ramalho, M.O., Bueno, O.C., Moreau, C.S., 2017a. Species-specific signatures of the
microbiome from Camponotus and Colobopsis ants across developmental stages.
PLoS ONE 12 (11), 1-22. https://doi.org/10.1371/journal.pone.0187461.

Ramalho, M.O., Bueno, O.C., Moreau, C.S., 2017b. Microbial composition ofspiny ants
(Hymenoptera: Formicidae: Polyrhachis) across their geographic range. BMC Evol.
Biol. 17. https://doi.org/10.1186/512862-017-0945-8.

Reeves, D.D., Price, S.L., Ramalho, M.O., Moreau, C.S., 2020. The diversity and
distribution of Wolbachia, Rhizobiales, and Ophiocordyceps within the widespread
neotropical turtle ant, cephalotes atratus (Hymenoptera: Formicidae). Neotrop.
Entomol. 49 (1), 52-60.

Rognes, T., Flouri, T., Nichols, B., Quince, C., Mahé, F., 2016. VSEARCH: a versatile open
source tool for metagenomics. PeerJ 4, e2584. https://doi.org/10.7717/peerj.2584.

Rubin, B.E.R., Sanders, J.G., Hampton-Marcell, J., Owens, S.M., Gilbert, J.A., Moreau, C.
S., 2014. DNA extraction protocols cause differences in 16S rRNA amplicon
sequencing efficiency but not in community profile composition or structure.
Microbiology Open. 3, 910-921. https://doi.org/10.1002/mbo3.216.

Russell, J.A., Sanders, J.G., Moreau, C.S., 2017. Hotspots for symbiosis: function,
evolution, and specificity of ant-microbe associations from trunk to tips of the ant
phylogeny (Hymenoptera: Formicidae). Myrmecological News 24, 43-69. https://
doi.org/10.1128/AEM.01336-10.

Salter, S.J., Cox, M.J., Turek, E.M., Calus, S.T., Cookson, W.O., Moffatt, M.F., Walker, A.
W., 2014. Reagent and laboratory contamination can critically impact sequence-
based microbiome analyses. BMC Biol. 12 (1), 87.

Sanders J. G., Lukasik P., Frederickson M. E., Russell J. A., Knight R., Pierce N. E.
(2017a). Diet and habitat in rainforest ants. bioRxiv 5.

Sanders, J.G., Powell, S., Kronauer, D.J., Vasconcelos, H.L., Frederickson, M.E., Pierce, N.
E., 2014. Stability and phylogenetic correlation in gut microbiota: lessons from ants
and apes. Mol. Ecol. 23 (6), 1268-1283.

Sanders, J.G., Lukasik, P., Frederickson, M.E., Russell, J.A., Koga, R., Knight, R.,
Pierce, N.E., 2017b. Dramatic differences in gut bacterial densities correlate with
diet and habitat in rainforest ants. Integr. Comp. Biol. 57, 705-722. https://doi.org/
10.1093/icb/icx088.

Santos, P.F., Fonseca, A.R., Sanches, N.M., 2009. Formigas (Hymenoptera: Formicidae)
como vetores de bactérias em dois hospitais do municipio de Divinépolis, Estado de
Minas Gerais. Rev. Soc. Bras. Med. Trop. 42 (5), 565-569.

Silva, N.C., Paiva, M.M., Pesquero, M.A., Carneiro, L.C., 2014. Assessment of ants as
bacterial vector in houses. Afr. J. Microbiol. Res. 8 (13), 1413-1418. https://doi.
org/10.5897/AJMR2013.6430.

183

Journal of Asia-Pacific Entomology 24 (2021) 176-183

Simothy, L., Mahomoodally, F., Neetoo, H., 2018. A study on the potential of ants to act
as vectors of foodborne pathogens. AIMS Microbiology 4 (2), 319-333. https://doi.
org/10.3934/microbiol.2018.2.319.

Taylor, B., 2012. The Ants of Africa, Genus Pheidole, Pheidole rugaticeps Emery. Retrieved
from. http://antsofafrica.org/ant_species_2012/pheidole/pheidole_rugaticeps/phei
dole_rugaticeps.htm.

Thomson, F.J., Auld, T.D., Ramp, D., Kingsford, R.T., 2016. A switch in keystone
seeddispersing ant genera between two elevations for a myrmecochorous plant,
acacia terminalis. PLoS ONE 11, 1-14. https://doi.org/10.1371/journal.
pone.0157632.

Ward, P.S., 2000. Broad-scale patterns of diversity in leaf-litter ant communities. In:
Agosti, D., Majer, J.D., Alonso, L.E., Schultz, T.R. (Eds.), Ants. Standard methods for
measuring and monitoring biodiversity. Smithsonian Institution Press, Washington,
USA, pp. 99-121.

Watson, E.J., Carlton, C.E., 2005. Insect succession and decomposition of wildlife
carcasses during fall and winter in Louisiana. J. Med. Entomol. 42, 193-203.

Wilson, E.O., 1976. Which are the most prevalent ant genera? Studia entomologica 19,
187-200.

Wilson, E.O., 2003. Pheidole in the new world: a dominant, hyperdiverse ant genus.
Harvard University Press, Cambridge, Massachusetts.

Wong, D., Nielsen, T.B., Bonomo, R.A., Pantapalangkoor, P., Luna, B., Spellberg, B.,
2017. Clinical and pathophysiological overview of Acinetobacter infections: A
century of challenges. Clin. Microbiol. Rev. 30 (1), 409-447. https://doi.org/
10.1128/CMR.00058-16.

Yun J. H, Roh S. W., Whon T. W., Jung M. J., Kim M. S., Park D. S., Yoon C., Do Nam Y.,
Kim Y. J., Choi J. H..... (2014). Insect gut bacterial diversity determined by
environmental habitat, diet, developmental stage, and phylogeny of host. Appl.
Environ. Microbiol. 80, 5254-5264.

Zarzuela, M.F.M., Ribeiro, M.C.C., Campos-Farinha, A.E.C., 2002. Distribuicao de
formigas urbanas em um hospital da Regiao Sudeste do Brasil. Arquivos do Instituto
Bioldgico 69, 85-87.

Zhang, Z., Jiao, S., Li, X., & Li, M. (2018). Bacterial and fungal gut communities of
Agrilus mali at different developmental stages and fed different diets. (October),
1-11. https://doi.org/10.1038/541598-018-34127-x.

Zheng, Y., Xiao, G., Zhou, W., Gao, Y., Li, Z., Du, G., Chen, B., 2020. Midgut microbiota
diversity of potato tuber moth associated with potato tissue consumed. BMC
Microbiol. 20 (1), 58. https://doi.org/10.1186/512866-020-01740-8.

Zhukova, M., Sapountzis, P., Schigtt, M., Boomsma, J.J., 2017. Diversity and
transmission of gut bacteria in Atta and Acromyrmex leaf-cutting ants during
development. Front. Microbiol. 8, 1-14.

Zientz, E., Feldhaar, H., Stoll, S., Gross, R., 2005. Insights into the microbial world
associated with ants. Arch. Microbiol. 184, 199-206. https://doi.org/10.1007/
500203-005-0041-0.

Zurek, L., Gorham, J.R., 2008. Insects as vectors of foodborne pathogens. In: Voeller, J.G.
(Ed.), Handbook of Science and Technology for Homeland Security. John Wiley and
Sons, Hoboken, New Jersey, pp. 1-16.


http://refhub.elsevier.com/S1226-8615(20)30764-0/h0385
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0385
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0390
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0390
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0390
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0395
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0395
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0395
https://doi.org/10.1371/journal.pone.0187461
https://doi.org/10.1186/s12862-017-0945-8
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0410
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0410
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0410
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0410
https://doi.org/10.7717/peerj.2584
https://doi.org/10.1002/mbo3.216
https://doi.org/10.1128/AEM.01336-10
https://doi.org/10.1128/AEM.01336-10
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0430
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0430
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0430
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0440
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0440
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0440
https://doi.org/10.1093/icb/icx088
https://doi.org/10.1093/icb/icx088
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0450
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0450
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0450
https://doi.org/10.5897/AJMR2013.6430
https://doi.org/10.5897/AJMR2013.6430
https://doi.org/10.3934/microbiol.2018.2.319
https://doi.org/10.3934/microbiol.2018.2.319
http://antsofafrica.org/ant_species_2012/pheidole/pheidole_rugaticeps/pheidole_rugaticeps.htm
http://antsofafrica.org/ant_species_2012/pheidole/pheidole_rugaticeps/pheidole_rugaticeps.htm
https://doi.org/10.1371/journal.pone.0157632
https://doi.org/10.1371/journal.pone.0157632
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0475
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0475
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0475
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0475
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0480
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0480
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0485
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0485
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0490
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0490
https://doi.org/10.1128/CMR.00058-16
https://doi.org/10.1128/CMR.00058-16
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0505
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0505
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0505
https://doi.org/10.1186/s12866-020-01740-8
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0520
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0520
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0520
https://doi.org/10.1007/s00203-005-0041-0
https://doi.org/10.1007/s00203-005-0041-0
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0530
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0530
http://refhub.elsevier.com/S1226-8615(20)30764-0/h0530
https://www.researchgate.net/publication/347117407

	16S rDNA metabarcoding of the bacterial community associated with workers of Pheidole rugaticeps Emery (Hymenoptera: Formic ...
	Introduction
	Materials and methods
	Ants Sample collection and processing
	DNA Extraction
	16S Illumina Library and Sequencing
	16S rDNA Metabarcoding data analysis
	Deposition of nucleotide sequences

	Results
	Data Summary from Illumina Sequencing
	Taxonomic classification
	Bacterial Communities Associated with P. rugaticeps Collected from the Administrative (BPF), Hospitals (DPH), and Residenti ...

	Discussion
	Declaration of Competing Interest
	Acknowledgement
	References


