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Abstract  

NDISYMBIOTIC bacteria are essential in the evolutionary ecology of insects as they act as both 

discrete parasites that affect host reproduction and partners that assist in host adaptability. 

Symbiotic microorganisms facilitate intimate connections between many species. Pseudolynchia 

canariensis is a significant ectoparasite of pigeons belonging to the hippoboscidae fly family. 

Methods: A total of 114 domestic pigeons in a herd situated in Al-Baha, a region in southwest Saudi 

Arabia, were found to be clinically affected by ectoparasites.  The precise molecular mechanisms that 

govern the relationships between insects and these microbes are still not well comprehended, despite 

the breakthroughs in molecular tools that allow for the observation of endosymbiotic partnerships in 

living organisms. A symbiont-specific PCR amplification assay was utilized to assess the results of 

symbiont infection and determine the molecular phylogeny. Results: 20 individuals of Pseudolynchia 

canariensis were collected from pigeons. The specimens were discovered to be associated with two 

different types of endosymbiotic bacteria. Out of the 20 Pseudolynchia canariensis, 2% and 60% were 

positive for endosymbiotic bacteria. Wolbachia exhibited the highest prevalence, with an infection 

rate (wsp) of 60%, whereas Arsenophonus had a prevalence of 2%. The prevalence of Wolbachia 

infestation has exceeded that of Arsenophonus, reaching a rate of 60%. Molecular methods have 

shown the whole endosymbiotic community of P. canariensis flies, including endosymbionts, which 

may explain how many bacterial endosymbionts can live together in the host. Given the potential 

significance of Wolbachia and Arsenophonus in impeding disease transmission and controlling 

populations of detrimental insects. 
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Introduction  

Insect-bacterial symbioses encompass a wide range 

of kinds, varying from casual facultative symbioses 

to highly intimate and enduring obligatory 

symbioses. There is a close and regular interaction 

between bacterial symbionts transmitted by mothers 

and insects. Although numerous genetic symbionts 

are not essential for the survival of the host, they 

usually behave as conditional mutualists by offering 

protection against specific environmental stressors 

[1- 2]. The method by which symbionts are acquired 

is a crucial component that influences the symbiotic 

relationship. Vertical transmission, in particular, 

creates a situation where there is a limited number of 

individuals in the population. This not only decreases 

conflicts between different variants of the symbiont 

inside a host, but also ensures that the success of 

transmission for the microbe is closely tied to the 

reproductive capacity of the host [3]. To comprehend 

how evolution benefits from a change in transmission 

method, and the resulting evolutionary outcomes of 

these shifts, a thorough comprehension of clades that 

maintain diversity in this element of symbiosis is 

necessary. While previous studies in animal 

microbiology have primarily focused on identifiable 

pathogens and beneficial organisms in humans and 

domesticated ruminants (such as cattle), there is a 

growing fascination with the ecological aspects of 

microorganisms in many animals, including insects 

[4]. The primary ecological concerns encompass the 

diversity of microorganisms within individual 

animals, the allocation of microbial groups across 

different animal species, and the comparative 
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significance of the animal's habitat and independent 

existence. During such instances, endosymbionts 

typically enhance the hosts' nutritional intake by 

providing vitamins or amino acids that are scarce or 

lacking in the available food sources. Their 

colonization by hosts may have occurred in the 

distant evolutionary past, dating back to the 

emergence of significant groups such as aphids, 

leafhoppers, or carpenter ants. This colonization is 

linked to a unique method of transmission from one 

generation to the next, which follows the speciation 

of the host. This process leads to a parallel 

diversification of both the host and the endosymbiont 

Buchnera aphidicola, as exemplified by aphids [5- 

6]. Flies belonging to the Hippoboscoidea 

superfamily (Diptera) are blood feeders that are 

dependent on blood for survival. They are associated 

with a wide range of bacterial endosymbionts. There 

are four well-established family-level groups within 

Hippoboscoidea: Glossinidae, which consists of 22 

species of tsetse flies that primarily feed on 

mammals but also on reptiles and birds to a lesser 

extent; Hippoboscidae, which includes over 150 

species of louse flies that feed on both birds and 

mammals; and two families of bat flies, Streblidae 

with over 230 species and Nycteribiidae with over 

270 species, both exclusively feeding on bats [7] . In 

contrast, louse flies and bat flies have received 

significantly less attention. However, a recent 

discovery revealed that Arsenophonus, another type 

of endosymbiont, is unusually prevalent among louse 

flies and bat flies [9-10]. Arsenophonus has recently 

emerged as one of the most diversified symbiotic 

lineages known to date. It has been reported to infect 

a wide range of insect taxa, including aphids, 

parasitoid wasps, and triatomine bugs [11-12] 

Arsenophonus strains, formerly identified as 

Phlomobacter sp., were discovered in the phloem of 

plants that were fed upon by infected phytophagous 

insects. These strains were considered opportunistic 

plant diseases [13]. Additional studies have 

discovered that Arsenophonus belongs to a newly 

identified group of endosymbionts within the c-

proteobacteria. These bacteria, known as 

Arsenophonus and similar organisms (ALOs), are 

phylogenetically related to Arsenophonus. In lice, 

they have been identified as Candidatus Riesia 

pediculicola [14].  Hippoboscidae, often known as 

louse flies, have been frequently observed in 

association with Arsenophonus bacteria. A new 

species of bacteria, named Arsenophonus apicola, 

was discovered from the honeybee species Apis 

mellifera [15-17]. The genus Wolbachia is a parasitic 

bacterium similar to rickettsia that is exclusively 

present in specific populations of tsetse flies, as well 

as some other insects, mites, crustaceans, and filarial 

worms. Arsenophonus is another intriguing 

bacterium [18-19]. We have identified a single 

species of Wolbachia pipientis, a commonly 

occurring intracellular bacteria that is transmitted 

vertically and is naturally found in the model 

organism Drosophila melanogaster. [20-22]. 

Remarkably, the infection of W. pipientis partially 

restores the fertility of female flies that have 

hypomorph mutations of bag of marbles (bam) in D. 

melanogaster. This gene is involved in the 

maintenance and development of germline stem cells 

(GSCs) [23]. The present study focuses on the 

characterization of two endosymbionts, 

Arsenophonus and Wolbachia pip, which inhabit the 

tissues of a pigeon species called P.canariensis. In 

this work, we want to examine the range of bacterial 

species associated with P. canariensis by utilizing 

species-specific PCR primers known as "Candidatus 

Arsenophonus endosymbionts" and "Wolbachia". 

This recently identified endosymbiont is 

characterized by its close phylogenetic association 

with other members of the Arsenophonus and 

Wolbachia pipintis genera. 

Material and Methods 

Description of the study area, collection, 

identification and DNA extraction of fly 

From November 2021 to September 2022, a total 

of 114 pigeon specimens were taken and subjected to 

examination at Al-Baha City, located in southwest 

Saudi Arabia at coordinates 19° 51′ 34′′ N and 41° 

33′ 26′′ E. The region has a semi-arid climate. Every 

individual of P. canariensis was gathered by hand 

from the host and transferred into Eppendorf tubes 

containing 70% ethanol. The identification of P. 

canariensis was conducted in the Laboratory of 

Parasitology at Al-Baha University using a 

stereomicroscope, as described in other research [24-

25]. The P. canariensis samples were homogenized 

using a mini-prep DNA isolation kit called 

GeneAll® Exgene™ Clinic SV DNA Isolation Kit, 

manufactured by Biotechnology Co., Ltd. in Seoul, 

Republic of Korea. The entire DNA was extracted 

and collected in a 30 µL solution of elution buffer, 

which consisted of Tris buffer with a pH of 8.5 and 

was preheated to a temperature of 70 °C. 

PCR amplification for Screening and sequencing for 

bacterial endosymbionts 

PCR amplification was performed using DNA 

samples collected from each P. canariensis as a 

template. The first set of PCR primers, CAIF (5-

GCC TGA TGC AGC CAT GCC GCG TGT ATG-

3') and CAIR (5-GTC ATC CCC ACC TTC C-3'), 

were initially created to amplify a 500-bp segment of 

the "Candidatus Arsenophonus arthropodicus" [26]. 

The identification of "Candidatus Arsenophonus 

arthropodicus" was carried out using polymerase 

chain reactions (PCRs) with 5μl of DNA template, 1 

µl (10 pmol) of each primer (tootling 30 µl reaction 

volume), and 12.5 units of Taq DNA polymerase 

(Promega) per microliter of reaction mixture. The 

cycling conditions comprised an initial denaturation 

step at 95°C for 4 minutes, followed by 30 cycles of 
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amplification involving denaturation at 95°C for 30 

seconds, annealing at 65°C for 1 minute, and 

extension at 72°C for 1 minute. The process 

concluded with a final extension step at 72°C for 4 

minutes. 

Further PCR screening identified endosymbionts 

other than those found in the Arsenophonus-positive 

samples. P. canariensis was shown to be infected 

with Wolbachia. The species-specific primer 

setswsp81F(TGGTCCAATAAGTGATGAAGAAA

C-3) and wsp691R 

(AAAAATTAAACGCTACTCCA-3) were used to 

perform conventional PCR [27]. Wsp PCRs were 

conducted using a 40 μL reaction mixture consisting 

of 20 μL 2X BioMix Red BIOTAQ DNA 

polymerase (Bioline, UK), 1 μl each primer (final 

concentration, 0.4 μM), and 2 μl of extracted DNA. 

The reaction mixtures underwent a thermal cycle 

consisting of an initial activation step at 94°C for 2 

minutes, followed by 35 cycles at 94°C for 1 minute, 

annealing at 55°C for 1 minute, and extension at 

72°C for 1 minute. The final step involved an 

extension at 72°C for 5 minutes. The PCR products 

were observed using 1.5% agarose gel 

electrophoresis with SYBR Safe dye (Invitrogen) at a 

voltage of 150 V for a duration of 30 minutes. The 

PCR products were separated by electrophoresis 

using a 1.5% agarose gel. The amplification products 

were sequenced bidirectionally at Macrogen in South 

Korea . 

Phylogenetic analyses 

     Based on the neighbor-joining analysis conducted 

in this work (Fig. 1), it has been determined that the 

Arsenophonus and Wolbachia group of arthropod 

endosymbionts forms a strong clade, which is 

supported by 100% of bootstrap resamples. The raw 

sequence data was processed and aligned using the 

BIOEDIT software with the CLUSTALW algorithm 

[28], both of which were implemented in MEGA 

[29]. Subsequently, the data was evaluated using 

BLAST, a tool provided by the National Centre for 

Biotechnology Information (NCBI). Recently, a set 

of fresh genetic information has been provided to 

GenBank, specifically pertaining to Wolbachia (with 

Accession Numbers OR636836-OR636846) and 

Arsenophonus (OR982690- OR982692). 

Results 

The DNA templates obtained from samples of P. 

canariensis contained Arsenophonus bacteria. 

Arsenophonus symbiotic bacteria were detected 

using a normal PCR method on a DNA template, and 

the quality of the DNA was evaluated by CIA PCR 

amplification.  Out of the 20 DNA templates 

analyzed, four of them were found to be positive 

with the Arsenophonus bacteria in the Pseudolynchia 

species known as Pseudolynchia canariensis. 

Genomic analysis of Arsenophonus DNA in 

Pseudolynchia canariensis. Analyzed were the DNA 

samples taken from each screened endosymbiont of 

Pseudolynchia canariensis. The CIAF/CIAR primers 

yielded amplified products with a length of 500 base 

pairs. The gene segments were directly sequenced 

and then matched with the CIA genes present in the 

gene bank for Arsenophonus endosymbiosis 

(accession number OR982690 -OR982692). The 

analysis revealed that the four samples isolates 

exhibited complete nucleotide similarity (100%) with 

sequences originating from USA, South Bohemia 

(DQ115536.1, MF429875, AY264673, and 

MF429868).  Further PCR screening detected 

Wolbachia, in addition to Arsenophonus, in twelve 

samples. The DNA templates obtained from P. 

canariensis samples were found to include 

Wolbachia bacteria. The traditional PCR approach 

was used to detect the presence of Wolbachia 

symbionts bacteria in the DNA template. The quality 

of the DNA template was tested by performing wsp 

PCR amplification.  Out of the 20 DNA templates 

analyzed, 12 of them were found to be infected with 

Wolbachia in the Pseudolynchia species known as P. 

canariensis. Analyzed was the DNA isolated from 

each screened endosymbiont of P. canariensis. The 

wsp (81F/ 691R) primers yielded 500 basepair 

amplification products. The gene fragments were 

directly sequenced and then aligned with the wsp 

genes from the gene bank, namely those with 

accession numbers OR636835-OR636846, which are 

associated with Wolbachia endosymbiosis.  The 

BLASTn tests revealed that all four samples isolates 

had 99%-100% similarity with an identical strain of 

Wolbachia pipientis, which is comparable to the 

Candidatus Wolbachia arthropodicus found in 

Finland. 

Phylogenetic analyses 

The present study involved analyzing the amplified 

DNA sequences and conducting database searches to 

identify similarities between the CIA and wsp 

sequences and Arsenophonus. The phylogenetic trees 

in Figure 1 provide further details on the CIA gene. 

Furthermore, the evolutionary trees in Figure 2 

demonstrate the affiliation of Wolbachia to the wsp 

gene.  

Discussion 

The presence of Arsenophonus and Wolbachia 

was examined in 20 samples using the CAIF&R 

primers and a Wolbachia-specific wsp-based PCR 

test. The screen displayed that the infection rate of 

Wolbachia was 60%, while the infection rate of 

Arsenophonus was just 2%.  This is new symbiont 

occupies a distinct from the bacteria that house 

domestic pigeons in P. canariensis.  

The current investigation focused on P. 

canariensis, specifically examining the presence of 

Arsenophonus and Wolbachia in various geographic 

areas and host species. Previous studies have 

identified the presence of two distinct endosymbiotic 
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bacteria in various arthropods through targeted 

surveys. These arthropods include triatomine bugs
 

[30], ticks  [31], whiteflies [32], aphids  [33-34], 

soybean  [35]
 

and psyllids [36].  The specific 

molecular connections between hosts and symbionts 

that have conferred insects with their exceptional 

resistance to a particular type of endosymbionts 

associated with bacteria remain mostly ambiguous. 

In this study, we present evidence demonstrating that 

the blood-feeding hippoboscid P. canariensis has an 

endosymbiotic bacteria that is closely linked to the 

wolbachia spp. and Arsenophonus group. 

Based on the phylogenetic study, the size of 

"Candidatus Arsenophonus arthropodicus" is most 

similar to the Arsenophonus spp. that have been 

described Prior to this, there have been little 

research publications on this subject in Saudi 

Arabia [37]. Despite the identification of 

Arsenophonus group members in several arthropod 

species, our understanding of their role in symbiosis 

remains limited. Nevertheless, there have been 

proposals indicating that Arsenophonus might serve 

a protective function [38]. Phylogenetic 

investigations suggest a close relationship between 

Arsenophonus arthropodicus and the Arsenophonus 

endosymbionts discovered in fruit flies, whiteflies, 

psyllids, aphids, and mealybugs [39-43]. In 

addition, we focused our attention on Arsenophonus 

symbionts and Wolbachia spp., both of which are 

commonly found in louse flies. 

Four Arsenophonus endosymbionts (2%) were 

identified in this investigation. Unlike the previous 

investigation, they successfully got a pure culture 

isolation of Candidatus Arsenophonus arthropodicus, 

a recently identified species found in the louse fly P. 

canariensis [26]. Arsenophonus nasoniae, a 

bacterium found in the parasitoid wasp Nasonia 

vitripennis, is known to cause a sex ratio distortion 

that favors females. This phenomenon is comparable 

to what is observed in certain strains of Wolbachia 

bacteria. Their occurrence and dispersion can be 

elucidated by ecological and climatic factors that are 

conducive or detrimental to the proliferation of flies 

in specific nations. Recent studies have shown that 

Wolbachia Cif (CI factor) proteins modify the host 

sperms, leading to embryonic lethality that defines 

CI [44].
 
Our results indicate that Wolbachia pipientis, 

a type of endosymbiotic bacteria, was the most 

prevalent, accounting for nearly 60% of the observed 

cases. Specifically, Wolbachia pipientis was detected 

in P. canariensis. This may lead to the integration of 

Wolbachia's capacity to proliferate arthropod 

populations, which has generated curiosity in 

utilizing them as a means to transmit advantageous 

traits (such as disease resistance) into populations of 

insect vectors. This species exhibits a combination of 

mutually beneficial symbiotic relationships and 

genetically altered variations. Additionally, it 

naturally carries internal bacteria that are transferred 

from one generation to the next. Drosophila 

melanogaster is the scientific name for a species of 

fruit fly [45]. An assessment has been conducted to 

determine the impact of temperature on maternal 

transmission and the underlying patterns of 

Wolbachia localization in 10 different strains of 

Wolbachia. These strains have diverged up to 50 

million years and include strains that are closely 

related to wMel, as well as their natural hosts, 

Drosophila. Despite the variability and often low 

quantities of Wolbachia in the ovaries and 

developing germline in late-stage oocytes, many 

Wolbachia are able to sustain high transmission rates 

across different temperatures [46]. Moreover, 

Wolbachia may be intentionally introduced across 

different groups of organisms by the process of 

microinjection into eggs. This demonstrates their 

ability to successfully inhabit several types of 

arthropod cells. Nevertheless, there is variation in the 

permissiveness of hosts and Wolbachia strains might 

exhibit dissimilarities in their capacity to infect 

various host species. These impacts require 

systematic investigation. 

Previous investigations have revealed two recent 

findings that are highly pertinent to the issue of inter 

taxon transmission. Wolbachia, like to all 

Rickettsiales, are bacteria that must live inside host 

cells and it has been presumed that they are unable to 

thrive outside of these cells. However, in the tissue 

culture tests, it was demonstrated that Wolbachia 

continued to exist for a significant period of time 

even after the host cells had perished [47,48]. An 

evident anomaly to this principle arises with 

Wolbachia, the symbiotic organism that is most 

extensively prevalent in arthropods and worms [19]. 

The Arsenophonus groups are the only other closely 

related arthropod endosymbionts that are found in a 

wide range of hosts. These bacteria have a sequence 

similarity of over 99% to their 16S rRNA and wasp 

genes. Crucially, it has never been identified in 

arthropods or mammalian bloodstream. This paper is 

the inaugural investigation conducted on P. 

canariensis. Thus, these two categories of bacteria 

offer a fresh opportunity to investigate the 

connections between Arsenophonus and Wolbachia 

in the Hippoboscid Louse Fly P. canariensis in Al-

Baha city.                             

Conclusion 

     Symbiosis creates opportunities for hosts to 

occupy previously unexploited ecological niches, 

perhaps leading to an increased rate of speciation. 

Our analysis using PCR-based screening and 

sequencing techniques on P. canariensis from Saudi 

Arabia has provided new and unique information on 

the early stages of the shift from an independent 

existence to a reliance on a host in this bacterial 

genome. In this study we demonstrated that 
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Wolbachia was the most prevalent bacteria compared 

to the other detected bacteria, Arsenophonus. 

Through the use of molecular methods, the entire 

endosymbiotic consortium of P. canariensis flies has 

been revealed. These endosymbionts may help to 

reveal the scientific reason behind the co-existence of 

bacterial endosymbionts within the P. canariensis 

host. This information adds to the knowledge that 

Wolbachia and Arsenophonus may be beneficial for 

preventing the spread of pathogens and controlling 

insect pests as well. 
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Fig.1. Phylogenetic relationships based on the (CIA) gene. Neighbor-joining phylogenetic tree of                                               

Arsenophonus-infected P. canariensis based on 500 bp of (CIA) gene sequences. Bootstrap values are shown 

on the branches. Sequences generated from the present study are indicated in green color with other related 

sequences retrieved from GenBank. 
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Fig. 2. Phylogenetic relationships based on the (wsp) gene. Neighbor-joining phylogenetic tree of Wolbachia-infected 

P. canariensis based on 500 bp of (wsp) gene sequences. Bootstrap values are shown on the branches. 

Sequences generated from the present study are indicated in green color with other related sequences 

retrieved from GenBank. 
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دراسة اوليه تن فيها عزل ًىعيي هي الثكتيريا التكافلية هي ًىع الىلاتكيه 

 رتاب الحوام التي تصيةفىًا ىوالااريسىً

 فتحيه ًاصر غرساى و* ساهيه قاسن الغاهذي

 .انببحت، انًًهكت انؼشبٍت انسؼٕدٌتقسى الاحٍبء، كهٍّ انؼهٕو ، جبيؼّ 

 

 الولخص

تؼًم كطفٍهٍبث يُفصهت تؤثش ػهى تكبثش انًضٍف  حٍث آَبضشٔسٌت فً انبٍئت انتطٕسٌت نهحششاث  انتكبفهٍتبكتٍشٌب انتؼتبش 

ْٕ طفٍم  P. canariensisبٍٍ انؼذٌذ يٍ الإَٔاع. الاستببط انتكٍف. تسٓم انكبئُبث انحٍت انذقٍقت انتكبفهٍت ٔقذستّ ػهى 

 . hippoboscidaeانزي ٌُتًً إنى ػبئهت ربببت ٔ انحًبو ٌتطفم ػهىخبسجً 

ً  111تى طشق انبحث:  ً يُضنٍب انسؼٕدٌت، يتأثشة يُطقت انببحت، ًْٔ يُطقت فً جُٕة غشة انًًهكت انؼشبٍت  يٍحًبيب

غٍش يفٕٓيت  انبكتٍشٌبانجضٌئٍت انذقٍقت انتً تحكى انؼلاقبث بٍٍ انحششاث ْٔزِ  انطشقسشٌشٌبً ببنطفٍهٍبث انخبسجٍت. لا تضال 

انتكبفهٍت انذاخهٍت فً انكبئُبث  انبكتٍشٌب بتشخٍصالأدٔاث انجضٌئٍت انتً تسًح  ٔ انحذٌثتتٕافش انتقٍُبث جٍذاً، ػهى انشغى يٍ 

ٔتحذٌذ انسلانت انجضٌئٍت. انُتبئج: تى  انتكبفهٍّبكتٍشٌب اننتشخٍص  PCR تفبػم انبٕنًٍشص انًتسهسم تقٍُّانحٍت. تى استخذاو 

انُتبئح اٌ بكتٍشٌب  . أظٓشث P. canariensisيٍ  ػٍُّ 02 فًيختهفٍٍ يٍ انبكتٍشٌب انتكبفهٍت  ٔجٕد َٕػٍٍ اكتشبف

، فً حٍٍ بهغ يؼذل اَتشبس الإصببت بـ 60% (wsp)، حٍث بهغ يؼذل الإصببت  ٔجذث بُسبّ ػبنٍّ ٕلابكٍّان

Arsenophonus 2% نقذ تجبٔص يؼذل اَتشبس الإصببت ببكتٍشٌب .Wolbachia  بكتٍشٌباَتشبس Arsenophonus حٍث ،

، بًب فً رنك P. canariensisانجضٌئٍت يجتًغ تؼبٌش داخهً كبيم نزببة  انحذٌثّ %. أظٓشث انطشق02ٔصم إنى يؼذل 

انذاخهً، ْٕٔ يب قذ ٌفسش ػذد انتؼبٌش انذاخهً انبكتٍشي انزي ًٌكٍ أٌ ٌؼٍش يؼبً فً انًضٍف. َظشا نلأًٍْت  انتكبفم

 اد انحششاث انضبسة.فً إػبقت اَتقبل الأيشاض ٔانسٍطشة ػهى أػذ Wolbachia ٔArsenophonusانًحتًهت نبكتٍشٌب 

 .انسلانتتطٕسانطفٍهٍبث انخبسجٍت ، يسبببث الأيشاض ، ربببت انحًبو ،  الكلوات الذالة:
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