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Abstract. Blood feeding tsetse flies (Diptera: Glossinidae) are among the most 

harmful insects in tropical sub-Saharan Africa as they are vectors for 

trypanosome parasites which can cause the Human African Trypanosomiasis 

(HAT) or sleeping sickness in humans and Animal African Trypanosomiasis 

(AAT) or nagana in livestock. These insects are considered a critical boundary 

for the economic development of African countries. Sustainable management of 

their populations can be achieved through the application of environmentally 

friendly techniques for vector control such as the sterile or incompatible insect 

techniques. Both are considered increasingly important components of area wide 

integrated pest management programs for certain key insect pest species. 

Reproductive parasites like Spiroplasma and Wolbachia, are endosymbiotic 

bacteria capable of inducing reproductive alterations to their insect-hosts, and 

they can be used as central components in such techniques. In this study, we 

investigated the presence of Spiroplasma and Wolbachia in a wild population of 

Glossina tachinoides from Burkina Faso with a 16S rRNA gene PCR approach. 

As a result, we found that approximately 50% of the population examined was 

infected with Spiroplasma, whereas Wolbachia was totally absent from our 

samples. Moreover, molecular genotyping was carried out through the MLST 

characterization of the Spiroplasma strain found in G. tachinoides. These 

findings provide useful information for enhancing the application of the 

previously mentioned techniques for controlling this devastating insect species. 

 

Keywords: Glossina tachinoides; Sterile Insect Technique (SIT); Incompatible 

Insect Technique (IIT); 16S rRNA; MLST.     
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1 Introduction 

 
Tsetse flies (Glossina spp) are considered a principal source of Trypanosoma 

spp which is the factor engendering Human African Trypanosomiasis (HAT) as 

well as animal African trypanosomiasis (AAT) [1]. They encompass a large set 

of important microbiotas, which can be acquired by means of both horizontal 

and vertical transmission, and affect the ability of the fly as a disease vector [2].  

Furthermore, they are responsible for the elicitation of an array of different 

phenotypes to their hosts, including reproductive alterations such as cytoplasmic 

incompatibility [3].  

Spiroplasma is a genus of endosymbiotic bacteria within the Mollicutes class, 

and the Tenericutes phylym [4, 5].  It has developed a large variety of symbiotic 

relations, affecting insect nutrition, ecology and evolution, protection against 

pathogens, as well as reproduction and sex determination [3]. It has been 

discovered that Spiroplasma protect Drosophila neotestacea from a nematode 

[6], the pea aphid (Acyrthosiphon pisum) from fungi [7], and Drosophila hydei 

from a parasitoid wasp [8]. Apart from that, Spiroplasma is able to cause 

infections in plants [9], it can develop disease in insects [10,11,12] as well as in 

crustaceans [13,14,15,16,17]. Furthermore, reproductive alterations like male-

killing have been related to numerous species of Spiroplasma [18,19]. 

Wolbachia endosymbionts are considered a diverse group of intracellular 

endosymbionts that belong to the Alphaproteobacteria group. They are 

transmitted via the cytoplasm of eggs but also transferred horizontally among 

arthropods. Wolbachia can manipulate the reproduction functions of their hosts. 

For instance, they are able to induce cytoplasmic incompatibility, 

parthenogenesis, male-killing as well as feminization [20,21,22]. 

In order to control tsetse flies, the Sterile Insect Technique (SIT) has been 

applied successfully [23, 24] and as an alternative approach the Incompatible 

Insect Technique (IIT) is considered as well. More specifically, the Sterile Insect 

Technique (SIT) depends on the mass release of laboratory reared sterile flies, 

in order to mate with the wild population, resulting in infertile crosses which 

eventually lead to population control or pest elimination. Sterility is commonly 

induced by treatment with low doses of ionizing radiation [25]. IIT can be 

employed in order to enhance the efficacy of the SIT. The IIT was founded on 

Wolbachia-induced cytoplasmic incompatibility and aims to release 

incompatible males recurrently to mate with wild females, in order to remove 

the pest’s population [26,27,28]. 

The present study investigated the presence of Spiroplasma and Wolbachia in 

wild Glossina tachinoides from Burkina Faso employing a 16S rRNA screening 

approach. Moreover, the molecular characterization of representative positive 

individuals was performed by multi locus sequence typing (MLST) system. Five 

gene markers were used, fruR, dnaA, ftsZ, parE and rpoB. 
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2 Materials & Methods 

2.1 DNA Extraction and PCR Amplification 

A total of 63 adult Glossina tachinoides flies, originating from a wild population from 

Burkina Faso were collected and stored in absolute ethanol.  Flies were surface sterilized 

with a 70% v/v ethanol solution and sterile deionized water. A CTAB-based protocol was 

used to isolate the DNA from the Glossina tachinoides flies. The 16S rRNA gene for 

Spiroplasma was amplified using the specific primer set 63F and TKSS. Molecular 

characterization of representative positive individuals was performed by amplifying five 

MLST gene markers (fruR, dnaA, ftsZ, parE and rpoB) with the use of specific primers 

(Table 1). PCR reactions were prepared with KAPA Taq PCR kit. Amplification was 

carried out in 25 ul reactions which was composed of: 2.5 ul of 10X KAPA buffer, 0.2 ul 

of dNTP solution (25 mM each), 0.4 ul of forward primer solution (25 uM), 0.4 ul of 

reverse primer solution (25 uM), 0.1 ul of KAPA Taq polymerase, 1 ul of template DNA 

and 20.4 ul of sterile deionized water. The initial stage of the PCR protocol was 3 minutes 

of denaturation at 95 ºC, coming before 35 cycles of 95 ºC for 30 seconds, the specific 

annealing temperature of each primer (Table 1) for 30 seconds, and 72 ºC for 1 or 1:30 

minutes (see Table 1 for extension times). The reaction was finalized with 72 ºC for 3 

minutes. PCR products were cleaned with a PEG precipitation protocol and sequencing 

reactions were prepared with ABI BigDye™ Terminator v3.1 Cycle Sequencing Kit. An 

ethanol/EDTA protocol, conforming to the manufacturer’s directives (Applied 

Biosystems), was used to clean the products engendered by the sequencing reactions. 

Then, ABI PRISM 3500 Genetic Analyzer (Applied Biosystems) was used to analyze the 

cleaned reaction products [3,29]. 

 

Table 1. MLST primers used for Spiroplasma [3, 30]. 

 

2.2 Phylogenetic Analysis 

In the present study, all Spiroplasma gene sequences created were manually modified and 

visually fixed with SeqManII by DNAStar, and the alignment was performed with 

ClustalW [31], as executed in Geneious 7.0.2. The neighbor joining algorithm was used to 

infer the tree topology and evolutionary distances were calculated using the method of 

Jukes and Cantor. Phylogenetic trees were generated using Geneious 7.0.2. Multiple 

alignments were performed using MUSCLE algorithm while maintaining default 

algorithm parameters and the sequences were manually adjusted. Phylogenetic analyses 

were carried out for 16S rRNA, rpoB, dnaA, parE, ftsZ and fruR genes. 

The sequences created in this study, 16S rRNA, dnaA, fruR and parE genes, have been 

submitted to GenBank under accession numbers MT238675-MT238677 and MT297696- 

MT297710. 

 

 

 

Name / 

Reference 
Primer Sequence 5’-3’ Gene region 

Annealing 

temperature / 

extension time 

Fragment 

size (bp) 

 

References 

63F 

TKSS 

GCCTAATACATGCAAGTCGAAC 

TAGCCGTGGCTTTCTGGTAA 

16S rRNA 

Spiroplasma 

58 ºC / 1min 455 [3] 

fru-f 

fru-r 

GTCATAATTGCAATTGCTGG 

CAATGATTAAAGCGGAGGT 
fruR 56 ºC / 1 min 398 

[3] 

SRdnaAF1 

SRdnaAR1 

GGAGAYTCTGGAYTAGGAAA 

CCYTCTAWYTTTCTRACATCA 
dnaA 49 ºC / 1 min 515 

[3] 

FtsZF2 

FtsZR3 

TGAACAAGTCGCGTCAATAAA 

CCACCAGTAACATTAATAATAGCATCA 
ftsZ 57 ºC / 1 min 774 

[3] 

ParEF2 

ParER2 

GGAAAATTTGGTGGTGATGG 

TGGCATTAATCATTACATTAATTTCT 
parE 57 ºC / 1:30 min 1126 

[3] 

RpoBF1 

RpoBR2 

ATGGATCAAACAAATCCATTAGCAGA 

GCATGTAATTTATCATCAACCATGTGTG 
rpoB 60 ºC / 1:30 min 1703 

[3] 

wspecF 

wspecR 

YATACCTATTCGAAGGGATAG 

AGCTTCGAGTGAAACCAATTC 

16S rRNA 

Wolbachia 

54 ºC / 1 min 438 [29] 
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3 Results 

 
3.1 Prevalence of Wolbachia and Spiroplasma in Glossina tachinoides: 

 

The presence of Wolbachia and Spiroplasma was investigated in a natural population of 

G. tachinoides. The number of individuals studied was 63 adult flies. A specific 16S rRNA 

gene PCR assay (Table 2) was used to test the flies. According to the screening data, it has 

been revealed that 44.5% of the G. tachinoides individual adults screened were infected 

with Spiroplasma. Furthermore, the prevalence in the male adults was 47% while in the 

females 42%. Interestingly, Wolbachia was not detected in all samples examined (Table 

2). 
 

Table 2. Prevalence of Wolbachia and Spiroplasma in Glossina tachinoides population from 

Burkina Faso, using 16S rRna gene-based PCR screening method. 

 

 
3.2 Multi Locus Typing Sequences Genotyping of the G. tachinoides Spiroplasma 

strain 

 
According to the 16S rRNA gene dataset, the phylogenetic analysis illustrated that 

Spiroplasma strains present in G. tachinoides belong to Citri group (Fig.1). These results 

have been supported by the corresponding phylogenetic analysis made from a 

concatenated dataset of selected MLST loci (Fig.2). It is noteworthy that Spiroplasma 

strain infecting G. tachinoides is different from Spiroplasma strain present in G. fuscipes 

fuscipes with sequence polymorphisms observed in all tested loci. Four polymorphisms 

were noticed in 16S rRNA, three were detected in dnaA, two polymorphisms were 

identified in ftsZ, eight in fruR, and one polymorphism was found in both rpoB and parE. 

The two strains of Spiroplasma belong to the citri clade, which is mainly made out of plant 

pathogens. The majority of the pathogenic species of Spiroplasma are included in the Citri 

clade, with noticeable examples such as S. kunkelii which induces the corn stunt sickness 

[32], S. phoeniceum which infects periwinkle [33], as well as S. penaei which causes 

infection in Pacific white shrimp [34]. S. insolitum and Spiroplasma from G. fuscipes 

fuscipes are the nearest relatives of Spiroplasma strain from Glossina tachinoides. 

 

 

 

 

 

 

 
 

 

 
             

 

 

 

Glossina 

species 

Country/ 

Area 
Sex               Screened individuals               Spiroplasma positives (%)                  Wolbachia positives 

Glossina 

tachinoides 

Burkina Faso/ 

Folonzo 
Male 51 24 (47%) 0 

Burkina Faso/ 

Folonzo 
Female 12 5 (42%) 0 
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Fig. 1. Phylogenetic tree based on the 16S rRNA gene sequence. Spiroplasma from G. tachinoides 

and G. fuscipes fuscipes are indicated in bold letters. The numbers at each node represents bootstrap 

proportions based on 1000 replications. Evolutionary distances were calculated using the method of 

Jukes and Cantor, the topology was inferred using the neighbor joining method. 
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Fig. 2. Concatenated tree based on the MLST data for SRdna, Fru-r and ParE gene sequences. 

Spiroplasma from G. tachinoides are indicated in bold letters. The numbers at each node represents 

bootstrap proportions based on 1000 replications. Evolutionary distances were calculated using the 

method of Jukes and Cantor, the topology was inferred using the neighbor-joining method. 

 

4 Conclusions & Perspectives 

The present study revealed that Spiroplasma is present in G. tachinoides, whereas, 

Wolbachia was not detected. Spiroplasma 16S rRNA and MLST sequences identified in 

G. tachinoides samples grouped with the citri-chrysopicola-melliferum group. In a 

previous study, Spiroplasma was newly detected in both laboratory and wild population 

of G. tachinoides and G. fuscipes fuscipes, which belong to the palpalis sub-group. 

Besides, Spiroplasma has been identified in numerous samples from the wild population 

of G. fuscipes fuscipes and G.tachinoides. On the whole, this symbiont has a low titer 

infection (<1%). However, the abundance of Spiroplasma was relatively high (13.2%) in 

one whole fly of G. tachinoides. On the other hand, Spiroplasma density in G. fuscipes 

fuscipes has been evaluated in larval guts. Likewise, it has been appraised in guts and 

gonads of flies gathered at teneral stage and at adults aged 15 days. In fact, the density of 

Spiroplasma infecting larva guts of Glossina fuscipes fuscipes was considerably greater 

than the density of spiroplasma in guts of teneral stage and of adults aged 15 days. 

Regarding Spiroplasma in gonads of insects at teneral stage and adults aged 15 days, its 

density was lower in ovaries than in testes. However, Spiroplasma density was 

substantially superior in living females comparing to the ones prematurely dead which 

shows a potentially reciprocal link. Moreover, Wolbachia was not detected in G. 

tachinoides [3]. In order to further elucidate the role of Spiroplasma in G. tachinoides we 

plan to apply single cell genomics in order to decipher the genomic sequence of the 

Spiroplasma strain in G. tachinoides. 
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