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Article Info Abstract: Wolbachia screening in mites is necessary for understanding of how 
their biological functions can be affected, including development of approaches 
to induce parthenogenesis, making the predator’s cultures more effective and 
stable. Here we studied Wolbachia infection in two sibling species of Neoseiulus   
predatory mites (one thelytokous and another bisexual) as well as their feed mites 
to test two working hypotheses: 1) a thelytokous mite Neoseiulus agrestis harbors 
Wolbachia, unlike its bisexual sibling species Neoseiulus neoagrestis and 2) feed 
mites are not the source of Wolbachia detection in Neoseiulus. To test these 
hypotheses, we performed PCR screening and multilocus sequence typing. It 
showed Wolbachia infection in N. agrestis, but not N. neoagrestis. Since the 
former is a thelytokous species, and the latter is not, Wolbachia might contribute 
to this peculiarity. The Wolbachia isolate from N. agrestis belongs to the 
supergroup B, being similar to the strains from lepidopteran insects as well as 
Syrphidae (Diptera). Wolbachia infection status of the thelytokous species N. 
agrestis is shown for the first time. As for the feed mites, Wolbachia was not 
detected in Carpoglyphus lactis and Thyreophagus entomophagus, but occurred 
in Tyrophagus putrescentiae. That bacterial strain formed a basal branch in 
relation to the supergroup B and demonstrated only a partial genetic identity to 
the Czech isolate from T. putrescentiae. Thus, Wolbachia from the predatory and 
feed mites are genetically different. The new Wolbachia sequences are deposited 
to GenBank serving as an important source of molecular data for comparative 
studies of Wolbachia parasites.  
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1. Introduction  

A range of predatory mites of the family Phytoseiidae (Parasitiformes: Mesostigmata) are 
widely applied in commercial biological control of insect and mite pests of agriculture under greenhouse 
and field conditions (Knapp et al., 2018). Noteworthy, among the top ten arthropod biocontrol agents, 
as many as three species are Phytoseiidae belonging to the genera of Amblyseius, Neoseiulus, and 
Phytoseiulus. In this article, we studied Wolbachia infection in two sibling species of predatory mites, 
Neoseiulus agrestis (Karg) and Neoseiulus neoagrestis Khaustov et al., as well as their feed mites from 
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the order of Sarcoptiformes: Thyreophagus entomophagus (Laboulbéne and Robin), Carpoglyphus 
lactis (L.), and Tyrophagus putrescentiae (Schrank).  

Neoseiulus agrestis, known to be thelytokous (Moradi et al., 2023a; Fu et al., 2025), is spread 
across Europe, Asia, North America and South Africa (Tuovinen and Lindqvist, 2014; Kazemi et al., 
2022; Farazmand et al., 2023). It is polyphagous, dwells in the soil cover (Szabo and Penzes, 2013), and 
is found as single specimens on herbaceous plants (Kolodochka and Bondarev, 2014), including flowers 
(Tuovinen and Lindqvist, 2014). Although knowledge about the potential of N. agrestis as a biological 
control agent is limited (Popov and Belyakova, 2022; Moradi et al., 2023a), it is applied against a range 
of pests, such as thrips and spider mites, similarly to the predatory mites Neoseiulus barkeri Hughes and 
Neoseiulus cucumeris Oudemans, which lead the same lifestyle (Çobanoğlu and Güldali, 2017; 
Sampson et al., 2021).  

A closely related species N. neoagrestis differs morphologically from N. agrestis by the 
presence of gland gd2 pores. Males are present among individuals of N. neoagrestis, unlike N. agrestis 
(Khaustov et al., 2022), so that thelytoky is among differential diagnostic characters of the latter. 
Neoseiulus neoagrestis was reported in litter and ground vegetation on the Black Sea coast of the 
Krasnodar Area in Sochi. Khaustov et al. (2022) assumed that the area of this new species of predatory 
mites is not limited to Russia since they revealed GenBank entries of Canadian origin of high similarity 
to N. neoagrestis.  

Tyrophagus putrescentiae is a cosmopolitan synanthropic polyphagous mite species of the 
family Acaridae. This species is characterized by sexual reproduction (Sánchez-Ramos and Castañera, 
2000). It has become known as a widespread household allergenic agent contaminating food and house 
dust (Yu et al., 2020; Zhou et al., 2023). In addition, T. putrescentiae is an important pest of stored foods 
and sowing seeds. It disseminates toxigenic fungi, contributing to the contamination of food and feed 
with mycotoxins (Malik et al., 2018). Being undemanding and reproducing rapidly, it is able to displace 
cultures of other mites in a short period of time. For example, after 25 days of co-cultivation, T. 
putrescentiae outnumbered C. lactis by 118 times (Krasavina and Trapeznikova, 2020). Nevertheless, 
despite the high harmfulness and wide range of preferred feed types of T. putrescentiae, it is exploited 
as a feed mite in rearing of predatory mites of the genus of Neoseiulus (Pekas et al., 2017; Su et al., 
2019; Gu et al., 2020; Krasavina and Trapeznikova, 2020; Ashraf et al., 2023; Moradi et al., 2023a and 
2023b).  

Thyreophagus entomophagus is another cosmopolitan mite species of the family Acaridae. It 
occurs in beehives and acts as a pest of stored goods, such as bee products, rye, and wheat bran 
(Chmielewski, 1990). In spite of cases of misidentification of this species, but the heteromorphic 
deutonymphal stage was proven to be absent from the commercial culture of T. entomophagus. 
Therefore, the species is able of asexual reproduction, which is a beneficial trait for mass cultivation 
(Klimov et al., 2025). The species is widely used for mass breeding of predatory mites due to its 
favorable characteristics, such as ease of consumption by predators, as well as lower allergenicity and 
less harmfulness than T. putrescentiae (Klimov et al., 2025).  

Carpoglyphus lactis is a cosmopolitan mite species of the family Carpoglyphidae, characterized 
by sexual reproduction (Bakr et al., 2021). It is a pest of stored goods, such as dried fruit, honey and 
dairy products (Chmielewski, 2002). Similarly to the aforementioned species, it is widely utilized as a 
feed source for the mass rearing of predatory mites (Momen et al., 2020). In the laboratory, C. lactis is 
able to grow only in certain types of bran, and requires additions of dried apple flour or apple pollen 
(Krasavina and Trapeznikova, 2020).  

The bacterial endosymbiont Wolbachia (Hertig) (Rickettsiales: Ehrlichiaceae) performs a 
variety of roles in its arthropod hosts, from inconspicuous presence to direct control of physiology and 
vital processes disruption (Moran and Baumann, 2000). Among its important possible effects, the host 
sex ratio bias plays a vital role, performed via thelytokous parthenogenesis, feminization, androcide and 
cytoplasmic incompatibility (Burdina and Gruntenko, 2022). Wolbachia has been studied in sufficient 
detail in arthropods of medical importance – insects (Shaikevich et al., 2019; Khoo et al., 2020; Laidoudi 
et al., 2020; Minwuyelet et al., 2023) and ticks (Duron et al., 2017). Other studies are focused on 
Wolbachia in agricultural (Tokarev et al., 2018; Muro et al., 2023), horticultural (Bykov et al., 2021), 
and forest pests (Bykov et al., 2020; Gagalova et al., 2022). Research of Wolbachia was also performed 
in insects which serve as biological control agents: coccinellids (Shaikevich et al., 2021 and 2023; 
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Romanov and Zakharov, 2023), ichneumonids (Klopfstein et al., 2018), and braconids (Bagheri et al., 
2019; Kryukova et al., 2023; Amini et al., 2024; Utkuzova et al., 2025).  

Meanwhile, the information about Wolbachia in phytoseiid mites is rather scarce, as no 
comprehensive studies have been conducted. The research aimed at detection of this endosymbiont was 
mainly performed using solitary information units (gene loci), inapplicable for comparison. For 
example, based upon 16S ribosomal DNA sequencing, Wolbachia was found in Neoseiulus paspalivorus 
(De Leon) (Famah Sourassou et al., 2014) and Metaseiulus (Galendromus) occidentalis (Nesbitt) 
(Johanowicz and Hoy, 1996). Alternatively, wsp gene was sequenced for an endosymbiont from 
Amblyseius swirskii (Athias-Henriot) (Pournajafi et al., 2023). Based solely upon positive signals 
obtained using polymerase chain reaction (PCR) for the ftsZ gene, it was supposed that Wolbachia is 
present in Phytoseiulus persimilis Athias-Henriot, M. occidentalis, N. barkeri, and Neoseiulus bibens 
(Blommers) (Breeuwer and Jacobs, 1996). In some studies, Wolbachia was found both in the predatory 
phytoseiid mites and their prey, for example, M. occidentalis and Tetranychus urticae Koch (Acari: 
Tetranychidae) (Hoy and Jeyaprakash, 2005), as well as N. cucumeris and T. putrescentiae (Pekas et al., 
2017). It is important to note that comprehensive studies of Wolbachia have been conducted in acariform 
mites, including T. putrescentiae (Erban et al., 2021; Klimov et al., 2024; Hubert et al., 2025).  

The search for Wolbachia in mites is of particular interest not only because this endosymbiont 
may cause thelytoky in its hosts, but also due to the possibility of artificial infection, leading to formation 
of parthenogenetic mites. Such predator lines may be more effective and stable as biological control 
agents (Andrianov, 2022).  

The taxonomy of Wolbachia has its difficulties due to low informativeness or absence of 
morphological data. Therefore, taxonomy and diagnosis are based solely on the results of molecular 
phylogenetics. The slow rate of evolution of the 16S rRNA gene (Werren et al., 1995) and the extensive 
recombination of the wsp gene (Baldo et al., 2005) have posed challenges to the diagnostics of 
Wolbachia strains and respective phylogenetic studies. Therefore, the multi-locus sequence typing 
(MLST) system utilizing conserved housekeeping genes was established as the standard for classifying 
Wolbachia. The MLST approach allows discrimination of strains exploiting their sequence type (ST) 
(equivalent to a haplotype) on the basis of a combination of alleles (i.e., allelic profile) of housekeeping 
genes (five ubiquitous genes coding for glutamyl-tRNA amidotransferase, subunit B (gatB); cytochrome 
c-oxidase, subunit I (coxA); conserved hypothetical protein (hcpA), cell division protein (ftsZ), and 
fructose bisphosphate aldolase (fbpA)) (Baldo et al., 2006b). The main evolutionary lineages of 
Wolbachia are called supergroups, indicated by capital Latin letters (Zhou et al., 1998), which replace 
the species nomenclature of bacteria of the genus Wolbachia. To establish the boundaries between these 
supergroups, a set of molecular characters presented in the publicly available Genbank and PubMLST 
databases is used.  

The purpose of this work was to determine the infection status of inherited bacterial 
endosymbionts in two closely related species of predatory mites N. agrestis and N. neoagrestis, as well 
as their prey mites followed by determination of the phylogenetic position of the endosymbionts.  

The main hypotheses of this research were:  
1. The thelytokous mite N. agrestis harbors Wolbachia, unlike its sibling species N. neoagrestis, 

which is bisexual.  
2. Feed mites are not the source of Wolbachia detection in Neoseiulus.  

2. Materials and Methods  

2.1. Sampling of mites  

Live cultures of the predatory mites N. agrestis and N. neoagrestis (collected in Russia: Altai 
Area 50°01' N 88°36' E, and Krasnodar Area 43°33' N, 39°55' E (Khaustov et al., 2022)) alongside with 
their prey, T. putrescentiae and T. entomophagus, respectively, were kindly provided by the staff of 
Tyumen State University. In St. Petersburg, N. agrestis was switched to feeding on C. lactis and T. 
entomophagus, while N. neoagrestis continued to feed on T. entomophagus. However, T. putrescentiae, 
as a “weed” and not a prey mite, penetrated the cultures of both predatory mite species. To exclude the 
possibility of contamination between the sibling species, N. neoagrestis was kept at the Institute of 
Applied Entomology INAPPEN and N. agrestis – at the All-Russian Institute of Plant Protection, the 
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facilities separated by a distance of 30 km. Predatory and prey mites were bred according to the method 
described by Krasavina and Trapeznikova (2022).  

Predatory and feed mites were separated from the breeding substrate by sifting it through a 1 
mm sieve. Mites were collected with a soft thin brush and placed in 1.5 ml Eppendorf tubes with 70% 
ethanol. For each species of predatory mites two replicates of 30-50 specimens per tube were prepared. 
As for predatory mites infected with Wolbachia, two more replicates of 10 and 20 specimens per tube 
were prepared. For each species of the prey mites, as many as three tubes of 10 specimens were prepared.  

2.2. Molecular genetic procedures  

Before DNA extraction, ethanol was removed from the test tubes containing mite specimens. 
Genomic DNA extraction was carried out by homogenizing the mite specimens using plastic pestles. 
Incubation was carried out for 3 hours at 65 °C in a lysis buffer containing 2% CTAB and 0.2% beta-
mercaptoethanol. Extracted DNA was washed/precipitated sequentially with a mixture of chloroform-
isoamyl alcohol, chloroform, isopropanol and 70% ethanol (modified from Sambrook et al., 1989).  

Amplification of the target loci of genomic DNA of mites and their endosymbionts was carried 
out by PCR in Tertsik (DNA-Technology) and BIS M (BIS-N) amplifiers using a ready-made 
commercial mixture DreamTaq Green PCR Master Mix 2X (Thermo Fisher Scientific). Aliquots of 
genomic DNA (6 µl) and locus-specific primers (1 µl each) were added to the mixture (total volume 20 
µl). We used the following cycling conditions: initial denaturation at 95 °C for 5 min, 35 cycles of 
denaturation at 95 °C for 1 min, annealing at 54 °C for 1 min, elongation at 72°C for 1 min, and a final 
elongation step of 72 °C for 5 min (Malysh et al., 2020).  

For direct sequencing, PCR products were separated by 1% agarose gel electrophoresis. 
Amplicons of the expected size were purified by sorption on silicon oxide particles (Vogelstein and 
Gillespie, 1979; Malferrari et al., 2002). The DNA concentration after purification from the gel was 
determined by 2% agarose gel electrophoresis in the presence of a MassRuler DNA weight standard 
(Thermo Fisher Scientific). Samples with DNA concentration of 10-20 ng µl-1 were Sanger-sequenced 
at Evrogen (Russia).  

2.3. Genotyping of mites  

To confirm the species identification of the mites, PCR, sequencing, and phylogenetic 
reconstructions were carried out. To obtain the amplicons of ribosomal DNA (rDNA), the primer pairs 
ITS1 : ITS4, ITS5 : ITS4 (White et al., 1990), and ITSSF : ITSSR (Tixier et al., 2012) were exploited. 
This allowed sequencing the small subunit ribosomal RNA gene (partial sequence), internal transcribed 
spacer 1, 5.8S ribosomal RNA gene, internal transcribed spacer 2, and large subunit ribosomal RNA 
gene (partial sequence). The reads were combined to acquire a longer sequence. The primer pairs 
LCOHCOF : LCOHCOR (Tixier et al., 2012; Vicente dos Santos and Tixier, 2017) and LCO1490 : 
HCO2198 (Folmer et al., 1994) were used for cytochrome c oxidase subunit I (COX1) gene. The 
aforementioned primer pairs were used for identification of closely related species of the predatory mites 
(N. agrestis, N. neoagrestis). As for the Wolbachia-infected feed mite (T. putrescentiae), only LCO1490 
: HCO2198 primers were exploited.  

2.4. Wolbachia screening  

To identify intracellular Wolbachia bacteria, the surface protein wsp primers (wsp81f : wsp691r) 
(Braig et al., 1998) were utilized. For a more detailed genotyping, additional markers from the standard 
set of MLST: gatB, coxA, hcpA, ftsZ and fbpA (Baldo et al., 2006b) were used.  

To screen for Wolbachia, primers for 16S rRNA gene were employed: WspecF and WspecR 
(Werren and Windsor, 2000) with a short-amplified fragment (⁓400 bp). To obtain a longer region 
(⁓1 500 bp), 16SA1 and 16SB1 primers (Fukatsu and Nikoh, 1998) were used. Primers for the gltA gene 
were also used (Casiraghi et al., 2005).  

To obtain better quality sequences, several amplicons were cloned in pAL-TA vector (Evrogen). 
The resulting plasmids (6 clones of coxA, 5 clones of gatB, and 7 clones of hcpA), purified with Plasmid 
DNA diaGene Kit (DIAM, Russia), were sequenced using the standard M13f primer. Sequence 
alignment, analysis of nucleotide sequence variations and preparation of files for subsequent studies 
were performed in the BioEdit 7.0.8.0 application (Hall, 1999). Chimera test for 16S rRNA gene 
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sequences was performed using Mothur version 14.8.2 (Schloss et al., 2009) and high-quality ribosomal 
RNA databases SILVA (https://www.arb-silva.de).  

2.5. Phylogenetic analysis 

Pools of rDNA and COX1 gene sequences were used separately for phylogenetic 
reconstructions with different sets of mite species utilizing standard GTR+I+G model in MrBayes 3.1.2.  

The similarity of the Wolbachia sequences was checked in Genbank on the NCBI server 
(www.ncbi.nlm.nih.gov) using the built-in BLAST utility and PubMLST database 
(http://pubmlst.org/wolbachia). The latter source includes only wsp and the five MLST genes. Whole 
genome shotgun sequencing projects were used to extract the loci of interest for comparative analysis 
of Wolbachia genes from Czech T. putrescentiae ##TSA: GIJY01 and MAG: JAUEMM01 from 
GenBank.  

Wolbachia profile was determined using PubMLST (Jolley et al., 2018) based upon the routinely 
utilized housekeeping genes. For phylogenetic studies, the sequences of these genes were employed 
with the addition of citrate synthase (gltA) (Werren et al., 1995; Casiraghi et al., 2005; Baldo et al., 
2006a and 2006b). Representatives of the supergroups K, N, O, P, Q, S, U, and W were not included in 
the phylogenetic analysis due to the lack of whole-genome sequences or some of MLST genes in the 
GenBank database. Phylogenetic reconstructions were obtained using alignment of 5 MLST loci by 
Bayesian Inference in MrBayes version 3.1.2 and Maximum Likelihood Mega11 (utilizing standard 
GTR+I+G model in both applications) and then visualized in Dendroscope version 3.7.2.  

3. Results  

3.1. Detection of Wolbachia and confirmation of mite species identification  

Using the specific molecular probes, Wolbachia was detected in the thelytokous predatory mite 
N. agrestis and its prey mite T. putrescentiae. Meanwhile, Wolbachia was not detected in the bisexual 
predatory mite N. neoagrestis and in the prey mites C. lactis and T. entomophagus.  

Sequencing the diagnostic loci of the sibling mite species resulted in clear and unambiguous 
rDNA and COX1 chromatograms (Figure 1). The rDNA sequence, 626 b.p. long, displayed 3 nucleotide 
substitutions, corresponding to 99.52% sequence similarity. The COX1 was more variable, showing 
81.79% similarity (118 nucleotide changes per 648 b.p.). Noteworthily, the peaks at the polymorphic 
sites on the chromatograms were clean, containing no additional overlapping minor peaks, thus ruling 
out a possibility of cross-contamination of the DNA samples (Figure 1).  

The species identification of predatory mites, as well as Wolbachia-infected feed mite, was 
confirmed. For the N. agrestis sample, there was 100% identity to the Genbank entries ##OK490283-
OK490286 and OK491216. As for N. neoagrestis, there was 99.7-100% similarity to the Genbank 
entries ##OK490280-OK490282 and MZ577376-MZ577378. Concerning T. putrescentiae, there was 
sequence similarity of 99.9% to ##MT571336 and KY986246-KY986250. Phylogenetic reconstructions 
using rDNA (Figure 2) and COX1 (Figure 3) genes confirmed the species identity and separate 
phylogenetic position of the mites.  
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Figure 1. Portions of chromatograms of ribosomal DNA (A) and cytochrome c oxidase subunit I (B) 
loci demonstrating clean peaks at polymorphic sites (indicated by color arrows) in the sibling species 

of Neoseiulus agrestis (upper lane) and Neoseiulus neoagrestis (lower lane).  

 
Numbers at the splits indicate branch support as posterior probability for Bayesian Inference. The scale bar is 0.01 expected changes 

per site. Typhlodromips montdorensis (Schicha) (Mesostigmata: Phytoseiidae) was used as the outgroup. 

Figure 2. Phylogenetic tree of Neoseiulus species using ribosomal DNA (sequence length 640 
nucleotides) in MrBayes 3.1.2. 

A 

B 
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Numbers at the splits indicate branch support as posterior probability for Bayesian Inference. The scale bar is 0.1 expected changes 

per site. Fragariocoptes setiger (Nalepa) (Trombidiformes: Phytoptidae) was used as the outgroup. 

Figure 3. Phylogenetic tree of mite species using a cytochrome c oxidase subunit I gene (sequence 
length 650 nucleotides) in MrBayes 3.1.2. 

Thus, the first working hypothesis that the thelytokous mite N. agrestis harbors Wolbachia, 
unlike its sibling species N. neoagrestis, which is bisexual, was confirmed.  

3.2. Wolbachia gene sequence comparison  

For the positive samples, the 16S rRNA, wsp, gltA and five MLST (gatB, fbpA, coxA, ftsZ, and 
hcpA) gene amplicons of Wolbachia were produced and sequenced. The sequences have been deposited 
in GenBank under the accession numbers listed in Table 1.  

Table 1. Identified Wolbachia gene sequences in the hosts Neoseiulus agrestis (Acari: Mesostigmata) 
and Tyrophagus putrescentiae (Acari: Sarcoptiformes)  

Wolbachia 
gene 

Neoseiulus agrestis Tyrophagus putrescentiae 
Accession number 

GenBank 
Sequence length, 

bp 
Accession number 

GenBank 
Sequence length, 

bp 
gltA PV296118 983 PV340590 954 

16S rRNA PV156482 1 377 PV156483 1 371 
wsp PV296119 558 PV340587 520 
fbpA PV296121 478 PV340588 440 
ftsZ PV296122 510 PV340589 461 
gatB PV296123 463 PV340592 339 
hcpA PV296124 493 PV340593 448 
coxA PV296120 467 PV340591 432 

To demonstrate the diversity of hosts in which similar genotypes were found in Genbank and 
PubMLST databases, we built charts with colored sections for each locus of the Wolbachia isolates from 
mites (Figure 4).  

Numerous colors, corresponding to different arthropod host orders, and sequence similarity 
(close to 100% in each of the eight loci analyzed) clearly indicates that the ST of the Wolbachia 
endosymbiont of N. agrestis is not unique, being most widespread in Lepidoptera (Figure 4A). As for 
the Russian isolate from T. putrescentiae, the charts are less variegated (Figure 4B), which means that 
this ST is presented in a lesser amount of the host orders. For example, these variants of gltA and coxA 
were previously known only for Lepidoptera, while 16S rRNA is characteristic of T. putrescentiae only. 
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Two strains TSA: GIJY01 and MAG: JAUEMM01 were identical to each other at seven loci, while wsp 
was not detected. Interestingly, none of these sequence variants was found in lepidopteran hosts, being 
predominant in Diptera (gltA, fbpA, and coxA) or Arachnida (other loci).  

Thus, Wolbachia from N. agrestis (Figure 4A) differed remarkedly from Wolbachia isolates ex 
T. putrescentiae of Russian origin (Figure 4B) at all 8 loci studied, and T. putrescentiae of Czech origin 
(Figure 4C) at all 7 available loci. Meanwhile, when the two T. putrescentiae isolates of Wolbachia were 
compared between each other, only 2 loci (16S rRNA and ftsZ) displayed substantial similarity (Figure 
4B vs 4C).  

 

 

 
Lepidoptera   Orthoptera  

Diptera   Blattodea  
Coleoptera   Odonata  

Hymenoptera   Thysanoptera  
Hemiptera   Arachnida  

 

Figure 4. Similarity of each locus of examined Wolbachia genotypes from Neoseiulus agrestis (A), 
Tyrophagus putrescentiae, Russia (B), and T. putrescentiae, Czech Republic (C).  

The charts represent distribution of most similar gene sequences, maximal similarity is indicated within the chart, while the colored 
sectors represent closest endosymbiont genotypes from respective host orders in Genbank or PubMLST. When the information for a given host 
order is sourced from the two databases, the left part and right parts of each section reflect the proportion of sequences presented in Genbank 
and MLST, respectively, while the intermediate hatched zone displays records found in both databases.  

A 

B 

C 
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3.3. Wolbachia MLST profiles comparison  

We obtained the complete MLST profiles of Wolbachia isolates from the predatory mite N. 
agrestis and its feed mite T. putrescentiae. They differed at all the loci examined (Table 2). The MLST 
profile of Wolbachia from N. agrestis almost completely matched the ST 150 (clonal complex STC-41), 
except for the ftsZ locus, which deviated from ftsZ-35 and ftsZ-36 by 2 and 9 nucleotides, respectively. 
In addition, the fbpA locus differed from fbpA-4 by 1 nucleotide.  

As for the MLST profile of Wolbachia from T. putrescentiae, no identical STs in the PubMLST 
database were located. Nevertheless, the gatB-9, coxA-170, fbpA-9, and wsp-698 loci were not unique, 
unlike the ftsZ and hcpA loci. Thus, the ftsZ locus differed from ftsZ-183 by 63 nucleotides, and hcpA 
from hcpA-71 by 73 nucleotides.  

Table 2. MLST profiles of Wolbachia isolates from the present study (in bold) and their closest relatives  

Host species 
Sequence 
type (ST) 

Loci 
Supergroup gatB coxA hcpA ftsZ fbpA 

Neoseiulus agrestis  16 14 40 35* 4*  
Celastrina argiolus 150 16 14 40 36 4 B 
Tyrophagus putrescentiae  9 170 71** 183** 9  
Dendrolimus superans 353 9 170 159 22 9 B 
Tyrophagus putrescentiae (Czech 
Republic) 

 223** 55** 71** 183** 333**  

Pentalonia nigronervosa  402 218 202 219 183 344 M 

* alleles with 1 or 2 nucleotide substitutions. 
** alleles with several dozen substitutions. 
The loci of supergroup B for Wolbachia from Neoseiulus agrestis and Tyrophagus putrescentiae are highlighted in bold.  

Based upon MLST profile comparison, it can be concluded that Wolbachia from N. agrestis 
belongs to the supergroup B. Yet, the precise allocation of the endosymbiont from T. putrescentiae 
cannot be so easily established, as three loci are typical of the supergroup B, while the two other loci 
are quite different from those present in PubMLST. To resolve this question, we relied on a phylogenetic 
reconstruction.  

3.4. Wolbachia phylogenetic analysis  

The Wolbachia isolate from N. agrestis clustered with isolates of the supergroup B, and the 
isolate of Wolbachia from T. putrecentiae formed a basal branch in relation to supergroup B (Figure 5). 
The tree topology is the same when using both Bayesian Inference (MrBayes version 3.1.2) and 
Maximum Likelihood (Mega 11). 
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Numbers at the splits indicate branch support as posterior probability for Bayesian Inference. Capital Latin letters in bold font 

indicate supergroups of Wolbachia. The scale bar is 0.1 expected changes per site. Alphaproteobacteria Ehrlichia muris Wen et al. and 
Neoehrlichia mikurensis Wass et al. (homotypic synonym: Candidatus Neoehrlichia mikurensis Kawahara et al.), belonging to order 
Rickettsiales, families Ehrlichiaceae and Anaplasmataceae, respectively, were used as the outgroup. 

Figure 5. Phylogenetic tree of Wolbachia isolates from 27 host species using 5 MLST loci 
(concatenated sequence length 2 474 nucleotides) in MrBayes 3.1.2. 

Wolbachia isolates of predatory mites N. agrestis and their prey T. putrescentiae turned out to 
be different. When explored at individual loci, the similarity between isolates ranged from 81.0 to 
99.7%, while comparison of the concatenated sequences showed 423 nucleotide substitutions per 4 978 
bp, corresponding to the 91.5% sequence similarity.  

Thus, the second working hypothesis is supported using comparison of each locus pair, as well 
as their concatenated sequences and MLST profiles, and phylogenetic reconstructions of Wolbachia 
from the predatory mite and its feed mite.  

4. Discussion  

Thelytoky is not very common among phytoseiid mites. In addition to N. agrestis, obligate 
thelytoky is described only in Amblyseius guatemalensis (A. elongatus) (Chant), Amblyseius parasundi 
Blommers, and Neoseiulus (Amblyseius) aurescens (Athias-Henriot) (Kennett, 1958; Blommers, 1974; 
Gaponyuk, 1989). Some other species may express thelytoky which is not obligate. Those are 
Amblyseius herbicolus (A. deleoni) Chant, Typhlodromips sessor (De Leon), Neoseiulus (Amblyseius) 
salish (Chant and Hansell), Typhlodromus transvaalensis (Nesbitt), Transeius (Amblyseius) herbarius 
(Wainstein), Phytoseius intermedius (Evans and McFarlane), and N. tunus (De Leon) (Wysoki, 1973; 
Sciarappa and Swift, 1977; Wysoki and Bolland, 1983; Kolodochka, 1984; Azevedo et al., 2016; 
Cavalcante et al., 2017; Zhang and Zhang, 2021; Toyoshima, 2021). Among the aforementioned species, 
infection with Wolbachia has not been documented before.  

Anyway, the current study is the first report of Wolbachia infection in N. agrestis. The 
Wolbachia genotype from this host species displays only slight differences as compared to the 
endosymbiont isolates infecting butterflies and moths of various families, as well as the hoverfly, 
Eupeodes latifasciatus (Macquart). Neoseiulus agrestis is polyphagous and, besides arthropod prey, may 
feed on pollen just like the other mites of this genus (Tsolakis et al., 2019). The horizontal exchange by 
the endosymbionts may therefore occur between different arthropod hosts in the flowers, which makes 
it expectable to find the same (or nearly the same) genotypes of Wolbachia in mites and butterflies. 
Besides, some phytoseiid mites may feed on lepidopteran insect eggs (Amano and Chant, 1986), which 
in turn may serve as a source of horizontally transferred endosymbionts from moths to mites via 
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predation. Moreover, some insects, while feeding by pollen and nectar at the adult stage, may be larval 
predators of aphids, thrips, and spider mites. These include the larvae of syrphid flies, such as E. 
latifasciatus (Pekas et al., 2020), and it can be therefore said that they share a common ecological niche 
with the predatory mites. Minor genetic differences revealed by MLST may indicate that the horizontal 
transfer occurred once in their evolutionary history, and the mutations started to accumulate since then. 
A negligible amount of these mutations suggests that this transfer occurred relatively recently.  

An important outcome of this research is the demonstration of the endosymbiotic bacterium 
presence in the thelytokous mite, but not in its sibling species, bisexual N. neoagrestis. And because 
Wolbachia is among the factors influencing arthropod physiology, including reproductive strategies, it 
is important to screen other thelytokous and bisexual mite species for this endosymbiont. In spite of 
deficiency of practical studies in this field, the idea of Wolbachia influence on sex determination in its 
mite hosts has been broadcasted in scientific literature (Cavalcante et al., 2017; Andrianov, 2022; Zhang 
et al., 2025; Fu et al., 2025). If more examples of Wolbachia presence in thelytokous, but not bisexual 
relatives will be found, this would serve as a more profound confirmation of this hypothesis. 

Regarding Wolbachia from T. putrescentiae, it is important to note that Klimov et al. (2024) 
insisted on attribution of their isolate from T. putrescentiae to the supergroup Q, but showed 
relationships of their isolate to the "type" isolate (ex Torotrogla) of that clade in a supplementary file 
only (with rather low bootstrap support values). In the main figure 4 they only displayed isolates ex 
Fragariocoptes and Thyrophagus without inclusion of Torotrogla. The figure legends are obscure, not 
indicating real diversity of the loci utilized. As far as we can judge, Glowska et al. (2015) could provide 
just two loci (16S rRNA+coxA) for one isolate, two other loci for another isolate (coxA+groEL), and 
variable sets of three loci (either 16S rRNA+coxA+gltA or coxA+gltA+groEL) for the two other strains. 
Meanwhile, Klimov et al. (2024) based their supergroup allocation on what they called “four datasets: 
genomic, five standard phylogenetic loci (Glowska et al., 2015), five multilocus sequence typing 
(MLST) loci (Baldo et al., 2006), and 16S rRNA”. However, it is known since long that 16S rRNA is 
not suitable for taxonomy purposes in Wolbachia (Werren et al., 1995) while the statement “MLST as 
in Glowska et al. (2015)” doesn’t correspond to the limited set of markers provided by the latter research.  

We therefore cannot consider it as a well-supported resolution so as to validate the supergroup 
Q. This rather looks like an unsuccessful attempt to classify Wolbachia from different mite species into 
a single "mite-specific" supergroup. 

Both our study and that of Klimov et al. (2024) showed that different approaches result in 
divergent grouping of certain isolates from mites. Hence, the question of their phylogenetic position 
remains unresolved and requires a unified set-up of characters, exploited in Wolbachia systematics. 
MLST-based phylogeny according to Baldo et al. (2006b) clearly demonstrates that the endosymbionts 
from Acariformes is not a single group, as Wolbachia from Fragariocoptes setiger (Nalepa) 
(Trombidiformes: Phytoptidae) belongs to the supergroup M, while that from T. putrescentiae is close 
to the supergroup B (Figure 5).  

Conclusion  

Our results show that Wolbachia is present in the thelytokous predatory mite species N. agrestis 
and is absent in the congeneric bisexual species N. neoagrestis, thus supporting the first hypothesis. 
Since this endosymbiont is responsible for reproduction and sex determination in different arthropods, 
this is quite possible that it is Wolbachia that defines sexual reproduction type in two sibling Neoseiulus 
species. This phenomenon requires further detailed examination to facilitate our understanding the role 
of endosymbiotic bacteria in reproductive success and speciation of phytoseiid mites.  

The second working hypothesis that the feed mites are not the source of Wolbachia infection of 
Neoseiulus is confirmed by detailed molecular genetic investigation. The genotypes of Wolbachia from 
the predatory mites and their prey are not related, so that the respective endosymbionts were not shared 
through trophic interactions of their hosts. Meanwhile, identical or highly similar genotypes of 
Wolbachia are present in diverse arthropods, suggesting evolutionary host shift via horizontal transfer.  
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