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Introduction

Members of the genus Rickettsia are obligate intracellular bacteria infecting eukaryotes. There are currently more than 30 recognized species but the advent of multilocus sequence typing (MLST) and molecular phylogenetics has recently led to the description of several new putative species [START_REF] Labruna | Ecology of Rickettsia in South America[END_REF][START_REF] Parola | Tick-Borne Rickettsioses around the World: Emerging Diseases Challenging Old Concepts[END_REF][START_REF] Weinert | The diversity and phylogeny of Rickettsia[END_REF][START_REF] Weinert | Evolution and diversity of Rickettsia bacteria[END_REF].

Nowadays, the best known Rickettsia species are the causative agents of severe diseases in humans and other mammals, including Rocky Mountain spotted fever and epidemic typhus [START_REF] Parola | Tick-Borne Rickettsioses around the World: Emerging Diseases Challenging Old Concepts[END_REF][START_REF] Perlman | The emerging diversity of Rickettsia[END_REF][START_REF] Weinert | The diversity and phylogeny of Rickettsia[END_REF]. These Rickettsia species are all associated with blood-feeding arthropods (ticks, mites, lice and fleas) which widely transmit infections to vertebrates. However, not all Rickettsia are pathogens since many are exclusively found in arthropods (e.g., ladybirds, spiders and book lice) in which they undergo maternal (transovarial) transmission to offspring [START_REF] Behar | Rickettsia felis Infection in a Common Household Insect Pest, Liposcelis bostrychophila (Psocoptera: Liposcelidae)[END_REF][START_REF] Gottlieb | Identification and Localization of a Rickettsia sp. in Bemisia tabaci (Homoptera: Aleyrodidae)[END_REF][START_REF] Perlman | The emerging diversity of Rickettsia[END_REF][START_REF] Weinert | Evolution and diversity of Rickettsia bacteria[END_REF], as exemplified with R. buchneri in the blacklegged tick Ixodes scapularis [START_REF] Kurtti | Rickettsia buchneri sp. nov., a rickettsial endosymbiont of the blacklegged tick Ixodes scapularis[END_REF].

In recent years, Rickettsia spp. have been discovered in a diverse range of hosts, but hard ticks (Ixodid) remain undoubtedly among the main arthropod hosts [START_REF] Labruna | Ecology of Rickettsia in South America[END_REF][START_REF] Perlman | The emerging diversity of Rickettsia[END_REF][START_REF] Weinert | The incidence of bacterial endosymbionts in terrestrial arthropods[END_REF][START_REF] Weinert | Evolution and diversity of Rickettsia bacteria[END_REF]. By contrast, only a few Rickettsia have been reported from few soft ticks (Argasid): this includes R. bellii and R. hoogstraalii, which are both regularly identified in Argas spp. and Ornithodoros spp., but also the R. wissemanii, R. nicoyana, R. lusitianiae and undetermined species, which are known only from a few Ornithodoros and Argas species [START_REF] Duh | Rickettsia hoogstraalii sp. nov., isolated from hard-and soft-bodied ticks[END_REF][START_REF] Duron | Tick-Bacteria Mutualism Depends on B Vitamin Synthesis Pathways[END_REF][START_REF] Hornok | Molecular detection of vector-borne bacteria in bat ticks (Acari: Ixodidae, Argasidae) from eight countries of the Old and New Worlds[END_REF][START_REF] Milhano | Rickettsia lusitaniae sp. nov. isolated from the soft tick Ornithodoros erraticus (Acarina: Argasidae)[END_REF][START_REF] Moreira-Soto | Candidatus Rickettsia nicoyana': A novel Rickettsia species isolated from Ornithodoros knoxjonesi in Costa Rica[END_REF][START_REF] Sánchez-Montes | Rickettsia lusitaniae associated with Ornithodoros yumatensis (Acari: Argasidae) from two caves in Yucatan, Mexico. Ticks Tick[END_REF][START_REF] Tahir | New Rickettsia species in soft ticks Ornithodoros hasei collected from bats in French Guiana[END_REF][START_REF] Yan | Microbial diversity in the tick Argas japonicus (Acari: Argasidae) with a focus on Rickettsia pathogens[END_REF].

In a recent study, [START_REF] Duron | Evolutionary changes in symbiont community structure in ticks[END_REF] examined a collection of 26 soft tick species and detected infection by Rickettsia in one Argas and 15 Ornithodoros species. While some of these Rickettsia infections were not assigned to known species, examination of gltA phylogeny showed that most of them were closely related to R. lusitianiae and R. bellii [START_REF] Duron | Evolutionary changes in symbiont community structure in ticks[END_REF].

In this paper, we report on the discovery of two putative new species of Rickettsia in nymphs of three soft tick species from North Africa: O. occidentalis from Morocco, O. erraticus from Algeria and O. normandi from Tunisia. We used MLST gene sequences, including gltA, coxA, ompB and 16S rRNA, and phylogenetics for the description of these infections. We further examined their genetic proximity with known Rickettsia species and strains.

Materials and Methods

Tick DNA collection

Our preliminary examination of the gltA Rickettsia sequences obtained from soft ticks by [START_REF] Duron | Evolutionary changes in symbiont community structure in ticks[END_REF] showed that six sequences (GenBank accession numbers: O. erraticus, KY678045; O. normandi, KY678051; O. occidentalis, pending) cannot be assigned to known Rickettsia species and strains, as we detailed below in the Results section. These six gltA Rickettsia sequences were obtained from nymphs of O. occidentalis from Morocco (locality Fez, 2010: n=3;locality Taza, 2010: n=1), O. erraticus from Algeria (locality Taher, 2010: n=1) and O. normandi from Tunisia (locality Bizerte, 2010: n=1). The two most distant localities (Fez and Bizerte) are approximately 1000 km apart. These six nymphs were primarily collected through the examination of rodent burrows [START_REF] Trape | The Epidemiology and Geographic Distribution of Relapsing Fever Borreliosis in West and North Africa, with a Review of the Ornithodoros erraticus Complex (Acari: Ixodida)[END_REF]. They were further individually washed in three sterile water baths, air dried and collected in sterile microtubes. DNA was individually crushed by shaking with a bead beater (mixer mill MM301, Qiagen, Hilden, Germany), and then DNA was isolated and purified using the DNeasy Blood and Tissue Extraction Kit (Qiagen) following the manufacturer's instructions as described in [START_REF] Trape | The Epidemiology and Geographic Distribution of Relapsing Fever Borreliosis in West and North Africa, with a Review of the Ornithodoros erraticus Complex (Acari: Ixodida)[END_REF] 

Molecular typing

DNA templates of the six nymphs mentioned above were used for Rickettsia molecular typing. Along with the gltA gene already sequenced, we amplified three other genes, 16S rRNA, coxA, ompB, using semi-nested or nested PCR assays (Table 1). The use of seminested or nested PCR was efficient at decreasing the probability of contamination from unwanted amplification products (false positives). To prevent possible contamination, different parts of this process were physically separated from one another, in entirely separate rooms. All amplicons were also sequenced to control for false positive amplifications. Gene features, primers and PCR conditions are detailed in Table 1.

Semi-nested and nested PCR amplifications were performed as follows: the first PCR run with the external primers was performed in a 10 μL volume containing ca. 20 ng of genomic DNA, 3 mM of each dNTP (Thermo Scientific), 8 mM of MgCl2 (Roche Diagnostics), 3 μM of each primer, 1 μL of 10X PCR buffer (Roche Diagnostics), and 0.5 U of Taq DNA polymerase (Roche Diagnostics). A 1μL aliquot of the PCR product from the first reaction was then used as a template for the second round of amplification. The second PCR was performed in a total volume of 25 μL and contained 8 mM of each dNTP (Thermo Scientific), 10 mM of MgCl2 (ThermoScientific), 7.5 μM of each of the internal primers, 2.5 μL of 10X PCR buffer (Thermo Scientific), and 1.25 U of Taq DNA polymerase (Thermo Scientific). All PCR amplifications were performed under the following conditions: initial denaturation at 93°C for 3 min, 35 cycles of denaturation (93°C, 30 s), annealing (Tm=52-56°C, depending on primers, 30 s), extension (72°C, 1 min), and a final extension at 72°C for 5 min. Known positive and negative individuals were used as controls in each PCR assay. All PCR products were visualized with electrophoresis in a 1.5% agarose gel. Positive PCR products were purified and sequenced in both directions (EUROFINS). The chromatograms were manually inspected and cleaned with CHROMAS LITE (http://www.technelysium.com.au/chromas_lite.html) and sequence alignments were done using CLUSTALW [START_REF] Thompson | Multiple Sequence Alignment Using ClustalW and ClustalX[END_REF], both implemented in MEGA [START_REF] Tamura | MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) Software Version 4.0[END_REF]. Novel nucleotide sequences have been deposited in the GenBank nucleotide database (Accession numbers: 'Candidatus Rickettsia africaseptentrioalis', gltA [pending], 16S rRNA

[pending], coxA [pending] and ompB [pending]; 'Candidatus Rickettsia mauretaniae', gltA

[pending], 16S rRNA [pending], coxA [pending] and ompB [pending]).

Molecular phylogenetics

The GBLOCKS program [START_REF] Castresana | Selection of Conserved Blocks from Multiple Alignments for Their Use in Phylogenetic Analysis[END_REF] with default parameters was used to remove poorly aligned positions and to obtain unambiguous sequence alignments. All sequence alignments were also checked for putative recombinant regions using the RDP3 computer analysis package [START_REF] Martin | RDP3: A flexible and fast computer program for analyzing recombination[END_REF]. Given a set of aligned nucleotide sequences, RDP3 can rapidly analyze these with a range of powerful non-parametric recombination detection methods, including the GENECONV [START_REF] Sawyer | GENECONV: A computer package for the statistical detection of gene conversion[END_REF] and RDP [START_REF] Martin | RDP: detection of recombination amongst aligned sequences[END_REF].

Phylogenetic relationships were evaluated between Rickettsia strains using gltA, 16S rRNA, coxA and ompB gene sequences. In addition to the sequences produced in this study, additional Rickettsia sequences, representative of the diversity in the genus and available from GenBank, were also used. The evolutionary models most closely fitting the sequence data were determined using Akaike information criterion with the MEGA program [START_REF] Tamura | MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) Software Version 4.0[END_REF]. Phylogenetic analyses were based on maximum likelihood (ML) analyses. A ML heuristic search, using a starting tree obtained by neighbor-joining, was conducted and clade robustness was further assessed by bootstrap analysis using 1,000 replicates in MEGA [START_REF] Tamura | MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) Software Version 4.0[END_REF].

Results

Multilocus typing of Rickettsia

The diversity of Rickettsia in O. occidentalis, O. erraticus and O. normandi was examined using gltA (589 bp), 16S rRNA (729 bp), coxA (562 bp) and ompB (672 bp) gene sequences.

The Rickettsia 16S rRNA, coxA and ompB genes were amplified and sequenced here from all tick DNA templates (n=6), while all the gltA gene sequences were already available in GenBank from [START_REF] Duron | Evolutionary changes in symbiont community structure in ticks[END_REF]. All sequences were easily readable without double peaks, indicating a confident degree of primer specificity for Rickettsia PCR amplifications. All these sequences belong unambiguously to the Rickettsia genus as described below.

On the basis of DNA sequences, we characterized one to three distinct alleles depending on the Rickettsia gene (Table 2), including three alleles for gltA (98.3-99.66% pairwise nucleotide identity), one for 16S rRNA, two for coxA (99.29% pairwise nucleotide identity) and three for ompB (98.08-99.68% pairwise nucleotide identity). Overall, the allelic variation at the five gene markers led to the identification of three different Rickettsia genotypes (A, B and C hereafter): the A genotype was found in O. erraticus (n=1), the B genotype in O. normandi (n=1), while the C genotype was shared by all O. occidentalis specimens (n=4) (Table 2). None of these three genotypes showed 100% nucleotide identity at the four gene markers with other Rickettsia species and strains available in GenBank, including other Rickettsia spp. previously documented in soft ticks (i.e., R. bellii, R. hoogstraalii, R. wissemanii, R. nicoyana and R. lusitianiae; Table 3). In terms of nucleotide identity, the closest Rickettsia species of the A, B and C Rickettsia genotypes are R. felis, R. asemboensis, R. hoogstraalii, R. senegalensis and R. lusitianiae, which all belong to the transitional Rickettsia group (Table 3). If compared together, the A, B and C genotypes showed a substantial nucleotide divergence at the four gene sequences examined but they had a better pairwise nucleotide identity with each other than with any other Rickettsia species and strains (Table 3). 

Phylogenetics of Rickettsia

Maximum

Discussion

While only a few Rickettsia species have been reported from soft ticks [START_REF] Duh | Rickettsia hoogstraalii sp. nov., isolated from hard-and soft-bodied ticks[END_REF][START_REF] Duron | Tick-Bacteria Mutualism Depends on B Vitamin Synthesis Pathways[END_REF][START_REF] Hornok | Molecular detection of vector-borne bacteria in bat ticks (Acari: Ixodidae, Argasidae) from eight countries of the Old and New Worlds[END_REF][START_REF] Milhano | Rickettsia lusitaniae sp. nov. isolated from the soft tick Ornithodoros erraticus (Acarina: Argasidae)[END_REF][START_REF] Moreira-Soto | Candidatus Rickettsia nicoyana': A novel Rickettsia species isolated from Ornithodoros knoxjonesi in Costa Rica[END_REF][START_REF] Sánchez-Montes | Rickettsia lusitaniae associated with Ornithodoros yumatensis (Acari: Argasidae) from two caves in Yucatan, Mexico. Ticks Tick[END_REF][START_REF] Tahir | New Rickettsia species in soft ticks Ornithodoros hasei collected from bats in French Guiana[END_REF][START_REF] Yan | Microbial diversity in the tick Argas japonicus (Acari: Argasidae) with a focus on Rickettsia pathogens[END_REF], in this study we identified two novel Rickettsia species in soft tick Ornithodoros species from North Africa. The MLST of four gene fragments fulfills the criteria usually used to designate new Rickettsia species (e.g. [START_REF] Anstead | A Novel Rickettsia Species Detected in Vole Ticks (Ixodes angustus) from Western Canada[END_REF][START_REF] Milhano | Rickettsia lusitaniae sp. nov. isolated from the soft tick Ornithodoros erraticus (Acarina: Argasidae)[END_REF][START_REF] Moreira-Soto | Candidatus Rickettsia nicoyana': A novel Rickettsia species isolated from Ornithodoros knoxjonesi in Costa Rica[END_REF][START_REF] Tahir | New Rickettsia species in soft ticks Ornithodoros hasei collected from bats in French Guiana[END_REF][START_REF] Turebekov | Prevalence of Rickettsia species in ticks including identification of unknown species in two regions in Kazakhstan[END_REF]: their allelic profiles, showing a substantial magnitude of difference, are unique relative to all recognized and putative species within the Rickettsia genus. On account of its distinct genetic and phylogenetic traits described, we propose the designation 'Candidatus Rickettsia africaseptentrioalis' (a'fri.ca sep.ten.tri.o'a.lis, referring to North Africa where the organism was isolated) for the species found in O. erraticus The soft ticks O. occidentalis, O. erraticus and O. normandi all belong to the O. erraticus species complex. While small mammals are the most common hosts of these species, they are also among the most common soft ticks to bite humans [START_REF] Trape | The Epidemiology and Geographic Distribution of Relapsing Fever Borreliosis in West and North Africa, with a Review of the Ornithodoros erraticus Complex (Acari: Ixodida)[END_REF]. Two of these ticks, O. occidentalis and O. normandi, are known to be only from North Africa, but O. erraticus is more widespread and is reported from many Mediterranean regions, including the Iberian Peninsula in Europe and the Middle East. These Ornithodoros species commonly carry the relapsing fever agents Borrelia crocidurae and Borrelia hispanica and the African swine fever viruses [START_REF] Boinas | The persistence of African swine fever virus in field-infected Ornithodoros erraticus during the ASF endemic period in Portugal[END_REF][START_REF] Trape | The Epidemiology and Geographic Distribution of Relapsing Fever Borreliosis in West and North Africa, with a Review of the Ornithodoros erraticus Complex (Acari: Ixodida)[END_REF], but they have never been found to carry a pathogenic Rickettsia. In this context, whether or not 'Candidatus Rickettsia africaseptentrioalis' and 'Candidatus Rickettsia mauretaniae' are potential human pathogens is a question worthy of interest. These two novel species belong the transitional phylogenetic group of Rickettsia and are closely related to R. asemboensis: this Rickettsia species was described in 2013 in fleas and was latter reported in ticks [START_REF] Troyo | Detection of rickettsiae in fleas and ticks from areas of Costa Rica with history of spotted fever group rickettsioses[END_REF]. Its pathogenesis in vertebrate hosts is unknown [START_REF] Jiang | Molecular detection of Rickettsia felis and Candidatus Rickettsia Asemboensis in Fleas from Human Habitats, Asembo, Kenya[END_REF]. Another close relative is R. felis which is the causative agent of flea-borne spotted fever. This cosmopolitan pathogen, first described as a human pathogen from the United States in 1991, is now considered a common cause of fever in Africa [START_REF] Brown | Rickettsia felis, an Emerging Flea-Borne Rickettsiosis[END_REF]. However, at least one R. felis strain, called LSU, is a non-infectious maternally inherited symbiont inducing parthenogenesis in book lice [START_REF] Behar | Rickettsia felis Infection in a Common Household Insect Pest, Liposcelis bostrychophila (Psocoptera: Liposcelidae)[END_REF][START_REF] Gillespie | Genomic Diversification in Strains of Rickettsia felis Isolated from Different Arthropods[END_REF]. This last example clearly shows that not all Rickettsia of the transitional phylogenetic group are pathogens. Because the pathogenicity of 'Candidatus Rickettsia africaseptentrioalis' and 'Candidatus Rickettsia mauretaniae' is still unknown, considering these species as important pathogens might be premature. As pointed out by [START_REF] Labruna | Rickettsia felis and Changing Paradigms about Pathogenic Rickettsia[END_REF], the current view in rickettsiology has a strong anthropocentric bias and tends to describe all novel Rickettsia species as pathogenic forms. In many arthropods (e.g., ladybirds, spiders and book lice, but also ticks), Rickettsia are nonpathogenic and undergo exclusive maternal transmission to offspring, which functions as both mutualist and reproductive manipulator [START_REF] Bonnet | The Tick Microbiome: Why Non-pathogenic Microorganisms Matter in Tick Biology and Pathogen Transmission[END_REF][START_REF] Perlman | The emerging diversity of Rickettsia[END_REF][START_REF] Weinert | The diversity and phylogeny of Rickettsia[END_REF][START_REF] Weinert | Evolution and diversity of Rickettsia bacteria[END_REF]. As a result, the putative pathogenicity of 'Candidatus Rickettsia africaseptentrioalis' and 'Candidatus Rickettsia mauretaniae' should be the aim of further studies before a definitive decision is reached on this effect. acknowledge useful discussions with members of the French group Tiques et Maladies à Tiques (TMT). Financial support was provided by recurrent funding from the Centre National de la Recherche Scientifique (CNRS) and Institut de Recherche pour le Développement (IRD). 

  -likelihood (ML) analyses were further used to examine the evolutionary relationships of the A, B and C Rickettsia genotypes of O. occidentalis, O. erraticus and O. normandi with 38 other Rickettsia species, including other known Rickettsia from soft ticks. We observed no sign of recombination in the data set: (i) the comparison between Rickettsia gltA, 16S rRNA, coxA and ompB single gene phylogenies revealed the same phylogenetic branching (Figure 1A-D) and (ii) the analysis of concatenated sequences did not detect significant recombination events between the Rickettsia sequences used in the ML analyses (all P>0.10 for the GENECONV and RDP recombination-detection tests). The single gltA, 16S rRNA, coxA and ompB gene phylogenies and concatenated phylogeny consistently showed that the A, B and C Rickettsia genotypes of O. occidentalis, O. erraticus and O. normandi are markedly divergent to known Rickettsia species and strains (Figures 1A-D and 2). The A and B Rickettsia genotypes clustered together, suggesting that they belong to the same species, while the C Rickettsia genotype belongs to a distinct, albeit close, species. These two putative species are phylogenetically related to but divergent from some other Rickettsia species belonging to the transitional phylogenetic group. It clustered within a robust monophyletic clade including other Rickettsia species reported from soft ticks, R. hoogstraalii and R. lusitianiae, and Rickettsia reported from fleas, R. felis, R. senegalensis and R. asemboensis (Figures 1A-D and 2).

  (A Rickettsia genotype) and O. normandi (B Rickettsia genotype), and 'Candidatus Rickettsia mauretaniae' (ma.o.re.'ta.njae, referring to Mauretania [a region in the ancient Maghreb during Antiquity] where the organism was isolated) for the species found in O. occidentalis (C Rickettsia genotype). Interestingly, the MLST data set also indicated the presence of at least two clearly distinct genotypes of 'Candidatus R. africaseptentrioalis', one present in O.erraticus from Algeria and the other in O. normandi from Tunisia. These localities are more than 350 km apart, suggesting that a greater diversity of 'Candidatus R. africaseptentrioalis' genotypes may circulate across North Africa.

Table 1 .

 1 Genes and primers used for Rickettsia sequencing.

	366						
	Gene	Hypothetical product Primers (5'-3')		Tm	Fragment size	Reference
	16S rRNA	Small ribosomal	R16SF1	CGTGGGAATCTGCCCATCAG	55°C	Semi-nested PCR assay:	This study
		unit	R16SF2	CGCTGATGGATGAGCCCGCGTC		1st round PCR: R16SF1/R16SR1: 854bp	
			R16SR1	GGTGGTYGCGGATCGCAGAG		2nd round PCR: R16SF2/R16SR1: 772bp	
	gltA	Citrate synthase	RgltAF1	CCTATGGCTATTATGCTTGCGGC	56°C	Semi-nested PCR assay:	Duron et al. 2017
			RgltAF2	GGTTCTCTTTCKGCATTTTATCC		1st round PCR: RgltAF1/RgltAR1: 664bp	
			RgltAR1	CTTGAAGCTATCGCTCTTAAAGATG		2nd round PCR: RgltAF2/RgltAR1: 637bp	
	ompB	Outer membrane	RompBF1	GGCTGGACCTGAAGCTGGAGC	52°C	Nested PCR assay:	This study
		protein	RompBF2	GTTGCTGCAGGTGACGAAGCTG		1st round PCR: RompBF1/RompBR2: 834bp	
			RompBR1	GTCCATCTAACTGAGACTGAG		2nd round PCR: RompBF2:RompBR1: 715bp	
			RompBR2	GCATCAGGTCTTATGCTTGCAC			
	coxA	Cytochrome C	RcoxAF2	CCYGATATGGCATTTCCACGCC	55°C	Semi-nested PCR assay:	This study
		oxydase subunit I	RcoxAR1	ATCGTATGGGCTCACCATATGT		1st round PCR: RcoxAF2/RcoxAR2: 886bp	
			RcoxAR2	AAGCACCGAGCGACATCGTA		2nd round PCR: RcoxAF2/RcoxAR1: 607bp	
	367						

Table 2 .

 2 Sequence profiles of the four genes (16S rRNA, gltA, coxA and ompB) in the three Rickettsia genotypes (A-B: 'Candidatus Rickettsia africaseptentrioalis'; C: 'Candidatus Rickettsia mauretaniae') identified in this study. Letters a-c represent the different alleles at each gene locus. n, number of specimens by each Rickettsia genotype.

	Rickettsia genes

Table 3 .

 3 Sequence similarity of the 16S rRNA, gltA, coxA and ompB gene sequences of the three Rickettsia genotypes (A-B: 'Candidatus Rickettsia africaseptentrioalis'; C: 'Candidatus Rickettsia mauretaniae') detected in O. erraticus, O. normandi and Ornithodoros occidentalis to those of closely related Rickettsia species or Rickettsia species of other soft tick species available in GenBank. sites; best-fit approximation for the evolutionary model: GTR + G). Circles indicate Rickettsia species found in soft ticks (black circles: sequences from Rickettsia characterized in this study from Ornithodoros occidentalis, O. erraticus and O. normandi; white circles: sequences from Rickettsia characterized from other tick species and available in GenBank). Sequences from representative Rickettsia groups, species and strains available in GenBank were also added to the analysis. The grey boxes delineate the different Rickettsia groups (their names are indicated in upper case). Bacterial name, host species and GenBank accession numbers are shown on the tree. Branch numbers indicate percentage bootstrap support for major branches (1000 replicates; only bootstrap values >70% are shown). The scale bar is in units of substitution/site. Phylogeny of Rickettsia constructed using maximum-likelihood (ML) estimations based on concatenated gltA, 16S rRNA, coxA and ompB sequences (2552 unambiguously aligned nucleotide sites; best-fit approximation for the evolutionary model: GTR + G+I). Circles indicate Rickettsia species found in soft ticks (black circles: sequences from Rickettsia characterized in this study from Ornithodoros occidentalis, O. erraticus and O. normandi; white circles: sequences from Rickettsia characterized from other tick species and available in GenBank). Sequences from representative Rickettsia groups, species and strains available in GenBank were also added to the analysis. The grey boxes delineate the different Rickettsia groups (their names are indicated in upper case). Bacterial name, host species and GenBank accession numbers are shown on the tree. Branch numbers indicate percentage bootstrap support for major branches (1000 replicates; only bootstrap values >70% are shown). The scale bar is in units of substitution/site.

	Gene	Rickettsia (Genbank accession no.)
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