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Abstract 

Background Soft ticks of the genus Ornithodoros are responsible for the maintenance and transmission of the Afri‑
can swine fever (ASF) virus in the sylvatic and domestic viral cycles in Southern Africa. They are also the main vectors 
of the Borrelia species causing relapsing fevers. Currently, no genetic markers are available for Afrotropical Ornitho-
doros ticks. As ASF spreads globally, such markers are needed to assess the role of ticks in the emergence of new 
outbreaks. The aim of this study is to design microsatellite markers that could be used for ticks of the Ornithodoros 
moubata complex, particularly Ornithodoros phacochoerus, to assess population structure and tick movements in ASF 
endemic areas.

Methods A total of 151 markers were designed using the O. moubata and O. porcinus genomes after elimination 
of repeated sequences in the genomes. All designed markers were tested on O. phacochoerus and O. porcinus DNA 
to select the best markers.

Results  A total of 24 microsatellite markers were genotyped on two populations of O. phacochoerus and on individ‑
uals from four other Ornithodoros species. Nineteen markers were selected to be as robust as possible for population 
genetic studies on O. phacochoerus.

Conclusions The microsatellite markers developed here represent the first genetic tool to study nidicolous popula‑
tions of O. phacochoerus.
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Background
Ornithodoros phacochoerus is an Afrotropical nidicol-
ous soft tick widely distributed in Southern and Eastern 
Africa [1, 2]. O. phacochoerus belongs to a phylogeneti-
cally, ecologically, and biologically closely related com-
plex of species, including Ornithodoros moubata and 
Ornithodoros porcinus [3]. The main hosts of these 

species include wild and domestic members of the Suidae 
family: warthog, bushpig, and domestic pig [4], but they 
can feed on any available host, including humans. There 
are two main health concerns with these species. First, 
they play a role as vectors in the transmission of the Bor-
relia responsible for relapsing fever, a neglected human 
disease [5]. Second, they are involved in the epidemiol-
ogy of the African swine fever (ASF) virus by maintain-
ing the virus in the wild and acting as a vector between 
Suidae hosts [6]. This latter role is particularly important 
to investigate at the interface between wild and domestic 
areas, as it is currently unknown to which extent Orni-
thodoros contribute to the transmission of ASF virus 
from warthogs to domestic pigs.

In this context, studying dispersal patterns of soft ticks 
is critical to assess their role in ASF virus transmission 
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at the wild-domestic interface. Afrotropical Ornithodoros 
are nidicolous ticks that are mostly found in warthog 
burrows and in crevices from human facilities, including 
pig pens [1]. Population genetics represent an effective 
way to study the structure of these populations and to 
look for movement of ticks from burrows to other bur-
rows or to nearby pig pens. Population genetics could 
also give insights into the mating behavior or the demog-
raphy of soft ticks [7, 8]. Since no genetic markers were 
available for Afrotropical Ornithodoros, we decided to 
design microsatellite markers for O. phacochoerus and 
other closely related species using recently published 
genomic data of O. porcinus and O. moubata [9]. Micro-
satellite markers are cost-effective compared with more 
recent NGS-based methods for studies involving large 
number of samples and poor-quality or low quantities of 
DNA, as it is frequently the case for ticks and for ancient 
samples [10, 11]. Microsatellite markers were tested on 
two Mozambican populations of O. phacochoerus ticks 
and on four closely related Ornithodoros species. After 
analysis, 19 markers were selected for O. phacochoerus 
population genetic studies. The characteristics of these 
microsatellites are presented here.

Methods
Ticks
O. phacochoerus ticks were collected in Mozambique 
in 2021 and 2022, in the Coutada 9 Game Reserve from 
the district of Macossa (n = 29, late stage nymphs and 
adults, GPS coordinates: −17.7681, 33.8348) and in the 
Gorongosa National Park from the district of Gorongosa 
(n = 29, late stage nymphs and adults, GPS coordinates: 
−18.9775, 34.3521). They were shared under Material 
Transfer Agreement with the Mozambique Institute of 
Agricultural Research (IIAM) and in compliance with the 
Nagoya Protocol.

O. moubata, O. porcinus, Ornithodoros maritimus, and 
Ornithodoros erraticus ticks (n = 2 per species, late stage 
nymphs) came from colonies maintained at the CIRAD 
laboratory (Montpellier, France, member of the Vec-
topole Sud network) since 2008, 2012, 2015, and 2016, 
respectively.

The O. moubata colony originated from the Neuchâtel 
strain initially collected in Tanzania and maintained at 
the University of Neuchâtel (Switzerland). The O. porci-
nus ticks were initially sampled in Mahitsy (Madagascar) 
[12]. The O. maritimus ticks were collected in the field on 
the island of Carteau in Camargue (France) [13]. Finally, 
the O. erraticus ticks originated from the “Alentejo” 
strain collected in the field in Alentejo (Portugal) in 2013 
and 2016 [14].

DNA extractions
Nymph and adult ticks were washed in a 1% bleach bath 
for 30 s, then rinsed for 1 min in three consecutive baths 
of Milli-Q water to eliminate cuticular bacteria and avoid 
contamination for other downstream analyses such as 
ticks microbiota characterization [15]. Ticks were then 
cut and crushed individually using small scissors and 
pellet pestles. DNA was extracted from the crushed 
tick homogenate, using the standard protocol from the 
 DNeasy® Blood and Tissue genomic DNA extraction kit 
(Qiagen, Hilden, Germany). DNA extracts were finally 
eluted in 200  µl of elution buffer and stored at –20 ℃ 
until further use.

Tick genomes and elimination of repeated sequences
After sequencing COI (primers: forward 5′-AAT TTA 
CAG TTT ATC GCC T-3′, reverse 5′-CAT ACA ATA AAG 
CCT AAT A-3′ and forward 5′-GGA ACA ATA TAT TTA 
ATT TTTGG-3′, reverse 5′-ATC TAT CCC TAC TGT AAA 
TAT ATG -3′ [16]), the 12S rRNA gene (primers: forward 
5′-AAA CTA GGA TTA GAT ACC CT -3′, reverse 5′-AAT 
GAG AGC GAC GGG CGA TGT-3′ [17]), and the 16S 
rRNA gene (primers: forward 5′-CTG CTC AAT GAT 
TTT TTA AAT TGC TGTGG-3′, reverse 5′- CCG GTC 
TGA ACT CAG ATC AAGT-3′ [18]), the ticks sampled in 
Mozambique were identified as O. phacochoerus (Addi-
tional file 1: Supplementary Dataset 1). Since no genome 
was available for this species, three genomic datasets 
from closely related species were used for microsatellite 
design [9]: one genome from O. moubata (cell line) and 
two genomes from O. porcinus (Kenya and Madagascar 
ticks). These genomic data were published by the Frie-
drich Loeffler Institute in Germany.

Tick genomes contain multiple sequence repeats, mak-
ing microsatellite design a challenging task [19, 20]. To 
optimize this design, we employed the method published 
by Shah et al. for the elimination of repeated sequences 
in complex genomes [21]. For this purpose, the three tick 
genomes were screened for repeated sequences using 
RepeatExplorer2 clustering on Galaxy version 2.3.8.1 
[22]. For each genome, reads identified as singletons by 
RepeatExplorer2 were retained for microsatellite mining, 
while sequences in clusters were discarded [21].

Microsatellite design and selection
After elimination of repeated sequences, Palfinder [23] 
and Primer3 [24] from the Galaxy palfinder pipeline 
[25] were used to screen for microsatellite motifs and to 
design primer sequences for the potential markers. In 
total, 40,170 potential markers were obtained from the 
O. moubata genome, 18,689 from O. porcinus Kenya, and 
33,006 from O. porcinus Madagascar. Sequences were 
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then compared between the three genomes to keep only 
the potential markers that were common between at least 
two of the genomes. To be selected for further analyses, 
the markers also needed to be polymorphic between the 
two genomes or have a microsatellite pattern repeated at 
least eight times. In the end, 74 markers were kept from 
the comparisons between O. moubata and O. porcinus 
genomes, and 77 between O. porcinus Kenya and O. 
porcinus Madagascar genomes, for a total of 151 poten-
tial microsatellite markers (named from ms-1 to ms-151).

PCR test on O. phacochoerus and genotyping
All 151 potential markers were amplified by touchdown 
polymerase chain reaction (PCR) using a 5′-end M13 
extension (5′-CAC GAC GTT GTA AAA CGA C-3′) on the 
forward primer and fluorescent M13 dye (FAM, VIC or 
NED) added to the PCR mix [26]. These first tests were 
performed on a batch of thirty samples from 15 different 
populations (two ticks per population) of O. phacochoe-
rus from both Coutada 9 Game reserve and Gorongosa 
National Park, and two samples of O. porcinus as positive 
controls. The amplification mix consisted in 2 μL of DNA 
template, 10  μL 2 × DreamTaq Hot Start PCR Master-
mix (Thermo Scientific, Courtaboeuf, France), 0.32 μL of 
M13 forward primer (0.16 μM), 0.4 μL of reverse primer 
(0.2 μM), and 0.4 μL of M13 dye (0.2 μM) in a final vol-
ume of 20 μL. The touchdown PCR program was set as 
follow: 98 ℃ for 3 min, then 10 cycles of 98 ℃ for 20 s, 
60 −  0.5 ℃/cycle, for 30  s and 72 ℃ for 1 min, then 30 
cycles of 98 ℃ for 20 s, 55 ℃ for 30 s, and 72 ℃ for 1 min, 
followed by a final extension step at 72 ℃ for 7 min.

Genotyping was performed at the GPTR labora-
tory (Great Regional Technical Platform of genotyping, 
AGAP Institut/CIRAD, Montpellier, France) with an ABI 
3500xL Genetic Analyzer (Applied Biosystems, Foster 
City, CA). Of the 151 markers tested, 24 were selected 
according to the following criteria: successful amplifica-
tion for O.  phacochoerus, polymorphic between at least 
two O.  phacochoerus samples, PCR products size rang-
ing from 60 to 500 bp (for full sequences, see Additional 
file 2: Supplementary Dataset 2).

For the 24 selected markers, fluorescent-labeled for-
ward primers (FAM, VIC, NED, or PET) were designed. 
Touchdown PCRs were performed in six multiplexes of 
four markers each. PCRs and genotyping tests were per-
formed to adjust the concentration of each primer in the 
multiplexes (Additional file  3: Supplementary Table 1).

The amplification mix consisted in 2 μL of DNA tem-
plate, 10  μL of 2× Type-it Microsatellite PCR Kit (Qia-
gen, Courtaboeuf, France), adjusted for volume of 
fluorescence-labeled forward primer and reverse primer 
for each of the four markers amplified in the PCR 
(according to the concentration chosen in Additional file  

3) in a final volume of 20 μL. The touchdown PCR pro-
gram was set as follow: 95 ℃ for 3  min, then 10 cycles 
of 95 ℃ for 20 s, 60 − 0.5 ℃/cycle, for 30 s and 72 ℃ for 
1 min, then 30 cycles of 95 ℃ for 20 s, 55 ℃ for 30 s, and 
72 ℃ for 1 min, followed by a final extension step at 72 ℃ 
for 7 min.

Formamide for denaturation and GeneScan-600 (LIZ) 
Size Standard Kit for ladder (Applied Biosystems, Foster 
City, CA) were added to the PCR products before geno-
typing by capillary electrophoresis at the GPTR platform.

The 24 selected markers were tested on two populations 
of O. phacochoerus ticks (Coutada 9 and Gorongosa) and 
on closely related (O.  porcinus and O.  moubata) and 
more distant (O.  maritimus and O.  erraticus) Ornitho-
doros species with two individuals for each species. For 
each marker, Sanger sequencing (Genewiz, Azenta Life 
Sciences, Leipzig, Germany) was performed on O. phaco-
choerus (Coutada 9), and a reference sequence was sub-
mitted to GenBank (Table 1).

Allelic diversity and statistics
Genotypes were read using  GeneMapper® v.6 software 
(Applied Biosystems, Waltham, MA). Allele bins were 
set manually after a review of all samples. Allele scoring 
was performed automatically according to the bin set 
designed for the marker, then manually checked by two 
different experimenters. Alleles were named according to 
their length in base pairs. When peaks were of low inten-
sity in some of the samples, a threshold of peak intensity 
was set at 100 fluorescence units, below which the sam-
ples were not scored.

The resulting dataset was converted to Fstat and Micro-
Checker format using CREATE [27]. Linkage disequilib-
rium p-values were calculated using Fstat v 2.9.4. [28], 
then corrected with a Benjamini and Yekutieli correction 
[29] on R version 4.2.3 (15 March 2023) [30]. Presence of 
null alleles, stuttering, and short allele dominance were 
tested using Micro-Checker [31]. When possible, correc-
tion for stuttering was performed by pooling alleles with 
overlapping signals, then stuttering was re-evaluated 
[32]. Observed and expected heterozygosity, Fis and Fst 
were calculated using Fstat v 2.9.4. [28].

After genotyping, two loci were readily eliminated: 
ms-46 which was monomorphic for all O. phacochoerus 
samples and ms-66 for which several individuals pre-
sented more than two alleles suggesting that the marker 
was duplicated in O.  phacochoerus genome. Moreover, 
loci ms-96 and ms-64 were difficult to read due to the 
low quality of the profiles (low intensity profiles in which 
peaks were difficult to distinguish from each other). 
Finally, locus ms-82 was the only locus with an absence 
of heterozygote profiles in all samples leading to its elimi-
nation. The results obtained from these five markers are 
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Table 1 Characteristics of twenty‑four microsatellite markers amplified in O. phacochoerus 

Locus name Primer sequences (5′–3′) (Repeat motif )n Null alleles Stuttering GenBank 
accession 
number

Subset of markers selected for O. phacochoerus (19 markers)

 ms‑2 Fw: GTC GAC AAT TTC TCT CGC CC (AC)12 No No PP813852

Rv: TTC CCA AAC AAT GGG TCT CC

 ms‑24 Fw: TGT TTA CGA CGG CAT GAA GC (GT)8 No No PP740832

Rv: GCG GAA AAT ACG AAA GCT CG

 ms‑30 Fw: AGG GTG CCC TCA ATA CAA CG (TG)6 No No PP740833

Rv: TGT GTG CGC ATG ATG TAA GC

 ms‑35 Fw: CTC AGG TGT CAC CAG CAA GC (AT)9 No No PP813853

Rv: CCC GAC AAT GTC TAG GCT CC

 ms‑48 Fw: TCT GCT TTT CAA GGC TGT GC (AC)7 No No PP740831

Rv: TTC GGA GCC TGT TAC CTT GC

 ms‑59 Fw: ATA GAG GCA AGA TGG CAG GC (TG)16 No No PP740844

Rv: CCA GCT GTG CAA GTT CAA GG

 ms‑61 Fw: CAG CGA AAC AAG CAA TGA GC (ATT)7 Yes (Gor; Cout9) Yes (Cout9) PP740845

Rv: AGC AAA TCC CGG TTA CAA CG

 ms‑63 Fw: CAT GCT CAC AGT GCT TGA CG (GT)6 No No PP740835

Rv: TTG TCA CAT GAC CAG AGG GG

 ms‑71 Fw: TTC AGA TTC ACA ACA GGG CG (GAT)5 No No PP740837

Rv: GCA TTC AAC GTG CTC TCA CC

 ms‑73 Fw: TTC GGA TTC GAA CAA ACA CG (GA)6 No No PP813854

Rv: GTT CGT GCC CTC TCA CTT CC

 ms‑76 Fw: TCT TAC GCT GAA CAT TGG CG (AG)11 Yes (Gor; Cout9) No PP740838

Rv: AAT TGC TAC TGC ACT GGG AGG 

 ms‑78 Fw: CTA TCA CGA CGC CTC CTT CC (GT)3 Yes (Cout9) Yes (Cout9) PP813855

Rv: CTG AAG CTC AGC AAT GAC GG

 ms‑81 Fw: CCC TTT GAC AAA CCG TAG GC (TC)6 No No PP813856

Rv: AAA TCA TTT TCG CCA GAC CG

 ms‑87 Fw: ATG AAG CGA TCG TCC TAC GG (TC)6 No No PP740839

Rv: GAG ACG CTT TCC TGA TTC GC

 ms‑90 Fw: TGA ATA ACG GGG TAA AGC CG (AG)12 No No PP740840

Rv: TGG GAG TGC TGT ATT CGT GC

 ms‑101 Fw: GGC TCA CGA AAA TAC CTC GC (AG)7 No No PP740841

Rv: CCA GCT AAC GGT ATG CTC CC

 ms‑102 Fw: TGC GCC TAC TGT GTA CCA CC (TC)7 No No PP740842

Rv: CCC GCA AGC TTC AGA TAA CC

 ms‑111 Fw: CCA AAA CAC TGG ATG AAG CC (GGA)6 Yes (Cout9) Yes (Cout9) PP740847

Rv: GTC GCT CAA CCG TAG GAA CC

 ms‑117 Fw: CGC ACT CAT TGA GAG TTC GC (TG)5 No No PP813858

Rv: TTT AAC GTT TCC GTG ATG GC

Discarded markers (5 markers)

 ms‑46 Fw: TAG CGT GAA CAT AGC GGT GG (AC)6 No No PP740834

Rv: GGA GAA GTT TTC CCG GAA GG

 ms‑64 Fw: CGG ACA GAA ATA GCG GAA CC (AT)14 No No PP740846

Rv: ATA ACC AAA CGC AGG GAT GC

 ms‑66 Fw: CTT CCT TCT GAT TGA GCG GC (AAG)5 No No PP740836

Rv: TTG AAG ACA CAA ACG GTG GC

 ms‑82 Fw: CAG TTC AGT TTA CGC TCG GC (AT)5 Yes (Cout9) No PP813857

Rv: ACT CCA TGA ATT GGG TTC GG

 ms‑96 Fw: CCA CCC CTC TAG AAC CCT CC (TG)6 No No PP740843

Rv: ATC TAA GCT GGC TGA ACG GC
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presented but they were not selected in the proposed 
subset of markers, leading to a subset of 19 markers 
selected out of 24 markers tested (Table 1). Sex-linkage of 
the loci could not be evaluated for the markers as infor-
mation about the sex of each tick was not included in the 
dataset during DNA extraction steps.

Results and discussion
The initial screening performed on O. moubata and 
O. porcinus genomic datasets led us to select 19 mark-
ers suitable for O. phacochoerus out of 24 markers 
tested (Table  1). Most of the loci selected presented 

dinucleotide repeats, with four loci having trinucleotide 
repeats. Several loci presented point mutations outside 
of the repeated dinucleotide or trinucleotide motifs, 
resulting in alleles with 1 nucleotide difference (in ms-48, 
ms-59, ms-73, ms-76, ms-81, ms-82, ms-90, ms-96, and 
ms-117). Such point mutations can increase the risk of 
stuttering [32] and forbid the calculation of evolutive dis-
tance between alleles according to the stepwise mutation 
model (SMM) which is based on the idea that microsatel-
lite evolution happens by progressively adding or remov-
ing single repeat units [33].

Table 1 (continued)
For each locus are indicated: forward (Fw) and reverse (Rv) primers; the repeat motifs detected in the two genomes used for marker design; the presence (Yes) or 
absence (No) of null alleles and stuttering in Coutada 9 (Cout9) population or Gorongosa (Gor) population according to the analysis of blanks using Micro-Checker. 
Stuttering and null alleles are indicated in italics if correction was possible by pooling two ambiguous alleles

Table 2 Characterization of twenty‑four microsatellite markers in O. phacochoerus 

For each locus, for all samples are indicated (from both populations): number of alleles (Nalleles), observed heterozygosity (Ho), expected heterozygosity (He), FIS, and FST 
between the two populations. For each locus, in each population are indicated: number of alleles (Nalleles) and FIS (text in bold if the value is significantly different from 
zero after 10,000 randomizations)

Locus name All populations Coutada 9 Gorongosa

Nalleles Ho He FIS FST Nalleles FIS Nalleles FIS

Subset of markers selected for O. phacochoerus (19 markers)

 ms‑2 6 0.64 0.71 0.098 0.10 3 0.12 5 0.079

 ms‑24 2 0.29 0.25 −0.18 0.27 2 −0.18 1 NA

 ms‑30 2 0.24 0.21 −0.13 0.57 2 −0.077 2 −0.17

 ms‑35 4 0.54 0.55 0.022 0.12 2 −0.27 4 0.16

 ms‑48 6 0.40 0.34 −0.16 0.49 2 0.0 4 −0.17

 ms‑59 4 0.14 0.16 0.14 0.69 2 0.27 3 −0.042

 ms‑61 3 0.12 0.26 0.54 0.079 2 0.49 2 0.56
 ms‑63 3 0.21 0.20 −0.077 0.11 2 −0.084 2 0.0

 ms‑71 2 0.26 0.26 0.021 0.22 2 0.022 2 0.0

 ms‑73 4 0.40 0.46 0.13 0.35 2 0.036 4 0.18

 ms‑76 5 0.35 0.60 0.42 0.20 3 0.40 3 0.42
 ms‑78 6 0.48 0.55 0.12 0.23 3 0.24 5 0.057

 ms‑81 4 0.53 0.42 −0.24 0.41 2 −0.26 2 −0.23

 ms‑87 3 0.32 0.32 0.0040 0.080 2 0.036 3 −0.067

 ms‑90 6 0.12 0.12 −0.028 0.79 3 −0.011 4 −0.038

 ms‑101 3 0.50 0.41 −0.21 0.38 2 −0.018 2 −0.40
 ms‑102 4 0.45 0.49 0.089 0.22 2 0.14 3 0.042

 ms‑111 2 0.069 0.27 0.74 0.0051 2 1.0 2 0.27

 ms‑117 6 0.72 0.69 −0.050 0.11 3 −0.055 4 −0.046

 All loci 0.36 0.38 0.069 0.30 0.087 0.053

Discarded markers (5 markers)

 ms‑46 1 0.0 0.0 NA 0.0 1 NA 1 NA

 ms‑64 3 0.29 0.25 −0.18 0.60 1 NA 2 −0.18

 ms‑66 4 NA NA NA NA 2 −0.20 4 NA

 ms‑82 2 0.0 0.25 1.0 0.23 2 1.0 1 NA

 ms‑96 2 0.28 0.26 −0.059 0.45 2 −0.038 2 −0.064
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The 19 selected markers were tested for linkage dis-
equilibrium. Only loci ms-87 and ms-102 were sus-
pected to be linked (genotypic disequilibrium test, 
permutations: 10,000, Benjamini and Yekutieli cor-
rected P-value: 0.0978), while no sign of linkage dise-
quilibrium was detected between any other pair of loci 
(genotypic disequilibrium test, permutations: 10,000, 
Benjamini and Yekutieli corrected p-value of 1.00). 
For future use of the markers presented here, we sug-
gest to use locus ms-102 and to discard locus ms-87 to 
avoid having two markers potentially linked. Testing 
for stuttering revealed that three loci presented signs 
of stuttering in Coutada 9 population (ms-61, ms-78, 
and ms-111) and none in Gorongosa. To correct for 
stuttering, ambiguous alleles 313 and 314 were pooled 
together in locus ms-61, and ambiguous alleles 324 and 
326 were pooled together in locus ms-78. This was suf-
ficient to correct for stuttering. For locus ms-111, no 

ambiguous alleles were detected on the electrophero-
grams, and no correction could be performed for this 
locus. Testing for null alleles revealed that out of 19 
loci, 3 locus presented null alleles due to stuttering in 
Coutada 9 population (ms-61, ms-78, and ms-111), 1 in 
Gorongosa population independently from stuttering 
(ms-61), and 1 in both populations independently from 
stuttering (ms-76). Finally, no evidence of large allele 
dropout was detected in the 19 markers.

Allelic diversity ranged from two to six alleles per 
locus with variations within each population (Table 2). 
Wright’s fixation index  FIS was calculated in each of 
the two populations and for all samples. The absence 
of heterozygotes for locus ms-82 in all samples led to 
its elimination. Deviation from Hardy–Weinberg equi-
librium was detected in four of the markers selected: 
ms-61, ms-76, ms-101, and ms-111. Loci ms-61 and 
ms-76 had deficit in heterozygotes. This was not 

Table 3 Genotyping success and allele size range of twenty‑four microsatellite markers in five Ornithodoros species

Two individuals were used for each species studied (except O. phacochoerus with 54 individuals). Successful amplification and allele detection is indicated as “ + ” 
followed by the range of allele size detected in brackets, unsuccessful amplification or allele detection is indicated as “ – ”

Locus name O. phacochoerus O. porcinus O. moubata O. maritimus O. erraticus

ms‑2  +(303–325)  +(286)  +(289–291)  +(311) –

ms‑24  +(305–307)  +(293) – – –

ms‑30  +(196–212)  +(222)  +(224) – –

ms‑35  +(67–75)  +(74)  +(60–62) – –

ms‑46  +(383)  +(377)  +(389) – –

ms‑48  +(259–272)  +(242)  +(281) – –

ms‑59  +(422–435)  +(409)  +(411–425)  +(374) –

ms‑61  +(308–316)  +(310–312)  +(239–308) – –

ms‑63  +(404–408)  +(410) – – –

ms‑64  +(463–477)  +(470)  +(480) – –

ms‑66  +(356–391)  +(365–368) – – –

ms‑71  +(204–210)  +(210)  +(210) – –

ms‑73  +(416–421)  +(454) – – –

ms‑76  +(383–390)  +(205) – – –

ms‑78  +(304–344)  +(293)  +(298–302) – –

ms‑81  +(446–462)  +(446)  +(444) – –

ms‑82  +(473–478) – – – –

ms‑87  +(445–513)  +(475) – – –

ms‑90  +(446–464)  +(450) –  +(452) –

ms‑96  +(336–337)  +(341)  +(336) – –

ms‑101  +(148–156)  +(156–158)  +(143–152) – –

ms‑102  +(267–279)  +(269) – – –

ms‑111  +(109–112)  +(121) – – –

ms‑117  +(447–458)  +(436) –  +(456) –
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surprising, since these loci showed signs of null alleles. 
Besides, positive  FIS can be due to consanguine mating, 
an expected feature in a nidicolous species such as O. 
phacochoerus [34]. Locus ms-111 presented a  FIS = 1 in 
Coutada 9 due to the absence of heterozygotes for this 
locus in this population. This is an unusual feature for a 
microsatellite marker, and this marker should be tested 
in more populations. Genotyping was performed on 
two populations of O. phacochoerus (Coutada 9 Game 
Reserve and Gorongosa National Park) separated by 
150  km. Interestingly, warthogs (Phacochoerus afri-
canus), which are the main host for O. phacochoerus, 
tend to remain in areas of less than 4   km2, and there 
is no warthog movement reported outside of the two 
conservation areas [35] [C. Quembo personal commu-
nication]. Consequently, it is very likely that there is no 
gene flow between these two areas which could explain 
some of the high values observed for Wright’s fixa-
tion index  FST between the two populations (Table  2). 
However, some loci (especially loci ms-61, ms-87, and 
ms-111) presented low values of  FST compared with the 
evaluation of  FST over all loci. This could be the result 
of highly conserved loci or other issues previously men-
tioned (especially null alleles). In any case, the useful-
ness of these specific loci should be reevaluated for 
each dataset, as they might end up being irrelevant to 
screen for genetic differences in close located areas.

All 24 microsatellite markers were tested in four other 
Ornithodoros species. O. porcinus and O. moubata, which 
belong to same complex of species as O. phacochoerus, 
presented successful amplification for respectively 23 and 
13 markers. In contrast, more distant species O.  mar-
itimus and O.  erraticus showed successful amplification 
for four and zero loci respectively. This suggests that the 
markers developed here are quite specific to Afrotropical 
Ornithodoros species (Table 3).

Conclusions
We present here 24 microsatellite markers designed for 
the Afrotropical soft tick O. phacochoerus. We selected 
a subset of 19 markers that were relevant in this spe-
cies. Design methodology and protocols for amplifica-
tion of the markers were provided here. These markers 
will compensate for the lack of genetic tools available 
for Afrotropical Ornithodoros and help to investigate 
the role of this tick vector in ASF epidemiology. These 
markers will also help to understand the structure of 
populations and breeding patterns in nidicolous soft 
tick species and their dispersal abilities between wart-
hog burrows.
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