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INTRODUCTION

Abstract

Ticks of the genus Haemaphysalis (Acari: Ixodidae) comprise a diverse group of species
widely distributed across the Palearctic region and are known to harbor a variety of
pathogens of medical and veterinary importance. Despite its relatively wide geographic
distribution, the tick species Haemaphysalis parva remains relatively understudied from
a molecular perspective, and reliable DNA barcode data for this species are largely
lacking in global genetic databases. In the present study, we performed a mitochondrial
cox1-based DNA barcoding and genetic characterization of H. parva specimens collected
from active populations in Central Anatolia, Tiirkiye. A total of 16 adult ticks (eight
females and eight males) collected from eight sampling sites were morphologically
identified and subjected to molecular analyses. Sequencing of the mitochondrial cox!
gene revealed seven distinct haplotypes among the analyzed specimens, with moderate
haplotype diversity (h = 0.6917) and low nucleotide diversity (7 = 0.00162). BLAST
analyses demonstrated high sequence similarity with previously reported H. parva
sequences from Tiirkiye, Iran, and Ghana. Bayesian phylogenetic reconstruction
confirmed that all haplotypes identified in this study clustered within the main H. parva
lineage and revealed two well-supported subclades within the species. The analysis also
suggested possible inconsistencies among the taxonomic annotations of certain publicly
available sequences in genetic databases. The generated sequences were deposited in
GenBank and the Barcode of Life Data System (BOLD), establishing the first validated
DNA barcode reference for H. parva. The findings of this study expand the currently
available genetic data for this species and provide an important molecular reference for
future taxonomic, ecological, and epidemiological investigations of H. parva.

Keywords: DNA barcoding, coxl, haplotype diversity, Haemaphysalis, phylogenetic
analysis, tick genetics, Anatolia

reported, such as Haemaphysalis parva, Haemaphysalis
punctata, Haemaphysalis sulcata, Haemaphysalis caucasica,

Ticks are among the most important arthropod vectors
worldwide and represent a major threat to the health of
both humans and domestic animals on a global scale ™.
Members of the genus Haemaphysalis (Acari: Ixodidae)
have a wide geographic distribution and represent the
second most species-rich genus among ticks, comprising
approximately 174 recognized species worldwide .
Species of this genus typically exhibit a three-host life
cycle and parasitize a broad range of vertebrate hosts,
contributing to their wide geographic distribution and
ecological diversity .. In the Western Palearctic region,
including Tiirkiye, several species of this genus have been

Haemaphysalis  concinna, Haemaphysalis  hispanica,
Haemaphysalis erinacei, and Haemaphysalis kopetdaghica.
In addition, Alloceraea inermis (formerly Haemaphysalis
inermis), which has recently been transferred to the
genus Alloceraea but remains phylogenetically closely
related to Haemaphysalis, is also present in this region *
¢l Species belonging to the genus Haemaphysalis are also
of considerable importance due to their role as vectors
of a wide range of pathogens of medical and veterinary
significance, including protozoan, bacterial, and viral
agents ?!. Despite the high species diversity within the
genus, the vector competence and ecological roles of
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many Haemaphysalis species have not yet been fully
characterized 1°l.

Haemaphysalis parva is a widely distributed tick species
that exhibits a three-host life cycle and is considered an
exophilic species adapted to a variety of habitats. Adult ticks
parasitize medium and large wild and domestic mammals,
whereas immature stages feed on a broad range of small-
and medium-sized wild mammals (including hedgehogs,
hares, rodents, and carnivores), ground-feeding birds,
and even reptiles. Adult ticks also commonly infest
domestic mammals and humans *'*'2 Although some
populations, particularly in Anatolia, have been reported
to reach relatively high abundance compared with other
ixodid ticks 1%, knowledge regarding the ecology, biology,
and vectorial competence of this species remains limited
both locally and globally. In recent years, pathogen
screening studies have revealed the presence of various
protozoan, bacterial, and viral agents in H. parva collected
from different hosts, drawing increasing attention to its
potential epidemiological importance 2. Among
these are pathogens of significant medical and veterinary
importance, including Crimean-Congo hemorrhagic fever
virus, Francisella tularensis, Coxiella burnetii, Babesia ovis,
and Babesia rossi . However, relatively few studies
have focused on host-seeking (questing) H. parva ticks. A
study on pathogens in questing adult H. parva collected in
Tiirkiye reported the presence of Babesia crassa, B. rossi,
Rickettsia hoogstraalii, a novel Babesia species (Babesia
sp. Ucbas), and an uncharacterized Hepatozoon species
(131 These findings highlight the potential epidemiological
significance of H. parva and provide additional context
for future studies focusing on questing tick populations.

From a genetic perspective, the available data on H.
parva are derived from studies based on different genetic
markers and specimen sets ?**l. In addition, several
cases of misidentification have been reported in previous
molecular studies ***. Validated DNA barcode records
for H. parva in the Barcode of Life Data System (BOLD)
remain underrepresented, underscoring the importance of
expanding reference datasets for molecular identification.
Therefore, the aim of the present study was to provide
a validated genetic characterization and DNA barcode
reference for H. parva based on mitochondrial coxI
sequences obtained from active populations in Central
Anatolia, Tiirkiye, to assess intraspecific haplotype
diversity, and to investigate the phylogenetic relationships
of this species within the genus Haemaphysalis.

MATERIAL AND METHODS
Ethical Statement

This study did not involve the use of live animals or
human participants. All tick specimens were collected as

host-seeking individuals from the environment without
direct interaction with vertebrate hosts. Therefore, ethical
approval was not required.

Study Area and Tick Collection

A total of 16 adult tick specimens (eight females and eight
males) used in this study were collected from several
localities within Ankara Province, Tiirkiye, including
the districts of Kizilcahamam, Cubuk, Camlidere,
Akyurt, Kalecik, and Sincan, during 2021-2022 (Fig.
I). The specimens consisted of host-seeking (questing)
adults collected from vegetation using the flagging
method. After collection, the ticks were transported to
the Ticks and Tick-Borne Diseases Research Laboratory
(TTBDRL), Department of Parasitology, Faculty of
Veterinary Medicine, Ankara University. The specimens
were preserved in 70% ethanol and stored at +4°C under
appropriate laboratory conditions until further analyses
were performed. Detailed information on the collected
specimens, including sampling localities and specimen
codes, is provided in Table 1.

Morphological Identification

All collected tick specimens (eight females and eight males)
were morphologically identified to species level using
standard taxonomic keys **¢l. Based on the diagnostic
morphological characters, all specimens were confirmed
as adult H. parva. Following identification, the specimens
were examined and photographed under a Zeiss Stemi
2000-C stereomicroscope (Zeiss, Germany) equipped
with an AxioCam digital camera and the ZEN imaging
software. Dorsal and ventral images were obtained for each
specimen, and representative dorsoventral microscopic
images of all examined individuals are presented according
to sex in Fig. 2 (females) and Fig. 3 (males).

Sampling site (n=2) 0 24 & 120 16
"
®  Haemaphysalis parva s

Fig 1. Geographic distribution of the sampling sites of Haemaphysalis
parva in Ankara Province, Tiirkiye. Sixteen specimens (one female and
one male from each locality) were collected from eight sampling sites. The
inset map indicates the location of the study area within Tiirkiye
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Table 1. Sampling details of Haemaphysalis parva specimens collected from eight localities in Ankara Province, Tiirkiye

:;ledy Sample Code | Species Gender Location (Village/District) | Coordinates (Lat./Long.) g:]tleection
1 Hpa-1785 Haemaphysalis parva Female Gebeler/Kizilcahamam 40.628955/32.49913833 24.09.2021
1 Hpa-1786 Haemaphysalis parva Male Gebeler/Kizilcahamam 40.628955/32.49913833 24.09.2021
2 Hpa-1787 Haemaphysalis parva Female Semer/Kizilcahamam 40.59123167/32.91630667 13.10.2022
2 Hpa-1788 Haemaphysalis parva Male Semer/Kizilcahamam 40.59123167/32.91630667 13.10.2022
3 Hpa-1789 Haemaphysalis parva Female Kuscu/Camlidere 40.552806/32.497469 12.10.2021
3 Hpa-1790 Haemaphysalis parva Male Kugcu/Camlidere 40.552806/32.497469 12.10.2021
4 Hpa-1791 Haemaphysalis parva Female Karadana/Cubuk 40.26625667/33.15500333 06.04.2022
4 Hpa-1792 Haemaphysalis parva Male Karadana/Cubuk 40.26625667/33.15500333 06.04.2022
5 Hpa-1793 Haemaphysalis parva Female Yildiriméren/Cubuk 40.48433333/32.77777667 18.04.2022
5 Hpa-1794 Haemaphysalis parva Male Yildiriméren/Cubuk 40.48433333/32.77777667 18.04.2022
6 Hpa-1795 Haemaphysalis parva Female Ahmetadil/Akyurt 40.10857167/33.24836333 15.04.2022
6 Hpa-1796 Haemaphysalis parva Male Ahmetadil/Akyurt 40.10857167/33.24836333 15.04.2022
7 Hpa-1797 Haemaphysalis parva Female Bugra/Kalecik 40.14484833/33.58530667 01.03.2022
7 Hpa-1798 Haemaphysalis parva Male Bugra/Kalecik 40.14484833/33.58530667 01.03.2022
8 Hpa-1799 Haemaphysalis parva Female Ucret/Sincan 39.68348/32.56499 24.09.2022
8 Hpa-1800 Haemaphysalis parva Male Ucret/Sincan 39.68348/32.56499 24.09.2022

DNA Extraction, PCR Amplification and Sequencing

Prior to molecular analyses, the tick specimens were
rinsed again with 70% ethanol and air-dried on sterile
filter paper. Each adult H. parva specimen was processed
individually for nucleic acid extraction. Ticks were
mechanically homogenized in bead-containing tubes
using a SpeedMill PLUS cooling homogenizer (Analytik
Jena, Jena, Germany) to ensure efficient tissue disruption.
Genomic DNA was subsequently isolated from the
homogenates using the BlackPREP Tick DNA/RNA Kit

(IST Innuscreen GmbH, Berlin, Germany) according
to the manufacturer’s instructions. The extracted DNA
samples were stored at —20°C until further analysis.

PCR amplification targeted a 710 bp fragment of the
mitochondrial cytochrome C oxidase subunit I (coxI)
gene using the universal primers LCO1490 and HCO2198
71 The thermal cycling conditions consisted of an initial
denaturation at 95°C for 2 min, followed by 35 cycles of
denaturation at 95°C for 30 s, annealing at 55°C for 30 s,
and extension at 72°C for 1 min, with a final extension

Fig 2. Dorsal and ventral views of female Haemaphysalis parva specimens
examined in this study. (a-b) Hpa-1785; (c-d) Hpa-1787; (e-f) Hpa-1789;
(g-h) Hpa-1791; (i-j) Hpa-1793; (k-1) Hpa-1795; (m-n) Hpa-1797; (o-p)
Hpa-1799. For each specimen, the left image shows the dorsal view and the
right image shows the ventral view

Fig 3. Dorsal and ventral views of male Haemaphysalis parva specimens
examined in this study. (a-b) Hpa-1786; (c-d) Hpa-1788; (e-f) Hpa-1790;
(g-h) Hpa-1792; (i-j) Hpa-1794; (k-1) Hpa-1796; (m-n) Hpa-1798; (o-p)
Hpa-1800. For each specimen, the left image shows the dorsal view and the

right image shows the ventral view
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step at 72°C for 7 min. Positive amplicons were stored
at —20°C until sequencing analyses. PCR products were
purified using the PureLink™ Quick Gel Extraction
Kit (Invitrogen, Lohne, Germany) following the
manufacturer’s protocol. The purified DNA samples were
sequenced bidirectionally using the Sanger sequencing
method on an Applied Biosystems™ 3130xl Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA)
with the BigDye™ Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) according to the manufacturer’s
instructions.

Sequence Processing and Population Genetic Analyses

Chromatograms were visually inspected, edited, and
assembled into consensus sequences using AliView v1.26
(%1 The obtained sequences were subsequently compared
against the GenBank (National Center for Biotechnology
Information, https://www.ncbi.nlm.nih.gov/genbank)
and BOLD (http://www.boldsystems.org) databases using
nucleotide similarity searches (BLAST) to confirm species
identification. All sequences generated in this study
were compiled into a single dataset for haplotype-based
population genetic analyses.

Prior to downstream analyses, the sequences were
translated into amino acid sequences in AliView v1.26
to check for potential stop codons and NUMTs (nuclear
mitochondrial DNA segments). Because cox1 is a protein-
coding gene, sequence alignment was performed using the
MUSCLE algorithm ! while considering the translated
amino acid sequences. The aligned dataset was then used
for population genetic analyses, including calculation
of nucleotide diversity (), number of haplotypes (k),
haplotype diversity (h), relationships among haplotypes,
and the distribution of haplotypes among sampling sites
using DnaSP v6.12.03 1),

Phylogenetic Analyses

For phylogenetic analyses, the haplotypes identified in
this study were combined with available coxI sequences
of H. parva and other Haemaphysalis species (also
Alloceraea spp.) retrieved from GenBank. In addition,
two Bothriocroton species (B. undatum and B. concolor)
were included as outgroup taxa. Prior to alignment, the
reliability of the dataset was evaluated using GUIDANCE2
(411 and sequences or columns with low confidence scores
were excluded if necessary. The remaining sequences were
aligned again using the MUSCLE algorithm based on the
translated amino acid sequences. The reliability of the final
alignment was further assessed by calculating p-distances
(mean genetic distances) in MEGA v11.0.13 2],

The most appropriate nucleotide substitution model
for phylogenetic reconstruction was determined using
jModelTest v2.1.10 3. Bayesian phylogenetic inference

was performed using the Markov chain Monte Carlo
(MCMC) method implemented in the BEAST?2 software
package (BEAUti v2.7.6, BEAST v2.7.6,and TreeAnnotator
v2.7.4) ¥4, The MCMC chain was run for 100 million
generations, and convergence as well as effective sample
size (ESS) values were evaluated in Tracer v1.7.2 *. After
discarding the first 20% of trees as burn-in, a maximum
clade credibility tree was generated using TreeAnnotator
v2.7.4. The resulting phylogenetic tree was visualized
and edited using FigTree v1.4.4 (http://tree.bio.ed.ac.uk/
software/figtree).

Data Availability

The genetic and barcode data generated in this study
were deposited in the NCBI and BOLD databases. For
this purpose, the coxI sequences of H. parva specimens
together with detailed barcode metadata —including
dorsoventral photographs of all examined specimens
and their corresponding geographic coordinates— were
submitted to BOLD, where the specimens were assigned
to the barcode index number BIN:ADA9786. The same
cox1 sequence data were also deposited in the GenBank
database of the NCBI and assigned accession numbers
PQ725627-PQ725642. These records ensure public
availability and traceability of the barcode data generated
in this study.

RESULTS

A total of 16 adult ticks were collected from eight different
localities in Ankara Province, Tiirkiye, with one female
and one male specimen obtained from each site (Table 1).
The geographic distribution of the sampling sites is shown
in Fig. 1. All specimens were morphologically identified as
H. parva based on established diagnostic characters, and
no morphological anomalies were observed. However,
descriptive morphological variation was observed among
the examined individuals. The most prominent differences
included variation in the density and depth of punctations
on the scutum and conscutum. In addition, some male
specimens exhibited distinct light and dark areas on the
scutum, and the pattern and extent of these color variations
differed among individuals. No quantitative assessment of
these traits was performed, and these observations were
considered to represent normal intraspecific variation
within the species. Representative dorsal and ventral
views of the examined females and males are presented in
Fig. 2 and Fig. 3, respectively. Consequently, all specimens
were included in subsequent genetic analyses.

Genomic DNA was successfully extracted from all
16 H. parva specimens, and PCR amplification of the
mitochondrial coxl gene vyielded amplicons of the
expected size in all individuals. The PCR products were
sequenced bidirectionally, and the resulting sequences
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were validated through BLAST homology searches against
the GenBank and BOLD databases. The characterized
sequences were deposited in GenBank under accession
numbers PQ725627-PQ725642 and in BOLD under the
BIN:ADA9786 (Table 2).

Haplotype-based population genetic analyses revealed
that the 16 sequences were grouped into seven distinct
haplotypes (k=7). The calculated haplotype diversity
(h) was 0.6917, while the nucleotide diversity (m) was
0.00162. Among the detected haplotypes, Haplotype 6
represented the most common variant and included nine
specimens (Hpa-1800, Hpa-1795, Hpa-1786, Hpa-1789,
Hpa-1790, Hpa-1792, Hpa-1793, Hpa-1796, and Hpa-
1798). Haplotype 7 comprised two specimens (Hpa-
1785 and Hpa-1788), whereas the remaining haplotypes
were each represented by a single specimen (Table 2).
Sequence polymorphism analysis indicated the presence
of eight segregating sites (S=8), including seven singleton
variable sites and one parsimony-informative site. Detailed
haplotype information and sequence similarity values are
presented in Table 2, while the geographical distribution of
haplotypes across the sampling sites is illustrated in Fig. 4.

BLAST homology searches of the detected haplotypes
revealed high similarity with previously reported H.
parva sequences available in public databases. When
considering matches with >90% query coverage, the
highest similarity was observed with a sequence obtained
from H. parva in Tiirkiye (GenBank accession PX122095),

showing 99.42-99.71% identity at 100% coverage. In
addition, the haplotypes showed 99.37-100% identity
with 92-93% coverage to a sequence of H. parva reported
from Ghana (PV125849). BLAST similarity values and
corresponding reference sequences are summarized in
Table 2. Furthermore, the haplotypes obtained in this
study displayed 99.81-100% identity with approximately
75% coverage to two H. parva sequences previously
reported from Iran (MH532296 and MH532297). BLAST
searches also revealed high similarity with four sequences
deposited under the name “Hyalomma impeltatum” from
Israel (KT989628-KT989631), showing 98% coverage and
98.96-99.40% identity. In contrast, no barcode records
of H. parva were available in the BOLD database, and
therefore a direct sequence similarity comparison within
the BOLD system could not be performed.

To infer the phylogenetic relationships of the detected
haplotypes, a comprehensive dataset was constructed
based on all available H. parva cox1 sequences deposited
in GenBank. A total of six H. parva records were available
(accessed 11 March 2026) and included in the dataset,
comprising three sequences from Tiirkiye, two from
Iran, and one from Ghana. In addition, four sequences
from Israel deposited under the name “Hyalomma
impeltatum” and one sequence from Tiirkiye recorded as
“Haemaphysalis inermis” were also incorporated into the
dataset because BLAST analyses indicated close sequence
similarity with H. parva. The final dataset consisted of

Table 2. Mitochondrial cox1 haplotypes of Haemaphysalis parva identified in this study and their corresponding GenBank and BOLD accession numbers with
BLAST similarity values

Study Site Sample Code Haplotype Name | GenBank Accession No. BOLD ID.* BLAST Homology**
1 Hpa-1785 Haplotype7 PQ725627 HAPA001-24 99.56¢, 99.53°
1 Hpa-1786 Haplotype6 PQ725628 HAPA002-24 99.71%, 99.69"
2 Hpa-1787 Haplotype3 PQ725629 HAPA003-24 99.56% 99.53"
2 Hpa-1788 Haplotype7 PQ725630 HAPA004-24 99.53%, 99.42¢
3 Hpa-1789 Haplotype6 PQ725631 HAPA005-24 99.69, 99.56*
3 Hpa-1790 Haplotype6 PQ725632 HAPA006-24 99.71%, 99.69"
4 Hpa-1791 Haplotypel PQ725633 HAPA007-24 99.42%, 99.37
4 Hpa-1792 Haplotype6 PQ725634 HAPA008-24 99.71%, 99.69"
5 Hpa-1793 Haplotype6 PQ725635 HAPA009-24 99.71%, 99.69°
5 Hpa-1794 Haplotype4 PQ725636 HAPA010-24 99.56% 99.53"
6 Hpa-1795 Haplotype6 PQ725637 HAPAO011-24 99.71%, 99.69°
6 Hpa-1796 Haplotype6 PQ725638 HAPA012-24 99.69", 99.57*
7 Hpa-1797 Haplotype5 PQ725639 HAPAO013-24 99.69% 99.56°
7 Hpa-1798 Haplotype6 PQ725640 HAPA014-24 99.71% 99.69"
8 Hpa-1799 Haplotype2 PQ725641 HAPAO015-24 100°

8 Hpa-1800 Haplotype6 PQ725642 HAPA016-24 99.71%, 99.69"
* BOLD BIN:ADA9786; ** BLAST homology with over 90% coverage has been considered

* PX122095 Haemaphysalis parva; ® PV125849 Haemaphysalis parva voucher T5
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Fig 4. Geographic distribution of mitochondrial coxI haplotypes of
Haemaphysalis parva detected in this study. Pie charts illustrate the
haplotype composition and relative frequency at each sampling locality in
Ankara Province, Tiirkiye. The inset map shows the position of the study
area within Tiirkiye

66 sequences, including the seven haplotypes identified
in this study, while the remaining sequences represented
various species of the genus Haemaphysalis retrieved from
GenBank. Four sequences belonging to Alloceraea spp.
were included as sister taxa, whereas B. undatum and B.
concolor were used as outgroup taxa.

The Bayesian phylogenetic tree showed that all haplotypes
identified in this study clustered within the main H. parva
clade together with the previously reported sequences
from Ghana and Iran. The H. parva lineage was strongly
supported and split into two well-defined subclades
with maximum posterior probability (posterior=1).
One subclade contained the haplotypes identified in
this study together with the sequences from Ghana and
Iran, whereas the second subclade comprised three
sequences from Tiirkiye together with one sequence
recorded as “Haemaphysalis inermis” from Tirkiye and
four sequences from Israel deposited under the name
“Hyalomma impeltatum”. Furthermore, H. parva formed a
monophyletic lineage with H. sulcata and Haemaphysalis
kashmirensis, supported by a high posterior probability
value (posterior=0.89) (Fig. 5). Overall, the phylogenetic
reconstruction confirmed the taxonomic placement of the
studied specimens within the H. parva lineage.

Di1scusSION

The present study provides the first validated DNA
barcode reference for H. parva based on mitochondrial
cox] sequences obtained from active populations in
Central Anatolia, Tirkiye. Despite the relatively wide
geographic distribution of this species across the Palearctic
region (19113641 genetic information available for H. parva
remains relatively limited and is based on a small number
of studies and specimens 3. In the present study, all

Haemaphysalls parva |

Fig 5. Bayesian phylogenetic tree inferred from mitochondrial coxI
sequences of Haemaphysalis ticks. The analysis was performed using a
dataset of 66 sequences and 686 aligned nucleotide positions under the
TN93+1+G4 substitution model. Bothriocroton undatum (NC_017757)
and Bothriocroton concolor (NC_017756) were used as outgroup taxa
to root the tree. Node labels represent posterior probability values, with
values < 0.7 omitted for clarity. Haplotypes identified in this study are
highlighted in red, and the Haemaphysalis parva clade is indicated by a
boxed frame. GenBank accession numbers are provided before species
names, and the country of origin of sequences within the Haemaphysalis
parva clade is indicated after the sequence names. The scale bar represents

the number of nucleotide substitutions per site

examined specimens were morphologically confirmed
as H. parva and subsequently characterized using coxI-
based molecular analyses, revealing the presence of
seven haplotypes among 16 morphologically confirmed
specimens. In addition, the generated sequences
were deposited in both GenBank and BOLD, thereby
establishing the first barcode reference dataset for this
species within the BOLD framework. The availability of
such validated barcode records represents an important
step toward improving the molecular identification and
taxonomic reliability of H. parva, particularly given the
previously reported cases of misidentification P**! and
the limited representation of this species in global genetic
databases.

The molecular characterization of H. parva has
historically been based on relatively few specimens and
genetic markers. The first partial genetic data for this
species were generated from two specimens collected
from sheep in Romania, in which the nuclear ITS1
and ITS2 regions were sequenced and reported to be
identical between the samples #*.. Subsequently, Burger
et al.B¥ sequenced the mitochondrial genome together
with partial nuclear 18S and 28S rRNA genes from a
specimen preserved in the Queensland Museum and
suggested that H. parva, together with A. inermis, was
highly divergent from the remaining species of the genus
Haemaphysalis. However, this interpretation was later
questioned by Orkun "%, who performed a molecular
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characterization of ticks collected in Tiirkiye based on
mitochondrial 16S rRNA sequences. In that study, a
questing H. parva specimen collected in Ankara showed
the highest nucleotide similarity (92.2%) to H. sulcata,
and the phylogenetic reconstruction did not support
the placement of the previously published H. parva
sequence reported by Burger et al.’*. These findings
suggested that the Romanian specimen might actually
represent A. inermis rather than H. parva. This issue was
subsequently clarified when the authors of the original
study re-evaluated the specimen and acknowledged a
morphological misidentification, correcting the record
as A. inermis .. More recently, additional molecular
data have been generated from a small number of
specimens. For instance, Faghihi et al.®!! analyzed H.
parva ticks collected from sheep and goats in Iran
and sequenced the partial mitochondrial coxI gene
from two specimens as well as the ITS2 region from
four specimens. Very recently, a partial coxI sequence
from a specimen collected from a dog in Ghana was
reported 2, and the complete mitochondrial genome
of a specimen collected from a human in Tiirkiye was
also characterized P*. Despite these contributions, the
number of publicly available sequences for H. parva
remains limited, and most studies rely on one or a few
specimens. In comparison, the present study provides
a substantially expanded molecular dataset based on
16 morphologically validated specimens, revealing
seven distinct coxl haplotypes within a single regional
population and establishing the first DNA barcode
reference for this species within the BOLD system. These
findings expand the currently available molecular data
for H. parva and provide a valuable genetic reference
for future taxonomic, ecological, and epidemiological
studies.

Molecular genetic approaches have become increasingly
important for the genetic characterization, DNA
barcoding, population structure analysis, and phylogenetic
reconstruction of vector ticks, thereby contributing
to our understanding of tick evolution and tick-borne
diseases “7*. Among the available genetic markers, the
mitochondrial genome occupies a central role in arthropod
molecular studies and has been widely used to investigate
the phylogeny and genetic diversity of ticks [***1. Within
the mitochondrial genome, the coxI gene is one of the
most widely used evolutionary markers, representing a
relatively conserved yet sufficiently informative region
for investigating genetic variation among closely related
taxa /.. Consequently, coxI has been extensively applied
in genetic characterization and population genetic studies
of ticks % In particular, Lv et al.’* emphasized that
the coxI region should be considered a primary marker
for standard DNA barcoding studies of ticks. For these

reasons, the mitochondrial coxI gene was selected as the
barcode marker in the present study.

The haplotype-based analyses performed in the present
study revealed the presence of seven distinct coxl
haplotypes among 16 H. parva specimens, indicating
a relatively moderate haplotype diversity within the
examined population. Although the number of haplotypes
was relatively high compared with the sample size, the
overall nucleotide diversity was low, suggesting limited
sequence divergence among haplotypes. Such a pattern,
characterized by multiple closely related haplotypes
with low nucleotide divergence, has been reported in
geographically restricted populations of various organisms
(5781 However, the underlying demographic processes
cannot be inferred from the present dataset alone. The
dominance of a single haplotype (Haplotype 6), which
was represented by the majority of specimens, further
supports the presence of a central haplotype surrounded
by several less frequent variants. Similar patterns have
been reported in mitochondrial studies of other ixodid
ticks, where closely related haplotypes often differ by only
a small number of mutational steps due to the relatively
conserved nature of mitochondrial genes such as coxlI
(565960 In this context, the haplotype structure observed
in the present study is consistent with intraspecific genetic
variation within the local H. parva population rather than
the presence of deeply divergent lineages. Nevertheless,
it should be noted that the present analysis was based
on a relatively limited number of specimens collected
from a geographically restricted area. Therefore, broader
sampling across the distribution range of H. parva would
be necessary to better understand the overall genetic
diversity and population structure of this species.

The BLAST similarity analyses and phylogenetic
reconstruction conducted in the present study collectively
support the taxonomic placement of the analyzed
specimens within the H. parva lineage. The obtained cox1
haplotypes showed the highest nucleotide similarity with
previously reported H. parva sequences from Turkiye 1,
Iran B!, and Ghana %, indicating a clear genetic affinity
among geographically distant populations of this species.
Such high levels of sequence similarity across different
regions may reflect the relatively conserved nature of
the mitochondrial cox! gene and the wide geographic
distribution of H. parva throughout the Palearctic and
adjacent regions. The Bayesian phylogenetic tree further
confirmed this relationship, as all haplotypes identified
in the present study clustered within the main H. parva
clade together with sequences originating from Ghana
and Iran B2 The phylogenetic reconstruction also
revealed two well-supported subclades within the H.
parva lineage. One of these subclades included the
haplotypes identified in the present study together with
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sequences from Ghana and Iran, whereas the second
subclade contained sequences reported from Tiirkiye as
well as several sequences originally deposited under the
name “Hyalomma impeltatum” (KT989628-KT989631)
from Israel and one sequence recorded as “Haemaphysalis
inermis” from Tiirkiye (MT230038). The placement of
these sequences within the H. parva clade may indicate
possible inconsistencies in taxonomic annotation in
public databases. However, additional morphological and
multilocus molecular data would be required to clarify
their taxonomic status. These findings also highlight
potential inconsistencies in publicly available sequence
annotations and emphasize the importance of generating
well-validated reference datasets for reliable molecular
identification of tick species. In this context, the present
study also provides morphologically validated reference
sequences that may facilitate future assessments of
taxonomic annotation in public databases.

Although the present study provides the first validated
DNA barcode reference for H. parva, several limitations
should be acknowledged. First, the analyses were based
on a relatively small number of specimens collected from
a geographically restricted region of Central Anatolia,
Tirkiye, which may not fully represent the genetic
diversity of the species across its distribution range.
Second, the present study relied on a single mitochondrial
marker (coxI), and additional nuclear or genomic markers
may provide further insights into population structure
and phylogenetic relationships. Therefore, future
studies incorporating broader geographic sampling and
multilocus approaches will be important for obtaining
a more comprehensive understanding of the genetic
diversity and evolutionary history of H. parva.

Overall, the present study expands the currently available
molecular data for H. parva by providing a validated coxI-
based DNA barcode reference from active populations in
Central Anatolia, Tiirkiye. These findings contribute to
improving the molecular identification of H. parva and
provide a valuable genetic resource for future taxonomic
studies of this species. Considering the increasing evidence
that H. parva may harbor a variety of pathogens of medical
and veterinary importance """}, a better understanding
of its genetic diversity and phylogenetic relationships is
also essential for future ecological and epidemiological
investigations. The barcode data generated in this
study therefore provide a valuable molecular resource
that may facilitate future taxonomic, ecological, and
epidemiological investigations of H. parva.

DECLARATIONS

Availability of Data and Materials: The datasets used and/
or analyzed during the current study are available from the
corresponding author (OO) on reasonable request.

Funding Support: This study was supported by the Scientific and
Technological Research Council of Tiirkiye (TUBITAK) BIDEP
2209 Programme, Grant No. 1919B012319216. The funding agency
had no role in the study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Congress-Symposium Information: The results of this study were
presented in an oral presentation at the 24. Parazitoloji Kongresi,
held in Bursa, Tiirkiye, from 30 October to 02 November 2025, and
were published in the congress proceedings as an abstract.

Competing interests: The authors declare no competing interests.

Ethical Statement: This study did not involve the use of live
animals or human participants. All tick specimens were collected
as host-seeking individuals from the environment without direct
interaction with vertebrate hosts. Therefore, ethical approval was
not required.

Declaration of Generative Artificial Intelligence (AI): Authors
declare that the article, tables, and figures were not written or
created by Al and Al-assisted technologies.

Authors’ contributions: Conceptualization: OO, Data curation:
OO, Formal analysis: MNG and O.O, Investigation: MNG and
0.0, Methodology: OO, Project administration: MNG and OO,
Resources: OO, Software: OO, Supervision: OO, Validation: OO,
Writing - original draft: OO, Writing-review and editing: MNG and
OO0. All authors have read and agreed to the published version of
the manuscript.

REFERENCES

1. Dortz LLL, Rouxel C, Polack B, Boulois HJ, Lagree AC, Deshuillers
L, Haddal N: Tick-borne diseases in Europe: Current prevention,
control tools and the promise of aptamers. Vet Parasitol, 328:110190,
2024. DOI: 10.1016/j.vetpar.2024.110190

2. Guglielmone AA, Petney TN, Robbins RG: Ixodidae (Acari: Ixodea):
Descriptions and redescriptions of all known species from 1758 to
December 31, 2019. Zootaxa, 4871 (1): 1-322, 2020. DOI: 10.11646/
zootaxa.4871.1.1

3. Hoogstraal H, Kim KC: Tick and mammal coevolution, with emphasis
on Haemaphysalis. In, Coevolution of Parasitic Arthropods and
Mammals. 505-568, Wiley, 1985.

4. Estrada-Peia A, Pfiffle MP, Petney TN: Genus Haemaphysalis Koch,
1844. In, Estrada-Pena A, Mihalca AD, Petney TN (Eds): Ticks of
Europe and North Africa. 225-229, Springer International Publishing,
2017.

5. Orkun O, Vatansever Z: Rediscovery and first genetic description of
some poorly known tick species: Haemaphysalis kopetdaghica
Kerbabaev, 1962 and Dermacentor raskemensis Pomerantzev, 1946. Ticks
Tick Borne Dis, 12:101726, 2021. DOI: 10.1016/j.ttbdis.2021.101726

6. Kelava S, Apanaskevich DA., Shao R, Gofton AW, Mans BJ, Teo EJM,
Norval G, Baker D, Nakao R, Barker SC: Insights from entire
mitochondrial genome sequences into the phylogeny of ticks of the
genera Haemaphysalis and Archaeocroton with the elevation of the
subgenus Alloceraea Schulze, 1919 back to the status of a genus. Med Vet
Entomol, 38, 189-204, 2024. DOI: 10.1111/mve.12708

7. Orkun O, Ozdemir T, Giindogdu MN, Yigit M, Deniz A, Vatansever
Z: Molecular screening of tick-borne pathogens in host-seeking
Haemaphysalis punctata Canestrini & Fanzago, 1878 (Ixodoidea:
Ixodidae) in Anatolia with the first report of Burana virus. Parasit
Vector, 19:201, 2026. DOI: 10.1186/s13071-026-07367-4

8. Xu AL, XuH, Li Y, Wang X, Zheng JW, Shi FY, Cui QX, Lu Y, Cun D],
Li LH: Comprehensive meta-analysis of severe fever thrombocytopenia

syndrome virus infections in humans, vertebrate hosts and questing
ticks. Parasit Vector, 17:265, 2024. DOI: 10.1186/s13071-024-06341-2


https://www.sciencedirect.com/science/article/abs/pii/S0304401724000785?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0304401724000785?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0304401724000785?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0304401724000785?via%3Dihub

https://www.mapress.com/zt/article/view/zootaxa.4871.1.1

https://www.mapress.com/zt/article/view/zootaxa.4871.1.1

https://www.mapress.com/zt/article/view/zootaxa.4871.1.1

https://www.mapress.com/zt/article/view/zootaxa.4871.1.1

https://www.sciencedirect.com/science/article/abs/pii/S1877959X21000790?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1877959X21000790?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1877959X21000790?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1877959X21000790?via%3Dihub
https://resjournals.onlinelibrary.wiley.com/doi/10.1111/mve.12708

https://resjournals.onlinelibrary.wiley.com/doi/10.1111/mve.12708

https://resjournals.onlinelibrary.wiley.com/doi/10.1111/mve.12708

https://resjournals.onlinelibrary.wiley.com/doi/10.1111/mve.12708

https://resjournals.onlinelibrary.wiley.com/doi/10.1111/mve.12708

https://resjournals.onlinelibrary.wiley.com/doi/10.1111/mve.12708

https://link.springer.com/article/10.1186/s13071-026-07367-4

https://link.springer.com/article/10.1186/s13071-026-07367-4

https://link.springer.com/article/10.1186/s13071-026-07367-4

https://link.springer.com/article/10.1186/s13071-026-07367-4

https://link.springer.com/article/10.1186/s13071-026-07367-4

https://link.springer.com/article/10.1186/s13071-024-06341-2

https://link.springer.com/article/10.1186/s13071-024-06341-2

https://link.springer.com/article/10.1186/s13071-024-06341-2

https://link.springer.com/article/10.1186/s13071-024-06341-2


Kafkas Univ Vet Fak Derg

9
GUNDOGDU, ORKUN

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Lakew BT, Eastwood S, Walkden-Brown SW: Epidemiology and
transmission of Theileria orientalis in Australasia. Pathogens, 12:1187,
2023. DOI: 10.3390/pathogens12101187

Orkun O: Some ecological and epidemiological data belonging to tick
species in Ankara and Around. PhD thesis. Graduate School of Health
Sciences, Ankara University, Ankara, 2015.

Vatansever Z: Haemaphysalis parva (Neumann, 1897) (Figs. 100-102).
In, Estrada-Pena A, Mihalca AD, Petney TN (Eds): Ticks of Europe and
North Africa. 259-263, Springer International Publishing, 2017.

Karaer Z, Guven E, Nalbantoglu S, Kar S, Orkun O, Ekdal K, Kocak
A, Akcay A: Ticks on humans in Ankara, Turkey. Exp Appl Acarol, 54,
85-91, 2011. DOI: 10.1007/s10493-010-9417-1

Orkun O, Gakmak A, Nalbantoglu S, Karaer Z: Turkey tick news: A
molecular investigation into the presence of tick-borne pathogens in
host-seeking ticks in Anatolia; Initial evidence of putative vectors and
pathogens, and footsteps of a secretly rising vector tick, Haemaphysalis
parva. Ticks Tick Borne Dis, 11:101373, 2020. DOI: 10.1016/j.
ttbdis.2020.101373

Keysary A, Eremeeva ME, Leitner M, Din AB, Wikswo ME,
Mumcupolu KY, Inbar M, Wallach AD, Shanas U, King R, Waner
T: Spotted fever group rickettsiae in ticks collected from wild animals
in Israel. Am ] Trop Med Hyg, 85 (5): 919-923, 2011. DOI: 10.4269/
ajtmh.2011.10-0623

Orkun O, Karaer Z: Molecular characterization of Babesia species in
wild animals and their ticks in Turkey. Infect Genet Evol, 55, 8-13, 2017.
DOI: 10.1016/j.meegid.2017.08.026

Dincer E, Timurkan MO, Akca S, Yuce FN: Molecular characterisation
of emerging tacheng tick virus 2 in ticks collected from livestock and
dogs in Tiirkiye. Exp Appl Acarol, 97 (1):6, 2026. DOI: 10.1007/s10493-
026-01149-4

Papa A, Kontana A, Tsioka K, Saratsis A, Sotiraki S: Novel phlebovirus
detected in Haemaphysalis parva ticks in a Greek island. Ticks Tick
Borne Dis, 8, 157-160, 2017. DOI: 10.1016/j.ttbdis.2016.10.012

Orkun O, Nalbantoglu S: Hepatozoon canis in Turkish red foxes and
their ticks. Vet Parasitol Reg Stud Reports, 13, 35-37, 2018. DOI:
10.1016/j.vprsr.2018.03.007

Orkun O, Cakmak A: Molecular identification of tick-borne bacteria in
wild animals and their ticks in Central Anatolia, Turkey. Comp Immunol
Microbiol Infect Dis, 63, 58-65, 2019. DOI: 10.1016/j.cimid.2018.12.007

Orkun O, Emir H: Identification of tick-borne pathogens in ticks
collected from wild animals in Turkey. Parasitol Res, 119, 3083-3091,
2020. DOI: 10.1007/s00436-020-06812-2

Orkun O: Comprehensive screening of tick-borne microorganisms
indicates that a great variety of pathogens are circulating between hard
ticks (Ixodoidea: Ixodidae) and domestic ruminants in natural foci
of Anatolia. Ticks Tick Borne Dis, 13:102027, 2022. DOI: 10.1016/j.
ttbdis.2022.102027

Shchelkanov ML, Kolobukhina LV, Moskvina TM, Aushev ID,
Kartoev AA, Kelli EI, Merkulova LN, Grenkova EP, Samokhvalov
EI, Petriaev VG, Serobian AG, Klimova EA, Galkina IV, Malyshev
NA, Aristova VA, Slavskii AA, LuKianova NA, Deriabin PG,
Gromashevskii VL, Efremenko VI, Onishchenko GG, Lvov DK:
Detection of the circulation of Crimean-Congo hemorrhagic fever virus
in the piedmont steppes of the North Caucasus. Vopr Virusol, 50 (5):
9-15, 2005.

Orkun O, Karaer Z, Cakmak A, Nalbantoglu S: Identification of tick-
borne pathogens in ticks feeding on humans in Turkey. PLoS Negl Trop
Dis, 8:e3076, 2014. DOI: 10.1371/journal.pntd.0003067

Aydin MF, Aktas M, Dumanli N: Molecular identification of Theileria
and Babesia in ticks collected from sheep and goats in the Black Sea
region of Turkey. Parasitol Res, 114, 65-69, 2015. DOI: 10.1007/s00436-
014-4160-x

Orkun O, Karaer Z, Cakmak A, Nalbantoglu S: Crimean-Congo
hemorrhagic fever virus in ticks in Turkey: A broad range tick
surveillance study. Infect Genet Evol, 52, 59-66, 2017. DOI: 10.1016/j.
meegid.2017.04.017

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Chaligiannis I, Fernandez de Mera IG, Papa A, Sotiraki S, de la
Fuente J: Molecular identification of tick-borne pathogens in ticks
collected from dogs and small ruminants from Greece. Parasitol Res, 74,
443-453,2018. DOI: 10.1007/510493-018-0237-z

Mohammed RR, Enferadi A, Sidiq KR, Sarani S, Khademi P, Jaydari
A, Ahmed AK: Molecular Detection of Francisella tularensis isolated
from ticks of livestock in Kurdistan Region, Iraq. Vector Borne Zoonotic
Dis, 23 (10): 514-519, 2023. DOTI: 10.1089/vbz.2023.0022

Dinger E, Timurkan MO, Oguz B, Ozan E, Coskun N, Kiziltege S,
Dinger PFP, Sahan A, Yalginkaya D, Golgecik OF, Nayir MB,
Bayendur SH, Bourke BP, Linton YM, Ergunay K: Striking
tick-borne virus diversity and potential reservoirs documented during
One-Health-based cross-sectional screening in Anatolia. Parasit Vector,
18:405, 2025. DOI: 10.1186/s13071-025-07046-w

Chitimia L, Lin RQ, Cosoroaba I, Braila P, Song HQ, Zhu XQ:
Molecular characterization of hard and soft ticks from Romania by
sequences of the internal transcribed spacers of ribosomal DNA.
Parasitol Res, 105, 907-911, 2009. DOI: 10.1007/s00436-009-1474-1

Orkun O: Tiirkiyede yayihis gosteren bazi ixodid kene tiirlerinin 16S
rDNA filogenisi temelli molekiiler karakterizasyonu. Tiirkiye Parazitol
Derg, 42, 122-129, 2018. DOI: 10.5152/tpd.2018.5882

Faghihi F, Hosseini-Chegeni A, Edalat H, Banafshi O, Telmadarraiy
Z, Sedaghat MM: Molecular identification of some Haemaphysalis
species (Acari: Ixodidae) using mitochondrial and nuclear evidences in
parts of Iran. Syst App Acarol, 25 (5): 809-820, 2020. DOI: 10.11158/
saa.25.5.3

Addo SO, Salley SN, Kofi MCAA, Tawaiah-Mensah CNL, Malm
ROT, Obuam PK, Duker EO, Boakye JD, Agbotse GD, Ladzegpo D,
Dadzie SK: Molecular detection of tick-borne pathogens of zoonotic
and veterinary importance in ticks from hunting dogs in Ghana. Vet Res
Com, 50:101, 2026. DOI: 10.1007/s11259-025-11055-6

Aydemir HB, Keskin A: The complete mitogenome of Haemaphysalis
parva (Arachnida: Ixodidae) and comparative mitogenomics of
Haemaphysalis species. Acta Parasitol, 71:52, 2026. DOI: 10.1007/
s11686-026-01243-y

Burger TD, Shao R, Barker SC: Phylogenetic analysis of the
mitochondrial genomes and nuclear rRNA genes of ticks reveals a deep
phylogenetic structure within the genus Haemaphysalis and further
elucidates the polyphyly of the genus Amblyomma with respect to
Amblyomma sphenodonti and Amblyomma elaphense. Ticks Tick Borne
Dis, 4, 265-274,2013. DOI: 10.1016/j.ttbdis.2013.02.002

Kelava S, Mans BJ, Shao R, Barker D, Teo EJM, Chatanga E, Gofton
AW, Moustafa MAM, Nakao R, Barker SC: Seventy-eight entire
mitochondrial genomes and nuclear rRNA genes provide insight into
the phylogeny of the hard ticks, particularly the Haemaphysalis species,
Africaniella transversale and Robertsicus elaphensis. Ticks Tick Borne
Dis, 14:102070, 2023. DOI: 10.1016/j.ttbdis.2022.102070

Filippova NA: Fauna of Russia and neighboring countries, Arachnoidea.
Vol. 1V, Issue 5, Ixodid Ticks of Subfamily Amblyomminae. Nauka
Publishing House, St. Petersburg. 1997.

Folmer O, Black WH, Lutz R, Vrijenhok R: DNA primers for
amplification of mitochondrial cytochrome ¢ oxidase subunit I from
diverse metazoan invertebrates. Mol Mar Biol Biotechnol, 3 (5): 294-299,
1994.

Larsson A: AliView: A fast and lightweight alignment viewer and editor
for large datasets. Bioinformatics, 30, 3276-3278, 2014. DOI: 10.1093/
bioinformatics/btu531

Edgar RC: MUSCLE: A multiple sequence alignment method with
reduced time and space complexity. BMC Bioinformatics, 5:113, 2004.
DOI: 10.1186/1471-2105-5-113

Rozas J, Ferrer-Mata A, Sanchez-DelBarrio JC, Guirao-Rico S,
Librado P, Ramos-Onsins SE, Sanchez-Gracia A: DnaSP 6: DNA
sequence polymorphism analysis of large data sets. Mol Biol Evol, 34,
3299-3302, 2017. DOI: 10.1093/molbev/msx248

Sela I, Ashkenazy H, Katoh K, Pupko T: GUIDANCE2: Accurate
detection of unreliable alignment regions accounting for the uncertainty


https://www.mdpi.com/2076-0817/12/10/1187

https://www.mdpi.com/2076-0817/12/10/1187

https://www.mdpi.com/2076-0817/12/10/1187

https://link.springer.com/article/10.1007/s10493-010-9417-1

https://link.springer.com/article/10.1007/s10493-010-9417-1

https://link.springer.com/article/10.1007/s10493-010-9417-1

https://www.sciencedirect.com/science/article/abs/pii/S1877959X1930411X?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X1930411X?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X1930411X?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X1930411X?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X1930411X?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X1930411X?via%3Dihub

https://www.ajtmh.org/view/journals/tpmd/85/5/article-p919.xml

https://www.ajtmh.org/view/journals/tpmd/85/5/article-p919.xml

https://www.ajtmh.org/view/journals/tpmd/85/5/article-p919.xml

https://www.ajtmh.org/view/journals/tpmd/85/5/article-p919.xml

https://www.ajtmh.org/view/journals/tpmd/85/5/article-p919.xml

https://www.sciencedirect.com/science/article/abs/pii/S1567134817302861?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1567134817302861?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1567134817302861?via%3Dihub

https://link.springer.com/article/10.1007/s10493-026-01149-4

https://link.springer.com/article/10.1007/s10493-026-01149-4

https://link.springer.com/article/10.1007/s10493-026-01149-4

https://link.springer.com/article/10.1007/s10493-026-01149-4

https://www.sciencedirect.com/science/article/abs/pii/S1877959X16301881?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X16301881?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X16301881?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S2405939017302526?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S2405939017302526?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S2405939017302526?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0147957119300013?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0147957119300013?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0147957119300013?via%3Dihub

https://link.springer.com/article/10.1007/s00436-020-06812-2

https://link.springer.com/article/10.1007/s00436-020-06812-2

https://link.springer.com/article/10.1007/s00436-020-06812-2

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22001297?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22001297?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22001297?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22001297?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22001297?via%3Dihub

https://pubmed.ncbi.nlm.nih.gov/16250591/

https://pubmed.ncbi.nlm.nih.gov/16250591/

https://pubmed.ncbi.nlm.nih.gov/16250591/

https://pubmed.ncbi.nlm.nih.gov/16250591/

https://pubmed.ncbi.nlm.nih.gov/16250591/

https://pubmed.ncbi.nlm.nih.gov/16250591/

https://pubmed.ncbi.nlm.nih.gov/16250591/

https://pubmed.ncbi.nlm.nih.gov/16250591/

https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0003067

https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0003067

https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0003067

https://link.springer.com/article/10.1007/s00436-014-4160-x

https://link.springer.com/article/10.1007/s00436-014-4160-x

https://link.springer.com/article/10.1007/s00436-014-4160-x

https://link.springer.com/article/10.1007/s00436-014-4160-x

https://www.sciencedirect.com/science/article/abs/pii/S1567134817301302?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1567134817301302?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1567134817301302?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1567134817301302?via%3Dihub

https://link.springer.com/article/10.1007/s10493-018-0237-z

https://link.springer.com/article/10.1007/s10493-018-0237-z

https://link.springer.com/article/10.1007/s10493-018-0237-z

https://link.springer.com/article/10.1007/s10493-018-0237-z

https://journals.sagepub.com/doi/10.1089/vbz.2023.0022

https://journals.sagepub.com/doi/10.1089/vbz.2023.0022

https://journals.sagepub.com/doi/10.1089/vbz.2023.0022

https://journals.sagepub.com/doi/10.1089/vbz.2023.0022

https://link.springer.com/article/10.1186/s13071-025-07046-w

https://link.springer.com/article/10.1186/s13071-025-07046-w

https://link.springer.com/article/10.1186/s13071-025-07046-w

https://link.springer.com/article/10.1186/s13071-025-07046-w

https://link.springer.com/article/10.1186/s13071-025-07046-w

https://link.springer.com/article/10.1186/s13071-025-07046-w

https://link.springer.com/article/10.1007/s00436-009-1474-1

https://link.springer.com/article/10.1007/s00436-009-1474-1

https://link.springer.com/article/10.1007/s00436-009-1474-1

https://link.springer.com/article/10.1007/s00436-009-1474-1

https://turkiyeparazitolderg.org/articles/doi/tpd.2018.5882

https://turkiyeparazitolderg.org/articles/doi/tpd.2018.5882

https://turkiyeparazitolderg.org/articles/doi/tpd.2018.5882

https://www.biotaxa.org/saa/article/view/saa.25.5.3

https://www.biotaxa.org/saa/article/view/saa.25.5.3

https://www.biotaxa.org/saa/article/view/saa.25.5.3

https://www.biotaxa.org/saa/article/view/saa.25.5.3

https://www.biotaxa.org/saa/article/view/saa.25.5.3

https://link.springer.com/article/10.1007/s11259-025-11055-6

https://link.springer.com/article/10.1007/s11259-025-11055-6

https://link.springer.com/article/10.1007/s11259-025-11055-6

https://link.springer.com/article/10.1007/s11259-025-11055-6

https://link.springer.com/article/10.1007/s11259-025-11055-6

https://link.springer.com/article/10.1007/s11686-026-01243-y

https://link.springer.com/article/10.1007/s11686-026-01243-y

https://link.springer.com/article/10.1007/s11686-026-01243-y

https://link.springer.com/article/10.1007/s11686-026-01243-y

https://linkinghub.elsevier.com/retrieve/pii/S1877959X13000344

https://linkinghub.elsevier.com/retrieve/pii/S1877959X13000344

https://linkinghub.elsevier.com/retrieve/pii/S1877959X13000344

https://linkinghub.elsevier.com/retrieve/pii/S1877959X13000344

https://linkinghub.elsevier.com/retrieve/pii/S1877959X13000344

https://linkinghub.elsevier.com/retrieve/pii/S1877959X13000344

https://www.sciencedirect.com/science/article/pii/S1877959X22001728?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1877959X22001728?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1877959X22001728?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1877959X22001728?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1877959X22001728?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1877959X22001728?via%3Dihub

https://pubmed.ncbi.nlm.nih.gov/7881515/

https://pubmed.ncbi.nlm.nih.gov/7881515/

https://pubmed.ncbi.nlm.nih.gov/7881515/

https://pubmed.ncbi.nlm.nih.gov/7881515/

https://academic.oup.com/bioinformatics/article/30/22/3276/2391211?login=false

https://academic.oup.com/bioinformatics/article/30/22/3276/2391211?login=false

https://academic.oup.com/bioinformatics/article/30/22/3276/2391211?login=false

https://link.springer.com/article/10.1186/1471-2105-5-113

https://link.springer.com/article/10.1186/1471-2105-5-113

https://link.springer.com/article/10.1186/1471-2105-5-113

https://academic.oup.com/mbe/article/34/12/3299/4161815

https://academic.oup.com/mbe/article/34/12/3299/4161815

https://academic.oup.com/mbe/article/34/12/3299/4161815

https://academic.oup.com/mbe/article/34/12/3299/4161815

https://academic.oup.com/nar/article/43/W1/W7/2467868?login=false

https://academic.oup.com/nar/article/43/W1/W7/2467868?login=false


10

DNA Barcoding of Haemaphysalis parva

Kafkas Univ Vet Fak Derg

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

of multiple parameters. Nucleic Acids Res, 43 (W1): W7-W14, 2015.
DOI: 10.1093/nar/gkv318

Tamura K, Stecher G, Kumar S: MEGA11: Molecular evolutionary
genetics analysis version 11. Mol Biol Evol, 38, 3022-3027, 2021. DOL:
10.1093/molbev/msab120

Darriba D, Taboada GL, Doallo R, Posada D: jModelTest 2: More
models, new heuristics and parallel computing. Nature Methods, 9, 772-
772,2012. DOI: 10.1038/nmeth.2109

Bouckaert R, Vaughan TG, Barido-Sottani J, Duchéne S, Fourment
M, Gavryushkina A, Heled ], Jones G, Kiihnert D, De Maio N,
Matschiner M, Mendes FK, Miiller NF, Ogilvie HA, du Plessis L,
Popinga A, Rambaut A, Rasmussen D, Siveroni I, Suchard MA,
Wu CH, Xie D, Zhang C, Stadler T, Drummond AJ: BEAST 2.5: An
advanced software platform for Bayesian evolutionary analysis. PLoS
Comput Biol, 15:e1006650, 2019. DOTI: 10.1371/journal.pcbi.1006650

Rambaut A, Drummond AJ, Xie D, Baele G, Suchard MA: Posterior
summarization in Bayesian phylogenetics using Tracer 1.7. Syst Biol, 67,
901-904, 2018. DOLI: 10.1093/sysbio/syy032

Guglielmone AA, Nava S, Robbins RG: Geographic distribution of the
hard ticks (Acari: Ixodida: Ixodidae) of the world by countries and
territories. Zootaxa, 5251, 1-274, 2023. DOI: 10.11646/zootaxa.5251.1.1

Araya-Anchetta A, Busch JD, Scoles GA, Wagner DM: Thirty years of
tick population genetics: A comprehensive review. Infect Genet Evol, 29,
164-179, 2015. DOI: 10.1016/j.meegid.2014.11.008

McCoy KD, Leger E, Dietrich M: Host specialization in ticks and
transmission of tick-borne diseases: A review. Front Cell Infect Microbiol,
3:57,2013. DOI: 10.3389/fcimb.2013.00057

Burger TD, Shao R, Labruna MB, Barker SC: Molecular phylogeny of
soft ticks (Ixodida: Argasidae) inferred from mitochondrial genome
and nuclear rRNA sequences. Ticks Tick Borne Dis, 5, 195-207, 2014.
DOI: 10.1016/j.ttbdis.2013.10.009

Uribe JE, Kelava S, Nava S, Cotes-Perdomo AP, Castro LR, Rivera-
Paéz FA, Perea S, Mans BJ, Gofton A, Teo EJM, Zardoya R, Barker
SC: New insights into the molecular phylogeny, biogeographical
history, and diversification of Amblyomma ticks (Acari: Ixodidae) based
on mitogenomes and nuclear sequences. Parasit Vectors, 17 (1):139,
2024. DOI: 10.1186/s13071-024-06131-w

Orkun O, Sarikaya E, Yilmaz A, Yigit M, Vatansever Z: Population
genetic structure and demographic history of Dermacentor marginatus

52.

53.

54.

55.

56.

57.

58.

59.

60.

Sulzer, 1776 in Anatolia. Sci Rep, 15:12570, 2025. DOI: 10.1038/s41598-
025-97658-0

Song S, Shao R, Atwell R, Barker S, Vankan D: Phylogenetic and
phylogeographic relationships in Ixodes holocyclus and Ixodes cornuatus
(Acari: Ixodidae) inferred from COX1 and ITS2 sequences. Int |
Parasitol, 41 (8): 871-80, 2011. DOI: 10.1016/j.ijpara.2011.03.008

Lv ], Wu S, Zhang Y, Chen Y, Feng C, Yuan X, Jia G, Deng J, Wang C,
Wang Q, Mei L, Lin X: Assessment of four DNA fragments (COI, 16S
rDNA, ITS2, 12S rDNA) for species identification of the Ixodida (Acari:
Ixodida). Parasit Vectors, 7:93, 2014. DOI: 10.1186/1756-3305-7-93

Zhang RL, Zhang B: Prospects of using DNA barcoding for species
identification and evaluation of the accuracy of sequence databases for
ticks (Acari: Ixodida). Ticks Tick Borne Dis, 5 (3): 352-358, 2014. DOI:
10.1016/j.ttbdis.2014.01.001

Kanduma EG, Mwacharo JM, Githaka NW, Kinyanjui PW, Njuguna
JN, Kamau LM, Kariuki E, Mwaura S, Skilton RA, Bishop RP:
Analyses of mitochondrial genes reveal two sympatric but genetically
divergent lineages of Rhipicephalus appendiculatus in Kenya. Parasit
Vectors, 9 (1):353, 2016. DOI: 10.1186/s13071-016-1631-1

Amzati GS, Pelle R, Muhigwa JB, Kanduma EG, Djikeng A, Madder
M, Kirschvink N, Marcotty T: Mitochondrial phylogeography and
population structure of the cattle tick Rhipicephalus appendiculatus in
the African Great Lakes region. Parasit Vectors, 11 (1):329, 2018. DOI:
10.1186/s13071-018-2904-7

Fu YX: Statistical tests of neutrality of mutations against population
growth, hitchhiking and background selection. Genetics, 147 (2): 915-
925,1997. DOI: 10.1093/genetics/147.2.915

Excoffier L, Lischer HE: Arlequin suite ver 3.5: A new series of
programs to perform population genetics analyses under Linux and
Windows. Mol Ecol Resour, 10 (3): 564-567, 2010. DOI: 10.1111/j.1755-
0998.2010.02847.x

Krakowetz CN, Dergousoff SJ, Chilton NB: Genetic variation in the
mitochondrial 16S rRNA gene of the American dog tick, Dermacentor
variabilis (Acari: Ixodidae). J Vector Ecol, 35 (1): 163-173, 2010. DOI:
10.1111/7.1948-7134.2010.00073 x

King'ori EM, Obanda V, Nyamota R, Remesar S, Chiyo PI, Soriguer
R, Morrondo P: Population genetic structure of the elephant tick
Amblyomma tholloni from different elephant populations in Kenya. Ticks
Tick Borne Dis, 13 (3):101935, 2022. DOI: 10.1016/j.ttbdis.2022.101935


https://academic.oup.com/nar/article/43/W1/W7/2467868?login=false

https://academic.oup.com/nar/article/43/W1/W7/2467868?login=false

https://academic.oup.com/mbe/article/38/7/3022/6248099?login=false

https://academic.oup.com/mbe/article/38/7/3022/6248099?login=false

https://academic.oup.com/mbe/article/38/7/3022/6248099?login=false

https://www.nature.com/articles/nmeth.2109

https://www.nature.com/articles/nmeth.2109

https://www.nature.com/articles/nmeth.2109

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006650

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006650

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006650

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006650

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006650

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006650

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006650

https://academic.oup.com/sysbio/article/67/5/901/4989127?login=false

https://academic.oup.com/sysbio/article/67/5/901/4989127?login=false

https://academic.oup.com/sysbio/article/67/5/901/4989127?login=false

https://www.mapress.com/zt/article/view/zootaxa.5251.1.1

https://www.mapress.com/zt/article/view/zootaxa.5251.1.1

https://www.mapress.com/zt/article/view/zootaxa.5251.1.1

https://www.sciencedirect.com/science/article/pii/S1567134814004110?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1567134814004110?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1567134814004110?via%3Dihub

https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2013.00057/full

https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2013.00057/full

https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2013.00057/full

https://www.sciencedirect.com/science/article/pii/S1877959X13001234?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1877959X13001234?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1877959X13001234?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1877959X13001234?via%3Dihub

https://link.springer.com/article/10.1186/s13071-024-06131-w

https://link.springer.com/article/10.1186/s13071-024-06131-w

https://link.springer.com/article/10.1186/s13071-024-06131-w

https://link.springer.com/article/10.1186/s13071-024-06131-w

https://link.springer.com/article/10.1186/s13071-024-06131-w

https://link.springer.com/article/10.1186/s13071-024-06131-w

https://www.nature.com/articles/s41598-025-97658-0

https://www.nature.com/articles/s41598-025-97658-0

https://www.nature.com/articles/s41598-025-97658-0

https://www.nature.com/articles/s41598-025-97658-0

https://www.sciencedirect.com/science/article/abs/pii/S0020751911001020?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0020751911001020?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0020751911001020?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0020751911001020?via%3Dihub

https://link.springer.com/article/10.1186/1756-3305-7-93

https://link.springer.com/article/10.1186/1756-3305-7-93

https://link.springer.com/article/10.1186/1756-3305-7-93

https://link.springer.com/article/10.1186/1756-3305-7-93

https://www.sciencedirect.com/science/article/abs/pii/S1877959X14000338?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X14000338?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X14000338?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X14000338?via%3Dihub

https://link.springer.com/article/10.1186/s13071-016-1631-1

https://link.springer.com/article/10.1186/s13071-016-1631-1

https://link.springer.com/article/10.1186/s13071-016-1631-1

https://link.springer.com/article/10.1186/s13071-016-1631-1

https://link.springer.com/article/10.1186/s13071-016-1631-1

https://link.springer.com/article/10.1186/s13071-018-2904-7

https://link.springer.com/article/10.1186/s13071-018-2904-7

https://link.springer.com/article/10.1186/s13071-018-2904-7

https://link.springer.com/article/10.1186/s13071-018-2904-7

https://link.springer.com/article/10.1186/s13071-018-2904-7

https://academic.oup.com/genetics/article-abstract/147/2/915/6054139?redirectedFrom=fulltext&login=false

https://academic.oup.com/genetics/article-abstract/147/2/915/6054139?redirectedFrom=fulltext&login=false

https://academic.oup.com/genetics/article-abstract/147/2/915/6054139?redirectedFrom=fulltext&login=false

https://onlinelibrary.wiley.com/doi/10.1111/j.1755-0998.2010.02847.x

https://onlinelibrary.wiley.com/doi/10.1111/j.1755-0998.2010.02847.x

https://onlinelibrary.wiley.com/doi/10.1111/j.1755-0998.2010.02847.x

https://onlinelibrary.wiley.com/doi/10.1111/j.1755-0998.2010.02847.x

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1948-7134.2010.00073.x

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1948-7134.2010.00073.x

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1948-7134.2010.00073.x

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1948-7134.2010.00073.x

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22000401?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22000401?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22000401?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S1877959X22000401?via%3Dihub


