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ABSTRACT
Received: Accurate discrimination of Hyalomma species is important for taxonomy and vector
09 August, 2026 surveillance. Although mitochondrial COI has been widely used for tick identification,
Accepted: nucleotide variation relevant to species discrimination and regional genetic diversity remain
04 October, 2026 insufficiently investigated. This study evaluated the discriminatory power of COI by identifying
Published: informative nucleotide positions among Hyalomma species and assessing the phylogeographic

15 October, 2026 diversity of H. anatolicum at nucleotide as well as amino acid level. Because H. anatolicum

Subject Editor: provided the largest number of suitable sequences, 71 sequences from Iran, Iraq, Pakistan and
. Hosseini-Chegeni Turkiye were selected for phylogenetic analysis, estimation of genetic diversity, neutrality tests
and construction of a TCS haplotype network. The haplotype network showed patterns
broadly consistent with genetic differentiation among the species examined, although it does
not independently validate species boundaries. Within H. anatolicum, phylogenetic trees
revealed no clear grouping by country of origin. Eleven haplotypes were detected, with
moderate haplotype diversity (Hd = 0.648) and nucleotide diversity (1 = 0.0709). A
significantly negative Tajima’s D value (-2.444, P < 0.01) indicated departure from neutral
expectations. The network also showed haplotype sharing among sequences from different
countries, although interpretation of geographic structure was limited by the uneven
geographic sampling. Overall, the results support the utility of COI for molecular identification
of Hyalomma species and for population genetic studies of H. anatolicum. The candidate
informative nucleotide positions may provide a reference for future validation and
development of molecular assays for epidemiological and surveillance applications in Iran.
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INTRODUCTION

Correct identification of tick species is essential for reliable ecological, epidemiological and
evolutionary studies, as well as for understanding their role in the transmission of tick-borne pathogens
(Nabian ez a/. 2024). Among hard ticks (family Ixodidae), the genus Hyalomma includes several species of
considerable veterinary and medical importance. These species differ in their ecological preferences and
vector competencies (Nabian ez a/. 2009). Members of the genus are widely distributed across Africa,
southern FEurope, the Middle East, and large parts of Asia, where they parasitize a broad range of
domestic and wild vertebrates (Rahbari ef a/. 2007; Nabian and Rahbari 2008; Hekimoglu and Ozer 2017
Celina ez al. 2023; Hussain e al. 2024a; Zhou et al. 2025). Hyalomma ticks have been associated with several
pathogens of veterinary and public health significance, including Theileria spp., Babesia spp., Anaplasma
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spp., Rickettsia spp. and Coxiella burnetii (Moshaverinia ez al. 2009; Hekimoglu and Ozer, 2017; Abdoli ez
al. 2021; Choubdar ez al. 2021). Most notably, they are recognized as the principal vectors of Crimean-
Congo haemorrhagic fever virus (CCHFV), which places them among the most epidemiologically
important tick genera worldwide (Sharifinia ez 2/ 2015; Kumar ez a/. 2020; Maghsood ez a/. 2020).

Species discrimination within Hyalomma remains difficult. Many taxa share overlapping
morphological characters, and reliable identification is particularly challenging in immature stages or
damaged specimens (Estrada-Pefa e a/. 2018). Even in adult ticks, species discrimination often requires
detailed examination of subtle morphological characters, such as the basis capituli, scutum, and genital
aperture (Shi ez a/. 2025). Misidentification can distort estimates of species distribution, ecological
associations and the interpretation of vector-related studies. Molecular markers have therefore become
valuable complementary tools. Mitochondrial genes such as mitochondrial ¢ytochrome ¢ oxidase subunit 1
(COI) and 16S rDNA, together with the nuclear ribosomal marker I'TS2, are now widely used for species
discrimination and phylogenetic analysis in this genus (Shi ez a/. 2025). In Iran, molecular evidence has
also helped resolve taxonomic uncertainties within Hyalomma spp. complexes (Hosseini-Chegeni e 4.
2019). Therefore, combining morphological observations with molecular data represents a more reliable
approach for resolving species boundaries and improving tick surveillance (Shi ez a/. 2025).

Among the available markers, the COI gene is widely regarded as the primary DNA barcoding
region because of its high discriminatory power and broad applicability. COI sequences have been used
successfully to support morphological identifications, to separate closely related species and to
reconstruct phylogenetic relationships in ticks (Hernandez-Triana ef a/. 2026). Comparative studies have
suggested that COI often provides higher resolution for species-level discrimination than some other
mitochondrial markers, including 168 and 128 rfDNA, supporting its widespread application in molecular
identification (Low ef a/. 2015; Abouelhassan ef /. 2019). At the same time, geographically structured
lineages and previously unrecognized evolutionary relationships have been reported in several tick taxa,
underlining the need for regional COI reference datasets (Zheng ez al. 2024).

However, available molecular data on Hyalomma spp. from Iran and neighboring countries remain
limited and have not yet been integrated into a comprehensive comparative framework. Previous studies
have not yet combined species-level analysis of COI sequences among Iranian Hyalomma species with an
evaluation of genetic diversity and phylogenetic relationships in H. anatolicur populations across Iran and
neighboring countries. The present study therefore aimed to characterize informative COI nucleotide
positions among Hyalomma species reported from Iran, and to examine the phylogenetic relationships,
haplotype diversity and intraspecific genetic variation of H. anatolicum across Iran and neighbouring
countties. Hyalomma anatolicum was selected for the intraspecific geographic analysis based on the
availability of the largest number of eligible COI sequences and the broadest geographic coverage in the
dataset.

MATERIAL AND METHODS
Data retrieval and sequence filtering

All publicly available mitochondrial ¢ytochrome ¢ oxidase subunit I (COI) sequences of the genus
Hyalomma were retrieved from the GenBank database of the National Center for Biotechnology
Information (NCBI) on 17 June 2026. The search included all available COI records from Iran and
neighboring countries (Iraq, Turkiye, Pakistan, Turkmenistan, Azerbaijan, Armenia, and Afghanistan).
Retrieved records were subsequently screened based on predefined inclusion and exclusion criteria. An
overview of the study workflow is presented in Figure 1.

Only sequences meeting the predefined inclusion criteria were included in this study. Eligible
sequences were required to correspond to the COI gene (annotated as COIL, CO1, or COX1), contain
complete information on species identification and country of origin, be of sufficient sequence quality,
and have adequate length for multiple sequence alignment. Records corresponding to complete
mitochondrial genomes, whole genomes, sequences containing multiple genetic markers, ribosomal genes
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(16S, 12§, 188, and 28S rRNA), nuclear markers (ITS1, ITS2, and 5.8S), other mitochondrial genes
(including CytB, ND4, ND5, ATP6, and COII), records lacking essential information (e.g. unidentified
species or country of origin), excessively short sequences, low-quality sequences, and duplicate records
were excluded. For H. anatolicum, 96 sequences met the initial inclusion criteria. Before the final
intraspecific analyses, 25 sequences were further excluded because of exact or near identical sequence
duplication (21 sequences; one representative was retained from each identical group) or insufficient
sequence length and overlap for reliable multiple sequence alignment (4 sequences: MZ411453.1,
MZ411456.1, MZ411457.1, and MZ411458.1). Thus, 71 H. anatolicum sequences were retained for the
final intraspecific analyses. The accession numbers and specific exclusion criteria for the 25 excluded
sequences are provided in Table 1. To ensure the reliability of the geographic and taxonomic information
associated with the retrieved GenBank records, the corresponding published articles of the accession
numbers were also examined. Details of the verified sequences, including their accession numbers,
country, and associated references, are provided in Table 2. The species identity and country of origin of
the retrieved sequences were accepted as reported in the corresponding GenBank records. No
independent morphological or molecular identification was performed in the present study. The retrieved
sequences were subsequently included in the phylogenetic analysis to assess their relationships among the
examined Hyalomma species (Supplementary File 3). For the interspecific analysis, all eligible COI
sequences reported from Iran were retained without additional subsampling. Based on the predefined
inclusion and exclusion criteria, 33 sequences representing nine Hyalomma species were included. Thus,
the number of sequences included for each species reflected the total number of eligible sequences
available for that species in the Iranian dataset, rather than a selected representative subset. Only the nine
Hyalomma species represented by eligible COI sequences from Iran were included in the interspecific
analysis; the remaining six species were represented only by sequences from neighboring countries and
were therefore not included in this analysis. In addition, because H. anatolicum, which had the largest
number of sequences and the broadest geographic representation in the dataset, was selected for
intraspecific analysis, including phylogenetic reconstruction, genetic diversity assessment, and haplotype
network analysis. Finally, the eligible sequences were exported in FASTA format for subsequent analyses.

Iran
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GenBank Hyalomma and Mitochondrial Filterin Iran and neighboring Pakistan
AL cytochrome c oxidase subunit I (COI) 2 countries Turkmenistan

Armenia
Afghanistan
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Figure 1. Workflow of the study.
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The selected sequences were imported into MEGA X version 10.0.4 (Kumar ez a/. 2018), and
multiple sequence alignhment was performed using the MUSCLE algorithm with default parameters
(Edgar 2004). Alignment quality was manually inspected, and terminal regions containing multiple gaps
or segments present in only a limited number of sequences were manually trimmed to retain a
homologous region shared among all sequences. The final trimmed alignment was subsequently used for
phylogenetic reconstruction, genetic diversity analysis, haplotype network analysis, and identification of
representative discriminatory nucleotide positions. The representative nucleotide positions were selected
based on informative nucleotide variation and their potential contribution to species discrimination
among the examined species. For each nucleotide position, Discrimination (%) was calculated as the
percentage of pairwise comparisons among the nine Hyalomma species that yielded different nucleotide
states (total possible pairs = 36). Positions represented by species with = 2 sequences were regarded as
preliminary observations only.

Sequence quality control

As a quality control step, the aligned COI sequences were translated using the invertebrate
mitochondrial genetic code and examined for premature stop codons and apparent translation anomalies.
Where necessary, the reading frame was adjusted by correcting one or two leading nucleotides based on
alignment with homologous COI sequences. The sequences were then retranslated and checked for
premature stop codons before downstream analyses. The aligned sequences were manually inspected for
conspicuous sequence quality anomalies or unusual alignment patterns before the final alighment was
used for downstream analyses. The phylogenetic placement of the sequences was also examined to
identify any obvious anomalous or outlier sequences. Sequence divergence alone was not considered
sufficient evidence for misidentification or the presence of a nuclear mitochondrial DNA segment
(NUMT).
Evolutionary model selection

The best-fit nucleotide substitution model was determined using the Find Best DNA/Protein
Models (ML) function implemented in MEGA X. Candidate models were evaluated based on the
Bayesian Information Criterion (BIC) and the corrected Akaike Information Criterion (AICc). The model
with the lowest BIC value was selected as the optimal substitution model for phylogenetic reconstruction.

Accordingly, the Tamura 3-parameter (T92) model was selected for all subsequent phylogenetic analyses
(Tamura 1992).

Amino acid sequence analysis

The final COI nucleotide alignment was translated into amino acid sequences using the invertebrate
mitochondrial genetic code implemented in MEGA X. The translated amino acid sequences were aligned
using the MUSCLE algorithm. Amino acid residues corresponding to the selected discriminatory
nucleotide positions and variable nucleotide positions identified within each Hyalomma species were
examined to determine whether the observed nucleotide substitutions resulted in synonymous or non-
synonymous changes. Nucleotide positions were numbered according to the final multiple-sequence
alignment. For the positions reported in Table 2, the alignment-column numbers were identical to the
corresponding nucleotide coordinates in the partial COI reference sequence KX911989.1 (H. excavatum).
These positions do not represent coordinates within the complete COI coding sequence.

Phylogenetic analysis

Phylogenetic relationships among the selected sequences were reconstructed using the Maximum
Likelihood (ML) method implemented in MEGA X under the Tamura 3-parameter (T92) substitution
model. Branch support was assessed using 1,000 bootstrap replicates (Kumar ef a/. 2018).

Genetic diversity analysis

To evaluate genetic diversity, the trimmed sequence alignhment was imported into DnaSP version
6.12. The following genetic diversity indices were calculated: number of haplotypes (h), haplotype
diversity (Hd), nucleotide diversity (n), number of polymorphic sites (S), total number of mutations (Eta),
average number of nucleotide differences (k), and Tajima's D statistic (Tamura 1992). The statistical
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significance of Tajima's D was assessed using the built-in significance test implemented in DnaSP (Rozas
et al. 2017). All analyses were performed using the final trimmed alignment.

Haplotype network analysis

To investigate haplotype relationships, the trimmed sequence alignment was imported into
PopART version 1.7. Information on the country of origin for each sequence was incorporated into the
analysis using a traits file. A haplotype network was constructed using the Templeton Crandall Singh
(TCS) algorithm (Clement ez a/ 2002). In the resulting network, the size of each circle represented
haplotype frequency, whereas the color of each segment indicated the country of origin of the sequences
comprising each haplotype (Leigh and Bryant 2015).

RESULTS

Distribution of retained COI sequences among Hyalomma species

The distribution of mitochondrial COI sequences retained after the initial sequence filtering step
is summarized in Table 1. Hyalomma anatolicnm was represented by the largest number of sequences (n =
96), whereas H. excavatum showed the widest geographical distribution among the investigated countries.
Because H. anatolicum was represented by the largest number of sequences and provided broad geographic
coverage, it was selected for subsequent intraspecific analyses.

Table 1. Distribution of mitochondrial COI sequences of Hyalomma species retained after initial sequence filtering from Iran
and neighboring countries, retrieved from GenBank.

Hyalomma species Iran Turkiye Iraq Pakistan Turkmenistan Total
H. marginatum 9 26 3 3 0 41
H. asiaticum 8 0 1 4 3 16
H. anatolicum 7 4 37 48 0 96
H. rufipes 3 1 1 0 0 5
H. excavatum 2 4 11 18 1 36
H. scupense 0 0 4 16 0 20
H. detritum 1 1 4 3 0 9
H. dromedarii 1 1 4 15 0 21
H. schulzei 1 0 2 0 0 3
H. aegyptium 1 13 0 0 0 14
H. turanicum 0 0 8 4 0 12
H. truncatum 0 0 2 0 0

H. impeltatum 0 2 1 0 0

H. isaaci 0 0 0 8 0

H. kumari 0 0 0 3 0

Total 33 52 78 122 4 289

Species discrimination based on informative nucleotide sites

Representative informative nucleotide positions were identified from the mitochondrial COI
alignment that may contribute to species discrimination among the examined Iranian Hyalomma species
(Table 2). Position 327 exhibited a three-state polymorphism, with H. anatolicurs and H. excavatum sharing
C, H. asiaticnm and H. schulzei sharing A, and the remaining species predominantly showing T. Positions
347 and 356 showed nucleotide states that were unique to H. aegyptium, with C and G, respectively.
Position 389 showed an informative nucleotide pattern that partitioned the taxa into three nucleotide-
defined groups: H. anatolicum and H. excavatum (C), H. asiaticum/ H. schulzei (A), and the remaining species
(T). Additional informative positions, including positions 288, 290, 365, 371, and 411, showed variation
that may contribute to the discrimination of closely related species. Importantly, H. anatolicumz and H.
excavatur had identical nucleotide states at all 10 selected positions. Therefore, these positions should be
considered candidate informative sites for future molecular assay development rather than definitive
diagnostic characters, and their diagnostic utility requires independent validation.
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Table 2. Informative COI nucleotide positions observed among Hyalomma species represented in the Iranian sequence dataset.

Position in alignment (KX911989.1) N

Species

288 290 327 347 353 356 365 371 389 41
H. anatolicum T A C A A A T A C A @)
H. marginatum T A T A A A C A T T )
H. asiaticum C T A A C A T C A A ©)
H. excavatum T A C A A A T A C A @)
H. dromedarii C T T A A A C A T A 1)
H. rufipes T A T A A A C A T T 3)
H. detritum C T T A A A C C T A 1)
H. schulzei C T A A C A T C A A 1)
H. aegyptium C T T C T G C A T A 1)
Discrimination (%o) 55.56  55.56  66.67 2222 5556 2222 5556 50.00 66.67 38.89 (33)

N*: Number of eligible Iranian COI sequences included in the interspecific analysis for each species.

Note: Positions are 1-based alignhment column numbers in the final multiple-sequence alignhment (Supplementary File 3).
Because the reference sequence KX911989.1 (H. excavatum) was placed at the beginning of the alignment without leading gaps,
these column numbers are identical to the nucleotide coordinates within the partial COI sequence of KX911989.1. They do
not correspond to positions in the complete COI coding sequence. For species represented by very few sequences, the
observed nucleotide states were treated as preliminary observations and not as species-level diagnostic characters.

Amino acid conservation at informative COI sites

Translation of the representative informative COI nucleotide sites showed that amino acid residues
were conserved at most informative sites among the examined Hyalomma species (Table 3). Of the 10
representative informative nucleotide sites, eight corresponded to synonymous nucleotide substitutions.
In contrast, only two sites (reference nucleotide positions 327 and 411) resulted in amino acid
substitutions. At nucleotide position 327 (amino acid position 109), leucine (L) was substituted by
methionine (M) in H. asiaticum and H. schulzei. Similarly, at nucleotide position nucleotide 411 (amino acid
position 137), methionine (M) was substituted by leucine (L) in H. marginatum and H. rufipes. These
findings indicate that the selected nucleotide variation within the COI barcode region is largely conserved
at the protein level.

Table 3. Correspondence between representative informative COI nucleotide sites and translated amino acid residues in
Hyalomma species reported from Iran.

g o g Nudeotde 288 290 327 347 353 356 365 371 389 41
2§59 position

g %g Codon 286—-288 289-291 325-327 346-348 352-354 355-357 364-366 370-372 388-390 409-411
z X ﬁ (reference.)'

B AA position 96 97 109 116 118 119 122 124 130 137
H. anatolicum L L L T W T P L H M
H. marginatum L L L T W T P L H L
H. asiaticum L L M T W T P L H M
H. excavatum L L L T W T P L H M
H. dromedarii L L L T W T P L H M
H. rufipes 1 L L T W T P L H L
H. detritum 1 L L T W T P L H M
H. schulzei L L M T W T P L H M
H. acgyptium L L L T W T P L H M
AA conservation C C \4 C C C C C C v

Abbreviations: AA, amino acid; C, conserved; L, leucine; M, methionine; T, threonine; W, tryptophan; P, proline; H, histidine;
V, variable. Conserved indicates identical amino acid residues across all examined Hyalomma species, whereas Variable indicates
amino acid replacement in one or more species. Synonymous indicates a nucleotide substitution that does not alter the encoded
amino acid, whereas non-synonymous indicates a nucleotide substitution that results in an amino acid replacement. Positions
refer to the alighment column numbers, which ate identical to the coordinates in the reference sequence KX911989.1.
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The translated amino acid sequences showed that the majority of informative nucleotide
substitutions did not alter the encoded amino acid residues, whereas only two positions produced
conservative amino acid substitutions. The corresponding amino acid patterns are presented in Table 4.

Table 4. Intraspecific nucleotide variation and corresponding amino acid changes identified within Hya/omma species in the
Iranian COI dataset.

Species Nt Pos. Seq- IDs V(N) Seq-IDs M(IN) AAPos. M(AA) V(AA)
H. anatolicum 314 HANT1 T HAN2-7 A 105 L -
(nt 285-716) 326 HANG,7 T HAN1-5 C 109 L -
341 HANT1 A HAN2-7 G 114 A -
359 HAN4,5 G HAN1-3,6,7 A 120 \Y -
368 HANT1 C HAN2-7 T 123 P -
410 HAN4,5 C HANT1-3,6,7 T 137 M -
416 HANT1 A HAN2-7 C 139 I -
440 HANT1 T HAN2-7 C 147 A -
479 HANT1 C HAN2-7 T 160 1 -
581 HANI1 A HAN2-7 T 194 L -
593 HAN3 G HANT1,2,4-7 A 198 1 -
629 HAN1 C HAN2-7 T 210 S -
650 HAN1 C HAN2-7 T 217 G -
656 HANI1 A HAN2-7 T 219 D -
659 HANS C HANT1-4, 6,7 T 220 P -
671 HAN3 C HANT1,2,4-7 T 224 Q -
695 HAN3-5 A HANT1,2,4,6,7 G 232 H -
H. marginatum 285 HM7 C HM1-6, 8-9 T 95 W R
(nt 285-464) 300 HM7 C HM1-6, 8-9 T 100 S P
590 HM7 A HM1-6, 8-9 G 197 A -
H. asiaticum 302 HAS5,6 A HAS1-4,7.8 T 101 L -
(nt 270-688) 305 HAS7,8 T HAS1-6 C 102 F -
332 HAS7 C HAS1-6,8 T 111 E -
335 HAS5,6 G HAS1-4,7,8 A 112 S -
338 HAS5,6 A HAS1-4,7,8 G 113 G -
344 HAS5,6 C HAS1-4,7,8 T 115 G -
350 HAS5,6 C HAS1-4,7,8 T 117 G -
398 HAS5,6 A HAS1-4,7,8 T 133 P -
404 HAS5,6 T HAS1-4,7,8 A 135 v -
407 HAS5,6 A HAS1-4,7.8 G 136 D -
422 HAS5,6 C HAS1-4,7.8 T 141 S -
440 HAS5,6 T HAS1-4,7.8 C 147 A -
443 HAS5,6 T HAS1-4,7.8 C 148 S -
449 HAS5,6 C HAS1-4,7.8 T 150 I -
483 HAS5,6 G HAS1-4,7.8 A 161 1 A%
485 HAS5,6 C HAS1-4,7,8 T 162 N -
506 HAS5,6 G HAS1-4,7,8 A 169 T S
508 HAS5,6 G HAS1-4,7,8 C 170 M -
533 HASG6 T HAS1-5,7,8 C 178 w -
557 HAS5,6 T HAS1-4,7.8 C 186 L -
564 HAS5,6 C HAS1-4,7.8 T 188 L -
566 HAS5,6 T HAS1-4,7.8 A 189 L -
575 HAS5,6 T HAS1-4,7.8 C 192 P -
578 HAS5,6 A HAS1-4,7,8 G 193 v -
587 HAS5,6 T HAS1-4,7,8 C 196 G -
603 HAS5,6 T HAS1-4,7,8 C 201 L -
623 HAS5,6 T HAS1-4,7,8 C 208 N -
659 HAS5,6 T HAS1-4,7,8 C 220 P -
H. rufipes 275 HR1 C HR2,3 T 92 M -
(nt 270-728) 281 HR2 C HR1,3 A 94 F -
296 HR2 C HR1,3 T 99 P -
314 HR2 A HR1,3 G 105 L -
338 HR2 G HR1,3 A 113 G -
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Table 4. Continued.
Species Nt Pos. Seq- IDs V(N) Seq-IDs M(IN) AAPos. M(AA) V(AA)
H. rufipes 275 HR1 C HR2.3 T 92 M
(nt 270-728) 281 HR2 C HR1,3 A 94 F
296 HR2 C HR1,3 T 99 P
314 HR2 A HR1,3 G 105 L
338 HR2 G HR1,3 A 113 G
383 HR2 T HR1,3 C 128 L
404 HR2 G HR1,3 A 135 \Y
410 HR2 C HR1,3 T 137 L
428 HR2 G HR1,3 A 143 H
431 HR2 C HR1,3 T 144 L
458 HR2 T HR1,3 G 153 A
461 HR2 T HR1,3 C 154 I
599 HR1,2 T HR3 C 200 M
605 HR2 A HR1,3 G 202 L
626 HR2 C HR1,3 T 209 T
641 HR2 T HR1,3 C 214 P
717 HR2 T HR1,3 A 239 1

Abbreviations: Nt Pos., nucleotide position; M(N), major nucleotide state; V(N), variant nucleotide state; Seq-IDs, coded
sequence identifiers of sequences carrying the variant nucleotide; AA Pos., amino acid position; M(AA), major amino acid
residue; V(AA), variant amino acid residue. Sequence ID codes: HAN, H. anatolicunr, HM, H. marginatun, HAS, H. asiaticuns,
HR, H. rufipes. Sequence IDs correspond to the listed GenBank accession numbers in the same order: HAN1-HAN7
(MH411145.1, MH411144.1, MH411143.1, KP219872.1, KP219867.1, KP219865.1, KP219862.1); HM1-HM9 (PX695467.1,
PX0695466.1, MH411142.1, KP219876.1, KP219874.1, KP219863.1, KP189361.1, MG557555.1, KP100418.1); HAS1-HASS8
(KP208951.1, PQ838316.1, KP219864.1, KP219869.1, KP219871.1, KR075985.1, KP219866.1, KP219860.1); HR1-HR3
(KP231210.1, KP219868.1, KP219873.1).

Furthermore, the haplotype network constructed from Iranian Hyalomma COI sequences revealed
that, although many haplotypes were species-specific, some haplotypes were shared among species (Fig.

2).
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Figures 2. TCS haplotype network showing interspecific relationships among Iranian Hyalomma species based on
mitochondrial COI sequences.
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Each circle represents a unique haplotype, with circle size proportional to the number of sequences.
Connecting lines indicate mutational steps between haplotypes. Colors represent the different Iranian
Hyalomma species included in the analysis.

2026

Characteristics of the final H. anatolicum dataset
After applying the inclusion and exclusion criteria, a total of 71 COI sequences of H. anatolicum

were retained for subsequent analyses. These sequences originated from four countries, namely Iran, Iraq,
Pakistan, and TurkiyeTurkiye. Multiple sequence alignment followed by manual trimming generated a
final alighment of 747 bp sequences in length. Within this alignment, 131 polymorphic sites were

identified.

Phylogenetic analysis
The Maximum Likelithood phylogenetic tree reconstructed under the Tamura 3-parameter (T92)

substitution model resolved the analyzed sequences into several distinct clades (Figure 3). However, no
clear clustering pattern according to the country of origin was observed. Sequences from Iran, Iraq,
Pakistan, and Turkiye were intermingled within multiple clades, indicating the absence of an obvious

geographic genetic structure among the analyzed populations.
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Figures 3. Maximum Likelihood phylogenetic tree of H. anatolicum based on mitochondrial COI sequences.

The phylogenetic tree was reconstructed using the Tamura 3-parameter (T92) substitution model.
Bootstrap support values (1,000 replicates) are shown at the nodes. Sequence labels indicate the GenBank

accession number and country of origin.
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Genetic diversity of H. anatolicum

Genetic diversity analysis identified 11 haplotypes among the 71 analyzed sequences. The haplotype
diversity (Hd) and nucleotide diversity () were estimated at 0.648 and 0.0709, respectively. Tajima's D
was significantly negative (D = -2.44, P < 0.01), indicating a significant departure from neutrality. The
remaining genetic diversity indices are summarized in Table 5.

Table 5. Genetic diversity indices of H. anatolicum based on mitochondrial COI sequences.

Parameter Value
Number of sequences (n) 71
Sequence length (bp) 747
Number of polymorphic sites (S) 131
Total mutations (Eta) 175
Number of haplotypes (h) 11
Haplotype diversity (Hd £ SD) 0.648 £ 0.036
Nucleotide diversity (r) 0.07091
Average nucleotide differences (k) 10.636
Tajima's D -2.444
P-value <0.01

Haplotype network analysis

Consistent with the genetic diversity analysis, the TCS haplotype network identified 11 haplotypes
among the analyzed H. anatolicum sequences (Fig. 4). Two major haplotypes comprised sequences from
multiple countries, whereas the remaining haplotypes were represented by relatively few sequences
(mostly singletons). The two dominant haplotypes were shared among sequences from Iran, Iraq,
Pakistan, and Tirkiye, while some rare haplotypes were restricted to individual countries. Overall, the
haplotype network was consistent with the phylogenetic tree and showed no clear geographic clustering
of sequences by country of origin.
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TraghiN4603435, 1

IrankP219862.1

anMH411145,1 Pakistan0Q380850, 1)

PakistanhiK462200,1

O
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Figure 4. TCS haplotype network of H. anatolicum based on mitochondrial COI sequences.

Each circle represents a unique haplotype, with circle size proportional to the number of sequences.
Connecting lines indicate mutational steps between haplotypes. Colors represent the country of origin of
the analyzed sequences.

DISCUSSION

The results of this study indicate that the mitochondrial COI gene can provide useful information
for species-level and population-level analyses in Hyalomma. The identification of representative
informative nucleotide positions, together with phylogenetic reconstruction, haplotype network analysis,
and genetic diversity assessment, provides complementary evidence for the utility of COI in molecular
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and evolutionary studies of Hyalomma ticks in Iran and neighboring countries. Similar conclusions have
been reached in recent work on Hyalomma (Jomli et al. 2025; Motevasseli et al. 2026). The nucleotide
variation identified at the selected positions revealed informative patterns that can contribute to the
discrimination of Hyalomma species reported from Iran, although 10 selected positions do not
independently distinguish all species represented in Table 2. Notably, 10 selected positions showed
identical nucleotide profiles in three species pairs: H. anatolicum-H. excavatum, H. asiaticum-H. schulzei and
H. marginatum-H. rufipes. However, the limited number of available sequences for some species means
that these nucleotide patterns should be considered preliminary candidates rather than evidence of
species-level conservation. When these nucleotide positions were translated, most of the substitutions
were synonymous and did not alter the amino acid sequence. Only two of the selected nucleotide
positions resulted in non-synonymous amino acid replacements, with leucine being substituted by
methionine at one position and methionine by leucine at another. Thus, most of the nucleotide variation
at the selected positions did not alter the encoded amino acid residues. Overall, the present study should
be regarded as a preliminary investigation that provides candidate molecular markers for Hyalomma
species discrimination and requires further experimental validation through laboratory-based molecular
assays.

A similar predominance of synonymous changes was observed among the intraspecific variable
sites, with only a small number of amino-acid substitutions detected within species. The informative
nucleotide patterns identified in the COI gene may represent candidate targets for future molecular assay
development, including allele-specific PCR approaches, for the identification of closely related Hyalomma
species. However, their diagnostic utility requires independent validation using larger, independently
identified, and geographically diverse populations before such applications can be established. The
haplotype network constructed from Iranian Hyalomma COI sequences showed broad genetic
differentiation among species. Most species formed discrete clusters in the TCS haplotype network.
Although some haplotypes were shared among different species, these shared haplotypes were limited in
number and did not indicate extensive haplotype sharing across the dataset. This pattern is consistent
with genetic differentiation among the sampled Hyalomma species; however, the TCS haplotype network
alone does not independently validate species boundaries. Moreover, the haplotype network and the
selected discriminatory nucleotide positions were derived from the same COI dataset and therefore
should be considered complementary rather than independent lines of evidence for species delimitation.
The result is consistent with the basic principle of DNA barcoding, namely that interspecific divergence
in the COI gene usually exceeds intraspecific variation (Zhang and Zhang 2014).

The uneven number of available sequences among species almost certainly reflects differences in
research effort and epidemiological importance rather than true biological rarity. Hyalonma anatolicum,
one of the most common and medically significant ticks in the region, has attracted the greatest attention
and therefore accounts for the largest share of sequences. Hyalomma excavatum, by contrast, appears across
every country in the dataset, a distribution that matches its broad ecological tolerance. The higher species
richness recorded in Pakistan and Iraq is probably linked to greater environmental heterogeneity,
abundant hosts and a larger number of molecular studies conducted in those countries. The apparent
paucity of species in Turkmenistan is more likely to result from limited sampling and fewer publicly
available sequences than from genuinely lower diversity (Poulin ez a/. 2019; Khan ez a/. 2025; Motevasseli
et al. 2020). Because H. anatolicum provided both the largest number of sequences and the widest
geographic coverage, it was selected for the subsequent intraspecific analyses. These findings align with
earlier studies that have demonstrated the utility of COI for DNA barcoding and species discrimination
in Hyalomma and other taxa (Hebert ef al. 2003; Roth ef al. 2019; Jomli ef al. 2025). Phylogenetic analysis
of the available H. anatolicum sequences did not reveal clear clustering according to country of origin;
however, this pattern should be interpreted cautiously because sequence availability was highly uneven
among countries. Sequences from Iran, Iraq, Pakistan and Tiurkiye were largely intermixed within the
same clades, suggesting weak geographic structure at the level of the mitochondrial COI marker. Similar
patterns of shared haplotypes across distant localities have been reported previously for this species and
are commonly interpreted as evidence of historical or ongoing gene flow (Khan e 2/ 2025). Nevertheless,
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distinguishing between these evolutionary processes would require broader geographic sampling and the
inclusion of additional genetic markers.

The 131 polymorphic sites detected among the H. anatolicum sequences, together with relatively
high haplotype and nucleotide diversity, point to considerable genetic variation within the sampled
dataset. The significantly negative Tajima's D value observed in the pooled H. anatolicum dataset indicates
a departure from neutral expectations and should be interpreted with caution. Because the sequences
were unevenly distributed among countries and were obtained from publicly available GenBank records
rather than from a standardized population sampling design, this result cannot be attributed specifically
to demographic expansion, purifying selection, or other evolutionary processes without further evidence.
Unequal geographic sampling and population structure may also influence neutrality statistics.

In addition, mitochondrial patterns may be affected by processes such as mitochondrial
introgression or associations with maternally inherited endosymbionts. Mitochondrial introgression can
result in mitochondrial haplotypes being shared across populations or even closely related species,
potentially obscuring the demographic or phylogeographic history inferred from mitochondrial markers.
Similarly, endosymbiotic bacteria such as Wolbachia can influence host mitochondrial variation through
maternally linked inheritance and selective sweeps, potentially altering patterns of mitochondrial diversity
and neutrality statistics (Cariou e a/. 2017). However, the present study did not investigate mitochondrial
introgression or Wolbachia infection directly; therefore, these processes should be considered as possible
factors rather than demonstrated explanations for the negative Tajima's D value. Comparable results have
been reported in eatlier studies of H. anatolicums which also detected significantly negative Tajima's D
values for COI and 16S rRNA and interpreted them as possible signatures of expansion (Moudgil e7 a/.
2024; Khan et al. 2025). As noted by Wares (2010), however, neutrality indices alone are insufficient to
distinguish demographic from selective explanations; additional markers and denser sampling are needed
for firmer conclusions (Wares 2010).

The nonsynonymous substitutions identified in Table 4 were predominantly conservative. In H.
anatolicum, the Leu-to-Met substitution at amino acid position 109 and the Met-to-Leu substitution at
position 137 involve hydrophobic amino acids with similar physicochemical properties. Although COX1
is a membrane-embedded protein with functionally important regions, the specific structural or
functional effects of these substitutions cannot be determined from sequence data alone. Further
structural and experimental studies would be required to clarify their functional significance.

In the TCS network the majority of sequences fell into two common haplotypes, while the
remaining haplotypes were rare and represented by only a few sequences. Specimens from Iran, Iraq,
Pakistan and Tturkiye occurred together inside the dominant haplotypes, and sequences from different
countries were also scattered among the less frequent ones. Although haplotypes were shared among
sequences from different countries, this pattern should not be interpreted as definitive evidence of weak
geographic structure because the TCS network is sensitive to the composition and geographic balance of
the sampled sequences. Similar patterns of widely shared haplotypes and weak phylogeog-raphic signal
have been described previously for this species (Khan ef 2/ 2025) and for other ixodid ticks, where they
are usually ascribed to host-mediated dispersal and ongoing gene flow (Kanduma ez a/. 2016; Amzati ef al.
2018; Rain and Aslam 2025). Livestock movement and cross-border trade may therefore help maintain
the genetic connectivity observed here, although direct tests of this idea will require broader sampling
and data from additional mitochondrial and genome-wide markers.

Several limitations should be acknowledged. The analyses relied solely on publicly available COI
sequences from GenBank, which produced uneven sample sizes across species and countries. In addition,
the use of a single mitochondrial marker restricts the depth of evolutionary inference. Future work that
combines further mitochondrial and nuclear loci with more extensive geographic coverage should yield
a clearer picture of genetic diversity and phylogeographic structure in Hyalomma.

CONCLUSION

This study used publicly available COI sequences to examine molecular discrimination of Hyalomma
species reported from Iran (up to June 2026) and to assess genetic diversity within H. anatolicun across
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Iran and neighboring countries. Several informative nucleotide positions were identified that may
contribute to species discrimination, while the corresponding amino-acid sequences remained largely
conserved. Haplotype networks showed mostly species-specific clusters, consistent with genetic
differentiation among the taxa examined. Within H. anatolicum, phylogenetic trees, diversity indices and
the haplotype network all pointed to extensive sharing of genetic variation and little evidence of
geographic structure across the region. The informative nucleotide positions reported here may serve as
candidate targets for future SNP-based assays and as a reference for taxonomic and surveillance studies
in Iran. Broader geographic sampling combined with additional mitochondrial and nuclear markers will
be needed to clarify the evolutionary history and dispersal patterns of these ticks more fully.

Author contributions: Methodology: Sh.Kh-A, S.N, P.S; Data curation: Sh.Kh-A; Analyses and data curation: P.S;
Tllustration and photography: Sh.Kh-A; writing — original draft preparation: S.N, Sh.Kh-A; writing — revisions and editing:
S.N, P.S; supervision: S.N, P.S. All authors have read and agreed to the published version of the manuscript.

Funding: No funding was received for conducting this study.
Availability of data and materials: Data are available upon request from the authors.

Ethics approval and consent to participate: This study only included arthropod material, and all required ethical guidelines
for the treatment and use of animals were strictly adhered to in accordance with international, national, and institutional
regulations. No human participants were involved in any studies conducted by the authors for this article.

Consent for publication: NA.
Competing interests: The authors declare no conflict of interest.

Generative Al statement: The authors declare no use of Gen Al in the creation of this manuscript.

REFERENCES

Abdoli, R., Bakhshi, H., Kheirandish, S., Faghihi, F., Hosseini-Chegeni, A., Oshaghi, M.A., Telmadarraiy, Z. &
Sedaghat, M.M. (2021) Circulation of Brucellaceae, Anaplasma and Ebrlichia spp. in bordetline of Iran,
Azerbaijan, and Armenia. Asian Pacific Jonrnal of Tropical Medicine, 14(5): 223-230.
https://doi.org/10.4103/1995-7645.315893

Abouelhassan, E.M., El-Gawady, H.M., Abdel-Aal, A.A., El-Gayar, A.K. & Esteve-Gassent, M.D. (2019)
Comparison of some molecular markers for tick species identification. Journal of Arthropod-Borne Diseases,
13(2): 153. https://doi.org/10.18502/jad.v13i2.1241

Amzati, G.S., Pelle, R., Muhigwa, J.B.B., Kanduma, E.G., Djikeng, A., Madder, M. & Marcotty, T. (2018)
Mitochondrial phylogeography and population structure of the cattle tick Rbipicephalus appendiculatus in the
African Great Lakes region. Parasites and V'ectors, 11(1): 329. https://doi.org/10.1186/S13071-018-2904-7

Cariou, M., Duret, L. & Chatlat, S. (2017) The global impact of Wolbachia on mitochondrial diversity and evolution.
Journal of Evolutionary Biology, 30(12): 2204-2210. https://doi.org/10.1111/jeb.13186

Celina, S., Cerny, J. & Samy, A.M. (2023) Mapping the potential distribution of the principal vector of Crimean-
Congo haemorthagic fever virus Hyalomma marginatum in the Old World. PLOS Neglected Tropical Diseases,
17(11): €0010855. https://doi.org/10.1371/JOURNAL.PNTD.0010855

Choubdar, N., Karimian, F.; Koosha, M., Nejati, J. & Oshaghi, M.A. (2021) Hyalomma spp. ticks and associated
Apnaplasma  spp. and Ebrlichia spp. on the Iran-Pakistan border. Parasites & Vectors, 14(1): 469.
https://doi.org/10.1186/513071-021-04956-3

Clement, M., Snell, Q., Walker, P., Posada, D. & Crandall, K. (2002) TCS: estimating gene genealogies. In: Parallel
and Distributed Processing Symposium, International, Vol. 3, pp. 0184-0184. IEEE Computer Society.

Edgar, R.C. (2004) MUSCLE: multiple sequence alignment with high accuracy and high throughput. Nucleic Acids
Research, 32(5): 1792-1797. https:/ /doi.org/10.1093/NAR/GKH340

HEstrada-Pefia, A., Pfiffle, M.P. & Petney, T.N. (2018) Genus Hyalomma Koch, 1844. In: Ticks of Europe and North
Africa: A Guide to Species Identification, pp. 343-348. https://doi.org/10.1007/978-3-319-63760-0_65

Hebert, P.D., Ratnasingham, S. & De Waard, J.R. (2003) Barcoding animal life: cytochrome c oxidase subunit 1

divergences among closely related species. Proceedings of the Royal Society of London. Series B: Biological
Sciences, 270(suppl_1): S96-S99. https://pme.ncbi.nlm.nih.gov/articles/PMC1698023/

MOLECULAR STUDY OF HYALOMMA SPECIES


https://doi.org/10.4103/1995-7645.315893
https://doi.org/10.18502/jad.v13i2.1241
https://doi.org/10.1186/S13071-018-2904-7
https://doi.org/10.1111/jeb.13186
https://doi.org/10.1371/JOURNAL.PNTD.0010855
https://doi.org/10.1186/S13071-021-04956-3
https://doi.org/10.1093/NAR/GKH340
https://doi.org/10.1007/978-3-319-63760-0_65
https://pmc.ncbi.nlm.nih.gov/articles/PMC1698023/

14 KHODABAKHSH-ARBAT ET AL. 2026

Hekimoglu, O. & Ozer, A.N. (2017) Distribution and phylogeny of Hyalomma ticks (Acari: Ixodidae) in Tirkiye.
Experimental and Applied Acarology, 73(3): 501-519. https://doi.org/10.1007/S10493-017-0192-0

Hernandez-Triana, L.M., Phipps, L.P., Hansford, K., Medlock, J.M., Vaux, A.G.C., Sewgobind, S. & Johnson, N.
(2026) DNA barcoding of tick species (Archnida: Ixodida) to support species identification and discovery
of cryptic genetic diversity with emphasis on the British fauna. Journal of the European Mosquito Control
Association, 44(1): 1-14. https://doi.org/10.52004/2054930X-20251022

Hosseini-Chegeni, A., Hosseini, R., Telmadarraiy, Z. & Abdigoudarzi, M. (2019) The Iranian Hyalomma (Acari:
Ixodidae) with molecular evidences to understand taxonomic status of species complexes. Persian Journal of
Acarology, 8(4): 291-308. https://doi.org/10.22073/pja.v8i4.49892

Hussain, A., Hussain, S., Yu, A., Varga, C., De Leo, G.A. & Smith, R.L. (2024a) Geographical epidemiology of
Hyalomma anatolicum and Rbipicephalus microplus in Pakistan: A systematic review. PLOS ONE, 19(8):
€0309442. https://doi.org/10.1371 /JOURNAL.PONE.0309442

Hussain, S., Hussain, A., Aziz, M.U., Song, B., Zeb, J., Moutailler, S., Foucault-Simonin, A., Smith, R.L., Cabezas-
Cruz, A., George, D. & Sparagano, O. (2024b) Exploring the coinfection and genetic diversity of multiple
tick-borne pathogens in livestock population of Punjab, Pakistan. Transboundary and Emerging Diseases, 2024:
9958535. https://doi.org/10.1155/2024/9958535

Jomli, A., Amairia, S., Sebai, E., Zamiti, S., Mhadhbi, M., Darghouth, M.A. & Ben Said, M. (2025) Evaluation of
three mitochondrial DNA markers for species identification, genetic diversity assessment, and phylogenetic
positioning of five Hyalomma tick species from Tunisia. Experimental and Applied Acarology, 94(1): 21.
https://doi.org/10.1007/510493-024-00985-6

Kanduma, E.G., Mwacharo, J.M., Githaka, N.W., Kinyanjui, P.W., Njuguna, J.N., Kamau, L.M., Kariuki, E.,
Mwaura, S., Skilton, R.A. & Bishop, R.P. (2016) Analyses of mitochondrial genes reveal two sympatric but
genetically divergent lineages of Rhipicephalus appendiculatus in Kenya. Parasites and 1 ectors, 9(1): 353.
https://doi.org/10.1186/513071-016-1631-1

Khan, Z., Khan, M., Khan, S.B., Liaqat, 1., Alasmari, S.M., Altwaim, S.A., Sun, Z. & Ali, A. (2025) Haplotype
network analyses, genetic diversity, and population structure of Hyalomma anatolicum based on cytochrome ¢
oxidase subunit I (COI) and the large subunit ribosomal RNA (16S tRNA). Parasitology Research, 124: 142.
https://doi.org/10.1007/S00436-025-08549-2

Kumar, B., Manjunathachar, H.V. & Ghosh, S. (2020) A review on Hyalomma species infestations on human and
animals and progress on management strategies. He/yon, 6(12): e05675.
https://doi.org/10.1016/]. HELITYON.2020.E05675

Kumar, S., Stecher, G., Li, M., Knyaz, C. & Tamura, K. (2018) MEGA X: molecular evolutionary genetics analysis
across computing platforms. Molecular Biology and Evolution, 35(6): 1547-1549.

Leigh, J.W. & Bryant, D. (2015) popart: full-feature software for haplotype network construction. Methods in Ecology
and Evolution, 6(9): 1110-1116. https://doi.org/10.1111/2041-210X.12410

Low, V.L.,, Tay, S.T., Kho, K.L., Koh, F.X., Tan, T.K., Lim, Y.A L., Ong, B.L., Panchadcharam, C., Norma-Rashid,
Y. & Sofian-Azirun, M. (2015) Molecular characterisation of the tick Rhzpicephalus microplus in Malaysia: new
insights into the cryptic diversity and distinct genetic assemblages throughout the wotld. Parasites and 1 ectors,
8(1): 341. https://doi.org/10.1186/813071-015-0956-5

Maghsood, H., Nabian, S., Shayan, P., Jalali, T., Darbandi, M.S. & Ranjbar, M.M. (2020) Molecular epidemiology
and phylogeny of Crimean-Congo haemorrhagic fever (CCHF) virus of ixodid ticks in Khorasan Razavi
Province of Iran. Journal of Arthropod-Borne Diseases, 14(4): 400. https://doi.org/10.18502/JAD.V1414.5277

Moshaverinia, A., Shayan, P., Nabian, S. & Rahbari, S. (2009) Genetic evidence for conspecificity between
Dermacentor marginatus and Dermacentor niveus. Parasitology Research, 105(4): 1125-1132.
https://doi.org/10.1007/S00436-009-1532-8

Motevasseli, M., Moradi-Asl, E. & Soltan-Alinejad, P. (2026) Genetic variation and evolutionary relationships of
dominant ticks in Northwestern Iran utilizing COI and I'TS2. Parasitology Research, 125(1): 27.
https://doi.org/10.1007 /S00436-026-08650-0

Moudgil, A.D., Nehra, A.K., Langyan, N., Kumar, V. & Vohra, S. (2024) Population structure and haplotype
network analyses of Hyalomma anatolicum based on the large subunit ribosomal RNA (16S tRNA) gene.
Parasitology Research, 123(7): 259. https://doi.org/10.1007/500436-024-08279-X

Nabian, S. & Rahbari, S. (2008) Occurrence of soft and hard ticks on ruminants in Zagros mountainous areas of
Iran. Journal of Arthropod-Borne Diseases, 2(1): 16-20. https:/ /sid.it/paper/312717 /en

MOLECULAR STUDY OF HYALOMMA SPECIES


https://doi.org/10.1007/S10493-017-0192-0
https://doi.org/10.52004/2054930X-20251022
https://doi.org/10.22073/pja.v8i4.49892
https://doi.org/10.1371/JOURNAL.PONE.0309442
https://doi.org/10.1155/2024/9958535
https://doi.org/10.1007/S10493-024-00985-6
https://doi.org/10.1186/S13071-016-1631-1
https://doi.org/10.1007/S00436-025-08549-2
https://doi.org/10.1016/J.HELIYON.2020.E05675
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1186/S13071-015-0956-5
https://doi.org/10.18502/JAD.V14I4.5277
https://doi.org/10.1007/S00436-009-1532-8
https://doi.org/10.1007/S00436-026-08650-0
https://doi.org/10.1007/S00436-024-08279-X
https://sid.ir/paper/312717/en

2026 PERSIAN JOURNAL OF ACAROLOGY [ 15

Nabian, S., Ebrahimzadeh, E., Farahi, A. & Hanafi-Bojd, A.A. (2024) Modeling the distribution of dominant hard
ticks in southeastern coastal areas of the Caspian Sea. Journal of Arthropod-Borne Diseases, 18(2): 122.
https://doi.org/10.18502/JAD.V1812.17534

Nabian, S., Rahbari, S., Changizi, A. & Shayan, P. (2009) The distribution of Hyalomma spp. ticks from domestic
ruminants in Iran. Medical and 1V eterinary Entomology, 23(3): 281-283.
https://doi.org/10.1111/].1365-2915.2009.00804.X

Noor, P.S., Ahmed, M., Ansari, A.S., Gadahi, J.A., Memon, S.B., Tariq, M., Laghari, Z.A., Soomro, F., Bhutto, B.,
Mari, N.-Un-N. & Chen, Z. (2024) Molecular identification of Hyalomma ticks and application of Bacillus
thuringiensis toxins as an effective biological acaricide. Journal of Parasitology Research, 2024: 9952738.
https://doi.org/10.1155/2024/9952738

Poulin, R., Hay, E. & Jorge, F. (2019) Taxonomic and geographic bias in the genetic study of helminth parasites.
International Jonrnal for Parasitology, 49(6): 429—435. https://doi.org/10.1016/].ijpara.2018.12.005

Rahbari, S., Nabian, S. & Shayan, P. (2007) Primary report on distribution of tick fauna in Iran. Parasitology Research,
101(2): 175-177. https://doi.org/10.1007 /S00436-007-0692-7

Rain, F.F. & Aslam, A.F.M. (2025) Molecular identification of veterinary important ticks of Bangladesh using CO1
gene sequences. Egyptian Journal of Veterinary Sciences, 56(13): 327-335.
https://journals.ckb.eg/article_428597.html

Roth, A., Akad, F., Zonstein, 1., King, R., Orshan, L. & Erster, O. (2019) Molecular characterization of six
Hyalomma species using mitochondrial markers. Ticks and Tick-borne Diseases, 10(4): 911-917.
https:/ /www.sciencedirect.com/science/article/pii/S1877959X18302127

Rozas, |., Ferrer-Mata, A., Sanchez-DelBatrio, |.C., Guirao-Rico, S., Librado, P., Ramos-Onsins, S.E. & Sinchez-

Gracia, A. (2017) DnaSP 6: DNA sequence polymorphism analysis of large data sets. Molecular Biology and
Evolution, 34(12): 3299-3302. https://doi.org/10.1093/ MOLBEV /MSX248

Sands, A.F. (2016) A molecular genetic perspective on the evolution of Hyalomma ticks with emphasis on the
phylogeography of H. truncatum. Doctoral dissertation, Stellenbosch University, Stellenbosch, South Africa.
http://hdlLhandle.net/10019.1/98279

Sharifinia, N., Rafinejad, J., Hanafi-Bojd, A.A., Chinikar, S., Piazak, N., Baniardalani, M., Biglarian, A. & Sharifinia,

F. (2015) Hard ticks (Ixodidae) and Crimean-Congo hemorrhagic fever virus in south west of Iran. Acta
Medica Iranica, 53(3): 177-181. https://sid.it/paper/278721 /en

Shi, G., Xin, L., Li, Z., Ma, W., Yang, D., Li, C. & Guo, Q. (2025) Integrative morpho-molecular delineation of
five medically significant tick species: facilitating precision-based vector surveillance. Frontiers in Veterinary
Science, 12: 1623318. https://doi.org/10.3389/FVETS.2025.1623318/TEXT

Tamura, K. (1992) Estimation of the number of nucleotide substitutions when there are strong transition-
transversion and G+C-content biases. Molecular Biology and Evolution, 9(4): 678—687.

Wares, J.P. (2010) Natural distributions of mitochondrial sequence diversity support new null hypotheses. Evo/ution,
64(4): 1136-1142. https://doi.org/10.1111/].1558-5646.2009.00870.X

Zhang, R.L. & Zhang, B. (2014) Prospects of using DNA barcoding for species identification and evaluation of
the accuracy of sequence databases for ticks (Acari: Ixodida). Ticks and Tick-borne Diseases, 5(3): 352—358.
https:/ /www.sciencedirect.com/science/article/pii/S1877959X14000338

Zheng, 7., Zeng, W., Wang, S., Tan, W., Lu, X., Kairullayev, K., Mi, L., Hazihan, W., Liu, G., Yang, M. & Wang,
Y. (2024) Application of DNA barcodes in the genetic diversity of hard ticks (Acari: Ixodidae) in
Kazakhstan. Experimental and Applied Acarology, 92(3): 547-554.
https://doi.org/10.1007/510493-023-00893-1

Zhou, R., Sprong, H., Liu, Q., Krafft, T. & Estrada-Pefia, A. (2025) Mapping the potential suitable habitats for
Hyalomma rufipes (Acari: Ixodidae) in Africa and Western Eurasia. PLOS Neglected Tropical Diseases, 19(3):
€0012923. https://doi.org/10.1371/JOURNAL.PNTD.0012923

MOLECULAR STUDY OF HYALOMMA SPECIES


https://doi.org/10.18502/JAD.V18I2.17534
https://doi.org/10.1111/J.1365-2915.2009.00804.X
https://doi.org/10.1155/2024/9952738
https://doi.org/10.1016/j.ijpara.2018.12.005
https://doi.org/10.1007/S00436-007-0692-7
https://journals.ekb.eg/article_428597.html
https://www.sciencedirect.com/science/article/pii/S1877959X18302127
https://doi.org/10.1093/MOLBEV/MSX248
http://hdl.handle.net/10019.1/98279
https://sid.ir/paper/278721/en
https://doi.org/10.3389/FVETS.2025.1623318/TEXT
https://doi.org/10.1111/J.1558-5646.2009.00870.X
https://www.sciencedirect.com/science/article/pii/S1877959X14000338
https://doi.org/10.1007/S10493-023-00893-1
https://doi.org/10.1371/JOURNAL.PNTD.0012923

16 | KHODABAKHSH-ARBAT ET AL. 2026

SlN55 (9,0 (SWS 985 9 Hyalomma (Acati: Ixodida) (g1aig5 cp ol oy
9 ole! 43 COI 5 b, ,wSguwe b Iy ;1 esliw! U Hyalomma anatolicum

W luod (5l y9ulS

ckbodabakhsh.sh@ut.ac.ir od_olbly £ 3l ) ¢ 3l g5 cd Sl d_lizio (gl oy gylag g lod 5"l bz 1 Spo oyl g ol il | S foly oS il

pshayan@ut.ac.ir nabian@ut.ac.ir

J - 5‘ . “,_1“'5:'
A nabian@ut.ac.ir
oS>
05 4Sl oyl ool cuenl Bl il g Blial] Cllbe lp Hyalomma slaseS 38> S8 cél
b Lo po (cA55tS g0 sl 48,5 1,5 o0litil 3,90 laaiS’ bl (glys 03528 ygbdy COIL b ,uiS sieo VD slaye VA
ool wadlas ol > lB S )18 a2 g 3,00 a8 ] Ghailate (S5 g5 slagSll g IS jilos e JeRY
zolaw y> Hyalomma anatolicnm (S5 ¢ 95 g o\wliss Hyalomma waisS o 3 oxizdjled (4542l o5 V¥ o0 VY
wwuild sl 31y Canlio olo g5 dluss oy yidis H. anatolicnm o o6l 3l s s (sleisel bl g (359208 o5 Ll
5 005 B 9ol (SuB) E95 30l ((Suiald oo slp 4S5 5 LSk (lhs <olnl 5 Jlgs Y Ve e YV
Hyalomma sa&sS Lo )3 okimdpled (o055l 95 olls s a8 Gl TCS obsbla a4l il .
cdls o Kl Y > H. excavatum o H. anatolicnm «J\> ol b <0 ololis gl 51 e ji,l55 2
0 0 . . . ¢ 9 (W 3 oS, g0yl _
s BB Ve i 9 ol R « SPAP) U s ins

oW e yauiS bl pasuiie (gdineg,S 3L )W <o yd H. anatolicum y> S5ild SlaSy (545928 &
(0= /-Y8) ety £55 g (Hd = /SFA) lausgio sbishle 45 b &5 5 _pbolid Culigble o3}l .51
S ans b 3l Gl ool oaimdlis Tajima’s D (=V/FFF ¢ P < o/+)) bl 45 dxe g bte jlade .90 o o
Sl i3 o STy it Ty oo (ol 0t cla M55 e culiglln STz8l 55 sbslln 4S9y 08y
lolid gl COL ) 5l gl ggomme )3 392 390 15 (o I b @95 J> & (2ldlys
S5l g ol WS o coles H. anatolicnm  cunes Sy Slllleo o Hyalomma sladssS  JoSIgo
gl g 5 oais] gl s )lisl sl 2 po plgisas Wilgicoe adllae (ul )3 oud lulid eximdjles

555 )5 00izal 390 ) > Fyalomma s 5 Sajdssass] il 5 JoSlye

3, o ol Hyalomma anatolicum «olsghls aSs COT 1 galS” 5 519

(®19N28 Khodabakhsh-Arbat, S., Nabian, S. & Shayan, P. (2026) Diagnostic nucleotide vatiation among
Hyalomma (Acati: Ixodida) species and intraspecific COI diversity of Hyalomma anatolicum
from Iran and neighboting countties. Persian Journal of Acarology, 15(04): 150411.
https://doi.org/10.22073/pja.150411

MOLECULAR STUDY OF HYALOMMA SPECIES



	ABSTRACT
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES



