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ABSTRACT

The identification of Hyalomma is a challenging issue in the systematics of ixodid ticks. Here, we examined 960 adult
males of Hyalomma tick from 10 provinces of Iran using morphological and molecular methods. PCR was carried out
on 60 samples to amplify an /7:S2 fragment of nuclear and a CO! fragment of mitochondrial genomes. Nine species,
namely H. aegyptium, H. anatolicum, H. asiaticum, H. scupense, H. dromedarii, H. excavatum, H. marginatum, H.
rufipes and H. schulzei were identified. The validity of H. rufipes and H. excavatum can be challenged. We concluded
that these species should be regarded as H. marginatum and H. anatolicum complexes, respectively. Furthermore, the
taxonomic status of the two closely related H. anatolicum and H. asiaticum was confirmed as distinct species.
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INTRODUCTION

Ticks of the genus Hyalomma Koch, 1844 (Acari: Ixodidae), are well-known ectoparasites of
livestock. Their geographical distribution is limited to Afro-tropical, Palearctic and Oriental regions
(Guglielmone et al. 2014). They are competent vectors of several pathogens causing disease in
humans and animals (Sonenshine 1993), making them veterinary and medically important species;
however, their systematics remains largely unknown. So far the subgenera Hyalomma, Hyalommasta,
Hyalommina and Euhyalomma have been introduced to the Hyalomma genus (Kaiser and Hoogstraal
1964; Filippova 1984). The identification of Hyalomma species is still a challenging issue in the
systematics of ixodid ticks (Apanaskevich and Horak 2005). Taxonomic uncertainties are prevalent
within the Hyalomma genus, and identifying individual specimens can be a demanding task.
Morphological variability of characters in a single species, occurrence of hybrid, intraspecific and
intermediate forms, and impossible specific identification of most females are reasons behind the
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chaotic state associated with Hyalomma nomenclature (Cwilich and Hadani 1963; Keirans 1992; Rees
et al. 2003; Hosseini et al. 2011; Tavakoli et al. 2012). Up to 146 names have been proposed for only
10 so-called species including H. aegyptium Linnaeus, 1758, H. brumpti Delpy, 1946, H. detritum
Schiilze, 1919, H. dromedarii Koch, 1844, H. excavatum Koch, 1844, H. impressum Koch, 1844, H.
rufipes Koch, 1844, H. savignyi Gervais, 1844, H. schulzei Olenev, 1931 and H. transiens Schiilze,
1919 in terms of Delpy (1949a). Moreover, a given character state, such as parma, central festoon,
cervical and lateral grooves can be present in more than one Hyalomma species, meaning various
states are shown in taxonomical characters of closely related species (Hosseini-Chegeni et al. 2013).
The identification of females is more problematic than of males since reliable character states are few
and diagnostic features are very similar (such as scutum characteristics) in many Hyalomma species
(Pomerantzev 1950). Possible hybridization ability suggests the occurrence of interspecific crossings
among Hyalomma species (Dalal et al. 2007). However, the reproductive capability of hybrid
individuals has yet to be fully known. Delpy (1946) believed that hybrid forms are infertile, although
crossbreeding among Hyalomma species seems to occur frequently. This implies that species
complexes in the genus could be more difficult to taxonomically resolve than previously thought.
Hyalomma is a phylogenetically young group of Asian origin (Balashov 1994; Murrell ef al. 2001;
De La Fuente 2003; Filippova 1984). Kolonin (2007) believed that the domestication of animals,
development of cattle breeding and passing of ticks to new hosts serve as factors for the evolutionary
transformations of this genus. As a matter of fact, evolutionary transformations still occur, resulting
in a great number of intraspecific forms (Kolonin 1983).

Today, molecular methods are suitable tools for identifying species. Hebert and Gregory (2005)
claimed that DNA barcoding delivers species level resolution in 95 to 97% of the cases. They further
suggested a portion of cytochrome oxidase subunit I (COXT or COI) as a DNA barcode standard for
animals. COI barcode has been widely employed for the identification or the study of the taxonomic
status and phylogeny of many Hyalomma taxa at species or higher levels (Murrell et al. 2000; Rees
et al. 2003; Lv et al. 2013, 2014; Zhang and Zhang 2014; Vial et al. 2016; Sands et al. 2017).
However, DNA-based taxonomy is not limited to the COI gene markers in ticks, and other genes,
especially internal transcribed spacer 2 (/7S2) and ribosomal DNA, are extensively used for the
identification of species, examination of taxonomic status, study of phylogenetic relationships and
phylogeographic patterns in ticks including Hyalomma species (Labruna et al. 2002; Rees et al. 2003;
Dergousoff and Chilton 2007; Barker and Murrell 2008; Ganjali et al. 2011; Cangi et al. 2013; Lv et
al. 2014; Grech-Angelini et al. 2016; Alsarraf et al. 2017; Sands et al. 2017).

The species status of H. asiaticum Schulze and Schlottke, 1929, H. anatolicum Koch, 1844, H.
excavatum, H. marginatum Koch, 1844 and H. rufipes (species occurring also in Iran) has been
verified based on morphological criteria (Apanaskevich and Horak 2005, 2008, 2010). However,
morphological-based differentiation of Hyalomma species is often very difficult to interpret, and there
has been no comprehensive molecular study for molecular identification, re-evaluation of
morphological species and/or determining the phylogenetic relationship among the taxa of the
Hyalomma genus.

Nine species of Hyalomma have been reported in Iran, including H. aegyptium, H. anatolicum,
H. asiaticum, H. scupense (syn. H. detritum), H. dromedarii, H. excavatum, H. marginatum, H.
rufipes and H. schulzei (Hosseini-Chegeni et al. 2013). Hyalomma asiaticum, H. excavatum and H.
marginatum are recognized as the three morphologically distinct species groups in Iran. They are
considered as the main vectors of Theileria and Babesia (Piroplasmida: Theileriidae, Babesidae),
Anaplasma and Ehrlichia (Rickettsiales: Anaplasmataceae), Hemolivia mauritanica (Apicomplexa:
Haemogregarinidae), as well as Crimean Congo hemorrhagic fever virus and a novel rhabdovirus
reported from Iran (Dilcher et al. 2015; Javanbakht et al. 2015; Kayedi ef al. 2015; Telmadarraiy et
al. 2015; Tajedin et al. 2016; Jafar Bekloo et al. 2017, 2018). The members of these species groups
cannot be easily differentiated using taxonomic keys due to intraspecific variation and existence of
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intermediate forms (Hoogstraal and Kaiser 1959; Feldman-Muhsam 1960; Keirans 1992; Kolonin
2007; Tavakoli et al. 2012). The present study was designed to identify Hyalomma species occurring
in Iran using COI and ITS2 gene fragments. We also aimed to analyze the phylogenetic relationship
among Hyalomma species.

MATERIALS AND METHODS

Tick collection

Tick specimens were collected from 10 provinces of Iran, namely Azarbayjan-e Sharqi, Kerman,
Kermanshah, Khorasan-e Razavi, Khuzestan, Kurdistan, Lorestan, Semnan, Sistan-o Baluchistan and
Tehran (Fig. 1, Table 1). Specimens were collected from cattle, camels, sheep and goats as well as a
terrestrial turtle species. The live tick specimens were kept in freezer or freshly transported to the
laboratory. Few specimens in this study were obtained as gifts (collected by M. Tavakoli, housed in
Lorestan Agricultural and Natural Recourses Research Center, Lorestan, Iran). The representative
tick specimens of many species utilized in this study are retained in the collection of Natural History
Museum of Guilan University, Iran.

© H. aegyptium X
® H anatolicum % \

© H. asiaticum 2 ko
@ H. scupense 'zé% ‘i

B H. dromedarii b
— H. excavatum

0 H, marginatum

1= H. rufipes
A H. schuizei

Figure 1. Collection sites of Hyalomma tick species in the provinces of Iran.

Morphological study

A total of 960 adult males of Hyalomma spp. were identified based on species level under a light
stereomicroscope (GXM-C2A-Australia) according to taxonomic keys, including Delpy (1946),
Adler and Feldman-Muhsam (1948), Delpy (1949b), Pomerantzev (1950), Hoogstraal (1956), Kaiser
and Hoogstraal (1963), Kaiser and Hoogstraal (1964), Estrada-Pena et al. (2004), Hosseini-Chegeni
et al. (2013); additional taxonomic literature included Hoogstraal and Kaiser (1959), Filippova et al.
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(1995) and Apanaskevich and Horak (2008). In order to show detailed morphological variation in
taxonomic characters of H. anatolicum, H. asiaticum, H. marginatum and H. rufipes, the
representative specimens of each species were drawn with a drawing tube (Olympus SZH-Japan)
connected to a light stereomicroscope (Olympus) and then redrawn using Corel Draw Graphics Suite
(version X7). Taxonomical characters of representative H. excavatum specimens and the
morphological variations of H. asiaticum, H. marginatum and H. rufipes were photographed by a
camera.

Table 1. Data of Hyalomma specimens included in COI and I7S2 analysis.

Species Cg? Acc. N(;SZ:S 2 Host Locality (province) GPS Coordinates
H. aegyptium KP202935 KP231214 Land turtle Kurdistan 36°5'32.00" N, 46° 2' 11.00" E
H. anatolicum  MH411145 - Sheep Lorestan 33°16'23"N, 48°25'40" E
MH411144 - Sheep Lorestan 33°16'23"N, 48°25'40" E
MH411143 - Sheep Lorestan 33°16'23"N, 48°25'40" E
KP219862 KP208955 Sheep Sistan-o Baluchistan 31°04'40"N, 61°32' 29" E
KP219865 KP208957 Cattle Lorestan 33°51'53.60" N, 48° 9'39.50" E
KP219867 KP208959 Camel Khorasan-e Razavi -
KP219872  KP208962 Cattle Kerman 27°23"33"N, 57°32' 05" E
H. asiaticum KP208951 KP231212 - Semnan -
KP219860 - Sheep Lorestan 33°38'25" N, 47°50'16" E
KP219864 KP208956 - Azarbaijan-e Sharqi -
KP219866 KP208958 Sheep Lorestan 33°24'39.84" N, 48°3'41.49" E
KP219869 KP208960 - Kurdistan -
KP219871 KP208961 - Kurdistan -
H. dromedarii  KP219870 KP231216 Camel Semnan 35°29'57"N, 53°24' 23" E
H. excavatum KP219861 KP231213 Sheep Lorestan 33°24'29" N, 48° 30'42" E
H. marginatum MH411142 - Sheep Lorestan 33°16'23" N, 48°25'40" E
KP189361 KP208954 Sheep Tehran 35°23'47.34" N, 51°48'12.80" E
KP100418 KP231211 Sheep Lorestan 33°17'38.43" N, 48°12'26.37" E
KP219863 KP208953  Buffalo! = Azarbaijan-e Sharqi -
KP219874 KP208964 - Lorestan 29°51'27" N, 52° 59" 19" E
- KP208967 - Khuzestan -
KP219876 KP208968 Sheep Kermanshah 34°38'9.58" N, 45° 57' 55.01" E
H. rufipes - KP208952 Cattle Lorestan 33°16'3.13" N, 48° 42'48.37" E
KP231210 - - Lorestan -
KP219868 KP231215 Goat Lorestan 33°13'52.81" N, 48°33'37.52" E
KP219873  KP208963 Cattle Kerman 27°23'33"N, 57°32' 05" E
- KP208966 - Khuzestan -
H. schulzei KP241853 KP241854 Camel Semnan 35°30'41" N, 53°23' 11" E
H. scupense KP219875 KP208965 — Khuzestan —

- : Sequencing was failed; — : No data available

DNA extraction and PCR

Genomic DNA was extracted by the Phenol-chloroform method according to Sambrook and
Russell (2001) with minor modifications. An I7S2 fragment of nuclear genome was amplified by
polymerase chain reaction (PCR) using primers that were designed by Telmadarraiy ef al. (2016):
TAH-ITS2-F (5" GCG TGC TCG ATG GGA GAT G 3') and reverse; TRH-ITS2-R (5" TCT TCG
GGA CGG CGA CTG 3'). A COI fragment of mitochondrial genome was amplified by PCR using
the following primers: C1-J-1718 (5’ GGA GGA TTT GGA AAT TGA TTA GTT CC 3’) and reverse
primer C1-N-2191 (5 CCC GGT AAA ATT AAA ATA TAA ACT TC 3') designed by Simon et al.
(1994). PCR reactions for both target genes were carried out in a thermocycler (MyGenie, Bioneer®,
South Korea) based on touchdown temperature profile for /752 gene by 5 min at 95 °C, 20X [60 s at
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94 °C, 60 s at 65 °C, and 90 s at 72 °C], followed by 20X [60 s. at 94 °C, 60 s. at 45 °C, 90 s. at 72
°C], 10 min at 72 °C). For COI gene, by 5 min at 95°C, 34X [60 s. at 94 °C, 60 s. at 54 °C, 60 s. at
72 °C], followed by 10 min at 72 °C. PCR for each 25 pl final volume reaction was done using 2.5
ul PCR buffer Bioflux®-10X, 1 pul MgClz Bioflux®-50 mM (which can be increased up to 2 pl), 0.5
ul dNTPs Bioflux®-10 mM, 1 pl from each primer 10 uM, 0.3 pl Taqg DNA polymerase enzyme
Bioflux®-5 U/ul, 4 ul gDNA template (50-100 ng/ul) and 14.6 ul D.D. water. The PCR products were
visualized by 1% agarose gel electrophoresis and the desired bands were purified using GeneJET Gel
Extraction Kit®; purified PCR products were then submitted for sequencing to Sequetech® Company
using an ABI 3730XL DNA sequencer. COI sequences were examined for stop codons using
GeneDoc® software (Nicholas ef al. 1997). Finally, all sequences were submitted in GenBank and
accession numbers were assigned.

Phylogenetic study

The sequences were aligned using SeaView4 software (Gouy et al. 2010), and the genetic
distances among the sequences were calculated through the use of Maximum Composite Likelihood
(MCL) model in the MEGA7 software (Kumar ef al. 2016). To construct COI and I7S2 phylogenetic
trees, the aligned sequences of each gene were analyzed using BEAST® software (version 2.5.0)
(Bouckaert et al. 2014) based on the Bayesian Inference (BI) method. This method employs Markov
chain Monte Carlo (MCMC) algorithms for Bayesian phylogenetic inference. For this purpose, 80
and 53 taxa sequences (comprising in- and out-group) were used to construct COIl and I7S2
phylogenetic trees, respectively. The phylogenetic trees were compared in order to clarify phylo-
genetic relationships among the Iranian Hyalomma species. The clades of constructed phylogenetic
tree were reorganized based on both criteria posterior probability values higher than 0.99 support
(except for the clade of H. asiaticum in the COI phylogenetic tree with 0.86 posterior probability
value support) and morphological characteristics of each species. Taxa from the genera Dermacentor
and Rhipicephalus were examined as out-groups in both COI and ITS?2 phylogenetic trees.

RESULTS

Morphological studies

A total of nine Hyalomma species were identified: H. aegyptium, H. anatolicum, H. asiaticum,
H. scupense, H. dromedarii, H. excavatum, H. marginatum, H. rufipes and H. schulzei (Fig. 1, Table
1). Figures 2—4 show taxonomic characters and their variations in H. anatolicum, H. asiaticum, H.
marginatum and H. rufipes. Taxonomical characters of H. excavatum are shown in Figure 5. The
most reliable taxonomic characters of H. anatolicum and H. asiaticum were cervical grooves and
posterior margin of basis capituli (Fig. 2). However, cervical grooves, and the form and color of
parma can be variable in different populations (Fig. 3). A unique character of H. asiaticum is
spiracular plate with considerable variation in outline and shape (Fig. 3). Hyalomma marginatum and
H. rufipes were differentiated by scutal punctations, spiracular plate tail and circumspiracular setae

(Fig. 4).

Molecular studies

The target electrophoretic bands of COI and ITS?2 gene fragments were observed in all Hyalomma
species with 523 bp and 653 bp size, respectively. A total of 53 PCR products (27 COI and 24 ITS?2),
out of more than 60 reactions were successfully sequenced. Table 1 demonstrates species, host of
specimens, locality, GPS coordinates of collection places and assigned GenBank accession numbers
for each sequence. The aligned sequences of partial /752 ranged in length from 403 bp (H. scupense),
408 bp (H. aegyptium), 429 bp (H. schulzei), 430 bp (H. marginatum-H. rufipes), 432—433 bp (H.
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anatolicum), 435-437bp (H. asiaticum) to 442 bp (H. dromedarii). The aligned sequences of partial

COI were 459 bp in length.

T ,&hmvw :

L

- .m..wzm#ekwvmﬂﬁonm.f,

o0 d

e
: Bten
&.,w .._mueaauvuw nwmwmméua

i

[
o

PPN ey

ot gt

ba S

short and superficial cervical

(A);

Figure 2. Taxonomic characters of two closely related Hyalomma tick — H. anatolicum

grooves (a—c), short lateral grooves with slight variation (as line of punctations), variation in parma size, shallow

dorsal posterior margin of basis capituli with slight variation (d—f). H. asiaticum (B); long and depressed cervical

grooves (g—j), short lateral grooves with slight variation (as line of punctations) (g—j), variation in size (g—i) and

shape of parma (j), depth of dorsal posterior margin of basis capituli (k—n).
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Figure 3. The variable forms of parma, cervical groove and spiracular plate in Hyalomma asiaticum: parma present in A
(arrow) and parma absent (as central festoon) in B (arrow); variation in length of cervical grooves (surrounded area
by yellow dot line) as long (A) and slightly short (B). Variation in form of spiracular plate (C).
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Figure 4. Variation in scutal punctations, spiracular plate tail and circumspiracular setae of closely related Hyalomma

marginatum and Hyalomma rufipes — H. marginatum with scutal punctations (a—c) as a) very sparse and small; b)
moderately dense and small; ¢) dense and small. H. marginatum with spiracular plate tail and circumspiracular setae

(g—1) as g) very broad tail and very sparse setae; h) moderately broad tail and sparse setae; i) moderately narrow and
moderately dense setae. H. rufipes with scutal punctations (d—f) as d) very dense and large; €) very dense and small;
f) very dense and small with smooth regions in middle scutum. H. rufipes with spiracular plate tail and
circumspiracular setae (j—I) as j) very narrow tail and very dense setae; k) very narrow tail and dense setae; 1)
moderately broad and dense setae.

Figure 5. Taxonomic characters of Hyalomma excavatum — A) Arch and elevated ridges in scutal caudal field; B) arch
(white arrows) in a larger view.

THE IRANIAN HYALOMMA (ACARI: IXODIDAE)



2019 PERSIAN JOURNAL OF ACAROLOGY

Table 2. Genetic distance (%) among COI sequences of Hyalomma of this study.
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H. aegyptium (1)
H. anatolicum (7) — H. excavatum (1) 13 1
H. asiaticum (5) 15 17 0
H. dromedarii (1) 15 20 14
H. marginatum (6) — H. rufipes (3) 12 8 15 17 1
H. scupense (1) 13 15 7 11 11
H. rufipes** 12 8 15 17 4 12
H. schulzei (1) — H. asiaticum™*** (1) 16 18 7 15 16 11 16 0

*: Calculation of 349 bp with 13% as the mean of interspecies variation; ™: Lorestan specimen; “**: Kurdistan specimen.
Tentative clade name; H. anatolicum — H. excavatum: H. anatolicum, H. marginatum — H. rufipes: H. marginatum,

H. schulzei — H. asiaticum™: H. schulzei. Within-clade intraspecies divergences are shown as diagonal (in bold).

Table 3. Genetic distance (%) among /752 sequences of Hyalomma of this study.
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H. marginatum (6) — H. rufipes (4)
H. asiaticum (4) 11 1
H. asiaticum™ (1) 14 3
H. anatolicum (4) — H. excavatum (1) 6 13 16 1
H. scupense (1) 11 6 9 14
H. aegyptium (1) 17 12 16 19 9 0
H. schulzei (1) 16 8 9 17 10 17
H. dromedarii (1) 14 8 10 15 8 16 13

*: Calculation of 464 bp (gaps as fifth base) with 13% as the mean of interspecies variation, **: Code 60. Tentative
clade name; H. marginatum — H. rufipes: H. marginatum, H. anatolicum — H. excavatum: H. anatolicum. Within-

clade divergences are shown as diagonal (in bold).
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Figure 6. Phylogenetic tree inferred from COI (A) and ITS2 (B) sequence data of Hyalomma species of this study and
GenBank data constructed using Bayesian Inference method; main clades of tree separated with colored rectangular
shapes. Taxa of the present study are bold as species name and GenBank accession number. Nodes indicated with
posterior probability value. Branch lengths are proportional to evolutionary changes. Rhipicephalus turanicus,

Dermacentor marginatus and D. nuttalli are inserted as out-groups.

Phylogenetic studies
The genetic distances (inter- and intra-species variation) among COI and ITS2 sequences of
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Hyalomma species are shown in Tables 2 and 3, respectively. The COI and ITS2 phylogenetic trees
were constructed using Bayesian inference (BI) method (Fig. 6). Dermacentor marginatus, D. nuttalli
and Rhipicephalus turanicus Pomerantsev, 1936 were located as out-group. Both phylogenetic trees
were seen as fully resolved trees as they were genus Hyalomma as one ancestry in tree topology,
dichotomous branching and full posterior probability values in nodes places. In both phylogenetic
trees, the genetic affinity of clades H. anatolicum/H. marginatum and H. asiaticum/H. scupense/H.
dromedarii/H. schulzei is evident. The condition of H. aegyptium cannot be interpreted because it is
a paraphyletic clade in the COI phylogenetic tree having a common root with H. scupense, H.
dromedarii clades in the /7S2 phylogenetic tree.

DISCUSSION

Phylogenetic trees generated from the sequence data consistently supported the monophyly of
Hyalomma. The presented phylogeny indicates that the genus Hyalomma involves several distinct
clades well supported with posterior probability values well separated by high levels of genetic
difference.

Hyalomma aegyptium (subgenus Hyalommasta) is a common ectoparasite of land tortoise
(Testudo species) occurring in Iran and other parts of the world (Tavassoli et al. 2007). Hyalomma
aegyptium clade is a more distinct evolutionary lineage in COI phylogenetic tree (as ancestral, basal
or as a sister group) compared with other Hyalomma taxa; however, it is closely correlated with H.
scupense and H. dromedarii clades in ITS2 phylogenetic tree. Phylogenetically, H. aegyptium forms
a polyphyletic clade in which an unexpected genetic distance (up to 4%) was observed among the
members from Romania (JX394190), Belgium (AF132821) and Palestine (KU130575, KU130573)
in the COI phylogenetic tree. This may be due the scattered geographic distribution pattern of Testudo
species as the preferred host of H. aegyptium (Siroky et al. 2006), so that genetic variations among
different H. aegyptium populations associated with Testudo species can occur. However, amino acids
translation of all COI sequences of H. aegyptium shows no variation among these different sequences
(data not shown).

Hyalomma anatolicum (subgenus Hyalomma) is a common ectoparasite of livestock in Iran
(Nabian et al. 2009), and includes an abroad geographical range from China to Africa; therefore, it is
only natural that intraspecific morphological variation and intermediate forms occur (Adler and
Feldman-Muhsam 1948; Hoogstraal and Kaiser 1959, 1960; Kaiser and Hoogstraal 1963; Hosseini
et al. 2011; Tavakoli ef al. 2012; Hosseini-Chegeni et al. 2013). In the present study, morphological
variation was not confirmed with genetic variability because only 1% genetic distance was found
within /752 and COI sequences of H. anatolicum. However, 2% to 4% genetic difference was found
among COI sequences of H. anatolicum clade including sequences in this study and those submitted
from Turkmenistan, Iraq, India, and China (Lv et al. 2014). Interestingly, 19% and 16% genetic
distance variation was found between H. anatolicum and H. asiaticum in their ITS2 and COI
sequences, respectively. Thus, the taxonomic status of two closely related species, H. anatolicum and
H. asiaticum, was confirmed as full distinct species. Hyalomma anatolicum and H. marginatum
clades form a strongly supported monophyletic clade in both COI and I7S2 phylogenetic trees.
Taxonomical identity of H. excavatum is a matter of controversy (Pervomaisky 1954) and its validity
is subject to debates (Feldman-Muhsam 1962; Kaiser and Hoogstraal 1964). Hoogstraal and Kaiser
(1959), Camicas et al. (1998) and Horak et al. (2002) considered H. excavatum as a subspecies of a
polymorphic H. anatolicum, whereas Guglielmone et al. (2014) listed H. excavatum as a valid
species. In the present research, genetic evidence showed that H. excavatum is not a separate species
from H. anatolicum according to COI and ITS2 sequences.

Hyalomma asiaticum (subgenus Hyalomma) is an important ectoparasite of sheep existing all
over Iran, except near the Caspian Sea border (Mazlum 1968). Formerly, H. asiaticum was reported
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as a polymorphic species with four subspecies, namely H. a. kozlovi Olenev, 1931, H. a. citripes
Schulze, 1935, H. a. caucasicum Pomerantzev, 1940 and H. a. asiaticum Schulze and Schlottke, 1929
(Schulze 1935; Pomerantzev 1950; Filippova et al. 1995). In traditional taxonomy, this species is
classified as a member of H. asiaticum group. Hyalomma asiaticum and H. schulzei, two fully discrete
morphological species, were classified in H. asiaticum group based on the morphology
(Apanaskevich et al. 2008), which is congruent with their COI and ITS2 genetic similarity (6% and
9%, respectively). Up to 5% genetic distance was calculated among /752 sequences of the clade H.
asiaticum, including sequences of this study and those from China. Two I7S2 sequences related to H.
asiaticum submitted from China (KU364298-9) showed more genetic distance difference, hence
designated as different taxa. An unusual /752 distance difference suggests that several entities can
exist at the subspecies level of this polytypic species in agreement with the findings of Filippova et
al. (1995).

Hyalomma dromedarii (subgenus Hyalomma) is the type species of the subgenus Hyalomma.
This species often infects camels and is rarely found on cattle in semi-desert areas of Iran (Nabian et
al. 2009). The evolutionary affinity of H. dromedarii with H. scupense, H. schulzei and H. asiaticum
can be observed in COI, and, partly, in ITS2 phylogenetic trees. This is congruent with the
conventional classification of H. dromedarii, H. asiaticum and H. schulzei within H. asiaticum group
(Apanaskevich et al. 2008). In COI phylogenetic tree, H. dromedarii is situated as ancestral (basal)
toward H. scupense, H. schulzei and H. asiaticum.

Hyalomma marginatum group (subgenus Hyalomma) is one of the most complex Hyalomma
groups in terms of taxonomy, including H. marginatum, H. rufipes, H. isaaci, H. glabrum and H.
turanicum (Apanaskevich and Horak 2008). Hyalomma marginatum is the main ectoparasite of
livestock in Iran (Nabian et al. 2009). Hoogstraal (1987) [cited in Abdigoudarzi (2004)] compiled a
key for the identification of H. m. marginatum, H. m. rufipes, and H. m. turanicum after examining
Iranian specimens. Hoogstraal and Valdez (1980) also reported H. m. marginatum and H. m.
turanicum on wild sheep (Ovis orientalis Linnaeus, 1758) and wild goats (Capra hircus Linnaeus,
1758) in Iran. In the present study, only two species, H. marginatum and H. rufipes were identified
according to criteria presented by Apanaskevich and Horak (2008) and Hosseini-Chegeni et al.
(2013). Furthermore, no interspecies variation was found among COI and ITS2 sequences of H.
marginatum and H. rufipes, except for a 4% genetic difference between a COI sequence of H. rufipes
(KP219868). In accordance with this finding, Azagi et al. (2017) reported about 4% divergence
between H. marginatum and H. rufipes based on a fragment of COI gene. In the COI phylogenetic
tree, H. rufipes and H. marginatum can be two distinct clades probably at subspecies level. Based on
ITS?2 gene, H. rufipes and H. marginatum are to be considered as a single species. Ultimately, the
taxonomic status of H. rufipes and H. marginatum based on COI and ITS2 phylogenetic trees can be
explained (i) as subspecies (according to COI phylogenetic tree), (ii) as a single or a unique species
(according to I7S2 phylogenetic tree).

Hyalomma scupense (subgenus Hyalomma) is a rare and sparsely distributed species more often
than not collected from cattle and Buffalos in Iran (Mazlum 1971; Nabian et al. 2009). Formerly, H.
scupense was reported as H. detritum, a name recently revised as a junior synonym of the valid name
which is H. scupense (Guglielmone et al. 2014). In the COI and ITS2 gene, 11% and 8% genetic
distance was observed between this species and H. dromedarii, respectively. Based on the
morphological identification key presented by Hosseini-Chegeni et al. (2013), both H. scupense and
H. dromedarii are closely related species, which is partially congruent with the genetic similarity of
these species in the /752 gene.

CONCLUSION

Our molecular phylogeny confirmed the taxonomic status of nine morphological Hyalomma species;
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however, the validity of H. rufipes and H. excavatum can be challenged. It is believed that these
species are to be regarded as H. marginatum and H. anatolicum complexes, respectively. Further-
more, the taxonomic status of the two closely related H. anatolicum and H. asiaticum was confirmed
as distinct species.

ACKNOWLEDGMENTS

We are appreciative to Majid Tavakoli (instructor of Lorestan Agricultural and Natural Recourses
Research Center) for generous gifts of tick samples, Dr. Seyed Akbar Khodaparast (Department of
Plant Protection, Faculty of Agriculture, University of Guilan), Dr. Jalil Hajizadeh (Department
of Plant Protection, Faculty of Agriculture, University of Guilan), Parviz Shayan (Iranian
Research Center for Ticks and Tick-borne Diseases, Faculty of Veterinary Medicine, University of
Tehran) and Dr. Owen Seeman (collection manager of Queensland museum) for kind critiques and
advice, to Mrs. Sasan Karimi, Seyed Abdollah Hashemi and Amirreza Amirmijani those who help
me during the research, Sirs Mehdi Anjamrooz, Omid Banafshi, Hamid Bahrani, Ahmad Behrahi,
Mojtaba Beik-Mohammadi, Mohammad Paydareh, Nariman Javadi, Kourosh Arzamani, Hamid
Mokhayieri, especially the late Hossein Mirzajani and Mrs. Mahtab Daftari, Firozeh Farhad-Pour,
Maria Mohammadi for field collection or offering the tick specimens, as well as, special thanks to
Fatemeh Shirzaiiyan-Zarouni for her kind help in this research and finally all the Iranian peoples,
particularly bounteous villagers and ranchers.

DISCLOSURE STATEMENT

No potential conflict of interest was reported by the authors.

FUNDING
This research financially was supported by University of Guilan (project No. 17729).

REFERENCES

Abdigoudarzi, M. (2004) Review of ticks (Acari: Ixodidae) and redescription of Hyalomma and
Rhipicephalus genera by RAPD-PCR in Iran. Ph. D. dissertation. Department of Agricultural
Entomology, Tarbiat Modares University, Tehran, Iran, 150 pp.

Adler, S. & Feldman-Muhsam, B. (1948) A note on the genus Hyalomma Koch in Palestine.
Parasitology, 39(1-2): 95-101.

Alsarraf, M., Mierzejewska, E.J., Mohallal, E.M., Behnke, .M. & Bajer, A. (2017) Genetic and
phylogenetic analysis of the ticks from the Sinai Massif, Egypt, and their possible role in the
transmission of Babesia behnkei. Experimental and Applied Acarology, 72(4): 415-427.

Apanaskevich, D.A. & Horak, 1.G. (2005) The genus Hyalomma Koch, 1844. II. Taxonomic status
of H. (Euhyalomma) anatolicum Koch, 1844 and H. (E.) excavatum Koch, 1844 (Acari:
Ixodidae) with redescriptions of all stages. Acarina, 13(2): 181-197.

Apanaskevich, D.A. & Horak, I.G. (2008) The genus Hyalomma Koch, 1844. V. Re-evaluation of
the taxonomic rank of taxa comprising the H. (Euhyalomma) marginatum Koch complex of
species (Acari: Ixodidae) with redescription of all parasitic stages and notes on biology.
International Journal of Acarology, 34 (1): 13—42.

THE IRANIAN HYALOMMA (ACARI: IXODIDAE)



304 HOSSEINI-CHEGENI ET AL. 2019

Apanaskevich, D.A. & Horak, 1.G. (2010) The genus Hyalomma. XI. Redescription of all parasitic
stages of H. (Euhyalomma) asiaticum (Acari: Ixodidae) and notes on its biology. Experimental
and Applied Acarology, 52: 207-220.

Apanaskevich, D.A., Schuster, A.L. & Horak, I.G. (2008) The genus Hyalomma: VII. redescription
of all parasitic stages of H. (Euhyalomma) dromedarii and H. (E.) schulzei (Acari: Ixodidae).
Journal of Medical Entomology, 45(5): 817-831.

Azagi, T., Klement, E., Perlman, G., Lustig, Y., Mumcuoglu, K.Y ., Apanaskevich, D.A. & Gottlieb,
Y. (2017) Francisella-like endosymbionts and Rickettsia species in local and imported
Hyalomma ticks. Applied and Environmental Microbiology, 83(18): €¢01302—01317.

Balashov, Y.S. (1994) Importance of continental drift in the distribution and evolution of ixbdid ticks.
Entomological Review, 73(8): 42-50.

Barker, S.C. & Murrell, A. (2008) Systematics and evolution of ticks with a list of valid genus and
species names. /n: Bowman, A.S. & Nuttall, P.A. (Eds.), Ticks: biology, disease and control.
Cambridge University Press, Cambridge UK, pp. 1-39.

Bouckaert, R., Heled, J., Kiihnert, D., Vaughan, T., Wu, C.-H., Xie, D., Suchard, M.A., Rambaut, A.
& Drummond, A.J. (2014) BEAST 2: a software platform for Bayesian evolutionary analysis.
PLOS Computational Biology, 10(4): €1003537.

Camicas, J.L., Hervy, J.P., Adam, F. & Morel, P.C. (1998) The ticks of the world nomenclature,
described stages, hosts, distribution (Acarida, Ixodida) (including new species described before
1/01/96). Editions de 'Orstom, Paris, 233 pp.

Cangi, N., Horak, 1.G., Apanaskevich, D.A., Matthee, S., Das Neves, L.C.B.G., Estrada-Pefia, A. &
Matthee, C.A. (2013) The influence of interspecific competition and host preference on the
phylogeography of two Aftrican ixodid tick species. Plos One, 8(10): €76930.

Cwilich, R. & Hadani, A. (1963) Inter-specific hybridization of ticks of the genus Hyalomma. Acta
Tropica, 20(2): 178—-180.

Dalal, S., Kumar, R. & Gupta, S.K. (2007) Experimental assortative interspecies mating between
Hyalomma anatolicum anatolicum and Hyalomma dromedarii on rabbits: feeding performance
of their progeny. Haryana Veterinarian, 46: 82—84.

De La Fuente, J. (2003) The fossil record and the origin of ticks (Acari: Parasitiformes: Ixodida).
Experimental and Applied Acarology, 29(3—4): 331-344.

Delpy, L.P. (1946) Révision, par des voies expérimentales, du genre Hyalomma C. L., Koch 1884
(Acarina, Ixodoidea, Ixodidae). Note préliminaire. Annales de Parasitologie Humaine et
Comparée, 21(5-6): 267-293 (In French).

Delpy, L.P. (1949a) Essai critique de synonymie du genre Hyalomma C. L. Koch, 1844 depuis Linng,
1758. Annales de Parasitologie Humaine et Comparée, 24(5—6): 464494 (In French).

Delpy, L.P. (1949b) Révision par les voies expérimentales du genre Hyalomma C. L. Koch, 1884. 2°
partie. Annales de Parasitologie Humaine et Comparée, 24(1-2): 97-109 (In French).

Dergousoff, S.J. & Chilton, N.B. (2007) Differentiation of three species of ixodid tick, Dermacentor
andersoni, D. variabilis and D. albipictus, by PCR-based approaches using markers in ribosomal
DNA. Molecular and Cellular Probes, 21(5): 343—-348.

Dilcher, M., Faye, O., Faye, O., Weber, F., Koch, A., Sadegh, C. & Weidmann, M. (2015) Zahedan
rhabdovirus, a novel virus detected in ticks from Iran. Virology Journal, 12(1): 183.

Estrada-Pefia, A., Bouattour, A., Camicas, J.L. & Walker, A.R. (2004) Ticks of domestic animals in
the Mediterranean region: a guide to identification of species. University of Zaragoza, Zaragoza
Spain. 137 pp.

Feldman-Muhsam, B. (1960) The ticks of Sinai. Bulletin of the Research Council of Israel, 9B(1):
57-64.

Feldman-Muhsam, B. (1962) Revision of the genus Hyalomma 111. H. lusitanicum Koch and H.
anatolicum K. Parasitology, 52: 211-219.

THE IRANIAN HYALOMMA (ACARI: IXODIDAE)



2019 PERSIAN JOURNAL OF ACAROLOGY 305

Filippova, N.A. (1984) Taxonomy of ticks of the family Ixodidae (Acarina, Parasitiformes) in the
USSR fauna and plans for studying it. Medical Zoology Department, U.S. Naval Medical
Research Unit Number Three, 52 pp. (In Russian).

Filippova, N.A., Musatov, S.A., Panova, [.V. & Lobanov, A.L. (1995) The taxonomic pattern of the
polytypic species Hyalomma asiaticum (Ixodidae). First experience of morphometric data bases
application. Parazitologiya, 29(2): 65-82 (In Russian).

Ganjali, M., Haddadzadeh, H.R. & Shayan, P. (2011) Nucleotide sequence analysis of the second
internal transcribed spacer (ITS2) in Hyalomma anatolicum anatolicum in Iran. International
Journal of Veterinary Research, 5(2): 89-93.

Gouy, M., Guindon, S. & Gascuel, O. (2010) SeaView version 4: a multiplatform graphical user
interface for sequence alignment and phylogenetic tree building. Molecular Biology and
Evolution, 27(2): 221-224.

Grech-Angelini, S., Stachurski, F., Lancelot, R., Boissier, J., Allienne, J.-F., Gharbi, M. & Uilenberg,
G. (2016) First report of the tick Hyalomma scupense (natural vector of bovine tropical
theileriosis) on the French Mediterranean island of Corsica. Veterinary Parasitology, 216: 33—
37.

Guglielmone, A.A., Robbins, R.G., Apanaskevich, D.A., Petney, T.N., Estrada-Pefia, A. & Horak,
I.G. (2014) The hard ticks of the world (Acari: Ixodida: Ixodidae). Springer, Dordrecht
Netherlands, 738 pp.

Hebert, P.D.N. & Gregory, T.R. (2005) The promise of DNA barcoding for taxonomy. Systematic
Biology, 54(5): 852—859.

Hoogstraal, H. (1956) African Ixodoidea. I. Ticks of the Sudan (with special reference to Equatoria
Province and with preliminary reviews of the genera Boophilus, Margaropus and Hyalomma),
research report. United State Navy, Washington DC, 1101 pp.

Hoogstraal, H. & Kaiser, M.N. (1959) Observation on Egyptian Hyalomma ticks (Ixodoidea,
Ixodidae).5. Biological notes and differences in identity of H. anatolicum and its subspecies
anatolicum Koch and excavatum Koch, among Russian and other workers. Identity of H.
lusitanicum Koch. Annals of the Entomological Society of America, 52(3): 243-261.

Hoogstraal, H. & Kaiser, M.N. (1960) Observations on ticks (Ixodoidea) of Libya. Annals of the
Entomological Society of America, 53(4): 445-457.

Hoogstraal, H. & Valdez, R. (1980) Ticks (Ixodoidea) from wild sheep and goats in Iran and medical
and veterinary implications. Fieldiana Zoology, 6: 1-16.

Horak, I.G., Camicas, J.L. & Keirans, J.E. (2002) The Argasidae, Ixodidae and Nuttalliellidae (Acari:
Ixodida): a world list of valid tick names. Experimental and Applied Acarology, 28(1-4): 27-54.

Hosseini-Chegeni, A., Hosseine, R., Tavakoli, M., Telmadarraiy, Z. & Abdigoudarzi, M. (2013) The
Iranian Hyalomma (Acari: Ixodidae) with a key to the identification of male species. Persian
Journal of Acarology, 2(3): 503-529.

Hosseini, A., Dalimi, A. & Abdigoudarzi, M. (2011) Morphometric study on male specimens of
Hyalomma anatolicum (Acari: Ixodidae) in west of Iran. Journal of Arthropod-Borne Disease,
5(2): 23-31.

Jafar Bekloo, A., Bakhshi, H., Soufizadeh, A., Sedaghat, M.M., Jafar Bekloo, R., Ramzgouyan, M.R.,
Chegeni, A.H., Faghihi, F. & Telmadarraiy, Z. (2017) Ticks circulate Anaplasma, Ehrlichia,
Babesia and Theileria parasites in North of Iran. Veterinary Parasitology, 248: 21-24.

Jafar Bekloo, A., Ramzgouyan, M.R., Shirian, S., Faghihi, F., Bakhshi, H., Naseri, F., Sedaghat, M.
& Telmadarraiy, Z. (2018) Molecular characterization and phylogenetic analysis of Anaplasma
spp. and Ehrlichia spp. isolated from various ticks in southeastern and northwestern regions of
Iran. Vector-Borne and Zoonotic Disease, 18(5): 252-257.

Javanbakht, H., Siroky’/, P., Mikuli¢ek, P. & Sharifi, M. (2015) Distribution and abundance of
Hemolivia mauritanica (Apicomplexa: Haemogregarinidae) and its vector Hyalomma aegyptium

THE IRANIAN HYALOMMA (ACARI: IXODIDAE)



306 HOSSEINI-CHEGENI ET AL. 2019

in tortoises of Iran. Biologia, 70(2): 229-234.

Kaiser, M.N. & Hoogstraal, H. (1963) The Hyalomma ticks (Ixodoidea, Ixodidae) of Afghanistan.
Journal of Parasitology, 49(1): 130-139.

Kaiser, M.N. & Hoogstraal, H. (1964) The Hyalomma ticks (Ixodoidea: Ixodidae) of Pakistan, India
and Ceylon, with keys to subgenera and species. Acarologia, 6(2): 257-286.

Kayedi, M.H., Chinikar, S., Mostafavi, E., Khakifirouz, S., Jalali, T., Hosseini-Chegeni, A.,
Naghizadeh, A., Niedrig, M., Fooks, A.R. & Shahhosseini, N. (2015) Crimean—Congo
hemorrhagic fever virus clade iv (Asia 1) in ticks of western Iran. Journal of Medical
Entomology, 52(5): 1144-1149.

Keirans, J.E. (1992) Systematics of the Ixodida (Argasidae, Ixodidae, Nuttalliellidae): an overview
and some problems. In: Fivaz, B., Petney, T. and Horak, I.G. (Eds.), Tick vector biology: medical
and veterinary aspects. Springer-Verlag, Berlin, Germany, pp. 1-21.

Kolonin, G.V. (1983) World distribution of ixodid ticks. The genera Hyalomma, Aponomma,
Amblyomma. Nauka, Moscow, USSR, 120 pp. (In Russian).

Kolonin, G.V. (2007) Mammals as hosts of ixodid ticks (Acarina, Ixodidae). Entomological Review,
87(4): 401-412.

Kumar, S., Stecher, G. & Tamura, K. (2016) MEGA7: molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Molecular Biology and Evolution, 33(7): 1870—1874.

Labruna, M.B., Marrelli, M.T., Heinemann, M.B., Fava, A.B., Cortez, A., Soares, R.M., Sakamoto,
S.M., Richtzenhain, L.J., Marinotti, O. & Schumaker, T.T.S. (2002) Taxonomic Status of Ixodes
didelphidis (Acari: Ixodidae). Journal of Medical Entomology, 39(1): 135-142.

Lv,J., Wu, S., Zhang, Y., Chen, Y., Feng, C., Yuan, X., Jia, G., Deng, J., Wang, C., Mei, L. & Lin,
X. (2014) Assessment of four DNA fragments (COI, 16S rDNA, ITS2, 12S rDNA) for species
identification of the Ixodida (Acari: Ixodida). Parasites and Vectors, 7(1): 1-12.

Lv, J., Wu, S., Zhang, Y., Zhang, T., Feng, C., Jia, G. & Lin, X. (2013) Development of a DNA
barcoding system for the Ixodida (Acari: Ixodida). Mitochondrial DNA, 25 (2): 142—-149.

Mazlum, Z. (1968) Hyalomma asiaticum asiaticum Schulze and Schlottke, 1929. Its distribution,
hosts, seasonal activity, life cycle, and role in transmission of bovine theileriosis in Iran.
Acarologia, 10(3): 437—442.

Mazlum, Z. (1971) Ticks of domestic animals in Iran: geographic distribution, host relation, and
seasonal activity. Iranian Journal of Veterinary Medicine, 27: 1-32 (In Persian).

Murrell, A., Campbell, N.J.H. & Barker, S.C. (2000) Phylogenetic analyses of the Rhipicephaline
ticks indicate that the genus Rhipicephalus is paraphyletic. Molecular Phylogenetics and
Evolution, 16(1): 1-7.

Murrell, A., Campbell, N.J.H. & Barker, S.C. (2001) A total-evidence phylogeny of ticks provides
insights into the evolution of life cycles and biogeography. Molecular Phylogenetics and
Evolution, 21(2): 244-258.

Nabian, S., Rahbari, S., Changizi, A. & Shayan, P. (2009) The distribution of Hyalomma spp. ticks
from domestic ruminants in Iran. Medical and Veterinary Entomology, 23(3): 281-283.

Nicholas, K.B., Nicholas, H.B.J. & Deerfield, D.W. (1997) GeneDoc: analysis and visualization of
genetic variation. Embnew News, 4(1): 14.

Pervomaisky, G.S. (1954) Variability of pasture ticks (Acarina, Ixodidae), and their importance for
systematics. Trudy Vsesoiuznogo entomologicheskogo obshchestva., 44: 62-201 (In Russian).

Pomerantzev, B.1. (1950) Fauna of USSR arachnida: Ixodid ticks (Ixodidae), Fauna SSSR. Akademii
Nauk SSSR, Leningrad, USSR, 223 pp.

Rees, D.J., Dioli, M. & Kirkendalla, L.R. (2003) Molecules and morphology: evidence for cryptic
hybridization in African Hyalomma (Acari: Ixodidae). Molecular Phylogenetics and Evolution,
27:131-142.

THE IRANIAN HYALOMMA (ACARI: IXODIDAE)



2019 PERSIAN JOURNAL OF ACAROLOGY 307

Sambrook, J. & Russell, D.W. (2001) Molecular cloning, a laboratory manual. Cold Spring Harbor
Laboratory Press, New York, USA, 737 pp.

Sands, A.F., Apanaskevich, D.A., Matthee, S., Horak, 1.G., Harrison, A., Karim, S., Mohammad,
M.K., Mumcuoglu, K.Y ., Rajakaruna, R.S. & Santos-Silva, M.M. (2017) Effects of tectonics and
large scale climatic changes on the evolutionary history of Hyalomma ticks. Molecular
Phylogenetics and Evolution, 114: 153—165.

Schulze, P. (1935) Acarina: Ixodoidea. In: Visser, P.C. & Visser, J.H. (Eds.), Wissenschaftliche
Ergebnisse der niederlindischen Expeditionen in den Karakorum und die angrenzenden Gebiete
in den Jahren 1922, 1925, und 1929/30. Kommission bei F.A. Brockhaus, Leipzig Germany, pp.
178-186.

Simon, C., Frati, F., Beckenbach, A., Crespi, B., Liu, H. & Flook, P. (1994) Evolution, weighting,
and phylogenetic utility of mitochondrial gene sequences and a compilation of conserved
polymerase chain reaction primers. Annals of the Entomological Society of America, 87(6): 651—
701.

Siroky, P., Petrzelkova, K.J., Kamler, M., Mihalca, A.D. & Modry, D. (2006) Hyalomma aegyptium
as dominant tick in tortoises of the genus Testudo in Balkan countries, with notes on its host
preferences. Experimental and Applied Acarology, 40(3—4): 279-290.

Sonenshine, D.E. (1993) Biology of ticks. Oxford University press, Oxford, UK, 465 pp.

Tajedin, L., Bakhshi, H., Faghihi, F. & Telmadarraiy, Z. (2016) High infection of Anaplasma and
Ehrlichia spp. among tick species collected from different geographical locations of Iran. 4sian
Pacific Journal of Tropical Disease, 6(10): 787-792.

Tavakoli, M., Hosseini-Chegeni, A. & Mehdifar, D. (2012) Occurrence of morphologic variability in
tick Hyalomma anatolicum anatolicum (Acari: Ixodidae). Iranian Journal of Veterinary
Medicine, 6(3): 177-185.

Tavassoli, E., Rahimi-Asiabi, N. & Tavassoli, M. (2007) Hyalomma aegyptium on spur-thighed
tortoise (7estudo graeca) in Urmia region west Azerbaijan, Iran. Iranian Journal of Parasitology,
2(2): 40-47.

Telmadarraiy, Z., Chinikar, S., Vatandoost, H., Faghihi, F. & Hosseini-Chegeni, A. (2015) Vectors
of Crimean Congo Hemorrhagic Fever (CCHF) virus in Iran. Journal of Arthropod-Borne
Disease, 9(2): 137-147.

Telmadarraiy, Z., Nasrabadi, M., Sedaghat, M.M., Hosseini-Chegeni, A., Hashemi-Aghdam, S.S.,
Oshaghi, M.A. & Gholami, S. (2016) An internal transcribed spacer 2 gene fragment, as a
suitable phylogenetic marker in Hyalomma and Rhipicephalus (Acari: Rhipicephalinae) species.
Iranian Journal of Animal Biosystematics, 12(2): 203-209.

Vial, L., Stachurski, F., Leblond, A., Huber, K., Vourc'h, G., René-Martellet, M., Desjardins, I.,
Balanca, G., Grosbois, V. & Pradier, S. (2016) Strong evidence for the presence of the tick
Hyalomma marginatum Koch, 1844 in southern continental France. Ticks and Tick-borne
Diseases, 7(6): 1162—1167.

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.

COPYRIGHT

Hosseini—Chegeni et al. Persian Journal of Acarology is under a free license. This open-access article is
distributed under the terms of the Creative Commons-BY-NC-ND which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original author and source are credited.

THE IRANIAN HYALOMMA (ACARI: IXODIDAE)



308 HOSSEINI-CHEGENI ET AL. 2019

Cordy S 3 6l p S5 ge dal gl 5 O ») Hyalomma (Acari: Ixodidae) jw> slas sS
$I14658 $a oS S 55556

T 635355 Ghes domma 5 " (sloslels 4S5 F = L a\g'gg- s Al

hosseinichegeni@gmail.com: «sUl/, sl sl (lew S olKiils il o g0l 55 0 o S junlS 05,5 )
r_hosseini@yahoo.com:4sUl /|, ) ol ccuiy OUS oKty (5ol odSCils o K3l S 05,5 =T
Ubérb ‘Q/j:f/;u/j.g_; £Q//.€_/“L5_£Jj:; /Aj[f 0[{\44—//) 4w/./Lg_; am'/.} ‘4;’:"‘7/45" g_)/.i:‘.i;u“ Wjﬂ 4‘/,:./5/.' L aJ’J[:..dj Lfi“:'j:' w/..,waj“:} o_/qu—f“

telmadarraiy@tums.ac.ir
m.abdi@rvsri.ac.ir:sbl ] Ozl S (il Sile o 5 STy -t fo plid I 05,5 calézio (slaslaw s S o oAl —F

=

J st s 5

51 Hyalomma Bl 5 a5 a8 wallas cpl s ol o glaaS Soilatws 35 5501 5 Wl o 55 50 Hyalomma sbas Lol
S it S5 sk 4 gei P (65, PCR s 303 513 ) 3550 (Jo8050 5 plidion ) lafss L1, Olal 548 5o Olial Ve
H. asiaticum H. anatolicum H. aegyptium |sls &S PO el o535 2l sdS gue COI 05 51 2o 5 glazes ITS2 O
H 48 55 o Las gl H. schulzei 5 H. rufipes H. marginatum H. excavatum H. dromedarii H. scupense
H. marginatum &5 55 Qs i 5 4 sl b Sl (rass ol @ bl ool s 2 L H. excavatum rufipes
Olse « H. asiaticum 5 H. anatolicum o « S35 S8 55 Ko s 5uSU Cundy izean Ngd ab § L s . anatolicum

L ol s slaw S

Ol s 55 ts e 8 LS al g, dHyalomma 1 sadS 58515

THE IRANIAN HYALOMMA (ACARI: IXODIDAE)



	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	collection
	Morphological study
	DNA extraction and PCR
	Phylogenetic study

	RESULTS
	Morphological studies
	Molecular studies
	Phylogenetic studies

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	DISCLOSURE STATEMENT
	FUNDING
	REFERENCES

