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Hyalomma marginatum rufipes (Acari: Ixodidae) along with three closely related subspecies is
considered as marginatum group. The subspecies had proven as main vector of Crimean
Congo hemorrhagic fever virus, the cause of human death in Asia, Africa and Europe.
This tick is also a vector of parasitic protozoan Theileria annulata, agent of tropical
theileriosis in cattle. Nonetheless, taxonomical status of this tick not recognized or
confirmed in tick’s fauna of Iran, then we decided to show most taxonomic
characteristics and confirm the presence of this subspecies in Iran by molecular methods.
Tick specimens were collected from cattle in Manujan township, Kerman province,
southern Iran. Specimens were identified morphologically using suitable taxonomical
identification keys. The morphologically identified specimens were subjected to molecular
studies. Morphological and COI gene analysis clearly confirmed the occurrence of H. .
rufipes in Iran, however, according to ITS2 fragment H. . rufipes can be the same H. .
marginatum. Thus, it seems that based on most popular molecular markers, H. 7. rufipes
and its relative H. m. marginatum really should be assigned as a polymorphic species H.
marginatun.

Key words: Hyalomma marginatum rfipes, Ixodidae, marginatum group, morphological
variation, COIL, ITS2, Iran.

INTRODUCTION

The distribution patterns of animal species have a major role in zoogeography that is an essential
factor in dispersal and establishing of species across an area (Hickman et al., 2001). Taxonomical,
ecological and biological characteristics of a new species have a significant role in further monitoring
of species population. Among ticks (suborder Ixodida), species of the genus Hyalomma have a great
degree of medical and veterinary importance around the world (Sonenshine 2009). They are the
specialized vectors of animal and human pathogenic agents, where can be considered as the most
excellent choice for biological studies (Bakheit et al., 2012). Unlike, the common behavior of adult
Hyalomma ticks that infest mammals, it was determined that generally nymphal stages of six
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particular species in this genus feed on the birds and reptiles (Hoogstraal & Aeschlimann 1982). The
subspecies Hyalomma marginatum rufipes Koch, 1844, commonly named ‘“hairy Hyalomma”’, is
considered as an indigenous tick from African continent that can be transported by migratory birds
toward distant localities (Hoogstraal 1956, Kaiser et al., 1974). Blood feeder immature stages of H.
7. rufipes can remain more than 16 days on the bird host body, where they have an adequate time to
spread across more farther distances (Korch 1994). H.  rufipes is closely related to H. n. marginatum,
H. m. turanicum and H. m. isaaci, all recently promoted to species level (Apanaskevich & Horak 2008,
Guglielmone et al., 2014). This subspecies has been reported as a main vector of Crimean Congo
hemorrhagic fever virus (CCHFV), a human fatal disease in Asia, Africa and Europe (Hoogstraal
1979). This tick is also a vector of parasitic protozoan Theileria annulata, the agent of tropical
theileriosis in cattle (d'Oliveira et al., 1997). Nonetheless, taxonomical status of this tick not
recognized or confirmed in tick’s fauna of Iran (Mazlum 1971, Filippova et al., 1976, Rak 1976,
Hoogstraal & Valdez 1980, Hashemi-Fesharaki et al., 2002, Rahbari et al., 2007, Nabian et al., 2009,
Razmi & Ramoon 2012). However, Hoogstraal in 1967 (cited in Abdigoudarzi 2004) compiled a
taxonomical key to the identification of marginatum group members (H. . marginatum, H. m. rufipes
and H. m. turanicum) in Iran. In an comprehensive study on Hyalomma fauna of Iran few specimens
H. rufipes recognized by the first author in Lorestan and Hormozgan provinces (Hosseini-Chegeni et
al., 2013). Then, we decided to recording more specimens of this rare and important subspecies as
well as showing most taxonomic characteristics and confirming the presence of this subspecies in
Iran by molecular methods. The molecular identification of animal taxa using DNA barcoding
recommended by different authors (Hebert et al., 2003, Tautz et al., 2003). The basis of DNA
barcoding is cytochrome oxidase subunit I (COI or COXI) which is reported as a choice gene for
the identification of tick species (Lv et al., 2014, Zhang & Zhang 2014). Internal transcribed spacer 2
(ITS2), as well as, is the best choice for the identification of ticks because of the low level
intraspecies variability and high level interspecies differences (Rumer et al., 2011).

MATERIALS AND METHODS

Tick collection

Ten specimens were collected from Chahshoor village, Manujan township, Kerman province,
southern Iran (27°23'33"N/57°32'05"E) and an unknown region in Khuzestan province. The male
specimens were collected from cattle. The identified subspecies are preserved in the tick’s collection
of Natural History Museum of University of Guilan.

Morphological studies

Determination of specimens

The specimens were identified using suitable taxonomical identification keys including Delpy
(1949a,b), Feldman-Muhsam (1954), Hoogstraal (1956), Abdigoudarzi (2004), Walker et al (2007)
and Apanaskevich and Horak (2008). The characters were used to the identification of subspecies
shown in Table 1.

Drawing

Taxonomical characters of subspecies were drawn by drawing tube (Olympus SZH-Japan)
connected to stereomicroscope (Olympus®) and then, redrawing using Corel Draw Graphics Suite”
(version X0), software.
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TABLE 1. A set of taxonomical characters for differentiation male Hyalomma marginatum group in the
Iranian specimens according to Delpy (1949b), Walker et al., (2007), Apanaskevich and Horak
(2008), Hosseini and Tavakoli (2012).

Character Character state Taxon diagnosed
Scutum punctuation density Sparse H. m. marginatum
localized-regular H. m. turanicum
dense/very dense H. m. rfipes
Scutum color dark-light brown H. m. marginatum
dark-dark red H. m. turanicum
datk-dark brown H. m. rfipes
Scutum shape - H. m. marginatum
- H. m. turanicum
egg shaped H. m. rufipes
Posterior scutal margin shape - H. m. marginatum
- H. m. turanicum
Round H. m. rufipes
Spiracular plate tail” Broad H. m. marginatum
Narrow H. m. turanicum
Very narrow H. m. rufipes
Circumspiracular integument setae density Sparse H. m. marginatum
moderately dense H. m. turanicum
very dense H. m. rufipes
Legs bands Present H. m. marginatum
Present H. m. turanicum
Present H. m. rufipes
Lateral grooves long™ H. m. marginatum
Long H. m. turanicum
short or long-concealed H. m. rufipes
Posteromedian, paramedian grooves shallow and distinct H. m. marginatum
and caudal field superficial and pootly developed — H. . turanicum

absent and indistinct punctuated  H. . rufipes

-t No characteristic, *: Joint of body and tail of spiracular plate, *: Sometimes continuing towards eyes as lines of
punctuations

Molecular studies

DNA exctraction

DNA was extracted by phenol-chloroform method according to Sambrook and Russell (2001) with
some modifications.

Primers

The list of primers used in the present study was shown in Table 2. Also, primer TRH was designed,
because the failures in amplification of ITS2 fragment Hyalomma species using universal primers
(http://sites.biology.duke.edu/fungi/mycolab/primers.htm).

TABLE 2. Primers used in the present study.

Target Name Type Primer sequence (5—3) Reference

COI C1-J-1718  Forward GGAGGATTTGGAAATTGATTAGTTCC Simon et al., (1994)
C1-N-2191 Reverse CCCGGTAAAATTAAAATATAAACTTC  Simon et al., (1994)
3SA Forward CTAAGCGGTGGATCACTCGG Barker (1998)
TRH Reverse TCTTCGGGACGGCGACTG Designed

ITS2
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Polymerase chain reaction

PCR was carried out at thermal cycler MyGenie® (Bioneer, South Korea) and Bio-Rad® (U.S.) for all
specimens. Temperature profiles for amplification of COI and ITS2 gene, as well as, the required
ingredients for each PCR reaction are shows in Table 3 and

Table 4, respectively.

TABLE 3. Temperature profiles used for amplification of COI and ITS2 gene.

Step Temperature (°C) Time (minute)
COl 1. Initial denaturation 95 5
2. Denaturation 94 1
3. Annealing 54 1
4. Extension 72 1
Repeat steps 24, 34 times
5. Final extension 72 10
ITS2 (touchdown) 1. Initial denaturation 95 5
2. Denaturation 94 1
3. Annealing 65-45" 1
4. Extension 72 1.30
Repeat steps 24, 20 times
5. Denaturation 94 1
6. Annealing 45 1
7. Extension 72 1.30
Repeat steps 5-7, 20 times
8. Final extension 72 10

*: Temperature may be decrease 1° C/cycle to 45° C

TABLE 4. The quantity and concentration of PCR ingredients.

Ingredient (company-initial concentration) Quantity (u) Final concentration (for 25 pl)
Sterile water 14.8 14.8 pl

PCR buffer (Bioflux®-10x) 2.5 1l

MgCl, (Bioflux®-50 mM) 1% 2mM

Forward primer (10 pM) 1 0.4 uM

Reverse primer (10 pM) 1 0.4 uM

dNTPs (Bioflux®-10 mM) 0.5 200 uM

Taq DNA polymerase enzyme (Bioflux®-5 U /pl) 0.3 15U

gDNA template 4 Not measured

*: The amount MgCly can be increase to 2 pl

Gel electrophoresis, purification and sequencing

The PCR products were visualized by 1% agarose gel electrophoresis. PCR products with desired
band were purified using GeneJET Gel Extraction Kit”, then were sent to Sequetech® Company for
sequencing using ABI 3730XT. DNA sequencer.

BLAST of sequences, caleulation distance difference and construction of phylogenetic tree

The results of COT and TTS2 sequencing were reviewed by Finch TV® software and edited manually.
The Basic Local Alignment Search Tool (BLAST) was used to compare the similarity of our
sequences with sequences presented in GeneBank database (http://www.ncbi.nlm.nih.gov/blast).
The sequences were submitted to GeneBank with accession numbers KP219873 and KP208963 for
COI and ITS2, respectively (released in 2016). The pairwise distance differences were computed
using the Kimura 2-parameter method (Kimura 1980) by MEGAG® software (Tamura et al., 2013).
As well as, a phylogenetic tree for each gene was constructed using Neighbor-Joining (NJ) method
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by MEGAG software. The evolutionary distances were computed using the Maximum Composite
Likelihood method.

RESULTS

Morphology

The specimens were diagnosed as Hyalomma marginatum rufipes Koch, 1844 based on scutal
punctuation, central festoon and other taxonomical characters presented in the earlier studies. The
scutal patterns of H. z. rufipes collected from different area of Iran represented in Figure 1 and
Figure 2. A particular variation observed as a punctate scutum with glabrous area (Figure 2, 1-11I).

FIGURE 1. Two scutal punctuation pattern as a section in mid scutum Hyalomma marginatum rufipes I)
small and distant, II) large and compact.

III

FIGURE 2. Variation in punctuation of whole scutum H. rufipes; I: very dense and compact (Kerman
specimen), II) dense, small and distant (Khuzestan specimen), III) dense, small and distant with
glabrous area (arrow) (Khuzestan specimen).
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95

71 | Hyalomma marginatum marginatum Sp. EU827693
99 Hyalomma marginatum marginatum Sp. EU827692

Hyalomma anatolicum Ch. KF583577

Hyalomma lusitanicum Sp. EU827737

Rhipicephalus sanguineus Ch. JQ737084

P
0.01

A 61 Hyalomma asiaticum asiaticum Ch. JQ737106

97 |l Hyalomma asiaticum kozlovi Ch. JX845148
63 Hyalomma dromedarii Ch. JQ737102
Hyalomma detritum Ch. KC203394
Rhipicephalus sanguineus Ir. KM272203
| |
B 0.05

FIGURE 3. Phylogenetic trees reconstructing evolutionary relationship among H. marginatum group and other
Hpyalomma species, phylogenetic tree of COI (A) and ITS2 (B) sequences data using NJ method with 1000
replicates bootstrapping, green boxes representing a clade including sequence of this study (as bold) and
GenBank sequences with accession number and abbreviated country name, taxon Rbipicephalus sanguinens is
taken as outgroup, thicker branches showing bootstrap value greater than 90%, X sign (A) indicating a
morphologically hybrid or intermediate taxa were stated in Rees et al., (2003), Ch. China, Et. Ethiopia, Ir.
Iran, Sp. Spain.

Molecular essay and phylogenetic tree

The result of BLAST showed the COI sequence of H. . rufipes has 99% similarity with COI
sequences of H. . rufipes (accession numbers: AJ437091, AJ437094, AJ437096-100), H. truncatum
(accession number: AJ437088) and H. dromedarii (accession numbers: AJ437078-79, AJ437081-83), as
well as, 96% similarity with COI sequences of H. . marginatum from Spain (accession numbers:
EU827692-93). The result of BLAST with partial ITS2 showed 99% identity with a single sequence
belongs to H. 7. rufipes from China (accession number: JQ737104). As well as, the comparison I'TS2
sequence of H. z. rufipes of this study with an I'TS2 sequence H. ». marginatum submitted from Iran
(accession number: FJ416322) shown 93% similarity. Both COI and ITS2 phylogenetic trees along
with constructed clades is shown in Figure 3. The phylogenetic analysis were conducted on 19
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nucleotide sequences with 437 positions and 7 nucleotide sequences with 583 positions in the final
dataset for COI and ITS2 phylogenetic trees, respectively. All gap positions and missing data were
removed.

DiscussioN

Traditional taxonomy

Hyalomma marginatum rufipes is a member of marginatum group. This subspecies have been considered
as a tick dispersed via land migratory birds and it can established outside its original distribution,
then causes the spread of CCHF virus to the new localities (Hoogstraal & Kaiser 1958a, Hoogstraal
1972, Kaiser et al., 1974). Leastwise, ten forms of migrant birds that can transport immature stages
of H. m. rufipes into Egypt, clearly are responsible for introducing of H. . rufipes to new areas
(Hoogstraal & Kaiser 1958b). Since morphological characters of ticks of mwarginatum group are more
similar and qualitative, thus their taxonomical status is debatable and species delimitation not to be
easy (Apanaskevich & Horak 2008). It is thought that H. ». rufipes has been introduced to Iran by
land migratory bird or imported livestock, thus the report of this subspecies from Iran is more
important since it has been reported originally from Ethiopian region (Egypt, Libya, Palestine,
Anatolia) and southern Russia in small numbers (Hoogstraal & Kaiser 1958a). In the current study
three taxonomical characters including scutal punctuation, circumspiracular integument setae and
spiracular plate tail were seen as the most valuable characters (i.e., less variables morphological traits)
using for differentiating of male specimens H. z. rufipes. A unique trait that was found for
identification of three subspecies rufipes, marginatum and turanicum is breadth of spiracular plate tail at
the junction tail to spiracle body. This character in rufipes is narrower than other taxa and properly
illustrated in Pomerantzev (1950), however, it has been called as H. plumbeun impressum. Feldman-
Muhsam and Kahn (1958) compared laboratory progeny of a single female H. rufipes and reported
notable variability in the characteristics e.g., scutal punctuation, total shape and color of scutum.
They showed less variability in circumspiracular integument setae (Feldman-Muhsam & Kahn 1958).
Whereas, interbreeding among populations of three subspecies rufipes, marginatum and turanicum occur
in areas where the migratory birds transfer hybrid forms into other region (Hoogstraal et al., 1963).
Thus, intermediate forms combining form two or three subspecies rufipes, marginatum and turanicum
may be seen. Delpy (1949b) splits the taxon H. rufipes as two subspecies H. 7. rufipes and H. r. glabrum
based on total scutum shape, posterior margin of scutum and circumspiracular integument setae
density. However, these characters are very debatable and ambiguous for the differentiation of
species as we examined many specimens that shown the combined characteristics of two subspecies

described by Delpy (1949b).

Molecular phylogeny

According to COI phylogenetic tree, H. 7. rufipes has a subspecific taxonomical level. Thus, it seems
that based on COI, a protein coding gene, two taxon of rufipes and marginatum really should be
assigned as distinct subspecies of polymorphic species H. marginatum (2% pairwise distance
difference). So that, both rufipes and marginatum shared a common ancestor in COI phylogenetic tree.
Unfortunately, except an I'TS2 sequence submitted from China (JQQ737104) further sequences were
not found in GenBank to comparing our H. 7. rufipes ITS2 sequence, exactly. However, on the
ITS2, a non protein coding gene, H. 7. rufipes is a distinct subspecies. Based on COI phylogenetic
tree and 4% pairwise distant difference, H. . rufipes, H. anatolicum and H. lusitanicum are closely
related species, phylogenetically. This difference among I'TS2 sequences of H. . rufipes, H. detritum
and the H. asiaticum group is 6-9%, greater than COI sequences. Rees et al., (2003) reported some
hybrid forms in marginatum group (used in COI phylogenetic tree) representing the probability of
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crossbreeding among Hyalomma species. According to maternal inheritance of mitochondrial
genome (e.g., COI gene), thus COI phylogeny is reflecting of only female species coupled with male.
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