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Abstract Ticks are hematophagous arthropods transmit-
ting several harmful human and animal pathogens like
viruses, Rickettsia, bacteria, and protozoa. The identifi-
cation and speciation of ticks were normally performed
in Iran using identification key of Arthur (1960) and
Kaiser and Hoogstraal (J Parasitol 49:130–139, 1963) or
on the basis of morphological characteristic keys recom-
mended by Walker et al. (2003). Although these identifi-
cation keys are well prepared, but there are in some cases
due to the strong overlapping characteristics between
species like Dermacentor marginatus and Dermacentor
niveus accompanied with serious problems. D. marginatus
and D. niveus have been intermittently used synonymous-
ly and there is no a generally agreement with the
specification of these species. To find out more about
these two species, we have analyzed the complete
nucleotide sequence of ITS-2 region. Interestingly, we
found indeed a sequence homology of 99% between
nucleotide sequence of ITS-2 region of D. marginatus
and D. niveus. Since the nucleotide sequence of ITS-2
region of D. marginatus in Iran has 98% sequence
homology to the other in GenBank registered ITS-2
sequence of D. marginatus, and the morphological
characteristics between both examined species showed
minimal differences, therefore we believe that the D.
marginatus and D. niveus could belong to the same
species and 1% differences in nucleotide sequence of

ITS-2 region between these two species can be understand
as an intra-species polymorphism. The complete sequence
of ITS-2 region of rRNA gene from D. marginatus and D.
niveus registered under accession no. GQ144707 and
GQ144706 by GenBank, respectively.

Introduction

Ticks are hematophagous arthropods transmitting several
harmful pathogens of human and animal, like viruses,
Rickettsia, bacteria, and protozoa (Shpynov et al. 2001;
Whitehouse 2004; Shayan et al. 2007). Several studies
dialing with the characterization of Ticks occurring in Iran
were performed (Delpy 1936, 1938; Abbasian 1961;
Mazlum 1971; Hoogstral and Valdez 1980; Rahbari 1995;
Telmadarraiy et al. 2004; Nabian et al. 2007). The last
information about the tick fauna in Iran revealed that 20
tick species were identified as Hyalomma anatolicum
anatolicum, Hyalomma marginatum, Hyalomma detritum,
Hyalomma aegptium, Hyalomma schultzei, Hyalomma
dromedarii, Hyalomma asiaticum asiaticum, Hyalomma
anatolicum excavatum, Haemaphysalis punctata, Haema-
physalis Parva, Haemaphysalis concinna, Haemaphysalis
choldokovsky, Ixodes ricinus, Rhipicephalus sanguineus,
Rhipicephalus Bursa, Rhipicephalus Turanicus, Boophilus
annulatus, Dermacentor niveus, Dermacentor marginatus,
and Ornithodoros lahorensis (Rahbari et al. 2007). For the
identification and speciation of ticks, the identification key
of Arthur (1960), Kaiser and Hoogstraal (1963), and
Walker et al. (2003) were normally used in Iran. Such
identification keys are based in the first line on the
morphological features and characteristics of tick genera
and in the second line are extended on the morphological
features and characteristics of species. Although these
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identification keys are well prepared, in some cases, due to
the strong overlapping characteristics between species like
D. marginatus and D. niveus, these accompanied with
serious problems. Currently, Nabian et al. (2008) reported
the occurrence of three species of Dermacentor (D.
marginatus, D. niveous, and Dermacentor raskamensis) in
Iran. They specified D. marginatus and D. niveus as
separate species. Some other investigators reported also
about D. marginatus and D. niveus as separate species
(Telmadarraiy et al. 2004; Rahbari et al. 2007; Nabian et al.
2008). Interestingly, some other investigators (Estrada-Pena
and Estrada-Pena 1991; Roman and Sicrat 1957) believed
that D. niveus is synonyms of D. marginatus. Since D.
marginatus and D. niveus have been intermittently used
synonymously and there is no a generally agreement with
the specification of Dermacentor species, we used the
molecular-based techniques to answer this problem. For
this aim, the nucleotide sequence of ITS-2 region of
ribosomal RNA gene were determined by both species
and compared with each other.

Materials and methods

Samples and species determination

D. marginatus and D. niveus were collected from different
area of Iran and preserved in 70% ethanol until used (50 male
ticks from each species). The specification was carried out on
the basis of morphological characteristic keys recommended
by Arthur (1960) and Estrada-Pena and Estrada-Pena (1991)
and the male ticks were used for genetical analysis. The
preparation of salivary glands was performed according to
Brown and Askenase (1986).

Extraction of DNA from salivary gland of ticks

Deoxyribonucleic acid (DNA) was extracted using a
DNA isolation kit (MBST, Iran) according to the
manufacturer’s instructions. Briefly, salivary gland was
first lysed in 180 μl lysis buffer, and the proteins were
degraded with 20 μl proteinase K for 10 min at 55°C.
After addition of 360 μl binding buffer and incubation
for 10 min at 70°C, 270 μl ethanol (100%) was added
to the solution, and after vortexing, the complete
volume was transferred to the MBST column. The
MBST column was first centrifuged and then washed
twice with 500 μl washing buffer. Finally, DNA was
eluted from the carrier with 50 μl elution buffer.

PCR amplification

Approximately 100–500 ng DNAwas used for the polymer-
ase chain reaction (PCR) analysis. The PCRwas performed on
100μl total volume including one-time PCR buffer; 2.5 U Taq
Polymerase (Cina gene, Iran); 2 μl of each primer (P1/P2, P3/
P4, 20 mM, Cina gene); 200 μM of each deoxyadenosine
triphosphate, deoxythymidine triphosphate, deoxycytidine
triphosphate, and deoxyguanosine triphosphate (Fermenta);
and 1.5 mM MgCl2 in automated Thermocycler (Eppendorf,
Germany) with the following program: 5 min incubation at
95°C to denature double-strand DNA, 36 cycles of 45 s at
58°C (annealing step), 45 s at 72°C (extension step), and 45 s
at 94°C (denaturing step). Finally, PCR was completed with
the additional extension step for 10 min. The PCR products
were analyzed on 1.8% agarose gel in 0.5× TBE buffer (5×
TBE buffer, 54 g Tris base, 27.5 g acide boric, and 20 ml
0.5 M EDTA (pH 8.0) in 1 l H2O) and visualized using
ethidium bromide and an UV illuminator (Table 1).

Table 2 The main differentiation characters between D. marginatus and D. niveus are given

Dermacentor spp. Basis capituli Dorsal scutum Second segment of palp

D. marginatus Rectangular Ornamented Small spur or strong postero-median spur
Dorsally one and Multishape

Half times as broad as long (including conua) Enamel white

D. niveus Rectangular Ornamented Strong pronounced spur at the dorsal side
Dorsally one and Base color brown

Half times as broad as long ( including cornua) Enamel yellow-white

Name Nucleotide sequences Accession no PCR product (bp)

P1 5′TCGTCTGTCTGAGGGTCGGA3′ AF199114 708

P2 5′ATCGTCTCGTGTAGCGTCG3′ AF199114

P3 5′CGGTCCAAGTGCTTCGCAGT3′ AF199114 482

P4 5′TCGTCTCGCCTGCATCTGAG3′ AF199114

Table 1 The nucleotide
sequence of primers,
corresponding accession no of
genes used for designing of
primers and the PCR product
size were listed in the table
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The complete ITS-2 nucleotide sequence was amplified
in two steps. In the first step the upstream region of the
ITS-2 was amplified using forward primer derived from the
nucleotide sequence 1 to 20 of 5.8 S rRNA gene (P1,
accession no. AF199114 ) and the reverse primer derived
from nucleotide sequence 690 to 708 of ITS-2 region (P2).
In the second step the downstream region of ITS-2 was
amplified using forward primer derived from upstream of
the first reverse primer from nucleotide 628 to 647 (P3,
accession no. AF199114 ) and the reverse primer derived
from nucleotide 1,091 to 1,110 of 5` region of 28 S rRNA
(P4, accession no. AF199114 ) to have the PCR product
with the overlapping region with the first PCR product. The
primers are listed in Table 2.

Sequencing of PCR products

The PCR products were sequenced after they were
extracted from agarose gel or after purification of PCR
products. Twenty microliters of PCR product was run on a
1.5% agarose in 0.5% TBE buffer. After visualization of the
positive band using ethidium bromide under UV, the PCR
product was extracted from the gel using DNA extraction
kit from agarose gel (MBST, Iran) according to the
manufacturer’s instructions. Briefly, the PCR product was
cut from the gel under UV control and dissolved in 340 μl
binding buffer for 5 min at 60°C. After the addition of
255 μl ethanol (96%) to the sample, the mixture was
applied to the spin column and centrifuged for 1 min at
8,000×g. The column was washed twice with washing
buffer, and the adsorbed DNA was eluted from the column
using 20 μl elution buffer.

PCR product was purified from the salts and proteins
using PCR purification kit (MBST, Iran). Briefly, 200 μl
binding buffer was added to 100 μl PCR product solution.
After adding 150 μl ethanol (96%) to the sample, the
mixture was applied into the column. The column was
washed twice with washing buffer, and PCR product was
eluted from the column using 100 μl elution buffer. The
sequencing was performed from both sites of each PCR
products by Kawsar Biotech Company in Iran basis on
Sanger method (1977).

Results and discussion

D. marginatus and D. niveus were specified according to
the main specific characters such as dimensions of basis
capituli, the basis color of scutum, and the second segment
of palp. Basis capituli of D. marginatus is like D. niveus
which is rectangular. This was dorsally one and a half times
as broad and as long in D. marginatus as well as in D.
niveus. These parameters were consistent in 50 ticks from
each D. marginatus and D. niveus species. In contrast
Estrada-Pena and Estrada-Pena (1991) have measured the
dorsal basic capituli for D. marginatus 0.5–0.9 times as
broad and as long (excluding cornua) and they have
characterized D. niveus provided by Arthur as Dermacentor
species conspecific with D. marginatus lacking the pro-
duced dorsal palpal spur and having a darker dorsal pattern
than those of the paratypic series of niveus collected at Iran.
They have also analyzed three males collected from
Morocco displaying a palpal shape typical for D. niveus,
with pronounced spur at the dorsal side of the second palpal

Fig. 1 Basis capituli of D. marginatus is like D. niveus rectangular
and is dorsally one and half times as broad as long in both species.
The central dorsal spots are organized approximately triangular with

the apical angle directed antrolateral in D. marginatus whereas these
two spots are vice versa in D. niveus
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segment and a dark color of scutum. In accordance with our
results Arthur (1960) described the basis capituli of D.
niveus one and a half times as broad and as long (including
cornua).

The dorsal scutum of D. marginatus is like D. niveus
which is ornamented and multishape, but its basic color in

D. marginatus is enamel white, whereas the corresponding
areas in D. niveus is enamel yellow-white. Arthur (1960)
described the base color of dorsal scutum of D. niveus
as brown, enamel yellow-white such as we observed in
our samples. According to the scutum pattern, our
observation confirmed the description of Estrada-Pena

CLUSTAL format alignment by MAFFT (v6.704b) 

 

 

D. n Iran     1 atcacatatcaagagagccttcggcgcacagggaacgtgcgtccgtcgactcgttttgac 60 

D. m Iran       atcacatatcaagagagccttcggcgcacagggaacgtgcgtccgtcgactcgttttgac 60 

D. m            atcacatatcaagagagccttcggcgcacagggaacgtgcgtccgtcgactcgttttgac 60 

D. r            atcacatatcaagagagccttcggcgcacagggaacgtgcgtccgtcgactcgttttgac 60 

D. a            atcacatatcaagagagacttcggcgcacagggaacgtgcgtccgtcgactcgttttgac 60 

                ***************** ****************************************** 

 

D. n Iran       cgcgtcggcatcacggacagtacgttgagtgctgaagccacgcgccagcggcctcacgtg 120 

D. m Iran       cgcgtcggcatcacggacagtacgttgagtgctgaagccacgcgccagcggcctcacgtg 120 

D. m            cgcgtcggcatcacggacagtacgttgagtgctgaagccacgcgccagcggcctcacgtg 120 

D. r            cgcgtcggcatcacggacagtacgttgagtgcagaagccacgtgccaacggcctcacgag 120 

D. a            cgcgtcggcatcatggacagtacgttgagcgctaaagccacgcgccagcggcctcacgag 120 

                ************* *************** **  ******** **** ********** * 

 

D. n Iran       aggaagacggtggcgaactga-actgttgtgccaaaacttcgcagagactgaaacgaggc 179 

D. m Iran       aggaagacggtggcgaactga-acggttgtgccaaaacttcgcacagacggaaacgaggc 179 

D. m            aggaagacggtggcgaactga-actgttgtgccaaaacttcgcagagacggaaacgaggc 179 

D. r            aaggagayggtggcgagctgacactgttgtgcctaaacttcgaagagacggaaacgaggc 180 

D. a            agggagacggtggcaa------accgttgtgccaattcttcgaaaagacggaaacgaggc 174 

                * * *** ****** *      ** ******** *  ***** * **** ********** 

 

D. n Iran       attgtactactgcagcacgacgagcgcgcgcctccgaagagaaccgccgcaggatggagt 239 

D. m Iran       attgtactactgcagcacgacgagcgcgcgcctccgaagagaaccgccgcaggatggagt 239 

D. m            attgtactactgcagcacgacgagcgcgcgcctccgaagagaaccgccgcaggatggagt 239 

D. r            a--acactactgcagcacgacgaatgcgtgcctccgaagag-accgccgcaggatggagt 237 

D. a            a--atactactgcagcgtgacgagtgcgcgcctctagcaag-accgccgcaggatggagt 231  

                *    ***********  *****  *** *****     ** ****************** 

 

D. n Iran       cggacacctgcagggaaagtgcggtctgagcgcgaggcgcgaacgtctgttgcaacagca 299 

D. m Iran       cggacacctgcagggaaagtgcggtctgagcgcgaggcgcgaacgtctgttgcaacagca 299 

D. m            cggacacctgcagggaaagtgcggtctgagcgcgaggcgcgaacgtctgttgcaacagca 299 

D. r            cggacacctgcagggaaagagcggtccaagtgtgaggcgcgaacgtctgttgcgac---- 293 

D. a            cggatacctgcagggaaagagcggtccaagcacgaggcgcgaacgtctgttgccat---- 287 

                **** ************** ******  **   ******************** *      

 

D. n Iran       gtagcgcgcacgtttgcgagagagtcggaagtgcccgcttgcgtgcacggacaacgcggg 359 

D. m Iran       gtagcgcgcacgtttgcgagagagtcggaagcgcccgcttgcgtgcacggacaacgcggg 359 

D. m            gtagcgcgcacgtttgcgagagagtcggaagcgcccgcttgcgtgcacggacaacgcggg 359 

D. r            gtagcgcgcacgtttgcgagagagtcggaagcgcacgcttgcgtgcacggaaaarcgcgg 353 

D. a            gtagcgcgcacgtttgcgagagagtcggaagcgcacgcttgcgtgcacggaaaacgtggg 347 

                ******************************* ** **************** **    ** 

 

D. n Iran       aagcaaacgccggccgattcccgcgccgtgcgcgaagcaagcgagcgcgatcgcacgttg 419 

D. m Iran       aagcaaacgccggccgattcccgcgccgtgcgcgaagcaagcgagcgcgatcgcacgttg 419 

D. m            aagcaaacgccggccgattcccgcgccgtgcgcgaagcaagcgagcgcgatcgcacgttg 419 

D. r            aa---------aacccttttccgctccgtgcgca----aagccagcgcgatcgcagtttg 400 

D. a            aatgaaacgccggccgattcccgcgccgtgcgca----aagccagcgcgatcgcaatttg 403 

                **           **  ** **** ********     **** ************  *** 

Fig. 2 Alignment of complete
nucleotide sequence of ITS-2
regions of rRNA genes from
Iranian D. niveus (D. n Iran,
GenBank accession no.
GQ144706), Iranian D.
marginatus (D. m Iran,
GenBank accession no.
GQ144707), D. marginatus
(D. m GenBank accession no.
S83081.1), D. reticulatus
(D. r GenBank accession no.
S83080.1), and D. andersoni
(D. a GenBank accession no.
EU520395.1) using CLUSTAL
format alignment by MAFFT

1128 Parasitol Res (2009) 105:1125–1132



 

D. n Iran       cgttgtttgccttcggagtacgtcgagctctagcagaaggtcgctcgtccgcgtcaccgc 479 

D. m Iran       cgttgtttgccttcggagtacgtcgagctctagcagaaggtcgctcgtccgcgtcaccgc 479 

D. m            cgttgtttgccttcggagtacgtcgagctctagcagaaggtcgctcgtccgcgtcaccgc 479 

D. r            cgttgtttgccttcgtagtacgtcgagctctagcaaaaggtcgctcgtccgcgtcagcgc 460 

D. a            cgctgtttgccttcgaagtacgtcgagctccag-agctggtcgctcgttcacgtcaccgc 462 

                ** ************ ************** ** *   ********** * ***** *** 

 

D. n Iran       acgggtgcaggcgccctagtccgggtttcgtcgcaggaataagagtcggaaaagattctt 539 

D. m Iran       acgggtgcaggcgccctagtctgggtttcgtcgcaggaataagagtcggaaaagattctt 539 

D. m            acgggtgcaggcgccctagtccgggtttcgtcgcaggaataagagtcggaaaagattctt 539 

D. r            acgggtgtcggcgctct--tccgggcttcgtcgcaggaataggagtcggaaaagattcct 518 

D. a            agctgtgtgggcgccct--tccgggcttcgtcgcaggaatgggaatcgg--cagattctt 518 

                *   ***  ***** **  ** *** **************  ** ****   ****** * 

 

D. n Iran       gcgcggagcggggaggacaagggtgcgccccggagcggtagtgacgcggttacgcgagtg 599 

D. m Iran       gcgcggagcggggaggacaagggtgcgccccggagcggtagtgacgcggttatgcgagtg 599 

D. m            gcgcggagcggggaggacaagggtgcgccccggagcggtagtgacgcggttacgcgagtg 599 

D. r            gcgc-------ggagggaaagggtgcgccccgaagcggtagtgacgcggcaacacgagtg 571 

D. a            gcgaggagcggggaggagaagggtggcccccgaa--------agcggttcgacgcgacag 570 

                ***        *****  *******  ***** *          **     *  ***  * 

D. n Iran       cgccgtctgcgagaagcgaagaaaacggcacgactgaatagtcgccgcgaagcggaaaat 659 

D. m Iran       cgccgtctgcgagaagcgaagaaaaccgcacgactgaatagtcgccgcgaagcggaaaat 659 

D. m            cgccgtctgcgagaagcgaagaaaacggcacgactgaatagtcg--gcgaagcggaaaat 657 

D. r            tgccgtccgcgag-cgcgaagaaaacggcacggcggagcagtcgcggcgactcggaaaat 630 

D. a            cgccgtctgcgagcgagaagagtcacggcacggcggag-aattgccgcgaaacggaaaat 629 

                 ****** *****     *     ** ***** * **  * * *  ****  ******** 

 

D. n Iran       gtctccctcgaaagcgtgagtttgcccgttggcggagctgaagcgttccgtcgtagtccg 719 

D. m Iran       gtctccctcgaaagcgtgagtttgcccgttggcggagctgaagcgttccgtcgtagtccg 719 

D. m            gtctccctcgagagcgtgagtttgcccgttggcggagctgaagcgttccgtcgtagtccg 717 

D. r            gtctccctcgagag------------agttggcygagctgaagcattccgtcgtagtccg 678 

D. a            gtctccttcgagagcgtgggtgc-cccgttggcggagctgaagcgttccgtcgtagtccg 688 

                ****** **** **             ****** ********** *************** 

 

D. n Iran       ccgtcggtccaagtgcttcgcagtctctgcccttaaaaaagactgggccactccagttgg 779 

D. m Iran       ccgtcggtccaagtgcttcgcagtctctgccctt-aaaaagactgggccactccagttgg 778 

D. m            ccgtcggtccaagtgcttcgcagtctctgccctt-aaaaagactgggccactccagttgg 776 

D. r            ccgtcggtccaagtgcttcgcagtctctgtccc--gaawagactgggccactccagtt-g 735 

D. a            ccgtcggtccaagtgcttcgcagtctctgtccc--ctaaagactgggccactccagtt-g 745 

                ***************************** **     * ******************* * 

 

D. n Iran       gggcaggggcgacgctacactagacgatgccctgtgccaggctagagtcg-tcctgtggc 838 

D. m Iran       gggcaggggcgacgctacactagacgatgccctgtgccaggctagagtcg-tcctgtggc 837 

D. m            gggcaggggcgacgctacactagacgatgccctctgccaggctagagtcg-tcctgtggc 835 

D. r            gggcgggggcgacgctacactagacgatgcctactgccaggctagagtcg-tcctgcggt 794 

D. a            gggcaggggcgacgctacacgagacgatgcctcccgccaggttttagtcgcccctgcggt 805 

                **** *************** **********    ****** *  *****  **** **  

 

D. n Iran       gcccgctgaagcggtgcgctgcgagggtgg--catgcctcggcggtgtttgggcttcaga 896 

D. m Iran       gcccgctgaagcggtgcgctgcgagggtgg--catgcctcggcggtgtttgggcttcaga 895 

D. m            gcccgctgaagc---gcgctgcgagggtgg--catgcctcggcggtgtttgggcttcaga 890 

D. r            gcccgctaaagc-gcgcgctgcgagggtgg--catgcctcggcggtgtttgggcttcaga 851 

Fig. 2 (continued)
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and Estrada-Pena (1991). They described the scutal
pattern of D. marginatus as very variable, with spots in
the scutum generally with the inner surface of each spot
mostly studded with base color pattern. Furthermore, we
observed that the two central dorsal spots are organized
approximately triangular with the apical angle directed
antrolateral in D. marginatus whereas these two spots are
vice versa in D. niveus (Fig. 1). The second segment of
palp in D. marginatus had small or strong postero-

median spur. In contrast, the second segment of palp in
D. niveus had strong pronounced spur at the dorsal side
(Fig. 1).

After speciation of these two species, DNA was
extracted from salivary gland of each tick separately.
DNA was then amplified using specific primers to amplify
the complete ITS-2 region in two steps. In the first step of
PCR, PCR product of approximately 708 bp in length was
amplified using primers P1/P2 and in the second step PCR

D. a            gcccgctgaagcggcgcgctgctaaggcgatctttgcctcggtggtgtttgggcttcaga 865 

                ******* ****   ******* * ** *     ******** ***************** 

 

D. n Iran       cacggtcgtttgccacgcaactgctcgtgcgacgcacgcgcgctaaggcggttcaagaaa 956 

D. m Iran       cacggtcgtttgccacgcaactgctcgtgcgacgcacgcgcgctaaggcggttcaagaaa 955 

D. m            cacggtcgtttgccacgcaactgctcgtgcgacgca--cgcgctaaggcggttcaagaaa 948 

D. r            cacggtcgtttaccacgcaactgctcgtgcgccgcacgcgtgt---ggcggttt-----a 903  

D. a            cacggtcgcttaccacgcaactgctcgtgcgccgcacgcgcgc--aggcggttc-----a 918 

                ******** ** ******************* ****  ** *    *******      * 

 

D. n Iran       ccacctgccagcctcgtctataagtagctccgtgttgggcgaaggacgtggtagggcgtc 1016 

D. m Iran       ccacctgccagcctcgtctataagtagctccgtgttgggcgaaggacgtggtagggcgtc 1015  

D. m            ccacctgccagcctcgtctataagtagctccgtgttgggcgaaggacgtggtagggcgtc 1008 

D. r            ccgcctgccagcctcgtctataagtagctccgtgttgggcgaatgacgtggtagggcgtc 963 

D. a            ccgcctgccagcctcgtctataagtagctccgtgttgggcgaaggacgtggtagggcgtc 978 

                ** **************************************** **************** 

 

D. n Iran       gtactcggtttgcgctgggctttcgaacgtgtcgagtcctttc--cagcac--------- 1065  

D. m Iran       gtactcggtttgcgctgggctttcgaacgtgtcgagtcctttc--cagcac--------- 1064 

D. m            gtactcggtttgcgctgggctttcgaacgtgtcgagtccttt---cagcac--------- 1056 

D. r            gtactcggttcgcgctgggttttcgaacgtgtcgagtcctttcagctgcac--------- 1014 

D. a            gcactcggttggcgctgggttttcgaacgtgtcgagtcctttt--cggcataccgctcgt 1036 

                * ******** ******** **********************   * ***           

 

D. n Iran       ------------------------------------------------------------ 1065 

D. m Iran       ------------------------------------------------------------ 1064 

D. m            ------------------------------------------------------------ 1056 

D. r            ------------------------------------------------------------ 1014 

D. a            atgacgcacgcgcgcaggcgttgtgccgcctgccagcctcgtccgtaaggacgtggcagg 1096 

                                                                             

 

D. n Iran       -----------------gctggaaggggcgaaagcgatgtatccgtt----------gtc 1098 

D. m Iran       -----------------gctggaaggggcgaaagcgatgtatccgtt----------gtc 1097 

D. m            -----------------gctggaaggggcgaaagcgatgtatccgtt----------g-- 1087 

D. r            -----------------gctggaaggggcgaaagcgatgtatccgtt----------g-- 1045 

D. a            gcgtcgtactcggtcgtgctggaatgggcgaaagcgatgtatccgttcgactcagtccgc 1156 

                                 ******* **********************              

 

D. n Iran       ga 1100 

D. m Iran       ga 1099 

D. m            -- 1087 

D. r            -- 1045 

D. a            ca 1158 

                   

Fig. 2 (continued)
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product of approximately 482 bp in length was amplified
using primers P3/P4. The PCR products were purified or
extracted from the gel and sequenced from both sites of the
DNA. The nucleotide sequence of both PCR products had
overlapping region and could be adapted (Fig. 2). The
complete nucleotide sequence of D. marginatus and D.
niveus consist of 1,099 bp and 1,100 bp respectively. The
alignment of these two sequences with each other was
performed by BLAST software and showed 99% nucleotide
homology. The both nucleotide sequences distinguished
only in 5 bp scattered in the whole sequences. The
alignment of both sequences with the nucleotide sequence
registered in the DataBank showed 98% homology to the
nucleotide sequence of D. marginatus (Accession no
S83081.1), 87% with Dermacentor reticulates (accession
no. S83080.1). Nucleotide sequence of ITS-2 region of D.
marginatus had 85% homology to the D. andersoni,
whereas D. niveus had 86% homology to this sequence
(accession no. EU520395.1). Zahler et al. (1995) showed
that the nucleotide sequence of ITS-2 region of D. reticulates
had 87.8% homology to D. marginatus and D. andersoni
was 79.4% and 79.5% identical to D. reticulates and D.
marginatus, respectively. They analyzed the nucleotide
sequence of ITS-2 region of D. reticulates individuals from
different geographic origins and determined a 99.6%
homology between the individuals and described it as intra-
specific differences. In their study the differences in
nucleotide sequence of more than 10% was determined as
interspecific identity, which can be understood as not
suggestive for common gene pool. ITS-2 sequence was
already used for determination of validity of species status of
Ixodes dammini (Wesson et al. 1993), or for differentiation of
Rhipicepalus spp. as well (Barker 1998). Since the nucleotide
sequence of ITS-2 region of D. marginatus in Iran has 98%
sequence homology to the other in GenBank registered ITS-
2 sequences of D. marginatus, and the morphological
characteristics between both examined species showed
minimal differences, therefore we believe that the D.
marginatus and D. niveus could belong to the same species
and 1% differences in nucleotide sequence of ITS-2 region
between these two species can be understood as an intra-
species polymorphism. It seems that the ITS-2 nucleotide
sequence can be used as a sufficient molecular marker for
phylogenetical analysis of Dermacentor spp.

Rahbari et al. (2007) and Nabian et al. (2008) determined
the tick fauna in Iran and could find D. marginatus and D.
niveus mostly in the mountainous areas. Interestingly, they
could find D. niveus in North-East of Iran (Khorassan
province) whereas D. marginatus was more collected in
North-West of Iran. Taken these results with our results
together, it could be speculated that ecological environments
could have direct influence on some morphological charac-
ters of ticks, which must be studied in future.

Acknowledgement We would like to thank the Iranian Ministry of
Sciences, Research and Development for providing the financial
support (Immunopathology Central Excellence grant) for this study
and the Investigating group "Molecular Biological System Transfer"
for technical support. We would like also to thank Nargess Amini for
technical support.

References

Abbasian L (1961) Records of tick (Acarina:Ixodidae) occurring in
Iran and their distributional data. Acarologia 3:546–59

Arthur DR (1960) A monograph of the ixodide. Pt v: Dermacentor,
Anecentor, Comiomma, Boophilus and Margaropus. Cambridge
University Press

Barker SC (1998) Distinguishing speciesand populations of
Rhipicephaline ticks with ITS2 ribosomal RNA. J Parasitol 84
(5):887–892

Brown SJ, Askenase PW (1986) Amblyomma americanum: physi-
ochemical isolation of a parasite derived from the tick salivary
gland that is capable of inducing immune resistance in guinea
pigs. Exp Parasitol 62(1):40–50

Delpy L (1936) Note sur les Ixodides du genre Hyalomma (Koch).
Annels de Parasitologie 14(3):206–45

Delpy L (1938) Les especes iranienes du genre Haemaphysalis
Koch 1844. Annalles de Parasitologie Humaine et Comparee 16
(1):1–10

Estrada-Pena A, Estrada-Pena R (1991) Notes on Dermacentor
ticks: redescription of D. marginatus with the synonymies of D.
niveus and D. daghestanicus (Acari:Ixodidae). J Med Entomol
28:2–12

Hoogstral H, Valdez R (1980) Ticks (Ixodoidea) from wild sheep and
goats in Iran and medical and veterinary implications. Fieldiana
Zool 6:1–16

Kaiser MN, Hoogstraal H (1963) The Hyalomma ticks (Ixodoidea,
Ixodidae) of Afghanistan. J Parasitol 49:130–139

Mazlum Z (1971) Ticks of domestic animals in Iran: geographic
distribution, host relation, and seasonal activity. J vet Fac, univ
Tehran Iran 27(1):1–32

Nabian S, Rahbari S, Shayan P et al (2007) Current status of tick
fauna in North of Iran. Iranian J Parasitol 2(1):12–17

Nabian S, Rahbari S, Shayan P et al (2008) Identification of tick
species of Dermacentor in some localities of Iran. J Vet Res 63
(1):87–90

Rahbari S (1995) Studies on some ecological aspects of tick fauna of
West Azarbayejan, Iran. J Appl Anim Res 7:189–94

Rahbari S, Nabian S, Shayan P (2007) Primary report on distribution
of tick fauna in Iran. Parasitol Res 101(2):175–177

Roman E, Sicrat M (1957) Les Dermacentor de France. Bull D’Hist
Nat Toulouse 92:61–170

Sanger F, Niklen S, Coulson AR (1977) DNA sequencing with chain
terminating inhibitors. Proc Natl Acad Sci 74:5463–5467

Shayan P, Hooshmand E, Rahbari S, Nabian S (2007) Determination
of Rhipicephalus spp. as vectors for Babesia ovis in Iran.
Parasitol Res 101(4):1029–1033

Shpynov S, Parolal P, Rudakov N, Samoilenko I, Takibaev M,
Tarasevich I, Raoult D (2001) Detection and identification of
Spotted Fever Group Rickettsiae in Dermacentor ticks from
Russia and Central Kazakhstan. Eur J Clinical Microbiol Infect
Dis 20:903–905

Telmadarraiy Z, Bahrami A, Vatandoost H (2004) A survey on fauna
of ticks in West Azerbaijan Province, Iran. Iranian J Publ Health
33(4):65–69

Parasitol Res (2009) 105:1125–1132 1131



Walker AR, Bouattour A, Camicas JL, Estrada-Pena A, Horak IG, Latif A,
Pegram RG, Preston PM (2003) Ticks of domestic animals in Africa.
A guide to identification of species. Bioscience Reports, Edinburgh

Wesson DM, McLain DK, Oliver JH, Piesman J, Collins FH (1993)
Investigation of the validity of species status of Ixodes dammini(Acari:
Ixodidae) using rDNA. Proc Natl Acad Sci U S A 90:10221–10225

Whitehouse CA (2004) Crimean Congo hemorrhagic fever. Antivir
Res 64:145–160

Zahler M, Gothe R, Rinder H (1995) Genetic evidence against a
morphologically suggestive conspecificity of dermacentor retic-
ulates and D. marginatus (Acari:Ixodidae). Intern J Parasitol 25
(12):1413–1419

1132 Parasitol Res (2009) 105:1125–1132


	Genetic evidence for conspecificity between Dermacentor marginatus and Dermacentor niveus
	Abstract
	Introduction
	Materials and methods
	Samples and species determination
	Extraction of DNA from salivary gland of ticks
	PCR amplification
	Sequencing of PCR products

	Results and discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


