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Abstract 

Background:  Ticks are ectoparasites that feed on blood of a broad taxonomical range of terrestrial and flying verte-
brates and are distributed across a wide range of environmental settings. To date, the species identity, diversity, and 
relationships among the ticks on lizards in China have been poorly understood.

Methods:  In this study, 30 ticks, collected from the multi-ocellated racerunner (Eremias multiocellata) lizard in the 
Tarim Basin and adjacent Yanqi Basin of the Xinjiang Uygur Autonomous Region in China, were identified by mor-
phological observation and confirmed by DNA-based techniques. The mitochondrially encoded 12S rRNA, 16S rRNA, 
and COI gene fragments of ticks were amplified and sequenced. To understand the genetic polymorphisms, 47 ticks 
collected from hedgehogs and 1 from brushwood in the Tarim Basin were also included. Species identification was 
based on both morphological and molecular characters. The median-joining network approach was used to evaluate 
the intraspecific genealogies of the ticks and their relatedness with the geographical origin or hosts.

Results:  The sequence similarity analysis confirmed that the 30 ticks belong to three genera and three species 
including 11 individuals of Hyalomma asiaticum, 3 of Rhipicephalus turanicus, and 16 of Haemaphysalis sulcata. A 
network approach revealed paraphyletic populations of R. turanicus and Hy. asiaticum at the intraspecies level regard-
ing geographical origin and low host specificity. For R. turanicus and Hy. asiaticum, common ancestry was observed 
between COI sequences from lizards and other sequence types from different hosts and countries.

Conclusions:  To our knowledge, our study is the first to conduct a molecular survey of ticks from lizards in the arid 
regions of Xinjiang, China. Eremias multiocellata is an atypical host of the three tick species. Notably, two species of 
ticks, Hy. asiaticum and R. turanicus, have been collected and identified from lizards in China for the first time. Star-like 
networks suggest both of them might have experienced recent population expansion. The discoveries are closely 
related to the geographical environments in Xinjiang and will provide information for the control of ticks and tick-
borne pathogens in Northwest China.
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Background
Ticks are obligate hematophagous ectoparasites of verte-
brate animals, including amphibians, reptiles, birds, and 
mammals [1, 2]. Ticks can be found in areas around the 
world, ranging from the Arctic to tropical regions, and 
are considered significant vectors of diseases in humans, 
livestock, and wildlife [2]. Extant ticks comprise three 
families: Argasidae, Ixodidae, and Nuttalliellidae [3]. In 
China, ticks have high species diversity (~ 125 species) 
and have been classified into two families: Argasidae and 
Ixodidae [4, 5].

The Xinjiang Uygur Autonomous Region, located in 
the northwest of China, covers more than one sixth of 
the country’s territory. Large areas of mountains, deserts, 
and other additional characteristics constitute the par-
ticular landscape of Xinjiang [6]. Additionally, this region 
is mainly occupied with animal husbandry. Both the 
landscape and livestock population contribute to the sur-
vival of ticks. More than 40 tick species have been con-
firmed to be distributed in Xinjiang, constituting about 
one third of the species found in China, and most of the 
parasitifers are livestock [7].

Generally, wild animals serve as a huge and often 
unknown reservoir of hosts for zoonotic disease, includ-
ing tick-borne infections [8]. Many wild animals, such 
as wild boars, hedgehogs, lizards, and snakes, have been 
identified as tick hosts [5, 9]. However, studies on lizard-
tick associations are rare, especially in China. To date, 
only five tick species have been reported from lizards in 
China: Amblyomma javanense, Amblyomma varanense, 
Amblyomma crassipes, Ixodes nipponensis, and Haena-
physalis sulcata [5, 10]. Among them, only the immature 
stage (larva or nymph) of H. sulcata has been recorded 
on desert lizards in Xinjiang [11]. Meanwhile, lizards 
serve as a suitable host for many tick species [9, 10] and 
commonly share their habitats with domestic animals 
and human beings. A recent increase in human and ani-
mal infections from tick bites has been partly caused by 
a change in the hosts of ticks. Because two or three hosts 
are involved in the life history of many tick species, tick-
associated agents, including bacteria, viruses, protozoa, 
and helminths, carried by lizards might infect domestic 
animals and eventually result in human infection [12, 
13]. Different tick species are suited to carrying different 
pathogens. Thus, it is imperative to identify tick species 
rapidly and accurately.

Traditionally, ticks are identified using morphological 
methods and criteria [14]. However, these methods are 
insufficient for the identification of damaged, engorged, 
or immature specimens because of the loss or lack of 
morphological characteristics [15, 16]. Because of these 
limitations, only a limited number of experts such as 
taxonomists and trained technicians can identify ticks 

to species accurately [17]. Molecular taxonomy is an 
alternative method [18]. Molecular analyses based on 
DNA sequences could reveal species groups and assign 
unknown individuals to species. The PCR amplifica-
tion of molecular markers has been developed and has 
become an essential method in the species identifica-
tion of ticks [19–21]. Several genetic markers, such as 
the mitochondrial 12S ribosomal RNA gene (12S rRNA) 
[22, 23], 16S ribosomal RNA gene (16S rRNA) [24, 25], 
cytochrome c oxidase subunit 1 (COI) [23, 26], and the 
second internal transcribed spacer (ITS2) [27, 28], have 
been widely used for systematic studies on ticks.

In the present study, we amplified mitochondrial 
12S rRNA, 16S rRNA, and COI genes to identify ticks 
isolated from desert lizards in Northwest China. The 
obtained sequences were used for alignment in conjunc-
tion with some tick sequences retrieved from GenBank. 
Our work is a first attempt to investigate ticks infesting 
lizards in the arid desert regions of Xinjiang, China, by 
both morphological examination and DNA sequencing. 
We further conducted a preliminary survey of sequence 
diversity at the intraspecies level to examine geographical 
and/or host specificity.

Methods
Study area and sampling procedures
Thirty ticks were collected with tweezers from the body 
surfaces of lizards, which were identified as the multi-
ocellated racerunner, Eremias multiocellata, via mor-
phological determination following the commonly used 
classification system of lizards in China [29]. The lizards 
were hand-captured alive at three sites in the arid desert 
regions of the Xinjiang Uygur Autonomous Region of 
China (Fig.  1; Table  1). These sites are characteristic of 
arid deserts in the Tarim Basin and adjacent Yanqi Basin. 
In addition, 1 tick from brushwood (P4) and 47 ticks from 
1 hedgehog (Hemiechinus auritus) (P5) were collected 
and used as reference samples, as shown in Additional 
file 1: Table S1. These ticks were collected and preserved 
separately in 2-ml sample tubes containing 2 ml 95% eth-
anol for later identification and DNA extraction. All 77 
ticks were tentatively identified morphologically using 
microscopic examination and stored at the Chengdu 
Institute of Biology, Chinese Academy of Sciences. The 
protocol was approved by the medical ethics committee 
of Sichuan University (no. K2018056) and carried out 
under the National Guidelines for Experimental Animal 
Welfare (MOST of the People’s Republic of China, 2006).

DNA extraction, amplification, cloning, and sequencing 
protocols
The ticks were washed three times with phosphate-buff-
ered saline (pH 7.4). Then, half of the bodies of the large 
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ticks (width 3–8 mm) was cut into small pieces with a 
pair of sterile scissors. Total genomic DNA for each tick 
was extracted from the pieces of the half bodies of the 
large ticks or the whole bodies of the small ticks (width 
1–2 mm), using the commercial TIANamp Genomic 
DNA Kit (TIANGEN Bio, Beijing, China) according to 
the manufacturer’s protocols. The extracted DNA sam-
ples were stored at −20 °C for further use. PCR prim-
ers specific for the ticks were synthesized by Tsingke 
Biological Technology Co., Ltd. (Chengdu, China). They 
were used to amplify 12S rRNA [22], 16S rRNA [30], and 
COI [23] gene fragments for each tick sample using the 
genomic DNA as template and PrimeSTAR Max DNA 
polymerase (TaKaRa Bio, Shiga, Japan), according to the 
manufacturer’s instructions. The following cyclic condi-
tions were used: denaturation at 98 ℃ for 10 s; 15 s for 
annealing at a specific temperature;  1 min 10 s for elon-
gation at 72 ℃. These three steps were repeated for 34 
cycles. The negative control was treated with no template 
DNA and was included in all amplification runs. Success-
ful PCR products were determined by electrophoresis 
on 1.5% agarose gel and were purified using a Universal 
DNA Purification Kit (TIANGEN Bio). The expected 
product sizes (excluding primer sequences) were approx-
imately 320 bp of 12S rRNA, 455 bp of 16S rRNA, and 760 
bp of COI. The PCR products were purified by excision of 
the band from the agarose gel using the Universal DNA 
Purification Kit (TIANGEN Bio) and were sequenced at 
Tsingke Biological Technology Co., Ltd.

Sequence alignment and similarity analysis
Geneious Prime 2019.1.3 was used to study and edit 
the chromatograms. First, the obtained sequence data 
were preliminarily identified by GenBank searches using 
BLASTn (https​://blast​.ncbi.nlm.nih.gov/Blast​.cgi). All 
the nucleotide sequences obtained in this study have been 
submitted to the GenBank database (Additional file  1: 
Table S1, Additional file 2: Table S2). Subsequently, all the 
sequences of each gene locus were multiple-aligned with 
a set of tick sequences for that locus. These sequences (34 
12S rRNA, 78 16S rRNA, 72 COI) were retrieved from 
GenBank (Additional file 3: Tables S3) and aligned using 
the default options of Clustal W in MEGA v.7.0.26 [31] 
and refined manually. Finally, the uncorrected distances 
of 12S rRNA, 16S rRNA, and COI sequences were calcu-
lated with MEGA within and between each species in the 
same genus, respectively.

Network reconstruction
To present the relationships among haplotypes within 
species and their relatedness with the geographical origin 
or hosts, the median-joining (MJ) network reconstruc-
tion method [32] was applied to Haemaphysalis sulcata, 

Rhipicephalus turanicus, and Hyalomma asiaticum 
sequences. First, distinct sequence types (haplotypes) 
were defined by using the program DAMBE v.5.2.30 [33]; 
these were used for the subsequent analyses. The MJ net-
work method followed by the maximum parsimony (MP) 
option to clean up the network was implemented using 
the program NETWORK v5.0.0.3 (available at http://
www.fluxu​s-engin​eerin​g.com/share​net.htm). Mean-
while, to further assess the possibility of shared ancestry 
for each tick species, we did haplotype network analyses 
with other sequence types from other regions or hosts 
samples. Eight representative 16S rRNA sequences of H. 
sulcata, nine representative COI sequences of H. sulcata, 
81 representative COI sequences of R. turanicus, and 
104 representative COI sequences of Hy. asiaticum were 
retrieved from GenBank for comparisons, respectively 
(Additional file  5: Table  S5, Additional file  6: Table  S6, 
Additional file 7: Table S7, Additional file 8: Table S8).

Results
Tick sample collection from lizards
In total, 30 ticks parasitizing lizards (identified as E. mul-
tiocellata) were collected from three sampling sites in 
Xinjiang. Six lizards were captured alive by hand. The 
total prevalence of ticks infested was 50% (Table 2). The 
majority of ticks were found in the lizards’ armpits and 
crotch areas, and a few ticks were found on the head, on 
the sides of the chest, or in the pericloacal region. Based 
on morphological keys and descriptions in previous 
reports [11], preliminary examination identified these 
ticks to three species of three genera: Hy. asiaticum, R. 
turanicus, and H. sulcata.

Sequence characteristics
The PCR amplification of each locus resulted in ampli-
cons of the expected lengths (approximately 320 bp for 
12S rRNA, 455 bp for 16S rRNA, and 760 bp for COI). The 
estimated mean frequencies of the GC were as follows: 
23.5% for 12S rRNA, 21.31% for 16S rRNA, and 32.7% for 
COI. Thus, both the lengths and GC content were within 
the range of tick species [21]. Overall, sequence search-
ing with BLASTn (megablast) revealed over 90% identity 
with Hy. asiaticum, R. turanicus, or H. sulcata. For 12S 
rRNA, the similarities between sequences in this study 
and reference sequences from GenBank varied from 94.7 
to 96% for H. sulcata, 99.5% to 100% for Hy. asiticum, and 
99.6% to 100% for R. turancus. For COI, the similarities 
between sequences in this study and reference sequences 
from GenBank varied from 90% to 91.1% for H. sulcata, 
99.5% to 100% for Hy. asiticum, and 100% for R. turan-
cus. For 16S rRNA, the similarities between sequences in 
this study and reference sequences from GenBank varied 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.fluxus-engineering.com/sharenet.htm
http://www.fluxus-engineering.com/sharenet.htm
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from 98.7 to 100% for H. sulcata, 99.7% for Hy. asiticum, 
and 100% for R. turancus.

For 12S rRNA, the similarities of intraspecific 
sequences of H. sulcata varied from 94.3 to 100%, while 
similarities of interspecific sequences within genera were 
estimated from 85.8 to 90.5% (Table  3). The similarities 
of intraspecific sequences of Hy. asiaticum varied from 

99.6 to 100%, while similarities of interspecific sequences 
within genera were estimated from 86 to 92.6%. The 
similarities of intraspecific sequences of R. turancus var-
ied from 99.2 to 99.6%, while similarities of interspecific 
sequences within genera were estimated from 85.4 to 
95.2% .

Fig. 1  Sampling sites of hosts in the Tarim Basin and adjacent Yanqi Basin of Xinjiang. The site numbers P1–P5 correspond to those in Table 1. The 
species of ticks collected from each site are shown with different colors (yellow: Haemaphysalis sulcata, green: Hy. asiaticum, blue: R. turanicus). A 
general view of the multi-ocellated racerunner (Eremias multiocellata) is shown, with a tick near its armpit (photo by Jinlong Liu)
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For COI, the similarities of intraspecific sequences 
of H. sulcata varied from 90.5 to 100%, while simi-
larities of interspecific sequences within genera were 
estimated from 82.9% to 87.7% (Table 3). The similari-
ties of intraspecific sequences of Hy. asiaticum varied 
from 98.9 to 100%, while similarities of interspecific 
sequences within genera were estimated from 84.2 to 
92.4%. The similarities of intraspecific sequences of R. 
turancus varied from 93.3 to 100%, while similarities 
of interspecific sequences within genera were esti-
mated from 84.5 to 91.5%.

For 16S rRNA, the similarities of intraspecific 
sequences of H. sulcata varied from 98.7 to 100%, 
while similarities of interspecific sequences within 
genera were estimated from 79.1 to 91.8% (Table  3). 
The similarities of intraspecific sequences of Hy. asit-
icum varied from 95.3 to 99.7%, while similarities of 
interspecific sequences within genera were estimated 
from 85 to 92.3%. The similarities of intraspecific 
sequences of R. turancus varied from 98.3 to 100%, 
while similarities of interspecific sequences within 
genera were estimated from 83.5 to 94.2%.

In addition, the tick species identified in this study 
were most closely related to the same species, but 
exhibited higher differences from other species in the 
same genus (Table 3).

Median‑joining network
To further evaluate the relationships among the 
intraspecific genes of lizard ticks, MJ networks were 

constructed using the MJ algorithm network method. 
The network of seven haplotypes of 16S rRNA (align-
ment length of 266 bp) for H. sulcata is shown as 
Fig. 2. Q1 and Q2, collected from lizards in Northwest 
China, were more closely related to each other than to 
the other sequences from different countries. Mean-
while, the network of 14 haplotypes of COI (alignment 
length of 550 bp) for H. sulcata is shown as Fig. 3. The 
main feature of the haplotype distribution was the 
occurrence of a clear geographical structuring. Appar-
ently, the COI haplotype network of H. sulcata from 
the lizards is centered around haplotype Q7. Fur-
thermore, compared with those from Iran, Pakistan, 
and Romania, the H. sulcata from China did cluster 
together.

To further assess the possibility of shared ances-
try for R. turanicus, we conducted haplotype net-
work analysis with other sequence types from 
other regions/hosts. Eighty-one representative COI 
sequences of R. turanicus were retrieved from Gen-
Bank for comparison (see Additional file 7: Table S7). 
The network based on 31 COI haplotypes (496 bp) 
of R. turanicus is shown in Fig.  4. It exhibited no 
apparent geographic structure rather than a complex 
pattern, with the network comprising multiple con-
figurations, including one star-like network. The R. 
turanicus from China did not cluster together; they 
were instead paraphyletic with those from other coun-
tries including Iran, Kazakhstan, Israel, and Iraq. It 
also showed that most haplotypes of R. turanicus 
from China were closely related to each other with the 

Table 1  List of sampling localities and host species in this study

Site label Locality Hosts (individual number)

P1 Aheqi County, Kizilsu Kirghiz Autonomous Prefecture, Xinjiang E. multiocellata (3)

P2 Aheqi County, Kizilsu Kirghiz Autonomous Prefecture, Xinjiang E. multiocellata (1)

P3 Hejing County, Bayingol Mongolian Autonomous Prefecture, Xinjiang E. multiocellata (2)

P4 Qiemo County, Bayingol Mongolian Autonomous Prefecture, Xinjiang Free, not applicable

P5 Yutian County, Hotan Prefecture, Xinjiang Hedgehog (1)

Table 2  List of sampling localities, lizard host species, tick species, and sample size in this study

P1, P2, and P3 correspond to those in Table 1

Site label Hosts (infested/total) Ticks (total) H. sulcata Hy. asiaticum R. turanicus

No. % No. % No. % No. %

P1 E. multiocellata (1/3) 2 6.67 2 6.67 0 0 0 0

P2 E. multiocellata (1/1) 12 40 4 13.33 6 20 2 6.66

P3 E. multiocellata (1/2) 16 53.33 11 36.67 4 13.33 1 3.33

Total 3/6 30 100 17 56.67 10 33.33 3 13.33
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exception of one sequence (KU880593). Interestingly, 
Z1 (6 sequences obtained in this study) and the other 
24 sequences from China shared the same haplotype (A) 
as 1 sequence from Iran (KT313117) and 5 from Kazakh-
stan (MN689425, MN689410, MN841462, MN907846, 
and MN853166). Overall, at the intraspecific level, the 
haplotype network could directly reflect the small genetic 
distances between the Z1 haplotype obtained in this 
study and other adjacent haplotypes.

In addition, to further evaluate the possibility of 
shared ancestry for Hy. asiaticum, we did haplotype 
network analysis with other sequence types from other 
regions/hosts. One hundred four representative COI 
sequences of Hy. asiaticum were retrieved from Gen-
Bank for comparison (see Additional file  8: Table  S8). 
For Hy. asiaticum, the MJ network produced a complex 
pattern (Fig.  5), with the network comprising multiple 
configurations, including one star-like network, with 
the central sequences being the most frequent haplo-
type (C1). Although 46 haplotypes were detected, the 
network shows relatively shallow genetic divergence 
and little evidence of an overt geographic structure. 
Moreover, the haplotype C1 was shared by 63 sequences, 
and among them, 4 were from Iran (KP219869, 
KP219864, KP219860, and KP208951), 7 from Kazakh-
stan (MN892553, MN961479, MN907845, KU364334, 
KU364332, KU364324, and KU364317), and the rest 
from China (including Inner Mongolia, Xinjiang, Gansu, 
etc.). Two sequences (MT237666 and MT237693), 
obtained from hedgehog in Xinjiang, shared the same C2 
haplotype with one sequence from sheep in Inner Mon-
golia, China. In addition, the COI haplotype network 

of Hy. asiaticum could intuitively reflect the distances 
between the five obtained haplotypes in this study.

Discussion
This study is the first to investigate ticks on lizards from 
the arid desert regions of Xinjiang, China, using both 
morphological examination and molecular techniques. 
The results show that the 30 ticks from E. multiocellata 
lizards at 3 sites in this study belong to 3 genera and 3 
species (H. sulcata, Hy. asiaticum, and R. turanicus). 
Among them, H. sulcata was the most abundant spe-
cies and R. turanicus the rarest, with only four ticks. Hy. 

Table 3  Average value of uncorrected pairwise distance and the range of similarities between sequences of ticks from the same or 
from difference species

Gene H. sulcata Hy. asiticum R. turancus

Similarities within tick species (%) Between sequences in this study and 
reference sequences from GenBank

12S rRNA 94.7−96 99.5−100 99.6-100

COI 90−91.1 99.5−100 100

16S rRNA 98.7−100 99.7 100

Similarities between sequences (%) Within species 12S rRNA 94.3−100 99.6−100 99.2−99.6

COI 90.5−100 98.9−100 93.3−100

16S rRNA 98.7−100 95.3−99.7 98.3−100

Between species 12S rRNA 85.8−90.5 86−92.6 85.4−95.2

COI 82.9−87.7 84.2−92.4 84.5−91.5

16S rRNA 79.1−91.8 85−92.3 83.5−94.2

Mean value of uncorrected genetic 
distance between sequences

Within species 12S rRNA 0.012 0 0.005

COI 0.022 0.002 0.019

16S rRNA 0.009 0.02 0.002

Between species 12S rRNA 0.12 0.109 0.096

COI 0.148 0.117 0.131

16S rRNA 0.124 0.077 0.112

Fig. 2  Median-joining network based on the 16S rRNA haplotype 
of Haemaphysalis sulcata. Solid circles of the network indicate 
the haplotypes, and small hollow circles indicate median vectors 
inferred by NETWORK software. Different filled patterns represent 
the corresponding geographical origin from which the haplotype 
was sampled. The size of the circles roughly represents the numbers 
of sequences carrying the haplotype, with the scale given beside 
the network. The representative reference sequences retrieved from 
GenBank are listed in Additional file 5: Table S5
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asiaticum and R. turanicus were reported in lizards in 
Northwest China for the first time.

The tick H. sulcata is one of the three host tick spe-
cies. The adults have been reported to usually feed 
on domestic and wild ungulates, while the immature 
stages have a special preference for reptiles [5, 11, 34]. 
In Turkey, H. sulcata was once reported on Apathya 
cappadocica, Stellagama stellio, and Ophisops elegans 
[35]. Recently, six lizard species in Turkey have been 
found to be reptilian hosts of H. sulcata [36]. Con-
sistent with previous researches in China [5, 11], we 
found immature H. sulcata feeding on lizards. In this 
study, the H. sulcata haplotypes obtained from the 
lizards have a close relationship with those derived 
from GenBank. It is notable that one of the 16S rRNA 
sequences (MN276477), collected from the lizard, 
and the two sequences of H. sulcata (MN860530, 
MN860531) were found to be identical. The three 
shared the same Q2 haplotype (Fig.  2). In addition, 
for COI, one sequence with accession MT237701, 
collected from the lizard, is three substitutions away 
from those from Iran (MH532303) and Pakistan 
(MT800319) (Fig. 3). Therefore, we can conservatively 
infer that 17 of the ticks collected from the lizards can 
be identified to the species H. sulcata with confidence.

Interestingly, we found not only H. sulcata feeding 
on the lizards, but also found two local tick species 
that are dominant in Xinjiang, Hy. asiaticum and R. 
turanicus. A previous survey of ticks on livestock also 

reported that H. sulcata, Hy. asiaticum, and R. turani-
cus were found in the Tarim Basin in Xinjiang. As 
the prevalent species in Xinjiang, Hy. asiaticum has 
a broad host range, reaching more than 50 species, 
mainly artiodactyls and smaller mammals [37, 38].

Hyalomma asiaticum is also a three-host tick spe-
cies. All hosts can be opportunistically infested at all 
stages of Hy. asiaticum [39]. The chief hosts of its 
immature stages are smaller mammals (e.g., rodents, 
hedgehogs, and shrews), while carnivores, birds, and 
reptiles are seemingly secondary or occasional hosts 
[40]. It was recorded that the immature stages of Hy. 
asiaticum were once collected and identified from the 
Przewalski’s wonder gecko Teratoscincus przewalskii 
[39], albeit without indicating its geographical ori-
gin. This is the first report on the immature stages of 
infestation of Hy. asiaticum on racerunner lizards in 
Xinjiang, Northwest China.

Hyalomma asiaticum is widely distributed in Asia, 
from Syria in the West to eastern China in the East 
[39], exhibiting great geographical and individual 
variability. In contrast to the population structure of 
Hy. asiaticum revealed by mitochondrial and nuclear 
genome [41], our data did not recover the geographi-
cal differentiation between Xinjiang and Inner Mon-
golia (Fig.  5), even between China and Kazakhstan 
and Iran. This inconsistency may be explained by the 
incomplete lineage sorting due to limited polymor-
phic sites in the COI gene segments. No apparent 
geographical structure is observed that links the hap-
lotypes with host taxa (Additional file 8: Table S8). In 
an exponentially growing population starting from a 
small source group, a "star phylogeny" can be antici-
pated with many genealogical lineages tracing to a 
restricted span of times near the initial population 
expansion [42]. As shown in Fig. 5, a common ances-
tral-like haplotype (C1) lies at the star’s center, and 
recent derivatives are connected to it independently 
by short branches. This star-like network suggests 
that Hy. asiaticum might have experienced recent 
expansion. Furthermore, the pattern of sequence 
diversity within Hy. asiaticum provides evidence 
for widespread tick infestations across host taxa and 
across geographical locations, ranging from different 
provinces in China to adjacent Kazakhstan, and even 
further in Iran. In other words, it seems that there is 
no spatially scale-dependent host specificity for Hy. 
asiaticum. This pattern of low host specificity of Hy. 
asiaticum is similar to that observed in some other 
ticks. For example, a recent study revealed that there 
is limited host specificity and no clear relation to the 
geographical distribution of Amblyomma triste and 
A. tigrinum immature stages from Argentina [43].The 

Fig. 3  Median-joining network based on COI haplotype of 
Haemaphysalis sulcata. Solid circles of the network indicate the 
haplotypes, and small hollow circles indicate median vectors inferred 
by the NETWORK software. Different filled patterns represent the 
corresponding geographical origin from which the haplotype was 
sampled. The size of the circles roughly represents the numbers of 
sequences carrying the haplotype, with the scale given beside the 
network. The representative reference sequences retrieved from 
GenBank are listed in Additional file 6: Table S6
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cause of the low geographical and host specificity in 
Hy. asiaticum is unknown, but we speculate it may 
stem from its generalist behavior [39]. However, there 
are still unique hedgehog-tick haplotypes (C3, C4 
and C5) in Xinjiang, China. It is of vital importance 
to study the specificity of ticks distinguishing their 
life stage [43, 44]. After all, a generalist behavior may 
result in dissimilar levels of infestation across a range 
of usual hosts [43].

In previous studies, R. turanicus was recognized as a 
widespread species in desert and semi-desert areas in 
the southern region of Xinjiang [45, 46]. However, the 
abundance of this species seems to be partly reduced 
owing to the limited sample size in the present study. 
Although this species has been reported to feed on 
lizards [47], the record of R. turanicus collected from 
lizards in China was blank until we found the three 
lizard ticks in this study. As shown in Fig. 4, in the R. 
turanicus clade, one haplotype (Z1, three sequences 
from lizards and three from hedgehog) shared an 
identical haplotype (A) with 24 Chinese R. turanicus 
as well as some sequences from Kazakhstan and Iran 
derived from GenBank. A star-like network surround-
ing the common ancestral-like haplotype (A) sug-
gests that R. turanicus might have experienced recent 
population expansion. To enrich the knowledge of tick 
species infesting lizards and their potential to cause 
tick-borne diseases, more investigations are needed. 
Reptile ticks could perhaps be believed to be less 
widely distributed in China only because of the lack of 
investigation on them.

Eremias multiocellata is highly adapted to desert 
and semi-desert habitats, with a wide distribution 
from northern China, across Mongolia to the Tuva 
Republic of Russia [29, 48]. Several factors may affect 
the distribution of tick species, such as the climate, 
human land-use patterns, geographical habitats, 
and hosts [9, 10]. The Tarim Basin hosts the largest 
shifting-sand desert in central Asia, the Taklimakan 
Desert. As an endorheic basin in southern Xinjiang, 
the basin is surrounded by the Tien Shan to the north, 
the Pamirs to the west, the Kunlun Mountains to the 
south, and the Altun Mountains to the east. Overall, 

the climate in the basin is extremely dry as the moun-
tains have blocked out moist air from the sea since 
the beginning of the Pliocene [49]. Various land-
scapes in the Tarim Basin are composed of desertified 
grassland, salinized desert, and human- and animal-
inhabited oases [6, 45]. The Yanqi Basin is located at 
the southeastern Tien Shan and separated from the 
Tarim Basin by the eastward extension of the Tien 
Shan (i.e. Kuruktagh), whose terrain slopes up from 
the northwest down to the southeast. The northwest 
is mountainous, and the south is low-lying desert [50]. 
These together were consistent with the adapted liv-
ing environments of the three tick species found in 
the lizards [38, 46]. Accordingly, we suggest that the 
characteristics found in this study of ticks in Xinjiang 
are closely related to the geographical environments. 
Further study is necessary to test whether climatic 
condition, lizard ecological traits, and host phylogeny 
explain tick prevalence across desert lizard species in 
an explicit geographical framework.

Xinjiang, adjacent to eight countries (Russia, 
Kazakhstan, Kyrgyzstan, Tajikistan, Pakistan, Mongo-
lia, India, and Afghanistan), is an important transpor-
tation hub. The economic system of Xinjiang is mainly 
agriculture and animal husbandry; thus, farmers 
and herders are in close contact with livestock, rep-
tiles, and ticks. Therefore, the outlook for the spread 
and epidemic risk of tick-borne disease in this area 
is grim, and the potential for the early warning, pre-
vention, and control of tick-borne diseases should be 
improved. Further studies on the storage and trans-
mission of pathogens in ticks are needed to help us 
control ticks and tick-borne diseases efficiently.

Conclusions
Based on both morphological and molecular techniques, 
ticks parasitic on lizards have been identified for the first 
time in the arid desert regions of Xinjiang in China. The 
detected ticks belong to three species and three genera, 
including Hy. asiaticum, R. turanicus, and H. sulcata. Ere-
mias multiocellata is an atypical lizard host of the three 
tick species. Notably, two species of ticks, Hy. asiaticum 

Fig. 4  Median-joining network based on CO1 haplotypes of Rhipicephalus turanicus. Solid circles of the network indicate the haplotypes, and small 
hollow circles indicate median vectors inferred by NETWORK software. The size of the solid circles roughly represents the numbers of sequences 
carrying the haplotype, with the scale given beside the network. Different filled patterns represent the corresponding geographical origin from 
which the haplotype was sampled. The representative reference sequences retrieved from GenBank are listed in Additional file 7: Table S7

(See figure on next page.)
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and R. turanicus, have been collected and identified from 
lizards in China for the first time to our knowledge. Star-
like networks for R. turanicus and Hy. asiaticum suggest 
both of them might have experienced recent popula-
tion expansion. The characteristics of ticks found in our 

study in Xinjiang are closely related to the geographical 
environments. Our findings could enrich our knowledge 
about tick species infesting wild animals and help us to 
understand the association between lizards and ticks in 
Xinjiang.

Fig. 5  Median-joining network based on CO1 haplotype of Hyalomma asiaticum. Solid circles of the networks indicate the haplotypes, and small 
hollow circles indicate median vectors inferred by NETWORK software. The size of the solid circles roughly represents the numbers of sequences 
carrying the haplotype, with the scale given beside the network. Different filled patterns represent the corresponding geographical origin from 
which the haplotype was sampled. The representative reference sequences retrieved from GenBank are listed in Additional file 8: Table S8



Page 11 of 12Zhou et al. Parasites Vectors          (2021) 14:135 	

Supplementary Information
The online version contains supplementary material available at https​://doi.
org/10.1186/s1307​1-021-04639​-z.

Additional file 1: Table S1. List of the voucher number, origin, haplotype 
number, and GenBank accession numbers of the ticks obtained from 
hedgehog and brushwood in this study.

Additional file 2: Table S2. List of the voucher number, origin, stage, 
haplotype number, and GenBank accession numbers of the ticks obtained 
from lizards in this study.

Additional file 3: Table S3. List of the tick species retrieved from GenBank 
for sequence similarity analysis, with accession numbers and references.

Additional file 4: Table S4. List of the host, origin, tick species, haplotype 
number, and GenBank accession numbers of the ticks obtained from this 
study and used for median-joining network presented in Figs. 2, 3, 4, 5.

Additional file 5: Table S5. Accession numbers for eight 16S rRNA gene 
sequences of Haemaphysalis sulcata downloaded from GenBank and used 
for the median-joining network presented in Fig. 2.

Additional file 6: Table S6. Accession numbers for 9 COI gene sequences 
of Haemaphysalis sulcata downloaded from GenBank and used for the 
median-joining network presented in Fig. 3.

Additional file 7: Table S7. Accession numbers for 81 COI gene 
sequences of Rhipicephalus turanicus downloaded from GenBank and 
used for the median-joining network presented in Fig. 4.

Additional file 8: Table S8. Accession numbers for 104 COI gene 
sequences of Hyalomma asiaticum downloaded from GenBank and used 
for the median-joining network presented in Fig. 5.

Abbreviations
Hy. asiaticum: Hyalomma asiaticum; H. sulcata: Haemaphysalis sulcata; R. turani-
cus: Rhipicephalus turanicus; 12S rRNA: 12S ribosomal RNA gene; 16S rRNA: 16S 
ribosomal RNA gene; COI: Cytochrome c oxidase subunit 1; PCR: Polymerase 
chain reaction; MJ: Median-joining; MP: Maximum parsimony.

Acknowledgements
We are grateful to two anonymous reviewers for their thoughtful comments 
which improved the focus and clarity of this paper.

Authors’ contributions
JPC and DLC designed and supervised the study. QZ, HC, JHZ, JLH and ZWZ 
undertook the laboratory work. XGG, JLL, QS, XG and DLC collected the 
samples. QZ, JL and XGG led the writing. QZ, XGG, DLC and JPC led the revi-
sion. All authors contributed critically to the drafts and gave final approval for 
publication.

Funding
This study was supported by the National Natural Science Foundation of 
China for DLC (31872959, 31572240), XGG (31672270), JPC (81672048), and JL 
(31802184).

Availability of data and materials
All data generated or analysed during this study are included in this published 
article [and its additional files].

Ethics approval and consent to participate
The protocol was approved by medical ethics committee of Sichuan Univer-
sity (no. K2018056) and carried out under the National Guidelines for Experi-
mental Animal Welfare (MOST of People’s Republic of China, 2006).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Pathogenic Biology, School of Basic Medical Sciences 
and Forensic Medicine, Sichuan University, Chengdu, West China, China. 
2 Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu, 
Sichuan, China. 3 Animal Disease Prevention and Food Safety Key Laboratory 
of Sichuan Province, Sichuan University, Chengdu, Sichuan, China. 

Received: 24 October 2020   Accepted: 15 February 2021

References
	1.	 Parola P, Raoult D. Ticks and tick borne bacterial diseases in humans: an 

emerging infectious threat. Clin Infect Dis. 2001;32:897–928.
	2.	 de la Fuente J, Estrada-Peña A, Venzal JM, Kocan KM, Sonenshine DE. 

Overview: ticks as vectors of pathogens that cause disease in humans 
and animals. Front Biosci. 2008;13:6938–46.

	3.	 Guglielmone AA, Robbins RG, Apanaskevich DA, Petney TN, Estrada-Peña 
A, Horak IG, et al. The Argasidae, Ixodidae and Nuttalliellidae (Acari: Ixo-
dida) of the world: a list of valid species names. Zootaxa. 2010;2528:1–28.

	4.	 Chen Z, Yang X, Bu F, Yang X, Yang X, Liu J. Ticks (Acari: Ixodoidea: Argasi-
dae, Ixodidae) of China. Exp Appl Acarol. 2010;51:393–404.

	5.	 Zhang YK, Zhang XY, Liu JZ. Ticks (Acari: Ixodoidea) in China: geographical 
distribution, host diversity, and specificity. Arch Insect Biochem Physiol. 
2019;102:e21544.

	6.	 Zhang RZ. Zoogeography in China. Beijing: Science Press; 2011. (in 
Chinese).

	7.	 Sheng J, Jiang M, Yang M, Bo X, Zhao S, Zhang Y, et al. Tick distribu-
tion in border regions of Northwestern China. Ticks Tick-Borne Dis. 
2019;10:665–9.

	8.	 Chomel BB, Belotto A, Meslin FX. Wildlife, exotic pets, and emerging 
zoonoses. Emerg Infect Dis. 2007;13:6–11.

	9.	 Sonenshine DE, Roe RM. Biology of Ticks, vol. 1. 2nd ed. New York: Oxford 
University Press; 2013.

	10.	 Guglielmone AA, Robbins RG, Apanaskevich DA, Petney TN, Estrada-Peña 
A, Horak IG. The Hard Ticks of the World (Acari: Ixodida: Ixodidae). Heidel-
berg: Springer, Dordrecht; 2014.

	11.	 Yu Xin, Ye RY, Gong ZD. Ticks in Xinjiang. Xinjiang Science and Technology 
Medical Press; 1997, p. 38–84. (in Chinese)

	12.	 Balasubramanian R, Yadav PD, Sahina S, Arathy NV. Distribution and 
prevalence of ticks on livestock population in endemic area of Kyasanur 
forest disease in Western Ghats of Kerala, South India. J Parasit Dis. 
2019;43:256–62.

	13.	 Fang LQ, Liu K, Li XL, Liang S, Yang Y, Yao HW, et al. Emerging tick-borne 
infections in mainland China: an increasing public health threat. Lancet 
Infect Dis. 2015;15:1467–79.

	14.	 Li J, Chen ZH, Jiang L, Wu CY, Liao SQ, Lin XH, et al. Characterization of 
cattle-origin ticks from Southern China. Acta Trop. 2018;187:92–8.

	15.	 Caporale DA, Rich SM, Spielman A, Telford SR, Kocher TD. Discriminating 
between Ixodes ticks by means of mitochondrial DNA sequences. Mol 
Phylogenet Evol. 1995;4:361–5.

	16.	 Lv J, Wu S, Zhang Y, Chen Y, Feng C, Yuan X, et al. Assessment of four DNA 
fragments (COI, 16S rDNA, ITS2, 12S rDNA) for species identification of the 
Ixodida (Acari: Ixodida). Parasit Vectors. 2014;7:93.

	17.	 Jinbo U, Kato T, Ito M. Current progress in DNA barcoding and future 
implications for entomology. Entomol Sci. 2011;14:107–24.

	18.	 Uilenberg G, Thiaucourt F, Jongejan F. On molecular taxonomy: what is in 
a name? Exp Appl Acarol. 2004;32:301–12.

	19.	 Song S, Shao R, Atwell R, Barker S, Vankan D. Phylogenetic and phy-
logeographic relationships in Ixodes holocyclus and Ixodes cornuatus 
(Acari: Ixodidae) inferred from COX1 and ITS2 sequences. Int J Parasitol. 
2011;41:871–80.

	20.	 Tian Z, Liu G, Xie J, Yin H, Luo J, Zhang L, et al. Discrimination between 
Haemaphysalis longicornis and H. qinghaiensis based on the partial 16S 
rDNA and the second internal transcribed spacer (ITS-2). Exp Appl Acarol. 
2011;54:165–72.

	21.	 Lu X, Lin XD, Wang JB, Qin XC, Tian JH, Guo WP, et al. Molecular survey 
of hard ticks in endemic areas of tick-borne diseases in China. Ticks Tick-
Borne Dis. 2013;4:288–96.

https://doi.org/10.1186/s13071-021-04639-z
https://doi.org/10.1186/s13071-021-04639-z


Page 12 of 12Zhou et al. Parasites Vectors          (2021) 14:135 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	22.	 Beati L, Keirans JE. Analysis of the systematic relationships among ticks 
of the genera Rhipicephalus and Boophilus (Acari: Ixodidae) based on 
mitochondrial 12S ribosomal DNA gene sequences and morphological 
characters. J Parasitol. 2001;87:32–48.

	23.	 Murrell A, Campbell NJ, Barker SC. Phylogenetic analyses of the Rhipi-
cephaline ticks indicate that the genus Rhipicephalus is paraphyletic. Mol 
Phylogenet Evol. 2000;16:1–7.

	24.	 Black WC, Piesman J. Phylogeny of hard- and soft-tick taxa (Acari: Ixodida) 
based on mitochondrial 16S rDNA sequences. Proc Natl Acad Sci U S A. 
1994;91:10034–8.

	25.	 Norris DE, Klompen JS, Keirans JE, Black WC. Population genetics of Ixodes 
scapularis (Acari: Ixodidae) based on mitochondrial 16S and 12S genes. J 
Med Entomol. 1996;33:78–89.

	26.	 Mitani H, Takahashi M, Masuyama M, Fukunaga M. Ixodes philipi (Acari: 
Ixodidae): phylogenetic status inferred from mitochondrial cytochrome 
oxidase subunit I gene sequence comparison. J Parasitol. 2007;93:719–22.

	27.	 Shaw M, Murrell A, Barker SC. Low intraspecific variation in the rRNA 
internal transcribed spacer 2 (ITS2) of the Australian paralysis tick, Ixodes 
holocyclus. Parasitol Res. 2002;88:247–52.

	28.	 Fukunaga M, Yabuki M, Hamase A, Oliver JH Jr, Nakao M. Molecular 
phylogenetic analysis of ixodid ticks based on the ribosomal DNA spacer, 
internal transcribed spacer 2, sequences. J Parasitol. 2000;86:38–43.

	29.	 Zhao EM, Zhao KT, Zhou KY. Fauna Sinica, Reptilia, Vol. 2, Squamata, Lacer-
tilia. Beijing, China: Science Press. 1999;220–43. (in Chinese)

	30.	 Lv J, Wu S, Zhang Y, Zhang T, Feng C, Jia G, et al. Development of a DNA 
barcoding system for the Ixodida (Acari: Ixodida). Mitochondrial DNA. 
2014;25:142–9.

	31.	 Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary genetics 
analysis version 7.0 for bigger datasets. Mol Biol Evol. 2016;33:1870–4.

	32.	 Bandelt HJ, Forster P, Röhl A. Median-joining networks for inferring 
intraspecific phylogenies. Mol Biol Evol. 1999;16:37–48.

	33.	 Xia X. DAMBE5: a comprehensive software package for data analysis in 
molecular biology and evolution. Mol Biol Evol. 2013;30:1720–8.

	34.	 Vatansever Z. Haemaphysalis sulcata Canestrini and Fanzago, 1877. In: 
Estrada-Peña A, Mihalca A, Petney T, editors. Ticks of Europe and North 
Africa: a guide to species identification. Springer: Cham; 2017. p. 241–3.

	35.	 Hoogstraal H. Biological observations on certain Turkish Haemaphysalis 
ticks (Ixodoidea, Ixodidae). J Parasitol. 1959;45:227–32.

	36.	 Keskin A, Bursali A, Kumlutas Y, Ilgaz C, Tekin S. Parasitism of immature 
stages of Haemaphysalis sulcata (Acari: Ixodidae) on some reptiles in 
Turkey. J Parasitol. 2013;99:752–5.

	37.	 Wang YZ, Mu LM, Zhang K, Yang MH, Zhang L, Du JY. A broad-range sur-
vey of ticks from livestock in Northern Xinjiang: changes in tick distribu-
tion and the isolation of Borrelia burgdorferi sensu stricto. Parasit Vectors. 
2015;8:449.

	38.	 Sun X, Zhang GL, Liu XM, Zhao Y, Zheng Z. Investigation of tick spe-
cies and tick-borne pathogens in Hoxud county of Xinjiang Uyghur 

Autonomous Region, China. Chin J Vector Biol Control. 2013;24:5–7,10 (in 
Chinese with English abstract).

	39.	 Apanaskevich DA, Horak IG. The genus Hyalomma. XI. Redescription of all 
parasitic stages of H. (Euhyalomma) asiaticum (Acari: Ixodidae) and notes 
on its biology. Exp Appl Acarol. 2010;52:207–20.

	40.	 Filippova NA, Musatov SA, Panova IV, Lobanov AL. The taxonomic pattern 
of the polytypic species Hyalomma asiaticum (Ixodidae) First experience 
of morphometric data bases application. Parazitologiya. 1995;29:65–82 
(in Russian with English abstract).

	41.	 Jia N, Wang J, Shi W, Du L, Sun Y, Zhan W, et al. Large-scale comparative 
analyses of tick genomes elucidate their genetic diversity and vector 
capacities. Cell. 2020;182:1328–40.

	42.	 Slatkin M, Hudson RR. Pairwise comparisons of mitochondrial DNA 
sequences in stable and exponentially growing populations. Genetics. 
1991;129:555–62.

	43.	 Colombo VC, Fasano AA, Beldomenico PM, Nava S. Tick host specificity: 
an analysis based on host phylogeny and tick ecological features using 
Amblyomma triste and Amblyomma tigrinum immature stages. Ticks Tick-
Borne Dis. 2018;9:781–7.

	44.	 Nava S, Guglielmone AA. A meta-analysis of host specificity in Neotropi-
cal hard ticks (Acari: Ixodidae). Bull Entomol Res. 2013;103:216–24.

	45.	 Yu X, Ye R, Zhang Z, Chen X. Faunal investigation on the ticks in Boertala 
and Yili districts of Xinjiang, China. Endemic Dis Bull. 1993;2:39–43 (in 
Chinese with English abstract).

	46.	 Zhang GL, Zheng Z, Sun X, Liu XM, Liu R, Li HL. A survey of tick species 
and its distribution with the landscape structure in Xinjiang. Chin J Vector 
Biol Control. 2016;27:432–5 (in Chinese with English abstract).

	47.	 Dantas-Torres F, Otranto D, Santos-Silva MM, Vatansever Z. Rhipicephalus 
turanicus Pomerantzev, 1940. In: Estrada-Peña A, Mihalca A, Petney T, edi-
tors. Ticks of Europe and North Africa: a Guide to Species Identification. 
Springer: Cham; 2017. p. 329–33.

	48.	 Sindaco R, Jeremcěnko VK. The Reptiles of the Western Palearctic. 1. 
Annotated Checklist and Distributional Atlas of the Turtles, Crocodiles, 
Amphisbaenians and Lizards of Europe, North Africa, Middle East and 
Central Asia. Latina, Edizioni Belvedere, Italy. 2008;230–1.

	49.	 Sun J, Liu W, Liu Z, Deng T, Windley B, Fu B. Extreme aridification since the 
beginning of the Pliocene in the Tarim Basin, western China. Palaeogeog 
Palaeoclimat Palaeoecol. 2017;485:189–200.

	50.	 Fu BH, Lin AM, Kano K, Maruyama T, Guo JM. Quaternary folding of the 
eastern Tian Shan, northwest China. Tectonophysics. 2003;369:79–101.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Records of three mammal tick species parasitizing an atypical host, the multi-ocellated racerunner lizard, in arid regions of Xinjiang, China
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study area and sampling procedures
	DNA extraction, amplification, cloning, and sequencing protocols
	Sequence alignment and similarity analysis
	Network reconstruction

	Results
	Tick sample collection from lizards
	Sequence characteristics
	Median-joining network

	Discussion
	Conclusions
	Acknowledgements
	References




