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Abstract 

Ticks are important vectors for pathogen transmission, yet studies on the diversity and distribution of viruses carried by ticks in desert 
regions remain limited. This study investigated the tick virome in desert areas of Xinjiang, China, and identified two tick species, 
Hyalomma asiaticum and Rhipicephalus turanicus. A total of 30 meta-transcriptome sequencing libraries were constructed from ticks 
pooled by location, tick species, sex, and host. The proportion of viral reads ranged from 0.004% to 0.165%, and significant differences in 
viral alpha- and beta-diversity were observed between the two tick species. A total of 125 complete or nearly complete viral genomes 
were classified into 5 families of positive-sense single-stranded RNA viruses, 6 families of negative-sense single-stranded RNA viruses, 
and 2 families of double-stranded RNA viruses. Twenty-eight viral species were identified, including 20 known viruses and 8 novel 
viruses from the genera Orthonairovirus, Quaranjavirus, and Mitovirus, and families Peribunyaviridae and Narnaviridae. Notably, the dis-
covery of Desert orthonairovirus, Desert quaranjavirus, and Desert peribunya-like virus revealed a potential new role for desert ticks 
as viral vectors. Among the other 25 viruses, 12 were specific to H. asiaticum, and 9 were specific to R. turanicus. This study highlights 
the diversity of tick-borne viruses in Xinjiang’s desert regions, their distribution across different tick species, and underscores the 
importance of these tick species in pathogen transmission. These findings provide scientific evidence for further research into viral 
circulation in desert ecosystems and the potential public health threats posed by tick-borne pathogens.
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Introduction
Tick-borne diseases (TBDs) represent a significant global public 
health challenge, but they remain neglected (Zhou et al. 2023). 

Ticks exhibit remarkable environmental adaptability, enabling 

them to survive in a range of ecosystems, including extreme desert 

and semi-desert environments (Jia et al. 2020). In recent years, 

emerging tick-borne viral infections have been increasing (Wang 

et al. 2019, Liu et al. 2020, Zhang et al. 2024, 2025), but the study 

of TBDs in desert regions remains insufficient, highlighting the 

urgent need for further research in these environments.
Desertification has become a major global environmental con-

cern, affecting ∼36 million square kilometers, or one-quarter of 

the world’s total land area (Pal et al. 2023). China is one of the 

countries with the most severe desertification, mainly concen-
trated in the northwestern regions such as Xinjiang and Inner 
Mongolia (Li et al. 2021). As ecological restoration and desertifi-
cation control projects progress (Bryan et al. 2018), some desert 
areas are gradually being transformed into oases. Although this 
transformation enhances regional biodiversity, it also increases 
the likelihood of contact between ticks and their hosts. Further-
more, increased human activities such as grazing and ecological 
restoration in desert areas, coupled with a growing number of 
tourists exploring diverse desert landscapes, provide more oppor-
tunities for tick-human contact, thereby amplifying the risk of 
tick-borne pathogen transmission.

Here, we collected ticks from desert ecosystems in Xinjiang, 
China, and conducted the meta-transcriptome sequencing to 
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investigate the diversity and characteristics of the viruses of 
desert ticks. The aim of this study was to characterize the virome 
of desert ticks, identify novel viruses, explore the relationships 
between desert ticks and viruses, and assess their potential public 
health threats.

Methods
Sample collection and data management

Tick samples were collected in Xinjiang, China, in 2023, with 
sampling sites selected based on the ecological environment. Free-
living ticks were collected by the human attraction method, which 
relies on ground vibrations generated by footsteps, whereas para-
sitic ticks were gathered from livestock. The latitude and longitude 
of each site were recorded. The species, sex, and developmental 
stage of each tick were identified by an entomologist. Live ticks 
were transported to the laboratory and thoroughly sterilized (two 
successive washes of 75% ethanol for 30 s) and then transferred to 
a −80∘C storage freezer. The geographical distribution of ticks was 
plotted using ArcGIS 10.2 software.

RNA extraction, library preparation, and 
sequencing
Adult ticks were divided into pools based on tick species, sex, sam-
pling site, and host. Extraction of total DNA and RNA from pools of 
ticks was performed using the AllPrep DNA/RNA mini kit (Qiagen) 
with modifications. Briefly, ticks were homogenized in Buffer RLT 
Plus (lysis buffer) under liquid nitrogen. The lysate was pipetted 
directly into a QIAshredder spin column placed in a 2 ml collection 
tube and centrifuged for 2 min at maximum speed. The homoge-
nized lysate was transferred to an AllPrep DNA spin column and 
centrifuged for 30 s at 8000g. The AllPrep DNA spin column was 
used for later DNA purification, and the flow through was used for 
RNA purification following the manufacturer’s instructions. The 
purified RNA was quantified using Qubit 4.0 fluorometer, and RNA 
quality was assessed using an Agilent Bioanalyzer 2200 (Agilent). 
All RNA extractions in this study had an amount ≥1 ng and an RNA 
integrity number >5.8. Ribosomal RNA was removed using RiBo-
Zero Gold rRNA removal reagents (Human/Mouse/Rat) (Illumina). 
The sequencing library was then prepared following the Illumina 
standard protocol. Paired-end (2 × 150 bp) sequencing (RNA-seq) 
was conducted on an Illumina NovaSeq 6000 platform.

Viral contig assembly and annotation
Raw paired-end sequence reads were first quality controlled using 
AfterQC (v2.3.3) (Chen et al. 2017), and host-related reads were 
removed by mapping against the tick genomes (GCA_013339685.2 
and PRJNA1131278) downloaded from the NCBI using Bowtie2 
(v2.3.5.1) (Langmead and Salzberg 2012). Clean reads were de 
novo assembled into contigs using Trinity (v2.13.2) (Grabherr et al. 
2011). The assembled contigs were compared to the NCBI non-
redundant protein database using Diamond BLASTx (v2.0.13) 
(Buchfink et al. 2021) and the NCBI nucleotide sequence database 
using BLASTn (v2.12.0+) (Camacho et al. 2009) to identify virus-
related contigs, with an E-value threshold of <1 × 10−5 to achieve 
high sensitivity while reducing false positives. Contigs associ-
ated with tick genomes, identified through BLAST analysis, were 
excluded from downstream analysis to eliminate any potential 
endogenous viral elements.

The coding sequence (CDS) of virus sequences was annotated 
using Geneious Prime v2024.0.7 (https://www.geneious.com). The 
RNA-dependent RNA polymerase (RdRp) domain was identified by 

comparison with the Conserved Domain Database (https://www.
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). Species classification 
of the virus sequences was performed according to the Interna-
tional Committee on Taxonomy of Viruses (ICTV) reports (https://
talk.ictvonline.org/ictv-reports/ictv_online_report/). For viruses 
lacking clear species classification standards within a genus, the 
RdRp protein was aligned with a threshold of 90% amino acid 
similarity. If the similarity of conserved regions exceeded 90% 
with known virus sequences, the virus was classified as the same 
species; otherwise, it was considered a novel viral species (Shi 
et al. 2016). The naming of novel viruses was combining ‘Desert’ 
with the genus or family of the virus, excluding the ‘viridae’ suffix. 
Novel virus sequences were confirmed by checking read coverage 
and continuity using Bowtie2.

Quantification of tick virome abundance and 
diversity
We quantified the abundance of each viral family in each library 
as the number of viral reads per million non-host reads by map-
ping clean reads of each library to the NCBI nucleotide sequence 
database (nt, version 2024/05/30) using Kraken2 (v2.1.3) (Lu et al. 
2022). Non-viral reads, such as bacterial and eukaryotic-related 
reads, were excluded from downstream analysis. If the viral reads 
were not assigned to any defined family and assigned to unclas-
sified Riboviria [txid 2585030] or unclassified viruses [txid12429], 
they were designated as ‘unclassified viruses’. Additionally, as 
the reference database included tick genome sequences, this step 
also helped eliminate potential endogenous viral elements. Alpha 
diversity of viruses in each sample was evaluated using Kraken 
tools. For beta diversity (between-library dissimilarity) analysis, 
principal coordinates analysis (PCoA) was performed and visual-
ized with the vegan package in R software (Oksanen et al. 2024). A 
two-sided Student’s t-test was employed to investigate differences 
in viral diversity among tick species. P-values <.05 were considered 
statistically significant.

Phylogenetic analysis
Phylogenetic analysis was conducted based on the CDS containing 
the conserved region of RdRp in the viral genome. We initially per-
formed a BLAST analysis (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 
on the assembled sequences, followed by the inclusion of com-
plete or nearly complete sequences with the highest sequence 
similarity. Additionally, sequences from the same family or 
genus were included. Based on the phylogenetic trees, redundant 
sequences with distant genetic relationships were removed. The 
assembled sequences were then aligned with related sequences 
downloaded from GenBank by using the E-INS-i/L-INS-i algorithm 
implemented in MAFFT (v7.490) (Rozewicki et al. 2019). Ambigu-
ous regions in the alignment were trimmed using TrimAl (v1.4) 
(Capella-Gutiérrez et al. 2009). The IQ-TREE (v2.2.2.3) algorithm 
(Nguyen et al. 2015) was used to determine the best-fit amino acid 
or nucleotide substitution model based on each multiple sequence 
alignment. A maximum likelihood phylogenetic tree was con-
structed with 1000 bootstrap replicates using IQ-TREE and was 
visualized using the ggtree (Yu et al. 2018), phangorn (Schliep 
2011), treeio (Wang et al. 2020), and ggplot2 (Wickham 2016) pack-
ages in R software, with the midpoint serving as the root of the 
tree.

Real-time RT-PCR tests
Specific primers were designed for RT-PCR assays to detect 
novel viruses in ticks collected from the regions. DNA/RNA was 
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extracted from adult ticks using the MiniBEST Viral RNA/DNA 
Extraction Kit (Takara) according to the manufacturer’s instruc-
tions. RT-PCR reactions were performed using the OneStep RT-PCR 
Kit (TaKaRa). Initially, 12.5 μl of 2 × 1 Step Buffer, 0.5 μl of for-
ward and reverse primer (10 μM each), 1 μl of PrimeScript OneStep 
Enzyme Mix, 2 μl of RNA extract, and RNase-free water were added 
to a 0.2 ml tube to obtain a total volume of 25 μl. The following 
cycling conditions were used for the RT-PCR: 30 min at 50∘C, 3 min 
at 95∘C, followed by 35 cycles of 30 s at 95∘C, 30 s at the annealing 
temperature for each primer pair, 30 s at 72∘C, and finally 10 min 
at 72∘C. For the positive samples of the novel viruses, we designed 
segmented primers based on the complete genome and the RdRp 
CDS for segmented viruses. We also optimized experimental con-
ditions to amplify the complete RdRp region. RNA was reverse 
transcribed into cDNA using a PrimeScript IV first-strand cDNA 
Synthesis Mix Kit (TaKaRa). The cDNA and DNA were amplified 
using the 2× PCR MasterMix (Thermo Scientific) with the follow-
ing PCR programmes: 3 min at 95∘C, 35 cycles of 30 s at 95∘C, 30 s at 
the annealing temperature of each pair of primer, 30 s at 72∘C, and 
finally 10 min at 72∘C. All primers used in this study were provided 
in Table S1. The amplification products from the positive samples 
were confirmed by Sanger sequencing.

Results
Sample collection

In 2023, a total of 551 ticks were collected from 14 sampling sites in 
the desert regions of Xinjiang, China. Morphological identification 
revealed two tick species from two genera: Hyalomma asiaticum and 
Rhipicephalus turanicus (Fig. S1). Among the collected ticks, H. asi-
aticum was the dominant species (65.7%, 362/551), followed by R. 
turanicus (34.3%, 189/551). All R. turanicus ticks were collected from 
livestock, whereas H. asiaticum included both questing and blood-
feeding ticks. The parasitic ticks were collected from a variety of 
host animals, including camels, cattle, goats, sheep, and dogs, 
while the host-seeking ticks were collected from desert and Gobi 
regions. H. asiaticum primarily fed on the buttocks and inguinal 
areas of livestock, whereas R. turanicus attached to the ears of 
livestock. The adult ticks were pooled into 30 libraries based on 
collection sites, tick species, sex, and host for meta-transcriptome 
analysis (Table S2).

Virome diversity of two tick species
A total of 1.82 × 109 150 bp paired-end quality-controlled reads 
were generated from 30 sequencing libraries in the study. After 
removing host-related reads, 4 740 331 contigs were de novo
assembled. Viral reads accounted for 0.004%–0.165% of the total 
quality-controlled reads within each library, with an interquar-
tile range of 0.03%–0.08%. A total of 1 145 049 RNA viral reads 
were subsequently classified into 25 families, each of which was 
highly variable in terms of prevalence and abundance (Fig. 1a). 
These virus families included 15 families of positive-sense single-
stranded RNA (ssRNA(+)) viruses, seven families of negative-sense 
single-stranded RNA (ssRNA(−)) viruses, three families of double-
stranded RNA (dsRNA) viruses. The vertebrate-associated virus 
family Phenuiviridae had high prevalence and abundance in both 
tick species, while the families Orthomyxoviridae and Nairoviridae
were specific to R. turanicus. The family Chuviridae showed a rel-
atively high prevalence in H. asiaticum, while only one sample 
of R. turanicus was positive. We subsequently obtained a total 
of 5972 contigs assigned to RNA viruses, from which a total of 
125 complete or nearly complete viral genomes were assembled 
and submitted to GenBank (Table S3). We performed phylogenetic 

analyses based on the amino acid (aa) of the most conserved RdRp 
protein (Fig. 2). We classified the viruses according to the demar-
cation criteria issued by the ICTV (https://talk.ictvonline.org/ictv-
reports/ictv_online_report/). A total of 13 families and 28 species 
of viruses were identified (Table S4), including 14 ssRNA(+) viruses, 
10 ssRNA(−) viruses, and 4 dsRNA viruses. Among these 28 viruses, 
20 species from 10 families were known viruses, while 8 species 
from 5 families were novel viruses discovered in this study. 

We compared differences in viral composition among samples 
of two tick species to evaluate the distribution of viruses. The 
alpha-diversity analysis using Shannon index showed the viral 
diversity of R. turanicus was significantly higher than H. asiaticum
(Student’s t-test, P-value < .05) (Fig. 1b). However, no statistically 
significant differences were observed between H. asiaticum and R. 
turanicus collected from sheep in the same region, nor between 
questing H. asiaticum and those collected from animals (Fig. S2). 
We also assessed beta-diversity among samples of two tick species 
using PCoA, which revealed a significant difference in virome 
between two tick species. Notably, H. asiaticum formed a dis-
tinct cluster in the virome compared to samples from R. turanicus
(Fig. 1c).

Novel vertebrate-associated ssRNA(−) viruses
In this study, three novel vertebrate-associated ssRNA(−) viruses 
with tick species specificity were identified. A novel segmented 
virus related to the family Peribunyaviridae was discovered in two H. 
asiaticum samples, comprising a large (L) segment and a medium 
(M) segment, which has been named Desert peribunya-like virus. 
The RdRp proteins of Desert peribunya-like virus exhibited 81.2% 
and 81.3% aa similarities to Yushu tick virus 1 (GenBank acces-
sion no. ON746492) found in Dermacentor everestianus in China 
(Fig. 3a). The glycoprotein encoded by the M segment exhibited 
54.3% and 54.4% aa similarities to Ixodes ricinus bunyavirus-like 
virus 1 (GenBank accession no. ON684365) found in Ixodes ricinus
in Croatia (Fig. S3A). 

Two novel viruses, Desert orthonairovirus and Desert quaran-
javirus, were identified in R. turanicus. Desert orthonairovirus 
belonged to the genus Orthonairovirus, and consisted of three seg-
ments: L, M, and small (S) (Fig. 3b and c). The L and M segments 
exhibited the typical terminal reverse complementary sequences 
characteristic of orthonairoviruses, with a 5′-terminus of UCU-
CAAAGA and a 3′-terminus of UCUUUGAGA, and were validated 
by Sanger sequencing. Although the S segment could not be fully 
assembled at the 5′-terminus, it was assembled to a 3′-terminus 
of UCUUUGAGA (Fig. 3c and Fig. S3C).

The L segment contained a single open reading frame (ORF) of 
∼12 kb in length, encoding a protein of 3985-aa, which included 
a core domain spanning from positions aa 2073 to 2718 (Fig. 3c). 
The M segment also contained a single ORF encoding a 1436-aa 
GPC, which was cleaved into two mature membrane glycoproteins, 
Gn and Gc. Two cleavage sites for the subtilisin-like protease SKI-
1/S1P were identified at positions RRLL354↓ and RKLL724↓. The 
S segment encoded a 483-aa nucleocapsid (N) protein, with an 
RNA-binding related positively charged region in the C-terminal 
domain.

Phylogenetic analysis indicated that the three segments 
of Desert orthonairovirus were closely related to the human 
pathogenic Wanowrie virus strain Ig700 (Darwsh et al. 1974) and 
Orthonairovirus tomdiense isolate TT1 (Moming et al. 2021), with 
the RdRp (large protein) showing 79.9% aa similarities (Fig. 3b). 
The glycoprotein showed 66.4% and 66.5% aa similarities, and 
the N protein showed 79.9% and 79.1% aa similarities, respec-
tively (Fig. S3B and D). A total of 171 H. asiaticum and 86 R. 
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Figure 1. Virus diversity between H. asiaticum and R. turanicus. (a) Relative abundance profile of viruses between H. asiaticum and R. turanicus. Each 
cell in the heat map represents the normalized number of reads belonging to the viral family. (b) Comparison of alpha-diversity of tick viromes 
(Shannon index) between H. asiaticum and R. turanicus. Boxplot elements: center line, median; box limits, upper and lower quartiles; whiskers (error 
bars), the highest and lowest points within 1.5 interquartile range of the upper and lower quartiles. The P-value was calculated using a two-sided 
Student’s t-test. (c) Between-group clustering of viromes between H. asiaticum and R. turanicus by PCoA. Presented according to axes 1 (14.56%) and 2 
(20.78%).

turanicus samples from the region were tested by RT-PCR using 
specific primers. One R. turanicus sample tested positive for 
Desert orthonairovirus, and the amplified product sequences were 
identical to the genomic sequence (Table S5). Previous studies 
have reported orthonairoviruses primarily in ticks of the genera 
Hyalomma, Dermacentor, Ixodes, and Haemaphysalis (Zhang et al. 
2018, 2024, 2025, Li et al. 2023), with different tick species serv-
ing as vectors for different Orthonairovirus viruses. The discovery of 
this novel Desert orthonairovirus carried by R. turanicus broadens 
the range of vectors for this viral genus.

Desert quaranjavirus, belonging to the genus Quaranjavirus in 
the family Orthomyxoviridae, contained six segments, including 
polymerase basic protein 2 (PB2), polymerase basic protein 1 (PB1), 
polymerase acid protein (PA), nucleoprotein (NP), hemagglutinin 
protein (HA), and matrix (M) segments (Fig. 3e). It was identified 
in five R. turanicus samples, and we also screened and amplified 
two complete PB1 sequences from other R. turanicus ticks collected 
in surrounding areas using specific primers by RT-PCR. Previous 
studies have indicated that the genus Quaranjavirus was asso-
ciated with large-scale avian mortality events and unexplained 
fever diseases in children (Taylor et al. 1966, Allison et al. 2015). 
In this study, the RdRp (PB1) of five Desert quaranjavirus strains 
exhibited 99.5%–100% aa similarities, showing the highest simi-
larity to Zambezi tick virus 1 (GenBank accession no. MH267793) 

with 88.2%–88.4% aa similarities (Fig. 3d). However, only the PB1 
segment of Zambezi tick virus 1 was available in GenBank. Phy-
logenetic analysis revealed that Desert quaranjavirus clustered 
with quaranjaviruses from Ixodidae ticks, while other quaran-
javiruses from Argasidae ticks formed a separate cluster. Further 
comparison showed that the aa similarities of the Desert quaran-
javirus in the PB2, PA, NP, HA, and M segments ranged from 82.3% 
to 100%, 96.6% to 99.7%, 82.4% to 99.8%, 99.4% to 100%, and 
98.1% to 100%, respectively. When compared with Guangdong tick 
quaranjavirus and Quaranjavirus sp. found in Ixodidae ticks, the 
similarities for these segments ranged from 68.7% to 81.3%, 74.0% 
to 76.6%, 57.7% to 77.5%, 84.9% to 85.9%, and 82.5% to 83.8% (Fig. 
S3E-I). Compared with Wellfleet Bay virus, Lake Chad virus, and 
Quaranjavirus quaranfilense found in Argasidae ticks, the genomic 
structure of Desert quaranjavirus was consistent with Guangdong 
tick quaranjavirus detected in Rhipicephalus ticks (Fig. 3e). Both 
lacked the hypothetical viral protein (VP7). Additionally, Granville 
quaranjavirus found in Amblyomma dissimile also lacked the M 
protein. Compared with other quaranjaviruses, the Desert quaran-
javirus genome contained a unique terminal sequence similar to 
that of Guangdong tick quaranjavirus. Each segment of Desert 
quaranjavirus contained a highly conserved 5′-terminal sequence, 
AGCAGAGGCAGC, and a 3′-terminal sequence, CUUGUCUCUACU 
(Fig. 3f).
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Figure 2. Phylogenetic trees constructed on the RdRp protein for RNA viruses. Newly identified viruses in this study were labelled with triangle; 
known viruses were labelled with solid circles. Viruses derived from H. asiaticum were represented in orange, while those from R. turanicus were 
indicated in blue.

Hyalomma asiaticum-specific viruses
In addition to the potentially pathogenic novel ssRNA(−) viruses, 
21 tick species-specific viruses were identified, of which 12 were 
specific for H. asiaticum and nine for R. turanicus.

Of the six ssRNA(+) viruses specific to H. asiaticum, three were 
known and three were novel. Bole hyalomma asiaticum virus 1, 
which was previously detected primarily in H. asiaticum, belonged 
to the family Iflaviridae and was detected in three samples of H. 
asiaticum in this study (12.5%, 3/24) (Fig. S4A). Two viruses of the 

family Mitoviridae were detected in H. asiaticum, one of which was 
the novel virus Desert mitovirus 1 (Fig. 4a). Mitoviridae sp. was 
specifically detected in H. asiaticum and clustered with sequences 
previously identified in R. microplus from Chongqing, China (Fig. 

S4B). Two novel Narnaviridae viruses specific to H. asiaticum were 

identified (Fig. 4b). The aa similarity of RdRp in Desert narna-like 

1 virus to Qingyang Narna tick virus 1 (GenBank accession no. 
ON746437), found in Haemaphysalis longicornis in China, was 58.2%. 
The RdRp aa similarity of Desert narna-like 2 virus to Aspergillus 
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Figure 3. Phylogenetic analysis of vertebrate-associated ssRNA(−) viruses. (a) Phylogeny of viruses in the family Peribunyaviridae based on the RdRp 
protein. (b) Phylogeny of viruses in the genus Orthonairovirus based on the RdRp protein. (c) Genomic organization and putative CDSs of Desert 
orthonairovirus. The large (L) segment encodes L protein, the medium (M) segment encodes glycoprotein precursor (GPC), and the small (S) segment 
encodes nucleoprotein (N). (d) Phylogeny of viruses in the genus Quaranjavirus based on the RdRp protein. (e) Genome structure of Desert 
quaranjavirus and other quaranjaviruses. PB2, polymerase basic protein 2; PB1, polymerase basic protein 1; PA, polymerase acid protein; NP, 
nucleoprotein; HA, hemagglutinin protein; M, matrix protein; VP7, viral protein. (f) The terminal sequences of Desert quaranjavirus and other 
quaranjaviruses. The typical terminal sequences of Desert quaranjavirus and other quaranjaviruses are marked with boxes.
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Figure 4. Phylogenetic analysis of H. asiaticum-specific viruses. (a) Phylogeny of viruses in the genus Mitovirus based on the RdRp protein. (b) 
Phylogeny of viruses in the family Narnaviridae based on the RdRp protein. (c) Phylogeny of M. boleense based on the RdRp gene. (d) Phylogeny of Bole 
Tick Virus 1 based on the RdRp gene. (e) Phylogeny of A. bole based on the RdRp gene. (f) Phylogeny of viruses in the order Ghabrivirales based on the 
RdRp protein.
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flavus narnavirus 1 (GenBank accession no. LC763254) was 42.6%. 
Changdu Botou tick virus 1, from the family Botourmiaviridae, was 
detected in only one H. asiaticum sample (Fig. S4C).

Among the four H. asiaticum-specific ssRNA(−) viruses, Mivirus 
boleense and Bole Tick Virus 1 had higher infection rates of 79.2% 
and 62.5%, respectively (Fig. 4c and d). Both viruses have primar-
ily been reported in H. asiaticum, with M. boleense also detected in 
humans, camels, sheep, and Rhombomys opimus in Xinjiang, China. 
Phylogenetic analysis of Bole Tick Virus 1 revealed two branches, 
with the strains from this study clustering with the sequences 
from Xinjiang, China, while the other branch included sequences 
from other provinces in China. Bole Tick Virus 1 has been reported 
not only in ticks but also in humans and Rh. opimus. In addition, 
two known viruses in the family Rhabdoviridae, Alpharicinrhavirus 
bole and Taishun Tick Virus, were detected in H. asiaticum, which 
have previously been reported primarily in Hyalomma (Fig. 4e and 
Fig. S4D).

Among the dsRNA viruses specific to H. asiaticum, two known 
viruses were identified (Fig. 4f and Fig. S4E). For the virus from 
the order Ghabrivirales, we constructed a phylogenetic tree of the 
order using representative viral sequences from 17 families and 19 
genera and found that our sequences were genetically most close 
to the family Artiviridae, which were all reported in different kinds 
of arthropods. According to the latest species classification criteria 
for this virus order by the ICTV, viruses with more than 70% amino 
acid identity are considered the same species. Our sequences 
belong to three distinct virus species. Although they cluster in dif-
ferent branches from previously reported Totiviridae sp (Ni et al. 
2023), we chose to adopt the terminology of the Artiviridae family, 
and have temporarily named them Desert arti-like virus 1. Desert 
arti-like virus 1 was found in 24 H. asiaticum samples, previously 
reported in the genus Hyalomma. The complete genomes of Yan-
bian Reovi tick virus 4 in family Sedoreoviridae showed 82.8%–83.0% 
nt similarities to isolate OR1 (GenBank accession no. PP473512) 
found in H. asiaticum in China.

Rhipicephalus turanicus-specific viruses
Among the four ssRNA(+) viruses specific to R. turanicus, Desert 
mitovirus 2 and Desert mitovirus 3, both belonging to the fam-
ily Mitoviridae, were identified (Fig 4a and 5a). The Hulunbuir 
Botou tick virus 4, a member of the family Botourmiaviridae, was 
detected in one R. turanicus sample and clustered with sequences 
from D. silvarum in Heilongjiang, China (GenBank accession no. 
ON746353) (Fig. 5b). Neofusicoccum parvum narnavirus 2 from 
the family Narnaviridae identified in this study has been pre-
viously reported in D. silvarum and Hae. longicornis in China
(Fig. 5c). 

Among the three R. turanicus-specific ssRNA(−) viruses, Hebei 
mivirus 1 of the genus Mivirus was discovered in one R. turanicus
sample, which has previously been reported only in Rhipicephalus
ticks (Fig. 5d). Additionally, Brown dog tick phlebovirus 1 and Tick 
phlebovirus from the family Phenuiviridae were discovered, both 
of which have primarily been reported in Rhipicephalus ticks, with 
Tick phlebovirus showing a high infection rate of 66.7% (Fig. 5e
and f).

Among the dsRNA viruses, the R. turanicus-specific Desert arti-
like virus 2 and Desert arti-like virus 3 were identified (Fig. 4f). 
The Desert arti-like virus 2 showed 77.4% and 99.7% aa sim-
ilarity to a Totiviridae sp. found in R. turanicus from Xinjiang, 
China (GenBank accession no. ON812617). The Desert arti-like 
virus 3 showed 73.5% aa similarity to a Totiviridae sp. found in R. 
haemaphysaloides from Fujian, China (GenBank accession no. ON81
2598).

Shared ssRNA(+) viruses between two tick 
species
Among the ssRNA(+) viruses, four were identified as shared 
between H. asiaticum and R. turanicus. The Botourmiaviridae sp. clus-
tered with sequences from ticks collected in other provinces of 
China (Fig. 6a). Two Mitoviridae viruses, Desert mito-like virus 
and Unuamitovirus alar1, were detected in both H. asiaticum and 
R. turanicus (Fig. 6b and c). Bole tick virus 4, belonging to the 
family Flaviviridae, was also detected in both species. Phyloge-
netic analysis revealed that Bole tick virus 4 formed three distinct 
clusters according to the tick genera, including Hyalomma, Rhipi-
cephalus, and Dermacentor (Fig. 6d). The sequences obtained from 
H. asiaticum and R. turanicus clustered within the clusters of their 
same genera. The six sequences from H. asiaticum exhibited aa 
similarities ranging from 98.3% to 99.9%, with Hyalomma-derived 
sequences showing aa similarities between 98.0% and 98.6%. The 
sequences from R. turanicus showed aa similarities ranging from 
91.1% to 92.0% with Rhipicephalus-derived sequences (Fig. 6e). 

Discussion
Desertification is a major challenge in global environmental 
change. While desertification control efforts have effectively 
restored some ecosystems worldwide, these processes may also 
alter vector distribution patterns, thereby increasing the poten-
tial for pathogen transmission. In this study, we collected tick 
samples from desert regions in Xinjiang and performed a meta-
transcriptomic investigation to analyze the viral diversity of dif-
ferent tick species. A total of 28 tick-borne viruses were identified, 
with several potentially pathogenic viruses found in H. asiaticum
and R. turanicus, such as the novel Desert peribunya-like virus, 
Desert orthonairovirus, and Desert quaranjavirus, as well as three 
known viruses: Bole Tick Virus 1, M. boleense, and Bole tick virus 4. 
In addition, both species-specific and shared viruses were identi-
fied in two tick species, highlighting the viral transmission poten-
tial and ecological relationships between different tick species, 
thereby laying the foundation for targeted prevention of potential 
emerging tick-borne infectious diseases.

Ticks such as H. asiaticum and R. turanicus, which dominate 
desert ecosystems in China, are vectors of several zoonotic dis-
eases, posing significant threats to human health and livestock 
production (Guo et al. 2016, Moming et al. 2018, Liu et al. 2024, 
Ma et al. 2024). Ticks from desert regions have been found to carry 
a variety of viruses, including Crimean-Congo hemorrhagic fever 
virus, Tamdy virus, Tacheng tick virus 1, Tacheng tick virus 2, 
among them, are pathogenic to humans (Sun et al. 2009, Dong 
et al. 2019, Liu et al. 2020, Moming et al. 2021). Xinjiang, one of 
the most desertified regions in China, with its variable climate, 
unique geography, and active desertification control measures, 
has created a complex ecological environment that influences 
vector-host interactions and the transmission dynamics of tick-
borne viruses. Our results indicate significant differences in the 
viral diversity between tick species inhabiting desert environment. 
We detected high infection rates of known tick species-specific 
viruses in H. asiaticum and R. turanicus and identified several novel 
viruses. Notably, Bole tick virus 4 was detected in both tick species, 
exhibiting a clear clustering pattern associated with tick gen-
era, suggesting that the viruses carried by different tick genera 
may have independent evolutionary trajectories. This finding pro-
vides a new insight into the viral composition and ecological 
transmission pathways of ticks in desert regions.

This study identified three novel vertebrate-associated viruses, 
including Desert peribunya-like virus, Desert orthonairovirus, and 
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Figure 5. Phylogenetic analysis of R. turanicus-specific viruses. (a) Phylogeny of viruses in the genus Mitovirus based on the RdRp protein. (b) 
Phylogeny of viruses in the family Botourmiaviridae based on the RdRp protein. (c) Phylogeny of Neofusicoccum parvum narnavirus 2 based on the 
RdRp gene. (d) Phylogeny of Hebei mivirus 1 based on the RdRp gene. (e) Phylogeny of Brown dog tick phlebovirus 1 based on the RdRp gene. (f) 
Phylogeny of Tick phlebovirus based on the RdRp gene.

Desert quaranjavirus. Recent discoveries of nairoviruses and their 
potential to infect humans have attracted increasing attention, 
particularly with reported cases in Northeast China and Xin-
jiang (Liu et al. 2020, Ma et al. 2021, Moming et al. 2021, Zhang 
et al. 2024, 2025). While Crimean-Congo hemorrhagic fever virus 
has been detected in multiple tick genera, such as Hyalomma, 
Rhipicephalus, Argas, Ixodes, Dermacentor, and Amblyomma, other 
nairoviruses exhibit tick genus specificity (Eslava et al. 2024). For 

example, Nairobi sheep disease virus was detected only in Haema-
physalis and Hyalomma (Gong et al. 2013), O. tomdiense only in 
Hyalomma and Dermacentor (Moming et al. 2024), and Yezo virus 
only in Ixodes (Lv et al. 2023, Zhang et al. 2025). In this study, Desert 
orthonairovirus was detected in R. turanicus, suggesting that this 
species may serve as its vector. Phylogenetic analysis indicated 
that the virus is closely related to O. tomdiense and Wanowrie 
virus, which have been found to infect humans, indicating its 
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Figure 6. Phylogenetic analysis of shared ssRNA(+) viruses between two tick species. (a) Phylogeny of Botourmiaviridae sp. based on the RdRp protein. 
(b) Phylogeny of viruses in the family Mitoviridae based on the RdRp protein. (c) Phylogeny of U. alar1 based on the RdRp gene. (d) Phylogeny of Bole tick 
virus 4 based on the RdRp gene. (e) The comparison between Bole tick virus 4 detected in different tick species. Sequences derived from H. asiaticum
were marked in an orange box, while that from R. turanicus were marked in a blue box.
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potential pathogenicity and the need for enhanced surveillance 
(Darwsh et al. 1974, Moming et al. 2021). These findings not only 
expand our understanding of tick-borne viruses in desert regions 
but also highlight the critical role of ticks in cross-species virus 
transmission.

Desert quaranjavirus, identified in R. turanicus in this study, 
was classified as a member of the genus Quaranjavirus, which is 
characterized by negative-sense single-stranded RNA, with highly 
conserved and complementary sequences at the ends of each 
gene segment. Desert quaranjavirus genome was found to consist 
of six segments, each containing highly conserved and partially 
complementary terminal sequences, which are critical for the 
binding of the viral PB1 polymerase subunit and the activation 
of a unique process called ‘cap-snatching’ initiated by the PB2 
polymerase subunit (Hagen et al. 1995, Presti et al. 2009). Some 
quaranjaviruses are known to cause unexplained fever in chil-
dren and avian mortality (Taylor et al. 1966, Allison et al. 2015). 
Birds, being one of the hosts of R. turanicus (Sándor et al. 2021, 
Toma et al. 2021), likely contribute to viral dissemination. Desert 
quaranjavirus detected in this study clustered with sequences 
from distant Mozambique, suggesting a possible link to migra-
tory birds. Xinjiang serves as an important stopover along the 
East Asia–Australasia, Central Asia–India, and East Africa–West 
Asia migratory routes. Many migratory birds reside and breed 
in the wetland oases near Arik Lake and the northern edge of 
the Gurbantunggut Desert, which surrounds our sampling sites. 
Desertification control efforts have expanded habitats for migra-
tory birds through environmental restoration, potentially facili-
tating viral transmission. Previous studies have suggested that 
climate change and environmental shifts may drive the migration 
of vectors and their hosts (Carlson et al. 2022). Ecological restora-
tion initiatives are likely to enhance regional vegetation coverage, 
which could further modulate temperature and humidity dynam-
ics (Ni et al. 2024). The detection of Desert quaranjavirus in ticks 
parasitizing dogs, goats, and sheep (Table S2), suggests that such 
environmental improvements may have increased the diversity 
of animal hosts for ticks, thereby enhancing the habitats over-
lap between domestic animals and migratory birds and facilitating 
spillover transmission of pathogens through tick vectors.

A limitation of this study is that tick samples were col-
lected only from specific desert regions in Xinjiang, which may 
not represent the viral composition of ticks across all desert 
areas, potentially overlooking viruses with lower infection rates. 
In addition, R. turanicus ticks were not collected at some sam-
pling sites, preventing a comparison of the viral composition 
between two tick species in the same region and on the same
host.

In summary, our study not only revealed the diversity of 
the tick virome in desert regions, but also provided an in-depth 
analysis of virus distribution in two tick species, and identified 
novel tick-borne viruses. These findings provide new insights into 
virus-vector interactions in desert ecosystems and offer a sci-
entific foundation for assessing the public health risks posed by 
tick-borne viruses in the desert regions of Xinjiang.
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