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ABSTRACT
Ixodes vespertilionis is a tick parasitizing on the bodies of bats. In our study, the complete mitogenome
of I. vespertilionis was determined by using Illumina sequencing technology. The mitogenome was
14,559bp in size and was predicted to encode 37 genes including 13 protein-coding genes, 22 transfer
RNA genes, 2 ribosomal RNA genes, and one control region. The gene order of the mitogenome is
identical to Argasidae and non-Australasian Prostriata. The phylogenetic analysis by the Maximum-likeli-
hood method reveals that I. vespertilionis is phylogenetically closest to Ixodes simplex. These data pro-
vide novel reference for further studies on the population genetics and phylogenetics of ticks.
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Ixodes vespertilionis (Koch, 1844) (Acari: Ixodidae) mainly
inhabits in caves and exclusively parasitizes bats, such as
Rhinolophus sinicus, Rhinolophus macrotis and Hipposideros
pratti (Bush and Robbins 2012). It has been recorded in vari-
ous parts of the world including Asia, European and African
countries (Hornok et al. 2015). In China, I. vespertilionis is
mainly distributed in the Inner Mongolia, Jiangsu, Fujian,
Sichuan, Hubei, Shanxi, Liaoning, Guizhou and Yunnan, and it
also appears in Taiwan (Bush and Robbins 2012). Fragments
of the mitochondrial genes encoding COX1, COX2, 16S rRNA
and 12S rRNA of I. vespertilionis have already been sequenced
and utilized for studies. However, the phylogenetic studies of
this species are not clear enough due to the absence of suffi-
cient genetic information.

In this study, we reported the complete mitogenome of I.
vespertilionis for the first time. The I. vespertilionis were col-
lected from bat cave which is located in Chuxiong City,
Yunnan Province, China (25�010N, 101�540E) in August 2020.
The ticks were collected from Rhinolophus sinicus. After col-
lection (n¼ 2), one of them was kept as a voucher specimen
and the other one was used for DNA extraction. The col-
lected specimen was transported and stored at the
Parasitological Museum, Dali University (Voucher number:
DLUP2008). Species identification was conducted by
Professor Chunhong Du that was based on morphological
characterization. The sample was preserved in 95% ethanol
and stored at �20 �C until utilization (Du et al. 2018).
The genomic DNA was isolated by the standard phenol-
chloroform extraction procedure (Burger et al. 2014). The
whole-genome shotgun method was used in whole genome
paired-end sequencing (Coil et al. 2015) and was conducted
on the Illumina NovaSeq platform at Shanghai Personal

Biotechnology Co, Ltd, Shanghai, China. The mitogenome of
I. vespertilionis was assembled by using A5-miseq v20150522
software and SPAdesv3.9.0 software (Baker and Edlund 2020).
Eventually, genome components annotation was retrieved by
using the MITOS web server (Bernt et al. 2013) (http://mitos.
bioinf.uni-leipzig.de/).

The mitogenome of I. vespertilionis was 14,559 bp in
length and was submitted in GenBank under accession num-
ber: MW411447. The mitochondrial genome contained 13
protein-coding genes (PCGs), 22 transfer RNA genes (tRNAs),
2 ribosomal RNA genes (rRNAs) and one control region. The
gene arrangement was identical to soft ticks and non-
Australasian Ixodes species (Chen et al. 2020). Four of these
PCGs (NAD4, NAD4L, NAD1 and NAD5) were located on the
light strand (L-strand), all other remaining PCGs were anch-
ored on the heavy strand (H-strand) (Wang et al. 2020). We
observed that the size of 22 transfer RNA genes ranging from
56 bp (tRNA-Ser) to 68 bp (tRNA-Lys), nine tRNA genes (tRNA-
Gln, tRNA-Cys, tRNA-Tyr, tRNA-Phe, tRNA-His, tRNA-Pro, tRNA-
Leu1, tRNA-Leu2, tRNA-Val) were encoded on the L-strand.

Among thirteen PCGs, COX1, ND5, ND6 and ND3 were
begun with ATT, ND2, ATP6 and ND4 with ATA, only ATP8
with ATC, the remaining five PCGs were characterized by
ATG as the initiation codon. And most genes contained TAA
as the termination codon, and COX2, ND5, COX3 and ND1
used the incomplete stop codon T (Guo et al. 2016). The gen-
eral based composition of the mitogenome was A (38.15%), T
(36.79%), C (16.47%), G (8.59%), with Aþ T (74.94%) having a
higher ratio than GþC (25.06%). Meanwhile, no sequence
identical to the Tick-Box consensus motif is present in the
whole mtDNA of I. vespertilionis (Montagna et al. 2012).
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Besides I. vespertilionis, we chose Limulus polyphemus
(NC003057) as the outgroup and 18 other close species of
the family Ixodidae to construct the phylogenetic tree. The
evolutionary history was inferred by using the maximun like-
hood method based on the Tamura-Nei model with 1000
bootstrap replications. The nucleotide sequences of 13 pro-
tein-coding genes were analyzed in the final dataset.
Evolutionary analyses were conducted in MEGA7.0 software
(Kumar et al. 2016).

As shown in Figure 1, the result showed that this phylo-
genetic tree was divided into two large branches: Metastriata
and Prostriata. Within the prostriata, I. vespertilionis was clus-
tered together with species in the genus Ixodes and shared
close relationship with I. simplex, supporting I. vespertilionis
among the family Ixodidae (Charrier et al. 2019). In conclu-
sion, the complete mitogenome of I. vespertilionis provides a
new resource for phylogenetic studies and can be used as
novel reference for further studies on Ixodes ticks.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by Error! Hyperlink reference not valid.
[2017FD139] and Jilin province science and technology development
planning grant program [no. 20180520040JH], China.

Data availability statement

The data that support the findings of this study are openly available in
GenBank of NCBI at https://www.ncbi.nlm.nih.gov/, reference num-
ber MW411447.

References

Baker JL, Edlund A. 2020. Composite long and short-read sequencing
delivers a complete genome sequence of B04Sm5, a reutericyclin and
mutanocyclin-producing strain of streptococcus mutans. Microbiol
Resour Announc. 9(47):e01067-20.

Bernt M, Donath A, J€uhling F, Externbrink F, Florentz C, Fritzsch G, P€utz J,
Middendorf M, Stadler PF. 2013. MITOS: improved de novo metazoan
mitochondrial genome annotation. Mol Phylogenet Evol. 69(2):
313–319.

Burger TD, Shao R, Barker SC. 2014. Phylogenetic analysis of mitochon-
drial genome sequences indicates that the cattle tick, Rhipicephalus
(Boophilus) microplus, contains a cryptic species. Mol Phylogenet Evol.
76:241–253.

Bush SE, Robbins RG. 2012. New host and locality records for Ixodes sim-
plex Neumann and Ixodes vespertilionis Koch (Acari: Ixodidae) from
bats (Chiroptera: Hipposideridae, Rhinolophidae and Vespertilionidae)
in southern China. Int J Acarol. 38(1):1–5.

Charrier NP, Hermouet A, Hervet C, Agoulon A, Barker SC, Heylen D, Toty
C, McCoy KD, Plantard O, Rispe C. 2019. A transcriptome-based phylo-
genetic study of hard ticks (Ixodidae). Sci Rep. 9(1):12923.

Chen Z, Xuan Y, Liang G, Yang X, Yu Z, Barker SC, Kelava S, Bu
W, Liu J, Gao S. 2020. Precise annotation of tick mitochondrial
genomes reveals multiple copy number variation of short tan-
dem repeats and one transposon-like element. BMC Genomics.
21(1):488–499.

Figure 1. Maximum-likelihood (ML) phylogeny of 18 species of the family Ixodidae based on the 13 concatenated nucleotide sequences of protein-coding genes
(PCGs), utilizing Tamura-Nei model and after 1,000 bootstrap replications. Limulus polyphemus (NC003057) was used as the outgroup. The black square sign repre-
sents the species in this study. Bootstrap support values are shown above the nodes.

3002 X. LU ET AL.

https://www.ncbi.nlm.nih.gov/


Coil D, Jospin G, Darling AE. 2015. A5-miseq: an updated pipeline to
assemble microbial genomes from Illumina MiSeq data.
Bioinformatics. 31(4):587–589.

Du C, Sun Y, Xu R, Shao Z. 2018. Description of Haemaphysalis
(Alloceraea) Kolonini sp. nov., a new species in subgenus Alloceraea
Schulze (Ixodidae: Haemaphysalis) in China. Acta Parasitol. 63(4):
678–691.

Guo D, Zhang Y, Fu X, Gao Y, Liu Y, Qiu J, Chang Q, Wang C. 2016.
Complete mitochondrial genomes of Dermacentor silvarum and com-
parative analyses with another hard tick Dermacentor nitens. Exp
Parasitol. 169:22–27.

Hornok S, Estrada-Pe~na A, Kontsch�an J, Plantard O, Kunz B, Mihalca AD,
Thabah A, Tomanovi�c S, Burazerovi�c J, Tak�acs N, et al. 2015. High

degree of mitochondrial gene heterogeneity in the bat tick species
Ixodes vespertilionis, I. ariadnae and I. simplex from Eurasia. Parasit
Vectors. 8(1):457–465.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: Molecular Evolutionary
Genetics Analysis Version 7.0 for Bigger Datasets. Mol Biol Evol. 33(7):
1870–1874.

Montagna M, Sassera D, Griggio F, Epis S, Bandi C, Gissi C. 2012. Tick-box
for 30-end formation of mitochondrial transcripts in Ixodida, basal che-
licerates and Drosophila. PLoS One. 7(10):e47538.

Wang C, Wang L, Liu Y, Deng L, Wei M, Wu K, Huang S, Li G, Huang Y,
Zhang H, et al. 2020. The mitochondrial genome of the giant panda
tick Haemaphysalis flava (Acari, Ixodidae) from southwest China.
Mitochondrial DNA B Resour. 5(2):1188–1190.

MITOCHONDRIAL DNA PART B 3003


	Abstract
	Disclosure statement
	Funding
	Data availability statement
	References


