MITOCHONDRIAL DNA PART B: RESOURCES
2024, VOL. 9, NO. 4, 551-556
https://doi.org/10.1080/23802359.2024.2345136

Taylor & Francis
Taylor & Francis Group

MITOGENOME REPORT

a OPEN ACCESS ‘ W) Check for updates

The complete mitochondrial genome of Rhipicephalus haemaphysaloides and its

phylogenetic analysis

Shaobo Tang?®*, Xiaoyun Zhang®*, Chunhong Du¢, Dandan Jiang® and Xing Yang?

%Integrated Laboratory of Pathogenic Biology, College of Preclinical Medicine, Dali University, Dali, P.R. China; ®School of Public Health, Dali
University, Dali, P.R. China; “Yunan Institute of Eudemic Diseases Control and Prevention, Dali, P.R. China

ABSTRACT

We conducted an analysis of the complete mitochondrial genome of Rhipicephalus haemaphysaloides, a
tick species known for transmitting various bacteria and viruses. The mitochondrial genome of R. hae-
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maphysaloides has a length of 14,739 bp and consists of 13 protein-coding genes (PCGs), 22 transfer

RNA genes (tRNAs), 2 ribosomal RNA genes (rRNAs), and 2 control regions. By utilizing the maximum
likelihood method, we established the phylogenetic relationship among R. haemaphysaloides and other
species within the Rhipicephalus genus of the Ixodidae family. This analysis revealed that R. haemaphy-
saloides and other Rhipicephalus species belong to the same clade, further affirming the taxonomic
placement of R. haemaphysaloides within the Rhipicephalus genus. Furthermore, we compared the
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mitochondrial genomes of R. haemaphysaloides isolates from Changning, Yunnan Province, China, with
isolates from Yangxin, Ganzhou, and Yingtan, Hubei Province, China. In summary, our investigation
offers genetic proof endorsing the taxonomic categorization and phylogenetic placement of Ixodidae
by assessing the entire mitochondrial genome of R. haemaphysaloides.

Introduction

Rhipicephalus haemaphysaloides Supino, 1897 (Figure 1) is an
obligate parasitic arthropod that primarily parasitizes hares,
hedgehogs, rodents, and domestic animals such as cattle,
sheep, goats, horses, and pigs (Mansfield et al. 2009). It is
mainly found in hot and humid Southeast Asian countries,
including China, India, Malaysia, Indonesia (Diyes et al. 2017),
Sri Lanka (Dilrukshi et al. 2004), and Thailand (Tantrawatpan
et al. 2022). R. haemaphysaloides belongs to the family
Ixodidae and the genus Rhipicephalus. Family Ixodidae is con-
sidered the second largest medium for disease transmission,
after mosquitoes (Li et al. 2018). It is known as one of a sig-
nificant vector that can impact both human and animal
health (Dantas-Torres et al. 2012), as they can carry bacteria,
viruses, protozoa (Li et al. 2018; Sharifah et al. 2020). They
transmit diseases through blood-sucking bites or contact
with the host’s body fluids, blood, or animal products (Huang
et al. 2020). The pathogens they carry can cause symptoms
such as nausea, headache, fever, cytopenias (Wang et al.
2019), and diseases such as meningitis and hemorrhagic fever
(Bonnet et al. 2022), and even death (Tran et al. 2022). The
small genome, stable genetic composition, and maternal
inheritance are remarkable characteristics found within the
mitochondria of insects (Yang et al. 2022). These unique
attributes have proven to be invaluable in studies related to
insect species identification and phylogenetic research.

Nevertheless, the current exploration of R. haemaphysaloides
has predominantly concentrated on morphological aspects,
leaving limited room for comprehensive investigations into
its complete mitochondrial genome. Consequently, it is of
utmost significance to delve into the mitochondrial genome
of R. haemaphysaloides to acquire a deeper understanding.

Materials and methods
Sample collection and DNA extraction

Adult R. haemaphysaloides specimens were collected from
Changning City, located in Yunnan province, China
(24°51'01”N, 99°35’55"E). These specimens were brought back
to the laboratory and preserved in absolute ethanol and stored
in a refrigerator set to —20°C. After collection (n=12), one
specimen was used for DNA extraction, and the remainder of
the ticks were held as voucher specimens. Subsequently, the
collected tick specimens were deposited at the Parasitological
Museum at Dali University in Yunnan, China. The collection
number assigned to these samples is DLU230415 (URL: http://
www.dali.edu.cn/jcyxy/xkpt/jcyxsyjxzx/6431.htm). Contact per-
son: Xing Yang, yang08220013@163.com. The total genomic
DNA was extracted using the CTAB technique following stand-
ard protocols. The isolated DNA was then stored in 75% etha-
nol at a temperature of —20°C.
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Figure 1. A photo of the Rhipicephalus haemaphysaloides. The photo has been taken by Shaobo Tang.

Sequence, assembly, and annotation analysis

The sequencing process for the mitochondrial genome of
R. haemaphysaloides was carried out using the lllumina
NovaSeq platform at Harbin Botai Biotechnology Co, Ltd,
China. The sequencing process generated 2.7GB of raw data,
due to the presence of low-quality data, the raw data under-
went a filtering process to extract clean data. Subsequently,
quality control measures were applied to the clean data, we
got 21,875,512 clean paired reads. The A5-miseq software
(Coil et al. 2015) was then utilized for genome assembly on
the clean data post quality control. To conduct sequence
annotations, the MITOS web server (Meng et al. 2019) was
employed. DNAstar 11 (Burland 2000) software was utilized
for the calculation of base composition, codon usage fre-
quency, AT-skew, and GC-skew of each coding gene in the
mitochondrial genome of R. haemaphysaloides. Finally, we
used OGDRAW v1.3.1 software (Greiner et al. 2019) to map
the complete mitochondrial genome of R. haemaphysaloides.

Phylogenetic analysis

The phylogenetic analysis was performed using the max-
imum likelihood method with a bootstrap value of 1000 and
the General Time Reversible model. The tree was built on the
concatenated datasets of 13 PCGs. Additionally, 20 previously
reported mitochondrial genomes of Ixodidae were included.
The mitochondrial genome of Limulus polyphemus was
included as an outgroup. The MEGA11.0 (Tamura et al. 2021)
software was utilized to conduct the phylogenetic analysis.

Results

Mitochondrial genome analysis of R. haemaphysaloides
(changning isolate)

The sequence of R. haemaphysaloides’ mitochondrial genome
measures 14,739 base pairs (bp) in length, exhibiting a mean
coverage of trimmed sequencing data at 57.92x. This

genome encompasses a total of 37 distinct genomes. These
genomes consist of 13 PCGs, 22 tRNAs, 2 rRNAs, and 2 con-
trol regions (Figure 2). Among the PCGs, nad5 has the lon-
gest gene length (1657 bp), while trnS7 has the shortest gene
length (53 bp). Fourteen tRNAs,(trnM(cat), trnK(ctt), trnW(tca),
trnD(gtc), trnR(tcg), trnG(tcc), trnA(tgc), trnN(gtt), trnS(tct),
trnE(ttc), trnl(gat), trnT(tgt),trnS2(tga), and trnC(gca)), nine of
the 13 PCGs (nad2, cox1, cox2, atp8, atp6, cox3, nad3, nade,
cob) are present on the heavy strand, while two rRNAs (rrnL,
rrnS), eight tRNAs ((trnY(gta), trnlL2(taa), trnV(tac), trnQ(ttg),
trnF(gga), trnH(gtg), trnL1(tag), trnP(tgg)), four of the 13 PCGs
(nad1, nad5, nad4, nad4l) are located on the light strand.

Within  the complete mitochondrial genome of
R. haemaphysaloides, there are instances of gene overlaps
and intergenic intervals between adjacent genes. Specifically,
there are 18 intergenic regions, with an overall length of
228 bp. These intergenic regions range in length from 1 to
49bp, with the longest interval found between the genes
cox1 and cox2 at 49bp, followed by rrnS and the control
region between rrnS and trnl at 37 bp. Additionally, there are
11 gene overlapping regions, totaling 43 bp, with lengths
ranging from 1 to 14bp. The largest gene overlap is
observed between the genes nad6 and trnP.

Among the 13 PCGs, ATT is the initiation codon for nad2,
cox1, cox2, nad3, and nad5, ATA is the initiation codon for
nadl and nad6, and ATC is the initiation codon for atp8. The
remaining five PCGs all start with ATG as the initiation codon.
Interestingly, TAA acts as the stop codon for nine of the 13
PCGs, while the genes cox2, cox3, and nad5 have the incom-
plete stop codon T. Concerning the base composition of the
mitochondrial genome of R. haemaphysaloides, the propor-
tions of A, G, C, and T are 37.47%, 10.10%, 12.99%, and
39.45%, respectively. The A+T content is 76.92% and G+ C
content is 23.08%, indicating a clear preference for AT bases.
Moreover, both the AT-skew and GC-skew values are nega-
tive, suggesting that the amounts of bases A and G in the
entire genome sequence are lower than those of T and C,
respectively.
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Figure 2. Mitochondrial genome map of Rhipicephalus haemaphysaloides.

The analysis between mitochondrial genomes of R.
haemaphysaloides (Changning, Yangxin, Ganzhou, and
Yingtan isolates)

The analysis showed that the complete mitochondrial gen-
ome of R. haemaphysaloides isolated from Changning in
Yunnan province is shorter than those of the Yangxin,
Ganzhou, and Yingtan isolates in Hubei province. From
Table 1, the R. haemaphysaloides from Yangxin, Ganzhou, and
Yingtan in Hubei province and Changning in Yunnan prov-
ince all have two control regions. ATG, ATT, ATC were used
in the cox2, atp8, and nadl as the start codon respectively
(Yangxin, Ganzhou, Yingtan isolates), while Changning iso-
lated was used ATT, ATC, ATA as the start condon of cox2,
atp8, and nadl gene separately. As for the nad4, the
Changning isolate utilized TAG as the stop codon, whereas
the Yingtan, Ganzhou, and Yangxin isolates employed TAA as
the stop codon.

trnM(cat)
tmC(gca)

14,739 bp

Phylogenetic analysis

The phylogenetic tree revealed that R. haemaphysaloides iso-
lated from Yangxin, Ganzhou, and Yingtan in Hubei province
formed a cluster, which then grouped with the R. haemaphy-
saloides isolated from Changning in Yunnan province (Figure
3). The results shown that R. haemaphysaloides (Changning
isolates) belong to the Rhipicephalus genus.

Discussion and conclusions

These findings suggest that geographic location (Simoes and
Pascual 2018) may play a role in mitochondrial genome
variation in R. haemaphysaloides. In conclusion, this study
provides valuable insights for further research on
species identification, evolution, and phylogenetics of R.
haemaphysaloides.
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Figure 3. Phylogenetic tree of Rhipicephalus haemaphysaloides and 20 previously published ixodidae tick species in GenBank based on the nucleotides of 13 PCGs
of mitochondrial genomes used the maximum likelihood method by MEGA11.0, the numbers at the nodes are bootstrap values computed using 1,000 replications
and General Time Reversible model. The following sequences were used: Dermacentor reticulatus/Russia Tomsk region (Kartashov et al. 2020), Rhipicephalus austra-
lis/Australia Queensland, Bunya (Burger et al. 2014), Rhipicephalus camicasi/Saudi Arabia Riyadh (Chandra et al. 2022), Rhipicephalus decoloratus/South Africa
Uitspanning (Mans et al. 2019), Rhipicephalus evertsi/South Africa Uitspanning (Mans et al. 2019), Rhipicephalus linnaei/Egypt Luxor Governorate, Esna City (Slapeta
et al. 2022), Rhipicephalus sanguineus/China (Cao et al. 2023), Hyalomma asiaticum/China Changsha (Cao et al. 2023), Hyalomma marginatum/Turkey (Ciloglu et al.
2021), Hyalomma rufipes/China Hebei (Lang et al. 2022), Limulus polyphemus/USA (Lavrov et al. 2000).
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