MITOCHONDRIAL DNA PART B: RESOURCES
2024, VOL. 9, NO. 9, 1218-1222
https://doi.org/10.1080/23802359.2024.2404211

Taylor & Francis
Taylor & Francis Group

MITOGENOME REPORT

a OPEN ACCESS ‘ W) Check for updates

The complete mitochondrial genome and phylogenetic analysis of Rattus
tanezumi (Niethammer, 1975), captured from North China

Hong Tian?, Weimin Han?, Luling Li%, Xiaodong Shi? Xu Han®, Yamei Wei®, Yanan Cai®, Zhanying Han®, Yanbo

Zhang®, Yonggang Xu®, Qi Li® and Shiyou Liu®®

3School of Public Health, Hebei Medical University, Shijiazhuang, China; "Hebei Provincial Center for Disease Control and Prevention,

Shijiazhuang, China

ABSTRACT

Rattus tanezumi (Niethammer, 1975) is one of the commensal rodent species in South China. With the
development of transportation and climate change, R. tanezumi has gradually migrated north and
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become the dominant rat species for the past few years. In this study, we assembled a complete mito-

chondrial genome of R. tanezumi, captured from North China. The mitogenome contains 16,307
nucleotide pairs, including 13 protein-coding genes, 2 ribosomal RNA genes, and 22 transfer RNA
genes, as well as one non-coding control region. Based on whole mitogenome phylogenetical analysis
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showed that R. tanezumi captured from North China had a close phylogenetic relationship with that
from Japan and South Korea. These findings are valuable for further studies on the evolution, genetic

diversity, and taxonomy of Asian commensal rodent.

Introduction

The commensal rodent, R. tanezumi (Figure 1) traditionally
called Oriental house rat (Niethammer, 1975), native to South
East Asia (Adhikari et al. 2018a). It has been introduced to
East Asia and mainly distributed in the south of the Yellow
River (Adhikari et al. 2018b; Guo et al. 2019). With the devel-
opment of transportation and climate change, it has been
found that R. tanezumi has gradually migrated north China
and become the dominant rat species for the past few years
(Liu et al. 2019). As one of the serious pests in farmland, R.
tanezumi can cause damage to crops during harvesting and
reducing crop yields (Brown et al. 2006; Htwe et al. 2019).
Due to its seasonal migration and wide range of habitats, the
R. tanezumi can carry various pathogens, which cause zoo-
notic diseases, representing a serious threat for human health
(He et al. 2021; Zhang, You et al. 2021; Zhang, Li et al. 2021).

At present, there have been some studies on the gene
evolution and phylogeny of the R. tanezumi, but this is little
information on the whole mitochondrial genome of R. tane-
zumi (Teng et al. 2016; Li et al. 2023). Our study characterized
the complete mitochondrial genome of R. tanezumi captured
from North China, which will provide more molecular infor-
mation for future research on the taxonomy and genetic evo-
lution of asian commensal rodent.

Materials and methods

The R. tanezumi specimen was collected in autumn 2019
from Handan (36°34'60.0”N, 114°28'60.0"E), Hebei Province,
China. The tissue (hearts, lungs, livers, spleens and kidneys)
was acquired after morphological analysis (Figure 1) on site,
and stored at —80°C in Hebei Provincial Center for Disease
Control and Prevention (Shiyou Liu, Isy7@outlook.com) under
the voucher number HD190053. Total genomic DNA was iso-
lated from the liver tissue using the Tissue Genomic DNA kit
(Biogerm, Shanghai, China). The extractive genome was sent
to Personalbio (Shanghai, China) for sequencing use shotgun
technology. DNA library with an insert size of approximately
400bp was constructed and sequenced on the Illumina
Miseq platform, with 250 bp paired-end reads. After filtering
out of raw sequencing reads containing adapters and reads
of low quality, the resultant sequences were assembled using
SPAdesv3.9.0 (Bankevich et al. 2012) and correcting the
results with Pilon v1.18 (Walker et al. 2014). The functional
annotations were performed using the MITOS (http://mitos.
bioinf.uni-leipzig.de/) (Bernt et al. 2013), and mitochondrial
whole genome circles were mapped using the cgview.
Phylogenetic analysis was performed using the MEGA 11, the
complete mitochondrial genomes of 23 species were
obtained from Genbank, the best nucleotide substitution
model GTR+ G + | was selected and the No. of bootstrap rep-
lications was 1000.
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Figure 1. The morphological characteristics of R. tanezumi (HD190053). The photo of specimen was supplied by Hebei Provincial Institute for Plague Control and
Prevention.
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Figure 2. Complete mitochondrial genome map of R. tanezumi. The diagram displays the scale, GC skew, GC content, and arrangement of protein coding genes,
tRNA genes, and rRNA genes on the genome. The first circle represents the scale, followed by the GC skew in the second circle, the GC content in the third circle,
and the arrangement of genes in the fourth and fifth circles.

Results mitochondrial genome was as follows: A=34.08%, T=28%,
. L G=126%, and C=2533%. It consists of 13 protein-coding
Mitogenome organization genes (PCGs), 2 ribosomal RNA genes (rRNAs), 22 transfer RNA

The whole mitogenome of R. tanezumi is 16,307 bp in length  genes (tRNAs), and a control region. Among these, 12 PCGs, 14
and has been deposited in GenBank (Accession number: tRNA genes, and 2 rRNA genes were encoded in the heavy
OK054583.1). The nucleotide composition of the R. tanezumi  strand, whereas 1 PCG (NADH dehydrogenase subunit 6) and 8
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tRNA genes were encoded in the light strand. Among the pro-
tein-coding genes, except for nad3 and nad5, which had ATA as
the start codon, the other 11 genes had ATG as the start codon.
In addition, two protein-coding genes (cox3, nad4) ended with
incomplete stop codons, while the remaining 11 protein-coding
genes ended with complete stop codons TAA or TAG (Figure 2,
Table S2). The genome coverage across the reference figure is
detailed in the supplementary material (Figure ST1).

Phylogenetic analysis

To investigate the phylogenetic relationship between R. tane-
zumi from China and other regions, we constructed the

84 Rattus tanezumi NC_011638 Japan

100 { Rattus tanezumi KF011916 South Korea (Jeju)

100 . Rattus tanezumi OK054583 China

100
Rattus tanezumi MN126566 Malaysia (Sabah)

100 Rattus rattus EU273707 New Zealand

Rattus baluensis NC_035621 Malaysia (Sabah)
100 *‘7
100 R: i icus MN126563 i
100 - Rattus korinchi MN126567 Indonesia (Sumatra)
74 Rattus hoogerwerfi MN126561 Indonesia
100

99
Rattt is MK558274 China
96

Rattus exulans EU273710 Thailand

Rattus nitidus NC_040919 China (Tibet)
Rattus norvegicus DQ673917 Japan
100 100 Rattus niobe NC_023347 Papua New Guinea

66 Rattus praetor EU273708 Papua New Guinea

Rattus leucopus NC_014855 Australia

R fuscipes NC_014867 Australia

100 ———————————— Rattus tunneyi NC_014861 Australia

Rattus lutreolus NC_014858 Australia

100

% Rattus sordidus NC_014871 Australia

100 Rattus villosissimus NC_014864 Australia

indica KT029807 China

Bunomys penitus KY464167 Sumatra
81

muelleri KY464172 Java

_—

005

Figure 3. Phylogenetic tree of R. tanezumi and other related species based on
mitochondrial genome sequences. Phylogenetic analysis was performed using
MEGA 11 software. GenBank accession numbers of each mitochondrial genome
sequences are given after the species name, and the bootstrap value based on
1,000 replicates is represented on each node. Bunomys penitus and Sundamys
muelleri were used as outgroups to root the tree. The name of reported species
was noted with a red dot. The following sequences were used: KF011916
(Adhikari et al. 2018), MN126566 (Camacho-Sanchez and Leonard 2020), NC_
011638 (Robins et al. 2008), DQ673917 (Robins et al. 2010), NC_040919 (Zhu
et al. 2016), MK558274 (Robins et al. 2008), EU273710 (Robins et al. 2010),
EU273707 (Robins et al. 2010), EU273708 (Robins et al. 2010), NC_023347
(Adhikari et al. 2018b), NC_035621 (Camacho-Sanchez and Leonard 2020),
MN126561 (Cai et al. 2021), MN126563 (Camacho-Sanchez and Leonard 2020),
MN126567 (Camacho-Sanchez and Leonard 2020), NC_0148,55 (Robins et al.
2010), NC_014858 (Robins et al. 2010), NC_014861 (Robins et al. 2010), NC_
014864 (Robins et al. 2010), NC_014867 (Robins et al. 2010), NC_014871
(Robins et al. 2010), NC_005089.1 (Zhang et al. 2021), KT029807 (Wang et al.
2016), KY464167 (Camacho-Sanchez et al. 2017), KY464172 (Camacho-Sanchez
et al. 2017).

phylogenetic tree using the complete mitochondrial genome
sequence of R. tanezumi and the sequences from the other
23 species (supplementary material Table S1). Bunomys peni-
tus and Sundamys muelleri were set as the outer groups and
the sequences were obtained from GenBank. The phylogen-
etic tree indicates that R. tanezumi captured from North
China was closely clustered with that from Japan and South
Korea and completely separated from other species
(Figure 3). This newly sequenced complete mitochondrial
genome provides valuable information for exploring the gen-
etic diversity and phylogenetic relationships of the Rodent
family.

Discussion and conclusion

The sequence we assembled is 16307 bp in length and the
other three are 16306bp. We analyzed the mitochondrial
sequences of four different species of R. tanezumi, and dis-
covered that while the overall length of each sequence was
slightly different, it was composed of 13 PCGs, 2 rRNAs, 22
tRNAs, and a control region. However, they distributed and
been formed stable local communities in different countries
(China, Japan, Malaysia, South Korea) and captured in differ-
ent years. So these four R. tanezumi should have been
evolved into different evolutionary branches.

In the 1950s, R. tanezumi in China was mainly distributed
in the Yellow River basin, eastern and southern regions
(Robins et al. 2008), however R. tanezumi has recently
expanded its range to north of the Yellow River in the south
of Hebei Province and partially replaced the native R. norvegi-
cus subspecies (Li et al. 2023). Invasive species have an
advantage in interspecific competition, and invasive species
are often more aggressive than native species, and closely
related species are more competitive than distantly related,
encouraging invasive R. tanezumi to replace native species
(Amarasekare 2002).

There was study suggest that R. tanezumi and R. norvegi-
cus may chronically interact, and that such interactions may
contribute to the invasive success and northward expansion
of R. tanezumi and the decline of native R. norvegicus popula-
tions in natural habitats (Guo et al. 2017). Several factors,
including global warming and higher resistance to common
rodenticides compared with R. norvegicus, are believed to
likely contribute to the invasive success of R. tanezumi (Guo
et al. 2017). Rats as typical zoonotic hosts, harbor ectopara-
sites such as ticks, lice and mites, and a variety of internal
parasites (Puckett et al. 2020). The change in population
structure of native rat species will certainly have some impact
on the original ecosystem and the prevalence of rat-borne
diseases. The wider public health implications of the R. tane-
zumi invasion deserve our attention and further research.

The genus Rattus is highly speciose, the taxonomy is com-
plex, and individuals are often difficult to identify to the spe-
cies level (Robins et al. 2014). R. rattus and R. tanezumi were
well known to be difficult to be morphologically differenti-
ated from one another (Aplin et al. 2011; Huang et al. 2022).
This suggests that the accuracy of traditional morphological
identification is difficult to ensure and that molecular biology
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methods can be used as a complementary tool (Camacho-
Sanchez and Leonard 2020). The sequencing of mitochondrial
genomes can better identify rat species at the molecular level
and help us understand the composition of rat species in
North China.

In conclusion, we identified the complete mitochondrial
genome of R. tanezumi and elucidated the phylogenetic rela-
tionship with other Rattus by constructing a phylogenetic
tree. These data provide important information for future
taxonomic, systematic, and genetic studies on R. tanezumi
and commensal rodent species in North China.
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