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ABSTRACT

The Manchurian hare (Lepus mandshuricus) is widely distributed in eastern Russia and northeastern
China, but due to limited research, its taxonomic status remains somewhat ambiguous. The mitochon-
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drial genome of the Manchurian hare was 16,705 bp in length, which was consisted of 13 protein-cod-

ing genes (PCGs), 22 transfer RNA (tRNA) genes, 2 ribosomal RNA (rRNA) genes and one control region.
The overall nucleotide composition is 31.7% A, 29.4% T, 13.3% G, and 25.6% C, indicating a high AT
content. Phylogenetic analysis reveals a closer relationship of the Manchurian hare with the Korean
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hare (Lepus coreanus) and the lberian hare (Lepus granatensis), while its relationship with the Hainan
rabbit (Lepus hainanus), European hare (Lepus europaeus) and the snowshoe hare (Lepus americanus) is
more distant. The mitochondrial genome of the Manchurian hare is of vital importance for the phylo-
genetic analysis of lagomorphs and provides valuable data for deeper evolutionary inquiries.

Introduction

Lepus mandshuricus Radde, 1861, commonly referred to as
the Manchurian Hare, is found in the eastern Russia and
northeastern China. Its habitat extends eastward from the
Ussuri River region in Russia, covering areas such as
Heilongjiang and lJilin provinces in northeastern China, and
further into the northern Korea. It is considered as one of the
significant wild lagomorphs in northeastern China. The
Manchurian Hare predominantly resides in forested areas,
exhibiting a preference for mixed forests over coniferous
ones. It tends to avoid open landscapes and steers clear of
human settlements. The elevation across its habitat can reach
up to 900 m (2953 ft) above sea level.

Currently, there is no study characterizing the mitochon-
drial genome of the Manchurian hare (L. mandshuricus). In
this study, we first sequenced the mitochondrial genome of
the Manchurian hare (L. mandshuricus) and explored its
phylogenetic relationships within the family of Leporidae.
The mitochondrial genome of the Manchurian hare will pro-
vide valuable genetic resources for future studies of ecology
and evolution for this species, as well as its relative species in
the order of Lagomorpha.

Materials and methods

A single biological sample of Lepus mandshuricus (Figure 1)
was collected postmortem from Erdaogou, Qingfeng Forest
Farm, Luobei County, Hegang City, Heilongjiang Province,
China (48.242472°N, 130.169694°E). Sterile tools were used

during collection, and the sample was immediately pre-
served. Upon arrival at the laboratory, it was stored at —20°C
to ensure DNA integrity. This study received ethical approval
from the Institutional Animal Care and Use Committee of
Northeast Forestry University. A specimen was deposited at
the Forensic ldentification Institute of Northeast Forestry
University (contact person: Yue Ma, email: mayue@nefu.edu.
cn) under the voucher number sj2021-70-1.Genomic DNA
was extracted from muscle tissue samples using the
TIANamp Micro DNA Kit (DP316) from Tianjin Tiangen
Biotech Co., Ltd. Genomic sequencing was carried out using
the DNBSEQ-T1 sequencer at the China National GeneBank
(Shenzhen, China). The process utilized paired-end 150bp
reads (PE150). Instead of focusing exclusively on mitochon-
drial DNA, the entire genomic DNA was sequenced. The
mitochondrial genome sequence was assembled using
NOVOPIlasty v4.3.1 (Dierckxsens et al. 2017). Annotation of
the mitochondrial genome sequence was conducted using
the Chlorobox web service (Tillich et al. 2017). The phylogen-
etic tree was constructed using IQ-Tree v1.6.6 (Schmidt et al.
2015) with the maximum-likelihood (ML) method. This ana-
lysis included 1,000 ultrafast bootstraps (Hoang et al. 2018)
and 1,000 SH-aLRT replicates (Guindon et al. 2010). The best-
fit partitioning schemes and substitution models were deter-
mined using ModelFinder (Kalyaanamoorthy et al. 2017). We
constructed a maximum likelihood tree using the mitochon-
drial genome sequences, including the D-loop region, of L.
mandshuricus and 25 other species within the order
Lagomorpha (Supplementary Material Table S1). The circular
mitochondrial genome map of L mandshuricus was
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constructed by OrganellarGenomeDraw (OGDRAW) (Greiner
et al. 2019).

Results

We yielded a total of 41.58Gb of raw whole genome
sequencing data. The length of the mitochondrial genome of
Lepus mandshuricus we assembled in this study was
16,705 bp, which was deposited in the GenBank with the
accession number of PP597113. The coverage sequencing
depth per base along the mitochondrial genome reached
7,885.98-fold (Supplementary Figure S1). Annotation of the
mitochondrial genome revealed 22 transfer RNA (tRNA)
genes, 2 ribosomal RNA (rRNA) genes, 13 protein-coding

Figure 1. The studied specimen of Lepus mandshuricus (voucher no.: 5j2021-70-

1). Photograph by Suying Bai. genes (PCGs) and one control region, with the heavy DNA
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Figure 2. Mitochondrial genome map of Lepus mandshuricus (PP597113). The inner circle represents GC content, while the outer circle displays gene features.
Genes outside the circle represent those located on the H-strand, whereas those inside represent the genes located on the L-strand.
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Figure 3. The maximum likelihood phylogenetic tree shows the relationship between the mitochondrial genome of Lepus mandshuricus and other species in the
order Lagomorpha. This tree includes branches representing the genus Lepus (blue), genus Oryctolagus (red), genus Pronolagus (green), and family ochotonidae
genus Ochotona (orange). Lepus mandshuricus is highlighted with a red box. The following sequences were used: Lepus americanus NC_024043(Melo-Ferreira et al.
2014), Lepus arcticus NC_044769 (Unpublished), Lepus capensis GU937113 (Wang and Yang 2014), Lepus coreanus NC_024259 (Unpublished), Lepus europaeus
OR876275 (Riikka Tapanainen et al. 2024), Lepus granatensis NC_024042 (Melo-Ferreira et al. 2014), Lepus hainanus NC_025902 (Unpublished), Lepus oiostolus NC_
050983 (Unpublished), Lepus sinensis NC_025316 (Ding et al. 2014), Lepus tibetanus MZ297478 (Unpublished), Lepus timidus OR939643 (Riikka Tapanainen et al.
2024), Lepus tolai NC_025748 (Ding et al. 2014), Lepus townsendii NC_024041 (Melo-Ferreira et al. 2014), Lepus yarkandensis NC_050569 (Unpublished), Oryctolagus
cuniculus NC_001913 (Gissi et al. 1998), Romerolagus diazi MK614507 (Unpublished), Ochotona erythrotis NC_037186 (Unpublished), Ochotona koslowi NC_039987
(Unpublished), Ochotona curzoniae NC_011029 (Unpublished), Ochotona dauurica NC_044120 (Unpublished), Ochotona thibetana NC_070362 (Unpublished),
Ochotona collaris NC_003033 (Unpublished), Ochotona coreana NC_052873 (Unpublished), Ochotona hyperborea NC_057103 (Unpublished) and Ochotona princeps
NC_005358 (Unpublished). The GenBank accession numbers for the sequences are indicated next to the species names. Numbers near nodes indicate maximum-

likelihood bootstrap percentages.

strand (H-strand) carring 12 PCGs, 2 rRNAs, and 15 tRNAs,
while the remaining eight genes were located on the light
DNA strand (Figure 2). The nucleotide composition of the
mitochondrial genome was 31.7% A, 29.4% T, 13.3% G, and
25.6% C, displaying a high AT bias (61.1%). Our phylogenetic
analysis (Figure 3) revealed a close affinity between Lepus
mandshuricus and Lepus coreanus or Lepus granatensis,
whereas it showed a relatively distant relationship with Lepus
hainanus, Lepus europaeus and Lepus americanus.

Discussion and conclusion

In this study, we sequenced and assembled the mitochon-
drial genome of the Manchurian hare (Lepus mandshuricus).
The arrangement and nucleotide composition of this genome
closely resemble those of other species in the Leporidae fam-
ily (Huang et al. 2019; Kim et al. 2019; Shan et al. 2020;
Zhang et al. 2020). Phylogenetic analysis indicated a close
relationship between the Manchurian hare and certain geo-
graphically related species, while revealing a distant relation-
ship with others. Notably, Lepus hainanus is genetically
distant from Lepus mandshuricus. This study is the first to
characterize the mitochondrial genome of L. mandshuricus,
providing essential data for future research.

We utilized the DNBSEQ-T1 short-read sequencing platform
to perform whole-genome sequencing with paired-end 150 bp
(PE150) reads. While this method offers high throughput and

accuracy, it faces challenges with long tandem repeat regions.
The short reads produced by this method can complicate the
assembly of these regions, potentially leading to information
loss or misassembly. A prominent characteristic of the non-cod-
ing regions in Lagomorpha mitochondrial DNA is the presence
of long tandem repeats (Casane et al. 1997). In our study, this
limitation likely caused the assembled mitochondrial genome
of Lepus mandshuricus to miss the long tandem repeat region,
which can span up to 1000 base pairs depending on the num-
ber of repeats (Riikka Tapanainen et al. 2024).

Future research could incorporate long-read sequencing
technologies to produce longer reads that can span entire
repeat regions, thus improving the completeness and accur-
acy of genome assembly. Despite these challenges, our study
successfully obtained a high-quality mitochondrial genome
sequence for Lepus mandshuricus, providing a valuable foun-
dation for further genomic research.
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