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ABSTRACT 
Homoderus mellyi belongs to the Lucanidae family of Coleoptera. The first complete mitogenome of 
Homoderus is reported in this paper. The genome is 16,807 bp in length and contains the typical 37 
genes with 22 transfer RNA genes, 13 protein coding genes, and 2 ribosomal RNA genes. The gene 
order is conserved across the lineage. The average base composition of the mitogenome is 36.6% for 
A, 20.8% for C, 11.6% for G, and 31.1% for T. The percentage of GC is 32.3%. The genome organization, 
nucleotide composition, and codon usage are similar to other beetles. Phylogenetic analysis shows that 
Lucanidae is monophyletic, and all subfamilies are monophyletic, respectively. The phylogenetic posi-
tion of H. mellyi is consistent with other research.
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Introduction

The family Lucanidae Latreille, 1802, commonly known as 
stag beetle, contains about 1,700 species all over the world 
(Schoolmeesters 2021). It attracted lots of enthusiasts 
and researchers because of the distinctive morphology and 
behavior (Arrow 1937; Tetsuo and Shinji 1994; Kim and 
Farrell 2015; Kakizoe et al. 2023). They are characterized by 
the enormous size and the striking development of male 
mandibles. It is interesting that two lucanid species were 
found myrmecophilous (Kakizoe et al. 2023).

Homoderus mellyi Parry 1862 belongs to Lucaninae 
(Coleoptera: Lucanidae) (Parry 1862), which measures between 
45 and 60 mm (Muafor and LeGall, 2012; Muafor et al. 2012). 
The male H. mellyi were uniformly colored, while the female has 
conspicuous stripes (Arrow 1937). H. mellyi has highly developed 
chewing mouthparts (Audino et al. 2007). The female’s head is 
black. The specimen is distinguished by its four black spots on 
the pronotum, and the middle black spots are large than the 
outermost. The elytron are black with a yellow-red longitudinal 
stripe on each side (Figure 1). Specific permission is not needed 
as no endangered or protected species were involved.

They were found in many places in Central and West Africa 
(Nelson 1973; MAEs and Pauly 1998; Audino et al. 2007; Muafor 
et al. 2012) (Supplementary Figure S2). It is a part of West 
African forests, and contributes to the overall stability and resili-
ence of the ecosystem. It is a kind of income source in 

Southwest Cameroon (Muafor et al. 2012). Locally they are rela-
tively common, but their population is threatened from habitat 
destruction and exploitation of adults for insect trade (Muafor 
and LeGall 2012; Muafor et al. 2015). If carnitine is fed continu-
ously during the larval stage, H. mellyi will become a giant bee-
tle, whereas which were given isosorbide dinitrate (ISDN) will 
quickly become adults with small body size (Inoue et al. 2004). 
An X autosome rearrangement was detected in H. mellyi and 
other beetles (Dutrillaux and Dutrillaux 2023). However, there is 
no one complete mitochondrial genome from Homoderus so far.

Materials and methods

The specimen came from shipments mailed to China from 
Japan (Figure 1) and were collected by China Customs 
(Beijing). The specimen was female and deposited at Science 
and Technical Research Center of China Customs (http:// 
www.chinacustoms-strc.cn, Lijie Zhang and zhanglijie8820@ 
163.com) under the voucher number 2111000001008273-7. 
Permission was obtained from China Customs when speci-
mens were obtained. The genomic DNA was extracted by a 
DNeasy Blood and Tissue kit (Qiagen, Germany) and depos-
ited in a refrigerator at −20 �C at Institute of Zoology, 
Chinese Academy of Sciences.

The complete mitogenome of H. mellyi was sequenced by 
the Illumina HiSeq 6000 platform with 400 bp insert size and 
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Figure 1. Homoderus mellyi Parry 1862 was seized from shipments mailed from Japan to China. The specimen is distinguished by its four black spots on the prono-
tum, and the Middle black spots are large than the outermost. The elytron are black with a yellow-red longitudinal stripe each side. Photographed by Lijie Zhang.

Figure 2. The complete mitochondrial genome map of Homoderus mellyi (GenBank: PP085183). Genes encoded on the majority strand (J-strand) are represented 
on the clockwise side of the circle, while genes encoded on the minority strand (N-strand) are shown on the anticlockwise side.
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a pair-end 150 bp sequencing strategy. The sequencing depth 
and coverage map was drown following the website (https:// 
www.protocols.io/run/generating-sequencing-depth-and- 
coverage-map-for-o-cswxwffn) (Ni et al. 2023). It is shown 
in Supplementary Figure S1. The sequence reads were first 
trimmed with Trimmomatic-0.38. (Bolger et al. 2014); then, 
the remaining high-quality reads were assembled using 
Megahit v1.2.9 (Li et al. 2015). The annotation of genes was 
performed by Geneious 8.0.5 (Kearse et al. 2012) with the ref-
erence of OL944342. The mitochondrial genome map was 
drawn using Geneious 8.0.5 (Kearse et al. 2012) (Figure 2).

Ten Lucanidae mitogenome sequences were downloaded 
from NCBI for phylogenetic tree reconstruction (https://www. 
ncbi.nlm.nih.gov/). The phylogenetic tree was constructed 
based on nucleotide sequences. Three Trogidae genomes 
were as outgroups. The following sequences were used: 
JX412734 (Timmermans et al. 2016), MH120283 (G€or€ur and 
Davut 2019), KP735804 (Lin et al. 2017), OL944342 (Chen 
et al. 2021), PP085183 (in this study), MK109856, MK937809, 
MH120284, MH427658, MH120282, MF037205, OR888904, 
OL944349, OL944350. The last nine sequences were available 
on NCBI but still unpublished. After aligning each gene 
sequence with MAFFT v7.505 (Katoh et al. 2002), all align-
ments were concatenated with PhyloSuite v1.2.2 (Zhang 
et al. 2019). The 13 PCGs were combined using edge- 
unlinked branch lengths between partitions, and then the 
best IQ-TREE model was generated with ModelFinder 
(Kalyaanamoorthy et al. 2017), and finally the developmental 
tree reconstruction was performed with IQ-TREE (version 
2.0.3) (Minh et al. 2020), with the GTRþ Fþ IþG4 best model 
generated by ModelFinder. The number of bootstrap is 5000 
and replicated 1000 times.

Results

Mitogenome organization

The mitogenome of H. mellyi was found to be a double- 
stranded circular molecule with 16,807 bp in length (GenBank 
accession number PP085183), containing the entire set of 37 
genes usually present in most insect mtDNA (13 PCGs, 22 
tRNA genes, and 2 rRNA genes) and a large non-coding 
region (control region). Twenty-three genes were transcribed 
on the majority strand (J-strand), whereas the others were 
oriented on the minority strand (N-strand). The overall organ-
ization of the mitogenome of H. mellyi is very compact, and 
numerous overlaps between genes were found (Figure 2). All 
PCGs except COX1 used ATN as start codon. Five PCGs 
(ATP6, COX3, ND4L, ND6, CYTB) start with an ATG, 3 PCGs 
(ND3, ND4, ND1) start with an ATA. Three PCGs (ND2, COX2, 
ND5) start with an ATT, while ATP8 starts with ATC and COX1 
starts with truncated left end with ACC. Nine PCGs terminate 
with TAN stop codon, as 5 PCGs (ND2, COX1, ATP6, ND4L, 
ND6) stop with TAA, and 4 PCGs (ATP8, ND3, CYTB, ND1) 
stop with TAG. Three PCGs (COX3, ND5, ND4) terminate with 
TA, whereas COX2 terminates with incomplete T stop codons, 
which is frequently found in the mitogenome of beetles (Lee 
et al. 2020).

Phylogenetic analysis

To assess the phylogenetic relationships of H. mellyi, we 
selected the complete mitochondrial DNA sequences of ten 
Lucanidae species and three Trogidae species; Trox sp., 
Trogidae sp. and Omorgus chinensis were set as the 

Figure 3. The IQ-tree based on the concatenated 13 PCGs of Lucanidae. Phylogenetic analysis was performed with IQ-TREE (version 2.0.3). The following sequences 
were used: Trox sp. (JX412734, Timmermans et al. 2016), Trogidae sp. (MK109856, unpublished), Omorgus chinensis (MK937809, unpublished), Ceruchus minor 
(MH120283, G€or€ur and Davut 2019), Sinodendron yunnanense (KP735804, Lin et al. 2017), Sinodendron rugosum (MH120284, unpublished), Himaloaesalus gaoligongsha-
nus (MH427658, unpublished), Aesalus sp. (MH120282, unpublished), Cyclommatus strigiceps (MF037205, unpublished), Aegus fukiensis (OR888904, unpublished), 
Homoderus mellyi (PP085183, this study), Falcicornis taibaishanensis (OL944349,unpublished), Hemisodorcus arrowi (OL944350, unpublished), Dorcus curvidens (OL944342, 
Chen et al. 2021). The bootstrap value based on 1000 replicated is represented on each node. Trox sp., Trogidae sp. and Omorgus chinensis were used as outgroups to 
root the tree.
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outgroups. The sequences were obtained from GenBank. H. 
mellyi, had a close relationship with the branches Falcicornis 
taibaishannensis, Hemisodorcus arrowi and Dorcus curvidens, 
with high support values. This newly sequenced complete 
mitochondrial genome provides valuable information for 
exploring the genetic diversity and phylogenetic relationships 
of the Lucanidae family.

The IQ-tree based on the 13 PCGs (Figure 3) shows that 
Lucanidae were recovered as monophyletic. The available 
subfamily rank of Lucanidae was resolved. This topology sup-
ports the monophyly of three subfamilies and the sister 
group relationships between Aesalinae and Lucaninae. 
Syndesinae was the basal branch, and was the sister group 
with other two subfamilies. It is consistent with the analysis 
using the mitogenomes of 11 representative species from 
Lucanidae (Lee et al. 2020).

Discussion and conclusion

Approximately 1,700 species have been described in the fam-
ily Lucaninae (Schoolmeesters 2021). However, only 67 com-
plete mitochondrial genomes have been deposited in the 
GenBank database so far (June 24, 2024). In this study, next- 
generation sequencing and assembly revealed that the com-
plete mitogenome of H. mellyi is 16,807 bp in length, and the 
structural features of the mitochondrial genome and its 
phylogenetic position within the Lucanidae were described. 
The gene order and composition are identical to those of 
typical mitogenomes of other stag beetle (Wang et al. 2019; 
Zhai et al. 2020; Zhao et al. 2021; Choi et al. 2022). The iqtree 
based on the mitochondrial genome protein coding genes of 
H. mellyi and 10 other species supported the hypothesis that 
H. mellyi belongs to Lucaninae. In conclusion, this study pro-
vides important information for future taxonomic, systematic, 
and genetic studies on Lucanidae. The results will contribute 
to the inference of the phylogenetic relationships within the 
family Lucanidae.
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