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ABSTRACT

ARTICLE HISTORY

Colobopsis ants are unique ants known for their phragmotic behavior. We have completed the mitochondrial genome of Colobopsis nipponica (Wheeler, W.M., 1928) as the first mitochondrial genome of
the genus. The mitogenome is 17,431 bp long and 19.4% in GC ratio, which is the third longest mitochondrial genome in subfamily Formicinae. It contains 13 protein-coding genes, 2 rRNA genes, 22 tRNA
genes and a large 1534 bp long control region. Both gene order and phylogenetic analysis agree with
the recent elevation of Colobopsis from subgenus to genus.
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Gate-keeper ants of genus Colobopsis are well known for
their phragmotic behavior of acting as ‘living doors’. They are
mainly distributed in the Indo-Australian regions, but a handful of species also inhabit the Holarctic and northern parts of
the Neotropical regions (Janicki et al. 2016). Most species of
this genus have specialized major workers that have sharp
truncated heads. Within their arboreal nests, the major workers use their heads to plug their nest entrances, blocking
intruders but allowing nestmates to pass (Ward et al. 2016).
Until recently, Colobopsis was considered a subgenus of the
mega-diverse carpenter ant genus Camponotus, but was elevated to a proper genus as phylogenomic analysis revealed
Colobopsis was sister to all other members of tribe
Camponotini, while other Camponotus nested inside the tribe
(Ward et al. 2016). As the first mitochondrial genome of this
fascinating genus, we have completed the mitogenome of
Colobopsis nipponica, a species native to east Asia.
The ants were collected from a colony found in a branch
of a Camellia japonica tree, in a coastal forest of Geoje Island,
Republic of Korea (34 510 59.600 N, 128 440 22.000 E). Total DNA
was extracted from worker ants using DNeasy Blood & Tissue
Kit (QIAGEN, Hilden, Germany). Sequencing library was constructed using Illumina TruSeq Nano DNA Library Preparation
Kit (Illumina, San Diego, CA) following the manufacturer’s recommendations with around 350-bp DNA fragments. 4.46 Gbp
raw sequences obtained from Illumina HiSeqX at Macrogen
Inc., Korea, were filtered by Trimmomatic v0.33 (Bolger et al.
2014), de novo assembled, and confirmed by Velvet v1.2.10
(Zerbino and Birney 2008), SOAPGapCloser 1.12 (Zhao et al.
2011), BWA v0.7.17 (Li et al. 2009), and SAMtools v1.9 (Song
and Liang 2013) under the environment of Genome
Information System (GeIS; http://geis.infoboss.co.kr). Geneious
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R11 v11.1.5 (Biomatters Ltd, Auckland, New Zealand) was
used to annotate the mitogenome based on alignments with
other ant mitogenomes and MITOS (Bernt et al. 2013) was
used to double check annotated genes. DNA sample and
specimen (95% ethanol) were deposited in InfoBoss Cyber
Herbarium (IN; J. Park, KFDS00186).
The mitochondrial genome of C. nipponica (GenBank
accession: MW067133) is 17,431 bp long and 19.4% in GC
ratio, which is the third longest mitochondrial genome in
subfamily Formicinae, only shorter than that of Acropyga
kinomurai (NC_046423; 18,287 bp) and Aphomomyrmex afer
(MK861054; 17,844 bp). Thirty-seven genes including 13 protein-coding genes (PCGs), 2 rRNAs, and 22 tRNAs are identified in an order that is shared by most members of the
subfamily and is considered the ancestral gene order of the
subfamily (Vieira and Prosdocimi 2019). In tribe Camponotini,
Polyrhachis dives also shares the same ancestral order (Liu
et al. 2017) but Camponotus spp. does not as a transposition
of trnI is always present in Camponotus species (Kim et al.
2016; Park et al. 2019). As C. nipponica retains the ancestral
gene order that is shared with P. dives but not with
Camponotus spp., we can suggest that the mitochondrial
gene order also supports the separation of Colobopsis
from true Camponotus species. Large size of C. nipponica
mitogenome could be attributed to its long control region
of 1,534 bp, in which multiple sets of tandem repeats
are found.
Phylogenetic analysis was conducted using all available 22
formicine mitogenomes containing all 13 PCGs including C.
nipponica and 4 outgroup species. Sequences of 13 PCGs
from 26 mitogenomes were extracted and codon-based
alignment was conducted for each PCG using MAFFT
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Figure 1. Maximum-likelihood (bootstrap repeat: 10,000) and Bayesian Inference (1,100,000 generations) phylogenetic trees of all available 22 Formicinae ant mitochondrial genomes: Colobopsis nipponica (MW067133, this study), Camponotus atrox (NC_029357), Camponotus chromaiodes (JX966368), Camponotus concavus
(NC_042676), Camponotus floridanus (MK861055), Polyrhachis dives (NC_030790), Acropyga donisthorpei (MH158404), Acropyga fuhrmanni (NC046421), Acropyga
goeldii (NC046420), Acropyga guianensis (NC046422), Acropyga kinomurai (NC046423), Acropyga myops (NC046424), Acropyga pallida (NC046425), Acropyga panamensis (NC046426), Acropyga sauteri (NC046398), Acropyga smithii (NC046399), Anoplolepis gracilipes (NC_039576), Aphomomyrmex afer (MK861054), Formica fusca
(NC_026132), Formica selysi (NC_026711), Nylanderia flavipes (NC_049861), Brachymyrmex patagonicus (MG253259), and four outgroup species: Myrmica scabrinodis
(NC_026133), Solenopsis invicta (NC_014672), Pristomyrmex punctatus (NC_015075), and Dolichoderus sibiricus (NC_041075). Phylogenetic tree was drawn based on
maximum-likelihood tree. The numbers above branches indicate bootstrap support values of maximum likelihood tree and posterior probability of Bayesian
Inference tree, respectively.

provided on the Translator X web server with default settings
(Abascal et al. 2010). Concatenated alignment of 13 PCGs
was subjected to construct a maximum-likelihood (ML) tree
using MEGA X (Kumar et al. 2018) and a Bayesian Inference
(BI) tree using MrBayes v3.2.7a (Ronquist et al. 2012). A heuristic search was used with nearest-neighbor interchange
branch swapping, Tamura-Nei model, and uniform rates
among sites to construct ML tree. In both phylogenetic trees,
C. nipponica was sister to all other Camponotini species
(Figure 1), congruent to the previous phylogenomic tree
drawn with 959 ultra-conserved element (UCE) loci (Blaimer
et al. 2015). Tribe Camponotini was sister to the rest of subfamily Formicinae (Figure 1), which is incongruent with the
UCE phylogenomic tree but is a known phenomenon of
mitochondrial gene-based trees of Formicinae (Chen et al.
2013). Topology of remaining formicine tribes was congruent
to the UCE phylogenomic tree in the ML tree but was not in
the BI tree as tribes Lasiini and Myrmelachistini grouped in
the latter tree. This could be improved when more

mitogenomes are available covering other unexplored genera
since only a single mitogenome is available for both tribes.
The mitogenome of C. nipponica will be invaluable in further
understanding of mitochondrial evolution in ants.
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