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Trichonotidae): novel gene orders and phylogenetic position within Gobiiformes

Takashi P. Satoh®® @ and Eri Katayama®“®

®The Kyoto University Museum, Kyoto, Japan; ®Marine Stock-Enhancement Biology Laboratory, Graduate School of Agriculture, Kyoto
University, Kyoto, Japan; “Research Institute of Marine Invertebrates, Tokyo, Japan; dCenter for Collection, National Museum of Nature and

Science, Tsukuba, Ibaraki, Japan

ABSTRACT

The complete mitochondrial genome sequences of two species of the family Trichonotidae, Trichonotus
elegans (Shimada and Yoshino 1984) and Trichonotus filamentosus (Steindachner 1867), were deter-
mined using a polymerase chain reaction-based method. The genomes ranged from 16,517 to
17,235bp in length and included 37 genes (13 protein-coding genes, 22 transfer RNA genes, and 2
ribosomal RNA genes) and two non-coding regions (control region and origin of the light strand repli-
cation) as in other vertebrates. However, they shared a unique gene order among vertebrates with
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multiple gene switching and insertions. Phylogenetic analysis showed that Trichonotidae and
Apogonidae are sister groups, which together with Kurtidae are placed as a closely related clade of
Gobioidei. These results would be useful for analyzing the evolutionary relationships of Gobiiformes

and the evolutionary study of fish mitogenomes.

Trichonotidae (sand divers) is a small monogeneric family
comprising 10 valid species (Nelson et al. 2016), all of which
are distributed in the Indo-Pacific region. Sand divers have
an elongated, cylindrical body, a pointed snout, and long-
based dorsal and anal fins. They are found on the sandy sea
bottoms at about 10-30m depths, quickly dive into sand,
and bury themselves when threatened. Although their com-
mercial value is not high, they are popular as ornamental fish
for scuba divers. Recently, the existence of an undescribed
species and a geographical variation related to Trichonotidae
have been suggested (Kuiter and Tonozuka 2004; Katayama
and Endo 2010), requiring detailed taxonomic studies, includ-
ing molecular analysis. However, genetic information on tri-
chonotids is insufficient, as only nucleic or partial
mitochondrial genome (mitogenome) sequences of ~1000 bp
have been registered in public databases. This study deter-
mined the complete mitogenome sequences of two trichono-
tids (Trichonotus elegans and Trichonotus filamentosus) and
conducted a phylogenetic analysis, including Gobioidei,
which are closely related to Trichonotus based on previous
studies (Thacker et al. 2015; Betancur et al. 2017).

T. elegans specimen was purchased from an ornamental
fish store and deposited at the Natural History Museum and
Institute, Chiba (accession no. CBM-ZF 10754: curator Masaki
Miya, miya@chiba-muse.or.jp). T. filamentosus specimen was
collected by sledge net off Tosa Bay (33.355928N,
133.497122 E) and deposited at Kochi University (accession

no. BSKU 95895: curator Hiromitsu Endo, endoh@kochi-
u.ac.jp). These specimens were identified based on each ori-
ginal description (Steindachner 1867; Shimada and Yoshino
1984). Total genomic DNA was extracted from muscle tissue
using the Gentra Puregene Tissue Kit (Qiagen) according to
the manufacturer’'s protocol. The complete mitogenomes of
the two specimens were amplified and sequenced using a
combination of long and short polymerase chain reactions
(PCRs) and direct cycle sequencing techniques (Miya and
Nishida 1999). These reactions were carried out as previously
described (Miya and Nishida 1999; Satoh et al. 2016). The
mitogenomes were 16,517 bp (T. elegans: GenBank accession
no. AP006817) and 17,235 bp (T. filamentosus: GenBank acces-
sion no. AP018348) in length, containing 13 protein-coding
genes, 2 ribosomal RNA (rRNA) genes, 22 transfer RNA (tRNA)
genes, and a control region, as found in other vertebrates.
Also, most genes were encoded on the H-strand, except for
the ND6 and eight tRNA genes, all genes being similar in
length to those in other vertebrates. The base compositions
of the two species were A (25.58%), C (28.76%), G (19.16%),
and T (26.50%) for T. elegans and A (26.47%), C (28.51%), G
(18.11%), and T (26.90%) for T. filamentosus, which were simi-
lar to those observed in most other fishes (Satoh et al. 2016).

The mitogenomes of both species shared deviations from
the highly conserved gene order in vertebrates (gene
rearrangements), such as gene switching in two regions
(tRNA-Pro gene and control region, tRNA-Asn gene, and
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Figure 1. An ML phylogenetic tree was inferred using the program RAXML (Stamatakis 2014) and the timing of gene rearrangements in each mitogenome.
Accession numbers are indicated before the species names. Bootstrap values above 50% were shown at each node. The analysis was conducted on a data matrix
(10,767 positions), including the concatenated nucleotide sequences of protein-coding genes in the mitogenomes, except the ND6 gene. Gene sequences were
aligned individually using the online version of MAFFT (http://mafft.cbrc.jp/alignment/server/. ; Katoh and Standley 2013), and ambiguous regions were trimmed
using the online version of Gblocks with the least stringent settings (http://molevol.cmima.csic.es/castresana/Gblocks_server.html. ; Castresana 2000). The optimal
partition model was determined using PartitionFinder version 2 (Lanfear et al. 2017). Rapid bootstrap analyses were conducted with 1000 replications. Partitioned
ML analyses were performed with RAXML-GUI version 2.0.1 (Edler et al. 2021) using the GTRGAMMAI nucleotide substitution model. Circled V, K, T, and Tf represent
the gene order of typical vertebrates, Kurtus, trichonotids, and T. filamentous, respectively. tRNA genes are designated by single-letter amino acid codes. 125, 12S
rRNA gene; COI and COIll, cytochrome ¢ oxidase subunits | and Ill genes, respectively; CR, putative control region; Cyt b, cytochrome b gene; NC, noncoding sequen-
ces; ND1-3, NADH dehydrogenase subunit 1-3 genes, respectively; O, the origin of L-strand replication.

origin of L-strand replication). These characteristic gene
orders were shown to be a molecular marker supporting the
monophyly of Trichonotidae. Furthermore, T. filamentosus
had a unique insertion sequence (632 bp) between COIIl and
tRNA-Gly genes, representing a remnant of incomplete dele-
tions from the putative duplicated region. Additionally, Kurtus
gulliveri, included in the analysis as a member of the order
Gobiiformes, also had a unique gene rearrangement, such as
switching of tRNA-lle and tRNA-GIn genes. Miya et al. (2013)
first published the whole mitogenome sequence from this

species, but they did not mention the gene rearrangement of
this species.

To confirm the phylogenetic position of Trichonotidae, the
complete mitogenome sequences of 25 species, mainly from
Gobiiformes, which are closely related to trichonotids in pre-
vious studies (Thacker et al. 2015; Betancur et al. 2017), were
retrieved from GenBank. Maximum likelihood (ML) phylogen-
etic analyses were conducted using mitochondrial 12 protein-
coding genes. The details of the analysis method are
described in Figure 1. The resultant ML tree strongly
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supported the monophyly of Gobiiformes and indicated that
trichonotids were most closely related to Apogonidae
(Figure 1). In this study, the phylogenetic relationships
among families within Gobiiformes differed from the top-
ology of Thacker et al. (2015) and McCraney et al. (2020),
which showed a sister grouping of Trichonotidae and
Gobioidei, but were not strongly supported in the bootstrap
analysis (Figure 1). Mitogenomes with gene rearrangements,
such as Trichonotus and Kurtus, tend to have high nucleotide
substitution rates (Dowton and Austin 1999; Shao et al.
2003). Although apogonids did not have gene rearrange-
ments, their evolutionary rate seemed much faster than
Gobioidei. Therefore, it is possible that this resultant tree was
affected by long-branch attraction (Bergsten 2005). To obtain
more accurate phylogenetic relationships for this group, it
would be necessary to expand Trichonotus and Kurtus data
and conduct analyses with appropriate corrections.
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