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ABSTRACT
The complete mitochondrial genome of a subterranean pseudocrangonyctid amphipod,
Pseudocrangonyx joolaei, was determined in this paper. The complete mitogenome of P. joolaei was
14,814bp in length with the typical 13 protein-coding genes, 22 transfer RNAs, two ribosomal RNAs,
and a control region (CR). The gene order of P. joolaei was unique in that the CR was an inversion, and
the gene order of Pseudocrangonyx was not concordant when compared to that of P. daejeonensis, a
subterranean amphipod found in Korea. A maximum-likelihood tree, constructed based on 26 eumala-
costracan mitogenomes, confirmed that P. joolaei supported monophyly in the family
Pseudocrangonyctidae and is most closely related to the superfamily Crangonyctoidea.
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Amphipods are the most diverse group in groundwater com-
munities, and the restricted habitat and distribution of stygo-
bitic amphipods are important for the study of biogeography
(Holsinger 1994). The genus Pseudocrangonyx, belonging to
the superfamily Crangonyctoidea, is an important component
of Holarctic subterranean habitats (Holsinger 1993, 1994), and
is the most diverse taxon among the subterranean-amphipod
genera found in East Asia, i.e., the Korean Peninsula, Japan,
Eastern China, and the Russian Far East (Sidorov and
Holsinger 2007; Tomikawa and Nakano 2018). However, the
evolutionary history of Pseudocrangonyx is poorly studied,
with most studies focusing on species revision and discovery
(Zhao and Hou 2017). To date, the Pseudocrangonyx mitoge-
nome has been fully determined only in P. daejeonensis, and
the gene arrangement of P. daejeonensis shows many differ-
ences with respect to the typical pan-crustacean ground pat-
tern (Lee et al. 2018). Moreover, the gene arrangement in the
newly determined P. joolaei was inconsistent from that of P.
daejeonensis despite both belonging to the same genus.
Previous studies on subterranean amphipods inhabiting
Europe and North America have highlighted the variability of
the gene order in their mitogenome (Bauz�a-Ribot et al. 2009;
Aunins et al. 2016). Therefore, it remains unknown whether
the mitogenome order among Pseudocrangonyx amphipods
is variable. Accordingly, additional knowledge regarding the
mitogenome of another Pseudocrangonyx species will lead us
to a better understanding of the evolutionary history of gene
arrangement in stygobitic amphipods.

Individuals of Pseudocrangonyx were collected from cave
groundwater in Korea (36�47.130N, 127�57.760E).
Mitochondrial DNA extraction, sequencing, and gene

annotation were performed using the methods described by
Song et al. (2016). The extracted mitochondrial DNA has
been deposited in the DNA collection at the National
Institute of Biological Resources, Incheon, South Korea
(deposit no. NIBRGR0000619445). A maximum-likelihood tree
was constructed using IQ-tree 1.6.3 with mtZOAþ FþR6
model (Nguyen et al. 2015; Chernomor et al. 2016), based on
the concatenated sequences of 10 protein-coding genes
(ATP6, COX1, COX2, COX3, CYTB, NAD1, NAD2, NAD3, NAD4,
and NAD5) from 26 eumalacostracan species, including the
present sequence and two isopods as outgroup taxa. The
cox1 sequence of the extracted DNA was concordant with
that from the paratype of P. joolaei (NCBI accession no.
LC467002; Lee et al. 2020), and thus, the taxonomic identity
of the present material was unquestionably clarified.

The complete mitogenome of P. joolaei (NCBI accession
no. MT211951) was 14,814 bp in length and contained 13
protein-coding genes, 22 transfer RNAs, two ribosomal RNAs,
and a control region. The gene arrangement of the complete
mitogenome of P. joolaei was almost identical to the typical
pan-crustacean ground pattern except the location of a con-
trol region. The control region of P. joolaei was found to be
located between NAD1 and 16S rRNA. According to the gene
arrangements of the amphipod revealed so far, the transloca-
tion of the control region is found only in Pseudocrangonyx;
the exception being two lysianassoidean species inhabiting
the deep sea, Eurythenes magellanicus and E. maldoror (Li
et al. 2020).

The obtained maximum-likelihood tree showed mono-
phyly of the family Pseudocrangonyctidae and this lineage
was most closely related to a clade consisting of Stygobromus
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amphipods belonging to the superfamily Crangonyctoidea
(Figure 1).
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Figure 1. Maximum-likelihood (ML) tree based on the mitogenome sequence of Pseudocrangonyx joolaei (MT211951) with 25 other eumalacostracan species. The
bootstrap supports are shown on each node.
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