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ABSTRACT
We determined the complete mitochondrial genome (mitogenome) sequence of a Chilean freshwater
crayfish, Parastacus nicoleti (Philippi, 1882). This is the first complete mitogenome sequence of a non-
Australian crayfish belonging to the family Parastacidae. The complete mitogenome of P. nicoleti is
20,894bp in length and contains 13 protein-coding genes (PCGs), 22 transfer RNAs (tRNAs), two riboso-
mal RNAs (rRNAs) and a putative control region (CR). In the phylogenetic analysis, freshwater crayfishes
were clearly divided into two monophyly groups, Northern and Southern Hemisphere groups. The
P. nicoleti exhibited a sister-group relationship with all other Australian parastacid crayfishes.
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Freshwater crayfishes, which belong to the infraorder
Astacidea Latreille, 1802 are geographically divided into
two groups, Northern and Southern Hemisphere crayfishes
(Ahn et al. 2006). The Northern Hemisphere crayfishes
belong to two families, Astacidae and Cambaridae, while
the Southern Hemisphere crayfishes belong to one family,
Parastacidae.

The genus Parastacus Huxley, 1879, belonging to the
family Parastacidae, consists of 13 South American crayfish
species (Crandall and De Grave 2017; Ribeiro et al. 2017;
Huber et al. 2018). Parastacus nicoleti (Philippi, 1882) is a
crayfish endemic to Chile. To date, 32 complete mitochon-
drial genomes (mitogenomes) of parastacid crayfishes,
which were all obtained from Australian crayfishes, have
been deposited in the GenBank. Therefore, the complete
mitogenome of P. nicoleti, which was determined in the
present study, is the first complete mitogenome sequence
of a non-Australian crayfish belonging to the family
Parastacidae.

Parastacus nicoleti was collected from a swamp at
Reum�en, Valdivia, Chile (39�590S, 72�490W). The total gen-
omic DNA was extracted from the muscles of an ethanol
preserved crayfish claw using the DNeasy Blood & Tissue
Kit (Qiagen, Hilden, Germany). PCR amplification, nucleotide
sequencing, and gene annotation for the complete mitoge-
nome sequence were performed according to Kim et al.
(2012). The extracted total DNA was deposited in the DNA
collection of the National Institute of Biological Resources,

Incheon, South Korea (Deposit no. NIBRGR0000609055). For
phylogenetic analysis, we used the sequences of 13 pro-
tein-coding genes (PCGs). A maximum-likelihood tree was
constructed using IQ-TREE v1.6.8 based on the
TIM2þ Fþ R4 model and 1,000 ultrafast bootstrap replicates
(Nguyen et al. 2015; Hoang et al. 2018; Kalyaanamoorthy
et al. 2017).

The complete mitogenome of P. nicoleti (GenBank acces-
sion number: MN617015) is 20,894 bp in length and contains
13 protein-coding genes, 22 transfer RNAs (tRNAs), two ribo-
somal RNAs (rRNAs) and a putative control region (CR).
Mitogenome of P. nicoleti is the largest in the family
Parastacidae to date, with six long AT-rich intergenic
sequence regions and a long CR (1,359 bp).

For the phylogenetic analysis, 22 mitogenome sequences
which represented four extant astacidean superfamilies
(Astacoidea, Parastacoidea, Nephropoidea, and Enoplometopoidea)
were used. Homarus americanus (Nephropoidea) and
Enoplometopus debelius (Enoplometopoidea) were used as an
outgroup. In the maximum-likelihood tree (Figure 1), fresh-
water crayfishes were clearly divided into two monophyly
groups, Northern and Southern Hemisphere groups.
Parastacus nicoleti, the only parastacid species from South
America, exhibited a sister-group relationship with all other
Australian parastacid crayfishes. More mitogenome sequences
from South America and Madagascar would facilitate the
clear definition of relationships among the Southern
Hemisphere crayfishes.

CONTACT Gi-Sik Min mingisik@inha.ac.kr Department of Biological Sciences, Inha University, Incheon 22212, South Korea
� 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

MITOCHONDRIAL DNA PART B
2020, VOL. 5, NO. 1, 208–209
https://doi.org/10.1080/23802359.2019.1699457

http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2019.1699457&domain=pdf&date_stamp=2019-12-11
http://orcid.org/0000-0003-3132-2021
http://orcid.org/0000-0001-8973-4462
http://orcid.org/0000-0003-2739-3978
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com


Acknowledgment

We would like to thank Prof. Carlos G. Jara from Universidad Austral de
Chile for providing specimens of P. nicoleti.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by a grant from Inha University.

ORCID

Su-Jung Ji http://orcid.org/0000-0003-3132-2021
Dong-Ha Ahn http://orcid.org/0000-0001-8973-4462
Gi-Sik Min http://orcid.org/0000-0003-2739-3978

References

Ahn D-H, Kawai T, Kim S-J, Rho HS, Jung JW, Kim W, Kim BJ, Kim MS,
Min G-S. 2006. Phylogeny of Northern Hemisphere freshwater

crayfishes based on 16S rRNA gene analysis. Korean J Genet. 28(2):
185–192.

Crandall KA, De Grave S. 2017. An updated classification of the fresh-
water crayfishes (Decapoda: Astacidea) of the world, with a complete
species list. J Crustacean Biol. 37(5):615–653.

Hoang DT, Chernomor O, Von Haeseler A, Minh BQ, Vinh LS. 2018.
UFBoot2: improving the ultrafast bootstrap approximation. Mol Biol
Evol. 35(2):518–522.

Huber AF, Ribeiro FB, Araujo PB. 2018. New endemic species of fresh-
water crayfish Parastacus Huxley, 1879 (Crustacea: Decapoda:
Parastacidae) from the Atlantic forest in southern Brazil. Nauplius. 26:
e2018015.

Kalyaanamoorthy S, Minh BQ, Wong TK, von Haeseler A, Jermiin LS.
2017. ModelFinder: fast model selection for accurate phylogenetic
estimates. Nat Methods. 14(6):587–589.

Kim S, Park M-H, Jung J-H, Ahn D-H, Sultana T, Kim S, Park J-K, Choi H-G,
Min G-S. 2012. The mitochondrial genomes of Cambaroides similis and
Procambarus clarkii (Decapoda: Astacidea: Cambaridae): the phylogen-
etic implications for Reptantia. Zool Scr. 41(3):281–292.

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ. 2015. IQ-TREE: a fast
and effective stochastic algorithm for estimating maximum-likelihood
phylogenies. Mol Biol Evol. 32(1):268–274.

Ribeiro FB, Huber AF, Schubart CD, Araujo PB. 2017. A new species of
Parastacus Huxley, 1879 (Crustacea, Decapoda, Parastacidae) from a
swamp forest in southern Brazil. Nauplius. 25:e2107008.

Figure 1. A maximum-likelihood tree within the infraorder Astacidea. The bootstrap supports are shown on each node.
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