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Abstract — Acanthobdellida is a unique order of leech-like
piscine parasites that are believed to occupy an intermediate
evolutionary position between Oligochaeta and Hirudinea due to
mosaic combination of their morphological traits. Previous
molecular studies yielded controversial phylogenies for this
group. Using next generation sequencing technology, we
reconstructed mitochondrial genomes of both Acanthobdella
peledina and Paracanthobdella livanowi. The reconstruction of
phylogeny based on these sequences revealed the congruence of
our results with one of the existing phylogenetic schemes.
Pairwise distances of 2% between geographically distinct
samples in the A. peledina lineage suggest the lack of cryptic
diversity within this species. P-distances between representatives
of species A. peledina and P. livanowi are 14%. Assuming the
rate of species divergence is approximately the same for all
annelids, the values of interspecific p-distances within
Acanthobdellida are lower compared to those of the most studied
Amynthas. This fact casts doubt on the validity of the genus
Paracanthobdella.

Keywords — mitochondrion, complete genome, Annelida,
Acanthobdellida, phylogeny.

Introduction

Acanthobdellida (Annelida, Clitellata) is a unique order of
leech-like parasires that combine «archaic» traits of
oligochaete worms with more «progressive» traits of true
leeches (Hirudinea). Due to this combination a proposal was
put forward that Acanthobdellida is a link in evolution from
Oligochaeta and Hirudinea [1]. Despite the existence of an
alternative hypothesis on acanthobdellids's belonging to
oligochaetes, and convergent evolution of leech-like traits [2],
the first hypothesis was more generally accepted. Early
attempts at molecular methods application were in line with
this suggestion and demonstrated A. peledina confidently
clustering in between Oligochaeta and Hirudinea clades [3].
However, these studies were based on poor data (e.g., short
and contaminated sequences) as was later acknowledged by
their authors who, nevertheless, came to similar conclusions
with newer analyses [4]. Later, the use of anchored hybrid
enrichment technology yielded a completely different
phylogeny, placing A. peledina deep within Hirudinea clade as
a sister taxon to Piscicolidae group also parasitizing fish [5].

1) The taxonomy of Acanthobdellida remained
controversial throughout the 20th century. This order was
considered to be a typical member of subclass Hirudinea or
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an independent branch by different authors. The dispute is
believed to be settled by Madill et al. who split Annelida into
Oligochaeta,  Acanthobdellea,  Branchiobdellida  and
Hirudinea [6]. However, the question of interrelationship
between closely related species A. peledina and P. livanowi
remains still open. To date, there was no molecular data
available on P. livanowi. This species, which lives in the fresh
waters of Kamchatka [7], was discovered by Epstein as the
only sister species to A. peledina, widely distributed in the
Arctic. Later, V. Epstein singled out a separate family for the
Kamchatka species.[8]. The doubts about this decision are
still present.

The purpose of this study was to clarify acanthobdellids'
evolutionary position and to see for the first time the level of
divergence between A. peledina and P. livanowi, basing on
complete mitochondrial sequences.

Materials and methods

Acanthobdellids specimens were collected in the northen
regions of Eurasia (repubics of Komi and Soha, and Irkutsk
region) on salmon fish and preserved in 70% alcohol. Each
individual was wiped with cotton swabs and rinsed in fresh
ethanol to remove mucus and dissected to remove guts with its
contents to prevent contamination by host DNA. Total DNA
was extracted with DiaGene Cell and Tissue kit and stored in
deionized water. DNA samples were subsequently sheared to
300 bp size on Covaris M220 sonicator. [llumina libraries were
prepared using NEBNext Ultra II DNA Library Prep Kit and
sequenced with the use of Illumina NextSeq 550 Mid Output
Kit v2.5. De-novo genome assembly was performed in MIRA
v5.0 [9] and additionally confirmed with MitoZ [10]. The
obtained sequences were aligned against GenBank sequences
with MARS [9] and Muscle [11] aligners in succession.
Bayesian phylogeny was reconstructed using BEAST2 [12]
with parameters recommended by jModelTest 2 [13].

Results and discussion

The assembled Acanthobdellida mitochondrion genomes
were aligned against homological data of the closest taxa
(Polychaeta, Oligochaeta and Hirudinea) uploaded from the
GenBank.. Due to the presence of partial sequences and large
number of indels, 8015 out of 19723 positions were excluded
from the resulting alignment by BEAST. This did not affect
the pairwise distances between Acanthobdellida samples,
which remained unchanged before and after exclusion: 2%



between all A. peledina samples and 14% between A. peledina
and P. livanowi samples. These distances are lower than 9-
20% distances between some Amynthas specimens, which
cast doubt on the validity of the Paracanthobdella genus. The
BlI-phylogeny revealed three main lineages corresponding to
polychaetes (P), oligochaetes (O), and leeches together with
leech-like worms (A+H). As seen on Figure, Acanthobdellida

formed a sister group to Hirudinea. High posterior
probabilities of the most nodes on tree indicates high
confidence of resulted phylogeny. Thus, our results suggest
that the level of genetic differences between A. peledina and
P. livanowi is insufficient to assume the existence of two
separate genera, which is closer to Epstein's original
classification.
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Fig. 1. Bayesian phylogeny based on complete mitochondrions with posterior probabilities. Curlyf
brackets indicate borders of Polychaeta (P), Oligochaeta (O), Acanthobdellea (A) and Hudinea (H) clades.
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