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Abstract

Freshwater mussels of the family Unionidae exhibit a particular form of mitochondria
inheritance called double uniparental inheritance (DUI), in which the mitochondria are inherited
by both male and female parents. The (M)ale and (F)emale mitogenomes are highly divergent
within species. In the present study, we determine and describe the complete M and F
mitogenomes of the Endangered freshwater mussel Potomida littoralis (Cuvier, 1798). The
complete M and F mitogenomes sequences are 16 451 bp and 15 787 bp in length, respectively.
Both F and M have the same gene content: 13 protein-coding genes (PCGs), 22 transfer RNA
(trn) and 2 ribosomal RNA (rrn) genes. Bayesian analyses based on the concatenated nucleotide
sequences of 12 PCGs and 2 rrn genes of both genomes, including mitogenome sequences
available from related species, were performed. Male and Female lineages are monophyletic
within the family, but reveal distinct phylogenetic relationships.
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The freshwater mussel Potomida littoralis (Bivalvia: Unionidae)
is an Endangered freshwater mussel with a circum-Mediterranean
distribution (Lopes-Lima et al., 2014). Phylogenetic studies
within the family are scarce with descriptions of several
subfamilies being based primarily on morphological traits
(Carter et al., 2011). The inclusion of many genera in these
subfamilies is still unclear, mostly due to the lack of sampling
coverage and number of available markers (Bogan, 2008).
Unionid bivalves, such as several other bivalve families, possess
an interesting mitochondrial inheritance, called doubly unipar-
ental inheritance (DUI), in which the male gonad tissue contains
(M) mitochondria inherited from the fathers, the male somatic
tissue contains (F) mitochondria inherited from the mothers,
and females inherit their (F) mitochondria through ordinary
single uniparental inheritance (Hoeh et al., 1996). The M and
F mitochondrial lineages are highly divergent within each
animal and have distinct gene order arrangements (Huang et al.,
2013).

In this study, the complete M and F mitogenomes of
P. littoralis were sequenced, assembled and annotated using an
established pipeline (Gan et al., 2014). The M and F mitogenomes
have been deposited in GenBank database under the accession

numbers KT247375 and KT247374, respectively. The length of
the F and M mitogenomes (16 451 bp and 15 787 bp, respectively)
of P. littoralis sequenced in this study is within the expected range
for each gender-specific haplotypes within Unionidae. This is
mainly due to the 30 extension of COX2, common to all fresh-
water mussel male mitogenomes. Both haplotypes have the same
gene content: 13 protein-coding genes (PCGs), 22 transfer RNA
(trn) and 2 ribosomal RNA (rrn) genes involved in mitochondrial
transcription and translation processes. Regarding the gene
orientation, again both have the same genes (4 PCGs, 20 tRNAs
and 2 rRNAs) encoded on the heavy strand and the remaining
(9 PCGs and 2 tRNAs) encoded on the complementary strand.

Additional mitogenome sequences (M and F) available from
related species were downloaded from GenBank. Each gene
sequence was aligned using GUIDANCE (version 1.5, Penn et al.,
2010) with the MAFFT multiple sequence alignment algorithm
(version 7, Katoh & Standley, 2013). To build our single gene
alignments, we used the following GUIDANCE parameters: score
algorithm: GUIDANCE; bootstraps replicates: 100; Sequence cut-
off score: 0.0 (no sequences removed); Column cut-off score:
below 0.8. The final concatenated data set included 12
mitochondrial protein-coding genes (excluding the ATP8 due to
its extreme length variation) and the 2 rRNA genes of both
genomes. To infer the phylogenetic relationships among these
sequences with Bayesian methodology, we used MrBayes v3.2.1
(Ronquist et al., 2012). The alignment (12 084 bp) was partitioned
according to the best scheme determined by JmodelTest2
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(GTR + I + G, HKY + I + G and HKY + G models were used).
Each chain started with a randomly generated tree and ran for
1� 106 generations with a sampling frequency of 1 tree for every
100 generations. The resultant trees, after discarding the first 25%
as burn-in, were combined in a 50% majority rule consensus tree.
The final BI tree was rooted at the split between Male and Female
haplotypes (based on previous studies, e.g. Huang et al., 2013).

As expected, the obtained phylogenetic tree (Figure 1)
revealed two main clades divided between the monophyletic M
and F mitogenomes clades. However, the three sub-families (for
which GenBank sequences are available) revealed distinct
phylogenetic relationships. Although a smaller number of M
genomes are available, relationships are very well resolved and
supported only for M genomes but not for F genomes. In the M-
clade, the Gonideinae and Ambleminae form a sister lineage and
then sister to the Anodontinae, whereas in the F-clade, the
relationships of these subfamilies are not well resolved. The newly
sequenced P. littoralis genomes cluster inside the Gonideinae with
Pronodularia japanensis in the M-clade, and with a clade
including P. japanensis and Lamprotula leai in the F-clade.
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Figure 1. Bayesian phylogenetic tree of 20 Unionidae Male and Female mitogenomes sequences based on concatenated nucleotide sequences of 12
mitochondrial protein-coding genes (excluding the ATP8 gene) and the 2 rRNA genes. The numbers behind the species names are the GenBank
accession numbers and those at the nodes indicate the posterior probability.
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