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ABSTRACT
DNA was extracted from a red algal herbarium specimen collected in 1920 and subjected to next gener-
ation sequencing. Here we report the assembly of the mitogenome of a marine mussel, Mytilus trossulus,
deciphered from this plant museum specimen. The mitogenome is 16,744 bp in length, contains 38
genes, and is more similar to other M. trossulus reported from the Baltic Sea. The data show that in add-
ition to plant DNA, herbarium specimens also contain genetic information from invertebrates that may
be valuable for genomic, population and phylogenetic studies of animals.
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Whole-genome shotgun sequencing does not discriminate
between target and exogenous DNA during the library con-
struction step (Metzker 2010). It is, therefore, not uncommon
after the assembly to identify contigs that represent non-
targeted species such as bacteria, herbivores or epiphytes. We
extracted DNA from a snippet of the lectotype specimen of
the marine red algal species Ceramium cimbricum H.E.
Peterson in Rosenvinge (1924, p. 378) (Ceramiales:
Rhodophyta) housed in the Natural History Museum Denmark
(C-A-37605) following the protocol of Lindstrom et al. (2011).
The library was constructed using the methods described in
Hughey et al. (2014) and analyzed on the Illumina HiSeq with

36 bp paired-end sequencing (Illumina Inc., San Diego, CA).
The sequencing generated 17,907,810 filtered reads that were
assembled with the default denovo settings using CLC Cell
4.3.0 (VR 2015 CLC bio, a QIAGEN Company, Hilden, Germany).

In addition to red algal DNA, analysis of the reads using a
Standard Nucleotide Blast search at NCBI identified three
overlapping contigs representing the complete mitogenome
of Mytilus trossulus. The mitogenome of M. trossulus (GenBank
KU925349) is 16,744 bp in length, AT skewed (61.3%), and
contains 38 genes including 23 transfer RNAs (Leucine,
Methionine, and Serine are duplicated), seven NADH dehydro-
genase subunits (1, 2, 3, 4, 4L, 5 and 6), three cytochrome c

Figure 1. Maximum-likelihood phylogram of representative Mytilus mitogenomes. Numbers along branches are RaxML bootstrap support values based on 1000 nreps
(<70% support not shown). The legend below represents the scale for nucleotide substitutions.
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oxidase subunits (1, 2 and 3), two ribosomal RNAs (one small
and one large), two ATP synthase F0 subunits (6 and 8) and
cytochrome b. The mitogenome is classified to haplogroup F,
and is highly conserved. It differed in sequence from a female
specimen from Puck Bay, Baltic Sea by 14 SNPs and three
gaps (GenBank KM192128, Zbawicka et al. 2014), and from
another female specimen from the Gulf of Gda�nsk, Baltic Sea
by 57 SNPs and three gaps (GenBank DQ198231, Burzy�nski
et al. 2006). Alignment of the mitogenome using MAFFT
(Katoh & Standley 2013) and analysis with RaxML (Stamatakis
2014) with default settings in Galaxy (Giardine et al. 2005;
Blankenberg et al. 2010; Goecks et al. 2010) placed M. trossu-
lus in a fully supported clade with nine mitogenomes of M.
trossulus from the Baltic Sea (Figure 1).

We are not advocating that zoologists initiate full-scale
destructive sampling of valuable herbarium specimens.
However, our data indicate that in cases where historic mate-
rials of marine invertebrates are needed to address population
level, taxonomic, systematic, or the timing of the introduction
of an invasive species, plant collections in herbaria may hold
crucial genetic information to answer these questions.
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