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Motivation

Transposable elements (TEs) are DNA sequences capable to move from their ge-
nomic location to a new one within the genome. They can be divided in classes
and families according to the mechanism of transposition and their sequence fea-
tures [1]. Long interspersed nuclear elements (LINEs) represent a class of retro-
transposons which are transcribed into mRNA, are 4-6 Kbp in length and codify for
proteins which mediate their retrotransposition [2,3]. They can alter the genomes
inducing mutations; however, it is increasingly evident that these elements have
played an active role in the evolution since they provide genomic sequences that
can be used by the host genome to evolve novelties, for example acting as alter-
native promoters [4] or enhancers [5]. They were found to be active in the brain
of mammals and insects and proposed to be involved in the evolution and de-
velopment of cognitive abilities [6-8]. Indeed, LINEs retrotransposition has been
proposed as a somatic mutational mechanism generating the neuronal genome
diversity observed in the brain which could be at the basis of the diversification
of neuronal functions [9]. LINEs are present in many copies in their hosts repre-
senting the most successful TE in warm-blooded vertebrates [10]. They account
for more than 20% of the human genome [11]. Recently, LINE expansion has also
been observed in the Octopus bimaculoides genome 12). Octopuses are members
of the Mollusca class Cephalopoda and widespread throughout the world’s oceans.
They present a complex nervous system and are capable to learn, show individual
personalities and complex social behaviours [13-15]. For these reasons and for the
exceptional complexity of their nervous system, octopuses are considered the most
intelligent invertebrates. We sequenced and assembled the Octopus vulgaris neu-
ral transcriptome discovering a full-length potentially active LINE element. This
finding suggested that LINEs could be potentially active in the octopus brain and



led us to search for somatic retrotransposition events.

Methods

To search for signals of somatic transposition in the octopus, we developed a pipeline
to search for full-length TEs presenting an intact open reading frame (ORF) with
conserved retrotransposon specific domains. For this purpose, transcriptome of
the Octopus vulgaris and publicly available Octopus bimaculoides genome and
transcriptome were annotated for TEs using RepeatMasker [16] and translated in
all the six frames collecting the ORFs. The retrotransposon specific domains were
detected using both the Conserved Domain Database (CDD)[17] and InterPro [18].
We looked at the transcript abundances of the identified elements by mapping the
raw reads on the assembled transcriptome from different tissues using Bowtie [19].
We calculated the age distribution of the selected elements as kimura-2-parameter
(K2P)[20] to demonstrate the presence of young fragments for the identified can-
didates. Young elements, indeed, are more likely to be active with respect to old
ones. Finally, to identify non-reference somatic insertions from whole-genome se-
quencing data of O. bimaculoides, we have analysed the candidates performing
an insertion-detection analysis using Mobile Element Locator Tool (MELT)[21] on
whole genome sequencing data from two different tissues sampled from the same
individual: gonads and optic lobe. This final analysis permitted us to find those
insertions present in one tissue but absent in the other therefore suggesting the ex-
istence of somatic retrotransposition.

Results

We have found four putative LINE elements in the O. vulgaris and seven elements
in the O. bimaculoides passing stringent search criteria. These elements present
a full-length ORF codifying for intact and complete retrotransposon specific do-
mains of LINE elements: endonuclease and reverse transcriptase. Age distribution
of all the elements is consistent with the possibility that these elements might have
been recently active. One element in particular displays a very recent peak of ac-
tivity showing a very young age for the majority of its annotated fragments in the
O. bimaculoides genome. This element belongs to the RTE subfamily of LINEs and
was named RTE-8_BF6. MELT analysis demonstrates the existence of a significantly
higher number of retrotransposition events in the optic lobe with respect to the go-
nads therefore supporting the hypothesis of the existence of somatic retrotranspo-
sition in the octopus brain. The element RTE-8_BF6 showed to be the candidate
with the highest proportion of insertions in the optic lobe with respect to gonads
accounting for almost the 92% of the total insertions found. Taken together, our
results strongly support the existence of somatic retrotransposition in the O. bi-
maculoides brain.
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