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Motivation

Intron retention (IR) is one of the 5 different alternative splicing (AS) events nature has evolved so far. It
recently gain popularity due to its recognized role in gene expression regulation and its association with
complex diseases [1]. IR occurs when introns, normally removed from the mature transcript by the splicing
machinery, are maintained in the mature transcript [2]. Unlike previously expected, IR is a widespread and
evolutionary conserved mechanism present in both health and disease [2], affecting many different genes
with cell types specific patterns [3]. For example it was demonstrated that IR affects about the 17.8% (5462
introns) of expressed genes in human granulocytes [4].

Transposable elements (TEs) are repetitive sequences that comprise nearly half of the human genome [5].
Their main characteristic is the ability to change their location within the genome and they are virtually
found in all eukaryotes [6,7]. TEs are key players in many different biological processes in health and
disease [8,9,10], thus a reliable quantification of their expression as independent transcriptional units is
crucial to distinguish TE expression from transcription of their sequences as part of canonical transcripts
[11]. TE fragments are indeed embedded within most genes and in particular inside intronic sequences.
The magnitude of this relation is so high that about 90% of all human RefSeq genes contain TEs in their
introns [12]. This strict relation poses challenges in the quantification of intronic TE expression as reads
coming from retained introns (RI) can bias the detection of overlapping TE expression resulting in an
incorrect quantification that can lead to misleading conclusions. 

We use RNA-seq data from lymphoblastoid cell lines to demonstrate the strong impact of IR on intronic TE
quantification. Our work highlights a strong correlation between IR and TE expression that cannot be
ignored when a unbiased quantification of TEs expression is required, in particular in samples derived from
cell types in which IR is one of the most abundant AS event therefore playing a fundamental role in that
specific biological context.

Methods

We use poly(A)+ RNA-seq data of lymphoblastoid cell lines from 462 healthy individuals from the Geuvadis
project [13]. IR was quantified using IRFinder [14] while locus-specific TEs expression was assessed using
SQuIRE [15] normalizing raw counts using the DESeq2 default median of ratios approach [16]. To
understand the effect of IR on the measurements of intronic TEs quantification, correlations between IRratio
and embedded TEs expression were performed using the Person correlation test. RI were defined as intron
with an IRratio >= 0.1 and no overlap with other annotated features, while expressed TEs were defined as
elements with normalized counts >= 5. Intersection were performed using bedtools intersect [17] and
compared to 1000 randomization of the same size of input features.

Results

Our results show that IR is a widespread mechanism affecting about 6000 introns in lymphoblastoid cells in
a physiological status. In this scenario we observe that IR affects the unbiased TE quantification mainly by
increasing the number of reads mapped on TEs therefore leading to aberrant over-quantification. Using
correlations analysis we show that more than 90% of intronic TE quantification positively correlates with the
level of IR, while only the 0.28% have a negative correlation. Moreover, the number of expressed intronic
TEs strongly correlates with the number of RI. Following randomization analysis using a set of highly
confidence RI and expressed TEs shared by at least the 65% of samples, prove that RI are enriched to
contain expressed TEs even if they result significantly depleted of TEs sequences with respect to a
matched-size set of non-RI. These results confirm that IR affects TEs quantification and that the presence
of intronic TEs sequences do not increase IR.



Our study demonstrates that IR can prevent an accurate and independent TEs quantification. This is
particularly important when disease samples are compared with healthy ones because changes in IR,
which appears to be a feature of several diseases, can lead to wrong interpretation of TEs differential
expression and misleading biological conclusions.
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