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Summary

Technological advances in RNA-sequencing technologies have
revolutionized #ranscriptomics, the field that studies RNA
transcripts, by revealing that the wide majority of RNA produced
in a cell do not code for proteins but exert diverse important
regulatory functions. This new world of non-coding RNAs include
a wide variety of molecules in different shapes and sizes,
including short, long, linear and circular RNAs, all of which
interact in complex regulatory networks that ultimately define
how and when genetic information is expressed.

One of the most important and attractive applications of
transcriptomics is its potential to aid in the understanding of
human disease. The discovery and characterization of new RNA
players can help better depict the molecular networks
underlying disease and can lead to the identification of new
therapeutic targets. For this reason, in Paper 1 we reviewed
important current advancements, remaining challenges and
future perspectives in the profiling of ncRNAs in cancer.

Next, we sought to generate a more comprehensive catalogue
of the human transcriptome. Having a complete and high-
quality gene annotation is of greatimportance for the functional
interpretation of the genome and for genetic and transcriptomic
studies that exploit these annotations as references. Several
consortium-based efforts have generated large-scale RNA
sequencing data sets that have proven extremely useful in
enhancing and expanding human transcriptome annotation.
Nevertheless, our picture of the transcriptome is still far from
complete, in part due to traditional biases in RNA-sequencing
studies. One of the main biases is that, in most datasets, RNA
molecules are selected based on the presence of a poly(A) tail,
by the use of polyd RNA-sequencing. Thus, non-polyadenlyated
transcripts (those without a poly(A) tail) are not well
represented in current transcriptome catalogues. Another
limitation is that, despite its importance, the information on the
DNA strand of origin of transcripts is usually lost during
traditional sequencing experiments. This hinders the
identification of antisense RNAs, a widespread class of
requlatory RNAs. To tackle these limitations and capture a

greater diversity of the human transcriptome, we initiated the
RNA Atlas project (Paper 2). In this project, we applied
complementary RNA-sequencing methods on a heterogenous
collection of 300 human samples including 45 tissues, 162 cell
types and 93 cell lines. For each of these samples, strand-
specific total RNA, polyA, and small RNA-sequencing was
performed. This unique dataset allowed us to reconstruct a
comprehensive transcriptome including five major RNA biotypes
(protein-coding RNAs, long intergenic non-coding RNAs,
antisense RNAs, circular RNAs and micro RNAs) together with
their matching expression profiles across all samples in our
cohort.

To further refine and filter our assembled gene models and
improve the overall quality of our transcriptome, we exploited
publicly available large-scale data beyond RNA-sequencing.
These included chromatin states informative of transcriptional
activity and enhancer regions, and cap analysis of gene
expression (CAGE) sequencing, which helps to accurately identify
transcription start sites (Paper 2).

Our matching polyA and total RNA-sequencing data allowed us
to classify the polyadenylation status of all our transcripts and
analyze its variability across tissues and cell types. These
analyses revealed a large fraction of non-polyadenylated
ncRNAs including a hitherto poorly catalogued class of single-
exon IncRNAs (Paper 2).

As part of the data quality control in the RNA Atlas, we
leveraged sample heterogeneity and tissue-specific expression
in our dataset to directly estimate the magnitude of read index
hopping, a previously reported cause of read-to-sample
misassignment in RNA-sequencing. These analyses derived in a
short technical report (Paper 3) describing the novel approach
and demonstrating that the phenomenon was present, but at
small rates, with likely negligible impact for most applications.

Finally, we exploited the unique aspects of our dataset to
identify significant regulatory interactions mediated by all
classes of non-coding RNAs. For this, we first integrated
matching expression profiles for different types of RNAs with

evidence for molecular interactions from public datasets and
predicted thousands of regulatory relationships between all
types of ncRNAs and protein-coding genes. We then used the
broad exon and intron-coverage available from total RNA-
sequencing data to provide mechanistic validation for a large
fraction of the predicted interactions. These analyses allowed
us to characterize the type of regulation (transcriptional or
post-transcriptional) for thousands of non-coding RNAs and to
derive a list of 316 miRNAs and 3,310 long non-coding RNAs
with multiple lines of evidence for regulating protein-coding
genes and pathways (Paper 2).
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