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Advances in both experimental and computational approaches to genome-wide analysis of RNA transcripts have
dramatically expanded our understanding of the ubiquitous and diverse roles of regulatory non-coding RNAs. This
conference session includes presentations exploring computational approaches for detecting regulatory RNAs in
RNA-Seq data, for analyzing in vivo CLIP data on RNA-protein interactions, and for predicting interfacial residues
involved in RNA-protein recognition in RNA—protein complexes and interaction networks.
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Discoveries over the past decade have revealed the previously unsuspected diversity of non-coding
RNAs, which are ubiquitous in living organisms and play key roles in regulating gene expression
and in organizing genomes [1-2]. The last time PSB had an RNA-focused session was in 2010.
Since then the field of RNA regulation has been transformed by new data on RNA-based
regulation (e.g., ENCODE and ENCORE); new experimental methods for genome-wide probing
of RNA structure [e.g., 3] and translation [e.g., 4]; new knowledge about RNA-protein interactions
[e.g., 5-8]; and new computational techniques to predict RNA regulation [e.g., 9].

Even though the human genome encodes nearly as many “non-coding” RNAs as it does protein-
encoding mRNAs, the cellular functions of most ncRNAs remain unknown [10]. Also, despite
impressive recent progress in annotating RNA-binding proteins [6, 11-12] and characterizing their
binding sites [7, 13], our understanding of the roles of RNA-binding proteins and the determinants
of RNA-protein recognition lag far behind our understanding of the mechanisms and regulatory
roles of transcription factors. What we know at present is that ncRNAs have important functions
in both pre- (e.g., epigenetic) and post-transcriptional regulation of gene expression in eukaryotes,
as well as in bacteria [14] and viruses [15]. The expanding roles of ncRNAs in normal
development and disease [16-17], the discovery that the oldest known alternative RNA splicing is
for gene regulation, rather than producing alternate protein isoforms [18], the unanticipated
abundance of circular RNAs in the brain [19], and their emerging roles in human disease [20], and
novel potential applications of small RNAs in personalized medicine [21] all present extraordinary
opportunities for productive interactions and collaborations among biologists and computer
scientists.

The goal of this session is to bring together scientists who investigate structures, functions and
dynamics of RNA, RNA-protein complexes, and RNA-protein interaction networks, with a focus
on identifying and functionally annotating regulatory RNAs and RNPs. This is a data-rich field
within molecular biology, where many terabytes of transcriptomics data have already been
collected but remain largely unanalyzed. The technical advances mentioned above have resulted in
an enormous expansion of available RNA sequences, structures and expression data — and
highlighted an increasing gap in our functional understanding. This Regulatory RNA discussion
session will provide a timely opportunity to discuss recent successes in computational,
biochemical, biophysical and genetic approaches for studying the roles of non-coding RNAs,
RNPs and RNA-protein interaction networks. This is a first step toward addressing both an urgent
need and outstanding prospects for integrating computational and experimental methods in the
quest for a better understanding of the fascinating structures and functions of regulatory RNAs and
RNA-protein complexes.

Session Contributions

Jennifer Doudna, a Howard Hughes Medical Institute Investigator at the University of California,
Berkeley, will provide the invited lecture. Doudna’s laboratory has provided key insights into
RNA-mediated gene regulation, including landmark discoveries on the molecular mechanisms of
RNA interference and translational control in eukaryotes and on CRISPR-Cas immunity in
bacteria.

One of the major challenges in studying regulatory RNAs is accurately detecting and quantifying
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them on a genome-wide scale. Many individual groups have grappled with both the biological
(RNA decay and fragmentation) and quantitative (substring detection) aspects of the problem. The
first paper in our session, from Pena-Castillo et al., focuses on the computational detection of
small non-coding RNAs (sRNAs). sSRNAs are bacterial regulatory RNAs that play important roles
in stress response, virulence and a variety of other cellular processes. The authors present a
systematic comparative assessment of available computational methods for detecting SRNAs in
RNA-Seq data. They provide a valuable and balanced summary of the relative strengths and
weaknesses of several approaches and propose a novel approach, sSRNA-Detect, which provides a
higher retrieval rate than other methods.

Many regulatory RNAs carry out their functions by interacting with proteins, other RNAs or
DNA. Recent technical advances in the detection of RNA-protein interactions in vivo include the
development of protocols such as PAR-CLIP, HITS-CLIP and i-CLIP. The second paper in our
session, from Kassuhn et al., provides a comparative evaluation of data processing tools for
experimental CLIP-data. The paper describes a novel tool, Cseq-Simulator, which can generate
simulated datasets that can serve as valuable surrogates for an experimental gold standard CLIP
dataset. Their comparisons point out which software tools are most useful for different purposes
and identify some of the common pitfalls in genome-wide analysis of RNA-protein interactions.

Despite the tremendous advances in experimental approaches for detecting RNA-protein
interactions, the sequence and structural determinants of specific recognition in RNA-protein
complexes are still not well understood. In the final paper in our session, Muppirala et al.
describe a computational method for predicting interfacial residues in RNA-protein complexes.
They propose a machine learning approach that exploits sequence motifs found in the binding
interfaces of known RNA-protein complexes. They propose a “partner-specific’ method,
PS-PRIP, which simultaneously predicts interfacial residues for both the RNA and the protein
components of complexes and is capable of predicting different interfaces for different binding
partners. This method should be useful for identifying potential interfacial residues in RNA-
protein complexes where structural information is not available.

The papers in this session provide an introduction to critical challenges facing researchers in the
rapidly expanding field of regulatory RNA, and emphasize that this subject will undoubtedly
continue to increase in importance for both basic and translational biology.
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