Computational methods for the identification of regulatory RNA motifs 

Tutorial proposal for ISMB2004

Tutorial Level: Introductory

Intended Audience: computer scientists and biologists. Both sides of the tutorial (biological and computational) will be introductory, and require only elementary knowledge on molecular and computational biology. 

Length: half day

Tutors

Graziano Pesole is Professor of Molecular Biology at the University of Milan (Italy). Among his major research interests are computational methods aimed at the recognition of candidate patterns with functional roles, comparative genomics and molecular evolution. In particular, his interest in functional analyses of untranslated regions of eukaryotic mRNAs has lead to the development of a specialized database. He has developed analysis software and several algorithms widely used by the scientific community and available also through web browsers. He has also been the coordinator of European Union funded projects and has filed an international patent for the selection of primers for RNA fingerprinting. In the field of molecular evolution, he has contributed to the development of the Markov model (also known as General Time Reversible) and has carried out several studies on the evolution of the mitochondrial genome at both the intra and inter-species level, to clarify some aspects of the origin of modern man, and to reconstruct mammal phylogeny. 

He is the author of over 90 papers published in international journals and co-author of books on Bioinformatics and Genomics published by italian (Zanichelli, Gnocchi) and international (Wiley) editors.

He is Associate Editor for the following international journals: GENE, Briefings in Bioinformatics, Journal of Molecular Evolution.

The proposed tutorial draws from experience gained during seminars, graduate and PhD courses in the field of Comparative Genomics, Bioinformatics and Molecular Evolution.

Giulio Pavesi is assistant professor of Computer Science at the University of Milano. Since his undergraduate days, his research interests have been focused on the development of algorithms and methods in bioinformatics in general, and in particular for the computational discovery of regulatory elements in genomic sequences. He has presented the core of his PhD work as a full paper at ISMB 2001. Starting from his PhD, he has taught several classes in bioinformatics and algorithms for the analysis of biological data in under- and post-graduate courses both in Computer Science and Molecular Biology.

Tutorial Presentation

The main purpose of this tutorial is to introduce the mechanisms of post-transcriptional regulation of gene expression, as well as methods for the automated discovery of either known or candidate regulatory elements in RNA.

Gene expression is finely regulated at the post-transcriptional level. A key role for this regulatory activity is played by untranslated regions of mRNAs, 5’UTRs and 3’UTRs, whose features may modulate mRNA nucleo-cytoplasmic transport, subcellular localization, stability and translation efficiency. Furthermore, an ever increasing body of evidences indicate that other non-coding RNAs, including small interfering RNAs (siRNAs) and micro RNAs (miRNAs) are involved in a variety of fundamental cellular processes such as regulation of mRNA expression and degradation.

Regulatory RNA motifs, that are the targets of specific antisense complementary RNAs or RNA binding proteins, are usually characterized by the conservation of a combination of primary and secondary structure elements. This makes their computational detection a very challenging problem. Indeed, pattern-discovery methods like those usually employed for the identification of transcription factor binding sites (TFBS) are generally ineffective.. Ad hoc methods, able to simultaneously detect sequence and structure conservation, have been employed as alternatives.

The tutorial will provide a survey of the existing methods for the detection of known and novel RNA regulatory elements as well as of the difference in the approaches underlying them. While the presentation will be focused on mRNA UTRs, the computational methods presented will have a broader range of application to other cases of functional non-coding RNAs.

Tutorial Outline

1. Introduction: post-transcriptional regulation of gene expression

2. General features of 5’ and 3’ mRNA UTRs

3. Regulation of translation efficiency via UTR sequences

a. Upstream AUG and upstream Open Reading Frames

b. Secondary structure

c. RNA-protein and RNA-RNA interactions

d. Internal initiation in eukaryotic mRNAs

e. Case study: the iron responsive element in iron metabolism

f. Case study: the internal ribosome entry site

4. Other regulatory activities mediated by mRNA UTRs

a. Case study: knowing when not to stop. Incorporation of selenocysteines in proteins through the 3’UTR selenocysteine insertion sequence

b. Case study: knowing where to go. Subcellular localization of nanos mRNA.

5. Specialized databases of non-coding RNAs (UTRdb, RFAM, etc.)

6. Computational methods for the genome-wide detection of RNA regulatory elements 

a. Computational detection of non-coding RNA regions (QRNA, ddbRNA, MIRscan, GRPM, etc.)

b. Finding the hairpin in the haystack: pattern matching in RNA sequences. RNAmot, RNAmotif, PatSearch. 

7. Automated discovery of novel regulatory motifs in non-coding RNA

a. Motif discovery in nucleotide sequences: the case of non-coding RNA. Why sequence is not enough

b. Energy based structure prediction methods

c. Prediction of consensus secondary structures: alignment-based methods

d. FOLDALIGN and SLASH: simultaneous alignment and structure prediction of RNA sequences

e. Genetic algorithms and evolutionary computation for the discovery of structural motifs

f. The next step: considering sequence and structure conservation at the same time

8. Presentation of software packages and web-based applications for the analysis of RNA UTRs and other non-coding RNAs.

