A glimpse of Non Coding RNA




Introduction

e Central dogma :

But which came first ??



The RNA World

Sidney Altman and Thomas Cech (1980's) : Ribozymes (RNA
able to cleave itself)

RNA role :
o Information, genetic material (DNA role),

o Function, enzymes (Protein role)_

Walter Gibson : RNA World Hypothesis (1986)
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Types and Functions of RNAs

e CODING = messenger RNA (mRNA)
o translated into a protein

e NON-CODING (ncRNA) = not translated into a protein
o lot of different functions : splicing, translation, gene
regulation ...
m rRNA Ribosomal RNA
m tRNA Transfer RNA
m SNORNA nucleosome, rRNA-editing
m MIRNA Control of gene expression on the translation
level

m SNRNA nucleus, spliceosomal RNA
m ... and more (Ribozymes, transcription regulation)



Different model of evolution compared
to coding RNA

- coding RNA : function linked to the sequence of Amino acids
- non coding RNA : function linked to the sequence and the

structure of the molecule
-> no selection on Amino acids sequence

Can not assume independent evolution of sites (paired regions)



Differences of rates in RNA evolution

High heterogeneity of rates of evolution :
- Among different types ncRNAs
- Same ncRNA among lineages
- Among structure categories within ncRNA

- Within structure categories



Different rates of evolution among

RNAS
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Non coding RNA structure
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Different rates among structure
categories

Fraction divergence per structural category
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Different rates within structure

categories
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Why understanding pattern of evolution
?

- Structure prediction
- Accuracy of phylogenetic inferences

- ncCRNA gene screening

Creation of databases on RNA structures (RNA STRAND)



Where are you, ncRNA genes?

e A major goal of bioinformatics
e De novo prediction still a largely unsolved problem
e Evolutionary conservation of secondary structures

e Comparative studies!




Approaches to finding ncRNA genes

e EvoFold
e RNAZz

e QRNA

e DDBRNA

e MSARI



EvoFold

e Comparative method for identifying fRNA structures in
multiple-sequence alignments

e Phylo-SCFG: Phylogenetic Stochastic Context-Free
Grammar

e Input: a multiple alignment and a phylogenetic tree
e Output: a specific RNA secondary-structure prediction and
an folding potential score (fps)

Pedersen, et al. 2006



EvoFold
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Figure 1. Qutline of EvoFold Prediction Method Pedersen, et al. 2006

e Result: 48.479 candidate RNA structures
e Estimate: candidate set contains ~18.500 substructures of
~10.000 RNA transcripts



RNAZ

e Method for predicting structurally conserved and
thermodynamically stable RNA secondary structures in
multiple sequence alignments

e Two basic components
o a measure for RNA secondary structure conservation
o a measure for thermodynamic stability

e Time complexity: O(N x n*3)
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Washietl, Hofacker and Stadler. 2005



RNAZ

e Comparative Regulatory Genomics database
o screened all alignments of length > 50

Washietl, Hofacker and Stadler. 2005



RNAZ

e Comparative screen of vertebrate genomes

e Predicted >30.000 structured RNA elements in the human
genome
o ~1.000 conserved across all vertebrates
o ~1/3 found in introns of known genes
o ~1/6 potential regulatory elements in UTR of protein-
coding mRNAs
o ~1/2 far away from any known gene

e Only a small fraction previously described

Washietl, et al. 2005



MicroRNA

e Pretty new discovery, still kind of hot
e Gene regulation on the translation level
e Short sequences (~22bp)
e Hairpin structure (processed)
e How is miRNA processed (Ghosh et al. 2007)
e Binding to mRNA
o Binding sites on 5'and 3' UTRs
o hindering translation (mMRNA ring formation)
o cleavage of mMRNA



http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WBK-4PDK3D2-C&_image=fig1&_ba=1&_user=713789&_coverDate=11%2F09%2F2007&_rdoc=1&_fmt=full&_orig=article&_cdi=6713&_acct=C000039858&_version=1&_urlVersion=0&_userid=713789&md5=abe827b18be2429d8742437ba266ab42

More of microRNA

e Finding mIRNA genes and mRNA targets in the genome

o Ghosh et al. (2007) give a list of available programs in
mini review.

o Kuhn et al. (2008) recommend miRanda, TargetScan
and PicTar for identifying mRNA targets

o Ragan et al (2009) have introduced a new program
called FASTAH

o The programs use basepairing, free energy calculations
and conservation.



http://microrna.sanger.ac.uk/
http://www.targetscan.org/
http://pictar.bio.nyu.edu/
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