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Non-coding RNAs

Non coding RNAs (“RNA genes”) are transcripts that exert their
function as RNA whithout being translated to protein.

» “Classical’ examples:
» Protein expression: transfer RNA, ribosomal RNA
» Pre-mRNA splicing: spliceosomal RNAs
» tRNA maturation: Ribonuclease P
» Protein export: Signal recognition particle RNA

» New abundant classes of small non-coding RNAs:
microRNAs, snoRNAs

» Many other examples are currently emerging in all organisms
studied.



Motivation

chrd (g34.11

Base Position 127219480 127218470 127213480 127219430 127219500 127218510
> AAGATGGCAGCGGACGGACAGTGCTCGCTCCCCGCTTCATGGCGECCGGTGACCCTCACCCACGT

NHGRIPSU TBA Alignments
Gaps 3

human AAGAT GG CAGCGGACGEACAGTGCTCGETCCCCGCTTCATGELGECCEGTGACCCTCACCCACGT

chimp AAGATGGCAGCGEACGEACAGTGCTCGCTCCCCEETTCATGGCGGCCGGTGACCCTCACCCAGGT

rat AAGATGGCAGCGGRACEEACAGTGCTCGCTCCCCGCTTCATGGCGGCCAGTGACCCTCACCCAGGT

mouse AAGAT GG CAGCGGACGGACAGTGCTCGETCCCCGCTTCATGGEGGECAGTGACCCTCACCCACGT

cow AAGATGGCAGCGGACGGACAGTGCTCGCTCCCCGCTTCATGECGGCCGGTGACCCTCACCCACGT

dog AAGATGGCAGCGGACGGACAGTGCTCGCTCCCCGETTCATGGCGGECGGTGACCCTCACTEACGT

opossum AAGATGGCAGCGGACGGACAGTGCTCGCTCCCCGCTTCATGGEGGCCGGTGACCCTCACCCACGT

chicken AAGATGGCCGCAGT CGGAGAGTGCTCGETCCCCGETECETGGEGEECGRTCTCCETCACTCACET

K topicalis AAGAT GG CEGCGGCAGAACAGTGCTTGETGTCTGETCAGTGELGTCCGGTTTCCTTGACACACET

tetraodon AAGATGGCGCTAGACGRACAGTGCTCGECACCACCTOGATGGCGGTCOATATCATTGACACACGT

fuuAAGATGGCGCTAGACGAACAGTGCTCGECACCACCTCGATGGCGGTCTATATCT TTGACACACGT

1. A vast amount of genomic data is available
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1. A vast amount of genomic data is available

2. There are fewer protein coding genes than expected
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Highly conserved non-coding DNA awaits functional annotation.



chrg (g34.11)

129150000 129200000

129100000

WZEBEEIDDEI‘ WZBDDDDDD‘ 128050000
RefSeq Genes

perseq Genes (NI L
nts, Hu/Chimp/Mouse/Rat/Dog/Chick/Fugu/Zfish

Base Position 128850000 123300000

wost Conserved | [ INNAN N0 IF 1 \II I\II \III\I i HIHHHIIHIIH \H HHIII HHI L T e 1 1
nspliced
e €sTs ||| [MAVEEN 1 (00T DR 1O HI\IIHIII\ HH\I IHI ’II | P LRI ]
ansfrags
ity A Hetal | [IITTININT 111 11 HIHH H H T \ H \HI [ I o
Transcriptionally Active Regions (TARS)
Yale TAR Neu Sum [ Lo e (TN HHHI H\HI\ 8 1 AR T
n CAGE - Predicted Gene Start Sites
Riken CAGE + |
Riken CAGE -
Affymetrix ChIP/Chip (retinoic acic-treated HL-80 cells) Sites
[

I
Yale ChIP/Chip (STAT1 ab, Hela cells, Binding Sttes)
Il

Affy H4Kac4 RA 32h

‘Vale 50-38 Sites

Highly conserved non-coding DNA awaits functional annotation.
The transcriptional map of the human genome is much more

complex than expected.
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Non-coding RNAs ?

Highly conserved non-coding DNA awaits functional annotation.

The transcriptional map of the human genome is much more
complex than expected.



Computational identification of non-coding RNAs

» Based on a priori knowledge: find members of known families

» Sequence similiarity alone: BLASTN
» Sequence and additional motif information: specialized
programs for e.g. tRNA or snoRNAs

» De novo prediction: find new genes and families

» Unlike protein coding genes (ORFs, codon bias,...) ncRNAs
lack strong statistical signals in primary sequence

» The function of many ncRNA depend on a defined secondary
structure

Can secondary structure predictions be used for ncRNA
detection?



Significance of predicted RNA secondary structures:
z-score statistics

» Has a natural occuring RNA sequence a lower MFE than
random sequences of the same size and base composition?

1. Calculate native MFE m.

2. Calculate mean p and standard deviation o of MFEs of a
large number of shuffled random sequences.

3. Express significance in standard deviations from the mean
as z-score

m—pu
o
» Negative z-scores indicate that the native RNA is more stable
than the random RNAs.




z-scores for 579 tRNAs
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» Only 2% below a z-score threshold of —4.
» Native sequences are not clearly separated from the random

bulk.



Consensus folding using RNAalifold

» RNAalifold uses the same algorithms and energy parameters
as RNAfold

» Energy contributions of the single sequences are averaged

» Covariance information (e.g. compensatory mutations) is
incorporated in the energy model.

» It calculates a consensus MFE consisting of an energy term
and a covariance term:
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GTTTCCGTAGTGTAGCGGTTATCACATTCGCCTCACACGCGAAAGGTCCCCGGTTCGATCCCGGGCGGARACA
GTTTCCGTAGTGTAGTGGTTATCACGTTCGCCTAACACGCGAAAGGTCCCCGGTTCGAAACCGGGCGGARACA
GTTTTCGTAGTGTAGTGGTTATCACGTGTGCTTCACACGCACAAGGTCCCCGGTTCGAACCCGGGCGAARACA
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(-24.76 = -23.43 + -1.33)



z-scores of consensus MFEs for tRNA alignments
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» Alifoldz: Additional information from aligned sequences
shifts MFE predictions towards significant levels.



The structure conservation index
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» The SCl is an efficient and convenient measure for secondary
structure conservation.



Efficient calculation of stability z-scores

» The significance of a predicted

MFE structure can be expressed as
z-score which is normalized w.r.t.
sequence length and base
composition.

Traditionally, z-scores are sampled
by time-consuming random
shuffling.

The shuffling can be replaced by a
Support Vector Machine regression
calculation which is of the same
accuracy.

Sampled z-scores

Calculated z-scores
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SVM classification based on both scores

» Both scores separate native ncRNAs from controls in two
dimensions.



SVM classification based on both scores

» Both scores separate native ncRNAs from controls in two
dimensions.

» A support vector machine is used for classification.



SVM classification based on both scores

» Both scores separate native ncRNAs from controls in two
dimensions.

» A support vector machine is used for classification.

» RNAz: more accurate and faster than any other available programs.



Screening the human genome

Computing Cluster
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Novel structural RNAs of known classes:
mirRNAs and H/ACA snoRNAs
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Novel structures of unknown function




Other applications: Cyanobacterial ncRNAs
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» |. Axmann, P. Kensche et al. (Genome Biol. 6:R73, 2005)
identified and characterized 7 novel ncRNAs in cyanobacteria
using Alifoldz.



Other applications: Benchmarking alignment
programs on structural RNAs

sCi

» The SCI can be used to assess the quality of an alignment of
a structural RNA (P. Gardner, A. Wilm & S. Washietl Nucleic
Acids Res. 33:2433, 2005).



Other applications

» RNAZz screen of urochordate genomes (K. Missal, D. Rose,
P.F. Stadler Bioinformatics 21: Suppl 2,ii77-ii78, 2005)

» RNAz screen of nematode genomes (K. Missal et al. J. Exp.
Zoolog. B, in press).

» Prediction of putative miRNA precursors in the miRNAMap
(Hsu et al., submitted)
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Summary and Conclusions

De novo ncRNA prediction is notoriously difficult.
Single sequence methods are of limited statistical significance.
Comparative approaches dramatically improve accuracy.

RNAz is an accurate and efficient approach for predicting
ncRNAs.

RNAz used for the first comprehensive annotation of conserved
RNA secondary structures in the human genome.

The data provides a strong basis for further computational
and experimental studies.

The programs and methods presented here were successfully
used in a variety of other applications.
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