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Mining for structured RNAs in ENCODE data
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» Targeted sequencing in 28 species



AlifoldZ
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RNAz

a) Structural conservation
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EvoFold

a) alignment:

b) SCFG generated
secondary structure:

1) Phylogenetic evaluation:
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The problem of large genome-wide alignments
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The problem of large genome-wide alignments
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Pragmatic solution: Selecting subsets

» Subsets of 6 and 10 sequences for RNAz and AlifoldZ,
respectively.

» Optimized for a target mean pairwise identity of 85%: reliable
alignments and covariation.

» Used greedy algorithm for species selection.



Pragmatic solution: Selecting subsets

» Subsets of 6 and 10 sequences for RNAz and AlifoldZ,
respectively.

» Optimized for a target mean pairwise identity of 85%: reliable
alignments and covariation.

» Used greedy algorithm for species selection.

OPEN @ ACCESS Freely available online PLoS

Species Choice for Comparative Genomics:
Being Greedy Works

Fabio Pardi’, Nick Goldman

EMBL-European Bioinformatics Institute, Wellcome Trust Genome Campus, Hinxton, United Kingdom




Results of AlifoldZ
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» 660 hits (0.7% of input) with z < —3.5
» 384 hits (0.2% of input) with z < —4



Results of RNAz
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» 7,093 hits (7.7% of input) with P > 0.5
> 3,707 hits (4.2% of input) with P > 0.9



Estimating false positives by shuffling
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» Current protocol shuffles columns preserving
» Mean pairwise identity
» Base composition
» Local conservation pattern
» Gap pattern
» Problems:

» Limiting for large alignments
» Dinucleotide content



Genomic dinucleotide bias
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Solution

» Simulate alignments rather than shuffling it.

» Simulation produces on average alignments with the desired
properties.

» Possible strategy:

1.

Choose evolutionary model

2. Estimate tree under this model
3.
4. Use rate heterogenities to achieve different divergence levels of

Simulate along this tree using the model

sites.

Estimate history of gap pattern formation using maximum
parsimony and re-introduce gaps accordingly during the
simulation.

» Dinucleotide model: SISSI with overlapping dependencies



Simulating alignments with given dinucleotide content

SISSI, 1000 runs, 1000 sites
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Simple correction of dinucleotid bias
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» Correct all z-scores by the background bias of 0.5, re-classify
using the SVM
» Estimated false positives for P > 0.9:

» Mononucleotide shuffled: 536
» Dinucleotide-corrected: 1852



Summary of results

Input regions Low significance level® High significance level”
MB  %ENCODE No.hits MB  %input % ENCODE No.his MB % input % ENCODE
AlifoldZ  native 9.76 326 660 0070 0.7 0.2 348 0.036 0.3 0.1
random  9.36 313 148 0.015 0.2 0.0 69 0.007 0.1 0.0
RNAz native 9.76 328 7.093 0.748 7 2.5 3707 0413 4.2 1.4
random  9.36 313 1349 0117 125 0.4 936 0.0466  0.50 0.2
random®  9.36 313 4018 1852
EvoFold  native 14.44 48.14 9,953 0.800 5.5 2.7 4986 0378 2.5 1.3
random  14.44 48.14 7.390  0.603 4.4 2.0 3535 0274 1.9 0.9

“AlifoldZ: z< —3.5; RNAz: P> 0.5; EvoFeld: all predictions

’AlifoldZ: z< —4: RNAz: P> 0.9; EvoFold: top 50% predictions
© zscores corrected to compensate for the genomic background signal



Overlap of predictions
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Sequence conservation of predictions

— Background (RNAZ input regions)
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» Both programs have higher false positive rate in regions of
high conservation
» RNAz predictions essentially follow the background

» EvoFold is highly biased for extremely conserved regions.



Base composition of predictions
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» RNAz favours GC rich regions, EvoFold AT rich regions

» There are known ncRNAs in both ends of the spectrum.



Both programs essentially predict complementary RNA
structures
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Genomic loction of hits

Fraction (%)
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Overlap with other ENCODE data

Constrained elements Constrained elements



Experimental verification: ideal case

Bioinformatics group > Wet-lab group
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The ENCODE genes and transcripts way
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Intergenic RNAs
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Intergenic RNAs
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Intronic RNAs
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Intronic RNAs
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Alternative spliced loci

chr1o:

RNAZ

EvoFold
TARs/Transfrags
Constrained elements’

CpG Islands

Conservation
W R I

LENG4
LENG4
LENG4
LENG4

59374500 | 59375000 | 59375500 | 59376000 |
2
-3.6 * I " -5.3 -6.4
EvoFold
u 1
TARs/Transfrags
Constrained elements
. | n

CpG Islands

Vertebrate Multiz Alignment & Conservation

Gencode Reference Genes

59376500 |

LENG4




' .
T Hl"i h ' 'J’-’ |‘”|' 1

'j'"ﬂu:hl'lunmlp AT i’l;;l‘wlll‘ 'V'J W"f"‘l’““‘"'”'“W Fl‘wlm

;._ =) '.' il g aJn it (g
11 I H|| ||H| || || \|||||| |
N 11 ‘ ji |
\ ; y f L | t L_ i
= U TR R ‘uu.. ol
" hl ..“ e 7|
Sl Tt
: H i mm! , T
] h iy |l il




S RN N B

50000 | 100000 | 150000 |
GENCODE Known Genes z848122| W POLASK e Gk, 784721 3pmmmma LUCTLY
284723 1 I} ciGora3 | r:mnrras|1|-|-H----H--H----1---i Hezfll  HoA2}
RHEDF1 m===t HBA1 |
Heai |
GENCODE Pautative Genes
Psendogenes
non_protein coding RNAs Gorensis Paakitions Hi
RNA Secondary Structure Rt " I i
EvoFald]
CpG Tslands RNAZ| 1 1
<DNAPET Lo Bl 1 B1iL1
==
RNA Transcription
] e
Hel [ 1E
HL5 | III I
Placental
NB4 |I |
5 Cap Analysis of Gene Expression Neutrophil 1n
CAGE + | 1
Polll / TAF1 CAGE - I
Pol2 HeLal 1 l' | 1
Pol2 IMR90| (]
TAF1 Hela ]




Acknowledgements

» Ivo L. Hofacker, Andreas Gruber, Andrea Tanzer (Vienna)

» Peter Stadler, Jorg Hackermiiller, Jana Hertel, Manja

vV v v Y

Lindemeyer, Kristin Reiche, Claudia Stocsits (Leipzig)

Jakob S. Pedersen (USA, UCSC)

Jan O. Korbel, Mark B. Gerstein, Michael Snyder (USA, Yale)
France Denoeud, Julien Lagarde,Roderic Guigo (Barcelona)
Jorg Drenkow, Philipp Kapranov, Thomas R. Gingeras (USA,
Affymetrix)

Catherine Ucla, Carine Wyss, Stylianos E. Antonarakis,
Alexandre Reymond (Switzerland)



