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Motivation

> Motivation Regulatory ncRNAs functioning in brain:
RNA motif search

Hewrauzl cpresion O lincRNAs (large intervening ncRNAs)
Egﬁ;‘;l{:dmg HOTAIR — trans-acting gene regulation
Summary Air and H19 — direct the imprinting of

neighboring genes

[0 microRNAs:
miR-124 — guides neuronal differentiation
by targeting large number of mRNAs
miR-134 — regulates size of dendritic
spines by inhibiting Limkl

0 snoRNAs (small nucleolar RNAs)
HBII-52 — modifies A-1 RNA editing +
alternative splicing of serotonin receptor

0 siRNAs (small interfering RNAs)
7 piRNAs (PIWl-interacting RNAs) [Mercer 2008]

dend rne anterograde transport from neuranal soma
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Motivation

D> Motivation Cumulative distribution of sequence conservation across mammals for
RNA motif search . .
Neuronal expression known non-coding RNA exons (grey), lincRNA exons (blue),
Eg¢ C‘f"lfz'd‘“g protein-coding exons (green) and introns (red) [Guttmann 2009]: -
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= What causes purifying selection of the functions of ncRNAs
if not sequence conservation?
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RNA motif search

Motivation Many ncRNAs fold in a characteristic RNA structure that is essential
> RNA motif search . .
for their function.

Neuronal expression
RNA co-folding

PETcofold A conserved RNA structure is not necessarily conserved on sequence
Summary .
level, instead compensatory base changes can strengthen the structure
(e.g. a A-U pair in mouse can correspond to a G-C pair in human):

(GGG O 0O ))))--))--)))))--))
- - GGCA- - - BA- - -

hﬂ18chr9/35706989—35707063

rheVac2: chr 15/ 41804508- 41804434
echTel 1:scaffold 230837/ 11416-11489
canFan®: chr 11/ 55273699- 55273742
bosTau2: chr 8/ 28452432- 28452476

rn4: chr5/60025620- 60025696

m8: chr 4/ 43568457- 43568526

Top candidate with psi of 5.4% between human and mouse is located
on chromosome 9 in intron of human gene TLNI
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RNA motif search

MAEETERED Structural and evolutionary information are used in different
> RNA motif search

Neuronal expression flavors to prediCt ncRNAs.
RNA co-folding
PET cofold

Summary

B CMfinder: 58,000 {pscore=80)
l RMAz: 36,000 (p=0.9)
[ Evotold: 50,000

Evofold [Pedersen 2006] RNAz [Washietl 2005]

struct. conservation phylogenetic tree hamming distance (SCl)
struct. probability SCF grammar thermodynamic stability
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CMfinder [Yao 2006]

Motivation Purpose: RNA motif finder from unaligned sequences
> RNA motif search
Neuronal expression . ] . .
RNA co-folding O Simultaneous local alignment, folding and CM-based motif
PETcofold description via an EM-style learning procedure
Summary
Folding
predictions \ M step
Candidate | CM | >  Search
/ alignment
Heuristics E step

- —

Expectation-Maximization
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CMfinder [Yao 2006] [Torarinsson 2008]

Motivation

> RNA motif search
Neuronal expression
RNA co-folding

17-way UCSC MULTIZ-blocks cover 50% of Hgl8 human genome

600, 000 non-overlapping RNA motifs with pscore > 40
(430,000 RNA motifs in mouse)

PET cofold
Summary 2.88% of human input sequences consist of candidate regions
51% of candidate regions are intergenic,
33% are intronic,
9% are located in 5" UTRs, 4% in 3' UTRs and
3% are exonic.
27.0% (1,357) of known ncRNAs (mirBase 14, snoRNABase 3,
Rfam 9.1, JonesEddy's list) are covered:
479 microRNAs,
470 tRNAs (including 450 mitochondrial tRNAs),
260 snoRNAs,
51 spliceosomal RNAs,
14 rRNAs
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CMfinder

[Yao 2006]

Motivation

> RNA motif search
Neuronal expression
RNA co-folding

PET cofold

Summary

CMfinder finds the 5" stem of the small Cajal body specific RNA 20
(scaRNA20 or ACA66):

Scale 50 bases} |
chri7: 55663700 | 55663750 | 55663800 |
CMfinder RNA motifs

hg18chr17/55663661-55663791-h1.1

UCSC Genes Based on RefSeq, UniProt, GenBank, CCDS and Comparative Genomics

USP32
USP32
SCARNA20

EvoFold Predictions of RNA Secondary Structure
C/D and H/ACA Box snoRNAs. scaRNAs. and microRNAs from snoRNABase and miRBase

ACA66 €Ll

Vertebrate Multiz Alignment & Conservation (44 Species)
Placental Mammal Basewise Conservation by PhyloP,
e AN SIS SO D mom m

Multiz Alignments of 44 Vertebrates

10
1

1
hgl8chrl?7 CCEICEICI-CCCA
rheMac2:chrl6 cCc@mcEcmEm-CcCCA
oryCunl:scaffold 212053GC C C-CccCccC
canFam2:chrl2 ccugcmgcmg-ccca

bosTau2:chrd = ————————-—-—-—— - — —
mm8:chrb5 IC C.CI— CICHA
loxAfrl:scaffold_39354 CCCCEICE—@CccCC
consensus_structure (CC (=== ( (===~

Consensus

GCCUCUCU-CCCAUGGGGCUGUGGGGGGU-CCCU+UUCUCCCUCAGCCAGGGCUGGAGGC
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CMfinder [Yao 2006]

Motivation

| Degree of realignment correlates with sequence similarity
> RNA motif search . L
Neuronal expression (Pearson correlation coefficient p of -0.71):

RNA co-folding
PET cofold
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CMfinder [Yao 2006]

Motivation .
> RNA motif search Correlation to Rfam structures:

Neuronal expression

RNA co-folding O 2,074 Rfam structures in input set
o 00 350 items are overlapped by 780 CMfinder motifs
(by 75% in average)
0 71% mean structural correlation (MCC) for 100% overlap
O one reason for good performance is re-alignment of input
— correlation to sequence similarity p = —0.84

Clustering of known RNAs:

O ~ 150 families with paralogs
O 115 known RNA families are merged in clusters with 0.86
sensitivity and an average PPV of 0.80
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Neuronal RNA expression

Motivation Expression of CMfinder motifs by using available data:
RNA motif search

Neuronal . . . .
> expression O ~ 200,000 candidate regions overlap transcribed genomic
EE‘IA'\CZ:C_)Eldmg regions In human [Kapranov 2007, Nakaya 2007, Bertone 2004]
S . . .
e [0 Solexa transcriptome data of rat retinal neurons from Niels

Tommerups group
0 Allen Brain Atlas (ABA)
— In situ hybridization (ISH) data.

— Displays the expression of 21,000 RNA transcripts in the
adult mouse brain at cellular resolution.

— 16,900 ABA probes exhibit cellular expression above
background.
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Allen Brain Atlas (ABA) [tein 2007

Motivation ISH images are mapped to neuroanatomical regions:
RNA motif search

Neuronal
> expression

RNA co-folding

Tissue Brain

PETcofold Orientation: Regions:

Summary Low smoothed expression energy, level and density
= (1) sagittal (1) 11 neuroanatomical
g (2) coronal  (2) 81 informatically def.
4 (3) 115 informatically def.
< (more than 20 voxels)
E’ expression energy on voxel level
High (3) (1)+(2)  (4) Neuroblast =» Grid

ABA probes with RNA motif, CDS-free and expression over background:

Intergenic  Intronic 5" UTR 3" UTR | )]
CMfinder 303 139 17 1,024 | 1,483
RNAz 200 124 21 8389 1,234
> 425 213 31 1,442 | 2,111
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Neuronal RNA co-expression

55 ncRNAs involved in 733 correlation pairs (p > 0.8)

Motivation

RNA motif search
Neuronal
> expression

RNA co-folding
PET cofold i) & ,
Summary

1
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Neuronal RNA co-expression

Example - intergenic mCG1027775.1 and 3" UTR Scubel:

Motivation

chrl! 83429000 83430000 83431000 | 83432000 83433000 83434000 83435000 83436000 I 83437000 I 83438000 | 83439000
. UCSC Known Genes Based on UniProt, RefSeq, and GenBank mRNA -
Scubel
RNA motif search o
Neuronal
> i .
expression .
. —
RNA co-folding =
=
PET cofold =
il
Summary T
tion
YR N i
rat I [T LT AT O N
man — "':IIIIII\IH\I\:II\IIZIIIIIIIII 1 1=—=—=R000 AN 0 A 0 A HIIII\III.I\-IIIIIIH S O ———————
dog s [T LT RN T TR T 1I|I\II\I\IIIIII T == ] = el
sum [LLRITET T} = LI
chicken i | %
x_tropicalis m Hll——1 I
tetraodon 11 =/l m

High correlation over entire brain (p = 0.84).
High correlation in Medial habenula (Thalamus), Piriform area
(Olfactory bulb) and Cerbral cortex.
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RNA co-folding

Motivation

RNA motif search
Neuronal expression
> RNA co-folding

RNA dublex of @&%
intergenic D630023B12Rik %\;5#

and Cox6c mRNA

yah ﬁi A i
i i GM e o A G
g™ ‘:ﬁl:‘tJ—e':i}_eJA A% BEAE A—H_G.Jd\e : G_é%u\gﬁgé:ﬁi g P\& A gf o, i
%\& ot > ACH - e &+ H_U_G\H’Qﬂé)\--ﬂw

PET cofold
Summary
Goal: Search for potential RNA interaction partners of
CMfinder motifs in whole human genome and how well can
RNA co-folding describe RNA co-expression:
O Seed by reverse complementary BLAST
O Calculate thermodynamic stable RNA dublexes applying
RNAduplex
O Calculate E-value that estimates statistical significance of
RNA duplex (extreme value distribution)
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PETfold [Seemann 2008] & PETcofold

Motivation

RNA motif search
Neuronal expression
RNA co-folding

> PETcofold
Summary

PETfold: Combines thermodynamic and phylogenetic information in
one MEA model to predict RNA secondary structures.

evolutionary

exover(c) = (Rpr,T,M@,jHE
n

(4,5) €bp(o)

X a(nsgA,T,Mu) +2

icsg(o)

PETcofold:
Extends PETfold to predict
co-folding of two RNA sequences.

Highly reliable intramolecular
RNA motifs are constraint for
RNA co-folding = Pseudoknots

Webserver for PETfold and
PETcofold is coming soon.

thermodynamic
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Summary

I'\?/';Zvatioi h 0  CMfinder whole genome scan:
moti r . . - .
ot searc ~ 25% of candidates have > 50% of their positions realigned

Neuronal expression
RNA co-folding

;ETcofO'd [0 RNA expression correlation in ABA:
Summar , . ‘e
’ Structured 3' UTRs significantly over-expressed
=> acting as transcription factor or trans-acting ncRNA

[0 Whole genome scan for significant RNA interaction partners of
CMfinder candidates

[0 PETcofold:
Detection of kissing loops in RNA interactions
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Thank you

Motivation

RNA motif search
Neuronal expression
RNA co-folding

Allen Institute for Brain Science, Seattle
Susan Suskin, Michael Hawrylycz

PET cofold

Summary University of Washington, Seattle
Larry W Ruzzo, Zizhen Yao
University of Freiburg
Rolf Backofen, Andreas Richter
University of Copenhagen
Jan Gorodkin, Elfar Torarinsson
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