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GeneMANIA gene function
prediction for the masses
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Other projects In the lab

Cancer networks (w/ Sara and Gerald)

3 ¥ GWAS & QTLs of complex disease (w/ David)
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Posttranscriptional regulation (PTR
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Patterns of mMRNA localization before the MZT
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Adapted from LeCuyer et al, (2008) Cell 131



Recipe for modeling PTR

A Identify the transacting regulators:
I RNADbinding proteins and other ncRNAs

A ldentify sequences recognized by ncRNASs (e.g. miRNAS):
I TargetScan, PicTar, miRanda, GenMIR, PITA, rna22, etc.

A Identify sequences recognized by RNading proteins:
I RBPDBHNttp://rbpdb.ccbr.utoronto.ca) is a start

A Design algorithms to predict pestanscriptional fate given
ciselements and the mRNA sequence.
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RNAcompete Method
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Log affinity from Set B (a.u.)

Validation of RNAcompete

HUuR Visl

10 highest ratio probes 10 highest ratio probes
AGACCUUCAUGUUCUGOUUUACUGCUUUGGUUGU
AGAAGUUGUUUUGGUUUUUGQUOCUCGUGUGCA
AGAUUUUUACUUCAUGUCUAACUCACCUUUGGGGAA
AGGUUCGUWGUGUACUUCUCCCUAGCUUGGC
AGGAGUAGUUUGGUUUUACGUGBUCCGCCUACGGU
AGAAGUAGGGAAGUUUUCGJUGAUUAGUGGGCCU
AGAJUAUUGUCGUUAUAAUAAUGCGUUUAGUGCCCAC
AGAUUCAGAUUUAGCACCACUGUUGUSGUAUGU
AGAAJUGAUUUAUUUGBUUGUCUCACCCAUCUGCGUU
AGACUGCUAAUAUUUUUKBWCGUCCUAACGUUGCA

(REDindicates motif match)

RNAcompete 7mers

~
. S
1Q : UUUUUUL—7, 8 .
o ' UUUGUUU = GCGGGLC_y -
AR © ;.7 @cubou
] 2 ruuuadug n )
E 5 '
4 E '-v =
:'.u _‘Z\
e =
: E
Q . . @©
o (@)
o
_|

B e

Log affinity from Set A (a.u.)




Log affinity from Set A (a.u.)
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RIRchip for detecting in vivo RBP targets

Yeast extract ? RNA isolation
rep / { i

Protein A

Binding to IgG
Sepharose

Elution by cleavage
with TEV protease
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Gerber et. 2004, PLoS Biology



YBIRNAcompete predicts Iis vivotargets
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YB1 cammunoprecipitates (cDNAs) from (Dong, J. et al. RNA Biol 2009), 95 positives, 99 negatives



SF2/ASRNAcompete predicts ita vivotargets
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RNAcompete summary

A Measures in vitro affinity of an RBP for ~250k
customdesigned 38mer RNA seguences,

A These affinities can be summarized into highly
reproducible fmer scores (or affinities),

A RNAcompete Tner scores predidn vivo
UF NBSGa FT2NJ GKS w.ta




Good news:

WeoOre dol n¢
RNAcompete for all
Drosophila and human
RBPS!



Bad news:

RBP sequence binding
preferences alone might
not be good enough.



Most potential Puf3p sites are not PufBiound

MRNAS whose

30 UTR mRNAs in control
ContalnS_ a but not Puf3p
Puf3p site bound
244
158
Puf3p bouno
MRNAS

Puf3p RIP-chip data from Gerber et. 2004, PLoS Biology



Sequencespecific RBPs bind ssRN.

Transcription a
factor goes = uwr >3
here -
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DNA: B-Form Helix RNA: A-Form Helix

Xiao Li
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Other RBPs recognize different RNA structu
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Aviv et al, Nat Struct Biol (2003), 10:614
Wickham et al, Mol Cell Biol (1999) 19:2220

Weeks et al, Cell (1992) 70:1069 Hilal Kazan



1. Does the secondary structure of naked mRNA
constrain RBP binding?

2. Are mMRNA secondary structure predictions made with
current tools useful?



Accessiblility: Probabllity being unpaired in
the thermodynamic ensemble
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RNAplfold: local thermodynamic folding

Local folding windows
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Target site accessibility predicts Puf3p bindi
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Scoring accessibility for RBPs with >1 binding sites

#ATS Score
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Accessibility significantly increases predictive
accuracy for 71% of RBPs tested
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1. Does the secondary structure of naked mRNA
constrain RBP binding?

Yes.

2. Are mRNA secondary structure predictions made with
current tools useful?

Yes, much more useful than expected.

Also, we have developed an in silico benchmark for
testing predictions of mMRNA secondary structure.

Citation: Li, Quon, Lipshitz, Morris, RNA 2010 (16)
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RNAcontext: A New Method for Learning the Sequence
and Structure Binding Preferences of RNA-Binding
Proteins
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Abstract

Metazoan genomes encode hundreds of RNA-binding proteins (RBPs). These proteins regulate post-transcriptional gene
expression and have critical roles in numerous cellular processes including mRNA splicing, export, stability and translation.
Despite their ubiquity and importance, the binding preferences for most RBPs are not well characterized. In vitro and in vivo
studies, using affinity selection-based approaches, have successfully identified RNA sequence associated with specific RBPs;
however, it is difficult to infer RBP sequence and structural preferences without specifically designed motif finding methods.
In this study, we introduce a new motif-finding method, RNAcontext, designed to elucidate RBP-specific sequence and
structural preferences with greater accuracy than existing approaches. We evaluated RNAcontext on recently published in
vitro and in vivo RNA affinity selected data and demonstrate that RNAcontext identifies known binding preferences for
several control proteins including HuR, PTB, and Vts1p and predicts new RNA structure preferences for SF2/ASF, RBM4,
FUSIP1 and SLM2. The predicted preferences for SF2/ASF are consistent with its recently reported in vive binding sites.
RNAcontext is an accurate and efficient motif finding method ideally suited for using large-scale RNA-binding affinity
datasets to determine the relative binding preferences of RBPs for a wide range of RNA sequences and structures.

Citation: Kazan H. Rav D. Chan ET. Huahes TR. Morris O (20101 RMAcontext: A New Method for Learninag the Seavence and Structure Bindina Preferences of RNA-
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Representing structural context by
annotating bases
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Representing ensembles of structures usin

O~ WNE

our structural annotation (1)

AGACGCGCGCGUUCGCCGCGCUCGGCGCAUGC

P: paired L: loop U: unstructured
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RNAcontext inputs and outputs

base
RBP sequences and preference
affinities annotation profiles
.. . GGGAUACCC ()

5.6 . GGGCUAECPCG CA:UA

EPHJJ-EEP mp RNAcontext map
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RNAcontext motif model

0, I

binding site ¥ structural
—_ : : X
score base identity context

*Roider et al (2006) Bioinformatics 23:13
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Comparison with other motif models

Bold
indicates stat.
sig. reduction

Proteins RNAcontext MEMERIS  MatrixREDUCE Precision ReductiorN €ITOr
improvement in error

Average precision on held-out data

L—RrBM4  91% 43% 63% 28% 75.7%
L— Fusip 53% 31% 320 21% 30.9%

Y vrs1 65% 58% 56% 7% 16.7%
— vB1 17% 7% 11% 6% 6.8%
L— sLm2 81% 49% 77% A% 17.4%
L—srrs1  70% 50% 66% 4% 11.8%

(SF2/ASF)

— HuR 96% 74% 94% 2% 33.3%
LC/P\ PTB 69% 26% 67% 2% 6.1%

U1A 30% 27% 21% 3% 4.1%



) Predicted motifs and structural contexts ii) Relative structural

preferences
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RNAmap from SFRS1 knedkwn

Alternatively spliced exon sequences
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