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Other projects in the lab 

Cancer networks (w/ Sara and Gerald) 
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Hossein Radfar 

microRNA target prediction 
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Patterns of mRNA localization before the MZT 

Adapted from LeCuyer et al, (2008) Cell 131 

Red: Nucleus 

Green: mRNA  
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Recipe for modeling PTR 

Å Identify the trans-acting regulators: 

ïRNA-binding proteins and other ncRNAs 

 

Å Identify sequences recognized by ncRNAs (e.g. miRNAs): 

ïTargetScan, PicTar, miRanda, GenMiR, PITA, rna22, etc. 

 

Å Identify sequences recognized by RNA-binding proteins: 

ïRBPDB (http://rbpdb.ccbr.utoronto.ca) is a start 

 

ÅDesign algorithms to predict post-transcriptional fate given 
cis-elements and the mRNA sequence.   
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RNAcompete Method 
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Validation of RNAcompete 

RNAcompete 7mers  

0 6 

0 

6 

Log affinity from Set A (a.u.) 
2 4 

2 

4 

8 10 

8 

10 
UUUUUUU 

UUUAUUU 

UUUGUUU 

10 highest ratio probes 

(RED indicates motif match) 

AGACCUUCAUGUUCUGUUUCUUUUACUGCUUUGGUUGU 
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AGAUUUUUUACUUUCAUGUCUAACUCACCUUUGGGGAA 
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AGGAGUUAGUUUGGUUUUACUUUGUGUCCGCCUACGGU 
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AGAUUAUUUCUCGUUAUAAUAAUGCGUUUAGUGCCCAC 

AGAUUCAGAUUUAGCACCACUGUUGUAGUAUGUUUUGU 

AGAAUUGAUUUAUUUUUGUUGUCUCACCCAUCUGCGUU 

AGACUGCUAACUUAUUUUUUUGUCGUCCUAACGUUGCA 

AGGGCCAAUGCGGUGCAGGCGCUGCGUUGGC 

AGGUUCAAACGCAUGCGGGUCAAGCUACGAACGCCACU 

AGAGAUGGAUUGGGCUGGCACCGGUCCAUC 

AGGGCGUUUAACGGCGGGUCCCGUUAGGCGC 

AGAGAGUGCAUAGCUGGCUUCUAUGCGCUC 

AGGGCCAAUGCGGUGCAGGCGCUGCGUUGGC 

AGAGUGUCAGGUACAUAAAGUAGCUCAAUGAGUUCGUU 

AGAGUCCAGAACGGCAGGCACGUUUUGGAC 

AGAGACAGGAGCUUAUUCAUUGAUCAGCGAUCGCG 

AGAGGUUGAGACGGCAGGUCCCGUCUCGGCC 

(RED indicates motif match 
 BLUE indicates intended paired bases 
GREEN indicates predicted paired bases) 
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Gerber et. 2004, PLoS Biology 

RIP-chip for detecting in vivo RBP targets 



YB1 RNAcompete predicts its in vivo targets 

Skabkina 2005 (50.4) 
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Top five 7-mers 

RNAcompete 
PWM A 

YB1 co-immunoprecipitates (cDNAs) from (Dong, J. et al. RNA Biol 2009), 95 positives, 99 negatives 



SF2/ASF RNAcompete predicts its in vivo targets 
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Clip-seq data from (Sanford et al Genome Research 2009) 296 positives, 314 negatives  
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RNAcompete summary 

ÅMeasures in vitro affinity of an RBP for ~250k 
custom-designed 35-mer RNA sequences, 

 

ÅThese affinities can be summarized into highly 
reproducible 7-mer scores (or affinities), 

 

ÅRNAcompete 7-mer scores predict in vivo 
ǘŀǊƎŜǘǎ ŦƻǊ ǘƘŜ w.tǎ ǘƘŀǘ ǿŜΩǾŜ ƭƻƻƪŜŘ ŀǘΦ 
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Good news: 

Weôre doing 

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 Puf3p-bound 

mRNAs whose 

3ôUTR 

contains a 

Puf3p site 

  

158 

244 

Puf3p bound 

mRNAs 

mRNAs in control 

but not Puf3p 

bound 

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



Sequence-specific RBPs bind ssRNA  

 

DNA:  B-Form Helix 

Xiao Li 

Transcription 

factor goes 

here 

RNA:  A-Form Helix 



22 



Other RBPs recognize different RNA structures 
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Wickham et al, Mol Cell Biol (1999) 19:2220  

Weeks et al, Cell (1992) 70:1069  Hilal Kazan 
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1. Does the secondary structure of naked mRNA 

constrain RBP binding? 

 

 

2. Are mRNA secondary structure predictions made with 

current tools useful? 

 

 



Accessibility: Probability being unpaired in 
the thermodynamic ensemble 
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RNAplfold: local thermodynamic folding 

mRNA transcript 

Local folding windows 
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Ranking by site number (#TS) 
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Accessibility significantly increases predictive 

accuracy for 71% of RBPs tested 
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50% 

70% 

80% 

50% 60% 70% 80% 

*  indicates a significant 

improvement in AUROC       
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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 mRNA secondary structure. 

 

 
Citation: Li, Quon, Lipshitz, Morris, RNA 2010 (16) 
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Representing structural context by 
annotating bases 

hairpin 

loop 

hairpin 

loop 

multiloop 

external 

region 

internal loop 

bulge loop 

stem P:  paired 

U:  unpaired 

P:  paired 

L:   loop   

U:   unstructured 

M:  miscellaneous   



Representing ensembles of structures using 
our structural annotation (i) 

é 

  AGACGCGCGCGUUCGCCGCGCUCGGCGCAUGC 

1 UPPMPPPPPPLLLL PPMPPPPPPMPPLLLL PP 

2 UUUPPMPPPPPLLLLL PPPPPMPPUUUUUUUU 

3 UUUUPPPPMPPMMMPPLLLPPMPPPPPPUUUU 

4 UPPPPLLLL PPPPMPPPPLLLL PPPPUUUUUU 

5 UUUUUUUUPPPPMPPPPPLLLL PPPPPMPPPP 

...  

AGACGCGCGCGUUCGCCGCGCUCGGCGCAUGC 

P:  paired   L:   loop   M:  miscellaneous   U:   unstructured 

Annotation 

profile 
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RNAcontext motif model 

binding site 
score 

structural 
context 

base identity × = 

Roider et al (2006) Bioinformatics 23:134  

* 

* 
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Comparison with other motif models 

Proteins RNAcontext MEMERIS MatrixREDUCE Precision 

improvement 

Reduction 

in error 

RBM4 91% 43% 63% 28% 75.7% 

Fusip 53% 31% 32% 21% 30.9% 

VTS1 65% 58% 56% 7% 16.7% 

YB1 17% 7% 11% 6% 6.8% 

SLM2 81% 49% 77% 4% 17.4% 

SFRS1 
(SF2/ASF) 

70% 50% 66% 4% 11.8% 

HuR 96% 74% 94% 2% 33.3% 

PTB 69% 26% 67% 2% 6.1% 

U1A 30% 27% 21% 3% 4.1% 

Average precision on held-out data 

Bold 

indicates stat. 

sig. reduction 

in error 



i) Predicted motifs and structural contexts ii) Relative structural 

preferences 
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RNA-map from SFRS1 knock-down 
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Alternatively spliced exon sequences 

RNAcontext predicted 
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