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SnapShot: The Splicing Regulatory Machinery
Mathieu Gabut, Sidharth Chaudhry, and Benjamin J. Blencowe

Banting and Best Department of Medical Research, University of Toronto, Toronto, ON M5S 3E1, Canada 
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Name Other Names Protein Domains Binding Sites Target Genes / Mouse Phenotypes / Disease Associations  

SRp20 Sfrs3, X16 RRM, RS GCUCCUCUUC SRp20, CT/CGRP ; −/− early embryonic lethal E3.5 

9G8 Sfrs7 RRM, RS, C2HC Znf (GAC)n Tau, GnRH, 9G8

ASF/SF2 Sfrs1 RRM, RS RGAAGAAC HipK3, CaMKII �, HIV RNAs ; −/− embryonic lethal, cond. KO cardiomyopathy

SC35 Sfrs2 RRM, RS UGCUGUU AChE ; ;  LS

SRp30c Sfrs9 RRM, RS CUGGAUU Glucocorticoid receptor

SRp38 Fusip1, Nssr RRM, RS ACAAAGACAA CREB, type II and type XI collagens 

SRp40 Sfrs5, HRS RRM, RS AGGAGAAGGGA HipK3, PKC �-II, Fibronectin

SRp55 Sfrs6 RRM, RS GGCAGCACCUG cTnT, CD44 

SRp75 Sfrs4 RRM, RS GAAGGA FN1, E1A, CD45 ; overexpression enhances chondrogenic differentiation 

Tra2 �  Tra2a RRM, RS GAAARGARR GnRH ; overexpression promotes RA-induced neural differentiation

Tra2 � Sfrs10 RRM, RS (GAA)n HipK3, SMN, Tau

SRm160 Srrm1 RS, PWI AUGAAGAGGA CD44

SWAP Sfrs8 RS, SWAP ND SWAP, CD45, Tau ; possible asthma susceptibility gene

hn
RN

P 
Pr

ot
ei

ns

hnRNP A1 Hnrnpa1 RRM, RGG UAGGGA/U HipK3, SMN2, c-H-ras ; rheumatoid arthritis, systemic lupus erythematosus 

hnRNP A2/B1 Hnrnpa2b1, Hnrnpa2 RRM, RGG (UUAGGG)n 4.1R, HIV Tat, IKBKAP ; rheumatoid arthritis, systemic lupus erythematosus 

hnRNP C Hnrnpc, Hnrnpc1/c2 RRM U-rich �-amyloid receptor ; −/− embryonic lethal E6.5 ; systemic sclerosis, psoriatic arthritis 

hnRNP F Hnrpf RRM, RGG, GY GGGA, G-rich PLP, c-SRC, Bcl-x 

hnRNP G Rbmxrt, Hnrnpg RRM, RGG, SRGY AAGU SMN2, � -tropomyosin ; −/− impaired spermatogenesis 

hnRNP H Hnrph1 RRM, RGG, GYR, GY GGGA, G-rich PLP, HIV tat, Bcl-x ; possible implication in MD 

hnRNP L Hnrnpl RRM C/A-rich eNOS, CD45 ; systemic rheumatic diseases 

PTB Ptbp1, Hnrpi RRM UCUU, CUCUCU nPTB, c-SRC, Fas, cTNT, CGRP, NMDA, CLBC, hnRNP A1

nPTB Ptbp2, brPTB RRM CUCUCU c-SRC, GlyR �2 

O
th

er
 F

ac
to

rs

Fox1 A2bp1 RRM (U)GCAUG NMHC-B, CGRP, F1 �;  possible autism association, sporadic epilepsy 

Fox2 Rbm9 RRM (U)GCAUG NMHC-B, 4.1R, FGFR2

Cugbp Cugbp1, Brunol2 RRM U/G-rich cTNT, Insulin Receptor ; overexpression MD symptoms ; MD, DD and BD

Cugbp2 ETR-3, Brunol3 RRM U/G-rich cTnT, Tau, Cox-2 ; MD, DD, and BD  

Celf4 Brunol4 RRM U/G-rich Mtmr1, cTnT ; −/− neonatal lethality, seizure disorder. CELF∆ cardiomyopathy

HuD Elavl4 RRM U-rich Ikaros, CGRP, AChE ; ;  Hu syndrome, PE 

Nova-1 Nova1 KH YCAY GlyR �2, GABAa ; −/− postnatal lethality by motor neuron death ; POMA syndrome 

Nova-2 Nova2 KH YCAY JNK, GIRK, neogenin ; −/− synaptic plasticity and LTP defects ; POMA syndrome ND

TIA1 mTia1 RRM U-rich MYPT1, Fas, CGRP, FGFR2, TIAR, IL-8, VEGF ; −/− early embryonic lethality 

TIAR Tial1, mTIAR RRM U-rich TIA1, CGRP, TIAR ; −/− early embryonic lethality 

Mbnl1 Mbnl C3H1 Znf YGCU(U/G)Y cTnT, Insulin receptor, Clcn1, Tnnt3 ; −/− mice develop MD-like disease ; MD

Slm-2 Khdrbs3, T-STAR KH UAAA CD44, VEGF-A ; possible glomerular diseases association

Quaking Qk, QkI KH ACUAAY[…]UAAY MAG, PLP ; −/− embryonic lethal, qkv CNS/PNS dysmyelination, tremors ; ataxia, SCZ

PSF Sfpq RRM ND CD45, CoAA

SPF45 Rbm17 RRM, G patch ND Sxl, Fas ; overexpression mutlidrug-resistance phenotypes

Rbm4 Rbm4a, Lark RRM, C2HC Znf C/U-rich MAPT, � -tropomyosin, Tau

Sf3b1 SAP155, SF3b155 RRM, HEAT ND Bcl-x ; +/- skeletal transformations concomitant with ectopic Hox expression  

Sam68 Khdrbs1 KH A/U-rich Bcl-x ; −/− increased osteoblast differentiation, reduced adipocyte differentiation  

Low High

Expression in mouse



1072 “RNA binding proteins”





Comprehensive Identification of Functional RNA 
Elements in the Human Genome

• Identify RNA Elements Recognized by 250 (All) 
Human RNA Binding Proteins in vivo

• Characterize the Binding Affinity of each RNA 
Binding Protein to all possible RNA Sequences

• Determine the functions of the Protein-RNA 
Interactions



The Periodic Table of Human RNA Binding Proteins
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107

81 kDa

NOLC1
106

74 kDa

DROSHA
108

159 kDa

UPF2
109

148 kDa

FXR2
56

74 kDa

PUM2
55
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75
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76
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38

70 kDa
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37

64 kDa
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39
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40
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41
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43
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42
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44
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45
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20
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58 kDa
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IGF2BP1
29

63 kDa

PCBP1
30

38 kDa

XRCC6
28

70 kDa

U2AF2
31

54 kDa

SF3A3
32

59 kDa

KHDRBS1

33

48 kDa

CPSF6
34

59 kDa

RBM34
35

48 kDa
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2

45 kDa
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5

40 kDa

SF3B4
6

44 kDa
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7

34 kDa
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8

48 kDa

SLBP
9

31 kDa
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47 kDa
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13

28 kDa

PRPF4
14

58 kDa
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39 kDa

CPSF7
16

52 kDa
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17

33 kDa

RBM5
18

92 kDa
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111

73 kDa
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112

51 kDa

XRN1
110

194 kDa
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113

171 kDa

PRPF8
114

274 kDa
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115

91 kDa
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80 kDa
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RBM6
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129 kDa
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66 kDa
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39 kDa
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109 kDa
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81

60 kDa
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244 kDa
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68 kDa
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64 kDa

PABPC4
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71 kDa
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119 kDa
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64 kDa
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48

39 kDa
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46

83 kDa

CAPER
49

59 kDa

PRPF6
50

107 kDa
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49 kDa
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52

61 kDa
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53

66 kDa

RBM15
54

107 kDa

RBM25
36

100 kDa

NIP7
24

20 kDaU2AF1
13

28 kDa

TRA2A
21

33 kDa

SRSF4
104

56 kDa

27
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MAGOH
17 kDa

LARP7
75

67 kDa
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What can be done with these data?

• Identify binding sites for all RBPs

• Determine RNP composition

• Determine the function of RBP binding sites

• Predict how mutations will impact
RNA processing

• New insights into RNA biology



HepG2 (Liver)
Hepatocellular carcinoma

15 year old male

K562 (bone marrow)
chronic myelogenous leukemia (CML)

53 year old female

Cell lines being studied
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438 antibodies against 385 RBPs 

Antibody Validations
Acquired 852 antibodies and >1,000 shRNAs

Tested 701 antibodies against 538 unique RBPs

362 shRNAs against 276 RBPs
Sundararaman et al. Molecular Cell, 2016



Antibody Validations

Sundararaman et al. Molecular Cell, 2016



Antibody Validations

Sundararaman et al. Molecular Cell, 2016



Antibody Resource

Sundararaman et al. Molecular Cell, 2016



Antibody Resource

Sundararaman et al. Molecular Cell, 2016



Antibody and shRNA Resources

Sundararaman et al. Molecular Cell, 2016



Protein Localization Studies

Sundararaman et al. Molecular Cell, 2016



Accessing ENCODE RBP Data

http://rnabiology.ircm.qc.ca/RBPImage/

http://rnabiology.ircm.qc.ca/RBPImage/


Accessing ENCODE RBP Data

http://rnabiology.ircm.qc.ca/RBPImage/

http://rnabiology.ircm.qc.ca/RBPImage/


Accessing ENCODE RBP Data

http://rnabiology.ircm.qc.ca/RBPImage/

http://rnabiology.ircm.qc.ca/RBPImage/


The eCLIP Protocol and Analysis Pipeline

Van Nostrand et al. Nature Methods, 2016



eCLIP-seq reveals RBP-specific binding profiles

Van Nostrand et al. Nature Methods, 2016



eCLIP-seq Identifies Co-Associated Proteins



An “RNA-
centric” view 

of RBP-binding

Van Nostrand et al. Nature Methods, 2016
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Discovery of RNA elements in the Human Genome



RNA Bind-n-Seq (RBNS): 
A method to quantify protein/RNA interactions

Lambert, N., et al. (2014). RNA Bind-n-Seq: Quantitative Assessment of the Sequence and 
Structural Binding Specificity of RNA Binding Proteins. Mol Cell.



eCLIP identifies motifs at crosslink-
termination points



Assigning Function to Binding Sites

Polymenidou, et al. (2011). Nat Neurosci. 

Sort1
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control
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TDP-43 KD

 Control
TDP-43 KD

19%  ( 117 reads)

76% (480 reads)

24% (147 reads)

81% (498 reads)

Inclusion

Exclusion

CLIP clusters

2 kb



RNA Maps for RBPs
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Identification of RBPs that regulate proximal 
vs distal polyadenylation site usage 

J Matthew Taliaferro Taliaferro et al. Molecular Cell, 2016
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Gene Expression
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Data Production Status
(as of 06/06/16)
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The Periodic Table of Human RNA Binding Proteins
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