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The RNA world is controlled by RBPs
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Each step of RNA processing is highly regulated
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RNA binding proteins (RBPs)
act as trans factors to
regulate RNA processing
steps

Estimated >1000 RBPs in

human

RNA processing plays critical
roles in development and
human physiology

Mutation or alteration of
RNA binding proteins plays
critical roles in disease



RBP targets are therapeutic targets
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Outline

* Data overview for ENCORE experiments

* Available data types
* Example: a deeper dive into accessing eCLIP data

* Incorporating ENCORE data into analyses
* Using eCLIP to identify potential regulators of an RNA of
interest
* Integrating in vivo and in vitro motifs to study RBP
regulation

* Integrating RBP-responsive and in vivo RNA targets to
map regulation of RNA stability and splicing

 Using localization to predict RBP function (and vice versa)



ENCORE: the ENCODE RNA regulation group

eCLIP RNA targets
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RBP Data Production Overview
(ENCODE Phase 3)

Functions Localization Domains Experiments
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ENCORE data availability

https://www.encodeproject.org/

Encyciopeda Materiais & Methoos Help
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RNA Bind-N-Seq — in vitro binding motifs

Binding reactions
at 5 RBP
concentrations
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%\3% ///

bound
RNAs

Isolate RNA-RBP
complexes

SBP affinity RNA binding
tag domain(s)
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Linear Sequence Features N
= HNRNPL enriched _ freq.
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=
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Input Pulldown  uacac® 1835210
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142
/

Available filec:

Sequencing files containing reads
from various RBP concentration

* Enrichment ‘R’ values for 5, 6, and 7-
mers

* Estimated binding fraction values for
5, 6,and 7-mers

For more info see Dominguez D, et al. Molecular Cell (2018)



Immunofluorescence - RBP subcellular localization

Searchable images available at:
http://rnabiology.ircm.qc.ca/RBPImage/
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Data table available as supplementary information for Van Nostrand E, et al. Manuscript submitted.
Preprint available at: https://www.biorxiv.org/content/early/2018/10/05/179648



RBP DNA associations — ChIP-seq
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RBP-responsive targets — knockdown/RNA-seq

Control Gene expression
7 changes
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Available files:

* Sequenced reads for knockdown
(and paired non-target controls)

FASTQ

BAM * Genome-mapped reads (hg19
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* Differential ) < Differential splicing
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RBP in vivo RNA targets -

Biosample 1 Biosample 2
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* Sequenced reads for IP and paired
input controls)

* Genome-mapped, PCR duplicate-
removed reads (hg19 & hg38)

* Peak calls for individual replicates
* Reproducible (IDR) peak calls across
replicates



e Data overview

* Available data types
* Example: a deeper dive into accessing eCLIP data

* Incorporating ENCODE data into analyses
* Using eCLIP to identify potential regulators of an RNA of
interest
* Integrating in vivo and in vitro motifs to study RBP
regulation

* Integrating RBP-responsive and in vivo RNA targets to
map regulation of RNA stability and splicing

 Using localization to predict RBP function (and vice versa)



A deeper dive into eCLIP

Biosample 1 Biosample 2

Final library structure:
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eCLIP: data processing overview
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eCLIP: data access overview

Ambodylot
Publication

Showing 18 of 18 results

RBFOX2 (Homo sapions Target

External resowrces

RBFOX2 eCLIP mock input (Homo sapiens Target
External resources: None submilted

RNA Bind-n-Seq Do t
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Procdiect 1D / Lot 1D: GTX118307 / 40858

RBFOX2 (Homo saplens Antibody
Source: Bethy! Lads
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Culture harvest date: 20150305
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eCLIP: data availability

Assay category
ANA binding

Showing 2 of 2 results
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eCLIP: data processing overview
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1 1 Homo sapiens HepG2 immortalized cell line ENCBS547JWV :m : ENCLB1B0GIG
| | | |
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For more info on antibody validation see
Sundararaman B, et al. Molecular Cell (2016)



Isogenic replicate ~ Technical replicate ¢ Summary Biosample ¢ Antibody ¢ Library
1 1 Homo sapiens HepG2 immortaiized cell line ENCBSS547JWV ENCABSO2TEY ENCLB180GIG
2 1 Homo sapiens HepG2 mmortalized cell line ENCBSS537ADD ENCABSO2TEY ENCLBGOSTLY

Pl sy

Raw data files
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Processed data files
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'llllllllllllll*
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File details: bed narrowPeak
(input-normalized peaks)

chr \t start \t stop \t dataset label \t 1000 \t  strand \t log2(eCLIP fold-enrichment
over size-matched input) \t -1loglO(eCLIP vs size-matched input p-value) \t -1 \t -1

* Note: p-value is calculated by Fisher’s Exact test (minimum p-value 2.2x107%¢), with chi-square test (—log10(p-value) set to 400 if p-value
reported == 0)

*  Our typical ‘stringent’ cutoffs: require -log10(p-value) > 3 and log2(fold-enrichment) > 3

track type=narrowPeak visibility=3 db=hgl9 name="RBFOX2 HepG2 repOl" description="RBFOX2 HepG2 repOl
input-normalized peaks"

Chr7 4757099 4757219 RBFOX2 HepG2 rep(l 1000 + 6.539331235 400 -1 -1
Chr7 99949578 99949652  RBFOXZ HepG2 repOl 1000 + 5.233511963 400 -1 -1
Chr7 1027402 1027481 RBFOX2 HepG2 rep(l 1000 + 5.243129966 69.5293984 -1 -1



Why input normalize?

chr19 (- strand): 3,98]5,000 3,98|3,000 3,98|1 ,000 3,97[9,000 3,97]7,000
EEF2

SNORD37 |

31°
3JUTR CDS
SLBP,,, (40U RNase I)
. ] @ Histones
30- 12 [ | @ All other genes
SMinputy ., .. (40U)
i
0

10 1 O Significantly enriched

oo @ All others

O © oo
o

18~
SLBP,;; (5U) ' "I ' | I I ' I | || i
0

39~
SMINputy 5, s (5U) I ' | I ‘ | | | |
0
116~
LIN28B,, ., ‘
0

35" T . 1
0 2 4 6 8 10 12
SMInpu‘LINZBB HepG2
0 Reads in SMinput (log,)

e We see mRNA background at nearly ... but true signal is highly enriched
all abundant genes... above this background

i
H

CLIP
versus SMinput (log,)
i

Fold-enrichment in SLBP (293T)




Why input normalize?

IP-Western Silver stain (all protein)
IPs SMinput
(600,000 cell eq’s) (1000 cell eq’s)
Protein: Imp1 lgG Fox2
U/mL RNase: 0 1 10100 0 1 12120 0 110100 O

Fraction _, o, Eo 0
loaded 1% 01% 5% 5%

* |P-western indicates ... but there remains substantial background of

immunoprecipitation success... other proteins after IP
Stefan Aigner



Input normalization removes false-positives
and identifies confident binding sites

chr6 (- strand): 26,056,050 26,056,000
I |
H IST1 H1 C DI
(RPM)
3146 °
SLBP ‘
0
——
5° < >
SMinputg, ., False-positive clusters RBP-specific peaks
0 (Depleted in CLIP vs SMInput) (Enriched in CLIP vs SMinput)
Cluster fold-enrichment  6.10 9.12 9.43 9.62 20 4
log, (CLIPge,, / SMinput..,;) 6.92 971 950 3000 )
» mm Clustersin
9 histone RNAs
@ 2000 A 10
= All other
3]
w— clusters
O 1000 -
** 0
chr22: 43,011,300 43,011,400 6 | 8 10 12
I I ]
0
RNU12 6 4 2 0 2 4 6 8 10 12
M) Cluster fold-enrichment in eCLIP vs SMinput (log,)

SLBP (293T) Rep1

562 ~
SLBP “
0
1278 ~
0

Cluster fold-enrichment
log, (CLIP_,, / SMinput__ )

-2.30 -1.34 -0.99

Van Nostrand, et al. Nature Methods (2016)



A iy W -0 T
Ce WO
e LC e vl ot v vt o

A s g, P g1 L
S TN
S KD ot gug—and w_— -
Scpt Detah
D e ~ v L
Py

-

—— . A L Wnn vt b ccAate b chmsa vt v w
S B s et Biim L ey vuat | setr cewwh Bim )

Ty w— | S v — —bs - b oiem P
. ——

C— A e

—— - —— v W - — L he vt cww 00 o)
———— T At et = e
- o waens ety oo

* Analysis SOP available at:

https://www.encodeproject.org/document

s/3blb2762-269a-4978-902e-
0elf91615782/R@Rdownload/attachment/eCL
IP analysisSOP v2.0.pdf

Linked at bottom of each eCLIP experiment:

Documents

Poeine Protocol General Prosocol

Description: o«CLP-9eg Processing Poeine N Description: oCLIP axperimentsl protocel - LN
QOWSIT-24 | NOVemDer Oth, 2015 Ja—
& COLP _srapnSOP 20 0t & | & oCLIP _SOP v1.P_ 110915 paf -

'y 3~

University



Outline

* Incorporating ENCODE data into analyses

* Using eCLIP to identify potential regulators of an RNA of
interest



223 eCLIP experiments (150 RBPs) released in
K562 and HepG2 cell lines

HepG2 (103 RBPs)

BCCIP BCLAF1 CDC40

CSTF2 DDX59 DKC1
EIF3D EIF3H FKBP4
FUBP3 G3BP1 GRSF1

IGF2BP3 NIP7 NKRF
NOL12 PABPN1 PCBP2
POLR2G PPIG PRPF4

RBMS5 SF3A3 SFPQ
SRSF9 STAU2 SuB1

SUGP2 TIAL1 XPO5

Both (73 RBPs)

AGGF1 AKAP1 AQR BUD13 CSTF2T DDX3X

DDX52 DDX55 DDX6 DGCR8 DHX30
DROSHA EFTUD2 EXOSC5 FAM120A
FASTKD2 FTO FUS FXR2 GRWD1 GTF2F1

HLTF HNRNPA1 HNRNPC HNRNPK HNRNPL
HNRNPM HNRNPU HNRNPUL1 IGF2BP1 ILF3
KHSRP LARP4 LARP7 LIN28B LSM11 MATR3

NCBP2 NOLC1 PCBP1 PRPF8 PTBP1 QKI
RBFOX2 RBM15 RBM22 RPS3 SAFB SDAD1

SF3B4 SLTM SMNDC1 SND1 SRSF1 SRSF7
SSB SUPV3L1 TAF15 TBRG4 TIA1l TRA2A
TROVE2 U2AF1 U2AF2 UCHL5 UPF1 UTP18

WDR43 XRCC6 XRN2 YBX3 ZC3H11A ZNF800

K562 (120 RBPs)

AARS AATF ABCF1 AKAPSL

APOBEC3C CPEB4 CPSF6 DDX21
DDX24 DDX42 DDX51 EIF3G
EIF4G2 EWSR1 FMR1 FXR1

GEMIN5 GNL3 GPKOW IGF2BP2
KHDRBS1 METAP2 MTPAP
NIPBL NONO NPM1 NSUN2

PABPC4 PHF6 PPIL4 PUM1
PUM2 PUS1 RPS11 SAFB2 SBDS

SERBP1 SF3B1 SLBP TARDBP
UTP3 WDR3 WRN YWHAG
ZC3H8 ZNF622 ZRANB2




A ‘10,000-foot view’ of each eCLIP experiment:
Summary by distribution of peaks
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An “RNA-centric” view of RBP-binding

‘in silico screen’ of a desired RNA against all CLIP datasets to identify the
best-binding RBPs
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An “RNA-centric” view of RBP-binding

‘in silico screen’ of a desired RNA against all CLIP datasets to identify the
best-binding RBPs

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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Outline

* Incorporating ENCODE data into analyses

* Integrating in vivo and in vitro motifs to study RBP
regulation



Incorporating in vitro motifs can give better insight
into regulatory targets
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Outline

* Incorporating ENCODE data into analyses

* Integrating RBP-responsive and in vivo RNA targets to
map regulation of RNA stability and splicing



|dentifying functional targets by integrating
eCLIP with knockdown/RNA-seq

by eCLIP
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|dentification of new candidate regulators of

RNA stability
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TIA1 K562 eCLIP
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Splicing regulatory maps identify regulatory binding
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Splicing regulatory maps identify regulatory binding
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Splicing regulatory maps identify regulatory binding
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Global analysis recapitulates general principles of
alternative splicing regulation
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Where are key regions for splicing regulation?
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Where are key regions for splicing regulation?
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Cross-RBP splicing maps indicate coordinated
regulation
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Cross-RBP splicing maps indicate coordinated
regulation
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Outline

* Incorporating ENCODE data into analyses

 Using localization to predict RBP function (and vice versa)



Using RBP localization and binding to infer and
confirm RBP functions
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Does localization predict binding (and vice versa)?
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eCLIP plus localization predicts function
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