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Each step of RNA processing is highly regulated

Stephanie	Huelga	

•  RNA	binding	proteins	(RBPs)	
act	as	trans	factors	to	
regulate	RNA	processing	
steps	

•  EsOmated	>1000	RBPs	in	
human	

•  RNA	processing	plays	criOcal	
roles	in	development	and	
human	physiology	

•  MutaOon	or	alteraOon	of	
RNA	binding	proteins	plays	
criOcal	roles	in	disease	
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RBP Data ProducAon Overview 
(Released data only as of 6/8/16)
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344	RNA	Binding	Proteins	



Outline

•  eCLIP	overview	
•  Method	outline	
•  ENCODE	submi_ed	data	structure		
•  ENCODE	eCLIP	pipeline	walkthrough	

• What	kinds	of	analyses	can	be	done?	

•  Tools	coming	soon	



IdenOficaOon	of	RNA	binding	protein	targets	by	eCLIP-seq	

High-
throughput	
sequencing	

Data	processing	&	
peak	calling	



eCLIP computaAonal pipeline
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R1	+	R2	fastq	files	
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• Analysis	SOP	available	at:	
https://www.encodeproject.org/
documents/
dde0b669-0909-4f8b-946d-3cb9f35a6c52/
@@download/attachment/
eCLIP_analysisSOP_v1.P.pdf 

 

 

 

Linked at boLom of each eCLIP experiment:



DemulAplexing  
(already has been done for files on ENCODE DCC)



File details: fastq files

DATASET.R1.fastq.gz: 
 
@CCAAC:SN1001:449:HGTN3ADXX:1:1101:1373:1964 
1:N:0:1 
CAAATGCCCCTGAGGACAAAGCTGCTGCCGGGCCTCTCTCTCTG 
+ 
FFFFFFIIFIIIFIIFIFIFIIIIIIIIIIIIIIIIIIIIIIFI 
@CAGAT:SN1001:449:HGTN3ADXX:1:1101:1669:1914 
1:N:0:1 
TTAGAGACAGGGTCTCGCTCCGTTGCTCAGGCTGGAGTGCAGTG 
+ 
FFFFFFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
... 
 

 

DATASET.R2.fastq.gz: 
 
@CCAAC:SN1001:449:HGTN3ADXX:1:1101:1373:1964 
2:N:0:1 
GAGAGAGGAGTGGGAAGTTGGGATAGTACCCAGAGAGAGAGGCCCG 
+ 
FFFFFBFFBFBFFFFFIFFFIFFIFIIIIIIFIIIIFFIFIIFFIF 
@CAGAT:SN1001:449:HGTN3ADXX:1:1101:1669:1914 
2:N:0:1 
TTGTACCACTGCACTCCAGCCTGAGCAACGGAGCGAGACCCTGTCT 
+ 
FFFFFFFFIIIIIIIIIIIIIIIIIIIIIIIFIIIIIIIIIIIIII 
... 
 

•  @CCAAC	=	random-mer	(first	5	or	10nt	of	sequenced	read2)	–	has	been	removed	from	
the	5’	end	of	read2	and	appended	to	read	name	

•  Any	in-line	barcode	has	been	removed	(as	part	of	demulOplexing)	



Adaptor trimming:



Adaptor trimming:

• Key	consideraOon	–	we’ve	observed	that	adaptor-
concatamer	fragments	(even	at	extremely	low	
frequency)	yield	high-scoring	eCLIP	peaks	

• Difficult	to	trim	all	with	one	pass	
•  Cutadapt	(by	default)	will	miss	adaptors	with	5’	
truncaOons	

•  To	avoid	this,	we	err	on	the	side	of	over-trimming	



RepeAAve element removal
•  Majority	of	RNA	in	most	cells	are	rRNA	/	tRNA	/	repeats	
•  These	can	map	and	cause	strange	arOfacts	(parOcularly	rRNA,	as	a	40nt	rRNA	
read	with	1	or	2	sequencing	errors	can	map	uniquely	to	one	of	the	various	
rRNA	pseudogenes	in	the	genome)	

•  To	avoid	false	posiOves,	we	FIRST	map	all	reads	against	a	RepBase	database,	
and	only	take	reads	that	remain	unmapped	for	further	processing	



Mapping to human genome

• We	perform	paired-end	mapping	with	STAR	to	the	
human	genome	plus	splice	juncOon	database,	
keeping	only	uniquely	mapped	reads	



PCR duplicate removal
•  Next,	we	compare	reads	that	map	to	the	same	locaOon	(based	on	the	
mapped	start	of	R1	and	start	of	R2)	based	on	their	random-mer	
sequence	

•  If	two	reads	map	to	the	same	posiOon	and	have	the	same	random-mer,	one	is	
discarded	

•  Input:	bam	file	containing	only	uniquely	mapped	reads	
•  Output:	bam	file	containing	only	“Usable”	(uniquely	mapped,	non-PCR	
duplicate)	reads	



eCLIP significantly decreases PCR 
duplicaAon rate



File details: bam files

CCTTG:SN1001:449:HGTN3ADXX:1:1206:8464:69989  147  chr1  14771  255  43M
 =  14681  -133  CACGCGGGCAAAGGCTCCTCCGGGCCCCTCACCAGCCCCAGGT
 B<FFFFFB<0<<<IIFBF<07FFFBFIFFFFFBB<B<BBFFFB NH:i:1  HI:i:1  AS:i:80  nM:i:0  NM:i:0
 MD:Z:43  jM:B:c,-1  jI:B:i,-1  RG:Z:foo 

CCCCT:SN1001:449:HGTN3ADXX:2:2101:6568:79173  147  chr1  15206  255  44M
 =  15204  -46  GCGGCGGTTTGAGGAGCCACCTCCCAGCCACCTCGGGGCCAGGG
 FFFFIIIIIIIIIIIIIFFIIIIIIIIIFFIIIIIIFFFFFFFF  NH:i:1  HI:i:1  AS:i:76  nM:i:2
 NM:i:1  MD:Z:5T38  jM:B:c,-1  jI:B:i,-1  RG:Z:foo 

CCTTG	=	random-mer	(first	5	or	10nt	of	sequenced	read2)	–	has	been	
removed	from	the	5’	end	of	read2	and	appended	to	read	name	



Peak calling
Step	1)	IniOal	cluster	idenOficaOon	with	CLIPper		
(spline-fisng	with	transcript-level	background	normalizaOon)	

	

	

Step	2)	Compare	clusters	against	size-matched	input	
	
	
	
	

Step	3)	Compress	clusters	(as	CLIPper	is	transcript-level,	it	can	occasionally	call	
overlapping	peaks	–	this	step	iteraOvely	removes	overlapping	peaks	by	keeping	the	one	with	greater	
enrichment	above	input)	



Why input normalize?

•  We	see	mRNA	background	at	nearly	
all	abundant	genes…	

…	but	true	signal	is	highly	enriched	
above	this	background	



Input normalizaAon removes false-posiAves 
and idenAfies confident binding sites



File details: bed narrowPeak  
(input-normalized peaks)

track type=narrowPeak visibility=3 db=hg19 name="RBFOX2_HepG2_rep01" description="RBFOX2_HepG2_rep01 
input-normalized peaks" 

Chr7   4757099   4757219    RBFOX2_HepG2_rep01   1000  +    6.539331235  400  -1  -1 

Chr7   99949578  99949652   RBFOX2_HepG2_rep01   1000  +    5.233511963  400  -1  -1 

Chr7   1027402   1027481    RBFOX2_HepG2_rep01   1000  +    5.243129966  69.5293984 -1  -1 

chr \t  start \t  stop \t  dataset_label \t  1000 \t  strand \t log2(eCLIP fold-enrichment 
over size-matched input) \t  -log10(eCLIP vs size-matched input p-value) \t  -1 \t  -1 

•  Note:	p-value	is	calculated	by	Fisher’s	Exact	test	(minimum	p-value	2.2x10-16),	with	chi-square	test	(–log10(p-value)	set	to	400	if	p-value	
reported	==	0)	

•  Our	typical	‘stringent’	cutoffs:	require	-log10(p-value)	≥	5	and	log2(fold-enrichment)	≥	3	



What can we do with the eCLIP 
database?



Individual RBP analyses

RBFOX2	
Nucleoli	

eCLIP	analysis	 RBP	localizaOon	

IntegraOon	with	knockdown	RNA-seq	



An “RNA-centric” view of RBP-binding 
 

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



Integrated global views of RBP binding



Tools available soon (next few months):

•  eCLIP	processing	pipeline	on	DNA	Nexus	(should	be	
ready	~July)	

•  Followed	quickly	by	IDR	&	q/c	metrics	for	validaOng	your	
own	eCLIP	datasets	

	
• RNA-centric	browser	(website	at	alpha	stage	now)	

•  Allow	users	to	query	RNAs	or	genomic	regions	of	
interest	against	our	ENCODE	eCLIP	database	

•  IntegraOon	with	ENCODE	encyclopedia		

•  Factorbook-like	summaries	for	each	RBP	
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