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ENCODE	2016:	Research	Applica7ons	and	Users	Mee7ng	
June	8-10,	2016	at	Stanford	University	

•  Hands-on	workshops	on	how	to	navigate,	analyze,	and	
integrate	ENCODE	and	mouseENCODE	data	into	your	research	

•  Leading-edge	research	applica7ons	from	dis7nguished	invited	
speakers	from	across	the	research	community	

•  Tutorials	on	newly-available	informa7cs	pipelines	that	greatly	
facilitate	working	with	ENCODE	data	

•  Short	talks	selected	from	abstracts	
•  For	details	and	registra7on	see:	

	 	 	 	hUps://www.encode2016.org	
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Overview	
•  The	ENCODE	Resource	
•  Use	Cases	of	ENCODE	to	illuminate	the	
role	of	gene7c	varia7on	in	human	disease	

•  Accessing	ENCODE	materials	
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ENCODE:			
Encyclopedia	Of	DNA	Elements	

•  Iden7fy	all	candidate	func7onal	elements	in	
the	genome	
– Promoters,	enhancers,	transcribed	regions	

•  Make	resource	freely	available	to	community	
for	use	in	studies	of:	
– gene7c	basis	of	disease	
– gene	regula7on	
– whatever	you	want	

5	Research	Parasites	Welcome!	



ENCODE:			
Encyclopedia	Of	DNA	Elements	

•  Thousands	of	data	sets	
•  Hundreds	of	different	bio-samples	
•  Data	sets	related	to	exposure		
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ENCODE:			
Encyclopedia	Of	DNA	Elements	

ENCODE	‘Phase	4’	RFAs	–		
Applica7ons	Due	March	21st	
•  Expanding	the	Encyclopedia	of	DNA	Elements	in	
Human	and	Mouse	

•  Characterizing	ENCODE	Func7onal	Elements	
•  Computa7onal	Analysis	of	ENCODE	Data	
•  Data	Coordina7on	Center	
•  Data	Analysis	Center	
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Understanding	Non-coding	
DNA	Is	Central	To	NHGRI	Goals	

Non-coding	DNA	is	important	for	disease	and	gene	
regula7on	
•  Vast	majority	of	common	disease	associa7ons	and	
heritability	lie	outside	of	protein-coding	regions	

•  Non-coding	DNA	variants	are	known	to	cause	human	
diseases	and	alter	human	traits	(FXS,	ALS)	

Func7onal	informa7on	is	needed	to	interpret	the	role	of	
gene7c	varia7on	in	human	disease,	and	to	apply	
genomics	in	the	clinic.	
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PMID:	22955828,	PMID:	25439723	
PMID:	17477822,	PMID:	25679767			



Stamatoyannopoulos,	Science	337:1190,	2012	

Many	GWAS	Associa7ons	Lie	In	
Regions	Annotated	By	ENCODE	

And	Epigenomics	Data	
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Reading	The	Human	Genome	Is	Difficult	
•  Gene7c	code	very	powerful	for	1%	of	the	human	genome	
•  No	correspondingly	powerful	regulatory	code	
•  Sequence	conserva7on	can	iden7fy	candidate	func7onal	elements	

(but	not	when	or	where	they	act)	
Ø Need	unbiased	experimental	inves7ga7on	

99 % 
Non-coding 

1 % 
Coding 

10	



1,500	LeUers	Of	Our		
3	Billion	LeUer	Genome		

agccaagcagcaaagUUgctgctgUtaUUtgtagctcUactataUctacUUaccaUgaaaataUgaggaagUaU
tataUtctaUUUatataUatataUUatgtaUUaataUactaUacacataaUaUUUatatatatgaagtaccaatg
acUccUUccagagcaataatgaaaUtcacagtatgaaaatggaagaaatcaataaaaUatacgtgacctgtggcgaa
gtacctatcgtggacaaggtgagtaccatggtgtatcacaaatgctcUtccaaagccctctccgcagctcUccccUatga
cctctcatcatgccagcaUacctccctggaccccUtctaagcatgtcUtgagaUUctaagaaUcUatcUggcaacatc
UgtagcaagaaaatgtaaagUUctgUccagagcctaacaggacUacataUtgactgcagtaggcaUataUtagctg
atgacataataggUctgtcatagtgtagatagggataagccaaaatgcaataagaaaaaccatccagaggaaactcUU
UUUcUUtcUUUUUUccagatggagtctcgcacUctctgtcacccgggctggagcgcagtggtgcaatcUggctca
ctgcaacctccacctcctgggUcaggtgaUctcccacctcagcctcccgagtagtagctggaaUacaggtgcgcgctccc
acacctggctaaUUUgtaUcUagtagagatggggUtcaccatgUggccaggctggtctcaaactcctgccctcaggtg
atctgcccaccUggcctcccagtgUgggUtacaggcgtgagccaccgcgcctggcctggaggaaactcUaacagggaa
actaagaaagagUgaggctgaggaactggggcatctgggUgcUctggccagaccaccaggctcUgaatcctcccagc
cagagaaagagUtccacaccagccaUgUUcctctggtaatgtcagcctcatctgUgUcctaggcUacUgatatgUtg
taaatgacaaaaggctacagagcataggUcctctaaaataUcUcUcctgtgtcagataUgaatacatagaaatacggt
ctgatgccgatgaaaatgtatcagcUctgataaaaggcggaaUataactaccgagtggtgatgctgaagggagacacag
ccUggatatgcgaggacgatgcagtgctggacaaaaggcaggtatctcaaaagcctggggagccaactcacccaagtaa
ctgaaagagagaaacaaacatcagtgcagtggaagcacccaaggctacacctgaatggtgggaagctcUtgctgctata
taaaatgaatcaggctcagctactaUaUacactctcctgaagctaaccaacaUtcctgcaacaUatgtagacU	
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Maps	And	Annota7on	Help	Us	To	
Understand	The	Sequence	

agccaagcagcaaagUUgctgctgUtaUUtgtagctcUactataUctacUUaccaUgaaaataUgaggaagUaU
tataUtctaUUUatataUatataUUatgtaUUaataUactaUacacataaUaUUUatatatatgaagtaccaatg
acUccUUccagagcaataatgaaaUtcacagtatgaaaatggaagaaatcaataaaaUatacgtgacctgtggcgaa
gtacctatcgtggacaaggtgagtaccatggtgtatcacaaatgctcUtccaaagccctctccgcagctcUccccUatga
cctctcatcatgccagcaUacctccctggaccccUtctaagcatgtcUtgagaUUctaagaaUcUatcUggcaacatc
UgtagcaagaaaatgtaaagUUctgUccagagcctaacaggacUacataUtgactgcagtaggcaUataUtagctg
atgacataataggUctgtcatagtgtagatagggataagccaaaatgcaataagaaaaaccatccagaggaaactcUU
UUUcUUtcUUUUUUccagatggagtctcgcacUctctgtcacccgggctggagcgcagtggtgcaatcUggctca
ctgcaacctccacctcctgggUcaggtgaUctcccacctcagcctcccgagtagtagctggaaUacaggtgcgcgctccc
acacctggctaaUUUgtaUcUagtagagatggggUtcaccatgUggccaggctggtctcaaactcctgccctcaggtg
atctgcccaccUggcctcccagtgUgggUtacaggcgtgagccaccgcgcctggcctggaggaaactcUaacagggaa
actaagaaagagUgaggctgaggaactggggcatctgggUgcUctggccagaccaccaggctcUgaatcctcccagc
cagagaaagagUtccacaccagccaUgUUcctctggtaatgtcagcctcatctgUgUcctaggcUacUgatatgUtg
taaatgacaaaaggctacagagcataggUcctctaaaataUcUcUcctgtgtcagataUgaatacatagaaatacggt
ctgatgccgatgaaaatgtatcagcUctgataaaaggcggaaUataactaccgagtggtgatgctgaagggagacacag
ccUggatatgcgaggacgatgcagtgctggacaaaaggcaggtatctcaaaagcctggggagccaactcacccaagtaa
ctgaaagagagaaacaaacatcagtgcagtggaagcacccaaggctacacctgaatggtgggaagctcUtgctgctata
taaaatgaatcaggctcagctactaUaUacactctcctgaagctaaccaacaUtcctgcaacaUatgtagacU	

12	



Richer	Maps	Provide	More	
Informa7on	
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ENCODE	Data:	Built	on	Decades	of	
Research	Into	Gene	Regula7on	

Modified	from	PLoS	Biol	9:e1001046,	2011	
Science	306:636,	2004	14	



RNA	Data	
•  RNA	amount	(mRNA	and	short	RNA)	
•  Cell	Specificity	
•  Transcript	modeling	(GENCODE)	

hUps://encodeproject.org		15	



ENCODE	Chroma7n	Structure	Data	

•  DNase	
•  Histone	modifica7ons	
•  DNA	methyla7on	

– Enhancers	
– Promoters	
– Transcrip7on	factor	
footprints	

– Transcribed	regions	
– Ac7ve	and	repressed	regions	
– Cell	specificity	
	

Richmond,	PDB	1ZBB	

16	Richmond,	PDB	1KX5	



ENCODE	Nucleic	Acid	Binding	Data	
•  DNA	binding	proteins	(Transcrip7on	factors)		

–  Ac7vators	
–  Repressors	
–  Remodelers	
–  RNA	Polymerases	
–  Cell	specificity	

•  RNA	binding	proteins	
–  RNA	Splicing	
–  Transla7on	
–  RNA	Stability	
–  RNA	Localiza7on	
–  Cell	specificity	 Harrison,	PDB_1A02	
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ENCODE	Consor7um	Structure	

Gene	
Models	

RNA	 TF	
Binding	

Data	Coordina7on	
Center	

Data	Analysis	Center	
	Analysis	Working	Group	

Element	
ID	

Chroma7n	
States	

Histone	
Mods	 DNase	 DNAme	

RBP	
Binding	

Computa7onal	Analysis	
	Groups	

Technology	Development		
Groups	

Data	Produc7on	Groups	

18	
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Summary-	ENCODE	Resource	

•  Freely	shared	catalog	of	candidate	genomic	
func7onal	elements	

•  ENCODE	is	built	upon	established	techniques	
and	interpreta7ons	developed	for	the	study	of	
gene	regula7on	

•  ENCODE	maps	can	be	used	to	make	predic7ons	
about	genome	func7on	
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Overview	

•  The	ENCODE	Resource	
•  Use	of	ENCODE	to	illuminate	the	role	
of	gene7c	varia7on	in	human	disease	

•  Accessing	ENCODE	materials	
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Using	ENCODE	Data:	Access	for	
Scien7sts	with	Varying	Exper7se	

•  Many	tools	for	deriving	biological	insight	and	
hypotheses	from	ENCODE	data	

•  Many	do	not	require	informa7cs	experience	
•  Many	do	not	require	deep	func7onal	
genomics	background	

•  Encouraging	broad	use	of	ENCODE	resources	
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Standard	ENCODE	Use	Cases:	
Hypothesis	Genera7on	

•  Predic7on	of	causal	variants/regulatory	
elements	

•  Predic7on	of	target	genes	
•  Predic7on	of	target	cell	types	
	
•  Applied	to	germline	gene7c	varia7on,	but	
many	other	applica7ons	(e.g.,	differen7ally	
methylated	regions)	
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Predic7on	of	Causal	Variants	
•  Mul7ple	variants	may	be	in	linkage	
disequilibrium	

•  The	causal	variant	may	not	have	been	tested	
during	data	collec7on	

•  Mul7ple	variants	may	be	causal	

23	
Snyder,	Genome	Research	22:1748,	2012	



ENCODE/Epigenomics	Data	From	
HaploReg	

www.broadins7tute.org/mammals/haploreg/	
24	Ward	and	Kellis,	Nucleic	Acids	Research	40-D930,	2011	



ENCODE	Data	From	RegulomeDB	

hUp://regulomedb.org/		
25	Cherry,	Snyder,	Genome	Research	22-1790,2012	

1	

2	



RegulomeDB	GWAS	Database	

Cherry,	Snyder,	Genome	Research	22-1790,2012	26	

hUp://www.regulomedb.org/GWAS/		



hUps://www.encodeproject.org/data/annota7ons/		

ENCODE	cis-element	Browser	
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hUps://genome.ucsc.edu/encode/			

ENCODE	Browser	
Viewing	Locus	Of	Interest	
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Predic7on	of	Target	Genes	
•  Regulatory	regions	can	operate	on	mul7ple,	
distal	genes	

•  The	target	gene	could	be	a	non-coding	RNA	

29	Stamatoyannopoulos,	Crawford,	Nature	489:75,	2012	



Stamatoyannopoulos,	Science	337:1190,	2012	

Many	GWAS	Associa7ons	Lie	In	
Regions	Linked	To	Distal	Genes	
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Predic7on	of	Linkage	Between	
Regulatory	Elements	and	Genes	

31	

hUp://dnase.genome.duke.edu	
Furey,	Crawford,	Stamatoyannopoulos,	Genome	Res.	23:777,	2013	



ENCODE	cis-element	Browser	

32	hUps://www.encodeproject.org/data/annota7ons/		



Predic7on	of	Target	Cell	Types	
•  Some	diseases	are	known	to	affect	mul7ple	
cell	types	

•  The	defect	may	not	be	intrinsic	to	the	cell	type	
with	obvious	pathology	

•  The	disease	e7ology	may	not	be	completely	
known	
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Predic7on	of	Linkage	Between	
Regulatory	Elements	and	Cell	Type	

34	

hUp://dnase.genome.duke.edu	
Furey,	Crawford,	Stamatoyannopoulos,	Genome	Res.	23:777,	2013	



Predic7on	of	Linkage	Between	
Regulatory	Elements	and	Cell	Type	

hUp://regulomedb.org/		

35	Cherry,	Snyder,	Genome	Research	22-1790,2012	
www.broadins7tute.org/mammals/haploreg/	
Ward	and	Kellis,	Nucleic	Acids	Research	40-D930,	2011	



ENCODE	cis-element	Browser	

36	hUps://www.encodeproject.org/data/annota7ons/		



Summary-	ENCODE	Use	Cases	

Major	use:	Hypothesis	genera7on	and	
refinement	
•  Predic7on	of	causal	variants/regulatory	
elements	

•  Predic7on	of	target	genes	
•  Predic7on	of	target	cell	types	
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Overview	
•  The	ENCODE	Resource	
•  Use	of	ENCODE	by	the	research	
community	

•  Accessing	ENCODE	materials	
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ENCODE	Data	Standards	

hUps://www.encodeproject.org		39	



ENCODE	Sopware	Tools	

hUps://www.encodeproject.org			40	



hUps://www.encodeproject.org		

Downloading	and	Visualizing		
ENCODE	Data	
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hUps://www.encodeproject.org		

Downloading	and	Visualizing		
ENCODE	Data	
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ENCODE	Encyclopedia	Prototype	

43	hUps://www.encodeproject.org		



ENCODE	Encyclopedia:	Coming	Soon!	
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Publica7ons	

hUps://www.encodeproject.org		45	

Cancer	
35%	

Autoimmunity/
Allergy	
15%	

Neuro/	
Psych	
13%	

CVD	
7%	



Goals	Of	ENCODE	
•  Catalog	all	func7onal	elements	in	the	genome	
•  Develop	freely	available	resource	for	research	
community	

	
ENCODE	data	are	being	used	in	the	study	of	
human	disease	and	basic	biology	
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ENCODE	Accomplishments	
•  Sharing	1000s	of	datasets		

– No	embargo	
– High	quality		
– Uniformly	processed	

•  Data	interoperability	
•  Sharing	sopware	
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Publica7ons	Using	ENCODE	Data	

48	

Hundreds	of	Consor7um	
publica7ons	

~1500	community	
publica7ons	using	
ENCODE	data:	

~340	Human	Disease	
~500	Basic	Biology	
~170	Methods/Sopware	
Development	

	
	

Cancer	38%	

Allergy,		
Autoimmunity	
13%	

Human		
Gene7cs		
10%	

Neurologic,	
Psychiatric	
9%	

Cardiovascular	
6%	

Metabolic	
6%	



ENCODE	Consor7um	

Elise	Feingold	 Mike	Pazin	49	 Peter	Good	



Summary-	Accessing	ENCODE	
Resources	

•  ENCODE	portal	hUps://www.encodeproject.org		
–  Display/download	ENCODE	and	Roadmap	Epigenomics	data	
–  Data	Standards	
–  Sopware	tools	
–  Publica7ons	
–  Encyclopedia	prototype	

•  ENCODE	Analysis	Tools	
–  RegulomeDB	hUp://regulomedb.org/		
–  HaploReg	hUp://www.broadins7tute.org/mammals/haploreg/		
–  Regulatory	Elements	Database	hUp://dnase.genome.duke.edu		
–  RegulomeDB	GWAS	Database	hUp://www.regulomedb.org/GWAS/		

•  ENCODE	Tutorials	
–  hUp://www.genome.gov/27553900		
–  hUps://www.encodeproject.org/tutorials/	

hUp://www.ncbi.nlm.nih.gov/pubmed/25762420		
•  ENCODE	mailing	list	:	

–  hUps://mailman.stanford.edu/mailman/lis7nfo/encode-announce			
•  IHEC	resources	

–  IHEC	Home	Page	hUp://ihec-epigenomes.org			
–  IHEC	Data	Portal	hUp://epigenomesportal.ca/ihec/		
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Interna7onal	Human	Epigenome	
Consor7um	(IHEC)	

•  Data	Portal:	hUp://epigenomesportal.ca/ihec/	
•  Goal:	Coordinate	produc7on	of	1000	human	
epigenome	maps	for	cellular	states	relevant	to	
health	and	disease	hUp://ihec-epigenomes.org	

•  Can	view	by	consor7um,	by	assay,	by	cell	type	
•  Data	from	7	consor7a	

52	
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Stamatoyannopoulos,	Science	337:1190,	2012	

ENCODE	And	Epigenomics	Data	
Can	Be	Used	To	Predict	Cell	Types	
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(To	sort	file	by	DHS	start	coordinate:	sort	-k	5,5	-k	6,6n	path/filename	>	newfilename)	
	
(To	sort	file	by	name	of	linked	genes:	sort	-k	4,4	path/filename	>	newfilename)	

Predic7on	of	Linkage	Between	
Regulatory	Elements	and	Genes	

55	
Data	from	Table	S7,	Stamatoyannopoulos,	Crawford,	Nature	489:75,	2012	

Pro$DHS$CHR Pro$DHS$start Pro$DHS$END Gene DHS$CHR DHS$start DHS$END Correlation,$r DHS/Gene$distance
chr5 131,881,960 131,882,110 IL5 chr5 131,967,940 131,968,090 0.761 85,980
chr5 132,009,840 132,009,990 IL4 chr5 131,967,940 131,968,090 0.802 41,900
chr5 131,993,580 131,993,730 IL13 chr5 131,970,980 131,971,130 0.772 22,600
chr5 131,993,580 131,993,730 IL13 chr5 131,971,640 131,971,790 0.764 21,940
chr5 131,993,580 131,993,730 IL13 chr5 131,972,960 131,973,110 0.798 20,620
chr5 131,993,580 131,993,730 IL13 chr5 131,977,060 131,977,210 0.849 16,520
chr5 131,881,960 131,882,110 IL5 chr5 131,984,480 131,984,630 0.778 102,520
chr5 132,009,840 132,009,990 IL4 chr5 132,002,900 132,003,050 0.724 6,940


