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Welcome	
•  Objec8ves	

– We	want	to	tell	the	community	about	the	
ENCODE	resource	

– We	want	to	hear	community	experiences	and	
sugges8ons	
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Overview	
•  The	ENCODE	Resource	
•  Use	of	ENCODE	to	illuminate	the	role	
of	gene8c	varia8on	in	human	disease	

•  Accessing	ENCODE	materials	
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Reading	The	Human	Genome	Is	Difficult	
•  Gene8c	code	very	powerful	for	1%	of	the	human	genome	
•  No	correspondingly	powerful	regulatory	code	
•  Sequence	conserva8on	can	iden8fy	some	candidate	func8onal	

elements	(but	not	when	or	where	they	act)	
•  Regulatory	regions	aren’t	always	in	the	same	order	as	gene	targets	
Ø Need	unbiased	experimental	inves8ga8on	

99 % 
Non-coding 

1 % 
Coding 

IL10 IL19 
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Non-coding	DNA	Is	Important	For	
Disease	And	Gene	Regula8on	

•  Vast	majority	of	common	disease	associa8ons	
and	heritability	lie	outside	of	protein-coding	
regions	

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

Func8onal	informa8on	is	needed	to	interpret	the	
role	of	gene8c	varia8on	in	human	disease,	and	to	
apply	genomics	in	the	clinic.	
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1,500	Leeers	Of	Our		
3	Billion	Leeer	Genome		

agccaagcagcaaageegctgctgetaeetgtagctceactataectaceeaccaegaaaataegaggaageae
tataetctaeeeatataeatataeeatgtaeeaataeactaeacacataaeaeeeatatatatgaagtaccaatg
acecceeccagagcaataatgaaaetcacagtatgaaaatggaagaaatcaataaaaeatacgtgacctgtggcgaa
gtacctatcgtggacaaggtgagtaccatggtgtatcacaaatgctcetccaaagccctctccgcagctcecccceatga
cctctcatcatgccagcaeacctccctggaccccetctaagcatgtcetgagaeectaagaaeceatceggcaacatc
egtagcaagaaaatgtaaageectgeccagagcctaacaggaceacataetgactgcagtaggcaeataetagctg
atgacataataggectgtcatagtgtagatagggataagccaaaatgcaataagaaaaaccatccagaggaaactcee
eeeceetceeeeeeccagatggagtctcgcacectctgtcacccgggctggagcgcagtggtgcaatceggctca
ctgcaacctccacctcctgggecaggtgaectcccacctcagcctcccgagtagtagctggaaeacaggtgcgcgctccc
acacctggctaaeeegtaeceagtagagatggggetcaccatgeggccaggctggtctcaaactcctgccctcaggtg
atctgcccacceggcctcccagtgegggetacaggcgtgagccaccgcgcctggcctggaggaaactceaacagggaa
actaagaaagagegaggctgaggaactggggcatctgggegcectggccagaccaccaggctcegaatcctcccagc
cagagaaagagetccacaccagccaegeecctctggtaatgtcagcctcatctgegecctaggceacegatatgetg
taaatgacaaaaggctacagagcataggecctctaaaataecececctgtgtcagataegaatacatagaaatacggt
ctgatgccgatgaaaatgtatcagcectgataaaaggcggaaeataactaccgagtggtgatgctgaagggagacacag
cceggatatgcgaggacgatgcagtgctggacaaaaggcaggtatctcaaaagcctggggagccaactcacccaagtaa
ctgaaagagagaaacaaacatcagtgcagtggaagcacccaaggctacacctgaatggtgggaagctcetgctgctata
taaaatgaatcaggctcagctactaeaeacactctcctgaagctaaccaacaetcctgcaacaeatgtagace	
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Maps	And	Annota8on	Help	Us	To	
Understand	The	Sequence	

agccaagcagcaaageegctgctgetaeetgtagctceactataectaceeaccaegaaaataegaggaageae
tataetctaeeeatataeatataeeatgtaeeaataeactaeacacataaeaeeeatatatatgaagtaccaatg
acecceeccagagcaataatgaaaetcacagtatgaaaatggaagaaatcaataaaaeatacgtgacctgtggcgaa
gtacctatcgtggacaaggtgagtaccatggtgtatcacaaatgctcetccaaagccctctccgcagctcecccceatga
cctctcatcatgccagcaeacctccctggaccccetctaagcatgtcetgagaeectaagaaeceatceggcaacatc
egtagcaagaaaatgtaaageectgeccagagcctaacaggaceacataetgactgcagtaggcaeataetagctg
atgacataataggectgtcatagtgtagatagggataagccaaaatgcaataagaaaaaccatccagaggaaactcee
eeeceetceeeeeeccagatggagtctcgcacectctgtcacccgggctggagcgcagtggtgcaatceggctca
ctgcaacctccacctcctgggecaggtgaectcccacctcagcctcccgagtagtagctggaaeacaggtgcgcgctccc
acacctggctaaeeegtaeceagtagagatggggetcaccatgeggccaggctggtctcaaactcctgccctcaggtg
atctgcccacceggcctcccagtgegggetacaggcgtgagccaccgcgcctggcctggaggaaactceaacagggaa
actaagaaagagegaggctgaggaactggggcatctgggegcectggccagaccaccaggctcegaatcctcccagc
cagagaaagagetccacaccagccaegeecctctggtaatgtcagcctcatctgegecctaggceacegatatgetg
taaatgacaaaaggctacagagcataggecctctaaaataecececctgtgtcagataegaatacatagaaatacggt
ctgatgccgatgaaaatgtatcagcectgataaaaggcggaaeataactaccgagtggtgatgctgaagggagacacag
cceggatatgcgaggacgatgcagtgctggacaaaaggcaggtatctcaaaagcctggggagccaactcacccaagtaa
ctgaaagagagaaacaaacatcagtgcagtggaagcacccaaggctacacctgaatggtgggaagctcetgctgctata
taaaatgaatcaggctcagctactaeaeacactctcctgaagctaaccaacaetcctgcaacaeatgtagace	
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Richer	Maps	Provide	More	
Informa8on	
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Richer	Maps	Provide	More	
Informa8on	
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Richer	Maps	Provide	More	
Informa8on	
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Richer	Maps	Provide	More	
Informa8on	
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ENCODE:			
Encyclopedia	Of	DNA	Elements	

•  Iden8fy	all	candidate	func8onal	elements	in	
the	genome	

•  Make	resource	freely	available	to	community	
– gene8c	basis	of	disease	
– gene	regula8on	
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ENCODE	Data	Types	

Modified	from	PLoS	Biol	9:e1001046,	2011	
Science	306:636,	2004	13	



ENCODE	Data	Are	Cell-Type	Specific	
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Stamatoyannopoulos,	Cell	154:888,	2013	



ENCODE	Accomplishments	
•  Sharing	1000s	of	datasets		

– No	embargo	
– Unrestricted	access	
– High	quality		
– Uniformly	processed	

•  Sharing	sohware	
•  Data	interoperability	
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Publica8ons	Using	ENCODE	Data	

16	

Hundreds	of	Consor8um	
publica8ons	

~1500	community	
publica8ons	using	
ENCODE	data:	

~675	Human	Disease	
~600	Basic	Biology	
~225	Methods/Sohware	
Development	

	
	

Cancer	38%	

Allergy,		
Autoimmunity	
13%	

Human		
Gene8cs		
10%	

Neurologic,	
Psychiatric	
9%	

Cardiovascular	
6%	

Metabolic	
6%	



Summary-	ENCODE	Resource	

•  Freely	shared	catalog	of	genomic	data	and	
candidate	genomic	func8onal	elements	

•  ENCODE	is	built	upon	established	techniques	
and	interpreta8ons	developed	for	the	study	of	
gene	regula8on	

•  ENCODE	maps	can	be	used	to	make	predic8ons	
about	genome	func8on	
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Overview	

•  The	ENCODE	Resource	
•  Use	of	ENCODE	to	illuminate	the	role	
of	gene8c	varia8on	in	human	disease	

•  Accessing	ENCODE	materials	
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Standard	ENCODE	Use	Cases:	
Hypothesis	Genera8on	

19	

Major	use:	Hypothesis	genera8on	and	
refinement	
•  Predic8on	of	causal	variants/regulatory	
elements	

•  Predic8on	of	target	genes	
•  Predic8on	of	target	cell	types	
•  Predic8on	of	upstream	regulators	



Predic8on	of	Causal	Variants	
•  Mul8ple	variants	may	be	in	linkage	
disequilibrium	

•  The	causal	variant	may	not	have	been	tested	
during	data	collec8on	

•  Mul8ple	variants	may	be	causal	

20	
Snyder,	Genome	Research	22:1748,	2012	



Stamatoyannopoulos,	Science	337:1190,	2012	

Many	GWAS	Associa8ons	Lie	In	
Regions	Annotated	By	ENCODE	

And	CF	Epigenomics	Data	
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1	

2	

ENCODE/Epigenomics	Data	From	
HaploReg	

www.broadins8tute.org/mammals/haploreg/	
22	 Ward	and	Kellis,	Nucleic	Acids	Research	40-D930,	2011	Workshop	Session	3	



ENCODE	Data	From	RegulomeDB	

hep://regulomedb.org/		
23	 Cherry,	Snyder,	Genome	Research	22-1790,2012	

1	

2	

3	

Workshop	Session	3	



heps://www.encodeproject.org/data/annota8ons/		

ENCODE	cis-element	Browser	

24	
Workshop	Session	3	



heps://www.encodeproject.org/data/annota8ons/		

ENCODE	cis-element	Browser	

25	
Workshop	Session	3	



Predic8on	of	Target	Genes	
•  Regulatory	regions	can	operate	on	mul8ple,	
distal	genes	

•  The	target	gene	could	be	a	non-coding	RNA	

26	 Stamatoyannopoulos,	Crawford,	Nature	489:75,	2012	



Stamatoyannopoulos,	Science	337:1190,	2012	

Many	GWAS	Associa8ons	Are	
Predicted	To	Be	Linked	To	Distal	Genes	
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Stamatoyannopoulos,	Science	337:1190,	2012	

Many	GWAS	Associa8ons	Are	
Predicted	To	Be	Linked	To	Distal	Genes	
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Predic8on	of	Linkage	Between	
Regulatory	Elements	and	Genes	

29	
hep://dnase.genome.duke.edu	

Furey,	Crawford,	Stamatoyannopoulos,	Genome	Res.	23:777,	2013	



Predic8on	of	Linkage	Between	
Regulatory	Elements	and	Genes	

30	
hep://dnase.genome.duke.edu	

Furey,	Crawford,	Stamatoyannopoulos,	Genome	Res.	23:777,	2013	



Predic8on	of	Linkage	Between	
Regulatory	Elements	and	Genes	
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hep://dnase.genome.duke.edu	

Furey,	Crawford,	Stamatoyannopoulos,	Genome	Res.	23:777,	2013	



ENCODE	cis-element	Browser	

32	 heps://www.encodeproject.org/data/annota8ons/		Workshop	Session	3	



ENCODE	cis-element	Browser	

33	 heps://www.encodeproject.org/data/annota8ons/		Workshop	Session	3	



Predic8on	of	Target	Cell	Types	
•  Some	diseases	are	known	to	affect	mul8ple	
cell	types	

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

•  The	disease	e8ology	may	not	be	completely	
known	

34	



Predic8on	of	Linkage	Between	
Regulatory	Elements	and	Cell	Type	

35	
hep://dnase.genome.duke.edu	

Furey,	Crawford,	Stamatoyannopoulos,	Genome	Res.	23:777,	2013	



Predic8on	of	Linkage	Between	
Regulatory	Elements	and	Cell	Type	

hep://regulomedb.org/		

36	 Cherry,	Snyder,	Genome	Research	22-1790,2012	
www.broadins8tute.org/mammals/haploreg/	
Ward	and	Kellis,	Nucleic	Acids	Research	40-D930,	2011	

Workshop	Session	3	



ENCODE	cis-element	Browser	

37	 heps://www.encodeproject.org/data/annota8ons/		Workshop	Session	3	



ENCODE	cis-element	Browser	

38	 heps://www.encodeproject.org/data/annota8ons/		Workshop	Session	3	



	heps://github.com/mauranolab/GWAS_plots	
Stamatoyannopoulos,	Science	337:1190,	2012	

ENCODE	And	Epigenomics	Data	
Can	Be	Used	To	Predict	Cell	Types	
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Summary-	ENCODE	Use	Cases	

Major	use:	Hypothesis	genera8on	and	refinement	
•  Predic8on	of	causal	variants/regulatory	elements	
•  Predic8on	of	target	genes	
•  Predic8on	of	target	cell	types	
•  Predic8on	of	upstream	regulators	

Ø Gene8c	v.	epigene8c	
Ø Germline	v.	soma8c	
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Overview	
•  The	ENCODE	Resource	
•  Use	of	ENCODE	by	the	research	
community	

•  Accessing	ENCODE	materials	

41	

Workshop	Session	2,	1,	5	



heps://www.encodeproject.org		

ENCODE	Data	

42	 Workshop	Session	2	



heps://www.encodeproject.org		

ENCODE	Data	

43	 Workshop	Session	2	



heps://www.encodeproject.org		

ENCODE	Data	

44	 Workshop	Session	2	



heps://www.encodeproject.org		

ENCODE	Data	

45	 Workshop	Session	2	



heps://www.encodeproject.org		

ENCODE	Data	

46	 Workshop	Session	2	



heps://www.encodeproject.org		

ENCODE	Data	

47	 Workshop	Session	2	



heps://www.encodeproject.org		

ENCODE	Data	

48	 Workshop	Session	2	



ENCODE	Encyclopedia	

49	 heps://www.encodeproject.org		Workshop	Session	1,	5	



ENCODE	Encyclopedia	

50	 heps://www.encodeproject.org		Workshop	Session	1,	5	



ENCODE	Encyclopedia	

51	 heps://www.encodeproject.org		Workshop	Session	1,	5	



ENCODE	Encyclopedia	

52	 heps://www.encodeproject.org		Workshop	Session	1,	5	



ENCODE	Encyclopedia	

53	 heps://www.encodeproject.org		Workshop	Session	1,	5	



Publica8ons	

heps://www.encodeproject.org		54	



Publica8ons	

heps://www.encodeproject.org		55	



ENCODE	Data	Standards	

heps://www.encodeproject.org		56	



ENCODE	Data	Standards	

heps://www.encodeproject.org		57	



ENCODE	Sohware	Tools	

heps://www.encodeproject.org			58	



ENCODE	Sohware	Tools	

heps://www.encodeproject.org			59	



Interna8onal	Human	Epigenome	
Consor8um	(IHEC)	

•  Data	Portal:	hep://epigenomesportal.ca/ihec/	
•  Goal:	Coordinate	produc8on	of	1000	human	
epigenome	maps	for	cellular	states	relevant	to	
health	and	disease	hep://ihec-epigenomes.org	

•  Can	view	by	consor8um,	by	assay,	by	cell	type	
•  Data	from	8	consor8a	

60	
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Summary-	Accessing	ENCODE	
Resources	

•  ENCODE	portal	heps://www.encodeproject.org		
–  Display/download	ENCODE	and	Roadmap	Epigenomics	data	
–  Data	Standards	
–  Sohware	tools	
–  Publica8ons	
–  Encyclopedia	prototype	

•  ENCODE	Analysis	Tools	
–  RegulomeDB	hep://regulomedb.org/		
–  HaploReg	hep://www.broadins8tute.org/mammals/haploreg/		
–  Regulatory	Elements	Database	hep://dnase.genome.duke.edu		
–  RegulomeDB	GWAS	Database	hep://www.regulomedb.org/GWAS/		

•  ENCODE	Tutorials	
–  hep://www.genome.gov/27553900		
–  heps://www.encodeproject.org/tutorials/	

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

–  heps://mailman.stanford.edu/mailman/lis8nfo/encode-announce			
•  IHEC	resources	

–  IHEC	Home	Page	hep://ihec-epigenomes.org			
–  IHEC	Data	Portal	hep://epigenomesportal.ca/ihec/		
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Goals	Of	ENCODE	
•  Catalog	all	func8onal	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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