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Biology	and	Big	Data	

> Discovering	truth	

by	building	on	

previous	

discoveries	



Why	it	is	useful?	

Just	one	example:	



Using	data	from	consortia	

> Which	types	of	data	can	you	obtain	from	

consortia?	How	to	access	and	download	

data?	

> How	to	work	as	a	part	of	consortia?	Which	

problems	you	may	face?	



Important	Remark	

> Workshops	“How	to	use	consortium_name”	

usually	take	~3	days	(ie	

https://www.encodeproject.org/tutorials/

encode-meeting-2016/)	,	we	will	try	to	make	

an	overview	in	1	hour	

> However,	if	you	want	to	find	more	information	

– google	“consortium_name	workshop”	

> There	are	separate	papers	(i.e.	Ewan	Birney,	

2012,	Nature,	about	ENCODE)	



GWAS	Consortia	

> http://

www.wikigenes.org/

e/art/e/185.html	

> 500.000	genotyped	

people	in	UK	



EWAS	Consortia	



Genomics	Consortia	

> The	Exome	Aggregation	Consortium	

> 1000	Genomes	

> Human	Reference	Genome	

> International	Cancer	Genome	Consortium	

> The	Cancer	Genome	Atlas	

> PanCancer	Analysis	of	Whole	Genomes	

> GTEx	



Epigenomics	Consortia	

> ENCODE	

> Roadmap	Epigenomics	

> BluePrint	

> International	Human	Epigenome	

Consortium	



ExAC	Overivew	

> http://exac.broadinstitute.org/about	

> First	thing	to	do	–	look	and	read	flagship	

paper!	

> The	data	set	provided	on	this	website	spans	

60,706	unrelated	individuals	sequenced	as	

part	of	various	disease-specific	and	

population	genetic	studies.	



ExAC:	Why	it	is	useful	

It	is	used	to		

> calculate	objective	metrics	of	pathogenicity	for	
sequence	variants,	

> identify	genes	subject	to	strong	selection	against	
various	classes	of	mutation;	identifying	3,230	genes	
with	near-complete	reduction	of	number	of	
predicted	protein-truncating	variants,	with	72%	of	
these	genes	having	no	currently	established	human	
disease	phenotype,	

> efficient	filtering	of	candidate	disease-causing	
variants		



ExAC:	Results	

•  ANNOVAR	and	ATAV	were	updated	using	

ExAC	data	

•  CADD	scores	were	re-calculated	

•  Commercial	tools	such	as	GoldenHelix	and	

GeneTalk	also	incorporated	ExAC	data	



ExAC:	Download	

> Download	



ExAC:	Methods	

> Flagship	Paper	–	Methods	–	short	

description	with	detailed	pipelines	in	

Supplementary	Information	

> 91,796	individual	exomes	drawn	from	a	

wide	range	of	primarily	disease-focused	

consortia	



ExAC	Quality	Assesment	

> Comparison	within	trios:	singleton	transmission	rate	
of	50.1%	(~50%)	

> >10.000	samples	were	checked	with	SNP	Arrays	–	
97-99%	heterozygous	concordance	

> Platinum	standard	genome	sequenced	with	5	
different	technologies	–	99.8%	Sensitivity,	0.056%	
FDR	

> Comparison	with	13	WGS	~30x,	PCR-free	

> Indel	FDR	is	higher	(4.7%),	singleton	variants	show	
higher	FDR	

> FDR	is	different	for	different	annotation	classes	
(missense,	synonymous,	protein	truncating)	



ExAC	Sample	Filtering	

> Only	60.706	samples	passed	QC	out	of	91.796	

> Set	of	common	SNPs	was	selected	(5.400)	and	
samples	with	outlier	heterozygosity	were	removed	
prior	to	PCA	

> Per	sample	number	of	variants,	transition/
transversion	(TiTv)	ratio,	alternate	allele	
heterozygous/homozygous	(Het/Hom)	ratio	and	
insertion/deletion	(indel)	ratio		

> Close	relatives	were	removed	

> Final	coverage:	80%	of	targeted	bases	>20x	

> 77%	were	enriched	with	Agilent	Kit	(33	MB	target)	



1000GP	

> http://www.internationalgenome.org	



1000GP:	Overview,	goals	

> http://www.internationalgenome.org/data-portal/
sample	

> Pretty	convenient	data	portal	that	allows	you	nice	
filtering!	

> The	goal	of	the	1000	Genomes	Project	was	to	find	
most	genetic	variants	with	frequencies	of	at	least	
1%	in	the	populations	studied.	

> The	project	planned	to	sequence	each	sample	to	4x	
genome	coverage;	at	this	depth,	sequencing	can	not	
discover	all	variants	in	each	sample,	but	can	allow	
the	detection	of	most	variants	with	frequencies	as	
low	as	1%.	



1000GP:	Main	Publications	

> Pilot:	A	map	of	human	genome	variation	from	
population-scale	sequencing	Nature	467,	
1061–1073	(28	October	2010)	

> Phase	1:	An	integrated	map	of	genetic	
variation	from	1,092	human	genomes	Nature	
491,	56–65	(01	November	2012)	

> Phase	3:	A	global	reference	for	human	genetic	
variation	Nature	526,	68–74	(01	October	2015)	

> An	integrated	map	of	structural	variation	in	
2,504	human	genomes	Nature	526,	75–81	(01	
October	2015)	



1000GP:	Pipeline	



1000GP:	Power	of	Detection,	Heterozygous	

Discordance,	Sequencing	Depth	



1000GP:	Results	



1000GP:	Variant	Calling	



1000GP:	CNVs	



1000GP:	CNVs	concordance	



Pan	Cancer	Analysis	Of	WG	

> https://dcc.icgc.org/pcawg	



Pan	Cancer	Analysis	Of	WG	

1.  		Novel	somatic	mutation	calling	methods	

2.  		Analysis	of	mutations	in	regulatory	regions	

3.  		Integration	of	the	transcriptome	and	genome	

4.  		Integration	of	the	epigenome	and	genome	

5.  		Consequences	of	somatic	mutations	on	pathway	and	network	activity	

6.  		Patterns	of	structural	variations,	signatures,	genomic	correlations,	retrotransposons	and	
mobile	elements	

7.  		Mutation	signatures	and	processes	

8.  		Germline	cancer	genome	

9.  		Inferring	driver	mutations	and	identifying	cancer	genes	and	pathways	

10.  		Translating	cancer	genomes	to	the	clinic	

11.  		Evolution	and	heterogeneity	

12.  		Portals,	visualization	and	software	infrastructure	

13.  		Molecular	subtypes	and	classification	

14.  		Analysis	of	mutations	in	non-coding	RNA	

15.  		Mitochondrial	

16.  		Pathogens	



PCAWG,	WG8:	Validation	

> High-coverage	validation	

> 3	main	callers:	Broad	Institute	–	Haplotype	
Caller,	Annai-RTG	(private	company),	
Freebayes	(EMBL-DKFZ)	

> 50	samples,	5000	sites	per	sample	sequenced	
with	~1000	depth	

> ~2300	SNVs,	~2700	indels	

> SNP	Recall/PPV/concordance	~0.995	

> Indels:	0.94	Recall,	0.91	PPV,	concordance	0.88	



PCAWG	WG8,	CNVs	

> CNVs	



PCAWG	WG8:	Results	

> Sensitivity,	deletions	only	~60%,	

duplications	~40%!	



Further	Information	

> Flagship	paper	is	not	informative	:/	

> 16	papers	are	released	in	bioRxiv	



GTEx	

> The	Genotype-Tissue	Expression	project	
aims	to	provide	to	the	scientific	community	
a	resource	with	which	to	study	human	gene	
expression	and	regulation	and	its	
relationship	to	genetic	variation	

> Variations	in	gene	expression	that	are	highly	
correlated	with	genetic	variation	can	be	
identified	as	expression	quantitative	trait	
loci,	or	eQTLs	



GTEx	

> A	lot	of	genetic	changes	associated	with	
common	human	diseases,	such	as	heart	
disease,	cancer,	diabetes,	asthma,	and	
stroke,	lies	outside	of	the	protein-coding	
regions	of	genes	

> The	comprehensive	identification	of	human	
eQTLs	will	greatly	help	to	identify	genes	
whose	expression	is	affected	by	genetic	
variation	



GTEx	Data	Overview	



GTEx	Scheme	



GTEx:	Causes	of	Death	



ENCODE:	Overview	

> https://www.encodeproject.org	

> Encyclopedia	of	DNA	elements	

> The	goal	of	ENCODE	is	to	build	a	

comprehensive	parts	list	of	functional	

elements	in	the	human	(mouse/fly/worm)	

genome	



ENCODE	Timeline	



ENCODE	as	for	2012	



ENCODE:	Types	of	Data	

> https://www.encodeproject.org	



ENCODE:	Data	Matrix	



ENCODE:	Audit	Category	

Each	sample	can	have	multiple		

QC	issues	and	can	still	

Be	available	for	downloading!	



ENCODE:	Result	of	Analysis	



ENCODE:	Ground	Level	



ENCODE:	Mid-level	



ENCODE:	Top-Level	



ENCODE	publications	

> Of	course,	one	of	the	products	is	

publicaitons!		
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ENCODE	standards	

> Data	Standards	



BluePrint	

> “BLUEPRINT	is	a	large-scale	research	project	
receiving	close	to	30	million	euro	funding	from	
the	EU.”	

> 42	leading	European	scientific	centers	

> The	aim	to	further	the	understanding	of	how	
genes	are	activated	or	repressed	in	both	
healthy	and	diseased	human	cells	

> Focus	on	distinct	types	of	haematopoietic	cells	
from	healthy	individuals	and	on	their	
malignant	leukaemic	counterparts	



BluePrint	

> http://www.blueprint-epigenome.eu	

> Publications	(Cell	Papers)	&	Data	Portal	



BluePrint	

> http://dcc.blueprint-epigenome.eu/#/home	



BluePrint	



BluePrint	



RoadMap	Epigenomics	

> The	NIH	Roadmap	Epigenomics	Research	to	
transform	our	understanding	of	how	epigenetics	
contributes	to	disease	

> The	Consortium	leverages	experimental	pipelines	
built	around	next-generation	sequencing	
technologies	to	map	DNA	methylation,	histone	
modifications,	chromatin	accessibility	and	small	RNA	
transcripts	in	stem	cells	and	primary	ex	vivo	tissues	
selected	to	represent	the	normal	counterparts	of	
tissues	and	organ	systems	frequently	involved	in	
human	disease	



RoadMap	Epigenomics	



RoadMap	Epigenomics	



RoadMap	Epigenomics	

It	looks	like	we	can	get	Protocols	clicking	on	the	link,	however,	

there	are	not	a	lot	of	them	there.	The	protocols	are	super	

outdated!	(eg	REMC	STANDARDS	AND	GUIDELINES	FOR	CHIP-

SEQDEC.	2,	2011	—	V1.0)	



RoadMap	Epigenomics	

> If	you	wanna	to	work	with	these	data	–	read	
the	paper	“Integrative	analysis	of	111	
reference	human	epigenomes”	(+16	
ENCODE2012,	do	not	print	the	paper!)	

> Go	through	the	“Publications”	list	



RoadMap	Epigenomics	

The	most	useful	section	is	Methods:	

> RNA-seq	uniform	processing	and	quantification	
for	consolidated	epigenomes	

> ChIP-seq	and	DNase-seq	uniform	reprocessing	
for	consolidated	epigenomes	

> Methylation	data	cross-assay	standardization	
and	uniform	processing	for	consolidated	
epigenomes	

> Chromatin	state	learning	

> Etc.	



RoadMap	Epigenomics	

> Publications	



RoadMap	Epigenomics	

>  Histone	mark	combinations	show	distinct	levels	of	DNA	methylation	
and	accessibility,	and	predict	differences	in	RNA	expression	levels	
that	are	not	reflected	in	either	accessibility	or	methylation.	

>  Megabase-scale	regions	with	distinct	epigenomic	signatures	show	
strong	differences	in	activity,	gene	density	and	nuclear	lamina	
associations,	suggesting	distinct	chromosomal	domains.	

>  Approximately	5%	of	each	reference	epigenome	shows	enhancer	and	
promoter	signatures,	which	are	twofold	enriched	for	evolutionarily	
conserved	non-exonic	elements	on	average.	

>  	Epigenomic	data	sets	can	be	imputed	at	high	resolution	from	existing	
data,	completing	missing	marks	in	additional	cell	types,	and	providing	
a	more	robust	signal	even	for	observed	data	sets.	

>  Dynamics	of	epigenomic	marks	in	their	relevant	chromatin	states	allow	
a	data-driven	approach	to	learn	biologically	meaningful	relationships	
between	cell	types,	tissues	and	lineages.	



Working	in	Consortia	



Working	with	Data		

•  Getting	Raw	Data	

•  Working	with	the	data	from	different	

consortia	simultaneously:	different	QCs,	

different	data	analysis	pipeline	

•  Versions	of	tools	missed	or	outdated/

unsupported	tools	–	failure	of	replication!	



Working	in	Consortia	I	

•  When	your	Server	gets	down	or	all	your	

data	were	accidentally	removed	

•  Deadlines	–	add	3-6	months	to	expected	

date!	

•  Communication:	teleconferences	

•  Passwords	renewal,	permissions	to	access	

•  Efficient	data	sharing	–	speed,	reliability,	

confidentiality	



Working	in	Consortia	II	

•  Different	naming	of	the	same	samples	in	different	
working	groups	/	labs	

•  Wrong/Missing	Identifiers	(eg	wrong	cancer	type	or	
population)	–	case:	normal	and	somatic	were	actually	
swapped	

•  The	same,	but	from	clinicians	

•  Different	labs	-	different	library	preparation	(eg	coverage	
depths	after	PCR-free	and	PCR-based	WGS)	

•  Several	tools	can	be	used	for	the	analysis	–	
establishment	of	the	best	tool	or	generation	of	joint	
callset	

•  Multiple	blacklist	or	outlier	lists	(every	lab/group	has	its	
own	and	they	do	not	completely	overlap)	



Working	in	Consortia	III	

•  Unbalanced	Population	Structure	

•  Mix	of	different	effects	(eg	Cancer	vs.	

Population)	

•  Is	your	Germline	really	Germline?	



Slide	from	AgENCODE,	Ewan	Birney	



Спасибо	за	внимание!	


