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Background

Inouye,	Trends	Genetics 2011



Where	the	sidewalk	ends…

Integrative	analysis	is	a	relatively	undeveloped	area

Lots	of	scope	for	development	and	novel	ideas

Nothing	close	to	consensus	on	analytical	approaches	
and	strategies



Why	integrate?
• It’s	likely	that	variation	within	a	single	omic data	
type	(e.g.	genome)	will	not	capture	the	
complexity	of	the	phenotype

• It	may	not	explain	all	of	phenotypic	 variance	nor	
identify	all	the	causal	factors

• Integration	may	better	explain	phenotype	 and	
identify/characterise (multiple)	pathways	and	
intervention	points	to	control	phenotype





Biological	framework	for	multi-omics

Ritchie	MD	et	al,	Nat	Rev	Genet 2015



Challenges
• Large	P:	High	dimensionality

– 10K,	100K,	100M	variables	per	sample

• Small	N

• Heterogeneous	data
– Different	molecules
– Different	technologies
– Different	sampling	strategies

• Correlation

• Computational	efficiency/feasibility



Main	things	to	be	aware	of
• Understand	the	biological	models	underlying	the	data

– Context	and	interpretation

• Know	the	technology
– Batches,	biases,	error	profiles,	sensitivities/specificities,	 missing	data

• Know	the	sampling	strategy(s)
– Group-wise	(case/control),	population-based,	enrichments,	stimuli?

• Spend	time	exploring	the	data
– Without	exception,	you	will	see	things	that	require	follow	up

• Build	analysis	pipelines	and	log	all	analyses

• The	data	may	be	complex	but	your	analysis	and	presentation	doesn’t	
have	to	be



Role	of	transcriptome in	
integrative	analyses

• Insights	into	biomolecular networks

• Less	technical	variability	than	proteomics

• Relatively	affordable

• Stable	tissues	and	cell	types	are	(usually)	readily	available

• Many	network	methods	have	been	applied	to	gene	expression	
data	in	the	past

• Gene	expression	is	thus	a	convenient	way	to	characterise the	
average	biological	state	of	the	cell	population(s)	being	assessed



Regev&	Teichmann

www.humancellatlas.org

Human	adult	2x1013	cells



Cell 167,	1398–1414	(2016)



Chen	et	al,	Cell	2016

LIMIX:	Lippert et	al,	BioRxiv 2016



Is	a	gene’s	(monocyte)	transcription	
dominated	by	genetic	or	epigenetic	effects?		

Shared	QTLs	between	cell	types

Chen	et	al,	Cell	2016



eSNP effects	at	a	bidirectional	promoter	for	SLC39A	and	ELP

Chen	et	al,	Cell	2016



eSNP effects	on	chromatin	and	forward/reverse	strand	expression

Chen	et	al,	Cell	2016



eSNP effects	B3GALNT	&	ARID4B promoters	but	only	
B3GALNT	expression	

Chen	et	al,	Cell	2016



Enrichment	of	cell	type	specific	QTLs	at	autoimmune	loci

GARFIELD	- GWAS	Analysis	
of	Regulatory	or	
Functional	Informa- tion
Enrichment	with	LD	
correction.

Iotchkova et	al	BioRxiv
2016



Integrative analysis of genomic, 
transcriptomic & metabolomic variation

DILGOM: 590 randomly 
sampled individuals

Helsinki

Fasting whole blood

Genome
Transcriptome

Metabolome

+	clinical	data
Inouye	PLoS Genetics	2010
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Relationships between gene 
networks and metabolome

Inouye* & Kettunen* et al; Molecular Systems Biology, 2010



Does genetic variation influence 
LL module?

FCER1A P = 1.83x10-4 

LL module P = 4.28x10-6
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Inouye	et	al;	PLoS Genetics,	2010



LL module appears reactive, do 
metabolites affect its connectivity?

Inouye* & Kettunen* et al; Molecular Systems Biology, 2010



Potential negative feedback loop
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Inouye* & Kettunen* et al; Molecular Systems Biology, 2010



IgE signaling	subnetwork at	the	
transcriptome - metabolome interface

Lim,	...,	Daly,	PalotiePLoS Genetics	2014

Natural	human	knockouts	
36,000	exomes (SISu)
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Young	Finns	
Study

Gene-gene	
correlations

DILGOM
N=518

YFS
N=1,400

Independent	replication	of	subnet	
and	metabolite	associations	

P	=	0.07
DILGOM



Constructing	a	working	biological	model



External	validation

Bartel &	Theis,	PLoSGenetics	2015

KORA	cohort
N=700



N	=	2,200

Nath,	et	al	BioRxiv doi:10.1101/089839



Blood	transcriptional	
network	associations	
with	metabolome





ARHGEF3	– Platelet	module
Temporally	stable	QTL



Summary
• Integrative	omics is	a	highly	promising	and	evolving	
field	with	many	challenges	to	be	addressed

• Transcriptome and	scRNA-seq are	rapidly	advancing	in	
size	and	scope

• Global	patterns	vs intriguing	specific	examples

• Transcriptome-metabolome (and	microbiota-
metabolome)	interactions	are	extensive



Accessible	resources	for	integrative	genomics	

• SageBase (via	Sage	BioNetworks)
• UK	BioBank
• ImmGen
• ImmVar
• ENCODE
• THL	Biobank
• TwinsUK
• iHMP /	HMP2
• GTEx
• Epigenomics Roadmap	Project
• Collaborative	Cross	(~outbred	mice)
• Coming	Soon:	Precision	Medicine	Initiative


