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Epigenetics	

“..	epigenetics	is	the	study	of	heritable	changes	in	gene	expression	
or	cellular	phenotype	caused	by	mechanisms	other	than	changes	in	
the	underlying	DNA	sequence	–	hence	the	name	epi-	(Greek:	επί-	
over,	above,	outer)	-genetics.	It	refers	to	functionally	relevant	
modifications	to	the	genome	that	do	not	involve	a	change	in	the	
nucleotide	sequence.”	
Wikipedia	(en)	



Heritable	layer	of	regulation	superimposed	on	genome	

Cytosine	DNA	methylation	(mC)	and	histone	modifications	can	
manipulate	the	readout	of	the	underlying	genetic	information.	

•  Tissue-specific	gene	regulation	
•  Cell	differentiation	
•  DNA	methylation	required	for	self-renewal		

and	maintenance	of	pluripotent	state	
•  Transposon	silencing	
•  Modulation	of	binding	of	protein	to	DNA	
•  responsive	to	environment	/	diet	
•  varying	with	age	
•  Tumorigenesis	

Eukaryotic	epigenetics	and	DNA	methylation	

Nature	454,	711-715	(Aug	2008)	



DNA	methylation	

• Only	C	in	specific	sequence	context(s)	can	be	methylated	
• Can	be	strand	specific	
• Heterogeneous	in	cell	populations	
• Dynamic	
	



DNA	methylation	heterogeneity	in	cell	populations	



DNA	methylation:	how	the	data	look	like	

mC	in	the	CpG	
Sequence	context,	
~4e7s	mCpG	in	human	

mC	in	the	nonCpG	
Sequence	context	(CHG,	CHH)	
~1e7	mCpGs	in	pluripotent	human	cells	

Hypomethylated	promoter	regions	

10Kb	

http://neomorph.salk.edu/human_methylome/browser.html	
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Zhou	VW	et	al,	Nature	Review	Genetics	2010		

Layers	of	chromatin	organization	



Relevance	of	DNA	methylation	

Portela	A	and	Esteller	M,	Nature	Biotechnology	2010		



Relevance	of	DNA	methylation	

Koga	Y	et	al,	Genome	Research	2009	Distance	from	TSS	



Relevance	of	DNA	methylation	

Koga	Y	et	al,	Genome	Research	2009	

Absolute	mCpG	level	



Relevance	of	DNA	methylation	

Koga	Y	et	al,	Genome	Research	2009	

Relative	CpG	level	
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Establishing	and	maintening	DNA	methylation	patterns	

Law	JA	and	Jacobsen	SE,	Nature	Review	Genetics	2010		



DNA	de-methylation	

Buthani	N	et	al,	Cell	2011		



Imprinting	and	allele-specific	DNA	methylation		

Tycko	B,	The	American	Journal	of	Human	Genetics	2010		

In	genomic	imprinting,	the	ASM	is	established	in	gametogenesis	and	dictated	by	the	parental	origin	of	the	
allele,	with	weak	or	absent	effects	of	local	haplotypes.	Some	imprinted	genes	show	hypermethylation	on	
the	paternal	allele	as	shown	here,	whereas	others	show	hypermethylation	of	the	maternal	allele.	In	
successive	generations,	the	imprint	is	erased	and	then	reset	appropriately	in	gametogenesis,	according	to	
the	sex	of	the	transmitting	parent.	Thus	genomic	imprinting	is	non-Mendelian.	In	contrast,	SNP-	or	
haplotype-dependent	ASM	is	dictated	in	cis	by	the	local	DNA	sequence,	regardless	of	parent	of	origin.	This	
type	of	ASM	is	transmitted	in	a	Mendelian	fashion,	and	its	presence	is	an	indication	of	nearby	regulatory	
SNPs	that	function,	by	mechanisms	still	largely	unknown,	to	confer	the	allelic	asymmetry.	Although	the	
number	of	imprinted	genes	is	reasonably	well	established,	the	number	of	genes	with	nonimprinted,	
sequence-dependent	ASM	is	influenced	both	by	tissue	type	and	by	the	stringency	of	the	cutoffs	utilized	for	
scoring	the	allelic	asymmetry.	Black	circles	indicate	methylated	CpG	dinucleotides;	white	circles,	
unmethylated	CpGs.	IC	denotes	imprinting	center.	
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How	to	measure	DNA	methylation	

Laird	PW,	Nature	Review	Genetics	2010		
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Whole	genome	amplification	

Hybridization	to	tiling	array	

Methods	to	profile	genome-wide	DNA	methylation	
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“MethylC-seq”	

Bisulfite	sequencing	2007-9	

Methods	to	profile	genome-wide	DNA	methylation	



How	to	measure	DNA	methylation	

Laird	PW,	Nature	Review	Genetics	2010		



Sample	throughput	versus	genome	coverage	

Laird	PW,	Nature	Review	Genetics	2010		

Harris	RA,	Nature	Biotechnology	2010		



Outline	of	the	presentation	

•  Background	
•  Biological	relevance	
•  How	to	create,	maintain,	and	remove	DNA	methylation	patterns	
•  Methods	to	measure	DNA	methylation	
•  Data	analysis	issues	



Illumina	NGS	-	SE	87	nt	

Map	reads	against	
computationally	BS	
converted	+	/	-	strands	

Post-processing	&	stack	

Call	mC	at	1%	FDR	
with	binomial	test	

mC		MySQL	DB	

Data	analysis	pipeline	



Summary	of	pitfalls	in	the	analysis	of	DNA	methylation	

Pelizzola	M	and	Ecker	JR,	FEBS	Letters	2010		

Pay	attention	to	what	you	are	measuring	



Summary	of	pitfalls	in	the	analysis	of	DNA	methylation	

Pelizzola	M	and	Ecker	JR,	FEBS	Letters	2010		

Put	it	in	the	right	genomic	context	



Summary	of	pitfalls	in	the	analysis	of	DNA	methylation	

Pelizzola	M	and	Ecker	JR,	FEBS	Letters	2010		

Watch	out	of	coverage	issues	



Summary	of	pitfalls	in	the	analysis	of	DNA	methylation	

Pelizzola	M	and	Ecker	JR,	FEBS	Letters	2010		
Model	the	noise	



Integration	with	other	data	types	

Lister	R	et	al,	Nature	2009		


