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Summary:

Changes	 in	 DNA	 methylation	 are	 involved	 in	 development,	 disease,	 and	 the	 response	 to	 environmental	 conditions.	 Methylation	 of	 DNA	 is	 thought	 to	 regulate
transcription	 both	 directly	 and	 indirectly.	 CpG	 methylation	 can	 directly	 repress	 transcription	 by	 preventing	 binding	 of	 some	 transcription	 factors	 (TFs)	 to	 their
recognition	motifs(17).	For	further	insights,	Lea	et	al.	developed	mSTARR-seq(18),	a	method	that	assesses	the	causal	effects	of	DNA	methylation	on	regulatory	activity
at	genomic	high-throughput	 level.	Our	objective	 is	 to	predict	 the	changes	of	TF	binding	caused	by	methylation.	First	we	will	build	 a	database	of	methylated	DNA
binding	with	known	TF	binding.	In	a	first	approach	the	database	will	be	extracted	from	experimental	data	of	Yin	et	al.	(17)	and	Lea	et	al.	(18),	indicating	the	loss	or
gain	of	TF	binding.	In	a	second	approach,	we	will	infer	the	effect	from	the	comparison	of	bound	TF	binding	sites	with	and	without	methylations.	We	will	use	the	dataset
of	UniBind(13)	to	select	the	binding	sites	confirmed	bound	by	TFs	or	the	predictions	of	Viestra	et	al.	(15).	Then,	we	will	select	the	tracks	from	UCSC	Genome	Browser
with	assays	of	DNA	methylation	(i.e.	Methyl-RBBS)	specific	for	tissue.	We	will	compare	the	percentage	that	cytosines	are	methylated	in	the	binding	site	with	respect	to
any	other	 location	in	 the	genome	(this	can	be	further	refined	by	comparing	with	cytosines	 in	 the	same	TAD	region).	We	will	use	 the	hypergeometric	distribution	to
compare	the	ratio	of	methylation	versus	the	expected	ratio	according	to	the	length	of	binding	recognition	(as	derived	by	the	ChIP-Seq	experiment).	We	will	split	the
results	 in	 three	categories:	1)	 If	 the	ratio	of	methylation	 is	 lower	 than	expected,	 then	 the	methylation	of	cytosines	reduces	 the	TF	binding.	2)	On	 the	contrary,	 if	 the
methylation	in	the	binding	regions	is	higher	than	expected,	the	methylation	is	required	for	TF	binding.	3)	Otherwise,	the	methylation	has	no	effect	on	TF	binding.	With
the	new	bindings	 (case	2)	we	will	generate	statistical	potentials	 specific	of	methylated	cytosines	by	modelling	 the	structure	of	TF-DNA	binding,	 introducing	a	new
symbol	 for	 methylated	 cytosines	 and	 including	 them	 in	 the	 general	 statistical	 potentials.	We	will	 calculate	 statistical	 potentials	 specific	 of	 the	 family	 of	 each	 TF
including	 the	new	symbol	 for	methyl-cytosine	as	 in	Meseguer	 et	 al.	 (19).	The	effect	of	disruption	 (case	1)	will	be	used	 to	generate	 statistical	potentials	 specific	of
disruption.	As	before,	the	structure	of	TF-DNA	binding	will	be	modelled	and	the	frequencies	of	the	interactions	between	amino-acids	and	nucleotides	will	be	obtained
from	 the	models.	However,	 these	potentials	will	 be	used	 to	determine	 the	potential	 of	 disruption,	 as	 these	 are	 the	models	 of	 interactions	 lost	 after	methylation.	As
before,	 a	 general	 potential	 will	 be	 derived	 with	 all	 TFs	 and	 their	 disrupted	 DNA	 binding	 sites	 and	 another	 set	 of	 potentials,	 specific	 for	 each	 TF	 family	 will	 be
constructed.	Finally,	 we	 will	 test	 the	 capacity	 of	 predicting	 TF	 disruptions	 after	 cytosine	 methylation	 or	 TF-DNA	 new	 bindings	 and	 specific	 PWMs	 for	 methyl
cytosines.	Two	tests	will	be	used	for	validation.	First,	using	a	5-fold	protocol	with	partially	hidden	data;	and	second,	by	training	the	method	with	one	set	of	methylation
(i.e.	using	the	experiments	of	Yin	et	al.	(17)	and	Lea	et	al.	(18))	and	testing	the	potentials	in	a	different	set	(i.e.	using	data	of	ENCODE	and	removing	redundancies	with
the	training).
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