
Master	project	2021-2022

Personal	Information

Supervisor Baldo	Oliva

Email baldo.oliva@upf.edu

Institution UPF

Website http://sbi.upf.edu

Group SBI

Project

Structural	bioinformatics

Project	Title:

TF-DNA	Binding	strength	affected	by	mutations	on	DNA	binding	site

Keywords:

Single	nucleotide	variants;	Cis-regulation;	Transcription	factors;

Summary:

The	principal	reason	to	understand	changes	on	the	binding	strength	of	a	TF	for	a	specific	DNA	binding	sequence	is	to	study	cis-regulation	and	mutations	that	will	affect
it.	Therefore,	we	focus	on	the	prediction	of	the	effect	of	one	or	more	single	nucleotide	substitutions	disrupting	the	recognition	of	the	specific	TF.	The	approach	can	be
used	to	predict	causal	regulatory	haplotypes	that	likely	contribute	to	human	phenotypes	and	to	functionally	fine	map	causal	regulatory	variants	in	regions	of	high	linkage
disequilibrium	identified	by	expression	quantitative	trait	loci	(eQTL)	analyses.	We	will	predict	binding	strength	to	classify	strong	and	weak	changes	and	deciding	if	they
imply	the	loss	of	the	interaction.	We	will	apply	structural	modelling	with	several	templates,	testing	all	potential	PWMs,	and	the	analysis	of	various	statistical	potentials
on	 the	TF-DNA	 interaction,	 comparing	 the	 native	 binding	 site	with	 all	 other	DNA	 variants.	 In	 order	 to	 train	 an	AI/ML	model,	we	will	 use	 the	 information	 from
experimental	Protein	Binding	Micro-arrays	(PBM)	of	each	TF.	We	will	use	as	inputs	the	profiles	of	statisticalenergies	and	also	the	profiles	of	the	PWM	search	along	the
DNA	sequence,	using	the	scores	of	FIMO	(1)	and	the	enrichment	achieved	with	different	structural	models	of	the	same	TF.	In	order	to	learn	and	test	with	these	scores,
using	different	TFs	and	DNA	binding	lengths,	the	scores	of	the	profiles	will	be	normalized.	The	normalization	will	help	us	to	better	characterize	the	magnitude	of	the
change	produced	by	single	nucleotide	substitutions	of	the	DNA	binding	sequence.	The	use	of	PBM	will	help	us	to	handle	an	overwhelming	amount	of	information,	as
all	combinations	of	DNA	sequences	 (formed	by	8	or	12-mer	nucleotides)	are	experimentally	 tested.	We	will	 train	on	PBM	and	 the	 test	will	be	performed	on	PBM
(using	a	10-fold	approach),	yeast-one-hybrid	experiments	on	the	specificity-changes	of	mutant	DNA	sequences(2,3),	and	other	high-throughput	experiments	available
such	as	SELEX(4),	STARR-seq	(5)	or	Sharpr-MPRA(6)	(a	modification	of	the	MPRA(7,8)	protocol	that	was	developed	to	unveil	at	genome	scale	the	effect	of	SNVs).
Additional	training	and	testing	sets	will	be	extracted	from	the	datasets	MANTA2	(9)	and	SNP2TFBS	(10),	composed	by	binding-site	predictions	in	the	human	genome
with	 the	potential	 impact	on	TF	binding	 for	all	possible	SNVs.	The	 impact	of	SNVs	 in	MANTA2	 is	assessed	by	means	of	PWM	scores	computed	on	 the	alternate
alleles.	Similarly,	we	will	use	 the	 theoretical	PWMs	plus	all	 the	energy	profiles	obtained	by	scanning	 the	DNA	sequence	with	 the	collection	of	TF-DNA	structural
models.	 Furthermore,	 the	 approach	will	 be	 iteratively	 improved	 to	 be	 applicable	 on	 direct	 TF-DNA	 interactions	 in	 the	 human	 genome,	 using	 ChiP-seq	 data	 from
recently	expanded	ENCODE	encyclopaedia	(11),	updated	versions	of	FactorBook	(12),	the	dataset	of	UniBind	(13)	and	datasets	of	altered	cis-regulatory	elements	(14)
and	the	location	of	DNase	I	hypersensitive	regions	of	the	genome	with	human	genetic	variation	within	transcription	factor	footprints(15,16)	 
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