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Summary:

Aneuploidy	is	defined	as	the	state	where	a	cell	has	an	abnormal	number	of	chromosomes.	More	generally,	copy	number	variations
(CNVs),	also	called	copy	number	alterations	(CNAs),	describe	the	deletion	and	duplication	events	that	affect	a	given	number	of	base
pairs	in	the	genome.	It	is	possible	to	leverage	the	read	coverage	information	from	single-cell	sequencing	experiments	to	determine
the	most	likely	copy	number	state	of	every	cell,	genome-wide.	In	our	group,	we	have	so	far	succeeded	at	doing	that	reliably	from
single	cell	DNA	sequencing	data	as	well	as	from	single-cell	ATAC-seq	data	[1,2].	Recently,	a	new	single-cell	sequencing	technique
has	been	developed,	where	 for	every	single	cell	both	 the	RNA	and	 the	open	chromatin	 (i.e.	ATAC-seq)	are	measured	 (multiomic
measurements)	[3,4].	This	allows	to	combine	both	layers	of	information	to	study	the	functional	state	of	the	cell.	For	CNV	calling,	it
should	be	possible	to	combine	both	layers	of	information	for	every	individual	cell	to	determine	the	most	likely	copy	number	state,
more	 reliably	 than	with	 only	 one	 layer	 of	 information.	 In	 this	 project,	 we	will	 develop	methods	 that	 call	 CNVs	 from	 single-cell
multiomic	data.	These	methods	will	take	into	account	the	complementary	information	from	scRNA	and	scATAC-seq	measurements
to	construct	the	most	likely	CNVs	in	the	individual	single	cells.	Apart	from	read	coverage	information,	we	will	also	take	into	account
allelic	imbalances	resulting	from	both	gain	and	loss	of	genomic	regions,	which	can	be	identified	in	both	RNA	and	ATAC	sequencing
data.	 This	 enables	 the	 calling	 of	 allele-specific	Copy	Number	Variations	 (CNVs)	 and	 copy-neutral	 Loss	 of	Heterozygosity	 (LOH).
However,	these	features	pose	a	greater	challenge	for	detection	in	scATAC-seq	data	compared	to	scRNA-seq,	primarily	due	to	the
inherent	data	sparsity	in	scATAC-seq.	In	this	project,	we	will	combine	the	allelic	information	per	gene	from	the	scRNA-seq	data	with
the	 count	 data	 information	 from	 the	 scATAC-seq	 to	 call	 CNVs.	 For	 that,	 we	 will	 use	 binary	 segmentation	 approaches.	 Binary
segmentation	is	a	methodology	employed	for	detecting	change	points	in	signals,	aiming	to	identify	positions	where	there	are	shifts
in	data	distribution.	In	the	context	of	CNV	calling,	the	underlying	assumption	is	that	the	distribution	of	reads	mapping	per	genomic
segment,	as	well	as	the	allelic	imbalances,	vary	across	gained,	lost,	and	normal	copy	number	regions.	The	objective	is	to	pinpoint
locations	in	the	genome	where	these	distribution	changes	occur.	This	is	achieved	by	scanning	the	genome	of	each	individual	cell	per
chromosome,	and	calculating	a	distance	between	the	read	and	allelic	distributions	on	the	left	and	right	sides.	We	will	study	what	is
the	 best	multivariate	 distance	 to	 use	 to	maximize	 the	 detection	 of	 the	 breakpoints.	 In	 this	 project,	we	 aim	 to	 capitalize	 on	 the
strengths	of	both	scRNA-seq	and	scATAC-seq	data	modalities	to	develop	innovative	algorithms	for	more	accurate	single-cell	CNV
calling	and	to	explore	the	functional	implications	of	CNVs	on	cellular	fitness.
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Expected	skills:

Good	programming	skills	in	R	and	Python,	knowledge	of	single-cell	data	analysis

Possibility	of	funding:

No

Possible	continuity	with	PhD:

To	be	discussed

Comments:

Please	 see	 our	 recent	 publication	 "EpiAneufinder:	 identifying	 copy	number	 variations	 from	 single-cell	 ATAC-seq	data"	 in	Nature
Communications	2023	(Nat	Commun	14,	5846	(2023))
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