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Motivation
A	microbiome	is	a	community	of	microorganisms	inhabiting	an	environment,	including	living
beings.	This	field	experienced	a	great	boost	thanks	to	the	advent	of	metagenome	shotgun
sequencing,	which	made	it	possible	to	sequence	the	overall	genetic	material	of	a	sample
containing	different	organisms	without	need	of	isolation.	Computational	techniques	have	been
developed	to	reconstruct	nearly-complete	genomes	from	metagenomic	sequences,	called
metagenomic	assembled	genomes	(MAGs)1.	The	increasing	amount	of	MAGs	present	in	online
resources	represent	a	great	opportunity	for	studying	gene	families’	evolution	via	means	of
analysis	such	as	pangenomics,	consisting	of	grouping	genes	into	gene	families	within	a	set	of
bacteria	belonging	to	the	same	species2.	Established	tools	for	pangenomic	analysis	that	are
currently	used	focus	on	the	reconstruction	of	gene	families	from	complete	genomes.	However,	it
is	becoming	increasingly	evident	that	even	MAGs	reflecting	the	highest	standards	of	quality
(completeness	>95%,	contamination	<5%)	cannot	be	treated	as	complete	genomes	in
pangenomic	analysis,	because	this	can	lead	to	several	biases,	including	pangenome	size
overestimation	and	core	genes	loss3,4.	It	is	crucial	to	use	tools	for	pangenomic	analysis	that	can
deal	with	fragmented	genomes.	In	this	work,	we	exploit	available	MAGs	whose	pangenome	has
been	so	far	only	studied	via	established	pangenomic	tools	to	determine	how	their	pangenomic
composition	varies	when	we	use	PanDelos-frags,	a	pangenomic	tool	specifically	implemented	to
deal	with	fragmented	genomes.
Methods
In	our	study	we	consider	MAGs	from	three	species	belonging	to	different	phyla	that	were	made
available	online	by	Pasolli	et	al.	(2019)5	after	being	reconstructed	and	annotated.	The	datasets
of	the	metagenomic	experiments	are	composed	of	17	Abiotrophia	defectiva	MAGs,	29
Bacteroides	nordii	MAGs,	and	39	Pseudomonas	aeruginosa	MAGs.	For	this	analysis	we	compute
and	compare	the	pangenomes	of	the	three	species	using	a	pangenomic	tool	for	complete
genomes,	Roary,	which	was	also	the	tool	of	choice	in	the	MAGs	study,	and	a	tool	which	can
handle	genome	fragmentation,	namely	PanDelos-frags.	We	also	test	two	additional	tools	which
can	work	with	draft	genomes,	GenAPI	and	Panaroo.
In	order	to	compare	the	gene	families	obtained	by	using	the	different	tools	we	exploit	the
concept	of	diffusivity	of	a	gene	family	F,	as	the	number	of	genomes	G	to	which	the	genes	in	F
belong	to.	This	notion	allowed	us	to	determine	the	overall	pangenomic	distribution	and	see	how
gene	families	are	distributed	across	multiple	genomes.	We	further	investigate	the	relationship	of
the	obtained	gene	families	by	comparing	the	size	of	the	exact	same	gene	family	across	the
pangenomes	of	Roary	and	PanDelos-frags.	
As	no	ground	truth	on	diffusivity	distribution	is	obtainable	in	metagenomic	samples,	we
performed	a	functional	annotation	analysis	of	the	genes	that	were	found	in	one	tool	and	not	in
the	other	to	belong	to	a	specific	family.	Precisely,	we	investigate	if	the	functional	annotation	of
these	genes	reflect	those	of	the	gene	families	they	were	assigned	to.	This	was	achieved	by
mapping	genes	to	the	set	of	annotated	coding	sequences	of	the	respective	reference	genome.
Results
Although	the	number	of	small-size	gene	families	is	comparable	across	tools,	we	see	that	in	all
the	three	experiments	PanDelos-frags	is	able	to	retrieve	a	greater	number	of	gene	families,	with
a	larger	diffusivity	than	all	the	other	tools.
When	we	compare	the	size	of	the	same	gene	family	in	Roary	and	PanDelos-frags,	we	detect	an
increase	in	gene	family	size	with	PanDelos-frags,	indicating	an	improvement	in	the	ability	of
detecting	homology	relationships	across	multiple	genomes.	Respectively	in	A.	defectiva,	B.
nordii,	and	P.	aeruginosa,	50.8%,	56.3%,	and	79.5%	of	the	gene	families	have	greater	diffusivity
in	PanDelos-frags,	only	0.5%,	1%,	and	0.9%	a	smaller	diffusivity,	while	the	remaining	gene
families	have	the	same	size.
While	investigating	the	function	of	the	genes	that	are	assigned	to	a	family	only	by	PanDelos-
frags,	we	are	able	to	see	that	in	more	than	90%	of	cases	the	genes	detected	are	functionally
coherent	with	the	rest	of	the	family,	suggesting	that	the	genes	are	correctly	assigned	to	the
families.
These	tests	suggest	that	analysing	MAGs	using	a	tool	for	pangenomic	analysis	which	accounts
for	genome	fragmentation	leads	to	improvements	with	respect	to	traditional	pangenomic	tools.
Namely,	genes	reconstructed	from	fragmented	genomes	lead	gene	families	to	span	across	a
bigger	set	of	genomes,	thus	giving	a	complete	description	of	the	pangenomes	of	the	analysed
species,	while	not	compromising	functional	coherence	in	the	enlarged	gene	families.
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