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Executive	Summary	
Research	in	the	communities	behind	the	BMS	RIs	relies	on	a	large	and	diverse	set	of	software	
tools	and	computational	workflows	that	are	often	not	easily	reusable	outside	their	domain	or	
community	of	origin.	The	core	purpose	of	WP2	is	to	make	these	tools	and	workflows	Findable,	
Accessible,	Interoperable	and	Reusable	(FAIR)	in	the	European	Open	Science	Cloud	(EOSC),	so	that	
users	across	the	BMS	RIs,	as	well	as	the	broad	scientific	community,	can	take	full	advantage	of	the	
EOSC	through	a	common	set	of	resources	and	environment.	This	deliverable	reports	on	the	
implementation	of	the	WP2	roadmap	to	create	such	an	environment	supporting	the	deployment	
of	tools	and	workflows	from	different	domains	of	the	life	sciences	in	the	EOSC.	

	

Project	Objectives	
This	deliverable	has	contributed	to	the	following	project	objectives:		

a. Make	BMS	RI	tools	ready	for	deployment	in	the	EOSC	following	FAIR	principles;	
b. Drive	implementation	of	workflows	that	cross	disciplines	and	RI	boundaries;	
c. Promote	and	develop	the	use	of	the	EOSC	by	fostering	tool-focused	collaborations	and	

sharing	between	communities	via	cloud	implementation	and	sharing	of	workflows	that	
integrate	the	data	and	data	analysis	methods	of	different	BMS	RI.	

	

Detailed	Report	on	the	Deliverable	

1. Background	

WP2	is	concerned	with	running	computational	tools	and	workflows	from	the	different	life	science	
domains	in	the	EOSC.	A	workflow	describes	a	set	of	computational	tasks	and	their	relationships.	A	
tool	is	a	piece	of	software	used	by	researchers	to	carry	out	a	computational	task.	In	WP2,	
workflows	are	specified	in	terms	of	tools	and	the	flow	of	data	between	them.	

BMS	RIs	produce	a	large	and	diverse	array	of	tools	and	workflows	for	managing,	integrating	and	
analysing	a	variety	of	data	types.	In	addition,	access	to	computational	resources	and	skills	is	also	
highly	variable.	As	a	consequence,	cloud	deployment	of	tools	and	workflows	is	very	
heterogeneous	across	BMS	RIs	communities.		

In	order	to	overcome	challenges	posed	by	this	diversity	and	heterogeneity,	WP2	identified	
relevant	technologies	that	were	already	in	use	in	some	BMS	RIs	communities	(see	milestone	
M2.1)	to	form	the	basis	of	the	WP2	roadmap	for	the	development	of	a	common	computational	
environment	for	the	life	sciences	that	will	foster	interoperability	and	a	tighter	integration	of	data	
across	BMS	RI	communities	in	the	EOSC.	



EOSC-Life	-	D2.2	

	

This	project	has	received	funding	from	the	European	Union’s	Horizon	2020	research	and	innovation	
programme	under	grant	agreement	No	824087.	

4	
	

	

2. Description	of	Work	

In	order	to	promote	a	cross-RI	EOSC	environment,	WP2	has	worked	in	two	areas:	

1. A	tools	and	workflows	deployment	framework	
2. A	tools	and	workflows	FAIRification	framework	

2.1. A	framework	for	deploying	tools	and	workflows	in	EOSC	

In	order	to	address	data	access,	tools	interoperability	and	cloud	portability,	WP2	focuses	on	the	
parts	of	the	software	stack	that	are	required	to	implement	workflows,	namely	tool	packaging,	
containerisation,	workflow	management	systems	and	other	relevant	platforms,	such	as	
computational	notebooks.	These	technologies,	which	form	the	basis	of	the	deployment	
framework	of	the	WP2	roadmap	(Figure	1),	are	listed	below.	

● The	Conda	package	manager1	is	used	for	tool	packaging.	It	standardises	software	installation	
and	is	already	used	by	many	researchers:	the	Bioconda	channel,	which	collects	a	majority	of	
tools	relevant	to	the	life	sciences,	now	contains	more	than	8000	packages.	

● Singularity2	and	Docker3	are	used	for	“containerisation”	to	provide	isolated	execution	
environments	and	ensure	their	portability.	Over	10,500	life	sciences	tools	are	now	available	in	
containerized	form	in	the	BioContainers	registry4.	

● WP2	promotes	the	adoption	of	workflow	engines	that	make	use	of	the	above	technologies,	
such	as	Nextflow5	and	Snakemake6,	for	running	workflows	on	the	command	line,	and	the	
Galaxy	platform7,	as	a	web-based	user-friendly	interface	for	building	and	running	data	analysis	
workflows.	In	particular,	Galaxy	makes	tools	and	workflows	available	to	non-expert	users	
across	many	different	communities	through	community	instances	(see	list	in	Appendix	A),	and	
also	through	national	instances	(e.g.,	usegalaxy.fr8,	usegalaxy.be9,	usegalaxy.es10).	

																																																													
1	https://docs.conda.io/en/latest/		
2	https://github.com/sylabs/singularity		
3	https://www.docker.com/products/container-runtime/		
4	https://biocontainers.pro/		
5	https://www.nextflow.io/		
6	https://snakemake.readthedocs.io/en/stable/		
7	https://galaxyproject.org/		
8	https://usegalaxy.fr/	
9	https://usegalaxy.be/	
10	https://usegalaxy.es/	
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Figure	1:	EOSC-Life	WP2	tools	and	workflows	deployment	framework.	Bioconda	packages	and	Docker	and	
Singularity	containers	provide	portable	software	that	can	be	deployed	through	registries	across	a	variety	of	
cloud	execution	environments,	from	workflow	management	systems	to	computational	notebooks	and	
virtual	desktops,	running	on	a	variety	of	compute	infrastructures.	

During	the	COVID-19	pandemic,	particular	efforts	and	resources	were	devoted	to	supporting	and	
deploying	SARS-CoV-2	related	workflows11,12.	See	also	ELIXIR’s	newsletter	“Hacking	the	
pandemic”13.	

WP2	promotes	the	adoption	of	its	roadmap	and	of	the	associated	technologies	for	the	
deployment	of	tools	and	workflows	by:	

● contributing	to	training	(e.g.,	workshop	on	tool	packaging14,	workshop	on	workflow	
platforms15),	

● contributing	to	community	events	(e.g.,	Galaxy	Community	Conferences,	European	Galaxy	
days,	meetings	of	scientific	societies),	

● contributing	to	EOSC-Life	open	call16	community	projects,	
● through	publications	(see	Appendix	B),	
● raising	awareness	within	each	RI	using	their	communication	networks	(e.g.,	Euro-BioImaging	

virtual	pubs,	ELIXIR	All	Hands	meetings).	

It	is	noteworthy	that	the	WP2	roadmap	is	finding	adoption	beyond	the	life	sciences,	for	example	
through	EOSC-Life	collaboration	with	EOSC-Nordic17	on	the	Climate	Science	Workbench	used	to	
build	climate	models.	

	

																																																													
11	https://covid19.workflowhub.eu/	
12	https://galaxyproject.org/projects/covid19/	
13	https://elixir-europe.org/news/hacking-pandemic		
14	https://docs.google.com/document/d/1uowLhMxMpaJc7kleDZe8KjCxwej4gKLpbUXruaCFqeI/edit		
15	https://docs.google.com/document/d/1Od0JzTduih7DIlaIoYS-MnfFUl1UVmy6DprqhBlqAV8/edit		
16	https://www.eosc-life.eu/calls/		
17	https://nordicesmhub.github.io/EOSC/		



EOSC-Life	-	D2.2	

	

This	project	has	received	funding	from	the	European	Union’s	Horizon	2020	research	and	innovation	
programme	under	grant	agreement	No	824087.	

6	
	

	

2.2. A	framework	for	the	FAIRification	of	tools	and	workflows		

Existing	mechanisms	for	making	computational	tools	FAIR	were	selected	early	in	the	project	(see	
milestone	M2.118)	and	were	put	on	the	roadmap	(e.g.,	bio.tools,	BioContainers).	Due	to	the	
aforementioned	heterogeneity	in	practices	and	segregation	of	communities,	tools	from	some	
communities	were	under-represented	or	absent	from	the	framework.	WP2	participated	in	the	
increase	in	the	number	of	tools	available	with	some	effort	devoted	to	increasing	domain	
coverage,	for	example	by	contributing	tools	from	the	bioimaging	community	and	by	raising	
awareness	of	the	existence	of	the	registries.	

However,	there	was	no	equivalent	for	making	computational	workflows	FAIR	[Goble	202019]	and	a	
major	effort	in	WP2	was	then	devoted	to	building	the	necessary	resources.	This	led	to	the	
creation	of	the	WorkflowHub20,	a	registry	for	describing,	sharing	and	publishing	computational	
workflows,	which	is	now	in	beta.	Over	250	workflows	are	already	registered	in	the	WorkflowHub,	
covering	multiple	BMS	RIs	(e.g.	ELIXIR,	MIRRI,	Euro-BioImaging,	INSTRUCT,	INFRAFRONTIER,	
BBMRI)	across	over	100	research	groups	and	projects21.	

The	WorkflowHub	enhances	workflows	FAIRness	in	many	ways.	It	provides	identifiers	(including	
DOIs22)	and	rich	metadata.	It	also	provides	added	value	services,	such	as	organising	workflows	in	
collections	and	supporting	the	life	cycle	of	a	workflow	with	versioning,	snapshotting,	sub-
workflows	and	test	data.	Moreover,	it	provides	links	to	testing	and	execution	services.	

Recently,	the	Research	Data	Alliance	(RDA)	working	group	“FAIR	for	Research	Software23”	has	also	
published	an	extension	of	FAIR	Principles	to	cover	Research	software	[Chue	Hong	202224],	which	
WP2	has	contributed	to.	This	work	on	how	FAIR	can	be	realised	for	software	will	continue	within	
the	new	FAIR-IMPACT25	project	where	UNIMAN,	EMBL-EBI,	CSC	and	CNR	are	partners,	with	
publishing	workflows	in	WorkflowHub	being	one	of	the	use	cases.	

To	facilitate	discovery	and	re-use	of	workflows,	the	WorkflowHub	leverages	a	number	of	
standards	to	which	WP2	also	contributed,	such	as	Workflow	RO-Crate26,	a	standard	for	packaging	
executable	workflows	together	with	auxiliary	files	and	enriched	metadata,	and	Workflow	Testing	
RO-Crate27,	an	extension	of	Workflow	RO-Crate	that	adds	a	formalism	to	specify	metadata	related	
to	workflow	testing.		

To	support	this	work,	WP2	also	contributed	tools	to	enable	working	with	the	standards,	such	as	
ro-crate-py28,	a	Python	library	and	CLI	to	create	and	consume	RO-Crates,	and	repo2rocrate29,	a	
tool	to	generate	Workflow	(Testing)	RO-Crates	out	of	workflow	repositories	following	community	
standards.	repo2rocrate	generalises	part	of	the	code	from	an	earlier	tool	developed	by	WP2	to	
																																																													
18https://docs.google.com/document/d/1lck8E6pC5s9U5dWNDuz0gZJKG7wEf10Dof_e_0CcE3g/edit#heading=h.n68my
mbc5lev		
19	https://direct.mit.edu/dint/article/2/1-2/108/10003/FAIR-Computational-Workflows		
20	https://workflowhub.eu/		
21	https://workflowhub.eu/projects		
22	https://about.workflowhub.eu/docs/citable/		
23	https://www.rd-alliance.org/groups/fair-research-software-fair4rs-wg		
24	https://zenodo.org/record/6623556#.Y0P8yezMITV		
25	https://fair-impact.eu/		
26	https://about.workflowhub.eu/Workflow-RO-Crate/		
27	https://crs4.github.io/life_monitor/workflow_testing_ro_crate		
28	https://github.com/ResearchObject/ro-crate-py		
29	https://github.com/crs4/repo2rocrate		
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automatically	generate	Workflow	Testing	RO-Crate	metadata	for	the	highly	curated	Galaxy	
Intergalactic	Workflow	Commission	(IWC)	workflow	collection30.	

Information	going	stale	is	a	major	risk	for	registries,	since	it	can	lead	to	workflows	that	stop	
working	due	to	software	collapse	[Hinsen	201931].	Extending	the	useful	life	of	registered	
workflows	requires	them	to	be	regularly	tested	in	various	contexts.	Periodic	testing	reveals	
problems	when	they	arise	and	helps	identify	issues	so	they	can	be	rectified.	To	facilitate	workflow	
maintenance,	and	in	particular	to	help	with	the	automation	and	monitoring	of	workflow	tests,	
WP2	is	developing	the	LifeMonitor32	workflow	testing	service.		

In	addition	to	tools	that	facilitate	the	automatic	execution	of	tests	on	continuous	integration	
services	(e.g.,	GitHub	Actions33),	LifeMonitor	integrates	with	WorkflowHub,	includes	a	web	
application	reporting	on	the	status34	of	all	tested	workflows,	and	can	notify	people	who	
manifested	their	interest	when	workflows	show	problems.		

Interoperability	between	WorkflowHub	and	LifeMonitor	is	ensured	by	the	adoption	of	Workflow	
(Testing)	RO-Crate	as	a	common	data	exchange	format.	LifeMonitor	also	includes	a	GitHub	app,	
currently	in	pre-release	testing,	that	leverages	repo2rocrate	to	interactively	guide	workflow	
maintainers	through	the	steps	required	to	generate	a	“standardised	usage”	workflow	repository	
following	community	best	practices.	

Such	best	practices	include	actions	like	specifying	a	licence,	including	test	setups	and	adding	
detailed	(or	at	least	minimum	required)	metadata	(author,	organisation,	version,	etc.),	which	
considerably	enhance	the	workflow’s	reusability	and	findability.	The	app	then	automatically	
converts	the	repository	to	a	Workflow	Testing	RO-Crate	for	registration	to	WorkflowHub	and	
LifeMonitor.			

An	example	of	a	workflow	following	community	standards	is	the	FAIR	CRCC	image	conversion	
workflow35,	developed	with	contributions	from	BBMRI	and	EuBI	and	interaction	with	WP1	and	
WP2,	that	aims	to	make	the	colorectal	cancer	cohort36	dataset	more	accessible.	The	dataset	
contains	thousands	of	digital	pathology	images.	The	workflow	supports	converting	and	
maintaining	these	as	images	in	open,	rather	than	vendor-specific,	formats.	The	workflow	also	
implements	an	envelope	encryption	strategy	based	on	Crypt4GH	[Senf	202137]	to	support	secure	
sharing	of	this	sensitive	data	collection.		

The	companion	workflow	FAIR	CRCC	send	data38	implements	a	secure	data	transfer	procedure	for	
the	encrypted	CRCC	data.	It	adds	the	authorised	receiver’s	decryption	key	to	the	enveloped	data	
and	sends	it	to	a	selected	destination	storage	location.	Here,	only	the	receiver	–	the	only	one	who	
has	the	decryption	key	–	can	access	it.		These	workflows	apply	the	recommendations	of	the	WP2	
roadmap,	so	their	components	are	also	fully	containerised	and,	as	a	result,	they	show	excellent	
portability:	in	fact,	they	have	already	been	executed	on	different	computing	infrastructures	

																																																													
30	https://github.com/galaxyproject/iwc		
31	https://ieeexplore.ieee.org/document/8701540		
32	https://www.lifemonitor.eu/		
33	https://github.com/features/actions		
34	https://app.lifemonitor.eu/dashboard		
35	https://github.com/crs4/fair-crcc-img-convert		
36	https://www.bbmri-eric.eu/scientific-collaboration/colorectal-cancer-cohort/		
37	https://doi.org/10.1093/bioinformatics/btab087		
38	https://github.com/crs4/fair-crcc-send-data/		
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without	any	changes.	The	workflow	repositories,	which	adopt	the	standard	Snakemake	layout39,	
were	converted	to	a	Workflow	Testing	RO-Crate	with	repo2rocrate	and	registered	to	
WorkflowHub	and	LifeMonitor.	

A	full	report	on	the	workflow	FAIRification	framework	(figure	2)	will	be	available	in	deliverable	
D2.3:	Implementation	of	a	comprehensive	workflow	registry	solution	for	publishing	and	sharing	
workflows	across	instances	of	the	Tools	Collaboratory.	

	

Figure	2:	EOSC-Life	WP2	tools	and	workflows	FAIRification	framework.	FAIRification	of	tools	and	workflows	
from	repositories	such	as	GitHub,	the	Intergalactic	Utilities	Commission's	toolshed	and	nf-core	is	supported	
by	tools	registries	bio.tools	and	biocontainers	and	the	workflow	registry	workflowhub	through	the	
development	and	use	of	standards	(CWL,	workflow-RO	crate,	Bioschemas,	GA4GH)	and	monitoring	systems	
(OpenEbench,	Life-Monitor).	

3. Next	Steps	

3.1. Access	to	data	

As	the	success	of	the	Galaxy	platform	demonstrates,	researchers	are	keen	to	use	cloud	computing	
services.	However,	connecting	computational	workflows	running	in	a	cloud	environment	to	input	
data	is	emerging	as	a	major	hurdle	for	EOSC	users.	While	structured	public	data	repositories	
usually	provide	well-defined	data	access	mechanisms,	the	diversity	of	these	mechanisms	can	be	
confusing,	and	changes	to	them	can	lead	to	incompatibilities	with	existing	tools	and	workflows	
making	the	data	inaccessible	to	them.	

In	addition,	researchers	are	generally	interested	in	running	workflows	on	data	that	have	been	
freshly	generated	for	their	research	project	and	are	not	publicly	available	yet.	However,	users	
often	have	no	clear	means	of	connecting	locally	generated	data	to	cloud	services.	A	workshop	on	

																																																													
39	https://snakemake.readthedocs.io/en/stable/snakefiles/deployment.html#distribution-and-reproducibility		
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data	access,	movement,	and	management40	organised	by	ELIXIR	with	participation	of	EOSC-Life	
WP2	members	already	touched	upon	some	of	these	issues.	

To	bring	this	a	step	further,	a	working	group	involving	EOSC-Life	WP1	and	WP2	is	looking	into	how	
to	address	these	issues	with	the	goal	of	coming	up	with	a	set	of	best	practices.	

3.2. Sustainability	of	services	and	technologies	

Further	European-wide	developments	around	the	Galaxy	platform	will	continue	under	the	new	
EOSC	project	EuroScienceGateway41,	which	started	in	September	2022.	EuroScienceGateway	will	
leverage	the	Galaxy	platform,	the	Pulsar	Network42	(a	wide	distributed	job	execution	system	to	
scale	computing	power	over	heterogeneous	resources)	and	FAIR	workflow	services	pioneered	in	
the	EOSC-Life43	cluster	(WorkflowHub44,	Workflow	RO-Crate45	and	metadata	standards	like	
schema.org).	According	to	its	proposal,	EuroScienceGateway	aims	to	lift	Pulsar	from	TRL-7	to	TRL-
9,	and	WorkflowHub	from	TRL-7	to	TRL-9.	

In	order	to	standardise	the	software	installation	processes,	ensure	reproducibility	of	workflows	
and	allow	automation	of	software	deployments	in	cloud	environments,	EOSC-Life	WP2	relies	on	a	
now	well-established	technology	stack.	

Crucially,	this	stack	depends	on	a	number	of	freely	and	publicly	accessible	services	and	
technologies	that	are	currently	provided	free-of-charge	by	commercial	enterprises.	These	services	
and	technologies	have	been	key	enablers	of	the	development	of	cloud	computing	services	that	
make	research	more	efficient,	reproducible	and	collaborative.	Some	of	these	free	services	and	
technologies	have	now	taken	such	a	central	role	that	they	are	now	considered	essential.	

However,	most	of	the	time,	researchers	do	not	have	formal	contracts	and	agreements	for	the	use	
of	these	services	and	technologies,	but	rely	on	the	tacit	assumption	that	conditions	under	which	
they	will	be	provided	will	remain	compatible	with	the	research	community’s	interests,	e.g.	free	of	
charge,	freely	accessible,	with	suitable	performance	characteristics,	etc.	

	For	example,	at	the	end	of	2020,	Docker	Inc.	which	provides	Docker	Hub,	the	largest	repository	of	
container	images	used	by	default	as	source	of	containers	by	many	systems,	imposed	a	limit	to	the	
number	of	container	images	that	can	be	downloaded	for	free,	which	forced	some	organisations	to	
implement	mitigating	measures	such	as	mirroring	locally	parts	of	the	repository.	

As	this	example	illustrates,	the	unexpected	introduction	of	usage	restrictions	to	some	of	the	free	
services	and	even	the	disappearance	of	others	as	the	providers	search	for	profitability	highlight	
the	fragility	of	the	current	model.	In	light	of	this	issue,	WP2	plans	to	evaluate	in	more	detail	the	
risks	to	the	sustainability	of	the	tools	included	in	its	roadmap.	

	

	

																																																													
40	https://docs.google.com/document/d/1hliYWbur3t6fAYsiitDMxGqE-1VF3m44mGzkxDj7SYw/edit		
41	https://esciencelab.org.uk/projects/eurosciencegateway/		
42	https://pulsar-network.readthedocs.io/en/latest/		
43	https://www.eosc-life.eu/		
44	https://workflowhub.eu/		
45	https://about.workflowhub.eu/Workflow-RO-Crate/		

https://pulsar-network.readthedocs.io
https://www.eosc-life.eu/
https://w3id.org/workflowhub/workflow-ro-crate/
https://schema.org/
https://schema.org/
https://schema.org/
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Appendices	

Appendix	A:	List	of	community-specific	Galaxy	instances	

● rna.usegalaxy.eu		
● clipseq.usegalaxy.eu		
● metagenomics.usegalaxy.eu		
● hicexplorer.usegalaxy.eu		
● cheminformatics.usegalaxy.eu		
● proteomics.usegalaxy.eu	
● imaging.usegalaxy.eu		
● metabolomics.usegalaxy.eu		
● ecology.usegalaxy.eu		
● nanopore.usegalaxy.eu		
● singlecellomics.usegalaxy.eu		
● humancellatlas.usegalaxy.eu		
● virology.usegalaxy.eu	
● streetscience.usegalaxy.eu	

Appendix	B:	Non-exhaustive	list	of	publications	with	WP2	contribution	to	
tools	and	workflows	deployment	

● Paul	Brack,	Peter	Crowther,	Stian	Soiland-Reyes,	Stuart	Owen,	Douglas	Lowe,	Alan	R	
Williams,	Quentin	Groom,	Mathias	Dillen,	Frederik	Coppens,	Björn	Grüning,	Ignacio	Eguinoa,	
Philip	Ewels,	Carole	Goble	(2022):		
Ten	Simple	Rules	for	making	a	software	tool	workflow-ready.	PLOS	Computational	Biology	
18(3):e1009823	https://doi.org/10.1371/journal.pcbi.1009823	

● Simon	A.	Bray,	Xavier	Lucas,	Anup	Kumar	&	Björn	A.	Grüning	(2020):		
The	ChemicalToolbox:	reproducible,	user-friendly	cheminformatics	analysis	on	the	Galaxy	
platform.	(2020)	Journal	of	Cheminformatics	12,	40.	https://doi.org/10.1186/s13321-020-
00442-7	

● Michael	R.	Crusoe,	Sanne	Abeln,	Alexandru	Iosup,	Peter	Amstutz,	John	Chilton,	Nebojša	
Tijanić,	Hervé	Ménager,	Stian	Soiland-Reyes,	Bogdan	Gavrilović,	Carole	Goble,	The	CWL	
Community	(2022):	
Methods	Included:	Standardizing	Computational	Reuse	and	Portability	with	the	Common	
Workflow	Language.		Communications	of	the	ACM	65(6)		
https://doi.org/10.1145/3486897	

● Rafael	Ferreira	da	Silva,	Henri	Casanova,	Kyle	Chard,	Ilkay	Altintas,	Rosa	M	Badia,	Bartosz	
Balis,	Tainã	Coleman,	Frederik	Coppens,	Frank	Di	Natale,	Bjoern	Enders,	Thomas	Fahringer,	
Rosa	Filgueira,	Grigori	Fursin,	Daniel	Garijo,	Carole	Goble,	Dorran	Howell,	Shantenu	Jha,	
Daniel	S.	Katz,	Daniel	Laney,	Ulf	Leser,	Maciej	Malawski,	Kshitij	Mehta,	Loïc	Pottier,	Jonathan	
Ozik,	J.	Luc	Peterson,	Lavanya	Ramakrishnan,	Stian	Soiland-Reyes,	Douglas	Thain,	Matthew	
Wolf	(2021):	

https://rna.usegalaxy.eu/
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https://metagenomics.usegalaxy.eu/
https://hicexplorer.usegalaxy.eu/
https://cheminformatics.usegalaxy.eu/
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