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•  BioExcel	Center	of	Excellence	(CoE)	
	
•  Biomolecular	workflows		

•  BioExcel	Building	Blocks	so4ware	library	(BioBB)	

•  Biomolecular	workflows	using	BioBB	

o  Demonstra;on	workflows	(Jupyter	Notebooks)	
o  Pre-exascale	HPC	workflows	(PyCOMPSs)	
	

²  Example:	COVID-19	pre-exascale	workflows	
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BioExcel Center of Excellence (CoE) 
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h"p://bioexcel.eu/	 	 		BioExcel	CoE	

A	central	hub	for	biomolecular	modelling	and	simula;ons	

http://bioexcel.eu	
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h"p://bioexcel.eu/	 	 		BioExcel	Goals	

A	central	hub	for	biomolecular	modelling	and	simula;ons	

http://bioexcel.eu	

Enabling	beHer	science	by:	
	
•  Improving	the	performance	and	func;onality	of	key	applica;ons	

•  Providing	support	to	non-experts	and	advanced	users	
	
•  Developing	user-friendly	computa;onal	workflows	
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BioExcel	Overview:	Applications	&	Support	

Molecular	Dynamics:	

Protein-Protein	Docking:	

QM	/	MM:	

h#ps://bioexcel.eu/	

Free	energy	calcula;ons:	

Support	

•  Webinars	
•  Training	events	
•  Conferences	
•  Workshops	
•  Industry	visits	
•  Forum		
(ask.bioexcel.eu)	

Key	ApplicaFons	
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BioExcel	Overview:		workflows	

•  Design,	deploy	and	make	available	soluKon-oriented	
biomolecular	workflows.	

		
•  Excellence	in	Usability.	

•  Ease	of	use	
•  Availability	
•  Reproducibility	
•  Mul;-plaSorm	
•  Mul;-infrastructure	

Final	deployment	

h#ps://bioexcel.eu/	

Use	case-
driven	
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Biomolecular workflows 
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Biomolecular	workflows:	challenges	

•  Molecular	Structure	File	format	conversions	
•  Structure	Modelling	
•  Molecular	Dynamics	
•  Quantum	Mechanics	
•  QM	/	MM	
•  Trajectory	analyses	
•  Docking	
•  Free	energy		
•  Ligand	parameterizaFon	
•  CheminformaFcs	
•  Data	analyFcs		

•  Biomolecular	simula;on	workflows	are	usually	built	from	a	
number	of	tools	performing	different	tasks.	
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Biomolecular	workflows:	challenges	

And	many	many	more…	
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Biomolecular	workflows:	challenges	

Shell	script:	
	
•  Step	1	
•  Step	2	
	
	
	
•  Step	n	

Usability	
Interoperability	

Portability	
Reproducibility	

Scalability	

h#p://mmb.irbbarcelona.org/biobb/	
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BioExcel Building Blocks 
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hHp://mmb.irbbarcelona.org/biobb/	
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BioExcel	Building	Blocks	software	library	

1)	Building	Blocks	 2)	Workflows	 3)	Workflow	Managers	
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BioExcel	Building	Blocks:	FAIR		
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Conda	Environments	

Reproducibility	

hQps://nbisweden.github.io/	
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•  biobb_common:	base	package	required	to	use	the	biobb	library	

•  biobb_io:	collecKon	to	fetch	data	from	biological	databases	

BioExcel	Building	Blocks	modules	

•  biobb_md:	collecKon	to	perform	Molecular	Dynamics	simulaKons	

•  biobb_analysis:	collecKon	to	perform	analysis	over	MD	simulaKons	

•  biobb_pmx:	collecKon	to	perform	free	energy	calculaKons	

•  biobb_structure_u;ls:	collecKon	to	modify	or	extract	informaKon	from	a	PDB	

•  biobb_chemistry:	cheminformaKcs	analyses	and	format	conversions	

•  biobb_model:	collecKon	to	check	and	model	3D	structures	

And	many	others:	biobb_vs,	biobb_cmip,	…	

•  biobb_ml:	machine	learning	algorithms	(scikit	learn,	tensorflow)		
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BioExcel	Building	Blocks	modules	
hHp://mmb.irbbarcelona.org/biobb/availability/source	
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BioExcel	Building	Blocks	modules	

conda	install	biobb_analysis	

hHp://mmb.irbbarcelona.org/biobb/availability/source	
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BioExcel	Building	Blocks:	Syntax	

Inputs	Paths	
Outputs	Paths		
ProperFes	

•  Import	Module	
•  Define:		

-	inputs	&	output	paths	
-	proper;es	dicKonary	

•  Launch	building	block	
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BioExcel	Building	Blocks:	Syntax	
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BioExcel	Building	Blocks	Exercises	–	New	Wo	 	 	 							
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BioExcel	Building	Blocks:	Documentation	
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BioExcel	Building	Blocks:	Publication	
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BioExcel	Building	Blocks:	Versatility	
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BioExcel	Building	Blocks:	Versatility	-	Examples	

1) Demonstration Workflows (Jupyter Notebooks) 

2) Pre-exascale Workflows (PyCOMPSs) 
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Biomolecular workflows using biobb 
Demonstration Workflows 
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In	general:	

•  FantasKc	tool	for	training	
•  Inspect	Intermediate	results	
•  Interac;vely	modify	parameters	
•  Possibility	to	run	it	in	myBinder	

27

BioBB	Workflows:	Jupyter	Notebooks	

In	par;cular	(biobbs):	
	
•  Be	familiar	with	biobb	syntax	
•  Learn	how	to	build	workflows	(tutorials)	
•  Package	workflow	(Conda)	
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BioBB	Workflows:	Tutorials	
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BioBB	Workflows:	Tutorials	
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h#p://nglviewer.org/nglview/latest/	

BioBB	Workflows:	Tutorials	
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BioBB	Workflows:	Tutorials	

h#ps://plotly.com/	
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BioBB	Workflows:	Conda	Environments	
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BioBB	Workflows:	myBinder	
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BioBB	Workflows:	Demonstration	workflows	
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200	*	192	cores(4	nodes)	
	38,400	cores	

Biomolecular workflows using biobb 
HPC Workflows 



bioexcel.eu	36

BioBB	Workflows:	CLI	–	from	Jupyter	Notebook	

biobb_MDsetup_tutorial.py	
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Disadvantages:		
•  Graphical	cells	not	showing.	
•  Losing	interacKvity	
Advantages:		
•  Gaining	High	Throughput	(automaKon,	repeKKon)	
	
Problem:	
•  Modify	parameters	for	a	certain	step	

		à	modify	the	Python	script	

BioBB	Workflows:	CLI	–	from	Jupyter	Notebook	
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BioBB	Workflows:	CLI	-	from	Python+Yaml	

Workflow	script	

o  Building	blocks	
o  Python	code	
o  Loops	/	condi;onals	
o  Global	log		
o  Output	folders	hierarchy	
	
	

Workflow	parameters	
	
o  Steps	Inputs	/	Outputs	
o  Steps	Dependencies	
o  Steps	Proper;es	
	
o  Workflow	inputs	
o  Workflow	parameters	
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BioBB	Workflows:	CLI	-	from	Python+Yaml	

Workflow	script	

Workflow	parameters	
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BioBB	Workflows:	CLI	-	Mutations	
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BioBB	Workflows:	CLI	–	Mutations	
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Example:  
pre-exascale COVID-19 biobb workflow 
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COVID-19:	SARS-CoV-2	RBD	&	hACE2	
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Alchemical	free	energy	calcula;ons	
of	relaKve	protein	binding	free	energy	difference	

RBD_WT	 RBD_hACE2	
	

RBD_MUT	 RBD_hACE2	
	

∆G4∆G1

Alchemical	free	energy	calculaKons	
of	rela;ve	ligand	

	binding	free	energy	difference:		
∆∆G = ∆G4 – ∆G1
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•  For	each	mutaKon:	

•  MD	SimulaKons	
(RBD	+	ACE2	+	Complex)	

•  Free	energy	calculaKons	

Molecular	Dynamics	simulaFon	data	 •  Fast-growth	Thermodynamic	Integra;on	
•  1000	independent	short	MD	simula;ons	

(500	forward	+	500	reverse)		
•  GROMACS	+	pmx	
•  Extremely	parallelizable	

Impact	of	mutaFons	in	binding	affinity	

Big	Data	Study:		
PRACE	computa8onal	power		
Massive	amount	of	data	
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bsc@lg1:~/PMX>	python	mdlaunchCV.py		-h	
	
Workflow	to	model,	setup	and	run	MD	simula;ons	for	
a	set	of	muta;ons.	
	
Usage:	mdlaunchCV.py	[-h]		
-m	MUTATION	-wt	WT_STRUCTURE		
[-q	QUEUE]	[-t	TIME]	[-nn	NUM_NODES]	
[-c	CUMULATIVE]	[-mpi	MPI_NODES]	
[-o	OUTPUT_DIR]	[-jn	JOB_NAME]	[-l	MD_LENGTH]	

python	mdlaunchCV.py		
	-m	WT+B:F756S	
	-c	False		
	-wt	complex.pdb		
	-l	10000		
	-nn	8		
	-mpi	4	
	-o	COMPLEX_MUTS	
	-q	bsc_ls		
	-t	2800		
	-jn	mds_F756S_covid		

Workflow	1:	Equilibrium	MD	simulations	

48	MareNostrum	nodes	
2,304	cores	à	1	job	

	
12	muta;ons		

10ns-length	MDs	
GROMACS	4	nodes	MPI	

	
Time:	8h	
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bsc@lg1:~/PMX>	python	pmxlaunchCV.py		-h	
	
Free	Energy	esKmaKon	upon	amino	acid	modificaKon	
with	fast	growth	Thermodynamic	IntegraKon	using	
GROMACS	and	pmx	tools.	
	
Usage:	pmxlaunchCV.py	[-h]		
-m	MUTATION		
-wt_top	WT_TOPOLOGY	-wt_trj	WT_TRAJECTORY		
-mut_top	MUT_TOPOLOGY	-mut_trj	MUT_TRAJECTORY		
[-q	QUEUE]	[-t	TIME]	[-nn	NUM_NODES]	[-fe	FE_LENGTH]	
[-nf	NUM_FRAMES]	[-prn	PMX_RESNUM]		

python	pmxlaunchCV.py		
	-m	Lys8Arg		
	-wt_top	wt.tpr		
	-wt_trj	wt.xtc			
	-mut_top	mut.tpr		
	-mut_trj	mut.xtc		
	-nf	500	
	-q	bsc_ls		
	-jn	aceK8R_covid		
	-o	Lys8Arg		
	-nn	16		
	-t	2800		

Workflow	2:	Mutations	free	energy	calculations	

32	MareNostrum	nodes	
1,536	cores	à	1	job	

	
1	muta;on	(RBD-ACE2)		
1000	short	TI	MDs	(50ps)	

500	forward		
+		

500	reverse	
	

Time:	5h	
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BioExcel	Building	Blocks:	Summary	

•  BioExcel	Building	Blocks	so4ware	library	offers	a	new	layer	of	
interoperability	on	biomolecular	so4ware	tools.	

	
•  Biomolecular	workflows,	portable	and	reproducible,	can	be	

easily	built	using	the	library.		
	
•  The	addiKonal	workflow	manager	compa;bility	layer	allows	

workflows	built	with	the	library	to	be	launched	and	controlled	
with	different	frameworks	and	in	different	infrastructures:		

	
•  Demonstra;on	workflows	(Jupyter	Notebooks)	
•  Pre-exascale	HPC	workflows	(PyCOMPSs)	
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Bonus	Track!	

h#p://mmb.irbbarcelona.org/biobb/	
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Direct	interacFon	with	trainers!	

BioExcel	Building	Blocks:	Training	
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Questions	

http://mmb.irbbarcelona.org/biobb/ 
 

adam.hospital@irbbarcelona.org 
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Please use the Questions function 
in GoToWebinar application 

•  If you don’t have audio, 
please mention that in the 

question. 
 

Any other questions or points to 
discuss after the live webinar? Join 

the discussions at 
 http://ask.bioexcel.eu 

 

Audience	Q&A	session	
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See	hQps://bioexcel.eu/	

Molywood:	streamlining	
the	design	and	rendering	
of	molecular	movies	
by	Miłosz	Wieczór	
(2020-10-22)	Special	ediKon	Student	

Webinar:	Summer	School	2020	
EdiKon	(2020-09-15)	

Autumn	Webinars	


