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Overview

Cell level simulations

HPC

Molecular Pathways
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Overview

Motivation

s Simulation of cellular mechanistic models are essential for future paradigms
(e.g. translation of omics data to medical relevant actions)
m The performance of current simulation software 1s still msufficient

(e.g medical problems such as tumour evolution or patient-specific treatments)

m Sustainable roadmap to scale-up the essential computational biology tools
m Efficient and sustamable entry point to the HPC/Exascale-upgraded environments
m Translate omics analysis mto actionable models of medical relevance.
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Core tools

PerMedCoE optimises key software for cell-level simulations and molecular
pathway modelling to the new HPC pre-exascale platforms

PhysiCell

Agent-based modelling framework for multi-scale

level simulations

COBRA

modelling of cellular metabolism at genome-scale

CellNOpt

modelling of signal transduction networks

MaBoSS

Stochastic simulations of Boolean models

g : University : Barcelona
Es;zg,‘sl;tgu?f Hospital "E:St'mt Supercomputing
9 Heidelberg arie Center
COBRA CellNOpt MaBoSS PhysiCell
Software Software Software Software
extensions extensions extensions extensions
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Core tools

PhysiCell

- Physics-based virtual microscope
- Implements agent-based programming
- Cell phenotype and cellcell interactions
- Diffusion transport solver
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Ghaffarizadeh, A. et al (2018). https://doi.org/10.1371/journal.pcbi. 1005991
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Core tools

COBRA
(COnstraints Based Reconstruction and Analysis)
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Core tools

MaBoSS

- Stochastic modelling of boolean networks *__';Irl

111 = TI
S | e

@ 3> |UbcH10

$AU=; | T = -
Node C $BuU=2; ]
{ $Bd=3; 110
rate up=0.0; SAd=;
rate_down={(NCOT A) AND(NOTB)) ? $escape: 0.0; | $escape=10;
} Cistate=1; 1
Alistate=1;
Node A Bistate=l; 0.8
{ Arefstate=0; * /\
st i . 06 N~ =Pkl
} ?%emmum st%;lm: 0.4 f\\ - —Prob[CycB=1]
NodeB e time =5; ' —Prob[CycE=1]
Qo { time:_tick =0.01; 0.2 - N A
rate_ up=A7 $Au: 0.0; thread_count =4; 0
rate down=A70.0: $Ad; statdist_traj_count =100;
} statdist_duster threshold =0.9; SN oS A AR e E 8
a b C

Stoll, G. et al (2017).Bioinformatics, 33(14), 2226-2228. https.//doi.org/10.1093/bioinformatics/btx123



Core tools

CelINOpt

- Logic-based models of signal transduction

Model Building
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CelINOptR pipeline with packages and features (new implementations highlighted with green background). Perturbation data is

An illustration of how we use our logic modeling method CellNOpt to better
combined prior knowledge of signalling and CelINOptR is used to contextualise the regulatory signalling interactions.

understand deregulation of signal transduction in disease. Left: simple pathway
model; right: experimental data and mateh between model simulations and data.
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Core tools

CARNIVAL
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Building blocks and Workflows
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Building blocks and Workflows

Containers Workflow managers
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docker

nexcflow
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Refactoring strategies

O Search or jump o Pull requests lssues Marketplace Explore
[ LCSB-BioCore/ COBREXA.jl @Unwateh - 6 frstar | 5 ok 0
<>Code () lssues 20 ] Pulrequests 3 () Discussions () Actions () Security |~ Insights &1 Sellings

1 master - | § Sbranches © 0 lags Golofie || Addfie~ About @

Constraint-Based Reconstuction

@ laurentheirendt Merge pull request #252 from LCSB-BioCore... e 8230abe 14 minutes ago 1,161 commits and EXascale Analysis
github [skip «i] updated version of compathelper 18 minutes ago & bitly/cobrexa
docs [skip ci] fix nb viewer - removed too much 16 hours ago hpe - high-performance  julia
cobra exascale
sre asmall purge in dependencies 19 hours ago
constraint-basec-modeling
test downloads are actually needed 19 hours ago
M Readme
5 gitatirbutes add gitatiributes file 12 days ago
s Apache-2.0 License
gitignore update gifignore again + change notebook dir 19 hours ago
gitiab-ci.ymi (skip i fix assets 2 days ago
Releases
Dockerfile add docker fie 7 days ago
Noreleases p
% LICENSE.md formatiing of license 6 months ago Creale a new release
3 Projecttoml Merge pull request #242 from LCSB-BioCore/mk-testkill-deps 14 hours ago
% READMEmd [skip <i] add empiy line to top banner 20 hours ago Contributors 7

®  codecovyml add codecov 20 days ago 5 ! 60. 2

README.md Va
Environments 1
COBREXA,jl =~
.J
- Languages
COnstraint-Based Reconstruction and EXascale P ———
Analysis

This is package provides constraint-based reconstruction and analysis tools for exa-scale metabolic models
in Julia

]
Documentation Tests Coverage How to contribute?
]
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Refactorng strategies

- Benchmarking ILP solvers
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Refactoring strategies

MPI (Message Passing Interface)

s Distributed computing
m Combined with parallel computing (OpenMP)
m Combine the resources of different nodes as a single larger machine

---------------------------------------------------------------------------

Memory Memory Memory
CPU || cpU [ cpu || cpu CPU || CcPU
OpenMP OpenMP OpenMP
CPU CPU CPU CPU CPU CPU




Refactoring strategies

Physi1Cell-MPI

., 0
Full Doﬁmaln (8—;) = Dv2p —Ap...)
v

Domain
Decomposition

y dimension

/ x dimension

Individual Voxel: stores the values of each molecule concentration. Ghost (Halo) Cells: needed to update boundary voxels in a transparent
Connected to other voxels through Moore neighborhood (PDE solver) way. Needed to exchange information between neighbour voxels

Miguel Ponce De Leon Gaurov Saxena - Arnau Montagud (BSC)




Refactoring strategies

Multi-scale agent-based simulator Add-on interface Boolean simulator
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Refactoring strategies

In silico modelling of drugs/treatments dynamics
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Refactoring strategies

Simulate heterogeneous cell populations
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Use Cases

Different realistic biomedical scenarios to focus on personalized models

Cancer Diagnosis Drug Synergies for COVID-19
Based on Omics Cancer Treatment Multiscale
Information Modelling of the

Virus and
Patients’ Tissue

Tumour Evolution Personalised

Based on Single- Modelling of
Cell Omics and G_TOUPS of Rare-
Disease Related

Imagin
she Patients




Use cases

UC5: COVID-19

disease
maps
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Use cases

y, Cold

P bloRle z COVID-19 Disease Map

THE PREPRINT SERVER FOR BIOLOGY
New Results © Comments (1)

" Extracellular space
Rapid community-driven development of a SARS-CoV-2 tissue simulator bsi] t"F_J :
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—
BCL2

Plasma membrane
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TNF
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NF/TNFRSF 1,

® Michael Getz, ® Yafei Wang, & Gary An, ® Andrew Becker, { Chase Cockrell,
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© Ashlee N. Ford Versypt, @ Juliano F. Gianlupi, ® James A. Glazier, ® Sara Hamis,

UC5 . COVI]:)—I 9 © Randy Heiland, © Thomas Hillen, Dennis Hou, & Mohammad Aminul Islam, & Adrianne Jenner,
© Furkan Kurtoglu, @ Bing Liu, © Fiona Macfarlane, @ Pablo Maygrundter, @ Penelope A Morel,
© Aarthi Narayanan, @ Jonathan Ozik, @ Elsje Pienaar, © Padmini Rangamani,

® Jason Edward Shoemaker, © Amber M. Smith, @ Paul Macklin
doii: httpsz//doi.org/10.1101/2020.04.02.019075
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= Virus as a substrate
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Use cases

Population size (cells)

Population size (cells)

. <nil>
B \irus_inside

N \irus_inside - Apoptosis_type |l
N \irus_inside - Apoptosis_type |

Time (hours)

Time (hours)

m Mutants that affect epithelial cells’ apoptosis
m Heterogeneous cell populations
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Arnau Montagud (BSC)
Vincent Noel (IC)




THANK YOU

Follow us in social media:
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