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We have structures!

ASURGE IN STRUCTURES

Since early February, over 100 structures related to SARS-CoV-2 proteins have been released by the
Protein Data Bank.

Number of SARS-CoV-2 protein structures in the PDB
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We have simulations!

docking/screening
%3 17’ 41

fluid biostructural
ynamics

@"’ﬁ g transmission
S Y
epidemiology

— HPC Readiness -+

example: PRACE fast-track call at EU level, >80 projects received, >500 million CPU hours assigned

Lopez et al., Unpublished



We have simulations!

docking/screening

73 - A

..to analyze and understand such
data we need..
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example: PRACE fast-track call at EU level, >80 projects received, >500 million CPU hours assigned

— HPC Readiness -+

Lopez et al., Unpublished
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Molecular Landscapes



Oculus Rift + LeapMotion

E Sy

PDBFile | _Reaction _Animation | Atoms Sec. Structures = Surface = Electrostat. = Advanced Guided Nav. Sugar Artemis HIRE-RNA = Contest = Reset | o EXIT

Atom appearance X
Atom Style  Bond Style
Particle No Stick
Smooth HyperBalls

Color/Texture/Scale
Renderer | Panels
Hide
Radius 0.35 r

LOD mode  ~ Automove
Atom selection
Lock camera

Brightness

1.00

HTC Vive

HololLens

FPS
A&vﬂ\ count : 0

Adibate/Deactivate experimental GUI



Protein-Protein docking in UnityMol VR

designed in collaboration with UCB Biopharma

Our VR builds are freely available upon request! And we can give you a demol Martinez et al., Unpublished



Protein-Protein docking in UnityMol VR

Custom Window Help

File Edit Assets GameObject Component Tools Oculus Avatars
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designed in collaboration with UCB Biopharma

Our VR builds are freely available upon request! And we can give you a demol Martinez et al., Unpublished
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Energy/Field Color

Electric Symbol
Effect

"

 Full 3D development platform

* Advanced graphics engine

* Portable, intuitive to use

* 3 languages : C#, Boo, Javascript

e Export to multiple platforms :
OSX, Windows, Linux, Android, 105, ..

WebGL .

Lv et al, PLoS ONE, 2013



Unity editor: example #

-

O S El o ") Pvot | @ Llocal N Collab » N O | Account  ~ Layers - || Layout -
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¥ - Mouse Over Selection (Script) o
Script MouseOverSelection (]
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On the fly modification of parameters and object properties
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Sharing insights on Covid |9 data
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Martinez et al., submitted to Acta Cryst D
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Sharing insights on Covid |9 data
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Sharing insights on Covid |9 data

N'ew shareabl | ' “ ‘ A ‘ | R !
visual content /O % & ’I" indable ccessible Interoperable eusable i

I%=_| g N Image sharing platform

, e Zenodo, figshare,..
ooor €8 still image » 119 ’

script

{ with visualization @ — Video sharing platform

ar_ld anno_tation Zenodo, figshare, youtube,..
Instructions

+

D

movie

/V (normal, 3D,
360°. )

Experimental

(Xray, EM,..) | software
. to draw scenes
Modeling , :
(Model, from the script \

MD trajectory, ..) \ :

Bioinformatics | | - visual scene ir
(homology, | add-ons explored in
sequence ¢ customized content software Vi

alignments..) ¢ such as specific
user menus
---- curation and setup by an expert ---- core object

Martinez et al., submitted to Acta Cryst D



Sharing insights on Covid |9 data
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Sharing insights on Covid |9 data
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Sharing insights on Covid |9 data
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Simple structural views of the SARS spike
glycoprotein complex with human angiotensin- e | ieds | s
converting enzyme 2 (ACE2)

CATEGORIES

A set of 5 screenshots of UnityMol running the first example system. Three screenshots * Structural Biology (incl. Macromolecular
. . . . . .. . Modelling)
are from a multi-user virtual reality session with 3 participants, two screenshots illustrate Martinez et al.. submitted to Acta Cryst D
()



Sharing images

( ] @ UnityMol External Ul L ACE2
. N receptor
Load COVID-19 Fair Sharing Example 1
Ex.1: Show

spike-ACE2 interaction overview

toggle on/off * Glycosylated chains
on spike surface

Ex.1: Viewpoint from top

F N
spike-ACE?2 interaction overview . ﬁ
N

SpikesS1

Ex.1: Toggle annotation S hfommatiof

toggle on/off

View 2
fusion peptide 2




O @ UnityMol External Ul ! ACE.2

. , receptos
Load COVID-19 Fair Sharing Example 1

Ex.1: Show

spike-ACE2 interaction overview

Ex.1: Toggle ACE?2 visibility

toggle on/off k Glycosylated chains

on spike surface

Ex.1: Viewpoint from top

i i . . >
spike-ACE2 interaction overview ;“
.

SpikesST -® .

Ex.1: Toggle annotation Onfomnation

toggle on/off

View 2
fusion peptide 2




Zenodo community to centralize

0O (< ([ L) & zenodo.org & j t j O +

m Upload Communities & baaden@smplinux.de  ~

FAIR sharing of molecular visualization experiences

Recent uploads

Search FAIR sharing of molecular visualization experiences Q
Community
August 25,2020 (v1) | Figure ] Open Access_ View

Simple structural views of the SARS spike glycoprotein complex with
human angiotensin-converting enzyme 2 (ACE2)

() Baaden, Marc; () Martinex, Xavier;

A set of 5 screenshots of UnityMol running the first example system. Three screenshots are from a
multi-user virtual reality session with 3 participants, two screenshots illustrate a custom menu to
drive the example more efficiently and make it simple for the end user.

Uploaded on August 25, 2020

 August 25, 2020 (pre_rel1) | Software_ View

bam93/fair_covid_molvisexp: Initial test release FAIR sharing of molecular
Marc Baaden; visualization experiences
A single example (not yet tidied up) to test linking the repository and example scripts to Zenodo. Visualization renders structural

molecular data accessible to a broad

audience. Here we implement a

Zenodo community to share molecular

visualization experiences based on FAIR
More principles. First application cases are

exemplified with recent Covid-19 related

Uploaded on August 25, 2020

Martinez et al., submitted to Acta Cryst D



Sharing 3D models

000 < [am| L] @ sketchfab.com ¢ o i i) )}

iGoogl'! Bankv bv mydelicious® >>Papers Researchv PIMv iv & v Applev Voyagev Maisonv Achatv OSXv Netv Infosv Jeuxv Recherchesv CheChe v >>

] rrently editing Spike-ACE2 interaction overview

- AR
& 9 (e P B w O

O SAVE VIEW

USE 1 UNIT = 1 METER

This will define the default model scale for
viewing in VR and AR. After saving, it will take
some time to regenerate the AR versions of the
model. Learn more here

Help Center EXIT SAVE SETTINGS

Tips for world scale
Character is 1.75m tall. A floor tile is Tm2.

o
~

A smaller world A large world makes
makes your model your model look
look larger smaller

Display floor for teleportation

Floor level

Google Poly

L] @ poly.google.com ¢ (4] a th ]

Tips for floor level

iGoogl' Bankv bv mydelicio.us® >>Papers Researchv PIMv iv & v Applev Voyagev Maisonv Achatv OSXv Netv Infosv Jeuxv Recherchesv CheChe v >

Position the floor Position the floor — 5
right below large further down for Poly Q &L

models smaller objects

Tips for initial viewing position

Move the character to set the initial viewing
position in VR.

Double-click in the scene to quickly set the
position.

etchiab

Spike-ACE2 interaction overvie W ke < share / Edit L Download [ CreateGIF =

‘ Marc Baaden

UnityMol 3D model export related to FAIR sharing of molecular visualization experiences

Martinez et al., submitted to Acta Cryst D




Animations

D. E. Shaw Research (2020) Molecular Dynamics Simulations Related to SARS-CoV-2

Martinez et al., submitted to Acta Cryst D



Animations

Martinez et al., submitted to Acta Cryst D



From virtual to real

SRGG

Martinez et al., submitted to Acta Cryst D



From 3D models to printed objects

Martinez et al., submitted to Acta Cryst D



Collaborative multi-user sessions

L S
AltspaceVR, mesh protein viewer in VR
with people connected around the world

Soon to come in UnityMol! For now:

AItPDB.info by T. Skillman



More details in our preprint

Cold HOME | ABOUT

Q Q
Spring
Harbor
Laboratory

THE PREPRINT SERVER FOR BIOLOGY

Search

bioRxiv is receiving many new papers on coronavirus SARS-CoV-2. A reminder: these are preliminary reports that have not been |
practice/health-related behavior, or be reported in news media as established information.

New Results ¢ Comment on this paper

FAIR sharing of molecular visualization experiences: from pictures in the
cloud to collaborative virtual reality exploration in immersive 3D
environments

Xavier Martinez, Marc Baaden
doi: https://doi.org/10.1101/2020.08.27.270140

This article is a preprint and has not been certified by peer review [what does this mean?].

Abstract Full Text Info/History Metrics [O Preview PDF

Abstract

Motivated by the current Covid-19 pandemic that has spurred a substantial flow of structural
data we describe how molecular visualization experiences can be used to make these

datasets accessible to a broad audience. Using a variety of technology vectors related to the

https://doi.org/10.1101/2020.08.27.270140



https://doi.org/10.1101/2020.08.27.270140
https://doi.org/10.1101/2020.08.27.270140

FAIR sharing of molecular visualization experiences - overview

This page is an inventory of all media, data, code examples and instructions related to our preprint on biorxiv which lay the foundation for a
Zenodo community and a figshare collection on FAIR sharing of molecular visualization experiences.

Collections and communities

Item Link

Zenodo community incorporating all media, models, codes, executables etc. ~ Zenodo

figshare collection incorporating all elements deposited via figshare Figshare
Media
Type Description
Image Five simple structural views (still images) of the SARS spike glycoprotein complex with human
9 angiotensin-converting enzyme 2 (ACE2)
e Screen captures illustrating molecular 3D model sharing through Sketchfab, Google Poly and

NIH Print Exchange

Image Screen captures illustrating example 4 (bioinformatics data mapping on a 3D structure)

Movie Animation of drug molecules binding to Covid-19 main protease

360 UnityMol 360 degree video with a camera path through the COVID19 spike protein-ACE2

Link(s)

DOl 10.5281/zenodo.3999339

figshare

DOl 10.6084/m9.figshare.12881606

DOl 10.6084/m9.figshare.12894077

DOl 10.6084/m9.figshare.12860069

DOl 10.6084/m9.figshare.12894038

Movie complex youtube
3D
. to come to come
movie
Models
Item Description Link(s)
3D A 3D model of the spike-ACE2 interaction exported from UnityMol. The raw fbx file can be
Model downloaded, or the 3D model can be directly viewed on Google Poly or on Sketchfab. This also Google_Poly
(fbx) allows viewing in AR/VR with various devices Sketchfab
Printable
Model A 3D model and related files for 3D printing of the SARS-CoV-2 main protease monomer .
NIH_Print_Exchange
(stl)
Code and executables

Item
UnityMol scripts and required files to reproduce the examples described in our paper
UnityMol 1.1.1 executable build for MacOSX to run the above scripts
UnityMol 1.1.1 executable build for Windows 64 to run the above scripts

UnityMol 1.1.3beta executable build for Windows 64 Virtual Reality to run the above scripts

Link

DOl 10.5281/zenodo.4007911

DOl 10.6084/m9.figshare.12866804

DOl 10.6084/m9.figshare.13050770

DOl 10.6084/m9.figshare.13238081

More executable builds to run the above scripts (to come)
UnityMol source code release of related versions (to come)
Documents
Item Link
Preprint of the paper underlying this repository available from biorxiv

Documentation on how to create the various media and models above with UnityMol (to come once the code is stabilized)

License

Martinez et al., submitted to Acta Cryst D


https://github.com/bam93/fair_covid_molvisexp/tree/master/overview

Collaborations

CryoEM / SAXS

AE Molza, E Giudice
Q. Delalande

MinOmics

S Lemaire, A Maes
C Marchand, B Laurent

VR contributors & users

S Doutreligne, N Férey
M Trellet, | Rodriguez
AMJ] Bonvin, M Levitt

UCB Biopharama

Z Sands, S Grootjans

X Martinez (post-doc) * A Lanrezac (PhD student)
* H Santuz (engineer)

Amgen Corp

D Kostin, PK Ghatty

Visualization. IMD etc.

S Pasquali, A Taly,
P Derreumaux
C Gageat, | Jonquet
P Bourdot
B Raffin, S Limet
S Robert, M Dreher

M Chavent
FONDATION ® w N :
MEDICALE CACSICE TS




