MolVA 2018

Workshop on Molecular Graphics and Visual Analysis of
Molecular Data

Brno, Czech Republic
June 4, 2018

Workshop Chairs
Jan BySka, University of Bergen, Norway
Michael Krone, University of Tiibingen (formerly University of Stuttgart), Germany
Bjorn Sommer, University of Konstanz, Germany

Proceedings Production Editor
Dieter Fellner (TU Darmstadt & Fraunhofer IGD, Germany)

Sponsored by EUROGRAPHICS Association

delivered by

DOI: 10.2312/molva.20182008 www.eg.org

-G EUROGRAPHICS
= DIGITAL LIBRARY

diglib.eg.org



http://www.eg.org
http://diglib.eg.org
http://dx.doi.org/10.2312/molva.20182008

This work is subject to copyright.

All rights reserved, whether the whole or part of the material is concerned, specifically those of translation,
reprinting, re-use of illustrations, broadcasting, reproduction by photocopying machines or similar means,
and storage in data banks.

Copyright (©)2018 by the Eurographics Association
Postfach 2926, 38629 Goslar, Germany

Published by the Eurographics Association

—Postfach 2926, 38629 Goslar, Germany—

in cooperation with

Institute of Computer Graphics & Knowledge Visualization at Graz University of Technology
and

Fraunhofer IGD (Fraunhofer Institute for Computer Graphics Research), Darmstadt

ISBN 978-3-03868-061-1

The electronic version of the proceedings is available from the Eurographics Digital Library at
https://diglib.eg.org



Table of Contents

10 (S ) 03 4 11<) 1 iii
Pre aCe . . oo e iv
International Programme COMMITIEE . . ... ...ttt ettt ettt ettt e e ettt e e e e et eeeiiee s v
AUTNOT INAEX . . .o e e e vi
Ko O S . oot vii

Computational Analysis of Dynamic Molecular Data

An Accelerated Online PCA with O(1) Complexity for Learning Molecular Dynamics Data ................... 1
Salaheddin Alakkari and John Dingliana

Atomic Accessibility Radii for Molecular Dynamics Analysis ........c..uuieeeniiiiie e 9
Norbert Lindow, Daniel Baum, and Hans-Christian Hege

Frameworks for Molecular Data Visualization

VIA-MD: Visual Interactive Analysis of Molecular Dynamics ...............c.iiiiiiiiiiineennnnnnn... 19
Robin Skanberg, Mathieu Linares, Carolin Konig, Patrick Norman, Daniel Jonsson, Ingrid Hotz, and Anders
Ynnerman

Mol*: Towards a Common Library and Tools for Web Molecular Graphics ............. ... .. ...co.oi.n. 29
David Sehnal, Alexander Rose, Jaroslav Koca, Stephen Burley, and Sameer Velankar



Preface

Molecular visualization is one of the oldest branches of scientific visualization which has been developing
for over 50 years. Due to the continuous advances in both computational biology and computer graphics
techniques, molecular graphics and visualization are still very active areas of research. Not only the ever-
increasing dataset sizes yield a constant challenge for visual analysis, but also technological advances
like in web-based graphics or augmented and virtual reality open up new possibilities. In this half-day
EuroVis workshop - which is held for the first time - we initiate a multidisciplinary meeting with the aim
of bringing together visualization researchers from different areas that work with molecular data. Covered
topics in the context of this workshop are: molecular graphics, visual analysis, and visualization of static
and dynamic molecular data, as well as standardization approaches for molecular biology.

Jan BySka, Michael Krone, and Bjorn Sommer



International Programme Committee

Marc Baaden (Laboratoire de Biochimie Théorique, France)
Daniel Baum (Zuse Institute Berlin, Germany)

Matthieu Chavent (IPBS, France)

Martin Falk (Link6ping University, Sweden)

Alejandro Giorgetti (University of Verona, Italy)

Pedro Hermosilla Casajus (Ulm University, Germany)
Barbora Kozlikova (Masaryk University, Czech Republic)
Jens Kriiger (University of Tiibingen, Germany)

Peter Mindek (TU Wien, Austria)

Kay Nieselt (University of Tiibingen, Germany)

Timo Ropinski (Ulm University, Germany)

Alexander Rose (RCSB, United States)

Cagatay Turkay (University of London, United Kingdom)
Pere-Pau Vazquez (Universitat Politecnica de Catalunya, Spain)



Author Index

Alakkari, Salaheddin ........................ 1
Baum, Daniel ................ ... ... ... .... 9
Burley, Stephen ...l 29
Dingliana, John .......................... ... 1
Hege, Hans-Christian ........................ 9
Hotz, Ingrid ............. ... ..., 19
Jonsson, Daniel ......... ... ... .. .. .. .. ... 19
Koca, Jaroslav ............. ... ... .. ... ..... 29

Konig, Carolin ....................... ..., 19

Linares, Mathieu ........................... 19
Lindow, Norbert ............. ... ... ....... 9
Norman, Patrick ............ .. .. ... ... 19
Rose, Alexander ............ ..., 29
Sehnal, David ........... ... ... ... 29
Skanberg, Robin ........................... 19
Velankar, Sameer .......................... 29
Ynnerman, Anders .............. ... 19



Keynote
Visualization Challenges and Opportunities Posed by Petascale Molecular Dynamics Simulations

John E. Stone

Abstract

The combination of experimental structure information, molecular dynamics (MD) simulation, and high-
fidelity visualization techniques with HPC computing resources creates a powerful “computational micro-
scope” that permits molecular scientists to view the structure and dynamics of biomolecular complexes in
atomic detail within realistic cellular environments. Advanced simulation methodologies such as multiple-
copy MD, hybrid quantum mechanics / molecular mechanics (QM/MM), data-guided hybrid structure
modeling simulations, and multi-scale modeling techniques each pose new challenges for selection, in-
teraction, and visualization. I will describe analytical and visualization challenges that have arisen for
state-of-the-art molecular dynamics simulations and opportunities for visualization tools and techniques
to contribute to their ultimate success.

Short Biography

John Stone is the lead developer of VMD, a high performance molecular visualization tool used by re-
searchers all over the world. His research interests include molecular visualization, GPU computing, paral-
lel processing, ray tracing, haptics, and virtual environments. Mr. Stone is a Senior Research Programmer
in the Theoretical and Computational Biophysics Group at the Beckman Institute for Advanced Science
and Technology, and Associate Director of the NVIDIA CUDA Center of Excellence at the University of
[llinois. He was inducted as an NVIDIA CUDA Fellow in 2010. In 2015 Mr. Stone joined the Khronos
Group Advisory Panel for the Vulkan Graphics API. In 2017, Mr. Stone was awarded as an “IBM Cham-
pion for Power” for innovative thought leadership in the technical community. He also provides consulting
services for projects involving computer graphics, GPU computing, and high performance computing.



Keynote
Visualizing Biomolecular Structures for Research and Outreach

Sean O’Donoghue

Abstract

Molecular graphics has entered a new era; it is now used much more widely, and for an increasingly
wide variety of applications. In this talk I will highlight challenges and opportunities arising with web-
based deployment, how we can learn from past mistakes in our field, and how we can formally evaluate
alternative visualisation methods. I will also showcase several applications in which molecular graphics
is helping interpret cutting-edge biomedical datasets, including large-scale sequencing studies of specific
diseases (e.g., cancer), as well as large-scale modeling studies of the ’protein structure universe’. I will
briefly discuss challenges presented by the ’dark’ proteome of structural biology. Finally, I will discuss the
use of molecular graphics for educating and inspiring the broader public about breakthroughs in molecular
medicine.

Short Biography

Sedn O’Donoghue is a Senior Principal Research Scientist in Australia’s Commonwealth Scientific and In-
dustrial Research Organisation (CSIRO), Sydney. He is also a Laboratory Head and Senior Faculty Mem-
ber at the Garvan Institute of Medical Research in Sydney. He was also recently appointed as a Conjoint
Professor in the School of Biotechnology and Biomolecular Science (BABS), University of New South
Wales. He received his B.Sc. (Hons) and PhD in biophysics from the University of Sydney, Australia.
Much of his career was spent in Germany, where he worked both in the Structural and Computational Bi-
ology programme at the European Molecular Biology Laboratory (EMBL), and at Lion Bioscience AG.
He has been awarded a C. J. Martin Fellowship from the National Health & Medical Research Council of
Australia, an Achievement Award from Lion Bioscience, and was recently elected a Fellow of the Royal
Society of Chemistry. He is leading several projects, including: and Reflect, a browser plug-in designed
to help in understanding life science literature widely used by life scientists (first prize, Elsevier Grand
Challenge); VizBi, an international initiative aimed at improving data visualization and user experience
in bioinformatics software; VizbiPlus, aimed at educating and inspiring the general public about cutting-
edge biomedical research (Finalist, 2015 NSW Emerging Creative Talent Award); and Aquaria (first prize,
2015 NSW iAward for Research and Development), a resource that simplifies discovery and insight from
protein structures.



