Nanovisualization
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Mission Statement

“Creating next-generation
computer graphics and
visualization technology
for depicting the life forms

across all scales.”




Our Technology in Production
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Chemistry 101: Atoms and Molecules

Molecules

* Atoms (118 chemical elements)

* Nucleus: protons and neutrons

By Superscience7 - Ow n ork CC BY-SA 4.0,
https://commons.wikim d /w/ ndex rid=53649846

e QOrbit: electrons

o e e S N
* Bonds (covalent, ionic, iR

. . o-——c--H O CHs
disulfide, hydrogen) o S )
e /\\ P /N\C

H3

http://en |pd org/wiki/Phospholipid
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Chemistry 101: Nucleic Acids DNA RNA

* DNA stores the “genetic code” - blueprint for proteins

* Chain of nucleotides B s |
@ Nitrogen
@ Carbon

* Sugar backbone Desoxyribose

@ Phosphorus

* Nucleobase Cytosine,Guanine,
Adenine, Thymine /Uracil)

* Three nucleotides
encode one amino acid

4 |

- I
tps://en.wikipedia.org/wiki/DNA
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Chemistry 101: Proteins

* Building blocks of the ,,machinery
of life*
e (Consist of amino acids

* Linear chains that
form a functional complex

* Secondary structure
(helix, sheet, turn, coil)




Visualization Challenges

* Huge Models
* Multiple Scales
* Crowded Environment

* Multiple Instances

* Truly 3D Structures




Technology to Deliver

Accurate Construction
Interactive Rendering
Multi-Scale Visualization
Occlusion Management

Guidance and Navigation

Conveying Time




CONSTRUCTION



Integration of Molecular and Cell Biology

mesoscale experimental
techniques

q

atomic structural
information

:
\

[Johnson et al. 2014]

Tobias Klein, Ivan Viola



Ingredients

membrane

fibrous
structures

solubles
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Memory-Hungry Lipid Generation

Tobias Klein, Ivan Viola



Periodic Membrane Population

texture tile

Tobias Klein, Ivan Viola



Memory Efficient Aperiodic Tiling

A
a
4

[Wang 1961]
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Membrane Population Algorithm

1. Choose patches

2. Combine to tile

3. Remove overlaps

4. Fill gaps

Tobias Klein, Ivan Viola



Membrane Population Algorithm

Tobias Klein, Ivan Viola



Soluble Population Algorithm

Previous approach Our approach

— |terative population — 3-step parallel population

Tobias Klein, Ivan Viola



Soluble Population Algorithm

1. Compartment and
occupancy grid

Tobias Klein, Ivan Viola



Soluble Population Algorithm

1. Compartment and
occupancy grid

2. Populate molecules
into compartments

Tobias Klein, Ivan Viola



Evenly-Spaced Distribution

pseudorandom number Halton sequence

[Willmott 2007]

Tobias Klein, Ivan Viola



Soluble Population Algorithm

1. Compartment and
occupancy grid

2. Populate molecules
into compartments

Tobias Klein, Ivan Viola



Soluble Population Algorithm

1. Compartment and
occupancy grid

2. Populate molecules into
compartments

3. Resolve overlaps and
update ccupancy grid

Tobias Klein, Ivan Viola



Soluble Population Algorithm

Tobias Klein,

lvan
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Fiber Growing Algorithm

nce length
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Fiber Growing Algorithm




Parallel Fiber Construction Algorithm
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RENDERING



Instancing

Identical objects (trees, plants, ...)
can be rendered in a for loop

* Instancing allows to render one object
multiple times in single draw call

* This results in significant speedup
as compared to thousands of draw calls

e Store all information on the GPU

* Position / rotation differ for each instance

Mathieu Le Muzic, Ivan Viola



Procedural Impostors for Atom Rendering

* Impostors
* have baked-in shading

* are planar in depth

* Procedural Impostors
* have pixel precise quality
* have correct depth

* lighting is calculated on the fly

Mathieu Le Muzic, Ivan Viola



Procedural Impostors

[0,1]

Front View

[Tarini et al. 2006]
Side View

P=[Px,Ry]

/ NVa=[0

0]

s I »
B o - E
C

|

/

[Or_l]

CP = [Px-Cx,Py-Cy]
|CP| =sin(£SCP) = |SP| = (1- |CP|?)Y/2

CS=CP+PS

Ivan Viola



Heuristic Level-of-Detail Representation

e Sort atoms based on distance from center

* W/ith increasing distance from the molecule
 Skip every k atoms while preserving shape

* |ncreases atom size with distance

3523 1761 1174 880

i
»

Level 1 Level 2 Level 3 Level 4

Mathieu Le Muzic, Ivan Viola



View-Guided Emitting of Geometry




Occlusion Culling with Hierarchical Z-Buffer

* Render molecules from previous frame

* Z-Buffer and Mip-Map levels are created

* Hierarchical Z-Buffer and molecule BB tests for
visibility of previously invisible molecules

[Greene et al. 1993]
[Le Muzic et al. 2015]

~ Al P AT »
Comera Froview “,-:’W ,:;;‘E tﬁ ‘“'f‘ ;
> »
ha hp, " A
- 5

PN g

e 8 P y

et Dy e \

- Fon ) ;

o B Loavs
Mathieu Le Muzic, Ivan Viola




Hierarchical Z-Buffer

Mathieu Le Muzic, Ivan Viola




VISUALIZATION



Multi-Scale Illumination

Thomas Koch, Ivan Viola



Multi-Scale Coloring Problem
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Nicholas Waldin, Ivan Viola



Multi-Scale Coloring Problem

Nicholas Waldin, Ivan Viola



Multi-Scale Coloring Algorithm

Nicholas Waldin, Ivan Viola



Human Interphase DNA Visualization

* Dataset containing
points for various scales

* Nucleosomes, fiber, loci,
chromosome

e Can we traverse it with a

realistic structural depiction?

[Novotny et al., 2016]




Human Interphase DNA Visualization







DNA-NANOTECHNOLOGY VISUALIZATION



DNA Nanotechnology | Self-Assembly

Sca ffo | d St ra n d CCAGTACATTGAGGAGCGACACCCGGAACCAT

AGAACCGCCACGCATAACTTAARAGGCCGCTTTGCCAAGC
GCCATGCTGGTGCGCGTACAGAGCGCAAATCAARATCGGARCCCTA
ACAGGGACTGAACATTAGTTGCGAGCGTGTAATAATTTAGGCAGA
GTACCGCCACCCTTGAGGACTARAGCAACGGCT
AGGTCATTGCCTGAGGATCTACCCGGAGARATTCGTAAAGCTGAT
AGGTGTATCACCAACCGCCACCCT

TATCAARACAAT

TGGATTAATTACTACCCACCCTCAGAG

AATTAATGAAAGGCTAT
GCCCTGGGGTCTCCTCGGGAACGGCAGTGAG
GATTCCACTAATAAGGCAAATTGCAGCATCCTGTAACGTCA
ACTTTACCAGCAGAGCCCCAGTATAATCATAT
GAACGTGGACTCCTTGATGGGTCATAACAGTTCATGCGATT
AATCAARAATCGACTACCTTTTTAACCAGCCTTGCTT
CTTAGARATCGRAATTGCGTTATCTAAA

TGCARAAGAAGTTGGGTAAT
Sta p e St ra n GTGAGTAACAGTGCCCGAACGGGGTTTGTATCATTCAG
GGAAGTTTCATAGAAGGAGCTTGCACG

TTGATTTATAATTACGCCAGAATCCTAACGTGCTT
CAGAGGTCCGTAATGGGGGGTTTTGCTCAGTACCA
ACATGTAAAGTACTTACCATTAAGCAGAGAGA
TCGGTTATGAATTTTCTGTAACGATCTARAGTTTGTCACCA
TTAACGTATAACATTAGAAGGTTGCGGGCAATAGAAATGCAG
TTGATACGCCCACCCCT
TTGGGTAACGTATGCCTGCAGGTCGATCCCC
GTTGTTAAGAATAAGTAAAATTTACCCGAGATGGCCAGAACG
TATCTAATTGCGGTCAGTATTAACACCGCCTGAGGAAGGTAGATTTT
TTTGARATACCTTCCTCCG

GARAGCGTAAGAATAC
ATAATAAGACGTTATCCTGAATCCGACAATATTTAACA
GCGGATTTAATTGAATGGTC
CATCAAAGAGAGTATGCAACGCGAACG
ATAGGCGATCGGTIGCGGGCAGCTTTGGTTTTCCCAGT
ARAAGCGATATTCGCCGCGATTGGCCTTGATATTCA
GCCTGGTTTTCTTCACAATTTAAAGCC

"

Modified from openwetware.org

In Silico Design DNA Sequence Expor Self-Assembly in the Lab

Haichao Miao, Ivan Viola




DNA Nanostructures

Rothemund 2006

Andersen et al. 2009 Veneziano et al. 2016

Haichao Miao, Ivan Viola



Final Project Goal: DNA Nanorobot

/i Nanotube

Haichao Miao, Ivan Viola



Motivation | Nanotube

Low-Level High-Level
All-Atoms Schematics

Haichao Miao, Ivan Viola



Seamless Transition Across Scales

Haichao Miao, Ivan Viola



Scale-Adaptive Modifications | Break & Concatenate

Haichao Miao, Ivan Viola



Task: Strand Merging




Task: Crossovers




Case Study | Connecting Nanotube with Nanorod

Nanorod

Connection Site

Nanotube

Haichao Miao, Ivan Viola



Case Study | Connecting Nanotube with Nanorod

Haichao Miao, Ivan Viola



Case Study | In Vitro Experiment

ST _NC PO 0
SHEET NCFOED 302
SHET_NC_FUGD 30
SETT N LD 4
SHEET NG FOED 308
SETT_NC_FOID 8
SHERT NC_FED 07
ST Jouio 20
ST IID 209
SHEET NC FUED 150
SHETY N Fud 29
SETTNC D 1%
ST N D 28
ST D 3
SHEET N D 29s
SETT_NC_FD %
SET N D 237
W A Vst mode
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Dimension and Scale Unifying Map (DimSUM)

Haichao Miao, Ivan Viola




Abstraction-adaptive Modifications

1 2 crossovers highlighting in 3D crossover selection in 2D e;t\érlbreaking in 2D
e e e | o J_’ - y
== L‘ % P
[ N[ | \ ‘ s § 77 4
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selecting strands endings in 3D after connecting in 3D showing sequence in Scale 5

Task 1: Removing Short Staple Strands Task 2: Adding Bridging Strands

Haichao Miao, Ivan Viola



Case Studies

o™
Case study 1 —
— Domain scientist 1 D~ « = e e e o
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) — Domain scientist 2 9
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— Surface strand analysis
— 3D scales most interesting
=
Scales

Haichao Miao, Ivan Viola




GUIDANCE



Interactive Labeling

[Oeltze-Jafra and Preim 2014] [Been et al. 2006]

David Koufil, Ivan Viola



Labels on Levels Algorithm

MULTI-SCALE STEP

Labels on Levels Method

MULTI-INSTANCE STEP

Y

LABELING STEP

" 1 ek, SYREACE

o MTERIR,

David Kouril,

Ivan Viola




Multi-Scale Step

David Koufil, Ivan Viola



capsid protein

hexamer

capsid

HIV

David Koufil, Ivan Viola



David Koufil, Ivan Viola



Multi-Instance Step

David Koufil, Ivan Viola



Multi-Instance Step

* Choose a representative

* Evaluate 4 criteria
* Prominence criterion
* Distance criterion
* Border criterion
* Temporal coherence criterion

* Output: 2D positions of label anchors

David Koufil, Ivan Viola




Multi-Instance Step

* Choose a representative

* Evaluate 4 criteria
* Prominence criterion
* Distance criterion
* Border criterion
* Temporal coherence criterion

* Output: 2D positions of label anchors

David Koufil, Ivan Viola




Multi-Instance Step
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Multi-Instance Step

* Choose a representative

* Evaluate 4 criteria
* Prominence criterion
* Distance criterion
* Border criterion
* Temporal coherence criterion

* Output: 2D positions of label anchors

David Koufil, Ivan Viola
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Image-Space Technique

= | RENDERING ALGORITHM

MULTI-SCALE MULTI-INSTANCE SCENE

Multi-scale hierarchy

Type buffer
|

ID buffer
|

Depth buffer
] 1

o

v

Color buffer

l

Labels on Levels

David Koufil, Ivan Viola




Multi-Scale and Multi-Instance Labeling




Multi-Scale Navigation through Labeling




Integrating Mesoscale and Cellscale

100,000,000,000,000 atoms
(1,600,000,000,000,000 bytes = 1.6 Petabytes)




Research Focus: Interactive Visual Cell



KAUST

Ivan Viola



Thank you for your attention!
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