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Chemistry
Visualization Tools
In an Integrated Discovery Cycle
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% Chemistry relies on graphics
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@% Do you see anything interesting?

& e [ c [ o [ & T F [ & [ w [ 1 T 4 [ K [T
| 1 |Element !*Pl =P2 Atomic Mum Atomic Mas Atomic Radilonic Radiuslonization E Electronega =C1 ~c2 I
| 2 |Ac 140 0 29 126 51 1 62 56
| 3 |Ag 630 &0 a7 107 144 128 75 18 124 40
[ 4 1A 750 160 13 27 143 67 60 L] 28 25
[ B |&r 1050 160 18 39 938 154 158 32 176 51
| 6 |As 870 120 33 75 120 72 98 22 116 33
[ 7 At 990 40 85 210 140 16 95 22 119 22
| 8 |Au 630 40 79 197 144 a8 91 25 131 22
| 9 |B 750 200 5] 10 85 41 83 20 101 8
| 10 |Ba 80 40 56 137 222 148 51 8 45 56
| 11 |Be 80 200 4 9 112 Ba 93 15 82 15
[ 12 |Bi 870 40 83 209 180 17 73 20 140 27
| 15 |Br 940 120 35 79 114 182 118 30 161 a4
[ 14 |C 810 200 6 1e 7 30 113 25 82 1
| 15 |Ca 20 120 20 40 197 114 B0 10 70 51
| 16 |Cd 640 80 fikd 112 151 108 90 17 113 43 -
[ 17 |Cl 990 160 17 35 100 167 130 32 173 a7
[ 18 |Co 500 120 27 59 1256 83 79 18 120 30
| 19 |Cr 320 120 24 B2 128 75 68 17 91 28
| 20 |Cs 20 40 55 132 285 181 39 T 7 56
[ 21 |Cu 630 120 29 63 128 87 76 19 118 32
| 22 |F 940 200 a 18 72 118 173 40 39 1
| 23 |Fe 440 120 26 BB 128 83 79 18 115 32
| 24 |Ft 20 0 87 223 269 194 40 5} 1 56
| 26 |Ga 750 120 31 69 136 76 60 18 89 31
| 26 |Ge 810 120 32 T2 122 a7 79 20 118 33
| 27 |H 20 240 1 1 32 1] 136 22 40 1
| 28 |He 1050 240 2 4 31 93 245 32 1 1
| 29 |Hf 200 40 72 178 159 85 70 1z 95 a4
| 30 |Ha 640 40 80 200 151 116 103 20 147 27
[ 311 990 &0 B3 126 133 206 106 27 163 a4
132 |In 750 80 49 114 187 94 538 17 93 42
[ 33 |Ir 500 40 77 182 136 &z S0 22 118 25
| 34 |K 20 120 19 39 227 152 a3 8 37 56
35 |Kr 1050 120 36 83 112 169 140 30 163 47 =
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% From data to information

Scatter Plot ,

Electronegativity

% 3 NS = P T % P3 %
lonization Eneray
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— — — _ Chemistry relies

Style. Color Selection

: especially on
computer
CEErE— & visualization

Draw style| Selections | Trajectory | Periodic |
Goloring Method Material

[name =] [opaque v
Drawing Method

NewCartoon Default

Spine style [Catmul-Rom |
AspectRatio[ 10|
Thickness o2 |
Resoution 4[4[ 21 }[#]

Apply Changes
* Automatically . ~PPY.




% To remove unneeded details

UCSF Chimera

i+ 874 CraigStats



42% To provide an holistic view

Ambient occlusion in QuteMol

Chemistry Visualization Tools in an Integrated Discovery Cycle - Mario Valle - EGEE'07 - 01/10/2007



% And focusing attention

Using lights

: to see the unseen

Telstar 5
C-band EIRP




% Visualization central & active role

The Scientific Discovery Process
by James Watson

EXPERIMENT OR
[DATA COLLECTIOI\J DATA

- = (guesswork

3 Computation or
Transformation

Is the scientist
who makes the
discoveries

VISUA

Visualization is only
an internal interface
in the discovery cycle

User

Chemistry Visualization Tools in an Integrated Discovery Cycle - Mario Val

% More around the discovery cycle

( Idea generation Interaction with\
and recording computational
facilities

Consulting
with peers

Results

Access to literature . ; )
dissemination

and domain knowledge
\ Integrated Discovery Cycle)
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% Integrated (industrial) cycles

Molecular
Biology

.. Research & Discovery Workflow
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% But in academic research...
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ualization cycle

% The real vis

. Guess the data format
.—Select the visualization tool
. Try to load the data
& Grmpiass = —
Retry data loading ~
Select at randoma____
_visualization technique
Navigate around the scene
. Scratch your head '
-~ Try to remember what you
want to see
.Use another technique
.Try to have another idea
.Chase the right paper
. Etcetera, etcetera ...

% Focus on the visualization tools




<& First difficulty: tools inflexibility

For example there are nice
crystallography programs that
do not support dynamic data
and do not allow extension
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% Usability inconveniences
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% Are they thinking about users?

Path: |Hnme

Laokin: |3Homa ﬂ EI ﬂl

[ x|
B (] :m j
) books

2l (7 buffer
(T bugs
[Jcasa
D1ce
(Jcons

j (71 CODATA
(C1cscslin

Defautt =29

(7 depiction

@ File name: |star|c

Histery Fjles of ype! |V\ewer Files * msw)

Catalyst Files (*.cpd)
Catalyst Query Files (*.chm)

Quanta Brick Map Files (*mbik)
MOL MOL Files (*maol * sdf *.sd x.mdl)

Smiles Files (*.smi) G ra p h |Ca |
X¥Z Coordinate Files (*xyz)

CMNX Map Files (*map) Scenes
iy VRIML World Files {*wrl) o e
Image Files (*png* jpg * jpeg * bmp)

POV-Ray Scene Files (*.pov)
s SCreenshots

Desktop

Chemical
structures
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<&@ Difficult fit in the discovery loop

THE OFFICIAL GAUSSIAN 02 WEB SITE
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GZ% Menu-based integration only

Fie Edi View Calcule Plot Trsecloy Run Took

gOpenMol version 3.00 AutoDockapit (m39)
Contian (pit).
Gamess2plt (cube).
sCubezpltiosubz (abe).
Jaguar2pit (cube)..

3o Gamess IRC fes,

] Kont2t (rc).
Tienshomalicn: Pitfie (conversion),
Global " Local Probesurf (Connoly).

Socket server/cent.
I . Mouse ultitexture <3
lace disabled.

¥ (1)2pdn

TMole2pit (grid)...
(02t () MUl MSMS [,
s (onverson) feHenas 'APBS Electrostatics
' BoCoRe | Contact Miap
Data
Modeling P
NAWMD Plot

_ Simulation

»|PME
spee: Tk Console | Radial Pair Distribution Function g(r)
Conpute Hoonds IR Spectral Density Calculator
Compute Hokciar Srface
Compute Electrostatic Potential Ramachandran Plot
RMSD Calculator

S T — ‘
e

Compute Energy (Force Feld)

Energy Mnimisaton i 4 B x| ®[ %L 85N

Fix Selected Sidechains

t ‘52 DeepView / Swiss-PdbViewer 3.7 (SP5)

&3 model 0

‘Apply Transformation on Current Layer
2o
55 185

Transiate Layer slong Unt Cel 2 molecule §
Box dmension

DetectDomains
Side length (attce points)

Detect Secondary Structre
Model: medsl_0
This wil be the solvent
V| odel; model 0
Mumber required

Randonize Selected Groups
SetOmegaPhiPs

v Move C-term part during PhiPsi Chang

160 (1437)
11,5020
11,500
11,5020
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% Integration in the thinking loop

Mental models
influence
understanding

e i -~
Distributed cognition
between visualization tool
and resea_rcher

External
representations
help mental

models building

P
4 3y s SOOE
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GZ% Integration with the data

Non existent.
It is often publish and forget ...

instruments acquisition literature
tools

temporary  analysis

O/' storage tools

phenomena /
experiments

[&;

@% Data management issues

coco_jupiter2.pdb:HEADER PROTEIN
coco_jupiter2.pdb:COMPND  coco_jupiter2.pdb
coco_jupiter2.pdb:AUTHOR GENERATED BY BABEL 1.6

n20001.pdb:HEADER  n20001.pdb

n20001.pdb:TITLE  Nafion: N2_23-9 Polimeri con 4 Monomer
n20001.pdb:CMPND  time= 600.000 file.pdb
n20001.pdb:AUTHOR generato dal programma hist_to_p db

paolo.pdb:REMARK GENERATED BY TRICONV
paolo.pdb:HEADER Benzene_1t= 0.00000
paolo.pdb:REMARK THIS IS A SIMULATION BOX

SPINDEN_OLD.pdb:PDBFIL pdb file created from cpmd Wann ier file: SPINDEN

to_alpha2.pdb:REMARK File: to_alpha.pdb .
to_alpha2.pdb:REMARK Atoms in molecule: 256 A QUICk Survey Of my
to_alpha2.pdb:REMARK This file created by program '

10 alpha2.pAb-REMARK oo chemistry file collection

TruduNew.pdb:REMARK GENERATED BY ME reveals that mEtadata

TruduNew.pdb:HEADER Argon solid-liquid are “terra incognita”
why-no-hbonds.pdb:REMARK GENERATED BY TRANS
why-no-hbonds.pdb:HEADER 360 H20 (TIP5P,1bar,300K) t = 10.00000
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Fe Edi Vews Corpue Shel

Tore oees | ommpasm [0

i [oethanol
Task Erewy —

Chage [T ]
£ |
Check Sgn
sty
=

e Bess Assignment
0 e st

Labels L]
Labolio 4J[oTs 3]
T

CCP1GUI

Cray XT3 at CSCS

#1 [ usr/ bi n/ bash

#PBS -1 size=64, wal | ti me=00: 30: 00
#PBS -N test_j ob

#PBS -j oe

#PBS -V

#

# go to ny SCRATCH directory

cd /scratch/ $USER
#
# copy the executable fromny hone directory

cp /users/ ${USER}/test. exe .
#

# run the executable on the conpute nodes

yod -VN -sz 128 -smal | _pages test.exe

% Challenges to integration

» Visualization is a proven, valuable tool to foster

understanding

= But it is only a part of the whole process

It is not a technology problem

= There are plenty of interesting tools, but we must make

them usable

= |deal solutions cannot be force-feed to the mean

researcher

= They want results from their research

» Researchers abandon their habits (and tools) only if
really convinced it is worth the hassle
= They invest time in their research not in learning new tools

Chemistry Visualization Tools in an Integrated Discovery Cycle - Mario Valle - EGEE'07 - 01/10/2007
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% Learn real integration needs

The first step is to increase dialog between visualization
experts and chemistry researchers

= To stimulate chemistry
researchers to ask for
new functionalities in
their visualization tools

* To make visualization
experts learn what really
helps the researchers’
work

» To avoid solving the
wrong problem

Chemistry Visualization Tools in an Integrated Discovery Cycle - Mario Valle - EGEE'07 - 01/10/2007
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% Sharing results

G- - & ) @ @ o cscs.chj~mvale/ChemViz/tools. himl IGL @& - = x

Mario Valle Web > Chemistry visualization > Visualization tools

Free tools survey

During the CSCS User Day 2005 chemistry visualization tutorial | started : : : : . .. .
E i - Mistakes, mysteries and errors in chemistry visualization
crystallographic visualization tools. Here is the status as today. Suggest
. . Experimenting il shemisiy viseiaation ol preparing lectxes give e he e eppartunity i foumding erors i data and in
GoelElofihiEamyeylare: visualization tools. Maybe sometimes it s better to call them “nexpected outputs to non-experts”. My interest here is to undertine the
1. To have ready a pondered suggestion for who want to start using v{ necessity of look critically to the visualization outputs, not to blame specific tools o researchers.

) ) o ) . ) hat 1 ot a chermist, Kenly tak i ’ 1 eror. Plesse | —
2. To collect nice and interesting ideas to be included in tools like STA S:;Z:m,:g':m :L:,:::m':lm:;;‘ym I mistakenly take some perfectly reasonable output as an error. Please let me know, so | can learn
The Fist section here i devoted b srror arestes by viasliztion fook on fsces) valid data s, bstend o the second section
cllected sironeous data fles found around

Visualization tools errors

A five bonded Carbon?
fm not a chemis, so ooking at the fmage is produced by Arastab that shows the C2 carbon
with two strange (to me) bonds, | immediately said | have found a 5 bonded Carbon. Well,
tumed out that thi s the common fdiom fo representing resonant bonds”, something with
an order between 1 and 2. Anyway, in no place | found a section about meaning of graphical
. . . rendering of bonds by visualization tools. | repeat, fm not even a beginner, but the same
Data re prese ntation in chemist ry mistake coud be done by a student using visualization programs a school.

The data is the MWFF94.mol2 dataset distributed with the commercial tool VIDA (from Open
Eye Scientific Software). Simply download the full package and extract the example.
directory. Same result with compound ZINC00000036 from the ZINC database.

Mario Valle Web > Chemistry visualization > Representation examples

1. Chemists usually deal with a narrow range of data types. In this page | will try
2. Chemistry visualization uses a limited, traditional set of representations for

— - p i e .or maybe Is it 4% bondend?
3. lam convinced that more complex data types and unusual representations co e Se—
4. Otherwise the risk is this: "A stagnant set of representations limits the way what are “resonant bonds” is clear to me.

potential fnsights".

So I collected this material as one of the inputs for a research underway about representation in chemist
constrain provided by the current chemistry visuali

TR " ttD://www.cscs.ch/~mvalle/ChemViz

ideas for the chemists | collaborate with.

Chemistry Visualization Tools in an Integrated Discovery Cycle - Mario Valle - EGEE'07 - 01/10/2007
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