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VMD Tutorial Materials on PDC óbeskowô 

Å All of the VMD tutorial materials are locally available on the PDC 
Cray XC40 óbeskowô in case downloads from USA are too slow 

Å Copy VMD tutorials and scripts to your own directory on óbeskowô so 
you can modify them as you like: 
cd $SNIC_NOBACKUP  

rsync  -av /cfs /klemming /nobackup /j/johnst /tutorials .  

Å You can then copy them to your laptop / workstation to work through 
the interactive tutorials there 

Å Use the example scripts on óbeskowô if you manage to get to the 
MPI-based VMD examples this week 

Å I may provide a GPU-enabled MPI build of VMD on ótegnerô later in 
the week if people want to try it out there as well 

 



VMD Tutorial Home Page 

Åhttp://www.ks.uiuc.edu/Training/Tutorials/ 
ïMain VMD tutorial 

ïQwikMD simulation preparation and analysis plugin 

ïVMD images and movies tutorial 

ïStructure check 

ïVMD quantum chemistry visualization tutorial 

ïVisualization and analysis of CPMD data with VMD 

ïParameterizing small molecules using ffTK 

 

 



MD Simulations 

VMD ï ñVisual Molecular Dynamicsò 

 Cell-Scale Simulation 

Å Unique capabilities: 

ï Trajectories are fundamental to VMD 

ï Support for very large systems,          
now reaching billions of particles 

ï Extensive GPU acceleration 

ï Parallel analysis/visualization with MPI 

Integrate w/ Cryo-EM/ET 

Å Visualization and analysis of: 

ï Molecular dynamics simulations 

ï ñParticleò systems and whole cells 

ï Cryo-EM densities, volumetric data 

ï Quantum chemistry calculations 

ï Sequence information 



VMD Serves Many Communities 
Å VMD  user statistics:  

ï 103,000 unique registered users;  17,000 (16%) are NIH funded researchers 

ï 20,000 citations, over 2,800 citations per year 

Å Supports key data types, file formats, and databases 

Å User extensible to support new tools, data types, custom analyses 

System Size 



VMD Interoperates with Mainstream Research Tools 

Å Provides tools for simulation preparation, visualization, and analysis 

Å Interpret and process multi-modal structural information  

Å Connects with key software tools to enable state-of-the-art simulations 

Å Openness, extensibility, and interoperability are VMD hallmarks 

Å Uses advanced algorithms and hardware technologies to address data size 

challenges posed by cutting-edge experimental imaging and simulation 

 



Goal: A Computational Microscope 
Study the molecular machines in living cells 

Ribosome: target for antibiotics Poliovirus 



VMD is a Tool for Accessing               

Information about the Cell 



VMD 1.9.3 Released Nov 30, 2016  
Å Over 20,000 users so far 

Å Many visualization/analysis advances: 
ï Major GPU+CPU ray tracing advances  

ï Cryo-ET, vector-field volumetric maps é 

ï NanoShaper: molecular surfaces, cavity calc. 

ï Parallel analysis, visualization on HPC systems 

Å New, updated, and user-contributed plugins: 
ï QwikMD  simulation prep/analysis  

ï ffTK  force field parameterization  

ï Plumed ï free energy + collective variable analysis 

ï Multiseq ï improved MAFFT alignment support 

Å New platform support: 
ï Amazon AWS EC2 Cloud 

ï Cray XC50 w/ NVIDIA Tesla P100 

ï IBM Power8, OpenPOWER w/ GPUs 

ï Intel MIC Xeon Phi, AVX-512 

ï NVIDIA Pascal GPUs: CUDA 8, OptiX 4, EGL 

VMD Achievements, Foundation for the Future 

New QwikMD  simulation preparation plugin  

Recent Publications: 
ÅeLife, 2016 

ÅScientific Reports, 2016 

ÅJ. Parallel Comp. 2016. 

ÅIEEE HPDAV, 2016. 

ÅIEEE HCW, 2016. 



Ribeiro, et al. QwikMD - Integrative Molecular Dynamics Toolkit for Novices and Experts. Sci . Rep. 6, 26536, 2016 

QwikMD: Guided MD Simulation and Training 

Smooths initial  learning 

curve (non-expert users) 

 

Speed up tedious 

simulation preparation 

tasks (expert users) 

 

Reproducibility:      

detailed log of all steps  

 

Interactive preparation, 

simulation, and analysis  



Parametrization with the Force Field Toolkit (FFTK) 
A plugin enabling the simulation of drug-like small molecules by lowering force field development barriers  

Future Plans:  

- Support free-for-academics QM software,                          

ORCA (Neese, Max Planck) 

- Parametrization tools for additional MM force fields 

ÅAMBER force field (Gumbart, Georgia Tech.) 

ÅDrude polarizable force fields (Roux, U. Chicago; 

MacKerell, U. Maryland) 

A graphical interface organized to follow  

the standardized CGenFF workflow  

Leverages VMDôs powerful graphics capabilities to visualize 

parameter -related data within the context of molecular structure  

Interactively explore energy profiles 
* NEW in VMD 1.9.3 *   

Import data from the CGenFF Program webserver  

to assign initial parameters by analogy  

Documentation Website Workshop Tutorial Screencast Demos 

Extensive training material available from the Centerôs website 



VMD is a Platform for Developing Research Tools 

Over 110 VMD Plugins, Half Developed by Users 

Å VMD user-extensible scripting w/ 
Tcl/Tk, Python 

Å User-developed plugins: 

ï Alanine Scanning 

ï Collective Variable Analyzer 

ïClustering Tool 

ïCarbon Nanostructure Builder 

ï TorsionPlot 

ï RMSD Trajectory Tool 

ï Many othersé 
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Analysis 
APBSRun 

CatDCD 

Contact Map 

GofRGUI 

HeatMapper 

ILSTools 

IRSpecGUI 

MultiSeq 

NAMD Energy 

NAMD Plot 

NetworkView 

NMWiz 

ParseFEP 

PBCTools 

PMEpot 

PropKa GUI 

RamaPlot 

RMSD Tool 

RMSD Trajectory Tool 

RMSD Visualizer Tool 

Salt Bridges 

Sequence Viewer 

Symmetry Tool 

Timeline 

TorsionPlot 

VolMap 

 

 

Modeling 

AutoIonize 

AutoPSF 

Chirality 

Cionize 

Cispeptide 

CGTools 

Dowser 

ffTK  

Inorganic Builder 

MDFF 

Membrane 

Merge Structs 

Molefacture 

Mutator 

Nanotube 

Psfgen 

RESPTool 

RNAView 

Solvate 

SSRestraints 

Topotools 

 

Visualization 

Clipping Plane Tool 

Clone Rep 

DemoMaster 

Dipole Watcher 

Intersurf 

Navigate 

NavFly 

MultiMolAnim  

Color Scale Bar 

Remote 

Palette Tool 

ViewChangeRender 

ViewMaster 

Virtual DNA Viewer 

VMD Movie Maker 

Simulation 

AlaScan 

AutoIMD 

IMDMenu 

NAMD GUI 

NAMD Server 

QMTool 

Collaboration 

Remote Control 

Data Import and Plotting 

Data Import 

Multiplot 

PDBTool 

MultiText 

Externally Hosted Plugins and 

Extensions 

Check sidechains 

MultiMSMS 

Interactive Essential Dynamics 

Mead Ionize 

Clustering Tool 

iTrajComp 

Swap RMSD 

Intervor 

SurfVol 

vmdICE 

 

Selected VMD Plugins: Center Developed, and User Developed 

http://www.ks.uiuc.edu/Research/vmd/plugins/ 

75 MolFile  I/O Plugins: 
structure, trajectory, sequence, 

and density map 
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Selected VMD Plugins: Center Developed, and User Developed 

http://www.ks.uiuc.edu/Research/vmd/plugins/ 

75 MolFile  I/O Plugins: 
structure, trajectory, sequence, 

and density map 



Example VMD Visualization and Analysis Plugins  

Bendix  
Dahl ACE, Chavent M and Sansom MSP   Bendix: intuitive helix geometry analysis 

and abstraction.  Bioinformatics 2012 28(16): 2193-2194. 

Normal Mode Wizard  

Bakan A, Meireles LM, Bahar I   ProDy: Protein Dynamics Inferred from 

Theory and Experiments.  Bioinformatics 2011 27(11):1575-1577. 



VMD Visualization Concepts 



Biomolecular Visualization Challenges 

ÅGeometrically complex scenes 

ÅSpatial relationships important 

to see clearly: fog, shadows, 

AO helpful 

ÅOften show a mix of structural 

and spatial properties  

ÅTime varying! 



Structure Visualization 
Molecular representations provide different levels of abstraction, 
atomic detail vs. higher level organizational information 

Å Atoms, VdW spheres, bonds, ball-stick, é 

ÅMolecular orbitals (quantum chemistry) 

ÅMolecular surfaces  

Å Coarse-grained ñbeadsò 

ÅRibbons, secondary structure, ñcartoonò reps, RNA/DNA 

 

 



Selection, Filtering 
ÅMost viz tools allow interactive visual 

picking, menu-driven selections of structure 
components to display or operate on 

ÅVMD also extensively uses a text-based 
selection language (think google): 
ïñwater within 10 of  protein and z > 0ò 

ïAllows selection on user-defined fields 

ïPromotes synergy between interactive 
and scripting interfaces  

ïWorks very well when dealing with huge 
time-varying structures 



Computed Properties 
Å Smoothing of thermal noise 

Å Secondary structure 

Å Hydrogen bonds, salt bridges 

Å Forces, energies, stress, strain 

Å Time averaging of electrostatic fields, occupancy 
maps 

Å Quality-of-fit cross correlation with cryo-EM 
density maps 

Å Normal modes, principal component analysis, 
essential dynamics 

Å Cluster simulation trajectory timesteps by 
structural similarity 

Chemoreceptor trimer -of -

dimers analysis with 

Bendix plugin in VMD  



PME electrostatic potential 

contour  for a helicase on a 

volumetric slice plane  
Per-residue solvent -accessible  

surface area of Ubiquitin  

Display of Computed Properties on Structures 



CheA kinase PCA: first principal component porcupine plot  



Visualization of Molecular Dynamics 
Å Molecular dynamics simulations save trajectories of atomic 

coordinates as simulated time progresses 

Å Researchers study trajectories by analyzing force profiles, energies, 
structural changes, etc. 

Å Visualization selections, graphics, structure properties 
recomputed for each trajectory timestep ! 



X-ray crystallography X-ray crystallography 

APS at Argonne 

Electron microscopy Electron microscopy 

FEI microscope 

MDFF Solves Structures from X-ray Crystallography and Cryo-EM MDFF Solves Structures from X-ray Crystallography and Cryo-EM 

Ideal protein structure at high resolution 

 Acetyl ï CoA Synthase 

Electron density of protein in 

action at low resolution 

Petascale Computing - A Key Instrument for Life Science 



Hexamer of hexamers HIV capsid substructure  

Molecular Dynamics Flexible Fitting (MDFF) simulation. 

All -atom structure fitting into cryo -EM density map.  



Ray Tracing in VMD 
Å Support for ray tracing of VMD 

molecular scenes began in 1995 

Å Tachyon parallel RT engine interfaced 

with VMD  (1999) 

Å Tachyon embedded as an internal VMD 

rendering engine (2002) 

Å Built-in support for large scale parallel 

rendering (2012) 

Å Refactoring of VMD to allow fully 

interactive ray tracing as an alternative 

to OpenGL (2014) 

 



Geometrically Complex Scenes 

Ray tracing techniques well matched to 

molecular viz. needs: 
Å Curved geometry, e.g. spheres, cylinders, toroidal 

patches, easily supported 

Å Greatly reduced memory footprint vs. polygonalization 

Å Runtime scales only moderately with increasing 

geometric complexity 

Å Occlusion culling is ñfreeò, RT acceleration algorithms 

do this and much more 



Interactive  Ray Tracing, Lighting Comparison: STMV Capsid 
Two lights, no shadows  

(e.g. as used by  OpenGL)  
Ambient o cclusion lighting 

and shadows w/ RT  


