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VMD Tutorials Home Page

A http://www.ks.uiuc.edu/Training/Tutorials/

Main VMD tutorial

i
I VMD images and movies tutorial

I QwikMD simulation preparation and analysis plugin
.

|
|
|

Structure check

I VMD quantum chemistry visualization tutorial
I Visualization and analysis of CPMD data with VMD
- Parameterizing small molecules using ffTK



Overview

A Introduction

A Data model

A Visualization

A Scripting and analytical features

A Trajectory analysis and visualization

A High fidelity ray tracing

A Plugins and user-extensibility

A Large system analysis and visualization



VMDT nVi sual

A 100,000 active users worldwide
A Visualization and analysis of:

I Molecular dynamics simulations

I Lattice cell simulations

I Quantum chemistry calculations

i Cryo-EM densities, volumetric data
A User extensible scripting and plugins

A http://www.ks.uiuc.edu/Research/vmd/  Cell-Scale Modeling MD Simulation
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X-ray, cryo-EM, cryo-ET, NMR with MDFF with QwikMD




VMDT nVI sual
A Unique capabilities:

I Trajectories are fundamental to VMD

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

I Extensive GPU acceleration
i Parallel analysis/visualization with MPI

MD Simulations Cell-Scale Simulation

Mol ecul ar

A Visualization and analysis of:
:
;

Molecular dynamics simulations
AParticleod systems
Cryo-EM densities, volumetric data
Quantum chemistry calculations
Sequence information




VMD Serves Many Communities
A VMD user statistics:

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

I 25,000 citations, over 3,000 citations per year
A Supports key data types, file formats, and databases
A User extensible to support new tools, data types, custom analyses
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Goal: A Computational Microscope

Study the molecular machines in living cells

ey

Ribosome: target for antibiotics Poliovirus




VMD is a Tool for Accessing
Information about the Cell

Tomography data

Segmented tomogram

Lattice Microbes simulation




To o Do To Ix

VMD Interoperates with Mainstream Research Tools

Provides tools for simulation preparation, visualization, and analysis
Interpret and process multi-modal structural information

Connects with key software tools to enable state-of-the-art simulations
Openness, extensibility, and interoperability are VMD hallmarks

Uses advanced algorithms and hardware technologies to address data size
challenges posed by cutting-edge experimental imaging and simulation
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X-ray, cryo-EM, cryo-ET, NMR with MDFF with QwikMD




VMD is a Platform for Developing Research Tools
Over 110 VMD Plugins, Half Developed by Users

A VMD user-extensible scripting w/

Tcl/Tk, Python

A User- -developed plugins:
Alanine Scanning

Collective Variable Analyzer

Clustering Tool

Carbon Nanostructure Builder

TorsionPlot

RMSD Trajectory Tool

Many

ot her s é

Molfile Graphical
Plugins Interface
J Plugins
Text
Plugins
Plugin
Interface Tcl/Tk Python

VMD Core




Selected VMD Plugins: Center Developed, als#r Developed

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

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

Modeling
Autolonize
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

Simulation

Clone Rep Data Import and Plotting
DemoMaster Data Import
Dipole Watcher Multiplot
Intersurf PDBTool
Navigate MultiText
NavFly Externally Hosted Plugins and
MultiMolAnim Extensions
Color Scale Bar Check sidechains
Remote MultiMSMS
Palette Tool Interactive Essential Dynamics
ViewChangeRender Mead lonize
ViewMaster Clustering Tool
Virtual DNA Viewer iTrajComp
VMD Movie Maker Swap RMSD
Intervor
AlaScan SurfVol
AutolMD vmdICE
IMDMenu
NAMD GUI
NAMD Server 75 MolFile 1/0 Plugins:
QMTool structure, trajectory, sequence,

Collaboration

Remote Control

and density map



Goal: A Computational Microscope

Study the molecular machines in living cells
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Technology Opportunities and Collaborations

Supercomputer Centers, Cray, IBM
I Remote visualization

I Performance, power profiling and optimization GPU computlng,
Ray tracing,
NVIDIA :
Remote viz.

I GPU computing

I Ray tracing

I Remote visualization

I ARM, Tablets, power profiling and optimization
Intel

i x86, Xeon Phi optimization, ray tracing
Amazon

i Cloud deployment of VMD/NAMD, related tools

i Remote visualization
Universities:

i G. Fiorin, J. Henin, Toni Giorgino , collective variables

i T. Ertl, U. Stuttgart: visualization algorithms

i M. Kuttel, U. Cape Town: visualization and analysis

i W. Sherman, Indiana U.: VR HMDs, visualization

h VOTPEEE!L

Energy efficiency: ARM+GPU



Making Our Research Tools Easily Accessible

A Cloud based deployment |

i Full wvirtual machines (known as 0

I Amazon AWS EC2 GPU-accelerated instances:
http://lwww.ks.uiuc.edu/Research/cloud/

A Docker fdcontainero images avail able “in | DI A
I Users obtain Docker images via registry, download and run on the
laptop, workstation, cloud, or supercomputer of their choosing Clusters, Supercomputers
I https://ngc.nvidia.com/registry/
I https://ngc.nvidia.com/registry/hpc ~ -vmd
Workstations,
Molecular dynamics -based refinement and validation for sub -5 A cryo -electron microscopy
maps. Abhishek Singharoy, lvan Teo, Ryan McGreevy, John E. Stone, Jianhua Zhao, and Klaus Servers;
Schulten. eLife, 10.7554/eLife.16105, 2016. (66 pages). CIOUd
QwikMD -integrative molecular dynamics toolkit for novices and experts. Joao V. Ribeiro, Rafael C.
Bernardi, Till Rudack, John E. Stone, James C. Phillips, Peter L. Freddolino, and Klaus Schulten. Scientific
Reports, 6:26536, 2016.
High performance molecular visualization: In  -situ and parallel rendering with  EGL. John E. Stone, damazon

Peter Messmer, Robert Sisneros, and Klaus Schulten. 2016 IEEE International Parallel and Distributed
Processing Symposium Workshop (IPDPSW), pp. 1014-1023, 2016.

web services™



VMD Data Model



VMD nMol ecul

A Collection of self-consistent molecular information
I Atomic structure, time-v ar yi ng atomi c coordinates,
I Volumetric data
I Graphics objects
A Key missing information required for visualization is auto- -generated
heuristicalyi nguessedo, if not provided
I Bond topology

A Limitations:

I Fixed atom count per-timestep, r equi res use of -callddu mm
Aopen systemo simul ations

I VMD doesndot store or use MD force fie
are typically specific to particular simulation tools, force fields, etc.



Overcoming the Biomolecular
Orientation of VMD

A VMD molecular data structures are optimized for biomolecules

I Expects atom/residue names that (roughly) follow RCSB Protein Databank
conventions

I Significant up-front structure analysis enables increased interactivity later

I Cost of this is decreased generality in various cases:
A Fixed atom count per timestep

A Unrecognized atom naming conventions can inhibit use of some of the high-level atom
selections

A Nanodevice and materials science data can be displayed in VMD
I Assign per-atom name/type fields after loading
I Enable VMD to better recognize structural elements

I Example: xyz or LAMMPS dump files lack some expected fields, so it helps
to use special features of LAMMPS plugin to assign them



Atomic Structure

A Per-Atom attributes:
I Name
I Type
I Residue ID, Unique residue 1D, Residue Name, Residue Type
i Bond list
I Atomic number
I Alternate location identifier
i Insertion code
I Chain
I Segment name
I At om/ Resi due classification (protei



Other, Optional Per-Atom Fields

A Optional per-atom attributes:

| Mass
i Charge
I Radius

I Occupancy
I B-factor

|

' Fields primarily used by simulation preparation tools:
A Bond Orders
A Angles, Dihedrals, Impropers, Cross-Term Maps



Time-Varying Trajectory Data

A Atomic coordinates

A Atomic velocities

A PBC unit cell

A QM, QM/MM molecular orbital data

A User-defined time-varying scalar quantities:
I user, user2, user3, user4



VMD LAMMPS Molfile Plugin

https://sites.google.com/site/akohlmey/software/lammps-plugin

A Reads LAMMPS text mode trajectory i

A Map LAMMPS per-atom fields to VMD molfile API:

I LAMMPSREMAPFIELDS environment variable allows user to control mapping of per-
atom fields to VMD molfile API

i List of mappings of LAMMPS fields into VMI
I Example to map LAMMPS forces into VMD velocity fields:
setenv( L AMMP S R E MA P Fvk=|vyB{i§\z=fzid

A Adapt LAMMPS trajectories with varying atom counts to VMD
I LAMMPSMAXATOMS environment variable sets peak atom count for VMD, adding
Adummyo atoms as placehol der s:
Dummy atoms initialized with properties: name = @, type = X, reshame = @@ @,
segid = @@ @, chain = @, mass =0, charge=0, radius=0, element=X.
I LAMMPSDUMMYPOS sets default atomic coordsf or dummy at oms t ha
a given frame:

set env(LAMMPSDUMMYPOS) {0.0 0.0 -10.0}



Exporting Molecular Data

A VMD can be used to prepare MD simulations in
conjunction with plugins and user scripting

A Need to watch out for assumptions made by
heuristics, structure building tools

A Example: bond topology may need to be modified or
deleted for some force fields

A Use the most appropriate structure manipulation
tools for the MD package in use, e.g. for LAMMPS,
t he best <c¢choi ctepotoolso VPMDu g isr



VMD Visualization Concepts



VMD Approach to Visualization

AMol ecul ar scene is composed

A Each representation encapsulates a group of selected
atoms, a drawing style, coloring style, and other parameters

A Representations are independent of each other, can be
toggled on/off easily, allowing molecular scenes to be built-
up incrementally

A VMD atom selection language is shared with its analytical
and scripting interfaces



Selection, Filtering

A Most viz tools allow interactive visual
picking, menu-driven selections of structure
components to display or operate on

A VMD also extensively uses a text-based
selection language (think google):

I Awater within 10 of
I Allows selection on user-defined fields

I Promotes synergy between interactive
and scripting interfaces

I Works very well when dealing with huge
time-varying structures




Structure Visualization

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

A Atoms, VAW spheres, bonds, ball-s t i ¢ k, é

A Coarse-gr ai ned fibeadso

ARi bbons, secondary structure
A Molecular surfaces

A Molecular orbitals (quantum chemistry)




o  To Do Do Do Do I I»

Smoothing of thermal noise

Secondary structure

Hydrogen bonds, salt bridges

Forces, energies, stress, strain

Time averaging of electrostatic fields, occupancy
maps

Quiality-of-fit cross correlation with cryo-EM
density maps

Normal modes, principal component analysis,
essential dynamics

Cluster simulation trajectory timesteps by
structural similarity

Chemoreceptor trimer -of-
dimers analysis with
Bendix plugin in VMD



Display of Computed Properties on Structures

PME electrostatic potential
contour for a helicase on a
volumetric slice plane

Per-residue solvent -accessible
surface area of Ubiquitin



CheA kinase PCA: first principal component porcupine plot




Molecular Visualization Challenges

A Geometrically complex scenes

A Often show a mix of structural
and spatial properties

A Time varying!

A Spatial relationships important

to see clearly: depth cueing,
shadows, AO helpful
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VMD Shading Comparison: EF-Tu

Outline ARnGoodsel |l 0 Glossy Ambient Occlusion,
Shader Shader Shader Shadowing




