University of Illinois at Urbana-Champaign

Beckman Institute for Advanced Science and Technology
Theoretical and Computational Biophysics Group
Computational Biophysics Workshop

Using VMD

VMD Developer:
John E. Stone

Tutorial Contributors:

Alek Aksimentiev, Anton Arkhipov, Reuven Birnbaum,
Robert Brunner, Jordi Cohen, Brijeet Dhaliwal, John Eargle,
Jen Hsin, Fatemeh Khalili, Eric H. Lee, Zan Luthey-Schulten,
Patrick O’Donoghue, Elijah Roberts, Anurag Sethi, Marcos So-
tomayor, John E. Stone, Emad Tajkhorshid, Leonardo Trabuco,
Elizabeth Villa, Yi Wang, David Wells, Dan Wright, Ying Yin

Aug. 2019

A current version of this tutorial is available at:
http://www.ks.uiuc.edu/Training/Tutorials/

Join the tutorial-1@ks.uiuc.edu mailing list for additional help.




CONTENTS

Contents

1 Working with a Single Molecule
1.1 Loading a Molecule . . . . . . .. ... ... ... ... .....
1.2 Displaying the Molecule . . . . . .. ... ... ... ... ....
1.3 Graphical Representations . . . . .. .. ... ... ........

1.3.1
1.3.2
1.3.3
1.3.4

Exploring different drawing styles. . . . . . . ... .. ..
Exploring different coloring methods . . . . . .. ... ..
Displaying different selections . . . . . . . ... ... ...
Creating multiple representations . . . . . . . . . ... ..

1.4 Sequence Viewer Extension . . .. ... .. ... ... ......
1.5 Saving Your Work . . . .. ... ... oo
1.6 The Basics of VMD Figure Rendering . . . . .. ... ... ...

1.6.1
1.6.2
1.6.3
1.6.4
1.6.5

Setting the display background . . . . .. ... . ... ..
Increasing resolution . . . . . . .. ... ... ... ...
Colors and materials . . . . . .. ... ... ... .....
Depth perception . . . . . . . ... ... .. ... ...
Rendering . . . . . . ...

2 Trajectories and Movie Making
2.1 Loading Trajectories . . . . . . . . . . . . . .. . ...
2.2 Main Menu Animation Tools . . . . .. ... ... ... .....

2.3 Trajectory Visualization . . . . . . ... ... .. ... ......

2.3.1
2.3.2
233

Smoothing trajectories . . . . . . ... .. L.
Displaying multiple frames . . . .. .. ... .. ... ..
Updating selections . . . . . .. ... ... ... ...

2.4 The Basics of Move Making in VMD . . . . .. ... ... ....

2.4.1
2.4.2

Making single-frame movies . . . . . . . ... .. ... ..
Making trajectory movies . . . . .. .. ... ... ...

3 Scripting in VMD
3.1 The Basics of Tcl Seripting . . . . . . .. ... oL oL
3.2 VMD scripting . . . . . ... L o

3.2.1
3.2.2
3.2.3

3.24

Loading molecules with text commands . . . ... .. ..
The atomselect command . . . ... ... ........
Obtaining and changing molecule properties with text

commands . . .. ... .. e e e
Sourcing scripts . . . . . ... Lo

3.3 Drawing shapes . . . . . . .. ... L o

© © 00 IV

11
12
13
14
15
17
17
17
18
21
22

25
25
26
27
27
27
28
29
30
30



CONTENTS 3

4 Data Analysis in VMD 42
4.1 Labels . . . . . . 42
4.2 Example of a built-in analysis tool: the RMSD Trajectory Tool . 44
4.3 Example of an analysis script . . . . . ... ..o 47

5 Working with Multiple Molecules 52
5.1 Main Menu Molecule List Browser . . . . ... ... ... .... 52

5.1.1 Loading multiple molecules . . . . ... ... ... . ... 52
5.1.2 Changing molecule names . . . . . .. ... ... ..... 53
5.1.3 Drawing different representations for different molecules . 53
5.1.4 Molecule Status Flags . . . . ... ... ... .. ..... 54
5.2 Aligning Molecules with the measure fit Command . . . . . .. 56

6 Comparing Structures and Sequences with MultiSeq 58

6.1 Structure Alignment with MultiSeq . . . . . . . .. ... ... .. 58
6.1.1 Loading aquaporin structures . . . . . . .. .. ... ... 58
6.1.2  Aligning the molecules . . . . . . ... ... ... ..... 59
6.1.3 Coloring molecules by their structural identity . . . . . . 62

6.2 Sequence Alignment with MultiSeq . . . . . ... ... ... ... 62
6.2.1 Aligning molecules and coloring molecules by degree of

conservation . . . . ... ... Lo Lo 63
6.2.2 Importing FASTA files for sequence alignment . . . . . . 63

6.3 Phylogenetic Tree . . . . . . . . .. ..o oL 66

7 Running VMD on Supercomputers 68
7.1 Running VMD in Text Mode . . . . .. ... ... ... ..... 68
7.2 Running VMD with Off-Screen OpenGL Graphics . . . .. . .. 69
7.3 Using VMD with MPT . . . . . .. ... ... ... ... ..... 71

7.4 VMD parallel commands . . . . . ... ... .. ... ... ... 73



CONTENTS 4

Introduction

VMD (Visual Molecular Dynamics) is a molecular visualization and analysis

program designed for biological systems such as proteins, nucleic acids, lipid
bilayer assemblies, etc. The program is developed by the Theoretical and Com-
putational Biophysics Group at the University of Illinois at Urbana-Champaign.
Among molecular graphics programs, VMD is unique in its ability to efficiently
operate on large biomolecular complexes and long-timescale molecular dynam-

ics trajectories, its interoperability with a large number of molecular dynamics
simulation tools, its integration of structure and sequence information, and its
built-in support for advanced image rendering and movie making.

Figure 1: Example VMD renderings.

Key features of VMD include:

General 3-D molecular visualization with extensive drawing and coloring
methods and strong support for visualization of molecular dynamics

Supports all major molecular data file formats, with no limits to structure
or trajectory sizes except memory capacity and addressing

Extensive atom selection syntax for choosing subsets of atoms for both
analytical tasks and for graphical display

Visualization of volumetric data

Molecular analysis commands

Rendering of high-resolution, publication-quality molecule images
Built-in movie making tools

Building and preparing systems for molecular dynamics simulations
Interactive molecular dynamics simulations

User-extensible through the built-in Tcl and Python scripting languages

Extensible source code written in C and C++
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This article will serve as an introductory VMD tutorial. It is impossible to
cover all of VMD'’s capabilities, but here we will present several step-by-step
examples of VMD’s basic features. Topics covered in this tutorial include visu-
alizing molecules in three dimensions with different drawing and coloring meth-
ods, rendering publication-quality figures, animating and analyzing molecular
dynamics simulation trajectories, scripting in the text-based Tcl/Tk interface,
and analyzing both sequence and structure data for proteins.

Downloading VMD

Before staring the tutorial you need to download the current version of VMD.
This tutorial requires VMD version 1.9.2 or later. VMD supports all major
computer platforms and can be obtained from the VMD homepage
http://www.ks.uiuc.edu/Research/vmd. Follow the instruction online to install
VMD in your computer. Once VMD is installed, to start VMD:

¢ Mac OS X: Double click on the VMD application icon in the Applications
directory.

¢ Linux and other Unix platforms: Type vmd in a terminal window.

e Windows: Select Start - Programs - VMD.

When VMD starts, by default three windows will open (Fig. 2): the VMD Main
window, the OpenGL Display window, and the VMD Console window (or a
Terminal window on a Mac). To end a VMD session, go to the VMD Main
window, and choose File - Quit. You can also quit VMD by closing the VMD
Console window or the VMD Main window.

Tutorial Topics and Files

The tutorial contains six sections. Each section acts as an independent tu-
torial for a specific topic, with the section layout as shown in Contents. We
suggest that readers with no prior VMD experience work through the sec-
tions in the order they are presented. Readers already familiar with the ba-
sics of VMD may selectively pursue sections of their interest. Several files have
been prepared to accompany this tutorial. You need to download these files
at http://www.ks.uiuc.edu/Training/Tutorials/vmd. The files needed for each
chapter are illustrated in Fig. 3.
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Figure 2: The VMD Main window, the OpenGL Display window, and the VMD
Console window.

1 Working with a Single Molecule
lubg.pdb

2 Trajectories and Movie Making
ubiquitin.psf pulling.dcd

3 Scripting in VMD
lubg.pdb beta.tcl

4 Working with Multiple Molecules
lfgqy.pdb 1rc2.pdb

5. Comparing Protein Structures and Sequences with the MultiSeq Plugin
1fqy.pdb 1rc2.pdb 1lda.pdb 1j4n.pdb spinach agp.fasta

6 Data Analysis in VMD
ubiquitin.psf pulling.ded equilibration.ded distance.tcl

Figure 3: The files needed for each section. All files are con-
tained in the vmd-tutorial-files folder, which can be downloaded
from http://www.ks.uiuc.edu/Training/Tutorials/vmd.
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1 Working with a Single Molecule

In this section you will learn the basic functions of VMD. We will start with

loading a molecule, displaying the molecule, and rendering publication-quality

molecule images. This section uses the protein ubiquitin as an example molecule.
Ubiquitin is a small protein responsible for labeling proteins for degradation, and
is found in all eukaryotes with nearly identical sequences and structures.

1.1 Loading a Molecule

The first step is to load our molecule. A pdb file, lubq.pdb (Vijay-Kumar et
al., JMB, 194:531, 1987), that contains the atom coordinates of ubiquitin is

provided with the tutorial.

1 Start a VMD session. In the
VMD Main window, choose File
-~ New Molecule... (Fig. 4(a)).
Another window, the Molecule

File Browser window (Fig. 4(b)),

will appear on your screen.

2 Use the Browse... (Fig. 4(c))
button to find the file 1ubq.pdb
in vmd-tutorial-files direc-
tory. Note that when you se-
lect the file, you will be back in
the Molecule File Browser win-
dow. In order to actually load
the file you have to press Load
(Fig. 4(d)). Do not forget to do
this!

Now, wubiquitin is shown in the
OpenGL Display window. You may
close the Molecule File Browser win-
dow at any time.
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Figure 4: Loading a Molecule.

automatically.

Webpdb. VMD can download a pdb file from the Protein Data
Bank!if a network connection is available. Just type the four letter
code of the protein in the File Name text entry of the Molecule File
Browser window and press the Load button. VMD will download it

1Protein Data Bank website: http://www.pdb.org
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1.2 Displaying the Molecule

In order to see the 3D structure of our protein, we will use the mouse in multiple
modes to change the viewpoint. VMD allows users to rotate, scale and translate
the viewpoint of your molecule.
1 In the OpenGL Display, press

the left mouse button down and

move the mouse. Explore what

happens.  This is the rota- O

tion mode of the mouse and al-

lows you to rotate the molecule
around an axis parallel to the > ¢
screen (Fig. 5(a)). (a) (2)

2 If you hold down the right

mouse button and repeat the Figyre 5: Rotation modes. (a) Rotation
previous step, the rotation will  ;veg when holding down the left mouse
be done around an axis per- ey (b) The rotation axis when holding

pendicular to your screen (Fig. Jqown the right mouse key.
5(b)) (For Mac users, the right

mouse button is equivalent to holding down the command key while press-
ing the mouse button).

3 In the VMD Main window, look

VMD Main x|
at the MOUSE menu (Fig 6) File Display Mouse Modeling Analysis Plugins Help [
. . & Q Quiik
Here, you will be able to switch ~ * wr T ose T 2 50 b
. O Scale Mode st g A )
the mouse mode from Rotation + //’O Center A &
. -— D T F M O Query Ops Frames Vol
to Translation or Scale modes. TADF 1] Lacel o 0
+ 1 Mave »
. [ Farce »
4 Choose the Translation mode ﬂﬂm gt |
Graphics|[Dra O Add/Remove Bonds . ic

and go back to the OpenGL styte e

Lines Opaque Name all

Display. You can now move the
molecule around when you hold

the left mouse button down. selection: [al @
' Style Material i Color @il
5 Go back to the the Mouse menu tnes  [¢](Opaque 2] [Name [

and choose the Scale mode this 000 —I—=

time. This will allow you to

zoom in or out by moving the
mouse horizontally while hold-

Figure 6: Mouse modes and their char-
ing the left mouse button down.

acteristic cursors.

It should be noted that these actions

performed with the mouse only change your viewpoint and do not change any
of the atomic coordinates associated with the molecule.
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Mouse modes. Note that each mouse mode has its own charac-
teristic cursor and its own shortcut key (r: Rotate, t: Translate,
s: Scale). When you are in the OpenGL Display window, you can
use these shortcut keys instead of the Mouse menu to change the
mouse mode.

Another useful option is the Mouse — Center menu item. It allows you to specify
the point around which rotations are done.

6 Select the Center menu item and pick one atom at one of the ends of the
protein; The cursor should display a cross.

7 Now, press r, rotate the molecule with the mouse and see how your
molecule moves around the point you have selected.

8 In the VMD Main window, select the Display — Reset View menu item to
return to the default view. You can also reset the view by pressing the

“

=" key when you are in the OpenGL Display window.

1.3 Graphical Representations

VMD can display your molecule in various ways by the Graphical Representations
shown in Fig. 7. Each representation is defined by four main parameters: the
selection of atoms included in the representation, the drawing style, the coloring
method, and the material. The selection determines which part of the molecule
is drawn, the drawing method defines which graphical representation is used,
the coloring method gives the the color of each part of the representation, and
the material determines the effects of lighting, shading, and transparency on
the representation. Let’s first explore different drawing styles.

1.3.1 Exploring different drawing styles

1 In the VMD Main window is the Graphics tab, in which you can see the
current default representation displaying your molecule (Fig. 7(a)).

2 In the Draw Style tab (Fig. 7(b)) we can change the style (Fig. 7(d)) and
color (Fig. 7(c)) of the representation. In this section we will focus on the
drawing style (the default is Lines).

3 Each Style has its own parameters. For instance, change the Thickness of
the lines by using the controls on the left-hand side (Fig. 7(e)) of the Draw
Style tab.






