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Visualization at the Molecular Scale
An Overview of the Capabilities and Applications of Visualization Molecular Dynamics (VMD)
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Visualization at the Molecular Scale

An Overview of the Capabilities and Applications of
Visualization Molecular Dynamics (VMD)
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. User Friendly

. Visual Molecular Dynamics (VMD)
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Command Purpose

r,R mouse modeQO0 enter rotate mode; stop rotation
t,T mouse mode10 enter translate mode
s,S mousemode20 enter scaling mode

0 mouse mode4 0 queryitem

d mouse mode41 assignrotation center

1 mouse mode 42 pickatom

2 mousemode4 3 pick bond(2atoms)

3 mouse mode4 4 pickangle (3atoms)

4 mouse mode 45 pickdihedral (4 atoms)
5 mouse mode 46 moveatom

6 mousemode47 moveresidue

7 mouse mode4 8 move fragment

8 mouse mode49 move molecule

9 mouse mode 413 move highlighted rep
% mouse mode 410 applyforceonatom

A mouse mode 411 apply forceonresidue
& mouse mode 412 apply forceonfragment
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Surfaces are colored by the linked volumetric dataset
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sequence “C..C” (might be used to pick out zinc fingers)
sequence AATCGGAT
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radius float X,Y,orzcoordinates
beta float atomicradius
occupancy float atomicmass
user bool atomiccharge
at bool time-varying user-specified value
acidic bool residuesnamed ADAATHY T
acyclic bool residuesnamed ASP GLU
aliphatic bool “proteinandnotcyclic”
alpha bool residuesnamed ALAGLY ILE LEU VAL
amino bool atom’sresidueisanalphahelix
aromatic bool aresiduewithatomsnamedC,N, CA,andO
basic bool residuesnamed HISPHETRP TYR
bonded bool residuesnamed ARGHISLYS
buried bool atoms for whichnumbonds >0
cg bool residuesnamed ALALEUVALILEPHECYSMET TRP
charged bool residuesnamedCYTCGUAG
cyclic bool “basicoracidic” 85
hetero bool residuesnamed HISPHEPRO TRPTYR
hydrogen bool “not(protein or nucleic)”
large bool name "[0-9]?H.*”
medium bool “proteinand not (small or medium)”
neutral residuesnamed VAL THRASP ASN PRO CYSASXPCAHYP
bool residuesnamed VALPHE GLN TYRHISCYS MET TRP ASXGLX PCA
polar bool HYP
purine bool “proteinand not hydrophobic”
pyrimidine bool residuesnamed ADEAGUAG
small bool residuesnamed CYTCTHY TURIU
surface str residuesnamed ALAGLY SER
rasmol bool “proteinandnotburied”
Fosdo0 puny slo ey

Keyword

all

none
name
type
index
serial
atomicnumber
element
altloc
chain
residue
protein

nucleic

backbone

sidechain
water,
waters
fragment
pfrag
nfrag
sequence
numbonds
resname
resid
seghame

X, ¥,Z

Arg

bool
bool
str
str
num
num
num
str
str
str
num
bool

bool

bool

bool
bool
num
num
num
str

num
str

num
str

float
float

Description

Everything

Nothing

Atomname

Atomtype

theatom number, startingatO

theatom number, startingat1

atomic number (O if undefined)

atomicelementsymbolstring ("X’ if undefined)
alternatelocation/conformationidentifier

the one-character chainidentifier

asetof connectedatoms with the sameresidue number
aresiduewithatomsnamedC,N, CA,and O

aresidue with atoms named P, O1P, O2P and either
03’,C3’,C4’,C5’,05’ orO3*, C3*,C4*,C5*,05*.

This definitionassumes that the baseis phosphorylated, anassump-
tionwhichwill be correctedinthe future.

theC, N, CA,and O atoms of aproteinandtheequivalentatomsina
nucleicacid.

non-backboneatomsandbonds

allatoms with theresname H20, HHO, OHH, HOH, OH2, SOL, WAT,
TIP, TIP2, TIP3 or TIP4

asetof connectedresidues

asetof connected proteinresidues

asetof connected nucleicresidues

asequencegiven by oneletter names

number of bonds

residuename

residueid

segmentname




Function

voIN

interpvolN

Function

Description

sqr(x)
sqrt(x)
abs(x)
floor(x)
ceil(x)
sin(x)
cos(x)
tan(x)
atan(x)
asin(x)
acos(x)
sinh(x)
cosh(x)
tanh(x)
exp(x)
log(x)
log10(x)

squareof x

squarerootofx

absolute value of x
largestinteger not greater thanx
smallestinteger notless than x
sine of x

cosine of x

tangent of x

arctangentof x

arcsin of x

arccos of x

hyperbolicsine of x
hyperbolic cosine of x
hyperbolictangent of x
“etothe powerx”

naturallog of x

logbase10 of x

float

float

@31 o) gl :6.Y Jgam

Description

value of the voxel of the volumetricdataof IDN
nearesttotheatom

interpolated value of the voxels of the volumetric
dataof IDNaroundtheatom

alphahelix
pi helix
helix3-10
helix
extendedbeta
bridgebeta
sheet

turn

coil
structure
phi, psi

within

exwithin

same

ufx, ufy, ufz

bool
bool
bool
bool
bool
bool
bool
bool
str

float

str

str

str

num

translates Rasmol selection string to VMD
atom’sresidueisinanalphahelix

atom’sresidueisina pihelix

atom’sresidueisina3-10 helix

atom’sresidueisinanalphaor pior3-10 helix
atom’sresidueisabetasheet

atom’sresidueisabetasheet

atom’sresidueisabetasheet
atom’sresidueisinaturnconformation

atom’sresidueisina coil conformation

single letter name forthe secondary structure

backbone conformational angles

selects atoms withinaspecified distance of a selection (i.e within 5 of
nameFE).

exclusive within, equivalent to (within 3 of X) and not X.
selectsatoms which have the same keyword astheatomsinagiven
selection (i.e. same segname as resid 35)

forcetoapplyinthex,y, orzcoordinates
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Symbol Example Definition

.,A.C matchany character
[1 [ABCabc], [A-Ca-c] matchany charinthelist
[~] [~Z]1,[~XYZ],["x-z] match all exceptthecharsinthelist
n ~C, ALK next token must be the first part of string
$ [COIG$ prevtoken must be the last part of string
* C*,[ab]* match O or more copies of prev char or

regular expression token

+ C+,[ab]+ match 1or more copies of the prev token
\| C\|O match either the1st token orthe 2nd
\(\) \(CA\)+ combines multiple tokensintoone

pbio oly gloghgy 5.9 Joaz

X-PLOR Wildcard Description Regular Expression
& matches any string o

% matches asingle character

+ matches any digit [0-9]

# matches any number [0-9]+
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Description

ART1
Gelato
PostScript
POV32
Radiance3
Raster3D4
Rayshadeb
RenderMan

STL
Tachyon6

Tachyonlnternal6

TachyonLOptiXInternal

TachyonLOptiXInteractive

TachyonLOSPRaylInternal

TachyonLOSPRaylInteractive

VRML-1

VRML-2

Wavefront

X3D7
X3DOMS8

Simple VORT ray tracer

NVIDIA Gelato PYG Format

Simple Vector PostScript Output

POV-Ray 3.xray tracer

Radiosity ray tracer

Fastrasterfile generator

Rayshaderay tracer

PIXAR RenderMan RIB Format, render with Agsis, Pixie,
PRMan, RenderDotC

Stereolithography format, triangles only

High quality parallel ray tracer

Fast, built-in Tachyon engine that generatesimages di-
rectly fromVMD internal data structures with nointerme-
diatestep

Fast, built-in GPU-accelerated Tachyon

for NVIDIA GPUs (available on supported

platforms)

Interactive, built-in, GPU-accelerated version of Tachyon
for NVIDIA GPUs (available on supported platforms)

Fast, built-in OSPRay ray tracer for Intel CPUs (available
onsupported platforms)

Interactive, built-in, OSPRay ray tracer for Intel CPUs
(available on supported platforms)

Virtual Reality Markup Language V1.0

Virtual Reality Markup Language V2.0
Wavefront.OBJ/.MTL sceneformat, loadsinto 3DS Max-
,Blender, Maya, and others

X3D declarative scene format

Opensource HTML5-based X3D viewing system
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First Word

animate
atomselect
axes

color
colorinfo
display
exit, quit
gettimestep
help

imd

label

light
logfile
material
mdffi
measure
menu

moleculeormol

Description

Play/Pause/Rewind a molecular trajectory.

Createatom selection objects foranalysis.

Positionasetof XYZ axes onthescreen.

Changethe colorassigned to molecules, or edit the colormap.
(Tcl) Obtain color properties for various objects
Changevarious aspects of the graphical display window.

Ouit VMD.

Retrieveatimestepasabinary Tclarray (usefor plugins)
Display anon-line help filewithan HTML viewer.

Control the connection toaremote simulation.
Turnon/offlabels for atoms, bonds, angles, dihedral angles, or springs.
Control thelight sourcesusedtoilluminate graphical objects.
Turnon/offloggingaVMD sessionto afile orthe console.
Create new material definitions and modify their settings.
MDFF density map synthesisand cross correlation commands
Measure properties of moleculear structures.

Controlor query the on-screen GUl windows.

Load, modify, or deleteamolecule.

molinfo Getinformationaboutamoleculeorloadedfile.

mouse Changethecurrent state (mode) of the mouse.

parallel Executecommandsin parallel on clusters or supercomputers.

play Start executing text commands from a specifiedfile.

render Outputthecurrently displayedimage (scene) to afile.

rock Rotatethe current scene continually at aspecifiedrate.

rotate Rotatethe current scenearoundagiven axis by a certainangle.

scale Scalethecurrentsceneup ordown.

stage Positionacheckerboardstage onthescreen.

tool Initialize and control external spatial tracking devices.

translate Translatethe objectsinthe currentscene.

user Addnew keyboard commands.

vmdinfo (Tcl) Getinformation about this version of VMD

volmap Createvolumetricdatabased on molecularinformation

wait Waitanumber of seconds beforereading another command. Animation continues.

sleep Sleep anumber of seconds before reading another command. Animationis frozen.
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setsel[atomselecttopall]
setmass[$sel get mass]
setxyz[$selget{xyz}]
$selsetbetaO # all values are setto zero
$selset beta$mass # copy massto beta
# setoccupancytox, masstoy, betatoz
$sel set{occupancy massbeta} $xyz
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vmd>atomselecttop “name CA”

atomselectO

vmd>atomselect 3 “resid 25” framelast

atomselect1

vmd> atomselect top “within5 of resnameLYR” frame 23

atomselect2
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foreach color [colorinfo colors]{
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incri
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# alsogetalistof RGBvalues
setiO

foreach color [colorinfo colors]{
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puts “$i $color \{$r $g $b\}”

incri
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procvmd_draw_arrow {mol startend}{

# anarrowis madeofacylinderandacone

set middle [vecadd $start [vecscale 0.9 [vecsub $end $start]]]
graphics $mol cylinder $start $middle radius 0.15

graphics $mol cone $middle $end radius 0.25

}
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proclabel_atom{selection_stringlabel_string}{

setsel [atomselect top $selection_string]

if {[$selnum]'=1}{

error “label_atom: '$selection_string’ must select 1atom”
}

# getthecoordinates of theatom

lassign [$sel get{xyz}] coord

# and draw the text

draw text $coord $label_string

}
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When called

Molecule molid was deleted
Molecule molid was created
(datamay not have been
loadedyet)

Molecule molid was renamed
Structurefileloaded
Coordinatefileloaded
Molecule molid changed anima-
tionframes

Any VMD command executed

Anatomhas been picked using

the ”Pick” mouse mode

Pointer moved.
Pointer moved.
Pointer moved.

Atom picked

IMD coordinate setreceived

Set of labels to be graphed

Tclinterpreterisshutting

dow

vmd_molecule(molid)

vmd_molecule(molid)

vmd_molecule(molid)
vmd_initialize_structure(molid)
vmd_trajectory_read(molid)
vmd_frame(molid)

vmd_logfile

vmd_pick_event

vmd_pick_client
vmd_pick_mol_silent
vmd_pick_atom_silent
vmd_pick_shift_state

vmd_timestep(molid)

vmd_graph_label

vmd_quit

Description

2
1
name of coordinatefile

new animation frame

Tcltextequivalent of command

Whenreceiving this event, the
following global variables are

also set: vmd pick atom (id

of picked atom), vmd pick mol
(id of picked molecule)

name of pointer

id of nearby mol

idof nearby atom

1if shift key down during pick,
Ootherwise

frame containing new coordi-

nates

{labeltypelabelid }{labeltype
labelid}...
1
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foreachm[$selget mass]{
set mass [expr $mass + $m]

# getresiduenameandid

setatom [atomselect $vmd_pick_mol “index $vmd_pick_atom”]
lassign [$atom get{resnameresid}] resnameresid

# printtheresult

puts “Mass of $resname $resid = $mass”

}
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traceaddvariable::vmd_pick_event write mol_weight
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traceremovevariable ::vmd_pick_event write mol_weight
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>>>frommoleculeimport *

>>>from AtomSelimport AtomSel
>>>load(’alanin.pdb’)
>>>CA=AtomSel(’name CA’)

>>>CA

name CA

>>>len(CA)

12

>>>CA[:]

(0,5,11,17,23,29,35,41,47,53,59, 65)
>>>resname, resid = CA.get(’resname’, resid’)
>>>resname
[’ACE’,’ALA’,’ALA’,’ALA’,’ALA’,’ALA’,’ALA’,’ALA’,’ALA’,’ALA’,’ALA’,’C
BX’]

>>>resid

[1,2,3,4,5,6,7,8,9,10,11,12]

1777”)

>>>x,y,z=CA.get(’x’,’y’,’z
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>>>X o) JoSdg0 33 39> g00 sl IoSl 'aLo.»‘:Move *
[-2.1840000152587891,1.4500000476837158,1.9809999465942383, 0.54100000858306885,

2.8090000152587891,5.9079999923706055,5.0440001487731934,4.5659999847412109,
7.9340000152587891,9.7329998016357422, 8.1689996719360352,9.2229995727539062]
>>>y

[0.5910000205039978, 0.0, 3.6429998874664307,4.8410000801086426,
2.5559999942779541,

3.7860000133514404,7.4190001487731934, 6.7989997863769531, 5.0819997787475586,
7.9559998512268066,10.515999794006348, 8.5710000991821289]

>>>7

[0.9100000262260437,0.0,-0.9089999794960022, 2.3880000114440918,
4.3920001983642578,

2.5859999656677246, 3.244999885559082, 6.9559998512268066,7.2639999389648438,
5.5669999122619629,7.8870000839233398, 11.013999938964844]
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>>>NOTsel=-CA >>>beta=CA.get(’beta’)
>>>ANDsel >>>CA.set(’beta’,5)
(hame CA) and (resid5) >>>CA.set(’beta’,beta)
>>>0ORsel >>>

(name CA) or (resid 5)

>>>NOTsel

not(name CA)

>>>
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>>>load(’psf’,’alanin.psf’,’dcd’,’alanin.dcd’)
>>>resid5 = AtomSel(’resid5’, frame=50)

from AtomSelimport AtomSel >>>resid5.frame()

from Moleculeimport * 50

# Getareferencetothefirst molecule. >>>resid5.frame(22)

m=moleculeList()[0] >>>resid5.framel()

# Selectallatoms. 22

sel=AtomSel() _ . ) . _ . . N _ o

# We are comparing to thefirstframe. J-as 3 0olaiunl Ly o3) QL] s i S 032 0L gl o) 3dlg3 (o Lo ccsliine (g, SO L
sel.frame(0O)

# Getthe mass weights. ks JEe by delal 134205 Ll () oLasl

mass =sel.get(’'mass’)
Here’sanother RMSD example that uses the{\ttalign} method: >>>resid5
\begin{verbatim} resid5

from AtomSelimport AtomSel

I >>>resid5.select(’resid7’)
from Moleculeimport Molecule

>>>resid5
mol1=Molecule() resid7
mol1.load(’proteins/alanin.psf’) >>>
mol1.load(’proteins/alanin.dcd’)
n=moll.numFrames()
sel=AtomSel(’backbone’)
# align all frames with the first frame, using the backbone atoms
foriinrange(1,n):
sel.align(frame=i)
if'i'%”rzu;ﬁ?jsiw'th frame10. Combining atomselections)\,¥,0
sel.align(ref=sel.frame(10), frame=i) . - N T e ep .
# Align residues 1-3 from frame 10 with frame 20, but use all backbone atoms S dlel (G032 350 B aiS cuSyi ) L) 3l gS (o @) ClE) 3z b Sy olewl 1 Guy
# to performthefit.
resid123=AtomSel(’resid1to 3’) >>>CA=AtomSel(’name CA’)
sel.align(ref=sel.frame(20), frame=10, move=resid123) >>>resid5=AtomSel(’resid 5’)
# GOTCHA ALERT: sel.frame(10).align(ref=sel.frame(20)) does not work!! >>>CA
# That’s because sel.frame(10) overrides frame 20 in this case since they nameCA
# areapplied tothe same AtomSelinstance. Either use the frameargument, >>>resid5
# asillustrated here, or create anew AtomSel instance for thereference. resid5
# Performamass-weighted RMSD alignment and compute the mass-weighted >>>ANDsel = CA &resid5
# RMSdistancefromthefirstframe. >>>0ORsel =CA | resid5
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When called Functionarguments
Display_update Screenredraw none
frame Molecule changes coordinate frame (molid, frame)
help User pushes help button on Main window (name of topic)
initialize_structure Moleculecreated or deleted (molid,Tor0)
pick_atom Atom pickedingraphics window (molid, atomid,
pick_value key shift state (1if shift pressed, O otherwise)
timestep Bond, angle, or dihedral label created (value)
trajectory New IMD coordinate framereceived (molid, frame)
Completion of coordinatefile read/write (molid, filename)
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defadd_callback(name, func, userdata=None):
def del_callback(name, func, userdata=None):
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w=sel.get(’'mass’)

rms=[]

ref=AtomSel(’backbone’,frame=0)

foriinrange(n):

rms.append(sel.frame(i).align(ref=ref, weight=w).rmsd(ref, weight=w))

# Initializeresultlist.

rms=[]

# Go!

foriinrange(m.numFrames()):

rms.append(sel.rmsd(sel, frame=i, weight=mass))

Here’sanother RMSD example that uses the align method:

from AtomSelimport AtomSel

from Moleculeimport Molecule

mol1=Molecule()

mol1.load(’proteins/alanin.psf’)

mol1.load(’proteins/alanin.dcd’)

n=moll.numFrames()

sel=AtomSel(’backbone’)

# alignallframes with the first frame, using the backbone atoms
foriinrange(1,n):

sel.align(frame=i)

# alignall frames with frame10.

foriinrange(1,n):

sel.align(ref=sel.frame(10), frame=i)

# Alignresidues1-3from frame 10 with frame 20, but use all backbone atoms
# to performthefit.

resid123=AtomSel(’resid1to 3’)

sel.align(ref=sel.frame(20), frame=10, move=resid123)

# GOTCHA ALERT: sel.frame(10).align(ref=sel.frame(20)) does not work!!
# That’s because sel.frame(10) overrides frame 20 in this case since they

# areappliedtothesame AtomSelinstance. Either use the frameargument,
# asillustrated here, or create anew AtomSelinstance forthereference.

# Performamass-weighted RMSD alignment and compute the mass-weighted
# RMS distance fromthefirstframe.

w=sel.get(’'mass’)

rms=[]

ref=AtomSel(’backbone’,frame=0)

foriinrange(n):

rms.append(sel.framel(i).align(ref=ref, weight=w).rmsd(ref, weight=w))
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MoleculeRep -, %, ¥
&g dS Cawl 03 (-=>lyb (6] 43S 4 cMolecule Jgilo 35 03 sy MoleculeRep (wMS
sa-b 4 Lo Jo-SIae 3) sl 33 )y rep Sluigy ds g 35S bl Jo-Sgo S y3lyrep S
Molecule. gy 3 035wl b (s ccnsl MoleculeRep digod sl 58 gy .30 pled] glojo
bl gy 45 ooildas Loid oS 48La) Jg-Slge slass ylow duly ¢ ailgi o ()addRep
o550 plad a8 oo GLET) ya (5389 . anlg] Sluoguas 43 39 (o plsil MoleculeRep
e .3y)30 ¢ 536 MoleculeRep diges Bis .39 50 0 do Ca) 002 48LA) rep Lo ds dS
.3y Sc8bys()Molecule.reps gy s o)y a0 Ja-Sdg0 S gy MoleculeRep sylg o )
1223 50 Ayl )y 333 glovgy MoleculeRep wMS
init_(style=defStyle, color=defColor, selection=defSelection, materi--- v
& 9y— ddgl dlgo wluogios g Ll Sy «Suw Ly Rep s i : (al=defMaterial
) 389 G3ulS OlalS L dsline glgol b (sole (- S3ug )y sbi) MoleculeRep .ass
Y- Uf}gg o=l 03 0led cusdg o> g U2 S .)).._S)]).é 03l&wl 3990 35105 (o0 3]
.S 03liw) change™ glo—igy 3) 19g-< 43 . 2SS P_u.b.uLoM
: (changeStyle(style v
: (changeColor(color v
: (changeSelection(selection v
rep ol Gl ly Moo g 3l LAl « 8y c panmys Sumw t (changeMaterial(material v
=039 42 pwlawl (2] 3 rep JoSJge sl poluassl (JoSUge yo durep yS1.3uS pbiis
S 030l ) 331y Style * e lgi il y G0 awy Suw S sl style g i
(oS (o0 48U Jo Sge Ty 33> Bl VDW S oS (o0, y Jo-Sdge S Lo 5 JLko 33
fpa3 (50 305 KCAY duy 51y S5 gy |y 03) O] (ymsns
>>>fromVMD import *
>>>from Moleculeimport *
>>>bR=Molecule()
>>>bR.load(’../proteins/brH.pdb’)
<ship>
>>>reps=bR.reps()
>>>reps[0].style
"Lines’
>>>vdw=MoleculeRep(style="VDW’, material="Transparent’)
>>>bR.addRep(vdw)

>>>vdw.changeSelection(’name CA’)
10.6.3 Draw Style Methods

==y d g cwl o.st;le (JMoleculeRep.changeStyle (sugy 13 oy Sumw y085 Sy

Lo 2l L 239 (50 03M8ime] Suww 3 (gly (1058 (i y3lBe 31 4 (Slos s cannl (65910Ls JolB
90yS i (aigw flai (s o)y (“A e, 00,0 rep.changeStyle (“CPK dSiol ¢y3yaum y-bl> du

;Q__))&?H_wﬁ&_w)_(béb_! ‘) b_Q.)L_) Molecule Uullsouuu] ﬁ))gﬂjb_ASCPKle)_! 0)589_»09

0o oo buly

23108 oy ly JaSdge led wloise pyd () curFrame v

XS 50 B )yl a3 3l osine diols : (delFrame(first=0, last=-1, step=1 v
351,338 48LA) Lgil Uiy (3T 5 0355 (oS y 03 0313 psyd < (dupFrame(frame = None v
35 (50 03\8iu) (98 239 ) yurn S a2y

2313)S oy |y 03 0315 JaSJge 33 (Loy)yS3) (JeSJge (glodgadibislasi: (JnumReps v
.J9SJg0 43 3,53 @ (gly (S «3313,S 5o 3Ly MoleculeRep sl 3) (iwdd : (Jreps v

13 Oly 03 . 268 488! Jo-Sdgo ds )y MoleculeRep oa—i 031y digel : (addRep(rep v

JoSd30 () 40 M8 551335 0 53 ool 03 48L51 LT ay 45 oS ool 5 )y S5
Iy 0 3L )y ValueError ccaul o3z 4.8LA)

b_Aj)__AjE)l)_is.A_lsb_ﬂt_éD Molecule i1y 00 05)3 delRep(rep) : MoleculeRep v
5256 U850 () 3 5503 0T 53 yai Lol 33 48LS) Lo Jo S sallus duy 35055 0 g )45
A8 (0l

Oy 50 o0 3y JoSdae ) gloy) ST dew < ()clearReps v

A8 (330 3] CanBBgo @< wygo 3 : (autoUpdate(rep, onoff = None v

g 4S5 il Al d>g5) 1S s Ja-Sdge g rep ol gl )y 5395 Sluyian
by (b wglaie b lige glo JoSdge Gl coml - Sae Gl So 48355 Glayigy
A1) oy )y Leoy)yS3 55385 ilawyigy

A58 dolzo 0ybgd )y JoSJge (4l gil s : ()ssRecalc v

Examples:
>>>fromVMD import *
>>>from Moleculeimport *
>>>bR=Molecule()
>>>bR.load(’../proteins/brH.pdb’)
<snip>
<Molecule.Moleculeinstance at 0x406d878c>
>>>bR.name()
"molecule’
>>>bR.rename(’bR’)
<Molecule.Moleculeinstanceat 0x406d878c>
>>>bR.name()
7bR7
>>>bR.numAtoms()
3762
>>>bR.dupFramel()
<Molecule.Moleculeinstance at 0x406d878c>
>>>bR.numFrames()
2
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Loyhags 1Y, )

{eo0}2013)S Soyly souo ylap-Veczero v
Example:
vmd >veczero
000

331355 oy ly boulyio S 4351 § gozo - (C++) vecadd vIVZ[v3...vn] v
Examples:
vmd>vecadd{123}{456}{789}{-11-11-11}
147
vmd >vecadd{0.10.20.40.8}{1123}{3141}
412.26.44.8
vmd>vecadd45
9

231355 oy )y dlos b dlos Lyd slay -vecmul vV v
Examples:
vmd>vecmul{123}{456}
41018
vmd>vecmul{0.10.20.40.8}{1123}
0.10.20.82.4

23135 5oy Jal 31y pad dlaz ylays 30585 :(C++) vecsubviv? v
Examples:
vmd>vecsub63.2
2.8
vmd>vecsub{109.87}{0.10-0.1}
9.99.87.1
vmd>vecsub{12345}{678910}
-5-5-5-5-5

213)5 5oy V 33y jolie § oo - (C++) vecsumyv v
Examples:
vmd>vecsum{123}
6.0

o Guyyilo g layloy

Lo yu—s—lo g l2g)ay—s

Vectorsand matrices



2013y3 oy lyValaie) 33 o culam ) Job 4l -vecnormv v
Examples:
vmd>vecnorm-10
-1.0
vmd>vecnorm{11}
0.7071090.707109
vmd>vecnorm{2-31}
0.534522-0.8017830.267261
vmd>vecnorm{22-22-2-2}
0.4082480.408248-0.4082480.408248-0.408248-0.408248

3513y5 o )y (v, = V1) 31353 93y dleold -vecdist viv? v

Examples:

vmd>vecdist-1.55.5

7.0

vmd>vecdist{000}{340}

5.0

vmd >vecdist{0123456}{-6-5-4-3-2-10}
15.8745

2013)S Gop ly V(=V) (wgSeo (533938) (woSee - vecinverty v

Examples:

vmd > vecinvert-11.1

11.1

vmd >vecinvert{3-45}
-34-5
vmd>vecinvert{0-12-3}
01-23

2 yuayilo g laylay

213y3 SoylyV 33 3550 yolic (183l - (C+4+) vecmeanv v
Examples:
vmd>vecmean{123}
2.0

213,85 Sop Iy V 33 yolie 3y)ailiw) Syl - (C++) vecstddevy v
Examples:
vmd>vecstddev{12345678910}
2.87228131294

(C++) vecscalecv v

218 oy Iy V e Mhuo) 3o gy 03 Jlos) € (olido ylade ylays - (C++) vecscaleve v
Examples:
vmd>vecscale.2{123}
0.20.40.6
vmd>vecscale{-54-32}-2
10-86-4
vmd>vecscale-23
-6

2013y5 5oy )y 31340 93 YISk) dhads Juols> - vecdotviv? v
Examples:
vmd>vecdot{1-23}{456}
12
vmd>vecdot{34}{34}
25
vmd>vecdot{12345}{54321}
35
vmd>vecdot3-2
-6

L23005S ey ly 31543 95 iy Jouae -veccross v vz v
Examples:
vmd>veccross{100}{010}
001
vmd>veccross{222}{-100}
0-22

215,58 sop )y ([IV([[v ywbde Jgb - veclengthv v
Examples:
vmd>veclength5
5.0
vmd>veclength{512}
13.0
vmd>veclength{3412}
13.0
vmd>veclength{1-23-4}
5.47723

23108 oy ly (VIIV ([Iv ywlide Jgb gay0 - veclength?v v
Examples:
vmd >veclength25
25
vmd>veclength2{512}
169
vmd>veclength2{3412}
169
vmd>veclength2{1-23-4}
30




Examples:

vmd>transvec{010}

{-3.67321e-06-1.00.00.0}{1.0-3.67321e-06 0.0 0.0}{0.00.01.00.0}
{0.00.00.01.0}

vmd >vectrans[transvec{002}]{100}

0.00.01.0

oyilo il 18,5 ey )y X ya-x0 AV 3y (3 3y9] (ly— @5 yud - transvecinv v v
JSTY 9390 33 (50 up 9 Z 9990 33 (B2 31 g 35S (0 Lol JLai) (gly )y puoSo

.Caw) 030

Examples:

vmd>transvecinv{0-10}
{-3.67321e-06-1.00.00.0}{1.0-3.67321e-06 0.0 0.0}{0.00.01.00.0}
{0.00.00.01.0%}

vmd > vectrans [transvecinv{-34-12}]{-34-12}

13.0-1.8e-055.8e-05

vmd >transmult[transvec{6-573}] [transvecinv{6-57}]
{0.9999992.29254e-07-6.262e-090.0}{2.29254e-07 0.999999
-4.52228e-070.0}{-6.262e-09-4.52228e-071.00.0}{0.00.00.01.0}

ly03)3 dcgomo (1) bwgs dazy gly 3LS 3yg-0 J035 (uoyile -(C++) transoffsetv v

1510y ey

Examples:

vmd >transoffset{100}
{1.00.00.01}{0.01.00.00}{0.00.01.00}{0.00.00.01.0}
vmd >transoffset{-65-4.3}
{1.00.00.0-6}{0.01.00.05}{0.00.01.0-4.3}{0.00.00.01.0}

bwgi s By gl 3L g0 J33 Guayile - transabout vamount [deg|rad|pi] v

Job 139130 Gusb 3) dS 1y yg e By bl y5 caclw gl duybe cp> GBS oasi 035 )labe
(A>3 3)g5 (o0 iy ylaRe A olg dtransvec ailow . 008 o 3dgi gy (0 (30 yl3yo
bl pi ol e L gl

Examples:

# thisisarotationaboutx by 180 degrees

vmd >transabout{1003}180
{1.00.00.00.0}{0.0-1.0-2.65359e-06 0.0}{0.02.65359e-06
-1.00.0}{0.00.00.01.0}

# arotationaboutzby 90 degrees

# (compare thisto “transaxisz90”

vmd > transabout{001}1.5709rad
{0.999624-0.0274140.00.03{0.0274140.999624 0.0 0.0}
{0.00.01.00.0}{0.00.00.01.0%}

vmd > transabout{111}1pi
{-0.3333350.6666650.6666690.0}{0.666668 -0.333334 0.666666
0.0}{0.666666 0.66667-0.3333320.0}{0.00.00.01.0}

2 yuayilo g laylay

Matrixroutines)),Y

331355 ey )y (3wl (uoyilo - Transidentity v

Example:
vmd >transidentity
{1.00.00.00.0}{0.01.00.00.0}{0.00.01.00.0}{0.00.00.01.0}

2313,3 5oy )y 00 0313 uuyilo 3) uayile &3] - transtranspose m v

Example:
vmd > transtranspose{{01234}{5678}{9101112}{13141516}}
{05913}{161014}3{271115}{381216}

=y )y 03— 0315 gl (uyile ) (uoyile oy 6 -(C++) transmult m'm?[m3... mn] v
201,S

Examples:

vmd>setmat1{{1234}{-23-45}{3-45-6}{45-6-7}}
vmd>setmat2{{10003}{00.7071-0.707103}{00.70710.70710}{0 00 1}}
vmd>setmat3{{0.8660250003}{01003}{-0.500.86602503}{0001}}
vmd > transmult $mat1[transidentity]
{1.02.03.04.0}{-2.03.0-4.05.0}{3.0-4.05.0-6.0}

{4.05.0-6.0-7.0}

vmd >transmult $mat1$mat2 $mat3

{0.5124753.53550.612366 4.0}{0.7428-0.7071-4.28656 5.0}
{-0.583870.70715.5113-6.0}{7.35315-0.7071-6.73603-7.0}

Jo> 33 Gz gy 3L 3yg0 Joo5 (wayile - transaxis <x|y|z>amount [deg|rad|pi] v
d_’_>)_§ 39 UT)L\_(S.O zuo)ﬁ L):"—_*:’)Q—b W] ...\.)L\;LTO)J LJ}QR_J.\A)L\_(S.OL! )) 0 UM)Q_’ZO
3545 0313 35 pil gLy giS 18 L ooy ciygo d 2 ilg3 (o cL.'_>)§’ (S 03 odino gl

Examples:

vmd > transaxis x 90
{1.00.00.00.0}{0.0-3.67321e-06-1.00.0}{0.01.0-3.67321e-06 0.0}
{0.00.00.01.0%}

vmd >transaxisy 0.25 pi

{0.7071070.00.7071070.0}{0.01.00.00.0}
{-0.7071070.00.7071070.0}{0.00.00.01.0}

vmd > transaxis z3.1415927 rad

{-1.0-2.65359e-06 0.00.0}{2.65359e-06-1.00.00.0}{0.00.01.00.0}
{0.00.00.01.0}

SIS oy yV )3y Jgb 33 X gm0 (33yg) &y 3L 3yg-0 Ja-o5 (wwyile - transvecv v
3 omasile .ol jloo oy Slibl 13 (olel iz |y S 338 4 yuacie (il ¢
Zyg-0 43 L;f Sooy 4.\9.;\3 =° d.:DLMJyLﬁl)_b‘ 39 ul\.?).?
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Multiplying vectors and matrices ), ¥

G JSoi dus 43y S 356S S0 (1858 Lo3) . 3y)3 39> coordtrans g Laylsys )y S g (uayile S wyad Gl ygiwd 9
51 Sy ygiawd 93 bl das yloz ol ylays 351025 o ol ylays doly Guayile aego 31 i g Cal
4S Cawl 9l 33 wglss .Coordtrans glys) g vectrans glys e .5g- (0 d8LS pyloz Sus ail diils yuois dow Hloys
i Sliaiie 45 (o 13 30y8 o) 48 damyi 4 36 casd @¥g55 Jab 45 Layloys
2013y5 oy )y 313y .38 Wb (F Job) V413 blym yusyile - C++) vectransmv) v
15,5 (soyy 43y auiS b (Y Jgb) v oliaisee blym usyile - coordtrans mv v
Examples:
vmd >vectrans [transaxisz90]{10 0}
-3.67321e-061.00.0
vmd > vectrans [transvecinv{-34-12}1{-34-12}

13.0-1.8e-055.8e-05
11.4 Misc. functions and values

.Cau) Pi yJado gol dS cawl MPI ysio (o) .l 030 dLA) Loyl g dis 4 ,S0s dbuly SEAVES
Examples:
vmd >set M_PI
3.14159265358979323846

vmd>expr90 * ($M_PI1/180)
1.5708

b5 b O8] Cwds glyo trans_from_rot, trans_to_rot, trans_from_offset, and trans_to_offset ooy
(ol 032 oo lyb yole s 13 dS yghilos 394 (o0 03w Cawd) Yoy s L VXY (icsys (woyile 3) Joo0 (wayile
9wl pluwSs transoffset L Trans_from_offset . 5,135 39 >4 (uayile 13 658 03130 g S 35S (0 (1658 (3!

33929 439 J-ol5 gly=
Bogs 45y hle o gl 3 g 35S (o0 )y yuio L 8o 4S «cwl find_rotation_value varname .3y5 0 o)
Lo Loy 33 iy ylafo g asile (o0 (9L 380 33 35200 (Gl 0313 Al .38 (0 2l yS0w) () s Sy> sla a0
Sa i3l Gl a0 yslae g (o 03liw) 3yl Sy d LG dS galgl ) diws o) brwgs oyl 3 (=0 03313,S3
L pi Jolgs 33 Gay> 3313 glyo pi dsdS radians 4o jlage So glyo radian L rad. radian j) o Su ol JLis duwae
Aol iy )38 A5 35 (0 (938 39 0313 Gy e ST Ay 13 jlaBe SO gl e dmp Lidsys deg j S

2 yuayilo g laylay

v trans[center{xyz}][origin{xyz}][offset{xyz}][axisxamount[rad|deg]|pi]l]
[axisyamount[rad|deg|pill[axiszamount[rad|deg|pill[xamount[rad|deg|pil]
[yamount[rad|deg|pill[zamount[rad|deg|pil]l[axis{xyztamount[rad|deg]|pi]l]
[bond{x1y1z1}{x2y2z2}amount[rad|deg|pi]l[angle{x1y1z1}{x2y2z2}{x3y3
z3}amount [rad|deg| pill -

Lot Lol §) (o ymgns 353 (50 AL 0l 53 4 Ty (oallS o 35085 (o0 Lty ygicas (32
il o3 gl unyile Adgi 13 0308Ta) 3950 3y Lo (yy3 Lol 45 Canl 030 (o5 lb oyl .3
350 1313 3959 ayile duww a0y 8 )y T (S 3y Shas (K368 )3 ¢y 3) prasuo 03w
(0830 i yob )13 41y B LS )3 Yy 1550 AS SIS (0 (s 3530 il .l g iy
GiBy2 (i uyile 39 Jasd a0 4 g AIS 5T a b y 2 13 3ilg5 (o0 Lol eassl 130
OBz ) 3oy (lel Aoyl ] il g (38 (o0 iyl (lySiSye 6 b ()] 339053
SIS (0 LAy
4 abdi )] 3y9] 8l 390 petyile (1 ¥g-23 om0 bl Sy By @l i JLko plose
Gl 395 ol Jme dolaie ciSil gl led S (Vg 3Sp0 3590 33 Gty (V daio
S 0 2ol alize glo gy by o woyile trans gleyd calize glo diiS
oo o)) slino Xy Z dbad 4S 35S o0 0iid g9 Iy bwg usyile - center {xy z} @
Sy XY Z e dS XS (50 eubid G yob Iy cand) uuyile -{offset{xyz} @
XS 50 aBIEXY Z a2 )y ) § 3530 Gl puyilo - origin{xy z} @
d 032 0313 )l 8o L]y X g0 du by sye s>y - axis xamount [rad|deg|pi] @
35 o 8L bz il
4035 0313 yla 8o Liy yome 3550 33 Guy> - [axisyamount [rad|deg|pi] @
IS 50 48U itz uyile
a0k 033 5)a 80 L)y Z yg 0 3950 43 juy> - axiszamount [rad|deg|pi] @
2SS (50 d8LA) Sy (uayile
0313 40353 339 0 33 03 033 y)a B0 i Sy> - axis{x y z} amount [rad|deg|pi] @
35 o 43L) iy uasile 4y 0
U lycund) glo Juaidg jSye - bond {x'y'z'}{x?y?z2} amount [rad|deg|pi] @
IS (50 LRyl (0 y)a80 by 43k 15220 )90 13 (PS> S 9 33S (50 pubiS Jo) d b
Joa5 9 3-Sye -[angle {x1y1z1}{x2y2 z2}{x3y3z3}amount [rad|deg|pi @
o d 20 33 3508 j5-20 330 33 |y (2 § 035 @ B5 0o b Ay )y Cannd]
(50 damlx0 4)3 2 bla%o Jguomo ) 3)35) 35S (0 B2 dad) douw Jwwgi 03
(5] dhd) 93 358 (oo Juoio o1 Ly Jo) ddadi g3 45 3




:Jbe
vmd >seta “180 deg north”
180degnorth
vmd > find_rotation_valuea
3.14159
vmd>seta
north
vmd>seta“1pitoeat”
Tpitoeat
vmd > find_rotation_valuea
3.14159
vmd>seta
toeat
vmd>seta45
45
vmd > find_rotation_valuea
0.785398
vmd>expr$M_PI*3.0/2.0
4.71239
vmd>seta“4.71238 radians”
4.71238radians
vmd > find_rotation_valuea
4.71238




molinfo ygiws j) oaliuw) LY,

Can) 0325 d3ly) VMD yamolinfo 3o yaiws 31 03laiw) b lood) g ldoS)ae ds basye wileMbl 2lysiiw) 0gm i oyl 33

e Jlo

S (505 8D y95x0 CuraBgo lkas 0 b 0T RU3L 6l 63503 9 198 (Glod CurByo 03 Gl (2 eySLos 93

proc save_viewpoint{}{

global viewpoints

if [info exists viewpoints]{unsetviewpoints}

# getthe current matricies

foreach mol [molinfolist]{

setviewpoints($mol) [molinfo $mol get{

center_matrix rotate_matrix scale_matrix global_matrix}] C h d pte r 1 2
}

}

procrestore_viewpoint{3}{
global viewpoints " \
foreach mol [molinfolist]{ _— fﬂ_fb .)) 9 .)  ——

puts “Trying $mol”
if [info exists viewpoints($mol)1{
molinfo $mol set{center_matrix rotate_matrix scale_matrix

~y
global_matrix} $viewpoints($mol) - u ’
) -

}
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# savethecurrentdisplay state
foreach mol[molinfolist]{
setdisp($mol) [molinfo $molget drawn]
}

# turneverything off

mol off all

# turneach molecule onthen offagain
foreach mol[molinfolist]{

if $disp($mol) {

molon $mol

sleep1

mol off $mol

}

}

# turntheoriginalonesbackon
foreach mol [molinfolist]{

if $disp($mol) {mol on $mol }

}
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vmd>atomselect4 get name
A3 3138 )38 ygiw 13l @3] E1AS A 1o (0 )5 il 335 CewlgBy )y (S 23z g (o e LI L
vmd> $sel get{name backbone}
{N1}{HO}{CA1}{CBO}{C1}{O1}
vmd> $selget{xyz}
{0.7100004.2110001.0930003}{-0.0260003.700000 0.6970003}{0.541000

4.8410002.388000}{-0.8090004.4620002.976000}{1.591000 4.371000
3.3810003}{2.2120005.167000 4.085000}
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foreachresid[$sel getresid] resname[$sel getresname]{
# process eachresidand resnamehere
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procgeom_center{selection}{

# setthe geometrical centerto O

setgc[veczero]

# [$selectionget{xyz}]returnsalistof {xyz}

# values (one per atoms) so get eachtermoneby one
foreach coord[$selectionget{xyz}1{

# sumupthe coordinates

setgc[vecadd $gc $coord]

}

# andscaleby theinverse of the number of atoms
return [vecscale[expr1.0/[$selectionnum]] $gc]

}

JsSIgo 5.7

Do (0 (e a8l
#turntheoriginalonesbackon
display update off
foreach mol[molinfolist]{
if $disp($mol) {mol on $mol }
}

displayupdateon

Alternatively, sincethedrawn optionis settable, you could do:
foreach mol [molinfolist]{

if $disp($mol) {molinfo $mol set drawn 1}

}
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vmd> set sel [atomselect top “water”]
atomselect3
vmd> $sel text
water

Thisisequivalenttosaying
vmd> atomselect3 text

s o 3 oleMbl (4349 Cansd A (Glys A0S 50 £ (o S L) (503) Loyd S Cannl iyl 0yl oyl 33 3585 0y ¢yry3 03Law
«NUM yg5uw «atomselect)» B d (num atomselect)) Gad JUio 33 ¢yl . 3uiS L) o3 6y )y ygiomws 2ubs
A4S 2lo3l) 0 Fiine 5o 2lgh () 408 OLEH 1y 3500 5Lpad) M3 A @lgB (o0 poin 31 A (anwl 030 Jluwy)
2 TV (i 534S jadailam (35S (o L)y g s (gl 43S (aiswe atomselect ailo (ule oL gyl
«Caw) 030 031>

ol 4 d>gib (Jbo plgic 4

vmd> set sel [atomselect top “resid 4”]
atomselect4
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vmd> $sel get name
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# andscalebytheinverse of the number of atoms
if {$mass==03}{
error “center_of_mass: total massiszero”

}
# The*1.0” can’tbe *1”, since otherwiseinteger divisionisdone
return [vecscale[expr1.0/$mass] $com]

}
vmd> center_of_mass $sel
Info) 0.9127784.617922.78021
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setsel[atomselecttop “index5”]
$selget{xyz}
{1.450000 0.000000 0.000000}
$setset{xyz}{{1.600}}
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# gettwoatomsandsettheir coordinates

setsel[atomselect top “index67”]
$selset{xyz}{{500}{7.65.43.2}}
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procmoveby{sel offset}{
foreach coord[$selget{xyz}I{

lappend newcoords [vecadd $coord $offset]

}

$selset{xyz}$newcoords

(AY,A-5)) = (xy 2) cawd) S ((“moveel$” o) gl ccdls ¢yl 43) 3y Sdoe () 31 0aldiw! gl g
23S Jlosl

moveby $movesel{0.1-2.8 9}
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vmd>geom_center $sel
0.7031684.45868 2.43667
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$selectionget{xyz}

{0.7100004.2110001.093000}{-0.026000 3.700000 0.697000}{0.541000
4.8410002.388000}{-0.8090004.4620002.976000}{1.591000 4.371000
3.3810003}{2.2120005.167000 4.085000}
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[selectionnum$1/\,expr
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proccenter_of_mass{selection}{

# someerror checking

if {[$selectionnum]<=03}{

error “center_of_mass: needs a selection with atoms”

}

# setthe centerof massto O

setcom[veczero]

# setthetotalmassto O

setmassO

# [$selectionget{xyz}]returnsthecoordinates{xyz}

# [$selection get{mass}] returns the masses

# sothefollowing says “for each pair of {coordinates}and masses,
# dothecomputation...”

foreach coord[$selectionget{xyz}Im[$selectionget mass]{
# sum of the masses

setmass [expr $mass + $m]

# sumup the product of massand coordinate

setcom[vecadd $com [vecscale $m $coord]]

}

—
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proctotal_mass{selection}{

setsumO $selmoveto{-114.3}
foreach mass [$selection get mass]{ o ) _ . ) ) - -
setsum [expr{$sum +$mass}] UD)'? le)_) cdls U—_’)le" U—.’) ...\_;Sb_o JL.O.C) lo._)) QLM)) kS__))_b).) )) 03 030 dg_?.) uM._))JLO tCAS)D tu’ L)_.’)D,
} . . . : .
return $Sum _39_1@ =° OJLQ_A_MJ‘ .\)19_0 ..\_AJLO (A0 y0-x0 LS__) kﬁl)_b’ )_5 lJb IA_!‘ )l 6‘ d_CsA.’ZO
}
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proctotal_mass1{selection}{
set mass [$selection get mass]
eval “vecadd $mass”

}

# getthesidechainatoms(CBand onwards)

setsidechain [atomselect top “sidechainresidue 22”]

# getthe CA coordinates -- could do nexttwo ononeline...
set CA[atomselecttop “name CA andresidue 22”]

set CAcoord[lindex[$CA get{xyz}]0]

# and getthe CBcoordinates

set CB[atomselecttop “name CBandresidue 22”]

set CBcoord[lindex[$CBget{xyz}]0]

# apply atransform of 10 degrees about the given bond axis
$sidechain move [trans bond $CAcoord $CBcoord 10 deg]
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proc minmax {molid}{ 2yig Lol . 330 03185l LIgSUge Joalodi g diad gly 335163 (0 45 )13 3929 (aledlgy 31 6 155 gle digal 33 3

setsel[atomselecttopall]

SGESXESG:QGEX} 33-Sdos S dS 35S (g 3luw 03l (635 03135 ygiws L (3l (o0 )y y)g-0 (3] 3) (6 ybns |ys§ A5G 03M5w) gl Jlgy
setsy[$selgety '

setsz[$selgetz] 30l (0 33 gy ly (S
setminx [lindex $sx 0] . . _ T - . ~ 2
setminy [lindex $sy 0] 4S)yPDB (|08 S0 g 358 (03w yuwno 31 08 3o gy )y (595 S35 sles) JUie () (3G9 39 S339 gLga) (9-8L

set minz[lindex $sz 0]
set maxx $minx
set maxy $miny

g (50 ol Lo T T ol

setmaxz $minz

foreachx $sxy $syz $sz{

if {$x < $minxF{set minx $x} else {if {$x > $maxxF{set maxx $x}}
if{$y < $miny}{set miny $y}else{if {$y > $maxy}{set maxy $y}}
if {$z<$minz}{set minz $z}else{if{$z>$maxz}{set maxz $z}}

return [list [list $minx $miny $minz] [list $maxx $maxy $maxz]]

}

setsel[atomselect top “water and sameresidue as (within 2 of protein)”]
setn[molinfo top get numframes]

for{setiO}{$i<$n}{incri}{

$sel frame $i

$selupdate

$selwritepdb water_$i.pdb

}
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vmd > mol new alanin.psf
vmd > mol addfilealanin.dcd

vmd > set sel [atomselect top all] proc gyr_radiu§{§el}{ .
vmd > for{seti0}{$i<[molinfotop get numframes]}{incri}{ # make surethisisaproperselectionand hasatoms
2 puts [list $i [frame_rmsd $sel $i 0]] if {[$sel num]<=03}{
2} error “gyr_radius: must have atleast oneatomin selection”
00.0 }
10.100078 # gyrationissqrt(sum((r(i) - r(center_of_mass))~2) /N)
20.291405 setcom [center_of_mass $sel]
30.523673 setsumO
foreach coord[$sel get{xyz}1{
9720.0095 setsum [vecadd $sum [veclength2 [vecsub $coord $com]]]
9821.0495 }
9921.5747 return [exprsqrt($sum/ ([$sel num]+0.0))]
}

A4S Canol €Ly (g 3ua Sy gl gy 3l (550 135 Cacmol 3oyl (3] .33 (o0 (3L |y Ly 3 ud o o956 45T JLio

_ . 23S Jlas) alanin.pdb olaise (18 431y 3350 ¢y
Jlois) ey b 20185 (e 325 32)) .28 (0 03] (28 Sy ludio b d g3 b JoSdge (g 3ol STy gly L y0ldo )

S (550 oagS cauyed wlwl yo )yl JoSIao 325 0 ¢ySee) Locis 4o Ly yu3lae samo Chyes (ylylio (39 oL vmd >mol newalanin.pdb
- ~ . . - . - _ . . ] vmd > set sel [atomselect top all]
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procbetacolor_distance{sel point}{

# getthecoordinates

foreach coord[$sel get{xyz}1{

# getthedistanceand putitinthe “newbeta” list
setdist[veclength2 [vecsub $coord $point]]
lappend newbeta $dist

}

# setthebetaterm

$selsetbeta $newbeta

}
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# load pdb2plv.entusinganonymousftp tothe PDB
vmd > mol new 2plv
vmd > set sel [atomselect topall]

vmd > betacolor_distance $sel{00 0}
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procframe_rmsd{selection frame1frame23}{

set mol [$selection molindex]

# checktherange

set num [molinfo $mol get numframes]

if{$frame1<0 || $framel>=$num|| $frame2<0|| $frame2 >=$num}{
error “frame_rmsd: frame number out of range”

}

# getthefirst coordinate set

setsell[atomselect $mol [$selection text] frame $frame1]
setcoords1[$sellget{xyz}]

# getthesecondcoordinate set

setsel2 [atomselect $mol [$selection text] frame $frame2]
setcoords2 [$sel2 get{xyz}]

# and compute thermsdvalues

setrmsdO

foreach coord1$coords1coord2 $coords2{

setrmsd[expr $rmsd + [veclength2 [vecsub $coord2 $coord1]]]
}

# divide by the number of atoms and returnthe result

return [expr $rmsd/ ([$selection num] +0.0)]

}
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setsell1[atomselect O “backbone”]
setsel2[atomselect1“backbone”]

measure rmsd $sel1$sel2
Info) 10.403014
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setweighted_rmsd [measure rmsd $sel1$sel2 weight mass]
Info) 10.403022
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settransformation_matrix [measurefit $sel1$sel2]
Info) {0.971188 0.007163910.238206 -13.2877}

{0.0188176 0.994122-0.106619 3.25415}{-0.23757 0.108029 0.965345 -2.97617}
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RMSD of 2is0.977208
RMSD of 3is0.881330
RMSD of 4is0.795466
RMSD of 5is0.676938
RMSD of 6is0.563725
RMSD of 7is 0.423108
RMSD of 8is0.335384
RMSD of 9is0.488800
RMSD of 10is 0.675662
RMSD of 11is 0.749352
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proctricolor_scale{}{
setcolor_start[colorinfo num]
display update off
for{seti0}{$i<1024}{incri}{

if{$i==0}{
setr1;setg0;setbO
}

if{$i==5113}{
setr1;setg1;setb1
}

if{$i==513}{
setrO;setgO;setb1
}

colorchangergb [expr $i+ $color_start 1$r $g $b
}

displayupdateon
}

tricolor_scale
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# molecule Oisthe same molecule usedfor $sell
set move_sel [atomselect O “all”]
$move_sel move $transformation_matrix
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# computethetransformation matrix

setreference_sel[atomselect 9 “backboneandresid4to10”]
setcomparison_sel [atomselect1“backboneandresid4to10”]
settransformation_mat [measurefit comparison_sel $reference_sel]
# applyittoallof themolecule1

set move_sel [atomselect1“all”]

$move_sel move $transformation_mat

Asimulation example script
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# Printsthe RMSD of the protein atoms between each \timestep
# andthefirst\timestep for the given moleculeid (default: top)
proc print_rmsd_through_time{{moltop}}{

# useframeOforthereference

setreference [atomselect $mol “protein” frame 0]

# theframebeing compared

set compare [atomselect $mol “protein”]

set num_steps [molinfo $mol get numframes]
for{setframe 0}{$frame <$num_steps}{incrframe}{
# getthecorrectframe

$compare frame $frame

# computethetransformation

settrans_mat [measure fit §compare $reference]

# dothealignment

$compare move $trans_mat

# computethe RMSD

setrmsd[measurermsd $compare $reference]

# printthe RMSD

puts “RMSD of $frameis $rmsd”

}

}
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proc make_grayscale{3}{
display update off
set coloridcount [colorinfo num]
set colordiv [expr $coloridcount-1.0]
for{seti0}{$i<$coloridcount}{incri}{
setval [expr $i/ $colordiv]
colorchangergb $i$val $val $val
}
display updateon
}
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procrevert_colors{}{
display update off
foreach color [colorinfo colors]{
colorchangergb $color
}
displayupdateon
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colvar{

# difference of two distances
named

width 0.2 # 0.2°A of estimated fluctuation width
distance{
componentCoeff1.0
group1{atomNumbers12}
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# add personalized keyboard shortcuts
useraddkeyEechoon

useraddkey eecho off

useraddkey gdisplay reset

user add key A stagelocation bottom
useradd key mmollist

# positionthe stageand axes
axeslocationlowerleft
stagelocation off

# positionand turn on menus

menu mainmove 5196

menudisplay move 386 90

menu graphics move 5455

menu filesmove 5496

menu mainon

# startthescenea-rockin’

rockyby1
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The growth and development of new educational
tools and software, along with practical, technical,
and specialized requirements, have made the need to
update and improve the quantitative and qualitative
level of resources and course contents more evident
thaneverbefore. Thedevelopment of applications for
emerging educational topics and areas such as data
display methodsandstatistical studies, toolsrelatedto
displaying three-dimensional images, virtual reality,
augmented reality, software capable of displaying
the structures of molecules. Since various courses in
related fields require the use of visualization software
at the molecular scale, appropriate software that has
special capabilities and at the same time is easy to
use was examined, and among these, the molecular
dynamics visualization software (VMD) was selected
as the best option that has special capabilities and
features. This book has been compiled with a practical
approach for all students, professors and researchers
in molecular and biological structures related fields,
focusing on the capabilities and special cutting edge
features of this software.

Ali Alizadeh
Faculty Member, Tehran University of Medical Sciences

MohammadAmin Jadidi Kouhbanani
Farahnaz Behzad

TEHRAN UNIVERSITY
MEDICAL SCIENCES
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