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Uvod
Zakladni pojmy
Zakladni algoritmy

Algoritmus vyuzivajici analyzu
hledaného motivu

Algoritmus vyuzivajici nalyzu
prohledavaného retézce

Tandemové opakovani

Palindromy

DP - Needleman-Wunsch
Vylep$eni pro maximalné k chyb

Burrows-Wheeler transform



3D Pocitacova Grafika
(nebo Geometrie)

- modelovani scén

SDL (scene description
languag S)

- vizualizace scen (rendering)
- rasterizace
- ,raytracing”

- zajimaveé koncepty

CSG (constructive solid
geometry

skriptovani scen

riklad erovani realistickych
stromu a k%eD y




SDL — Scene
Description Languages

VRML/X3D
3DMLW
POV-Ray SDL

Renderman shading language

http://en.wikipedia.org/wiki/Scene description_language




RenderMan
Shading Language

Daniel Scherzer
Vienna University of Technology
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Co je RenderMan?
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Entropy image contest winner by Clau
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Co je RenderMan?

Autorem je spolecnost Pixar (1987)
Neco jako PostScript pro 3D
- Scene Description Language
neni modelovacim programem
neni renderingovym programem
Rozhranim mezi modelovanim a renderingem
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Frikiad bytestream Kodu pro
RenderMan Interface

Display "RenderMan" "framebuffer"
A rgb A

Format 250 192 1
WorldBegin
Surface "constant"

Polygon "P" [0.5 0.5 0.5 0.5 -0.5
0.5 -0.5 -0.5 0.5 -0.5 0.5 0.5]

WorldEnd
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RIB

Display "RenderMan" "framebuffer"
A rgb A

Format 256 192 1
WorldBegin

EIE - - - S S - - S - - - - - -y

Polygon "P" [0.5 0.5 0.5 0.5 -0.5
0.5 -0.5 -0.5 0.5 -0.5 0.5 0.5]

WorldEnd
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AP]

#include <ri.h>

RtPoint Squaref4] = { {.5,.5,.5}, {.5,-.5,.5}, {-.5,-.5,.5},
{_-51-51-5} };

main (void) {
RiBegin (RI NULL) ; /* Start the renderer */
RiDisplay ("RenderMan", RI FRAMEBUFFER, "rgb'", RI NULL);
RiFormat ( (RtInt) 256, (RtInt) 192, 1.0);
RiWorldBegin () ;
RiSurface ("constant", RI NULL);
RiPolygon ( (RtInt) 4, /* Declare the square */
RI P, (RtPoilinter) Square, RI NULL);
RiWorldEnd () ;
RiEnd () ; /* Clean up */
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RenderMan Shading Language

surface clouds (float vfreg = .8 )

{

float sum ;

float 1;
color white = color(1.0, 1.0, 1.0);
point Psh = transform("shader", P);
sum = 0;

freqg = vireq;

for (i = 0; i < 6; 1 =1 + 1) {
sum = sum + 1/freq * abs (.5 - noise(freqg * Psh));
freqg = 2 * freqg;

Ci = mix(Cs, white, sum*4.0);
01 =ERIE /* Always make the surface opaque */
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RenderMan Shading Language

surface cloudskfloat vireqg = .8 )|
{

float sum ;

float 1;
color white = color(1.0, 1.0, 1.0);
point Psh = transform("shader", P);
sum = (;

freqg =|vfreq;|
for (i = 0; i < 6; 1 =1 + 1) {
sum = sum + 1/freq * abs (.5 - noise(freq * Psh));

freqg = 2 * freqg;

Ci = mix(Cs, white, sum*4.0);
01 =ERIE /* Always make the surface opaque */
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RenderMan Shading Language

surface clouds (float vfreg = .8 )

{

float sum ;

float 1;
color white = color (1.0, 1.0, 1.0);
point Psh = Jtransformf'"shader", P);
sum = 0;

freqg = vireq;

for (1 = 0; 1 < 6; 1 = 1 {
sum = sum + 1/freq *‘ abs I1.5 —(freq * Psh));
freqg = 2 * freqg;

}
Sl =<Cs, white, sum*4.0);

01 =ERIE /* Always make the surface opaque */
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RenderMan Shading Language

surface clouds (float vfreqg = .8 )

{

float sum ;

float 1i;
color white = color (1.0, 1.0, 1.0);
point Psh = transform("shader", P);
sum = 0;
= vireq;
Iéééi(i = 0; i< 6; 1i=1+ 1) {
sum = sum + 1/freq * abs (.5 - noise(freqg * Psh));

freqg = 2 * freqg;

Ci = mix(Cs, white, sum*4.0);

01 =ERIE /* Always make the surface opaque */
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RIB s pouzitim “Shader” kodu

Display "RenderMan" "framebuffer"
A rgb A

Format 256 192 1
WorldBegin

Surface‘"clouds"

Polygon "P" [0.5 0.5 0.5 0.5 -0.5
0.5 -0.5 -0.5 0.5 -0.5 0.5 0.5]

WorldEnd
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Soucasti systemu RenderMan

. CC.

shader

. N




Surface Shader

surface plastic( float Ks = .5, [Kdl = .5,
:Eg = 1, |roughness = .1;
color specularcolor = 1 )
{
normal [Nf| = faceforward(normalize{ﬁ), I ) ;
vector BV = normalize(—ﬁ);
01l = 10s;
Cil = Qs*(l?gw* &Eg*ambient()+ _
Kd#diffuse (ME)) + alifelany

specularcolor * is a
specular (NL J,koughness) ) ;

varying

04/22/12 17




Light Shader

light
polintlight (
float intensity = 1;
color lightcolor = 1;
polnt from = point "camera"
(0,0,0) )

1lluminate( from )
Cl = intensity * lightcolor / L.L;

04/22/12 18
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,Rendering”

- rasterizace

Vlastnosti viech bodu v
prostoru/modse?urjlsou lokalné definovany

- “raytracing*

VJ]astnosti bodu jsou ovlivpén
globelnfné v“Semi ost tnl'm?bocpy Vv
cene/modelu.

Dokaze spravnpe vykreslit
tg}gﬁ yaretnos'%, reH’akc){ svéstlla a podobné

21




rendering Pioeline - OpenGlL

Aaron Bloomfield
CS 445: Introduction to Graphics

Fall 2006
(Slide set originally by Greg Humphreys)
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3D Polygon Rendering

Many applications use rendering of 3D
polygons with direct illumination

23




3D Polygon Rendering

Many applications use rendering of 3D
polygons with direct illumination

24




3D Rendering Pipeline

3D Geometric Primitives

Modeling
Transformation

Lighting

This is a pipelined
Viewing sequence of operations
Transformation to draw a 3D primitive
into a 2D image

Prog'ection_
ormat|on

Trans

(this pipeline applies only for
direct illumination)

Clipping

Scan
Conversion )

25
Image




3D Rendering Pipeline

3D Geometric Primitives

Transformation

Modeling J

Viewing
Transformation

!

Lighting &
Tgxtu r?ng

\—_—

Prog'ection_
ormat|on

Trans

Clipping

Scan
Conversion
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3D Rendering Pipeline

3D Geometric Primitives

Transformation

Modeling J

Viewing
Transformation

!

Lighting &
Tgxtu r?ng

\—_—

Prog'ection_
ormat|on

Trans

Clipping

Scan
Conversion
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3D Rendering Pipeline

3D Geometric Primitives

Modeling
Transformation

Viewing
Transformation

II

Lighting &
Tgxtu rlgng

Prog'ection
ormation

Trans

Clipping

Scan
Conversion
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3D Rendering Pipeline

3D Geometric Primitives

Modeling
Transformation

Viewing
Transformation

II

Lighting &
Tgxtu r?ng

\—_—

Prog'ection
ormation

Trans

Clipping

Scan
Conversion

29
Image




3D Rendering Pipeline

3D Geometric Primitives

Modeling
Transformation

Viewing
Transformation

II

Lighting &
Tgxtu r?ng

\—_—

Prog'ection

Transtormation

Clipping

Scan

! gl

Conversion
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3D Rendering Pipeline

3D Geometric Primitives

Modeling
Transformation

Viewing
Transformation

II

Lighting &
Tgxtu r?ng

Prog'ection_
Trans ormatlon

Clipping

EKZZE
_coniction |

Scan
Conversion

31
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Viewing Transformation

Mapping from world to camera coordinates
Eye position maps to origin
Right vector maps to X axis
Up vector maps to Y axis

- Back vector maps to Z axis
\

Camera

World 32




Projection

General definition:
Transform points in n-space to m-space (m<n)
In computer graphics:
Map 3D camera coordinates to 2D screen coordinates

For perspective transformations, no two “rays” are parallel
to each other

T - 33




Taxonomy of Projections

Planar geometric
projections

Parallel Perspective

Orthographic Obligue  One-point |

Tom Cabinet Two-point
(plan)

Front Axonometric  cgyalier Three-point
elevation

Side
elevation

Isometric
Other FVFHP Figure 6.




Parallel Projection

Center of projection is at infinity
Direction of projection (DOP) same for all points




Orthographic Projections

DOP perpendicular to view plane




Oblique Projections

DOP perpendicular to view plane

} Cavalier Caine
(DOP o = 45) (DOP a = 63.4°)




Parallelpiped
View Volume




Taxonomy of Projections

Planar geometric
projections

Parallel

Orthographic Oblique One-oint |

Tom Cabinet Two-point
(plan)

Front Axonometric  cgyalier Three-point
elevation

Side
elevation

Isometric
Other FVFHP Figure 6.




Perspective Projection

Map points onto “view plane” along
“projectors” emanating from “center of
projection” (COP

Center of
Projection




Perspective Projection

How many vanishing points?

3-Point 2-Point 1-Point
Perspective Perspective Perspective

The difference is how many of the three principle directions
are parallel/orthogonal to the projection plane




Perspective Projection View Volume

N Frustum
~~\ View Volume

Reference
Point




Camera to Screen

Remember: Object > Camera = Screen

Just like raytracer
“screen” is the z=d plane for some constant d

Origin of screen coordinates is (0,0,d)

Its x and y axes are parallel to the x and y
axes of the eye coordinate system

All these coordinates are in camera space
Now

43




Taxonomy of Projections

Planar geometric
projections

T —

Parallel Perspective

T

Orthographic Obliqgue  One-point |

Tom Cabinet Two-point
(plan)

Front Axonometric  cgyalier Three-point
elevation

Side
elevation

Isometric
Other FVFHP Figure 6.




Perspective vs. Parallel

Perspective projection

Size varies inversely with distance - looks
e e

Distance and angles are not (in general)
preserved "

Parallel projection
Good for exact measurements
Parallel lines remain parallel
Angles are not (in general) presery=




Classical Projections

lsometric One-point perspective Three-point perspective

46




CSC 480 /580

Scan Conversion

Filling




Scan-converting Lines - Toward the Bresenham Algorithm
Special case: 0 <m <1, Ax >0

At each step:
X++ ;

if (0 >0)
y++

Letp=~Ax (0 —0"). Then:

At each step:
X x+1 x++ ;

if (p > 0 )
imagine pixel centers yt++ ;
at grid vertices update p ;

Can we do this with simple all-int arithmetic? Yes!




void line( int xA, int yA, int xB, int yB )
The Bresenham

Algorithm {

const int DX= xB - xA ;

const int DY= yB - yA ;

const int DP FLAT= 2*DY ;

const int DP _JUMP= DP_FLAT - 2*DX ;

int x= xA ;
int y= yA ;
int p= 2*DY - DX ;

while ( x < xB )
{
if (p > 0)

p+= DP_JUMP ;

p+= DP_FLAT ;




x++

if (p > 0)

y-- -

m > 1

=]

[
%







scan line




Push
seeds for
the next
step

rightmost left pixels, above & below



ymax

ymin

\ 4

\4

v

v



Z-Buffering Two buffers
- screen buffer (color)

- depth buffer
.‘_A 1

for each polygon
for each scanline
for each pixel in scanline

update depth at pixel
if pixel depth < buffered depth
write to screen & depth buffers




Ray Tracing

Mani Thomas
CISC 440/640
Computer Graphics

56




Fotorealismus

0 . e
\\‘-

\

Created by David Derman — CISC 440
57




Fotorealismus

Created by Jan Oberlaender — CISC 640




|

Created by Donald Hyatt
http.//www.tjhsst.edu/~dhyatt/superap/povray.html
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Uvod

® Co je Ray Tracing?

® Ray Tracing je renderingova metoda zalozena na
globalnim osvetleni scény, ktera generuje realisticke
obrazy pomoci pocitace.

® V ray tracing-u, paprsek svéetla je sledovan podel své
drahy v opacném smeru.
Zaciname od kamery smerem ke zdroji svétla a zjistujeme
stav objektu protinajicich drahu paprsku

Dany obrazovy bod je nastaven na barvu odpovidajici
danému paprsku.

Pokud paprsek nenarazi na zadny predmeét je bod nastaven
na barvu pozadi.

60




Ray Casting/Tracing

® Ray Casting

® Paprsky se zastavi na
prvnim objektu

® Ray Tracing
® Rekurze
predchazejicinho
principu

61

Courtesy: Angel







Typy paprsku

XX Pixel (Primary) Rays

Image copyright Jacco Bikker.




Algoritmus — Ray casting

define the objects and light sources in the scene
set up the camera
for(dint r = 0; r < nRows; r++)
for{int ¢ = 0; <
I
L
1. Build the rc-th ray

2

). Find all intersections of the rc-th ray with objects in the scene

. Identify the intersection that lies closest to, and in front of, the eye

4. Compute the "hit point" where the ray hits this object, and the normal vector at that point
3. Find the color of the light returning to the eye along the ray from the point of intersection
6. Place the color in the rc-th pixel.

Courtesy F.S. Hill, “Computer Graphics using OpenGL”

64




Ray Tracing

TTH fff”*
— ?’i%r"

wiTt il i |
wawpolnt “TT
I abjecis
virlual
B FHED

created by Michael Sweeny, et al for ACM SIGGRAPH Education slide set 1991
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Ray Tracing
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created by Michael Sweeny, et al for ACM SIGGRAPH Education slide set 1991
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Ray Tracing
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created by Michael Sweeny, et al for ACM SIGGRAPH Education slide set 1991
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Ray Tracing
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created by Michael Sweeny, et al for ACM SIGGRAPH Education slide set 1991
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Ray Tracing

created by Michael Sweeny, et al for ACM SIGGRAPH Education slide set 1991
69




Ray Tracing
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created by Michael Sweeny, et al for ACM SIGGRAPH Education slide set 1991
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Ray Tracing

created by Michael Sweeny, et al for ACM SIGGRAPH Education slide set 1991
71




Ray Tracing

\
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created by Michael Sweeny, et al for ACM SIGGRAPH Education slide set 1991
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Odraz

Created by David Derman — CISC 440




Odraz

T

. ‘/;’ \.
W -

74
Created by David Derman — CISC 440




Odraz

75
Created by David Derman — CISC 440




Lom sveétla

medium #1

medium #2

Courtesy F.S. Hill, “Computer Graphics using OpenGL”
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Jine efekty

Hloubka ostrosti

Image copyright
Josef Pelikan
http://cgg.ms.mff.cuni.cz/gallery/




Jine efekty

Rozmazani pohybem

=
L -
%‘,‘1

Image copyright
Josef Pelikan
http://cgg.ms.mff.cuni.cz/gallery/




Strom svétla

® |[nformace o paprsku scitaji

79




Super-sampling

® \V/yhlazeni hran

[ AT T[]
%?’ﬁ------ HEEEEEEEN

Courtesy F.S. Hill, “Computer Graphics using OpenGL” 80




Obal

ray hits extent
/ and torus

ray misses extent —

81




Obal skupiny objektu




Prostoroveé rozdeleni uloh

"A




Nerovnomeérne rozdéleni na
podprostory

Image copyright
Worcester Polytechnic Institute




References

® Textbooks
® F. S. Hill, "Computer Graphics Using OpenGL”

® Commonly used ray tracing program (completely
free and available for most platforms)

® http://www.povray.org/

® |nteresting Links

® |nteractive Ray Tracer — Alyosha Efros
http://www.cs.berkeley.edu/~efros/javal/tracer/tracer.html

® Ray Tracing explained
® http://www.geocities.com/jamisbuck/raytracing.ntml
® http://www.siggraph.org/education/materials/HyperGra
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Structure Visualization Tools

Written by James Coleman
Presented by Xiang Zhou




Structure Visualization

® One of the primary activities in proteomics
R&D is determining and Visualizing the 3D
structure of proteins in order to find where
drugs might modulate their activity.

® Other activities include identifying all of the
proteins produced by a given cell or tissue
and determining how these proteins

Interact.

u BIOINFORMATICS COMPUTING, p.186, Bryon Bergeron, M.D., Prentice Hall 2002




Some Common Tools

® 100’s of visualization tools have been
developed in bioinformatics.

® Many are specific to hardware such as
microarray devices.

® Shareware utilities for PC’s

= PDB Viewer, WebMol, RasMol, Protein Explorer, Cn3D
= VMD, MolMol, MidasPlus, Pymol, Chime, Chimera




Application

Feature Summary

Feature RasMol Cn3D PyMol SWISS- Chimera
PDBViewer
Architecture Stand-Alone Plug-in Web- Web-enabled | Web-enabled
Enabled
Manipulation Low High High High High
Power
Hardware Low/Moderate High High Moderate High
Requirements
Ease of Use High; Moderate Moderate High Moderate;GUI
command line +command
line
Special Small Size; Powerful GUl; ray | Powerful GUI GUI,
Features easy install GUI tracing collaboration
Output Quality Moderate Very high High High Very high
Documentation Good Good Limited Good Very good
Support Online; Users Online; Online; Online; Users | Online; Users
groups Users Users groups groups
groups groups
Speed High Moderate Moderate Moderate Moderate/Slow
OpenGL Yes Yes Yes Yes Yes

Support




Molecule Representations

Bonds and Bond Angles

Shows Atoms, Bonds and
Bonds Angles

Shows Secondary Structure

Shows Atomic Volumes

Shows Overall Molecular
Structure




Wireframe used to show individual chains:

—| - PyHOL Vieuer

{alll}

o
ju1]in]
=
1NE

Mouse: L 4 R
Hone Rota Move Mow
shft +1Bx —-1Bx Clip
1 +1h PkAt FkBEd
h 1lb Oriz rb

Framel 1/ 11 12/s

PutHOL> _




Stick view showing atoms and bonds:

—|-n PyHOL Vieuwer i

(all} b2l L
L4l L

Mouze: L | R
Hone Rota Move MovZ
Shft +1Bx -1Bx Clip
3 Ctrl +1h  PkAt PkBd
e E CtSh 1lb 0Origz rhb

Framel 1. 11 11/=

POl _ I........




Surface View showing surface fields:

3 PYHOL Viewer

{all} L S IHIL [
IESEI ¢ 5 -

Mouse: L | B
Mone Rota Move Mowd
Shft +1Bx -1Bx Clip
Ctrl +lbh PkAt PkEd
CtSh lb Orig rh

Framel 1. 11 G7=

PyMOLY _ [FEEEEEEE




Ribbon view of secondary structure:

SR SETEW
IFsEmEeE mw

Mouse; L il R
Hone Rota Move Mouwd
Shft +1Bx —1Bx Clip
Ctrl +1lb PkAt PkBEd
CtSh 1lb Orig rh

Framel 1. 11 d.=

PYMOL>_ IHENEE




Distinct geometrical features by color:

T ——— |—
[FFE PyHOL Viewer 1
{all) SEEw
I 4

Mouse: L | R
Hone Eota Mowve Mowv
Shft +1Bx —-1Bx Clip
Ctrl +lb PEkAt PkKEd
Ct5h 1lb Orig rb

Framel 1. 11 d4/=

DLy _ EELEECIE




Other properties that can be Visualized

® MolMol supports the display of electrostatic potentials
across a protein molecule.

® MidasPlus (a predecessor of Chimera) allows for the
editing of sequences visually to see the effects of
point mutations.




For Protein interactions, we need a
metaphor that reveals dynamics

® Haptic Joystick:
Provides force
feedback when user
manipulates a
molecule near another
one.

= 3D Goggles combined
with haptic gloves to
feel electrostatic
potentials and see
tertiary structure
dynamics.

® PyMol provides
scripting that can
produce a movie in 3D
of the geometrical
relationship between
multiple proteins.

Stereo view of interaction of two proteins. Scripting allows for the
movement of individual molecules creating a movie.

i1t B Bl .
T e 1 [
CLEL 1) ¥

Frewel 14 11 7/z

s |IHENEE RS




The PYMOL Molecular Graphic System

°YyMOL Molecular —

Graphics System o,

(2 2000 by Wiarren L. Delano (s delanoscientific.oom)




PYMOL

PyI\/IOL s Modular Architecture PyMOL's Top Features

y ) T 1 e A T 1= == -
\ 41- 1 [IMe o) ¥V IsUallZallon

PyMOL Appllcatlon Programming Interface Python APl

C- Language OpenGL Developer s GUI
Rendering Core (Optional‘ OpenGL)

1 el ano (vwwddanosdentiic.com)

It supports Windows, Macintosh, Linux, Solaris, IRIX
Freely available @ http://www.pymol.org/




Basic modules

rare| i 11 a
(HENEE=E -

~ Cummand Line \ ', ;

md
- Names Panel”
Mouse Matrix

" ane Controls X\«

[HAEEEmE"




PDB file

ATOM 3 C ASF| A 2 28.867%7 144.134 11.673| 1.00 |95.50
ATOM T 0O ASFP| A 2 289.431 143.093 11.149| 1.00 |95.95
ATOM 5 CB A3P|A 2 2a7.061 145.944 1Z.173| 1.00 |95.95
ATON & C& A3JP|A4 2 2a7.416 146.580 13.5Z6| 1.00|95.Z24
ATON 7 0Dl ASP|A 2 289.567%7 146.469 14.013| 1.00|97.02
ATOM g 0D ASP|A 2 a6.500 147.204 14.110f 1.00|95.61
ATON 9 N SEER| A 3 29.866 144.144 1Z.570| 1.00|96.71
ATOM 10 CA 3SER| A4 3 J0.623 142.954 13.011| 1.00(91.16
ATON 11 < SEER| A 3 J0.990 142.916 14.503| 1.00(|57.50
ATON 12 O —SEER| 4 3 31.005 143.981 15.1Z9| 1.00|192.:2Z21
LTOM 13 CEB SER|L 3 31.935 142.827 1z2.176| 1.00 |55.43
ATON 14 O 3ER|A 3 32.3877 144.045 11.539| 1.00 |55.92
ATOM 15 N LY| A . 31.281 141.7750 15.093| 1.00 |5Z.44
ATON 16 CA GLY| A4 1 31.65877 141.634 16.495| 1.00 |6z2.79
AT 17 LY| A g Jd2.756 140.563 16.625] 1.00 (49.95




Load your pdb file

External GUI: file-open
Command lines: load file-path (e.g., load $c/l1lhng.pdb)

PyMOL Tclfk GUI ()=

[le [LCcit Cuild Cisplax P & Plagin

l M PHOL Vicwer [= e

S EE
1anz GEoom

Load files

2 Mo_22 dude Z—Bullon ¥
L i F

®ata slove FlouZ ZlskE
+323= —Box Clop lrcuwE
+/= PKAt PkZ [wiZ
Szls Orde Flenw |Fcwz
+4=  Cent Flenu

L = Flait

Load data-file-name

me E o @ " e U LaaDshizh | G Lomeard urs ot W PTGl e [ =wtokas B Ml Zunmu
LLLLLE
Celectine

v '::3155 53 E @ = F‘ zoxk mhnﬁcrd mcrs cczurck . E ML Yicwsr F+MD_Tc Tk 3.0 EM "[331 M




Manipulate the view by mouse

Clipping

Planes
| Front
Rotate| | w 5 |

ack |

<>

Control of clipping planes.




Important panels

Edit  Buid vie  Displs: L Mouse d FElugin

Jnahle Lo open 112 '/s1rng
wen Silz 'sibng

symmetry i aformation.

I MISE"Ng requirsd argunert: name

Moice Mode Z—2utton Viswing
4 E Wheel
= FEota Moxe ¥ovwe Slab
. +Bcx -Box Cl-p MouS
+7=  2kAt PkI  MeSZ
Sele Jrig “enue MovZ
Sl Eentslens
Meruw - FEKAt
g Fesidies
| Ty e B e B e e o

j
UMl 5 1nad se1hng ., edh_ TR =Tm >[5 ¥
; - h B CoMOE Yiewer b Tc i ; 0 T ‘ﬂ#‘ a




Actions:

Z oo
center
origin
orient

T EEDEE

Show:

= =

‘Preset
‘Find
generate
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Manipulate your objects
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Right click your mouse: more options
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Actions: show B-factor putty

Actions:
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Actions: generating electrostatics map
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| PyMOL Viewer
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Name panel: your selected residues
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Actions: Others

Adding or removing Hydrogen atoms
Counting atom numbers or net charges
Masking or unmasking residues
Objects operations
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Build: sculpting

File Edit Build Mowie Display Setting Scene  Mouse  Wizard  Flugin
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Overlay two structures

Align filenameA//2-240/CA, filenameB//2-240/CA




Make movies

Simplest way: Fetch filename, mplay

Util .mrock (start,finish,angle,phase,loop-£flag)
Util.mroll (start,finish,loop-flagqg)

e.qg.,

Create a 60 frame movie with
+/- 90 deg. rock

Create full rotation around the
Y axis over 60 frames

Imagel, or Xnview and UnFREEz to generate movies




Scripts animation in Pymol
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