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Raster3D

SYNOPSIS

The Raster3D molecular graphics package consists of a core pnegdemand a number of ancillary programs
(balls, normal3d, rastep, rods, ribbon, rings3d) that read atomic coordinates from Protein Data Bank (PDB) files
to produce scene descriptions for inputréader. Raster3D can also render images composed using other
programs such aHolscript, ortex, andXtalVlew. Two shell scriptsstereo3d andlabel3d, automate the process of
producing stereo pairs and of including labels in the rendered imageastépeutility, in addition to producing
‘thermal ellipsoid’ figures, performs a number of statistical analyses aldation checks based on the
ANISOU records contained in PDB coordinate files.

Raster3D uses as$t Z-lffer algorithm to produce high quality giximages featuring one shadag light
source, additional non-shaslimg light sources, specular highlighting, transpayeand Phong shaded sarés.
Output is in the form of a pet image with 24 bits of color information per pbxplus one matte channel.
Raster3D runs muclaster than fully general ray-tracing programs, a grearddge when it is used as a back-
end renderer for interae# graphics tools or for animation.

Raster3D does not depend oty gnaphics hardare. The rendering program currently supports output to files in
AVS, JPEG, TIFFPNG and SGI libimage formatoTview or manipulate the images produced, you must also
have installed an image weéng package (e.g. John CrigyfmageMagick or the SGI libimage utilities). The
Raster3D rendering program can begnéted with ImageMagick taxpand the flgibility of output formats and
interactve use.

Although Raster3D is not intended as a general purpose ray-tracing program, nothing in the rendering process is
specific to molecular graphics. Some of the algorithms usesl ltegen chosen for speed rather than generality
however. They work well for molecular graphics imagesitipossibly vould produce odd results if used fary

different types of image.

Raster3D is freelywailable. If you use the package to prepare figures for publicateesegive proper credit to
the authors:

Merritt and Bacon, 1997, Methods in Enzymology 277:505-524.

EXAMPLES

Using only programs included in the Raster3D distidn one can create and render space-filling models, ball-
and-stick models, ribbon models, and figures composed yoicambination of these. The follang quick
examples gre some idea of what can be done directly from the command line.

Make a simple rilbon figure of an fe-containing metalloprotein

#

# Draw smooth ribbon with default color scheme 2,

# save description (with header records) in ribbon.r3d
#

cat protein.pdb | ribbon -d2 > ribbon.r3d

#

# Extract Fe atoms only, and draw as spheres.

# Color info is taken from colorfile.

# Save description (with no header records) in irons.r3d
#

grep “FE” protein.pdb | cat colorfile - | balls -h > irons.r3d
#

# combine the two descriptions and render as AVS image file
#
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cat ribbon.r3d irons.r3d | render > picture.x

Use Molscript to compose a figurerf Raster3D rendering

Integrated use of Molscript/Raster3D/ImageMagick to displayx#stieg Molscript figure
molscript -r infile.dat | render | display avs:-

A similar example usingxv as an image weer, and assuming TIFF support has beeiit bnto the render
program:

molscript -r infile.dat | render -tiff image.tiff

XV image.tiff

A shell script to combine a Molscript rion drawing with a molecular surface from MSMS

ﬁ Calculate molecular surface of protein using MSMS

ﬁat protein.pdb | pdb_to xyzr > surf.dat

msms -if surf.dat -of surf -probe_radius 1.4 -density 3.0

ﬁ Convert the msms output into a Raster3D description of the surface
EsmsZrBd.pl surf.vert surf.face > surf.r3d

# Combine a pre-composed Molscript scene (containing header records)
# with a transparent material description from the Raster3D library

# applied to the molecular surface generated in MSMS

# Save the combined picture as a TIFF file

#

render -tiff picture.tiff << EOF

@molscript.r3d

@transparent

@surf.r3d

EOF

SUGGESTIONS FOR BETTER PICTURES

Tailoring your image to the output devicelhe quality of pictures generated by Raster3D is ultimately
limited by the output dece. Although you will probably compose and e your figures on a arkstation
screen, you will probably ant to re-render the finakrsion with a lager number of pigls before sending it to a

film recorder or high performance color printeor example, a typical film recorder can produce slides with a
resolution of roughly 4000x3000 m@ls (much lager than can be displayed on arkstation screen). The
number of piels in your rendered image is controlled by the parameters (NTX,NTY) and (NPX,NPY) in the 2nd
and 3rd header records input to tleader program, or by thesizecommand line option. & should also be
aware that color balance and particularly the appropriedentga correction” aries from one dace to another
Raster3D itself applies namma correction; if you need one you wilveao apply it to the generated image
files aftervards. This is a standard image processing procedure, and may be a selectable print option for your
output deice. If you will be using a particular output vilee regularly, it is worth an initial round of
experimentation to determine the beahgna walue for future runs. The appropriatengma correction can then

be applied to each rendered picture before sending it for printing.

Shadaving: The primary purpose of shadowing is to convey a feeling of depth in the rendered image. This can
be particularly effective when there are a relatively small number of elements in the scene, or when there is a
grouping of foreground objects which cast shadows onto a separate grouping of background objects. However if
there are a large number of elements in the scene, e.g. a ribbon and arrow representation of a large molecular
assembly, the use of shadows may actually complicate the visual impact and make the image less satisfactory. In
this case you may wish to try rendering the image both with and without shadows, or you might experiment with
the location of the primary light source (the SOURCE parameter in the 12th header recordrengler)toY ou

can de-emphasize the shadows by increasing the secondary (straight-on) light source contribution parameter
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STRAIT. A separate use of shadowing can be to convey information which otherwise would not be apparent in
the figure. The example below uses shadowing to indicate a central pore, avoiding the need for a second
orthogonal view.

“No substance can be comprehended without light and shade”
-The Notebooks of Leonardo da Vinci

Making your pictures modular:So long as you stick to a consistent coordinate system, you can build up a
complex Raster3D scene from bits and pieces created by various different tools and programs. For example, you
could create a scene that is defined by a viewpoint selected interactively in Xfit, and that contains a protein
molecule drawn by Molscript, a molecular surface drawn by GRASP, and a “floor” or bounding box from the
Raster3D library of pre-described objects. This scene can conveniently be described to the render program by
using file indirection in the input stream, which might look something like this:

#

# Header records written from inside Xfit
@viewpoint.r3d
#

# Molscript V2.0 output file
@secondary-structure.r3d
#

# Make the molecular surface (from GRASP via ungrasp)
# transparent by using a material definition

# from the Raster3D library $R3D_LIB

@transparent.r3d

@grasp_surface.r3d

@end_material.r3d

#

# Add a few extra goodies

@red.r3d

©@floor.r3d

This males it \ery easy toxeriment with your composition withoutviag to edit huge input files.ot could,

for example, change the color of the floor by substituting the libranbliler3d for the filered.r3d Or you
could render the same scene from ded#nt viavpoint by changing the we matrix in viewpoint.r3d Even
better you could select from a number of pre-definedvsielescribed by header records in fiésv1.r3d
view2.r3d view2.r3d and so on just by makingewpoint.r3dbe a symbolic link to the particular weyou want

to render That way you needn’edit aty input files at all to shift the scene. This approach is particularly useful
for producing animated sequences (see the HTML guide to using Raster3D for animation).

Side-by-side figures and stereo pairBhe EYEPOS parameter input to traader program specifies a
viewing distance for the resulting image. You may think of this as equivalent to the distance between a camera
and the object being photographed. EYEPOS = 4 means that the distance from the camera to the center of the
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object is four times the width of the field of view. Generally the sense of depth conveyed by the rendered image
is slightly increased by positioning the virtual camera reasonably close to the object. However, if you are
composing a figure containing two or more similar objects which are next to each other, e.g. a comparison of two
variants of the same protein structure, then the resulting parallax may be more of a hindrance than a help. Since
the virtual camera is centered, it will “see” the right hand object slightly from the left, and the left hand object
slightly from the right. This results in different effective viewpoints for paired objects which would otherwise be
identical. To overcome this effect you may wish to set EYEPOS to 0.0, which disables all perspective and
parallax. The same considerations apply for the production of stereo pairs.

Stereo pairs and MolscriptAll Raster3D objects emitted by a Molscript run are placed into a single scene
description. That is, the pairs of “plot” and “end plot” statements in a Molscript input fite i@ efect in
Raster3D mode. Therefore a Molscript file that describes a stereo paip agparate plots will not avk
correctly when fed through teender. You should instead use Molscript to produce a single [mono] scene
description for Raster3D, and run it througnder twice to produce the twvimages making up a stereo pair
There is a shell script in the Raster3D disttitn which automates this procedure. The scsfereo3d, will
automatically render an input file tender as a side-by-side stereo pair rather than as a single image. The
recommended procedure for producing stereo pairs using Molscript/Raster3D is simply to produce a single
(mono) image descriptor file, and then render that file usingf¢re3d script. Here is anxample:

#

# Use molscript to generate a Raster3D input file

#

molscript -r < image.mol > image.r3d

#

# Render image once to check that it's what we want
#

render -tiff mono.tiff < image.r3d
display mono.tiff
#

# Render it again, this time as a stereo pair

# Note: the output file is always called stereo.tiff
#

stereo3d image.r3d

display stereo.tiff

Creating your avn colour descriptions:The Raster3D distribution contains a number of pre-defined
colouring schemes in the directory /materials (environmental variable R3D_LIB). If you choose to modify these,
or create your owrthen you should be aware thrabder works internally with the square root of the specified
colour values (yes it's a very strange concept!). To convert a normal RGB colour triple into a Raster3D color
specification it is therefore necessary to square each component. For example, to specify a half-intensity yellow
you would square the components of the pure RGB triplet (0.5, 0.5, 0.0) to yield (0.25, 0.25, 0.0) in the
COLOUR record input torender. The Raster3D output option to Molscript performs this conversion
automatically, so you should not have to alter the colour specifications to switch between PostScript and
Raster3D modes. The HTML fil&d_colorpidker.htmlprovides an interactive colour previewing tool.

Composing figures in other programsSuppose you are already working in some interactive graphics
program, FRODO for instance, and wish to reproduce the current viewpoint/orientation for a Raster3Dfpicture.
the program will dump the current view matrix then you will probably be able to use it as a view matrix for
Raster3D also. However many programs (including FRODO and Molscript) dump a matrix which is the
transpose of the matrix used by Raster3D. The next section will describe how to convert this into a TMAT matrix
for lines 13-16 of a Raster3D input file header.

Users of Alwyn Jones’ program O should obtain a copy of the prog2mal from the O ftp site. Once you have
composed your view in O you can convert to a Molscript/Raster3D viewpoint description by dumping the O
datablock named .GS_REAL

O> write_form .gs_real omatrix.dat
Heap> Format: <cr>
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followed by a shell command
o2mol < omatrix.dat > o2mol.out

The file 02mol.out will n contain instructions for reproducing the Owjmint in Molscript. Also, the 3x3
matrix which o2mol gives as “for coordinate transforms” is in the correct form to use directly as a Raster3D
matrix if you arert processing with Molscript first.

Duncan McRee XtalView program Kfif) can create Raster3D input files or images directly from the current
screen viw, including atoms, bonds, wieobjects, electron densjtgtc. Maly Raster3D rendering options can
be \aried using control widgets in théit pop-up plotting menuXfit can also be used simply to create a set of
Raster3D header records describing the current vie

Another interactie tool you might be interested in is tWdD program from the Theoretical Bioyics group at

the Unwersity of Illinois. VMD provides a wide ariety of methods for interagily rendering and coloring a
molecule, and can generate a Raster3D input file which @l mearly duplicate the wiecomposed on your
workstation screen.

Duplicating the view matrix used in a Molscript figurewhen Molscript runs it normalizes the
coordinates of objects in the figure so that/thee described by an identity transformation matrix. The 3x3
matrix printed out by Molscript to the terminal is the transpose of that needed by Raster3D progegmbheSw
entries about the diagonal from upper left wwdo right to create a mematrix before coying it into the TMAT
header records forender or normal3d. The translation components reported by Molscript may be used as
reported. If you are using Molscript V1.4, éathe scale parameter in TNIArom the \alue of the “winda/”
parameter in your Molscript run.

To normalize other Raster3D input files describing objects still in the original PDB coordinate space (sp that the
can be maged with your Molscript output), replace the four TM#ecords in the header with amenatrix kuilt
as belav and then feed the resulting file througdrmal3d.

aqp@ 1 @3
@513 3a <« Always 0.
transposr(yf @318 2@ 33

of Molscript o T - "
matrix = window .
/( parameter in
. Molscript V1.4
translation

Converting Molscript labels to Raster3Dthe most frequent question | get about Raster3D isv'eian |
get the labels from Molscript into my Raster3D picture?”. Therewsagery easy answer“install Molscript
\ersion 2!” The never Molscript \ersion (&ailable via the web fronittp://wwwavatarse/molscriptdraws
labels in such a ay that thg will simply appear in your Raster3D image along withrgthing else.

The rest of this section is thereforennobsolete, at least withgard to Molscript. It mayhowever, be useful as
an example of hav to mix Raster3D and PostScript processing. Generally this requires riaotéhain the result
is worth. | recommend simply labelling your Raster3D output image using an interaotiotation tool on a
workstation screen (e.g. the annotate mode of ImageMaglisklay program). Havever, for aryone bound and
determined to tryl will describe belar how it can be done.

« The first thing to do is to establish the size of yauen¢éual image in pils. Let us say that youant a 3-
inch by 2-inch print to be produced on a 300 dpi (dots per inch) dye sublimation. @@ttelpi times the
desired size gies 900x600 pils for the image size. Construct a header file foreinder program which
describes this image size; e.g.

My new picture with no anti-aliasing

45 30 NTX,NTY number of tiles in x, y

20 20 NPX,NPY number of pixels per tile

1 anti-aliasing scheme 1 (none) or 4 (smoothed)
000 black background
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(etc...)
Pay particular attention to thadt (yes, it8 confusing) that if you use the old anti-aliasing schemes 2 or
3 then the eentual number of peds is not simply the product NTX*NPX,NTY*NRY his is eplained
in the render manual.

« Now male sure that your Molscript input file is actuallywiag in a box of the shape youvasjust
described. @ use the procedure | describe belgou must use the “area” command of Molscript to force
the lover left corner to (0,0) and the upper right corner to, in this case, (900,600). Furthermore there must
be no bordering frame dra around the image. So your Molscript input file wilglre

plot

noframe

area 0. 0. 900. 600. ;
background black ;

< Run Molscript with the -raster3d option to produce an input file to render which uses the header you
constructed in step 1.
molscript -r < picture.mol | render | convert avs:- picture.ppm
« Edit the molscript file to rem@ or comment out all dnang commands»aept for the labels. Run
Molscript aguin, this time in PostScript mode, to produce a PostScript file containing only the labels.
molscript < picture_labels.mol > labels.ps
» Use ghostscript to ceart the PostScript file into a raster imagaatly the same size as your Raster3D
image.
gs -sDEVICE=ppm -sOutputFile=labels.ppm -g900x600 labels.ps
At this point you hee two images:

picture.ppm (900x600 Raster3D image from original file)
labels.ppm (900x600 image containing only the labels)

« Use thecombine program from ImageMagick to drethe labels on top of the Raster3D image.
combine -compose atop labels.ppm picture.ppm pic+labels.ppm

| used the ppm raster file format throughout thianeple just because itasks in both ImageMagick and
ghostscript. \\arning: This may be installation dependgmow I'll convert it back to a TIFF file.
convert pic+labels.ppm beautiful.tiff

You can see this is a rather lengptocedure. Furthermore, the label positioning will be slighfigafpared to
the pure PostScripevsion because Raster3D and Molscript treat perspatifierently As | say | prefer to just
type in the labels interaggly so that | can see where yrere going.

Black & White figures: It is possible to use a general image processing program (e.g. ImageMagick) to
convert a color figure to a monochrome figure. In general a straight conversion will produce an image which is
much too dark. In order to improve the result you can try breaking the conversion up into several steps: first
convert from full 24-bit color to a smaller number of colors (say 256), next apply a substantial gamma correction
(e.g. gamma2.0) to lighten the image, and finally convert the color image to monochrome being sure to select a
dithering option if it is available. Some experimentation with this process can produce acceptable, although not
ideal, monochrome images suitable for printing on a standard laser printer. You may have to repeat the color
reduction and gamma correction steps before finally converting to monochrome. Better results can be obtained
by using the auxiliary prograavs2ps as a filter. This utility will convert any AVS-format image, including the
default output stream fromender, directly into a dithered black & white PostScript image. a¥s2ps program

is included with the Raster3D distribution.

NOTES ON TRANSRRENT SURFACES

MATERIAL descriptors (object type 8) include a parameter controlling transyahaterial descriptions apply

to subsequent objects in the render input file until an termination record (object type 9) is encountered. This
means that an entire sace representation, for instance one generated by the proGRA8E (Nicholls et al.,

1991) orMSMS (Sanner et al, 1995), can be rendered as transparent by inserting one record in front of it and
another at the end. This is illustrated ¥ample 6 in the Raster3D distuition Kit.
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Nothing is free, of course, and this includes transpgrdnttied \ery hard to le@e normal bread-anddkter
operation of the rendering program ueafed by support for transpargndf you are actually rendering an
image which contains transparent objectsydser, the program may slodownn by as much as adtor of 2. If
your machine seems to do muchbree than this, you can try the fix described at the end of this section.

Here is an xample of a MAERIAL descriptor which specifies a transparentauef

8

17.0 0.6 -1.0-1.0-1.0 0.9 0000
T T T T T

MPHONG MSPEC SR SG SB CLRITY OPTS

The first record specifies a MERIAL descriptor (object type 8). The folling record contains a set of
parameters which apply to this material.

MPHONG overrides the global Phong parameter in the headewex Malue (<20.) smears out
specular highlightswer a lager area, probably a good idea for transparenaceist

MSPEC overrides the global SPECLR parameter in the header; controls what fraction of the
total shading is due to specular reflection. This probably should be > 0.5 for a
transparent object.

SR,SG,SB red, green, and blue components of the specular highlights. Remember that each
object has an associated RGB triple that determines its c8louthe “colour” of a
transparent object is sombkat problematic, so you tathe option of passing the
objects basic colour through to appear also in the specular highlighting. This is
indicated by setting SR, SG, SBgaéve as in thexample abue.

CLRITY This is a alue between 0.0 and 1.0 indicating thgrde of clarity of the material.

O indicates a completely opaque swd, while 1 indicates a completely transparent
surface. \lues in the range of 0.5 to 1.0 are probably appropriate.

OPTS These four parameters are reserfor future gpansion of the MAERIAL
specification. The first one (OPTS[1]fedts the handling of transpargnc

OPTS[1]=0
All transparent objects will be rendered.
OPTS[1]=1

Only the topmost suatce of ag given transparent material will be rendered. This
will, for example, cause internaldties to disappear from a molecular sué
calculated for an entire protein. It also alforendering only the outside sacé

of a transparent CPK model.

OPTS[1] =2
The reaifacing portions of transparent sphergtinders, and tesselated sacés
will be rendered (normally only the front sack is rendered).

Here is an xample of a portion of a simple input file to render whichadréhree spheres, one of which is
transparent.
[ many records, including header, omitted, ...]

# The following object (a sphere) will get whatever properties were

# defined in the header records.

2

-0.3 0.00.0 0.2 0.70.30.1

# Now we specify material properties which override the header values
# and draw another sphere. This one will be transparent, with yellow

# highlights.

8

17.0 0.5 1.01.00.0 0.9 0000
2
0.3 0.00.0 0.2 0.70.30.1
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9 This record is NOT just a comment; it terminates the special material
# Now draw one more sphere, which again has no special properties
2

0.5 0000 0.2 0.7030.1

Here is another ersion of the same input fragment, using file indirection and a pre-defined trangparenc
description from the library of materials (@onmental ariable R3D_LIB).
[ many records, including header, omitted, ...]

# The following object (a sphere) will get default properties

2

-0.3 0.00.0 0.2 0.70.30.1

# Now we specify a transparent material and another sphere
@transparent.r3d

2

0.3 0.00.0 0.2 0.70.30.1
# Terminate transparency and draw a third sphere
@end_material.r3d
2

0.5 0.00.0 0.2 0.7030.1

What to do if transparent objects seem to turn your miae to molassesThe algorithm used for
rendering transparent objects includea at least one cosine calculation for ehchhpéxdoes not sothe code
down much on machines | '/ benchmarnéd, tut | can imagine that it @uld male a lager diference on some
machines (or some FARAN libraries). Therefore | h@ put a commented-out alternatialgorithm in the
renderf source code, along with instructions for re-compiling. The altematgorithm produces a slightly less
realistic result (in my purely empirical opinionttavoids ary cosine functions.

NOTES ON CLIPPING PLANES

A clipping plane restricts which objects appear in the rendered image based on thiginahd@ coordinates.
There is both a front clipping plane and a rear clipping plane. Objects closer tontbethien the front plane are

not rendered, and objects further from thewgethan the rear plane are not rendered. The Z-coordinate of the
clipping plane must specified in the same units as coordinates of your input objects, so if yakiageiwPDB
coordinates you should specify the clipping planes in Angstroms. The clipping planesvays specified
relative to the center of the image, so setting the rear clipping plane to 25.0 will clip objects more than 25A
behind the center of the imageaedless of the absolute coordinates of the ceRester3D alls two different
methods of setting clipping planes with slightlyfeiiént efects. Clipping planes specified as a global property
apply to all objects in the image. In this case an object is discarded on input if alletites/lie outside the
clipping plane; a clipped object is entirely omitted, an unclipped object is entirely rengered part of it
extends bgond the clipping plane. Arxample of specifying global clipping planes isagi belaov:

# set global clipping planes
16

FRONTCLIP 2.

16

BACKCLIP 10.

The other option is to assign clipping planes as part of the definition for special material properties. In this case
the clipping planes are applied only to objects within thggribend scope of the special material. The clipping is
done on a pigl-by-pixel basis, which means that imitiual objects may be rendered in part ofillge portion of

the object that>@ends bgond the clipping plane is omitted from the rendered image xample of a material
specification that includes a front clipping plane isgibelov:

# Opaque material with specular properties inherited from header
# Extra record present to specify clipping plane

8

-1.0-1.0 1.01.01.0 0.0 0001

FRONTCLIP 2.
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NOTES ON BOUNDING PLANES

Bounding planes are a more general case of Z-clipping planesdiffez from Z-clipping planes as folles:

* A bounding plane is specified byaig the coordinates of some point in the plane and the normal to the
plane. The front Z-clipping plane could therefore be described as a bounding plane definedangi
point with Z coordinate FRNTCLIP and the normalector [0,0,1].

« Bounding planes rotate, translate, and scale with the bounded objects. Z-clipping planes do not.

» Bounding planes must be specified as part of a special material definition, and apply only to objects within
that material. Z-clipping can be specified either as part of a material description or globally

* When an object is intersected by a Z-clipping plane, the clipped portion of the object is not rendered at all.
The deéult treatment of a bounding planewmwer, is to truncate the object by rendering a flat bounding
surface. Therefore if an opaque object or acefis Z-clipped, you will be able to see into the interior of
the object. On the other hand, if an opaque object cacii$ cut by a bounding plane, you will see the
flat surface resulting from this ‘slice’.

HISTORY

Version 2.6:The render program nw supports bounding planes and additional command line options. PNG
image output is enabled by deft (requireslibpng andlibz). The number of transparent objects that may
occlude each other is no longerefik at 2; the dellt is nav 10, and may be increased by changing the
MAXTRANSP parameter iparametes.incl Post-hoc rotation and translation matrices may be specified which
are applied after the global transformation in the header &t ahly a subset of the objects in the rendered
scene. The installation process has been changed to use a singfdeMak all supported platforms. It wo

attemps to install the materials library and documentation in a system directory /usr/local/share/Raster3D/. The
ervironmental ariableR3D_LIBshould correspondingly be set to /usr/local/share/Raster3D/materials. Locally
configurable options are wocontained in the filellakefiletemplateandparametes.incl

Version 2.5:Therender program nw supports Z-clipping, indirection of header records, interpolated coloring
of cylinders, JPEG output, and piped output to ImageMagick for image formeersam. Support for the
inclusion of PostScript labels in rendered images has been updated by incorporatior8dfopisecode into
render under control of the command line optidabels render nown also accepts command line options that
override information in the input header records. In particgiae HHHxVVWvill force the output image to be
exactly HHH by VVV pixels, and thearious anti-aliasing and matting options may be selected using the options
-aa, -alphaand-draft.

Version 2.4:The render program nw supports generalized quadric sumds. There is a weutility program

rastep (Raster3D thermal ellipsoid program) which generates “thermal ellipsoid” representations of atoms based
on the B, or U entries (ANISOU cards) in a PDB file. The option of colouring based oaligs has been

added here and eishere. The Raster3D distution kit nov includes a subdirectory containing sample material
definitions illustrating the use of transpangre-sided materials, and other possibilitiesafigles nav may be

colored by interpolation of colors assigned to the thezgoes. Input lines lggnning with ‘#’ are nov treated as

pure comments. A me object type alles specification of global rendering options such as depth-cueing.
Filenames used for indirect input (input lineginaing with @) are searched for first in the current directory
then in a library directory specified by theszeanmental ariable R3D_LIB.

Version 2.3:Therender program nw supports file indirection, additional anti-aliasing options, a separate alpha
blend (matte) channel in the rendered image, and additional properties for special materials. The@nis no

option to specify anxlicit bond radius t@ods. There is a n& option-stereofor thenormal3d utility, and a ne

shell scriptstereo3d is provided to automatically generate a side-by-side stereo pair from a Raster3D input file.

Version 2.2:The major n& feature in Raster3D érsion 2.2 is support for rendering transparent objects.
Transparent molecular sades may be described in terms of triangles wibligt surface normals. This
permits Raster3D to render images which include both transparent molecutaresuahd the prsusly
supported modes of representing protein structureeépikg with the philosoptof the package, the intention is
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not to duplicate the peer of more general programs for composing or describing moleculacesriThe idea
rather is to praide a tool for creating images with greater resolution and photorealism than is generally possible
using a graphics erkstation screen. Also nein this \ersion is therormal3d utility, a tool to &cilitate meging
Raster3D input files created byfdifent programs.

Version 2.1:Raster3D ¥rsion 2.1 supports rendering ofefiobject types: spheres, triangles, planes, smooth-
ended glinders, and round-endedlmders. Na&v to Version 2.1 is support for tw“object types” which are
really modifiers for characteristic properties afsting objects. One of these alle specification of xplicit
surface normals at theertices of triangles; the other alle specification of the suate reflectance properties of
individual objects. Starting withersion 2.1 the utility program for composing space-filling models, formerly
called setup, is renamed tdalls. This change is tovaid conflict with system utilities also called “setup”. If
desired, backards compatibility with xisting scripts may be retained by creating an alias or symbolic link for
the commandetup.

RASTER3D web site
http://mwwbmsc.washington.edaster3d/aster3d.html

contact:

Ethan A Merritt

Dept of Biological Structure, Box 357742
University of Washington

Seattle VA 98195
merritt@u.vashington.edu

RELATED PROGRAMS

Support for direct output of PNG images requires prior installation dibghreg andlibz libraries. If these are not
distributed with your operating system you can get the sourcehtgm/wwwlibpng.org/pub/png/

In order to lnild in support for the direct output of TIFF image files, you must separately obtain and instgll a cop
of the TIFF library (libtif.a). Seeral implementations ar@ailable, including one by Sam Iflfr which may be
obtained via angmmous ftp fromftp://sgi.com/gaphics

Note: Recent TIFF libaries may ta remwaed support for LZW compression due to concerns about patent
enforcement by Unisys; this medk the TIFF format much less useful than it used to be. Consider using PNG
format instead, as it has most of the good features of TIFF and alswabldy most web bvesers.

In order to ild in support for direct output of JPEG images, you must laacop of the JPEG libraryif your
system does not alreadyveathis library you can obtain it directly from the Indepent JPEG Groweldpment
project via anoymous ftp fromftp://ftp.uu.net/gaphics/jpeg/.

In order to viev the rendered images on ankstation screen you must also obtain and install an imageie
Two commonly mailable vievers are John Christy'lmageMagick (http://wwwlmageMagick.org) and John
Bradley's xv.

The avs2ps utility for direct production of black & white PostScript images isvnncluded in the Raster3D
distribution. It replaces earlier machine-dependent programs ivieiwtools kit.

Several auxiliary programs arevailable from the ftp site alve which may be useful, though yhieare not been
kept up to date with the current Raster3&sion. These include twattempts to aid in the composition of
Raster3D imagesafoms, preras3d) and tools for coversion to half-toned monochrome images and annotation
and display of the imagesig¢wtools). Most of the code &as written specifically for SGI evkstations, and may
not transport well to other platforms.

Some other programs with options for output to Raster3D:
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Conscript

A program for generating electron density isoscef (an alternae to the usual chién-wire). Source
and eecutables\ailable from the Conscript web padetp://wwwhbioresi.com.au/conscript

Molscript
There is nav a Molscript web page attp://wwwavatarse/molscript

ORTEX

ORTEX V7 (an interactie descendent of Carroll Johnso@RTEP program) ne supports Raster3D
as an output mode. QRX runs under DOS/\dows. http://wwwucgie/cryst/softwag.htm

Xfit/XtalView

General crystallographic modalilding, map fitting, and analysis program by Duncan McRee,
available in both academic and commerciaisions http://wwwscripps.edu/pub/dem-web/indistm|

VMD

Biomolecular visualization tool from the Theoretical Bigpits group at the Uwérsity of lllinois,
http://wwwks.uiuc.edu/Resedr/vmd/

RASTER3D AUTHORS

Originally written by Daid J. Bacon and Wyne F Anderson. Ancillary programs by Mark Israel, Stephen
Samuel, Michael Murph Albert Beghuis, and Ethan A Merritt. Extensionsyigtons, and modifications by
Ethan A Merritt.

CITING THE PROGRAMS

If you use the Raster3D package to prepare figures for publicplé&asegive proper credit to the authors; the
proper citation for the most recergrgion of the package is Merritt & Bacon (1997) azrgibelav.
REFERENCES

Bacon, D.J., & Anderson, W (1988). A Fast Algorithm for Rendering Space-Filling Molecule Pictures”.
(abstract of paper presented at theeBeh Annual Meeting of the Molecular Graphics Sociefy)Molec.
Graphics6, 219-220.

Kraulis, P (1991) “MOLSCRIPT a program to produce both detailed and schematic plots of prot&iAgipl.
Cryst.24, 946-950.

Lawrence, M.C. & Bourk, P (2000). “CONSCRIPTa program for generating electron density is@a$ for
presentation in protein crystallogrggdhd Appl Cryst33, 990-991.

Merritt, E.A. & Murphy, M.E.R (1994) “Raster3D &fsion 2.0 - A Program for Photorealistic Molecular
Graphics”.Acta Cryst.D50, 869-873.

Merritt, E.A. & Bacon, D.J. (1997). “Raster3D: Photorealistic Molecular GraphMsthods in Enzymofyy
277, 505-524.

Nicholls, A., Sharp, K. & Honig, B. (1991PROTEINS, Structwe, Function and Genetickl, 281-96.

SannerM.E, Olson, A.J., & Spehned-C. (1995). “Bst and robst computation of molecular sades”.Proc.
aath ACM Symp. Comp. Geor@d6-C7.

The figure of théM. leprae groES heptamer used to illustrate shveidg is courtesy of Shekhar Mande.
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AVS2PS

SYNOPSIS

avs2ps corverts an XS image input ostdinto monochrome PostScript stdout

avs2ps [-b] [-dpi xxx] < infile.avs > oultfile.ps
avs2ps corverts a 24-bit color image file in& format into a dithered monochrome PostScript image with the
same number of pels as the input fileavs2ps may be used as a filter for the output of tévader program to
produce a PostScript file directlfhe code is machine independent, and does not impose restrictions on the tile
size in the original image. It supersedes less general programs invit@oléepackage.

avs2ps converts the input stream to a gseale image and then applies an empirical algorithm for contrast
enhancement, dithering, and errorfulifon to produce a monochrome output image. The basic approach is a
variant of Flyd-Steinbeg error difusion.

EXAMPLES
Produce an unbordered black & white image suitable for printing on a 300 dpi PostScript printer:
render < description.r3d | avs2ps > image.ps

Add a borderand prepare image for a 400 dpi printer:
render < description.r3d | avs2ps -b -dpi 400 > image.ps

OPTIONS

-b
Draw a border around the figure. By daftavs2ps will produce a borderless image 0.5 inch in from the
bottom left of the page.

-dpi xxx
By default avs2ps writes header records into the PostScript output file which are correct for a 300 dpi
printer (e.g. an HP Laserjet llIsi). If there is a mis-match between the header records and the actual
resolution of the printer the image quality is substantialtyraed. This option alles one to specify a

different printer resolution (e.edpi 400for a Next printer, or -dpi 95for Display PostScript on a 19”
1280x1024 werkstation screen).

AUTHORS
Ethan A Merritt. Dithering algorithm desxd from code by Randy Read and Albertdgberis.
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BALLS

SYNOPSIS

balls is a preprocessor which prepares a description of a space-filling model for the Raster3D molecular graphics
package

balls [-h]
balls reads a file describing atom colours and/or a PDB coordinate file and produces a stream of Raster3D
descriptor records ostdout one sphere for each atom in the input file. The file producdmilsymay be fed
directly torender or it may be combined with descriptor files produced by other Raster3D utilities.

EXAMPLES

To describe a simple space-filling model coloured by residue type:
cat mycolours.pdb protein.pdb | balls | render > mypicture.avs

To include a pre-selected wiematrix with the same model:

cp viewl.matrix setup.matrix
cat mycolours.pdb protein.pdb | balls | render > mypicture.avs

To prepend header records describing a pre-selected scalewand vie

cat mycolours.pdb protein.pdb | balls -h > balls.r3d
cat header.r3d balls.r3d | render > mypicture.avs

OPTIONS

-h
Suppress header records in output. Byadkballs will produce an output file which starts with header
records containing a dailt set of scaling and processing options. -fftag will suppress these header
records so that the output file contains only sphere descriptors. This option is useful for producing files
which describe only part of a scene, and which are to be later combined with descriptor files produced
by other programs.

DESCRIPTION

The input toballs consists of a singlestefile containing colour information and atomic coordinates in PDB data
bank format. Coordinates are output as Raster3D descriptor records with colours and sphere radii assigned
according to the COLO records described WweBy defult, atoms are assigned CPK colours.

By default the output file contains a set of header records as required by the render program. The header is
constructed to include a TMAmatrix corresponding to the transformation matrix contained in file setup.matrix
(if it exists), or to the Eulerian angles contained in file setup.anglesXiispe

Colours are assigned to atoms using a matching process, using COLOUR records prepended to the input PDB
file. Raster3D uses a pseudo-PDB record type with COLO in the first 4 columns:

Columns  Contents

1-4 COLO

7-30 Mask (described belg

31-38 Red component

39 - 46 Green component

47 - 54 Blue component

55-60 van der Vals radius in Angstroms
61 - 80 Comments
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Note that the Red, Green, and Blue components are in the same positions as, taedXZ ¥omponents of a
PDB ATOM or HETA record, and thean der VMals radius goes in place of the Occupafibe Red, Green, and
Blue components must all be in the range 0 to 1.

The Mask field is used in the matching process aswsll&irst the program reads in and stores all fi@M,
HETA, and COLO records in input ordérhen it goes through each storedOM/HETA record in turn, and
searches for a COLO record that matches T@MHETA record in all of columns 7 through 30. The first such
COLO record to be found determines the colour and radius of the atom.

In order that one COLO record can yide colour and radius specifications for more than one atom (e.g., based
on residue or atom type, oryaother criterion for which labels can begn somwhere in columns 7 through

30), the # symbol is treated as a wildcard. l.e., a # in a COLO record matghekaaacter found in the
corresponding column in aniT®M or HETA record. All other characters must matetaetly. Note that the ery

last COLO record in the input shouldvea# symbols in all of columns 7 through 30 in order twigiea colour

for ary atom whose ROM/HETA record &ils to match ay previous COLO record. This idea of matching
masks for colour specifications is due to Colin Broughton.

Several files of COLO records, including one based on Bob Fletterit®hapely Models” and another
mimicking CPK model parts, are pided as samples.

ENVIRONMENT

The files setup.matrix and setup.angles, iy thast, afect the header records producedbhifs.

AUTHORS

Originally written by Daid J. Bacon and {ne F Anderson. Extensions and/igons by Ethan A Merritt.
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LABEL3D

SYNOPSIS

label3d processes a Raster3D input file containing label descriptors (object types 10, 11, 12) into a TIFF image
label3d.tif containing both the molecular graphics image and the associated lfabelBd can accept input
either from a file or fronstdin

label3d infile.r3d; display label3d.tiff

or
cat list-of-files | label3d -

DESCRIPTION

Unfortunately the Raster3Dender program cannot fully process labels. @ercome this lack, earlier Raster3D
distributions included an auxilliary prograr8dtops, which complementeender in that it can process the labels
but not the graphics objects. Tihgdiops code is nw part of therender program itself, and is uoked if the
-labelsoption is present.

The label3d script automates the process of running a Raster3D input file thremngn, running the resulting
PostScript output througghostscript, and then recombing the &wcomponent images into a single TIFF image
containing both the molecular graphics objects and the associated latetal Beermediate files are produced
by the script, and one output file is createdy Axisting files haing these names will be desteal.

label3d.tmp - temporary cop of input stream

label3d.ps - PostScript description of labels createdr8diops

label3d.png - PNG format raster image producedghpstscript from label3d.ps
rendertiff - TIFF image produced krender containing molecular graphicsitono labels
label3d.tif - TIFF output image containing both molecular graphics and labels

ENVIRONMENT

By default the script assumes a fontscale appropriate for a 300 dpi pimteking render with the option
-fontscale 3.0You can change this by setting the@iesnmental ariable FONTSCALE.

This script requires TIFF support iender, the unix utility sed and installed ersions ofghostscript and
ImageMagick.

LISTING
#l/bin/csh -f
#
# Raster3D labeling script label3d V2.5
#
# Notes
# - Assumes label support in render (in previous version
# label support was from separate program r3dtops).
# - This version uses sed to find image size
# (previous versions used awk/nawk).
# - Requires ghostscript and ImageMagick.
# - Depending on what size images you typically produce,
# you might want to change the FONTSCALE definition below
#
if ${?FONTSCALE} == ‘0’ setenv FONTSCALE “3.0”
#
if (31 =="-") then
cat > label3d.tmp
else
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cp $1 label3d.tmp
endif
#
rm -f render.tiff label3d.ps label3d.ppm
render -labels -fontscale $SFONTSCALE -tiff render.tiff < label3d.tmp
if (! -e render.tiff) exit(-1)
if (! -e label3d.ps) then
mv render.tiff label3d.tiff
exit(0)
endif
setenv IMAGESIZE “identify render.tiff | sed -e ‘s/.* \([0-9]*x[0-9]*\)
FNL
alias gs3d gs -sDEVICE=ppm -dNOPAUSE -q -sOutputFile=label3d.ppm
gs3d -g$IMAGESIZE label3d.ps -c quit || echo “GhostScript error” && goto
cleanup
combine -compose over render.tiff label3d.ppm label3d.tiff
#
cleanup:
rm -f label3d.ps
rm -f label3d.tmp label3d.ppm render.tiff
#

BUGS

The script should pass through options to reridavels avays appear on top of the molecular graphics image,
even labels which should be occluded by an object in thgifoued. The compositing bekar of ImageMagick
versions 5.* is incompatible with that of earli@rsions. The label3d script tries to allfor this, lut may still

fail with some ersions of ImageMagick.

AUTHOR
Ethan A Merritt
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NORMAL3D

SYNOPSIS

normal3d reads a Raster3D input file frostdin applies ay coordinate manipulations specified in the header
and writes the modified file &tdout.
normal3d [-h] [-expand] [-stereo] < infile.r3d > normalized.r3d

The output file fronnormal3d describes xactly the same image as the original input file. All header records are
left unchanged »zept for the transformation matrix (which becomes the identity matrix) and the format
specifiers (which are set to *). THe flag will suppress all header records in the output file. All objects in the
input file are also in the output fileutotheir coordinate descriptionsugabeen normalized (i.e. the original
transformation matrix has been applied).

The-expandflag causes the program to in-line and normalize all instances of file indirection in the input stream.
This results in a single render input file containing no file indirection. Thauldeé to simply cop file
indirection lines (those lgining with @) to the ne& input file without opening them or normalizing their
contents.

normal3d also reports the total number of objects in the input file by object type,\@sditigé array sizes which
would be required for the render program to process this file. It may therefore be used to deteriainge tloe
array sizes imender should be set, should one of your image descriptiorseg the &lues compiled inteender.

EXAMPLES

Feed a lage file througmormal3d to judge array size requirements for rendering:

normal3d < largeinputfile.r3d > /dev/null

tmat (v’ = v * tmat):

-0.7543700 0.2779890 -0.6327600 0.0000000E+00
8.3310001E-02  0.9392580 0.3367110 0.0000000E+00
0.6530600 0.2012850 -0.6973090 0.0000000E+00

-54.14897 -48.99439 -13.01923 25.00000
spheres = 67
cylinders = 5128

triangles = 23402

Compare these to the array dimensions in render:

special materials = 1 (check against MAXMAT)
total objects = 47402 (check against MAXOBJ)
details = 506943 (check against MAXDET)
shadow details = 364323 (check against MAXSDT)

True center of input coordinates (not used):
-0.7435400 3.0629992E-02 -0.4582600

OPTIONS
-h
Suppress header records in output. This option is useful for producing files which describe only part of
a scene, and which are to be later combined with descriptor files produced by other programs.
-expand
in-line and normalize all instances of file indirection (linegitweing with @) in the input file.
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-stereo

The-steroflag causes the program to generate maw files, left.r3d andright.r3d, containing header
records suitable for rendering the normalized object description file as a side-by-side stereo pair (see
stereo3d). Header records in the primary output file aveegls suppressed if thstereooption is

selected.

AUTHORS
Ethan A Merritt
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R3DTOPS (Raster3D to é5tScript label coversion)

SYNOPSIS

The cowersion of Raster3D label records (object types 10, 11, 12) into PostScript is performedédnygdhe
program under control of thdabels command line option. In earlieessions of Raster3D this functioras/
performed by a separate prograddifops, which is nav obsolete. Theabel3d shell script automates the process
of rendering a Raster3D input file containing labels. This process requires installathmstséript.

OPTIONS (to therender program)

-fontscale xx
It is problematic to interpret the font sizes requested in Raster3D font descriptor records sg that the
produce the desired size font on thrergual output déce or printer By defult, the gentual output
device is assumed to be approximately 100dpi, which is typical of computer monitarevéto
printers generally range from 300 to 1200 dpi. The parameisra scaledctor by which the number
of pixels per PostScript unit should be increased./abe#3d script sets this by defilt to 3.0, which is
appropriate foreentual printing on a 300 dpi printetherwise to the currenaiue of the
ervironmental ariable FONTSCALE.

-labels [filename]

Process labels (object types 10,11,12) and create a PostScript output file in addition to the rendered
image. If no filename is g&n, the output file is naméabel3d.ps This defult is used by thiabel3d
script.

OBJECT DESCRIPTORS RECOGNIZED

Object type 10
“font name” size “alignment”

The deéult values are “imes-Bold” 10 “Left”. Legal fonts specifiers are subject to the details of label
processing implementation. In the cocitef label3d/r3dtops/ghostscript processing,

fontname is ary PostScript font name recognized ghostscript,
size is the fontsize in points (modified by tHentscaleoption)
alignment is “Right”, “Left”, “Center”, or “Offset”.
Object type 11
[XYZ] [RGB]
Label text

Object type 12
resened (single line of tet)

SPECIAL CHARACTERS

A small number of escaped characters arevakbin the label ta string. These may be useful for tweaking the
position of your labels:

\n new line

\b backspace

\v vertical tab (mwe up 1/2 line)

\A Angstrom symbol
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TEX-LIKE SYNTAX

Certain comentions from the ta-setting progranTgX are supported by the Raster3D label processing code. In
particular the character *_’ introduces a subscript, while the character *V' introduces a superscript. If more than
one character is to be sub- or supenipted, the entire string can be enclosed in curly letacl. Greek
characters and other symbols can be referred to by namg dréhe@refied with a backslash.

EXAMPLES
Models of label processing and the use ofléhel3d script are gien in xample7 of the Raster3D distution.

Here is a file fragment that places atline label immediately to the left of a particular atom (sphere):
# Here is a red sphere
2
11.31 43.45 -4.91 0.60 1.00.00.0
#

. . @CA
%And here is a label, also in red Next line of label
“Helvetica-Narrow-Bold” 12.0 “Left”
11
11.31 43.45 -4.91 1.00.00.0
CA\nNext line of label

Here is a file fragment that places a title across the top of an image independent of rotation/translation/scaling:
# Begin absolute coordinates
19
# Choose a nice big font for the title “This title should be nicely centered”
10
“Palatino-Boldltalic” 30. "Center”

# Place it at top middle of figure

11

0.0 0.45 0.90 0.00.00.0
“This title should be nicely centered”

# End absolute coordinates

@end_material.r3d

Here are somexamples ofTeX-like label syntax:

label text appears in rendered image as

N~{\epsilon2}-O~{\deltal} = 2.7A NE2- O = 2.7A

3\sigma [F_o - F_c] 30 [Fo- R

data \infty - 2.0\A dataco - 2.0A

The Angstrom symbol may either be entered directly as ‘A’ [character 197 (octal 305)] dr as ‘\A

BUGS

If a label contain§ X-like escape sequences it iways processed as “Left-align”, since the program doesn’
know enough about theventual string width to center it properly

Labels alvays appear on top of the molecular graphics imagen éabels which should be occluded by a
foreground object.

AUTHOR

Ethan A Merritt
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RASTEP (Raster3D Thermal Ellipsoid Program)

SYNOPSIS
rastep < infile.pdb > ellipsoids.r3d

rastep -tabulate [tabfile] [-by_atomtype] [-com [comtabfile]] \
< infile.pdb > statistics.text

rastep reads a PDB coordinate file containing ANISOU records that describe atoms refined withuahdi

atomic ADPs (Anisotropic Displacemerardmeters) 1 rastep can either create an input file for the Raster3D
render program or perform a statistical analysis of the atomic anigofmprarious classes of input atoms. By
default the program creates an ellipsoid+stick scene description in which each atom is represented by an ellipsoid
enclosing an isoswate of the probability density function. These are commonlwkras thermal ellipsoids.

The program can be run in an alternate mode, controlled byatldate option, in which the primary output to
stdoutis a list of the Eigeralues of the {J matrix, folloved by the corresponding atomic anisojramd
isotropic U, for each atom in the input file with both afi@M record and a matching ANISOU record.

EXAMPLES

Describe thermal ellipsoids at the 50% probabilityele with defwult CPK colors, and send it for immediate
rendering into a TIFF image file. The angle ofwiis automatically adjusted to spread atoms out as much as
possible in the XY plane of the image:

rastep -auto < infile.pdb | render -tiff picture.tiff

Describe the same ellipsoids colored ky,Band create an input module with no header records for inclusion in
a composite image:

rastep -h -Bcolor 10. 30. < infile.pdb > ellipsoids.r3d

cat header.r3d ellipsoids.r3d otherstuff.r3d | render -tiff picture.tiff

List anisotropy of individual atoms tstdoutand summarize the disttition of anisotrop to a separate file:

rastep -tab summary.out < infile.pdb > anisotropy.out

cat summary.out
# Anisotropy Fraction Number
# range of atoms of atoms
0

0.000.05  0.000

0.050.10 0.000 0

0.100.15 0.004 3

0.150.20 0.013 11

0.200.25 0.031 26

0.250.30 0.037 31

0.300.35 0.087 73

0.350.40 0.086 72

0.400.45 0.112 94

045050 0.125 105

0.500.55 0.122 102

0.550.60 0.128 107

0.600.65 0.107 90

0.650.70 0.079 66

0.700.75 0.038 32

0.750.80 0.023 19

0.800.85  0.008 7

0.850.90 0.000 0

0.900.95  0.000 0

0.951.00 0.000 0

#

# number of ANISOU records: 838
# non-isotropic atoms: 838

# isotropic atoms: 0

#

# correlation between anisotropy and B_iso: -0.562
#

# Anisotropy B_iso

# AtomType mean sigma mean number
H ammemmene  cesccsemess sesese  sesees

#| Total 0.496 0.141 26.44 838
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OPTIONS

-auto
Auto-selection of vieing angle, chosen to minimize the spread of the atoms along theliveztion.

-Bcolor Bmin Bmax

Assign colors based on Bues rather than matchinG@M records aginst input or defult COLOUR
records. Atoms with B <= Bmin will be colored dark blue; atoms with B >= Bmax will be colored light
red; atoms with Bmin < B < Bmax will be assigned colors shading smoothly through the spectrum from
blue to red.

-fancy[0-6]
The-fancyoption selects increasingly complepresentations of the rendered ellipsoids (see figure)
-fancyO[default] solid suréce
-fancyldraw principal axes of ellipsoid with a transparent bounding acef
-fancy2draw colored equatorial planes of the ellipsoid
-fancy3draw colored equatorial planes with a transparent boundingcairf
-fancy4transparent bounding sade with longest principal axis only
-fancy5for orRTEP lovers, drav ellipsoid with one octant missing
-fancy6for oRTEP lovers who vant the missing octant to be in afelient color

-fancy0 -fancyl -fancy2 -fancy3 -fancyb

Suppress header records in output. Byadktastep will produce an output file which starts with header
records containing a dailt set of scaling and processing options. -ftfeag will suppress these header
records. This option is useful for producing files which describe only part of a scene, and which are to
be later combined with descriptor files produced by other programs.

-iso
Force isotropic probability suetes (spheres). By a@efit rastep will look for ANISOU records in the
PDB file and use these to generate ellipsoids. If no ANISOU record is presentfen atgim, the B

value gven in the AOM record will be used to generate a sphere instead. Selectingabption will
force the program to use the Blwe in the AOM record gen if an ANISOU record is also present.

-mini
Auto-orientation (as irauto) and small size plot (176x208) described in header records.

-nohydiogens
Do not plot lydrogens, een if present in PDB file.

24 29 August 2001



RASTEP (Raster3D Thermal Ellipsoid Program) Raster3D Version 2.6

-prob Plevel

By default, isosurdces are drwan to enclose the 50% probabilityéd in the probability density
function described by thejWalues in the ANISOU record. Thprob option allavs you to select a
different probability leel instead. If ORlevek1 this \alue is interpreted as a fractionPiievel > 1 this
value is interpreted as a percent.

-radius R

By default, rastep draws bonds with radius 0.10A between neighboring atoms using the same algorithm
asrods. This option allavs you to change the radius of the bonds. If the radius is set to 0 no bonds will
be dravn.

OPTIONS FOR SRATISTICAL ANALYSIS

-tabulate [tabfile]

The -tabulate option requests that the program accumulate and print statistics on thetitst i
anisotroy among input atoms rather than producing an input fileefufer. The principle ags and
anisotroly of each atom are written sedout An overall statistical summary is written tabfile if
specified, otherwise tstdout

-by _atomtype

The-by_atomtypeption is a modifier tetabulate. It causes a further sulv@ion of atoms by atom
type (columns 77:78 in the PDBI®M records) during the preparation of statistical summaries.

-com [comtabfile]

Tahulate distrilution of anisotrop in shells by distance from centaf-mass. Output toomtabfileif
specified, otherwise tstdout

NOTES

There is little, if ay, consisteng in format among the arious programs which write out anisotropic
displacement parameters. This program interprets Yheallies in the order specified for ANISOU records in
PDB format. An gample of the PDB records for an atom refined with ADPsvisrgbelav. Columns 29-70 of
the PDB record are interpreted as gates representing $&2 x Ul in the order %, U22 U33 U2 U138 Y23
Note in particular that the order of cross-termsdsthe same as that used by THP or SHELX, which do not
use PDB format. Heever, the progranshelxpro will produce correctly formatted PDB records from a SHELX
coordinate file.

ATOM 73 N GLY 10 11.176 80.805 36.845 1.00 37.92 N
ANISOU 73 N GLY 10 7242 3461 3703 2150 985 1390
ATOM 74 CA GLY 10 11.208 81.182 38.242 1.00 37.02
ANISOU 74 CA GLY 10 7576 2611 3877 1331 1002 1224
ATOM 75 C GLY 10 11.437 79.999 39.165 1.00 31.91

N

C

C

C

ANISOU 75 C GLY 10 6742 2128 3253 942 1046 728 C
o

@)

ATOM 76 O GLY 10 11.463 78.825 38.823 1.00 25.86
ANISOU 76 O GLY 10 4235 2137 3455 420 222 497

AUTHOR
Ethan A Merritt
REFERENCES

M.N. Burnett & C.K. Johnson (1996). “QEP-IlIl: Oak Ridge thermal ellipsoid plot program for crystal
structure illustrations”. ORNL-6895, Oak Ridge National Laboraftaiple 6.1
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RENDER

SYNOPSIS
render is the central image-rendering program of the Raster3D molecular graphics package.

Input is talen from stdin; output mode is controlled from the command line:

render AVS image to stdout

render -jpeg [outfile] JPEG image outfile (dafilts to stdout)

render -png [outfile] PNG image outfile (defilts to stdout)

render -sgi [outfile] output to SGI libimage file (dafilts to rendergb)

render -tiff [outfile] output to TIFF file (defults to rendetif)

render -out outfile.xxx pipe output to ImageMagick for ceersion to image type xxx

Render reads an ascii file consisting of/eeal header lines folleed by indvidual object descriptors. The format
of the header records and the object descriptorsvendbelov. Objects are rendered using astf Z-luffer
algorithm to produce a high quality piximage which contains one shadg light source, additional non-
shadaving light sources, specular highlighting, transpayeand Phong shaded sacés. Output is tstdout[or
optional file] in the form of a p&d image with 24 bits of color information per eix The dedult output file
format is an XS image sent tstdout Support for JPEG, TIFF or SGI libimage output may be optionally
included during installation of the Raster3D package. Additional output formats are possible by usiug the
option if the ImageMagick package is installed also.

There are sesral utility programs that will create all or part of an acceptable input file by reading atomic
coordinates from a PDB file. These inclusbdls, rastep, rods, andribbon from the Raster3D distnittion kit, and
Molscript [Per Kraulis (1991). Appl. Cryst24, 946-950].

EXAMPLES

Render a simple space-filling model coloured by residue type:
cat mycolors.pdb protein.pdb | balls | render > mypicture.avs

Display the same picture on an X-wingodisplay directly using ImageMagick:
cat mycolors.pdb protein.pdb | balls | render | display avs:-

Render and display the same picture using the SGI libimage format:

cat mycolors.pdb protein.pdb | balls | render -sgi picture.rgh

ipaste picture.rgb
Render a stick-figure model of a aofor jointly with a ribbon model of a protein. Note that the header records
are generated by timébbon command in this case; thbe flag suppresses generation of a second set of header
records in theods command. The ImageMagidonvert command is used tovethe resulting image as a TIFF
file.

ribbon -d4 protein.pdb > ribbon.r3d
cat colors.pdb cofactor.pdb | rods -bs -h > cofactor.r3d
cat ribbon.r3d cofactor.r3d | render | convert avs:- picture.tiff

If TIFF support has beerulit directly into Raster3D, then the pieus command can be modified to produce a
TIFF file without conersion:
cat ribbon.r3d cofactor.r3d | render -tiff picture.tiff

OPTIONS

-aa
Force anti-aliasing (SCHEME 4)gardless of the scheme specified in the file header
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-alpha
Force output of transparepinformation (SCHEME 0) gardless of the scheme specified in the file
headerThis only works if the output format supports an alpha channeéS(ATIFF and PNG, it not
JPEG). Note that this turnsfa@ti-aliasing. This option can be used to produce an image with a
transparent background.

-draft
Turn of anti-aliasing (force SCHEME 1) to increase rendering speed.

-fontscale XX

Only meaningful in conjunction with théabelsoption. Modifies the interpretation of font sizes during
label processingfentscale3.0 will generate PostScript labels that are approximately the nominal font
size when printed at 300 dpi. Specifying tfantscaleoption on the command lineexrides the
ernvironmental ariable FONTSCALE; if neither is specified, theue deéults to 3.0

-help
Print summary of options.

-invert
Invert the image top-to-bottom. This may be necessary if you are using somewidd yiegram.

-jpeg [outfile jpeg]
Only if compiled with -DJPEG_SUPPORBY defult render will produce an XS-compatible image
on stdout. Thejpeg flag will cause it to output a JPEG image stream to the specified filestdotdif
no file name is gien. JPEG is a highly compressed Hossy” format, and does not allahe inclusion
of an alpha-blend channel (that means no transparent backgrounds).

-labels [outfileps]

Process labels (object types 10,11,12) and create a PostScript output file in addition to the rendered
image file. If no filename isgén, the output file is naméabel3d.ps This option is used by tHabel3d
script. More detail is gien under the3dtops heading.

-out filenamexxx

Only if compiled with -DIMAGEPIPE. Theoutflag will causerender to pipe output to the
ImageMagick commandonvert, with instructions to corert it to an image file whose type is
determined by the filename&tensionxxx

-png [outfilepng]
Only if compiled with -DPNG_SUPPORBY defult render will produce an XS-compatible image on
stdout. Thepngflag will cause it to output a PNG image stream to the specified filestatdotif no
file name is gien. PNG format is less “lossy” than JPEG, andnadlan alpha-blend channel.

-quality NN
Only meaningful in conjunction with thgpeg flag; sets the output image quality parameidowable
values range from 1-100 (cefit = 90). Higher numbers are less compressed, and lesslosgsy
numbers sacrifice quality to achéegreater compression (smaller file size).

-shadow / -noshadow
Enables or disables the calculation of shesldhis werrides the SHAD®/ flag in the header records.

-size HHHxVVV

Override the image size parameters (NTX,NVY®X,NPY) in the file header and produce an output
image that is>actly HHH pixels in the horizontal and VVV péls in the ertical.
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-sgi [filenamergb]
Only if compiled with -DLIBIMAGE_SUPPOR. The-sgiflag will causerender to output an SGI
libimage style *.gb file instead of writing tstdout In this case defilt output flename irendemrgb,
but specifying a file on the command line willesride this dedult.

-tiff [filenametiff]
Only if compiled with -DTIFF_SUPPOR The-tiff flag will causeender to output a TIFF image to the
specified file instead of writing &tdout If you do not gie a filename, output is tendertif.

-transpaent
(Same asalpha) Force output of transpareninformation (SCHEME 0).

-zoom ZZ[%]

This option modifies the scaladtor (TMAT(4,4)) in the header records. If no ‘%’ sign is present, then
the scale is modified by ZZ, spoom 3.0vould zoom in by adctor of 3, making all the objects bigger
and reducing the field of wecorrespondinglyTo shrink the sceneg a alue of ZZ < 1.0. If the %
sign is present ZZ is interpreted as a %change in the currentacale(ZZ < 100% shrinks the scene,
ZZ > 100% enlages it). In all cases the dimensions of the rendered scenesla grmain constant;

only the contents of the scene areetied.

HEADER RECORDS

The required header records of a render input file are described. li&toept where noted, each set of
parameters listed is read from a single line antfén free format. The names are afigbles in the program
source code.

TITLE
Anything you like, up to 80 characters.

NTX,NTY

Number of “tiles” in each direction. (The output display is considered tovisediup into an array of
identical rectangular tiles.) The maximum is 192 unless yue imereased MAXNTX and MAXNTY
in renderf.

NPX,NPY

Number of computing ps per tile in each direction. Maximum = 36 (MAXNPX, MAXNPY in

renderf) The program runsakter when NPX, NPY are small numbers; i.e. if yoteteachoice, it is

better to increase the size of your image by increasing the number of tiles (NTX,NTY) rather than the
size of the tiles (NPX,NPY).

SCHEME

Pixel averaging (anti-aliasing) scheme. Anti-aliasing reduces the jaggedness of edges at the cost of
additional computation. If you are going to matte your imagasapan gternally generated
background, use scheme 0 (matting and anti-aliasing do not mix well).

0 means no anti-aliasing, include alpha blend (matte) channel in output image

1 means no anti-aliasing, no alpha channel

2 means anti-alias byearaging 2x2 computing péts for each output pét

3 means anti-alias byearaging 3x3 computing pets for each 2x2 output pls (obsolete - use

scheme 4 instead)

4 anti-alias as in scheme 3yttheader specifidmal raster size, rather th@omputingraster size.
I.e. schemes 0. 1, and 4 produce a NTX*NPX by NTY*NPepimage; scheme 3 produces a
(2/13)NTX*NPX by (2/3)NTY*NPY image. Scheme 3 requires that NPX and NPY \asildlie by 3;
schemes 2 and 4 require that NPX and NPY tisitlle by 2.
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Images can be preewed using scheme 1 for greater speed, and re-rendered with anti-aliasing scheme 4

with no change in the output image size. No changes to NTXMNHX,NPY are required in this case.
BKGND

Background colour (red, green, and blue components, each in the range 0 to 1).

SHADON
T to calculate shaddng within the scene, F to omit shado

IPHONG
Phong puaver (e.g., 25) for specular highlights. A smallatue results in a lger spot.
IPHONG = 0 disables specular highlighting and all processing of ribbon triangles

STRAIT

Straight-on (secondary) light source conttibn (e.g., 0.15). The primary light source conttibn (see
also SOURCE belo) is given by PRIMAR = 1 - STRAIT

AMBIEN

Ambient illumination contribtion (e.g., 0.05). Increasing the ambient light will reduce the contrast
between shadweed and non-shaded reions.

SPECLR
Specular reflection conttition (e.g., 0.25).

The difuse reflection quantity isggn by DIFFUS = 1 - (AMBIEN+SPECLR). Ambient andfdge
reflections are chromatic, taking on the specified colour of each object, whereas specular reflections are
white.

EYEPOS

You can think of the image producedfepder as corresponding to a photographetaky a camera

placed a certain distancevay from the objects making up the scene. This distance is controlled by the
EYEPOS parameteEYEPOS = 4 describes a perspextiorresponding to a wigng distance 4 times

the narrav dimension of the described scene. EYEPOS = 0 disables persaudiparallax altogether

SOURCE

Primary light source position (e.g., 1 1 1). This is a white light point source at infinite distance in the
direction of the ector gven (see note on co-ordinate gention belav). The secondary light source is
always head-on. Only the primary light source casts stigdo

TMAT

Homogeneous global transformation for input objectgmgas a 4x4 matrix on 4 lines just as you
would write it if you intended it to be a postfix (8xf operator The upper left 3x3 submatrixgresses

a pure rotation, the eer left 1x3 submatrix gies a translation, the upper right 3x1 submatrix should be
zero (otherwisexdra perspecte is introduced), and thevier right scalar (h) produces global scaling.
Note that the scal@é€tor h ends up being applied as areise; i.e. a lgjer value of h will result in
shrinking the objects in the picture. Input coordinagetorsx y z] are etended with a 1 to makthem
homogeneous, and then post-multiplied by the entire matrixi.g. z° h'] = [x y z 1][TMAT], then

the ultimate co-ordinates ape’y” z"] = (1/h")[X" ¥y Z].

INMODE

Object input mode (1, 2, or 3), where mode 1 means that all objects are triangles, mode 2 means that all
objects are spheres, and mode 3 means that each object will be preceded by a record containing a single
number indicating its type. The Raster3D programs use only mode 3.

INFMT or INFMTS

Object input format specifier(s)oFobject input modes 1 and 2, there is just one format specifier
INFMT for the corresponding object type, while for mode 3, there are three format specifiers INFMTS
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on three lines. The first describes the format for a triangle, the second for a sphere, and the third for a
cylinder. Each format specifier is either arffan format enclosed in parentheses, or a single asterisk to
indicate free-format input.

SAMPLE HEADER

My picture. (describes a 1280 x 1024 pixel anti-aliased image)

80 64 tiles in x,y

24 24 pixels (x,y) per tile

3 anti-aliasing level 3; 3x3->2x2

000 black background

no shadows cast

Phong power

secondary light contribution

ambient light contribution

specular reflection component

eye position

main light source position (from over right shoulder)
view matrix describing input coordinate transformation

oNnT
o Ol
a

oroor 0O
cocoo

OCOFrRORFrRONO
o

no translation; enlarge objects in picture by 66% (1/.6)
mixed objects

(free format triangle and plane descriptors)

(free format sphere descriptors)

(free format cylinder descriptors)

A AWOOORRAOO

OBJECT TYPES

Objecttype 1  triangle
x1,vy1, z1, x2,y2, z2, X3, y3, z3, red, green, blue

Object type 2  sphere

X, Y, z, radius, red, green, blue

Object type 3  round-ended cylinder
x1,vy1, z1, R1, x2,y2, z2, R2, red, green, blue
(R1is the glinder radius, R2 is currently ignored).
Object type 4  not used

Object type 5 flat-ended cylinder
x1,y1,z1, R1, x2,y2, z2, R2, red, green, blue
(R1 is the glinder radius, R2 is currently ignored).
Objecttype 6 plane
x1,y1,z1, x2,y2, z2, X3, y3, z3, red, green, blue

Object type 7 explicit surface normals atertices of preceding triangle
ul, vi, wi, u2, v2, w2, u3, v3, w3
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Explicit vertex normals for preceding triangle object. This object must directiywidhe triangle object
(see also object type 17). The intended use of this object type isvicdalaription of arbitrary
molecular suidces in terms of a tesselation by triangles.

Object type 8 material properties

These wlues @erride the specification of lighting and specular highlighting in the header records,
allowing some objects to ka different surdce properties from the rest. The specifigides will apply

to all subsequent objects until an object of type 9 is encountered. The parameters are read in free format
from the folloving line of the input stream:

MPHONG (floating point) @erride global Phong parameter for specular highlighting
MSPEC (floating point) @erride global specular scattering conitibn

SR,SG,SB RGB triple specifying color of reflected light (by deft all reflections are white), a
negative value for ay component will defult to the base colour component of the
object being rendered

CLRITY (floating point alue between 0.0 and 1.0) Theyoee of transparegdor this
material; 0.0 indicates an opaque aad and 1.0 indicates a purely transparent one.

OPTS(4) four additional fields are resed for future gpansion of the material properties list;
these must be present. The first field controls altematgorithms for rendering
transparent objects:

OPT(1) = 0 render self-occluding portions of a transparent material separately
OPT(1) =1 render only the “top” suate of transparent material
OPT(1) = 2 render the rear sace of transparent spheres aglinclers

The last field is non-zero to signal that additional modifier records willfollo
immediately Each modifier record must constitute a single line, and OPT(4) states
how mary of these there will be.df example

OPT(4) = N means that thexieN lines contain additional material modifiers
(see @ample belw)

Object type 8 modifier

Additional modifiers to MAERIAL descriptors (type 8) are wasupported. Each modifier record must
constitute a single line of input, and the total number of such modifier lines must be specified in the final
parameter of the MPERIAL record. Modifiers currently supported include SOLID ardBFACE

records, as shn in the follaving example of a 2-sided material that is solid red on one side and solid
blue on the other side:

# Here is an example of specifying a double sided material

# The MATERIAL record itself specifies an opaque material with PHONG
# value 25 and specular parameters taken from the header records,

# and says that there are two following modifer lines.

# The SOLID modifier gives an RGB color triple that over-rides colors on
# subsequent objects.

# The BACKFACE modifier specifies a separate RGB color for the other side
# of this material, and sets the Phong control parameter and specular

# component of this surface to zero (i.e. it's a matte blue surface).

# The net result of specifying both SOLID and BACKFACE is to describe a
# material that is shiny red on one side and matte blue on the other.

8

20. -1. 1.1.1. 0.0 0002
SOLID 1.00.00.0

BACKFACE 0.30.31.0 00

Here is the complete list of modifiers

SOLID red green blue
BACKFACE red green blue mphong mspec
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FRONTCLIP zfront
BACKCLIP zback
ORTEP_LIKE (no parameters; changes treatment of bounding planes)

BOUNDING_COLOR red green blue
BOUNDING_PLANE  bptype X Y Z Xnorm Ynorm Znorm

Object type 9 terminate special properties

Terminates pnéous set of special material properties (object type 8) or isolation fromiTTMA
transformation (object type 15).

Label descriptors (object types 10-12)

Version 2.3 introduced preliminary support for labels in a render input file. This has been substantial upgraded in
version 2.50bject types 10, 11, and 12 are used to specify labéks.current implementation of label handling

is only partially done inrender. The eecutable shell scriptabel3d will automatically feed an input file
containing labels througtnender, ghostscript and ImageMagick to yield a final image containing both the
renderered molecular graphics objects and the specified labels. Heraasmatee

# Force the label coordinates to be interpreted as screen coords
# (obviously you wouldn’t do this if you want the label to get the
# same translation/rotation/scaling as other objects do)

15

# Choose a font

10

"Times-Italic” 12. “Center”

# specifiy a label

11

0.00.450.0 1.00.00.0

| am a red title centered at the top of the image

# Terminate isolation from coordinate transformation

9

For more information on label processing, please see the documentati8atdps andlabel3d.

(If you are deeloping a highetevel application that will pass labels to Raster3D for rendering, please contact
me so that we can malsure the protocols are compatilEAM).

Object type 10

“font name” size “alignment”
The debult values are “imes-Bold” 10 “Left”.
Legal fonts specifiers are subject to the details of label processing implementation. In tkieafonte
label3d/r3dtops/ ghostscript processing, fontname isyaRostScript font name recogized gfostscript,
size is the fontsize in points (assuminvgmrual printing at 300 dpi), and alignment is either “Right”,
“Left”, “Center”, or “Offset”.

Object type 11

[XYZ] [RGB]
Label text

Object type 12

resered (single line of tet)
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Object type 13 Glow light source.

This is a colored, non-shading, light source with finite [x y z] coordinates and a limited range of
illumination. Control parameters are read in free format from a single line of inpwtifadlthe line
specifying the object type.

GLOWSRC(3) [X y z] coordinates of light source

GLOWRAD limiting radius of light source (see GOPT)

GLOW fractional contriltion (0.0 - 1.0) of gl light to total lighting model

GOPT (integer 0/1/2/3/...) - controls functional form in which limiting radius
is applied [under delopment]

GPHONG Phong parameter controlling specular highlights fromvdight source

GLOWCOL(3) RGB triple specifying color of gie light source

Object type 14 Quadric surface

X, Y, Z, limiting_radius, red, green, blue, A, B, C, D, EGFH, I, J
Quadric surdces include spheres, cones, ellipsoids, paraboloidsyaeddoloids. The motation for
this code was to allev rendering thermal ellipsoids for atoms, so the other shapesibabeen
extensvely tested. A quadric swrte is described by 10 parameters (A ... J). Thasuiif the set of
points for which Q(x,yz) = 0,
where

Qxy,2) = AR + By2 + CZ+ 2Dxy + 2Eyz + 2Fzx + 2Gx +2Hy +2lz+ J
Although these parameters arefigignt to describe a quadric sack located gmwvhere, for eiciency
during rendering it is also useful to kmthe center and a bounding sphere. So byertion we require
that (A...J) describe a sade centered at the origin, and add additional parameters2that specify a
translation component. Therefore a quadricaagfdescriptor to render has the 17 parameters listed
above. Points further from the origin (prior to translation!) than the limiting radius are not rendered.

Object type 15 begin isolation from TMA' transformation

Objects follaving this descriptor are interpreted as being in an absolute coordinate system centered at
the origin and hang unit extent in X, Y, and Z. If the image is square, the coordinates run from roughly
-0.5t0 +0.5 on both X and Mf the image is rectangulazoordinates run fron0:5to +0.5 on the

shorter dimension. The rotation and translation described by th& Tivix is not applied. This

isolation from TMA applies to subsequent objects until an object of type 9 is encountered.

The coordinate system used faliog object type 19 is similaxeept that the horizontal anérical

scales are treated separatslythat the point [-0.5,+0.5] isvedys at the top left corndn both figures

belov the blue dot is dran at coordinates [+0.5,+0.3].

0.5
°
- L
-0.5 0.5
-0.5
Coordinate system used following object 15. Coordinate system used following object 19.
Coordinates run from -0.5 to +0.5 along the Coordinates run from -0.5 to +0.5 along both
smallest dimension of image. Coordinate units dimensions of image, gardless of the aspect

along the other dimension are the same, which ratio.
means that thexteremes are greater than +/-0.5

34
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Object type 16 Global properties

Object type 16 is alays folloved by a single record thafedts the rendering of the entire scene. The
global properties currently supported are listedwelOG allavs depth-cueing using either a linear or
an ponential model of fog densith record simply consisting of theyavord FOG will produce
reasonable depth-cueing (linear decrease in intensity front closest obgthéstfobject). If you need
to control the depth-cueing indepently from the specific rendered objects in a scenedep.ttiek
depth-cueing consistent between frames of an animation) then you should sydwifi\alues for
fogfront, fogback and fogden.
FOG fogtype fogfront fogback fogden

fogtype 0 = linear multiplier = fogden * (fogfront - Z) / (fogfront - fogbhack)

1 = ponential  multiplier = 1. - &p( -fogden * (fogfront - Z) / (fogfront - fogback) )
fogfront 0 = Z coord of front object, else fraction of front clipping plane
fogbackO = Z coord of back object, else fraction of rear clipping plane

fogden (see equations for linear anxbenential models controlled by fogtype);
fogden=0.0 will dedult to some reasonablalue

BACKCLIP zback

zback Z coord of rear clipping plane for all objects in original units of original coordinate
system, bt relatve to the center of the transformed coordinate system. That means if you
are working in PDB coordinates, themerything more than zback Angstroms behind the
center is clipped.
FRONTCLIPZzfront

zfront  Z coord of front clipping plane for all objects in original units of original coordinate
system, bt relatve to the center of the transformed coordinate system. That means if you
are working in PDB coordinates, themexything more than zfront Angstroms in front of
the center is clipped.
ROTATION Matrix

Matrix 3x3 rotation matrix applied by post-multiplication after the coordinate transformation in
TMAT. Because it is post-multiplication, this is the transpose of theaqnt rotation if
it were specified in TMA This rotation applies to all foldng coordinates, it not to
objects that hze already been processed.

TRANSLATION XY Z
XY Z 3 element translation applied after the coordinate transformation in favid the post-

rotation matrix, if ag. This translation applies to all folldhg coordinates, it not to
objects that hae already been processed.

Object type 17 explicit coloring for vertices of preceding triangle or cylinder

Red1 Greenl Bluel Red2 Green2 Blue2Red3 Green3 Blue3

Normally a triangle is colored uniformly in the color specified by the RGB triple in the TRIANGLE
record itself. Using this additional objectwmver, you can specify a separate color for easttex of

the triangle. Points in the interior of the triangle are colored by interpolation usingrteecolors.

This is commonly used in conjunction withpdicit vertex normals (object type 7) to describe a smooth
surface in terms of a triangular mesh. In this case the component triangles ofdle auefdescribed
by three success objects of types 1, 7, and 17. (The ordering 1, 17, 7 is also acceptable).

This mechanism may also be used to generate interpolated coloring along the lengtmdéa I
this case the third RGB triple is ignored.

Object type 18 explicit transparency atertices of preceding triangle or cylinder

Transl Tans2 Tans3
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Normally an object is transparent only if it belongs to a transparent material. Using this additional
object, havever, you can specify a separategoee of transparega@at each ertex of an object. The
transparengat points in the interior of a triangle griader is determined by interpolation. All three
values (Tansl Tans2 Tans3) are required for a triangle; the thiedire is ignored for aytinder.

Object type 19 begin isolation from TMA' transformation

See object 15 for details.

Object type 0  force end of input stream (optional)

Further records in input file will not be read.

Comments

At any point in the input stream to render where an object descrijptadvoe Igal, it is also lgal to insert a line
beginning with the ‘#’ charactein this case the line is ignored, and may be used as a comment. Easiiens
of the program recommended using object type 9 as a comment delintitdis has the potential disahtage
of prematurely terminating the scope of a special material.

FILE INDIRECTION

At ary point in the input stream to render where an object descrijptadvoe Igal, it is also lgal to insert a line
begginning with ‘@’. In this case the remainder of the line is interpreted as the name of a file from which further
input is talken. This mechanism mek it possible to re-use standard objects in multiple rendered scenes, e.g. a set
of bounding planes or standard definitions of material properties. When input fronvehisf iéle indirection is
terminated by encountering an object descriptor of type O (or an end of file), control returns teidlis prput
stream. Multiple leels of file indirection are possible. The entire set of header records can also be read via file
indirection if the first line of the render input streangibe with ‘@’, hut indirection within the header is not
supported.

The requested file is first searched for retato the current directaryf this searchdils, the sufx ‘.r3d’ is
added to the file name and the search is repeated. If thigédsdHe file is searched for relaito the directory
specified by the efronmental ariable R3D_LIB. Vpically this would be set via a command such as
csh/tcsh: setenv R3D_LIB /usr/local/src/raster3d/materials
sh/ksh: R3D_LIB=/usr/locall/src/raster3d/materials; export R3D_LIB
If the filename ends in .Z or .gz, the program will attempt to uncompress it into a scratch file ugmgihe
command.

SAMPLE INPUT DATA FOLLOWING HEADER

The following records describe a single red triangle and a single blue sphere. The blue spliected &f
whatever material properties are defined in the file materiall.r3d

@red

1

-10.0. .10.0. 0.-.20.5 1.00.00.0
@materiall.r3d

2

0.30.30.0 0.1 0.00.01.0

@end_material

0

ERROR MESSAGES

Transpaency pocessing truncated at MAXTRANSP=xxx for yyy pixels

This is a varning that you hae maiy transparent objectverlapping each other in some places, and
thatrender has ignored gntransparent objects deeper than MAXTRANSRI davn in the stack.
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Chances are good that you das€e through that mgmbjects aphow, but if you want to you can
increase the depth to which render texkansparent objects by increasing MAXTRANSP in
parametes.incland recompiling.

Possible shadowing esr NSXMAX = xxx

This is usually caused by an object whigkeads &r out of the field of vig, for example a plane
surface. In most cases the shaday "error” refers to a shadowhich lies outside of the image entirely
However, if your image does ireft contain missing or truncated shadg/ou can wercome this by
increasing thealues of NSX and NSY iparametes.inclas indicated by the error message.

INCREASING THE ARRAY SIZES IN RENDER

If you are creating images oéwy laige proteins, or if you are rendering suwés with mayfacets, then you may
fill the storage arrays irender. If so you will get an error message something lik
ERROR >>>>>> too many objects - increase MAXOBJ and recompile

The parameters which you may need to increase are contained in plaegfiteetes.inclk
*

* Maximum number of objects (was 7500)
PARAMETER (MAXOBJ = 25000)
*

* Array elements available for object details
PARAMETER (MAXDET = 250 000, MAXSDT = 250 000)
*

* Array elements available for sorted lists (“short” lists)
PARAMETER (MAXSHR = 150 000, MAXSSL = 150 000)

You can use theormal3d utility to calculate hav mary objects and object details are needed for your picture.
The sorted list sizes are harder to calculate irm@ack, bit the render program itself should indicatevhauch
space wuld be required to complete a picture which it cannot currently handle.

Increase the appropriatARAMETER values by editing the program source filsametes.incl, and recompile
the programs by typing “makall”.
AUTHORS

Originally written by Daid J Bacon. Extensions,vigions, and modifications by Ethan A Merritt.
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RIBBON

SYNOPSIS

ribbon [-h] [-d[0123456]] pdbfile

or (to tale PDB records from stdin)
ribbon [-h] -d[0123456] -
Ribbon reads a PDB coordinate file and produces a filstdoutcontaining Raster3D descriptor records for a

ribbon representation constructed from a triangular mesh. The file produced by ribbon may be fed directly to
render or it may be combined with descriptor files produced by other Raster3D utilities.

EXAMPLES

To describe a the entire protein chain as a single ribbon colored smoothly from blue at the N-terminus to red at
the C-terminus:
ribbon -d2 protein.pdb | render > chain_picture.avs

To color a multi-chain protein with specified colors for each chain:
cat chaincolors.pdb protein.pdb | ribbon -d5 - > chains.r3d

OPTIONS

-h
Suppress header records in output. Byadkfibbon will produce an output file which starts with
header records containing a@eift set of scaling and processing options. -ftftag will suppress these
header records so that the output file contains only triangle descriptors. This option is useful for

producing files which describe only part of a scene, and which are to be later combined with descriptor
files produced by other programs.

-d[0123456]

By default ribbon requires interacte input to select ribbon parameters and coloring informatiee. Fi
default coloring schemes are implementedyécer, and these may be selected as a command line
option to bypass grninteractive input.

-d or-d0 same asd2 belov

-dl solid color ribbon (defults to blue)

-d2 shade from blue at N-terminus to red at C-terminus

-d3 one suréce of ribbon is blue, other sack is grg

-d4 shade front suaice from blue to red, back sack is gre

-d5 color separate chains using sucoessblor cards from input stream. Note that pattern

matching on the color recordsrist done; colors are simply tak sequentially as ne
chains are encountered.
-d6 use color templates from COLOUR records in the input file te ¢akor from nearest CA

DESCRIPTION

The input toribbon consists of a singlexefile containing colour information [optional] and atomic coordinates

in PDB data bank format. Only CA and carpb® atom records are required; all other input atoms are ignored.
Ribbon parameters and colouring specified interalstivhen the program is runeoard interaction may be
bypassed by selecting one of theaddff colouring schemes using tteflag. A triangular mesh ribbon is output

as Raster3D descriptor records. Byaidf the output file contains a set of header records as required by the
render program. The header is constructed to include a Thhatrix corresponding to the transformation matrix
contained in file setup.matrix (if ikists), or to the Eulerian angles contained in file setup.anglesXisise
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Ribbon produces a continuous smooth trace of the protein backbonendte complicated representations of
protein secondary structure it is better to usefareifit program, e.g. Molscript, rather thrésbon.

ENVIRONMENT

The files setup.matrix and setup.angles, i thast, afect the header records producedritfon.

AUTHORS

Original ribbon code written by Phil Bns for the CCP4ersion of FRODO. Modification to describe solid
ribbons as triangular mesh for Phong shading in Raster3D package by Ethan A Merritt.

40 29 August 2001



RINGS3D Raster3D Version 2.6

RINGS3D

SYNOPSIS

rings3d searches through a PDB file looking for residues containing 5- or 6-membered rings, then produces a

Raster3D output file of ring-filling triangles.
rings3d [-bases] [-protein] [-sugars] < infile.pdb > outfile.r3d

rings3d matches residue types from an internal list of residue and atom names. dtludllfind residues not in
its list, and &il to recognize atoms with non-standard names.
EXAMPLES

To render a D molecule with bases filled in:

cat $R3D_LIB/dna.colours dna.pdb | rods -radius 0.05 > temp.1
rings3d -bases < dna.pdb > temp.2
cat temp.1 temp.2 | render -tiff dna.tiff

OPTIONS

-bases
Fills in purine and yrimidine rings from A C G T U residues.

-protein
Fills in sidechain rings of HIS PHE TRP and TYR residues.

-sugars
[This is the defadltills in pyranose rings of GAL GLC NG NGA MAN SIA residues.
BUGS

Limited residue type the database of residue types shoulddy kternally, so you dort’ have to relild the
program to add a metype.

Crinkled planes- There should be an option to do a least-squares best plane through supposedly flat rings. Then
again, seeing a crease in a “flat” ring may force people to consider whether their planarity restraints are tight

enough.

AUTHORS
Ethan A Merritt
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RODS

SYNOPSIS

rods is a preprocessor for ball-and-stick figures in the Raster3D molecular graphics package
rods [-h] [-b] [-radius R] [-Bcolor Bmin Bmax]

rods reads a PDB coordinate file including COLOUR records as described, lz#ild an output stream of
Raster3D descriptor records. The file produceebbly may be fed directly teender or it may be combined with
descriptor files produced by other Raster3D utilities.

EXAMPLES

To describe a simple bonds-only model coloured by residue type:
cat mycolours.pdb protein.pdb | rods | render > mypicture.avs

To render the same molecule as ball-and-stick:
cat mycolours.pdb protein.pdb | rods -b | render > mypicture.avs

OPTIONS

-h
Suppress header records in output. Byadkfods will produce an output file which starts with header
records containing a daiflt set of scaling and processing options. -fifeag will suppress these header
records so that the output file contains only object descriptors. This option is useful for producing files
which describe only part of a scene, and which are to be later combined with descriptor files produced
by other programs.

-b
By default rods will describe bonds only; the -b flag will cause it to include spheres at the atom
positions also, yielding a ball-and-stick representation.

-radius R

By default rods will use 0.2A radiusyinders for bonds; theadiusflag allovs you to change the
cylinder radius to some othealue. R is a floating point number

-Bcolor Bmin Bmax

Assign colors based on Bilues rather than from atom or residue types. Atoms with B <= Bmin will be
colored dark blue; atoms with B >= Bmax will be colored light red; atoms with Bmin < B < Bmax will
be assigned colors shading smoothly through the spectrum from blue to red.

DESCRIPTION

The input torods consists of a singlexefile containing colour information and atomic coordinates in PDB data
bank format. Coordinates are output as Raster3D descriptor records with colours and sphere radii assigned
according to the COLO records described WweBall-and-stick figures ve@ atoms dnan at 0.2 * \an der Vdals

radius, connected by rods with aaat 0.2 A glindrical radius. Atoms are connected if yHee closer to each

other than 0.6 * the sum of theieN der Vdals radii.

By default the output file contains a set of header records as required bandlee program. The header is
constructed to include a TMAmatrix corresponding to the transformation matrix contained in file setup.matrix
(if it exists), or to the Eulerian angles contained in file setup.angles (Kistse Header records may be
suppressed using thie option.

Colours are assigned to atoms using a matching process, using COLOUR records prepended to the input PDB
file. If If no COLOUR records are present in the input file, atoms will vecdefult CPK colors (C=gse
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O=red, N=blue, S=yells, P=green, other=magenta).Raster3D uses a pseudo-PDB record type with COLO in
the first 4 columns:

Columns  Contents

1-4 COLO

7-30 Mask (described belg)

31-38 Red component

39 - 46 Green component

47 - 54 Blue component

55-60 van der Vdals radius in Angstroms
61 - 80 Comments

Note that the Red, Green, and Blue components are in the same positions as, thedXZ ¥omponents of an
ATOM or HETA record, and thean der Wals radius goes in place of the Occupambe Red, Green, and Blue
components must all be in the range 0 to 1.

The Mask field is used in the matching process aswsll&irst the program reads in and stores all fi@M,
HETA, and COLO records in input ordéfhen it goes through each storeBlOM/HETA record in turn, and
searches for a COLO record that matches t@M/HETA record in all of columns 7 through 30. The first such
COLO record to be found determines the colour and radius of the atom.

In order that one COLO record can yide colour and radius specifications for more than one atom (e.g., based
on residue or atom type, oryanther criterion for which labels can bergn somwhere in columns 7 through

30), the # symbol is treated as a wildcard. l.e., a # in a COLO record matghekaaacter found in the
corresponding column in ariT®M or HETA record. All other characters must matataetly. Note that the ery

last COLO record in the input shouldviea# symbols in all of columns 7 through 30 in order twigiea colour

for ary atom whose ROM/HETA record fils to match ay previous COLO record. This idea of matching
masks for colour specifications is due to Colin Broughton.

ENVIRONMENT

The files setup.matrix and setup.angles, i thest, afect the header records producedrags.

AUTHORS
Ethan A Merritt
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STEREO3D

SYNOPSIS

stereo3d is a shell script that renders a single Raster3D input file as a side-by-side sterézapaiy the
resulting TIFF image in a file stereo3d.tif
stereo3d [-border] render_input_file.r3d

DESCRIPTION

stereo3d uses the Raster3D utilitidabel3d, normal3d andrender, and ImageMagick utilitieklentify, mogrify, and
montage. Three intermediate files are producedibymal3d.

stereo3d.tmp normalized ersion of the input file
left.r3d - header records for lefye view
right.r3d - header records for righye viev

Additional intermediate files may be createdldlel3d. The two views are separately rendered to yield images
left.tiff and right.tif (deleted upon completion), optionallyvgh black borders, and nged to form a single
side-by-side stereo pair stered.tif

ENVIRONMENT

This script requires TIFF support fender, the unix utilitysed and ImageMagick. The three intermediate files
listed abee are created each time the script is rury, éisting files named left.if right.tiff or stereo.tif will be
destryed.

The label3d script does not passyaparameters through fabel3d or render, so to change the font scaling you
must set the etronmental ariable FONTSCALE.

LISTING
#!/bin/csh -f

#
if (31 =="-") then
normal3d -stereo -expand > stereo3d.tmp
else
normal3d -stereo -expand < $1 > stereo3d.tmp
endif
#
echo "@stereo3d.tmp" >> left.r3d
echo "@stereo3d.tmp" >> right.r3d
render -tiff left.tiff < left.r3d
render -tiff right.tiff < right.r3d
setenv SIZE “identify left.tiff \
| sed -e 's/.* \(JO-9]*x[0-9]*\) .*\1/"
printenv SIZE
montage +frame +label -background black -geometry $SIZE+0+0! \
left.tiff right.tiff stereo.tiff
rm -f left.tiff right.tiff

(The actual script is soméaat more complicated, in that it first attempts to identify and process labels using the
label3d script, and does some additional image processing to add a borddvafdieoption is chosen.)

AUTHORS
Ethan A Merritt
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