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Raster3D

SYNOPSIS

The Raster3D molecular graphics package consists of a core pnegré@nand a number of ancillary programs
(balls, normal3d, rastepds, ribbon, ringsjdhat read atomic coordinates from Protein Data Bank (PDB) pbles
to produce scene descriptions for inputrémder Raster3D can also render images composed using other
programs such addolscript ortex, andXtalVIe. Two shell scriptsstereo3dandlabel3d automate the process of
producing stereo pairs and of including labels in the rendered imageasibputility, in addition to producing
Othermal ellipsoid® Pgures, performs a number of statistical analysesidaiibrv checks based on the
ANISOU records contained in PDB coordinate pbles.

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 sareés.
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 bles in
AVS, JPEG, TIFFPNG and SGI libimage formatoTview or manipulate the images produced, you must also
have installed an image wieéng package (e.g. John CristyiihageMagick or the SGI libimage utilities). The
Raster3D rendering program can begnéted with ImageMagick taxpand the Rability of output formats and
interactve use.

Although Raster3D is not intended as a general purpose ray-tracing program, nothing in the rendering process is
specibc to molecular graphics. Some of the algorithms usedbezn 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 bgures for publicals@segive proper credit to
the authors:

Meritt and Bacon, 198%thods in Enzymol2gy505-524

EXAMPLES

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

Make a simple rilbon bPgure of an E-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 OFEOQ 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 bgurerfRaster3D rendering

Integrated use of Molscript/Raster3D/ImageMagick to displayxéstiag Molscript bgure
molscript -r infile.dat | render | display avs:-

A similar example usingxv as an image weer, and assuming TIFF support has beeiit into 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 yes your bgures on aavkstation
screen, you will probably ant to re-render the bnatnsion with a lager number of pigls before sending it to a

PIm recorder or high performance color printear example, a typical PIm recorder can produce slides with a
resolution of roughly 4000x3000 m@lks (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 teaderprogram, or by thesizecommand line option. & should also be
aware that color balance and particularly the approprizaen®@ correctionCasies from one déce to another
Raster3D itself applies namma correction; if you need one you wilveao apply it to the generated image
bles aftenards. 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 recordrigmdgjtoY 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.

ONo substance can be comghended without light and shade©O
-The Notebooks of Leonardo dacV

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 OfloorO 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 tox@eriment with your composition withoutviag to edit huge input Pleso¥ could,

for example, change the color of the Roor by substituting the librarplbpér3d for the blered.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-debPnedvwvidescribed by header records in Rlesv1.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@dit ary input bles 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 bgures and stereo paifidie EYEPOS parameter input to ttenderprogram 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 OseeO 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 OplotO and Oend plotO statements in a Molscript inpetrivlesfeat in
Raster3D mode. Therefore a Molscript ble that describes a stereo paim aeparate 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 througdmdertwice to produce the twimages making up a stereo pair
There is a shell script in the Raster3D disttibn which automates this procedure. The scefgreo3dwill
automatically render an input Ple tenderas 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 ble, and then render that ble usistettle®3dscript. Here is anxample:

#

# Use molscript to generate a Raster3D input file
#

molscript -r < image.mol > image.r3d

#

# Render image once to check that itOs what we want
#

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

# Render it again, this time as a stereo pair
#

stereo3d -tiff stereo.tiff < 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 thhahderworks internally with the square root of the specified
colour values (yes itOs 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 fil8d_colorpidker.htmlprovides an interactive colour previewing tool.

Composing bgures in other programSuppose 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 JonesO program O should obtain a copy of the progmamifrom 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>

followed by a shell command
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o2mol < omatrix.dat > o2mol.out

The ble 02mol.out will ne contain instructions for reproducing the Owjmint in Molscript. Also, the 3x3
matrix whicho2molgives as Ofor coordinate transformsO is in the correct form to use directly as a Raster3D
matrix if you arentQprocessing with Molscript brst.

Duncan McRee(XtalViev program XP} can create Raster3D input Ples 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 thétpop-up plotting menus{btcan 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 tiBIDprogram from the Theoretical Bioyics group at

the Unwersity of Illinois. VMDprovides a wide ariety of methods for interaggly rendering and coloring a
molecule, and can generate a Raster3D input ble which evill nvearly duplicate the wiecomposed on your
workstation screen.

Duplicating the view matrix used in a Molscript Pguré¥hen Molscript runs it normalizes the
coordinates of objects in the bgure so thay tiee described by an identity transformation matrix. The 3x3
matrix printed out by Molscript to the terminal is the transpose of that needed by Raster3D progepmbheSw
entries about the diagonal from upper left wwdo right to create a mematrix before coying it into the TMAT
header records forenderor normal3d The translation components reported by Molscript may be used as
reported. If you are using Molscript V1.4, éathe scale parameter in TNArom the \alue of the Owinadad
parameter in your Molscript run.

To normalize other Raster3D input bles describing objects still in the original PDB coordinate space (so 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 ble throumginmal3d

aO]~ af) a0]~ A
transposrtﬂ a03; a03; a0 33

of Molscript % o , - :
matrix scale OwindwO
/ parameter in
. Molscript V1.4
translation

Converting Molscript labels to Raster3Drhe most frequent question | get about Raster3D isvQio |
get the labels from Molscript into my Raster3D picture?0. Theravisinery easy answerQlInstall Molscript
Version 2!0The never Molscript \ersion (&ailable via the web fronhttp://wwwavatarse/molscript dravs
labels in such a ay that thg will simply appear in your Raster3D image along witargthing 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 ImageMagiisi@y program). Hovever, for aryone bound and
determined to tryl will describe belar how it can be done.

¥ The brst thing to do is to establish the size of ygantual 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 ges 900x600 pils for the image size. Construct a header ble faetiderprogram 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

(etc...)
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Pay particular attention to thadt (yes, iconfusing) 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*NRYhis is eplained
in the render manual.

¥ Now male sure that your Molscript input Ple is actuallyvdrey in a box of the shape youvsgjust
described. @ use the procedure | describe belpou must use the Oaread 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 ble witjibe
plot
noframe
area 0. 0. 900. 600. ;
background black ;
¥ Run Molscript with the -raster3d option to produce an input ble to render which uses the header you
constructed in step 1.
molscript -r < picture.mol | render | convert avs:- picture.ppm
¥ Edit the molscript Ple to remme or comment out all dnang commands»eept for the labels. Run
Molscript aguin, this time in PostScript mode, to produce a PostScript bPle containing only the labels.
molscript < picture_labels.mol > labels.ps
¥ Use ghostscript to ceert the PostScript ble into a raster imagactly 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 thecombineprogram from ImageMagick to dwathe labels on top of the Raster3D image.
combine -compose atop labels.ppm picture.ppm pic+labels.ppm

| used the ppm raster ble format throughout thismeple justhecause itorks in both ImageMagick and
ghostscript. \(arning: This may be installation dependg¢mow |0l convert it back to a TIFF ble.
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 bgures:lt 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. gamm@&2.0) 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 programavs2psas a filter. This utility will convert any AVS-format image, including the
default output stream fromender directly into a dithered black & white PostScript image. &afs2psprogram

is included with the Raster3D distribution.

NOTES ON TRANSRRENT SURFACES

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

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

1991) orMSMSSanner 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 objectsydsver, the program may slodownn by as much as adtor of 2. If
your machine seems to do muchrae than this, you can try the bx described at the end of this section.

Here is an xample of a MAERIAL descriptor which specibes a transparentaserf

8
17.0 0.6 -1.0-1.0-1.0 0.9 0000
MPHONG MSPEC SR SG SB CLRITY OPTS

The brst record specibes a WERIAL 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 highlights\er a lager area, probably a good idea for transparenacest
MSPEC overrides the global SPECLR parameter in the header; controls what fraction of the
total shading is due to specular re3ection. 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 cBlouthe OcolourO of a
transparent object is sombkat problematic, so you tathe option of passing the
object®basic colour through to appear also in the specular highlighting. This is
indicated by setting SR, SG, SBgaéve as in thexample aboe.
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
specibcation. The brst one (OPTS[1eefs 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 Ple to render whiclwdrthree 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 Ple indirection and a pre-debned trarysparenc
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 stothe code
down much on machines | i/ benchmaréd, ut | can imagine that it @uld male a lager diference on some
machines (or some FAQRAN libraries). Therefore | h& put a commented-out altervatialgorithm in the
renderf source code, along with instructions for re-compiling. The altematgorithm produces a slightly less
realistic result (in my purely empirical opinionjttavoids 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 tontbetiie@n 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 specibed in the same units as coordinates of your input objects, so if yokisgdmPDB
coordinates you should specify the clipping planes in engstroms. The clipping planesnanes apecibed
relative to the center of the image, so setting the rear clipping plane to 25.0 will clip objects more than 25«
behind the center of the imagegaedless of the absolute coordinates of the ceRiester3D allas two different
methods of setting clipping planes with slightlyfelient efects. Clipping planes specibed 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 belov:

# set global clipping planes
16

FRONTCLIP 2.

16

BACKCLIP 10.

The other option is to assign clipping planes as part of the debnition for special material properties. In this case
the clipping planes are applied only to objects within thggridend 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 oiillge portion of

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

# 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 planesdiffeg from Z-clipping planes as folles:

¥ A bounding plane is specibed byigg 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 dePwiad byygi
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 specibed as part of a special material debnition, and apply only to objects within
that material. Z-clipping can be specibed 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 debult treatment of a bounding planewmwer, is to truncate the object by rendering a Rat 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 cacir$ cut by a bounding plane, you will see the
Rat surfice resulting from this OsliceO.

The current implementation alls two slightly different \ariations in ha multiple bounding planes interact

with each otherOne \ariant is used to dvaortep-like thermal ellipsoids in which one octant is owag In this

case a gien wlume is &cluded from rendering only if it is Oak®d all bounding planes associated with its
material debnition;>&lusion requires a logical AND of three bounding planes. Here is the specibcation for one
such ortep-like ellipsoid. Note that all three bounding planes pass through the center of the ellipsoid, and a single
color specibcation is gen for all three bounding sades {fancy6 option to rastep). If no
BOUNDING_COLOR is specibed, then thepesed sudce is rendered using the base color of the materiall; if
you like, you can specify a neBOUNDING_COLOR for each plane.

# Thermal ellipsoids from Rastep Version V2.6d
# Probability level 0.50

8

-1.0-1.0 -1.0-1.0-1.0 0.0 0005
ORTEP_LIKE
BOUNDING_COLOR 0.500 0.500 0.500
BOUNDING_PLANE 0 24.274 47.792 19.835 0.8259 0.5467 0.1376
BOUNDING_PLANE 0 24.274 47.792 19.835 -0.4475 0.7843 -0.4297
BOUNDING_PLANE 0 24.274 47.792 19.835 -0.3428 0.2934 0.8924
14

24.274 47.792 19.835 0.893 0.70.70.7

8.6581 6.0432 5.0725 2.9042 0.8405 0.3715 0.0 0.0 0.0 -2.3661

In the absence of the OEP_LIKE restriction, multiple bounding planes are combined using a logical OR. A
given wlume is &luded from rendering if it is clipped by one or more of the associated bounding planes. This
could be used, fo@ample, to render a central slice from ateaded structure or a single wedge from a sphere.

HISTORY

Version 2.6:The renderprogram 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 longeredxat 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 specibed 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 singleléMfak all supported platforms. Itwo
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
conbgurable options arew@ontained in the bledakebletemplateandparametes.incl

Version 2.5:Therenderprogram nw supports Z-clipping, indirection of header records, interpolated coloring
of cylinders, JPEG output, and piped output to ImageMagick for image forme¢rsam. Support for the
inclusion of PostScript labels in rendered images has been updated by incorporatior8dfagecode into
renderunder control of the command line optidabels rendernow also accepts command line options that
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override information in the input header records. In particize 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:Therenderprogram nw supports generalized quadric sumés. There is a weutility program
rastep(Raster3D thermal ellipsoid program) which generates Othermal ellipsoidO representations of atoms based
on the B, or U entries (ANISOU cards) in a PDB Ple. The option of colouring based aiugsvhas been

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

colored by interpolation of colors assigned to the thegtices. Input lines lggnning with O#0 aremntreated as

pure comments. A me object type alles specibcation of global rendering options such as depth-cueing.
Filenames used for indirect input (input linegipaing with @) are searched for brst in the current directory

then in a library directory specibed by th@iemnmental ariable R3D_LIB.

Version 2.3:Therenderprogram nw supports Ple 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 anxplicit bond radius t@ods. There is a ne option-steeofor thenormal3dutility, and a ne

shell scriptstereo3ds provided to automatically generate a side-by-side stereo pair from a Raster3D input Ple.

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

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 arkstation screen. Also nein this \ersion is thenormal3dutility, a tool to &cilitate meging
Raster3D input bles created byfelient programs.

Version 2.1:Raster3D ¥rsion 2.1 supports rendering ofebebject types: spheres, triangles, planes, smooth-
ended glinders, and round-endeglinders. Nev to \Version 2.1 is support for twOobject typesO which are
really modibers for characteristic properties xiseng objects. One of these alls specibcation ofxplicit
surface normals at theertices of triangles; the other alle specibcation of the sade rel3ectance properties of
individual objects. Starting withersion 2.1 the utility program for composing space-blling models, formerly
calledsetup is renamed tdalls This change is tovaid conBict with system utilities also called OsetupO. 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 AND GRAPHICS LIBRARIES

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 source fittpr//wwwlibpng.org/pub/png/ The PNG
library distrituted with Irix is brolen; luild your avn copy from recent source.
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In order to lnild in support for the direct output of TIFF image Ples, you must separately obtain and instgll a cop
of the TIFF library (libtif.a). Seeral implementations ar@ailable, including one by Sam &dr 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 alswablidy 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 alreadyMeathis 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 imagerwie
Two commonly sailable viavers are John Christy@nayeMayick (http://wwwimageMagick.org) and John
Bradley@ xv.

The avs2psultility for direct production of black & white PostScript images isvnncluded in the Raster3D
distribution. It replaces earlier machine-dependent programs widh&olskit.

Several auxiliary programs arevailable from the ftp site alve which may be useful, though yhiease not been
kept up to date with the current Raster3&sion. These include twattempts to aid in the composition of
Raster3D imagesafoms, preras3jdand tools for coversion to half-toned monochrome images and annotation
and display of the imagesiéwtoolg. Most of the code as written specibcally for SGloskstations, and may
not transport well to other platforms.

Some other programs with options for output to Raster3D:

Conscript
A program for generating electron density isoscef (an alternag to the usual chién-wire). Source
and eecutables ailable from the Conscript web padwtp://wwwhbioresi.com.au/conscript
Molscript
There is nav a Molscript web page attp://wwwavatarse/molscript

ORTEX

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

X t/XtalViev

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

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. Extensionsyistons, and modibcations by
Ethan A Merritt.

CITING THE PROGRAMS

If you use the Raster3D package to prepare bgures for publigalBasegive proper credit to the authors; the
proper citation for the most recer@rgion of the package is Merritt & Bacon (1997) asgibelov.
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AVS2PS

SYNOPSIS

avs2pscorverts an XS image input ostdinto monochrome PostScript stdout

avs2ps [-b] [-dpi xxx] < infile.avs > oultfile.ps
avs2pscorverts a 24-bit color image ble in/& format into a dithered monochrome PostScript image with the
same number of pels as the input bPlevs2psmay be used as a blter for the output ofrthederprogram to
produce a PostScript ble directlhe 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 bgure. By aldf avs2pswill produce a borderless image 0.5 inch in from the
bottom left of the page.

-dpi xxx
By defaultavs2pswrites header records into the PostScript output Ple 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.gdpi 400for a Next printer, or -dpi 95for Display PostScript on a 190
1280x1024 werkstation screen).

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

SYNOPSIS

ballsis a preprocessor which prepares a description of a space-blling model for the Raster3D molecular graphics
package

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

EXAMPLES

To describe a simple space-blling 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. Byadkballswill produce an output ble which starts with header
records containing a dailt set of scaling and processing options. -RHgag will suppress these header
records so that the output Ple contains only sphere descriptors. This option is useful for producing bles
which describe only part of a scene, and which are to be later combined with descriptor bPles produced
by other programs.

DESCRIPTION

The input toballsconsists of a singlesteble 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 Ple 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 ble setup.matrix
(if it exists), or to the Eulerian angles contained in ble setup.anglesxistd)e

Colours are assigned to atoms using a matching process, using COLOUR records prepended to the input PDB
ble. Raster3D uses a pseudo-PDB record type with COLO in the prst 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 beld is used in the matching process asv&llBirst the program reads in and stores all fi@M,
HETA, and COLO records in input ordéfhen it goes through each storedOM/HETA record in turn, and
searches for a COLO record that matches I@M/HETA record in all of columns 7 through 30. The brst 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 specibcations for more than one atom (e.g., based
on residue or atom type, oryaother 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 aniT®M or HETA record. All other characters must matetaely. 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 specibcations is due to Colin Broughton.

Several bles of COLO records, including one based on Bob Fletwro8hapely ModelsO and another
mimicking CPK model parts, are pided as samples.

ENVIRONMENT

The bles setup.matrix and setup.angles, ¥f thest, afect the header records producedobayls

AUTHORS

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

SYNOPSIS

label3dprocesses a Raster3D input Ple containing label descriptors (object types 10, 11, 12) into a TIFF or PNG
image containing both the molecular graphics image and the associated labels.

NB:\ersion 2.6dabel3dsyntax has changed to mateimder input is fromstdin defwult output is tstdout

Usage:
label3d [-tiff [outfile.tiff]] < infile.r3d > outfile.tiff

or
label3d -png [outfile.png] < infile.r3d > outfile.png

DESCRIPTION

Unfortunately the Raster3Denderprogram cannot fully process labels. &ercome this lack, earlier Raster3D
distributions included an auxilliary prograr@dtops which complementeenderin that it can process the labels
but not the graphics objects. Thédtopscode is nw part of therenderprogram itself, and is woked if the
-labelsoption is present.

The label3dscript automates the process of running a Raster3D input Ple thendgy running the resulting
PostScript output througihostscript and then recombing the &veomponent images into a single TIFF or PNG
image containing both the molecular graphics objects and the associated labels.

ENVIRONMENT

Scratch Ples are created in the directory TMPDIR, if dePned, otherwise in /usr/tmp/.

By default the script assumes a font scale appropriate for a 300 dpi piinteking renderwith the option
-fontscale 3.0You can change this by setting theieznmental ariable FONTSCALE.

This script requires installedxsions ofghostscriptand ImageMagick.

BUGS
The script should pass unrecognized options througdnier

Labels alvays appear on top of the molecular graphics imagm kbels which should be occluded by an object
in the forground.

The compositing belvéor of ImageMagick ersions 5.* is incompatible with that of earlie@rsions. The label3d
script tries to alley for this, lut may still il with some ersions of ImageMagick.

AUTHOR

Ethan A Merritt
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NORMAL3D

SYNOPSIS

normal3dreads a Raster3D input ble fratdin applies ap coordinate manipulations specibed in the header
and writes the modibed Pblestwout.
normal3d [options] < infile.r3d > normalized.r3d

The output ble fronrmormal3ddescribes xactly the same image as the original input bPle. All header records are
left unchanged »zept for the transformation matrix (which becomes the identity matrix) and the format
specibers (which are set to *). THelRag will suppress all header records in the output ble. All objects in the
input Ple are also in the output Pleit bheir coordinate descriptionsugabeen normalized (i.e. the original
transformation matrix has been applied).

The-expandfR3ag causes the program to in-line and normalize all instances of ble indirection in the input stream.
This results in a single render input bPle containing no Ple indirection. Theltdef to simply cop ble
indirection lines (those lgining with @) to the ne& input ble without opening them or normalizing their
contents.

normal3dalso reports the total number of objects in the input Ple by object type vasdlg array sizes which
would be required for the render program to process this ble. It may therefore be used to deterfaige tiee
array sizes imendershould be set, should one of your image descriptixcsesl the &lues compiled inteender

EXAMPLES

Feed a lage ble througimormal3do judge array size requirements for rendering:

normal3d < largeinputfile.r3d > /dev/null

tmat (vO = 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

-ang AA
Only meaningful in conjunction with thstereo option. Normally stereo separation is introduced by
adding a shear operator to the left and right images-artgoption instead creates stereo

separation by rotation the left and right images +/-AAQ from the originalangle. Vpical values are
in the range 2.50 - 3.50.
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-h
Suppress header records in output. This option is useful for producing bles which describe only part of
a scene, and which are to be later combined with descriptor Ples produced by other programs.

-expand
in-line and normalize all instances of ble indirection (linegrbeng with @) in the input ple.

-size HHHxVVV

Replace current image size from input ble header records witihmege size HHH horizontal pils
and VVV wertical piels..

-stereo [SCR]
The-steroRag causes the program to generatentaw Ples left.r3d andright.r3d, containing header
records suitable for rendering the normalized object description ble as a side-by-side stereo pair (see
stereo39. Header records in the primary output Ple aneg suppressed if thstereooption is
selected. If a scratch directory name igegi it is prepended tovg output Ples {scr}_left.r3d and
{scr}_right.r3d

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 performeddndére
program under control of thdabels command line option. In earlieessions of Raster3D this functioras/
performed by a separate progreddtops which is nav obsolete. Théabel3dshell script automates the process
of rendering a Raster3D input Ple containing labels. This process requires installgtioststript

OPTIONS (to therenderprogram)

-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.label3dscript sets this by dafilt 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 bPle in addition to the rendered
image. If no Plename is\gin, the output Ple is namkabel3d.ps This deéult is used by thiabel3d
script.

OBJECT DESCRIPTORS RECOGNIZED

Object type 10
Ofont nameO size OalignmentO

The defult values are Gfies-BoldO 10 OLeftOghkfonts specibers are subject to the details of label
processing implementation. In the codtef label3d/r3dtogghostscriptprocessing,

fontname is ary PostScript font name recognizeddiyostscript
size is the fontsize in points (modibed by tfientscaleoption)
alignment is ORightO, OLeftO, OCenterO, fse@Df

Object type 11
[XYZ] [RGB]
Label text

Object type 12
resened (single line of tet)

SPECIAL CHARACTERS

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

\n new line

\b backspace

\v vertical tab (m@e 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 O_O introduces a subscript, while the character OO 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 dréh@rebad with a backslash.

EXAMPLES
Models of label processing and the use oflahel3dscript are gien in &ékample7 of the Raster3D distution.

Here is a ble fragment that places a-ime 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 lael
OHelvetica-Narrow-BoldO 12.0 OLeftO
11
11.31 43.45-4.91 1.00.00.0
CA\nNext line of label

Here is a ble 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 OThis title should be nicely centeredO
10
OPalatino-BoldltalicO 30. "CenterO
# Place it at top middle of figure
11
0.0 0.450.90 0.00.00.0
OThis title should be nicely centeredO
# End absolute coordinates
@end_material.r3d

Here are somexamples ofTeX-like label syntax:

label text appears in rendered image as
N~{\epsilon2}-0~{\deltal} = 2.7+ Ne2. ol =27

3\sigma [F_o - F_c] 3s [Fo- Rl

data \infty - 2.0\A data¥ - 2.0

The Angstrom symbol may either be entered directly as O+O [character 197 (octal 305)[car as O\A

BUGS

If a label contain§ X-like escape sequences it iways processed as OLeft-alignO, since the programtdoesnO
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

rastepreads a PDB coordinate ble containing ANISOU records that describe atoms rebned withaindi
atomic ADPs (Anisotropic Displacemerardmeters) Ll rastepcan either create an input ble for the Raster3D
renderprogram or perform a statistical analysis of the atomic anigofaypvarious 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 isosuate of the probability density function. These are commonlwkras thermal ellipsoids.

The program can be run in an alternate mode, controlled byath#ate option, in which the primary output to
stdout is a list of the Eigeralues of the Y matrix, folloved by the corresponding atomic anisoyramd
isotropic U, for each atom in the input Ple with both aFfOM record and a matching ANISOU record.

EXAMPLES

Describe thermal ellipsoids at the 50% probabiliyelewith defwult CPK colors, and send it for immediate
rendering into a TIFF image Ple. The angle ofwis 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 testdout and summarize the disttition of anisotrop to a separate ble:

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

cat summary.out
# Anisotropy Fraction Number
# range of atoms of atoms
0.000.05  0.000 0

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
0.450.50 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
#

#| 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 thelivextion.

-Bcolor Bmin Bmax

Assign colors based on Bes 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-fancy option selects increasingly complepresentations of the rendered ellipsoids (see bgure)
-fancyO [default] solid suréce
-fancyl draw principal axes of ellipsoid with a transparent bounding aoef
-fancy2 draw colored equatorial planes of the ellipsoid
-fancy3 draw colored equatorial planes with a transparent boundingcaurf
-fancy4 transparent bounding sade with longest principal axis only
-fancy5 for orTEP lovers, drav ellipsoid with one octant missing
-fancy6 for ORTEP lovers who vant the missing octant to be in afélient color

-fancy0 -fancyl -fancy2 -fancy3 -fancyb

Suppress header records in output. Byadkfastepwill produce an output ble 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 Ples which describe only part of a scene, and which are to
be later combined with descriptor bles produced by other programs.

Force isotropic probability suetes (spheres). By a@eflt rastepwill look for ANISOU records in the
PDB ble and use these to generate ellipsoids. If no ANISOU record is present/far atgim, the B
value gven in the AOM record will be used to generate a sphere instead. Selectingotbption 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.

-nohydrogens
Do not plot lydrogens, een if present in PDB ble.
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-prob Plevel

By default, isosurdces are drwan to enclose the 50% probabilityéd in the probability density
function described by the;Walues 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, rastepdravs bonds with radius 0.10¢ 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 SATISTICAL 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 blefater The principle ags and
anisotroly of each atom are written sedout An overall statistical summary is written tabfile if
specibed, otherwise stdout

-by _atomtype

The-by_atomtypeption is a modiber tdabulate. It causes a further sul@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
specibed, otherwise tdout

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 specibed for ANISOU records in
PDB format. An gample of the PDB records for an atom rebned with ADPs/éndielav. Columns 29-70 of
the PDB record are interpreted as dates representing 8 2 x Ul in the order %, U22 U323 U2 U138 U2
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 progranshelxpo will produce correctly formatted PDB records from a SHELX
coordinate ple.

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

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
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RENDER

SYNOPSIS
renderis 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 outble (drilts to stdout)

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

render -sgi [outfile] output to SGI libimage Ple (dailts to rendergb)

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

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

Renderreads an ascii ble consisting ofel header lines follwed 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 shadog light source, additional non-
shadaving light sources, specular highlighting, transpayeand Phong shaded sarés. Output is tetdout [or
optional Ple] in the form of a p& image with 24 bits of color information per pix The dedult output ble
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 usiag the
option if the ImageMagick package is installed also.

There are sesral utility programs that will create all or part of an acceptable input Ple by reading atomic
coordinates from a PDB ble. These inclbddis rastep, ods, andribbonfrom the Raster3D distnittion kit, and
Molscript [Per Kraulis (1991). Appl. Cryst. 24, 946-950].

EXAMPLES

Render a simple space-blling 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.rgb

ipaste picture.rgb
Render a stick-Pgure model of aaabr jointly with a ribbon model of a protein. Note that the header records
are generated by thébboncommand in this case; thi 3ag suppresses generation of a second set of header
records in theods command. The ImageMagidornvert command is used tov@the resulting image as a TIFF
ple.

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 modibed to produce a
TIFF ble without coversion:
cat ribbon.r3d cofactor.r3d | render -tiff picture.tiff

OPTIONS

-aa
Force anti-aliasing (SCHEME 4)gardless of the scheme specibed in the ble header
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-alpha
Force output of transparepinformation (SCHEME 0) gardless of the scheme specibed in the ble
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. Modibes 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
ervironmental ariable FONTSCALE; if neither is specibed, tlzdue dedults 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 defultrenderwill produce an XS-compatible image
on stdout. Thejpeg Rag will cause it to output a JPEG image stream to the specibed plstdaruitif
no Ple name is gén. JPEG is a highly compressed BlossyO format, and does notatte 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 Ple in addition to the rendered
image Ple. If no Plename is/gn, the output Ple is namkabel3d.ps This option is used by thabel3d
script. More detail is gien under the3dtopsheading.

-out filenamexxx

Only if compiled with -DIMAGEPIPE. Theout Bag will causeenderto pipe output to the
ImageMagick commandorvett, with instructions to corert it to an image ble whose type is
determined by the blenametensionxxx

-png [outfilepng]
Only if compiled with -DPNG_SUPPORBY defwultrendemwill produce an XS-compatible image on
stdout. ThepngRag will cause it to output a PNG image stream to the specibed Plstdoutf no
ble name is gen. PNG format is less OlossyO than JPEG, amg aitoalpha-blend channel.

-quality NN
Only meaningful in conjunction with thgpeg Rag; sets the output image quality paramdtbowable
values range from 1-100 (cefit = 90). Higher numbers are less compressed, and lessUosgy
numbers sacribce quality to achéggreater compression (smaller bPle size).

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

-size HHHxVVV

Override the image size parameters (NTX,NVYF®X,NPY) in the ble 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-sgi3ag will causeenderto output an SGI
libimage style *.gb ble instead of writing tstdout In this case deiilt output bPlename rendengb,
but specifying a ble on the command line wileaide this dedult.

-tiff [filenametiff]
Only if compiled with -DTIFF_SUPPOR The-tiff Rag will causeenderto output a TIFF image to the
specibed ble instead of writinggtdout If you do not gie a bPlename, output is tendertif.

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

-zoom ZZ[%]
This option modibes the scakcfor (TMAT(4,4)) in the header records. If no 0%0 sign is present, then
the scale is modibed by ZZ, ssoom 3.0vould zoom in by adctor of 3, making all the objects bigger
and reducing the peld 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 sceneels prmain constant;
only the contents of the scene areetied.

HEADER RECORDS

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

TITLE
Anything you like, up to 80 characters.

NTX,NTY

Number of OtilesO in each direction. (The output display is considered e dp into an array of
identical rectangular tiles.) The maximum is 192 unless yue imtreased MAXNTX and MAXNTY

in renderf. Exception:If the tile size (NPX,NPY) is set to zero, then NTX, NTY specify the total size in
pixels of the rendered image.

NPX,NPY

Number of computing p&ds 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,NPYException: Setting NPX and NPY to zero causes the program to calculate
its own tile sizes in order to generate an image with total sizevaa @i NTX, NTY.

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 imagasagan 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 specibéigal raster size, rather th@omputingraster size.
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I.e. schemes 0. 1, and 4 produce a NTX*NPX by NTY*NPepimage; scheme 3 produces a
(2/I3)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 bisitle by 2.

Images can be preawed 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 NTXNAX,NPY are required in this case.

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

SHADOW
T to calculate shadvding within the scene, F to omit shado

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

STRAIT

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

AMBIEN
Ambient illumination contribition (e.g., 0.05). Increasing the ambient light will reduce the contrast
between shadeed and non-shaded rejions.

SPECLR
Specular ref3ection conttiton (e.g., 0.25).
The difuse ref3ection quantity is\gn by DIFFUS =1 - (AMBIEN+SPECLR). Ambient andfdge
relRections are chromatic, taking on the specibed colour of each object, whereas specular re3ections are
white.

EYEPOS
You can think of the image producedreynderas 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 vigng distance 4 times
the narrav dimension of the described scene. EYEPOS = 0 disables persmaddi parallax altogether

SOURCE
Primary light source position (e.g., 1 1 1). This is a white light point source at inPnite 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 stado

TMAT
Homogeneous global transformation for input objectgrgas a 4x4 matrix on 4 lines just as you
would write it if you intended it to be a postbx (sxf operatarThe upper left 3x3 submatrixgresses
a pure rotation, the veer left 1x3 submatrix ges 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 areige; i.e. a lger \alue 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 matrifxkg« z« h«] = [x y z 1][TMA, then
the ultimate co-ordinates apey yy zy] = (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.
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INFMT or INFMTS
Object input format speciber(s)fobject input modes 1 and 2, there is just one format speciber
INFMT for the corresponding object type, while for mode 3, there are three format specibers INFMTS
on three lines. The brst describes the format for a triangle, the second for a sphere, and the third for a
cylinder. Each format speciber is either@rtran format enclosed in parentheses, or a single asterisk to
indicate free-format input.

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

80 64 tiles in x,y

16 16 pixels (x,y) per tile

4 anti-aliasing level 4; 3x3->2x2

000 black background

T primary light source will cast shadows
25 Phong power

o
N
(¢1

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

orooRr VO
cooo

OQOFrRPORFrRONO
(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 A A WOOORRAOOC

Picture #2 (1280 x 1024 auto-tiling; transparent background)

1280 1024 tiles in x,y
0 0 zero tile size means to auto-tile inside program
0 transparent background, no anti-aliasing
000 black background best for transparency
F no shadows cast
25 Phong power
0.25 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

orooRr VO
cooo

OQOFrRPOFrRONO
(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 A WOOORRAOO

OBJECT TYPES

Objecttype 1  triangle
x1,vy1, z1, x2,y2, z2, X3, y3, z3, red, green, blue
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Object type 2  sphere

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

Object type 3  round-ended cylinder

x1,y1,z1, R1, x2,y2, 22, R2, red, green, blue
(R1 is the glinder radius, R2 is currently ignored).

Object type 4 not used

Objecttype 5 Rat-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,vy1, 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

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 ®lues @erride the specibcation of lighting and specular highlighting in the header records,
allowing some objects to kia different surdce properties from the rest. The specikddes 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 (Roating point) gerride global Phong parameter for specular highlighting
MSPEC (Roating point) werride global specular scattering contibn
SR,SG,SB RGB triple specifying color of reRected light (by delt all reRections are white), a
negative value for ay component will dedult to the base colour component of the
object being rendered
CLRITY (Roating 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 belds are resed/for future gpansion of the material properties list;
these must be present. The brst beld controls altegragorithms for rendering
transparent objects:
OPT(1) = 0 render self-occluding portions of a transparent material separately
OPT(1) =1 render only the OtopO aug# of transparent material
OPT(1) = 2 render the rear sace of transparent spheres aglinclers
The last beld is non-zero to signal that additional modiber records willvfollo
immediately Each modiber record must constitute a single line, and OPT(4) states
how mary of these there will be.df example
OPT(4) = N means that thexteN lines contain additional material modibers
(see @ample belw)
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Object type 8 modifier

Additional modibers to MRERIAL descriptors (type 8) are wesupported. Each modiber record must
constitute a single line of input, and the total number of such modiber lines must be specibed in the bnal
parameter of the MPERIAL record. Modibers currently supported include SOLID aACRFACE
records, as sl 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. itOs 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 modibers

SOLID red green blue

BACKFACE red green blue mphong mspec

FRONTCLIP zfront

BACKCLIP zback

ORTEP_LIKE (no parameters; changes treatment of bounding planes)

BOUNDING_COLOR red green blue
BOUNDING_PLANE  bptype XY Z Xnorm Ynorm Znorm

Object type 9 terminate special properties

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

Label descriptors (object types 10-12)

Version 2.3 introduced preliminary support for labels in a render input ble. This has been substantial upgraded in
version 2.50bject types 10, 11, and 12 are used to specify labalks.current implementation of label handling
is only partially done inrender The &ecutable shell scriplabel3dwill automatically feed an input Ple
containing labels throughender ghostscriptand ImaggeMajick to yield a Pnal image containing both the
renderered molecular graphics objects and the specibed labels. Herramatee

# Force the label coordinates to be interpreted as screen coords

# (obviously you wouldnOt do this if you want the label to get the

# same translation/rotation/scaling as other objects do)

15

# Choose a font

10 . . .

OTimes-ItalicO 12. OCenterO

aiflspecifiy a label

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 documentatiddtégsandlabel3d
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(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 compatili#M).

Object type 10

Ofont nameO size OalignmentO
The deéult \alues are Ofies-BoldO 10 OLeftO.

Legal fonts specibers are subject to the details of label processing implementation. In tkteo€onte
label3d/r3dtogghostscriptprocessing, fontname isyaRostScript font name recogized dityostscript
size is the fontsize in points (assumingmtual printing at 300 dpi), and alignment is either ORightO,
OLeftO, OCenterO, orf€a@d.

Object type 11

[XYZ] [RGB]
Label text

Object type 12

resered (single line of tet)

Object type 13 Glow light source.

This is a colored, non-shadmg, light source with Pnite [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). Thasiif 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 arefsiént to describe a quadric saoé located gmwvhere, for dbcieny
during rendering it is also useful to kmthe center and a bounding sphere. So byemtion 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
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-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 thd Tirix is not applied. This
isolation from TMAT 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 anéntical
scales are treated separatstythat the point [-0.5,+0.5] isvedys at the top left corndn both bgures
belov the blue dot is dran at coordinates [+0.5,+0.3].

0.5
°
- Lot
-0.5 0.5
-0.5
Coordinate system useddilowing object 15. Coordinate system useddllowing 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 thexeemes are greater than +/-0.5

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 densibt record simply consisting of theyword FOG will produce
reasonable depth-cueing (linear decrease in intensity front closest obgthéstfobject). If you need
to control the depth-cueing indepently from the specibc rendered objects in a scenec@e the k
depth-cueing consistent between frames of an animation) then you should spdafalues for
fogfront, fogback and fogden.
FOG fogtype bgfront fogback fogden

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

1 =eponential 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 ankbenential 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 relative to the center of the transformed coordinate system. That means if you
are working in PDB coordinates, themerything more than zback engstroms behind the
center is clipped.
FRONTCLIP zfront
zfront  Z coord of front clipping plane for all objects in original units of original coordinate
system, bt relative to the center of the transformed coordinate system. That means if you
are working in PDB coordinates, themnexything more than zfront engstroms 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
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it were specibed in TMRA This rotation applies to all foleng coordinates, it not to
objects that hze already been processed.
TRANSLATION XY Z
XY Z 3 element translation applied after the coordinate transformation inr favid the post-
rotation matrix, if ag. This translation applies to all folldnhg coordinates, it not to
objects that hae already been processed.

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

Redl1 Greenl BluelRed2 Green2 Blue2Red3 Green3 Blue3

Normally a triangle is colored uniformly in the color specibed by the RGB triple in the TRIANGLE
record itself. Using this additional objectMmver, 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 witkpdicit vertex normals (object type 7) to describe a smooth
surface in terms of a triangular mesh. In this case the component triangles ofdlbe 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 lo

this case the third RGB triple is ignored.

Object type 18 explicit transparency atertices of preceding triangle or cylinder

Transl Tans2 Tans3

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 thiadire 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 ble 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 O#0O charadtethis case the line is ignored, and may be used as a comment. Easiens
of the program recommended using object type 9 as a comment delmtitdiis has the potential disahtage
of prematurely terminating the scope of a special material.

FILE INDIRECTION

At any point in the input stream to render where an object descrijptadvoe Igal, it is also lgal to insert a line
beginning with O@0O. In this case the remainder of the line is interpreted as the name of a Ple from which further
input is talen. This mechanism mek it possible to re-use standard objects in multiple rendered scenes, e.g. a set
of bounding planes or standard debnitions of material properties. When input fromethig fele indirection is
terminated by encountering an object descriptor of type O (or an end of ble), control returns todhs ioqgut

stream. Multiple leels of ble indirection are possible. The entire set of header records can also be read via ble
indirection if the brst line of the render input streargihe with O@Qythindirection within the header is not
supported.
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The requested ble is Prst searched for weat the current directaryf this searchdils, the supx 0.r3d0 is
added to the ble name and the search is repeated. If thigildsthe Ple is searched for relatio the directory
specibed by the gmonmental 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 Plename ends in .Z or .gz, the program will attempt to uncompress it into a scratch ble ygingithe
command.

SAMPLE INPUT DATA FOLLOWING HEADER

The following records describe a single red triangle and a single blue sphere. The blue spliected af
whatever material properties are debned in the ble 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

Tiling failure

This usually comes from telling the program to auto-tilery Vage image. It tries to satisfy both the
requested image size and the requirement that the tile sizeidibldiby 2 or 3 depending on the anti-
aliasing option. ¥u may be able taxelicitly specify suitable tiling alues for NPX, NPYNTX, NTY

in the header records, or you mayé#o increase thealue of MAXNTX and MAXNTY in
parameters.incl and recompile.

Transparency processing truncated at MAXTRANSP=xxx for yyy pixels

This is a varning that you hae maly transparent objectverlapping each other in some places, and
thatrenderhas ignored gntransparent objects deeper than MAXTRANSRI davn in the stack.
Chances are good that you das#® through that mgmbjects aghow, but if you want to you can
increase the depth to which render texckransparent objects by increasing MAXTRANSP in
parameters.incl and recompiling.

Possible shadowing error NSXMAX = xxx

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

INCREASING THE ARRAY SIZES IN RENDER

If you are creating images oéry laige proteins, or if you are rendering suwds with mayfacets, then you may
bll the storage arrays mender 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 plaeapieters.incl:
*
* Maximum number of objects (was 7500)
PARAMETER (MAXOBJ = 25000)
*

* Array elements available for object details
PARAMETER (MAXDET = 250 000, MAXSDT = 250 000)
*
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* Array elements available for sorted lists (OshortO lists)
PARAMETER (MAXSHR = 150 000, MAXSSL = 150 000)

You can use thaormal3dutility to calculate hev mary objects and object details are needed for your picture.
The sorted list sizes are harder to calculate irmack, bit the render program itself should indicatevhauch
space wuld be required to complete a picture which it cannot currently handle.

Increase the appropriatA RAMETER values by editing the program source pdeameters.incl, and recompile
the programs by typing Onea#llO.
AUTHORS

Originally written by Daid J Bacon. Extensions,wigions, and modibcations 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] -
Ribbonreads a PDB coordinate ble and produces a b#idout containing Raster3D descriptor records for a

ribbon representation constructed from a triangular mesh. The ble produced by ribbon may be fed directly to
renderor it may be combined with descriptor bles 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 specibed colors for each chain:
cat chaincolors.pdb protein.pdb | ribbon -d5 - > chains.r3d

OPTIONS

-h
Suppress header records in output. Byadkfibbonwill produce an output ble which starts with
header records containing a@elt set of scaling and processing options. -iifgag will suppress these
header records so that the output Ple contains only triangle descriptors. This option is useful for
producing bles which describe only part of a scene, and which are to be later combined with descriptor
bles produced by other programs.

-d[0123456]

By defaultribbonrequires 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 arninteractive input.

-d or-do same asd2 belov

-d1 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 sucogssblor 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 Ple sodalor from nearest CA

DESCRIPTION

The input taribbonconsists of a singlestepble 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 specibed interdgtivhen the program is runeboard interaction may be
bypassed by selecting one of theaddff colouring schemes using ttel3ag. A triangular mesh ribbon is output

as Raster3D descriptor records. Byaidf the output Ple contains a set of header records as required by the
renderprogram. The header is constructed to include a Tkhatrix corresponding to the transformation matrix
contained in Ple setup.matrix (if Xists), or to the Eulerian angles contained in ble setup.anglesxfsti)e
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Ribbonproduces a continuous smooth trace of the protein backbonendte complicated representations of
protein secondary structure it is better to usefaréifit program, e.g. Molscript, rather thédvbon

ENVIRONMENT

The bles setup.matrix and setup.angles, if éest, afect the header records producedibjpon

AUTHORS

Original ribbon code written by Phil Bns for the CCP4ersion of FRODO. Modibcation to describe solid
ribbons as triangular mesh for Phong shading in Raster3D package by Ethan A Merritt.
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RINGS3D

SYNOPSIS

rings3dsearches through a PDB ble looking for residues containing 5- or 6-membered rings, then produces a
Raster3D output Ple of ring-plling triangles.
rings3d [-bases] [-protein] [-sugars] < infile.pdb > outfile.r3d

rings3dmatches residue types from an internal list of residue and atom names. dflwall#nd residues not in
its list, and &il to recognize atoms with non-standard names.

EXAMPLES

To render a D molecule with bases blled 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

[Thisisthe default] Fills in pyranose rings of GAL GLC NG NGA MAN SIA residues.
BUGS

Limited residue type the database of residue types shoulddgs kternally, so you dortthave to reliild the
program to add a metype.

Crinkled planes- There should be an option to do a least-squares best plane through supposedly 3at rings. Then
again, seeing a crease in a ORatO ring may force people to consider whether their planarity restraints are tight
enough.

AUTHORS

Ethan A Merritt
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RODS

SYNOPSIS

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

rods reads a PDB coordinate Ple including COLOUR records as described bekd an output stream of
Raster3D descriptor records. The ble producedtéymay be fed directly toenderor it may be combined with
descriptor bles 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 ble which starts with header
records containing a dailt set of scaling and processing options. -FHgag will suppress these header
records so that the output Ple contains only object descriptors. This option is useful for producing bles
which describe only part of a scene, and which are to be later combined with descriptor bles produced
by other programs.

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

-radiusR

By defaultrods will use 0.2+ radius glinders for bonds; theradius Rag allavs you to change the
cylinder radius to some othealue. R is a [3oating 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 singlexeble 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 Pgures kia atoms dnan at 0.2 * \an der Vdals

radius, connected by rods with a @t 0.2 « cylindrical radius. Atoms are connected if yhe closer to each

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

By default the output Ple contains a set of header records as required tendieeprogram. The header is
constructed to include a TMAmatrix corresponding to the transformation matrix contained in Ple setup.matrix
(if it exists), or to the Eulerian angles contained in ble setup.angles fifsts)e 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
ble. If If no COLOUR records are present in the input ble, atoms willveeckifult CPK colors (C=gxe
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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 Prst 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 beld is used in the matching process asMallBirst 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 ff@MVHETA record in all of columns 7 through 30. The brst 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 specibcations 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 matotaetly. 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 specibcations is due to Colin Broughton.

ENVIRONMENT

The bles setup.matrix and setup.angles, if test, afect the header records producedtgys.

AUTHORS
Ethan A Merritt
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STEREO3D

SYNOPSIS

stereo3ds a shell script that renders a single Raster3D input ble as a side-by-side ste@uatjpatiis to either
a TIFF or a PNG image ble.

NB:\ersion 2.6dabel3dsyntax has changed to matemder input is fromstdin, default output is testdout.

Usage:
stereo3d [options] [-tiff [outfile.tiff]] < infile.r3d > outfile.tiff

or
stereo3d [options] -png [outfile.png] < infile.r3d > outfile.png

DESCRIPTION

stereo3dises the Raster3D utilitiésbel3d, normal3ahdrender and ImageMagick utilitieglentify mogrify and
montaye. The input ble is rendered twice to yield separate {eftad right ge images. These are optionally
given black borders, and nged to form a single side-by-side stereo.daafault output is to a TIFF image on
stdout.

OPTIONS

-angsep
By default the stereo &fct is created by applying a shear operator to the left and righd.vidne
-angsep option instead creates stereo bisefting the tw views by an angular separation of +/-2.50
from the original viev setting.

-border
By default the left and right images are place#triie each other with no inteeming space and no
frame around them. Théorder option requests a 4 mkwide black border separating and
surrounding the component imageSuppress header records in output.

-size HHHxXVWW
Replace current image size from input ble header records witimmagge size HHH horizontal pids

and VVV \ertical pixels. Both the left and the righyeimage will be this size; the stereo pair will thus
end up twice the width gén by HHH.
ENVIRONMENT

This script requires the ImageMagick package, and tallisl3d which uses ghostscript to process labels.
Intermediate Ples are created in directory TMPDIR, if dePned, otherwise in /usr/tmp/.

The script does not passygparameters through tabel3dor render so to change the font scaling you must set
the environmental ariable FONTSCALE.

BUGS

The script should pass unrecognized options throutgb&3dandrender

AUTHORS
Ethan A Merritt
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