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A. | NTRODUCTI ON

EM COLG-FB is the second of two major prograns in the
i cosahedral inage reconstruction process that are used to produce
a 3D map fromimge data. EM COLGFB conputes little g's fromthe
big Gs stored in the output data file from EM COVATBG ( or
EM COBG) (DEFAULT fil enane = BG DAT) and then conputes a Fouri er
Bessel transfornmation of the little g's to produce the three-
di mensi onal density map of an icosahedral particle in the
"standard" 2-fold setting (see [ TSB. DOC] EM CO_SYS. DCC) .

This programis now used in place of the prograns, EM COLG
and EM COFB and is run i medi ately after EM COVATBG (or EM COBG .

B. PROGRAM | NPUT

1. INPUT FI LENAME (A; DEFAULT = BG DAT)

2. NANNULI, RADI US, STEP_SI ZE, LG_DUWMP, FI VEFOLD (21, F, 21)

If LG DUMP=1, then wite out LG DAT file

If FIVEFOLD=1, then only wite out top-half of 5F view for 3D
VAP

3D MAP QUTPUT FI LENAME (A; DEFAULT = | COS2F. MAP)

HEADER FOR 3D MAP (18A4)

B w

1. I NPUT FILENAME (A, DEFAULT = BG DAT)

Enter the name of the file in which the big G output from
EM COVATBG (or EM COBG) is stored.

2. NANNULI, RADI US, STEP_SI ZE, LG_DUWP, FI VEFOLD (21, F, 21)

NANNULI is the cut-off radius (in annuli) in transform space.
The maxi mum val ue, MAX_NANNULI (a val ue passed from



EM COVATBG EM COBG) is the DEFAULT, but this may be reduced to
conpute the 3D reconstruction at | ower resol ution.

RADI US is the nunber of radial steps in real space, i.e. the
outer radius of the reconstruction in pixels (nolimt). A
DEFAULT is calculated on the basis of paraneters passed from
EM COVATBG EM COBG [ (ICODIAM - 1) / 2], where ICOD AMis the
original boxed particle dianeter in densitoneter pixels. For
exanple, if 1CO D AM = 99 pixels, then the DEFAULT RADI US woul d be
49 pi xel s.

STEP_SIZE is the size of each radial step in pixels (DEFAULT =
1.0). Thus, it is the size of pixels in the reconstruction
RELATIVE to the pixel size in the original scanned i mge.

LG DUW is a switch, which, if set = 1, generates a binary
output file of the little g data (DEFAULT FI LENAME = LG DAT).

FIVEFOLD is a switch, which, if set = 1, only cal cul ates and
wites out the top(near) half of the 3D density MAP in the five-
fold view. Choosing this option may be very useful for producing
prelimnary maps where you just want a quick look at the MAP to
see if it is correct. |Invoking this option saves a trenendous
amount of program|/Q, since, for very |arge MAPs, nuch of the
el apsed tine is spent on I/O rather than CPU

EM COLGFB traps for inproper values of NANNULI, RADH US, and
STEP_SIZE. For testing or prelimnary reconstructions, RAD US
shoul d be reduced fromthe DEFAULT val ue and STEP_SI ZE i ncr eased
(so that the product of these two paraneters stays constant) in
order to speed up program execution. For conputing a "final"
reconstruction, the MAP has the best appearance when it is
calculated with a fine step size, i.e. with RADIUS twi ce or nore
than the DEFAULT setting and STEP_SIZE half or |ess of the DEFAULT
setting. Under these conditions however, the programtakes
consi derably | onger to finish and may require enornous
amounts of scratch and 'permanent’' disk space. Typical, fina
reconstructions used to generate nice surface-shaded renderings
are conputed with RADIUS = | CO DI AM and STEP_SIZE = 0. 5.

NOTE: When RADIUS is set larger than the DEFAULT and STEP_SI ZE
is not reduced in proportion, meaningl ess density points outside
t he boxed boundary wll be generated in the 3D VAP

3. 3D MAP QUTPUT FI LENAMVE (A; DEFAULT = | COS2F. VAP)

Specify the nane of the file to store the 3D MAP



4. HEADER FOR 3D MAP (18A4)

The header is used to identify the 3D MAP data. The DEFAULT
header text is "I COS2F. MAP. 3D Reconstructi on of icosahedral
particle in standard 2-fol d".

C. PROGRAM EXECUTI ON

Nor mal operation of EM COLG-B | eads to a 3D that MAP contains
the entire icosahedral particle viewed down the 2-fold axis in the
standard orientation: the three nutually perpendicular two-fold
particle axes are aligned with a Cartesian (XYZ) MAP coordi nate
system (NCOL colums in the X direction; NRONrows in the Y
di rection; NSEC sections in the Z direction).

NOTE: This programis generally run in BATCH node. The
following is an exanple batch job command file

D. EXAMPLE EM COLG-B BATCH JOB

COMVAND FI LE FOR RUNNI NG EM COLGFB
THE | NPUT ARE AS FOLLOWS:

I
I
I
!
! 1. I NPUT FILENAME (A, DEFAULT = BG DAT)

! 2. NANNULI, RADI US, STEP_SI ZE, LG_DUWP, FI VEFOLD (21, F, 21)

! | F LG DUMP=1, THEN WRI TE OUT LG DAT FI LE

! | F FI VEFOLD=1, THEN ONLY WRI TE OQUT TOP- HALF OF 5F VI EW
! 3. 3D MAP QUTPUT FI LENAME (A; DEFAULT = | COS2F. VAP)

! 4. HEADER FOR 3D MAP (18A4)

I

$ DEFI NE SYS$EMSCRATCH " JUSTEM2: [ SCRATCH. TSB] "
$ SET DEFAULT JUSTEM: [ SCRATCH. TSB]

$ RUN SYS$EXELI B: EM COLGFB. EXE

BABES: [ TSB. TEST] BG. DAT

60, 60, 1.0, 0, O

reo. map

Large reo map conputed with EM COLGFB

$ WAIT

$ EXIT

E. PROGRAM NOTES

EM COLGFB | i sts several paraneters at the termnal (or in the
* LOG file):



NANNUL I = Cut-off radius (in ANNULI) in transform space.
Usual Iy equal s MAX NANNULI (set in EM COVATBG ,
but may be nade snmaller to reduce resol ution.

FFT_STEPSI ZE wi dt h of each transform annulus, in transform

pi xel units (TPU), given by:
(1 CO_I DI M RSCALE)

(1 CO_DI AMFI CO_NSAMP)

MAX BESSEL _ORDER = The hi ghest Bessel order used in the

conmput ati on of the |ayerpl ane dat a.
STEP_SI ZE Si ze of each radial step (i.e size of each
pi xel in the reconstruction relative to the
original pixel size in the digitized particle
I mage.

| CO_DI AM = Oiginal particle dianeter (in densitoneter
pi xel s). This also equals | CO NSAWP tines the
reci procal of annuli spacing in EM COVATBG
(1 CO_NSAMP/ FFT_STEPSI ZE) .

RADI US = Nunber of radial steps (pixels) in real-space
for the reconstruction. The particle dianeter
= (2*RADIUS + 1).

RESLUTI ON

Reconstruction resolution (in units of pixels
in the original digitized inage).

NCOL = Dinmension of 3D MAP (# of pixels/row). Also
equal to NROW (# of pixels/colum) and NSEC (#
sections in the MAP).

EM COLGFB first conmputes one half of the icosahedra
particle, viewed in a five-fold orientation (5-fold axis
coincident wwth the Z axis and one, perpendicular 2-fold axis
coincident with the Y direction), fromthe little g's. The little
g's are only conputed for Bessel orders that are nultiples of 5.
The density map is calculated a section at a tinme in unique 2pi/5
(= 72 degree) sectors. Each sector is subdivided in cylindrica
coordinates (RHO(r,phi)) since the little g's are conputed in
polar form The polar section is interpolated to produce a
Cartesian section (MAP(X,Yy)).

After all sections are conputed (the nunber of them =
RADI US+1), the half-particle 3D MAP is rotated so that the old Y



direction (2-fold) becones the new Z direction and a 3D MAP of the
entire particle is tenporarily stored (in core nenory if avaiable
or on scratch disk). The MAP in this orientation has two other
mut ual |y perpendi cul ar 2-fold axes in the XY plane of the centra
section, but not coincident with the X and Y directions. A final
transformation rotates the particle into the "standard"
orientation so the three nutually perpendicular 2-fold axes
coincide with the X, Y, and Z directions (ROAS5, COLUWNS

SECTI ONS) of the 3D MAP.

The program produces a 3D MAP with strict 522 symretry.
Symmetry about the 3-fold axes is not enforced in the curent
version of the program but nay be enforced by use of EM COSYM (to
gi ve 532 symetry).

The program perforns many cal culations in core nenory if it
is avail able, thus cutting down sone of the I/O overhead and
I ncreasi ng execution speed. |If nenory is unavail abl e,
conputations are perfornmed with the use of scratch space. In
order to run this programefficiently, it nmay be necessary to ask
your friendly VAX/ VM5 system manager to set up your account with
the following job paraneter limts:

W quo: 8000
Wsext ent: 36000
Pgf | quo: 40000

These settings may not be ideal, but they do seemto work
fine for running the routine on the Purdue ALPHAVAX 4000-300 with
512 Moytes core nenory.

F. ADDI TI ONAL NOTES

1. Use EM COROT to obtain 3D MAPS of the icosahedral particle in
any equatorial setting (THETA=90.0 degrees).

2. Use option "X'" of EMVAP to project the 3D MAP in any view
orientation or EM COPR] to project the 3D MAP in any equatori al
vi ew (THETA=90. 0 degrees).



G FLOW CHART FOR EM COLG-B PROGRAM
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*-- | CO_NEVBES ------ | --BSL1-*
-- 100LG*

“-- FREE_WM*

“-- 1C0_FB_MRCSF - LI BSMOVCS- *
“-- 1 C0_FB_MRC2F - LI BSMOVCS- *
“-- | CO_FB_XYZ2F - LI BSMOVC3- *
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