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A. | NTRCDUCTI ON

EM CBDR is the main programin the icosahedral image
reconstruction process that is used to produce a 3D map from a set
of particle imges. The programfirst extracts the data for
normal equations fromeach particle view, then conbines the nornal
matricies and solves themto give big Gs, which are tenporarily
or permanently stored in a disk file (DEFAULT = BG DAT), then
conmputes little g's fromthe big Gs, and finally conputes a
Fouri er Bessel transformation of the little g's to produce the
t hree- di nensi onal density map of an icosahedral particle in the
"standard"” 2-fold setting (see [ TSB. DOC] EM CO_SYS. DCC) .

EM COBDR repl aces either of two previously used program
conmbi nations: 1) EM COVATBG and EM COLGFB or 2) EM COVAT,
EM COBG EM COLG and EM COFB. EM CGBDR is normally run after
EMPFT or EM COGRAD.

Asi de fromthe obvi ous advant ages of consolidating

i nput/out put options and making it easier to set up batch conmmand
procedures, EM CO3DR of f eres several advantages conpared with the
previ ous prograns, especially the "famous four” (MAT, BG LG FB).
The EM COVAT. DAT and NVIEWS *. MAT files previously produced by
EM COVAT are no | onger generated, thereby reducing requirenents
for large disk storage. The only absolute requirenent for disk
space is that required to store an internediate file containing
the big G data (DEFAULT=BG DAT), and potential scratch space for
tenporary 3D map data (if core nenory is used up), and the space
needed to store the final 3D map. In *THEORY*, EM CCBDR has no
restrictions as to nunber of particles conbined or the resolution
limt. O course, the nenory capacity of the conputer and di sk



space available WLL pose ultimate limts if you attenpt to step
out si de these bounds.

B. PROGRAM | NPUT

1. MODE, |PRINT, BG OUT, LG OUT, FB OUT (5I)

2. INPUT | MAGE FI LENAME (A)

3. 1COIDM BGNANNULI, FFT _STEPSIZE, |1CO DI AM | CO SPREAD
(21, 3F)
(1CO_ I DI M nust be 128, 256, 512, or 1024)

4. TH S RECORD | GNORED

5. LG NANNULI, RADIUS, STEP SIZE (2I,F)

6. 3D MAP OUTPUT FILENAME (A: DEFAULT = | COS2F. MAP)

7. HEADER FOR 3D MAP ( 18A4)

8. ID, THETA, PHI, OVEGA, FFT_ORI GX, FFT_ORIGY, SCALEF (I, 6F)

1. MODE, |PRINT, BG OUT, LG OUT, FB OUT (5I)

| nput paraneters control the operation of EM CO3DR as fol |l ows:

MODE = 0 ENTI RE PROGRAM | S RUN
= 1 STOP AFTER CALCULATI NG BG S (STORED | N BG. DAT)
= 2 START W TH EXI STI NG BG DAT DATA AND COVPUTE 3DR
IPRINT = 0 G VES M NI MAL OUTPUT TO TERM NAL OR *.LOG FI LE
= 1 G VES EXTRA OUTPUT
= 2 GENERATES LOTS OF OUTPUT!
BG OUT = 1 BG DATA SAVED I N Bl NARY FILE ' BG DAT'
LG OUT = 1 LG DATA SAVED I N BI NARY FILE ' LG DAT'
FB_OUT

0 MEANS QUTPUT WHOLE 3D MAP | N STANDARD 2- FOLD VI EW
5 MEANS QUTPUT TOP HALF I N 5-FOLD VI EW

Wen FB QUT = 5, only the top(near) half of the 3D density NMAP
in the five-fold viewis conputed and stored in a disk file.
Choosing this option may be very useful for producing prelimnary
maps where you just need a quick |ook at the MAP to see if it is
correct. Invoking this option saves a trenendous anmount of
program 1 /O, since, for very |large MAPs, nmuch of the el apsed tine
is spent on I/O rather than CPU

Fut ure enhancenents to EM COBDR nay i nclude options to wite
out even smaller portions of the 3D map (e.g. just an octant)
which will generate greater disk storage savings and perhaps
enhancenents in other routines.



2. | NPUT | MAGE FI LENAME (A)

I nput to EMCOVATBG is in the formof | MAGE data stored as a
group of individual imges stored in a single file (PURDUE BYTE-
PACKED FORMAT). Read BABES: [ TSB. DOC] EMPROGS. DOC for a description
of the IMACE file format.

NOTE: Information in this record is ignored if MODE. EQ 2.

3. 1CO_I DI M BG_NANNULI , FFT_STEPSI ZE, | CO_DI AM | CO_SPREAD (2!, 3F)

| CO ID Mdefines the size of the FFT cal cul ated for each i mage.
|COID Mnust = 128, 256, 512, or 1024 and it MJST be greater than
the largest image dinension (all particle imges typically have
I dentical NCOL, NROW di nensi ons).

BG _NANNULI, the nunber of annuli in the Fourier transform
i ncluded in the cal cul ations, defines the highest possible
resolution of the final 3D MAP that can be conputed. |If
BG NANNULI is set too large, then errors are likely to be
generated especially for data stes with very few particles. The
upper limt to BG NANNULI depends on the size of the FFT. A
warning is given when an attenpt is nmade to exceed this limt.

FFT_STEPSI ZE determ nes how finely or coarsely the FFT is
sanpled. It is given by the equation:

(1 CO_|I DI M SCALEF)
FFT_STEPSIZE = -------------------- (transform X- st eps)
(1 CO_DI AMFI CO_NSAMP)

| CONSAWP is a floating point nunber, specified by the user
that sets the sanpling interval in Fourier space. It equals the
nunber of annuli per interval of 1/1CODIAM where ICOD AMis the
di aneter of the 'particle' (original imge box dinension) in
pixels. [1TCONSAMP = 1.0 for single or 2.0 for double sanpling of
the FFT data. In nost instances, | CO NSAMP is chosen to be = 2.0
for double sanpling of the Fourier transform Smaller val ues
(coarser sanpling) like 1.0 should normally only be used during
prelimnary processing as a neans to speed up cal cul ations (e.g.
to get a quick and dirty |look at a 3D map). Double sanpling of
the Fourier transfornms (I CO NSAMP=2.0) is the usual setting when
the final 3D reconstruction calculations are perforned (see pp.



321- 323 of Crowt her, DeRosier and Klug (1970) Proc. Roy. Soc.
Lond. A Vol. 317 for futher discussion).

ICODIAMis the dianmeter (pixels) of the input particle inages.

| CO_SPREAD sets the condition on the nean inverse eigenval ue.
This is usually set equal to 1.0 (The DEFAULT). Set to a | ower
value for a less stringent test.

NOTE: Information in this record is ignored if MODE. EQ 2.

4. FILE CONTAI NI NG BG DATA (A; DEFAULT = BG DAT)
Enter the nane of the permanent file in which the big G data
are stored (MODE=2).

NOTE: Information in this record is ignored if MODE. LE. 1.

5. LG _NANNULI, RADIUS, STEP_SIZE (21, F)

LG NANNULI is the cut-off radius (in annuli) in transform
space. The nmaxi num val ue, MAX NANNULI (a val ue passed fromthe
MAT/ BG portion of the programor fromthe header record of the
BG DAt file) is the DEFAULT, but LG NANNULI may be reduced to
conmpute 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 cal cul ated on the basis of the value of |1 CO DI AM (i nput
record 3) according to the relation: [(ICODAM- 1) / 2].
ICO D AMis the original boxed particle dianeter in densitoneter
pi xels. For exanple, if ICO DI AM= 99 pixels, then the DEFAULT
val ue for 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 reconstructi on RELATI VE
to the pixel size in the original scanned inage.

EM CO3DR traps for inproper values of LG NANNULI, RADI 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 longer to finish and may require enornous anounts 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_SI ZE = 0. 5.

NOTE 1: When RADIUS is set larger than the DEFAULT and
STEP_SI ZE is not reduced in proportion, neaningless density points
out si de the boxed boundary will be generated in the 3D MAP

NOTE 2: Information in this record is ignored if MODE EQ 1.

6. 3D MAP QUTPUT FI LENAMVE (A; DEFAULT = | COS2F. VAP)

Specify the nane of the file to store the 3D MAP
NOTE: Information in this record is ignored if MODE. EQ 1.

7. HEADER FOR 3D MAP (18A4)

The header is used to identify the 3D MAP data. The DEFAULT
header text is "1 COS2F. MAP: 3D Reconstructi on of icosahedral
particle in standard 2-fold".

NOTE: Information in this record is ignored if MODE EQ 1.

8. | D, THETA, PHI , OVEGA, FFT_ORI GX, FFT_ORI GY, SCALEF (I, 6F)
IDis the imge nunber--the storage position of the | MAGE data
for byte-packed fornat data.

THETA, PHI , OVEGA are the current values of the three orientation
angles (in degrees) for each particle inmge (obtained from
previ ous runs of EMPFT or EM COGRAD or EM COFV).

FFT_ORI GX, FFT_ORI GY are the pixel coordinates of the particle
center (the point 0.0,0.0 corresponding to the |ower |eft corner
of the boxed particle imge). These values are estimted or
refined by EMPFT (or with ol der prograns |ike EMCORORG EM COORG
and EM COORR2) .

SCALEF is a radial scale factor (EMPFT or EM COCMP can be used
to determine this). Wth images of frozen-hydrated particles
boxed froma single mcrograph, SCALEF = 1.0 (DEFAULT) is normally
assuned for all particles.

Exanpl es of different acceptable ways to enter | MAGE data
paraneters are given in [ TSB. DOC] EM COGRAD. DOC



NOTE: Information in this record is ignored if MODE. EQ 2.

C. PROGRAM EXECUTI ON

Nor mal operation of EM COBDR | 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).

The maxi mum pi xel resolution obtained in the three-
di mensi onal reconstruction is estimated in foll ow ng way:

Assune the particle imges were originally boxed in 99 square
pi xel arrays, with each pixel corresponding to a 0.5 nm sanpling
interval (e.g. froma 50,000X mcrograph digitized at 25 m cron
intervals). Wen 128 by 128 FFT's of such inages are conputed,
and SCALEF = 1.0, and the transformis doubl e-sanpl ed (I CO NSAWP =
2.0), then FFT_STEPSI ZE = (128*1.0)/(99.0*2.0) = 0.646 TPU. The
resol uti on obtai ned then depends on how | arge BG NANNULI is set.
The maxi num radi us, | RAD, at which data in the transform are used
= BG_NANNULI * FFT_STEPSI ZE

The followng table illustrates the rel ationshi ps between
several of these paraneters for the above exanpl e:

RESOLUTI ON  RESCLUTI ON

BG_NANNULI | RAD (pi xel s) (nm
16 11 11. 64 5.82
32 21 6.10 3.05
48 32 4.00 2.00
64 42 3.05 1.52
80 52 2. 46 1.23

WARNING it is senseless to set BG NANNULI large if the data is
NOT reliable to the corresponding resolution. Since the typica
rule of thunb is to digitize the data at a pixel resolution that
is 3 or 4 tines the expected resolution, then | RAD shoul d NORVALLY
not exceed ICOIDIM3 or ICOIDIM4. In the exanple above, if the
| MAGE RESCLUTION is 2.0 nmand it is digitized at 0.5 nm
intervals, |RAD should not exceed 128/ 4 = 32.

NOTE: This programis generally run in BATCH node. The
followng is an exanple batch job command file
( BABE3: [ TSB. FOR] EM CC3DR. BCH) .



D. EXAMPLE EM CC3DR BATCH JOB

wn

ONO O A

w N

N OA

COMVAND FI LE FOR RUNNI NG EM CG3DR FOR SEVERAL PARTI CLES

THE | NPUT ARE AS FOLLOWG:

MODE, | PRINT, BG OUT, LG OUT, FB_OUT (5I)
MODE = 0 RUN ENTI RE PROGRAM
= 1 STOP AFTER CALCULATI NG BG S ( STORED | N BG DAT)
= 2 START W TH EXI STI NG BG DAT DATA AND COVPUTE 3DR
| PRINT = 1 MEANS EXTRA OUTPUT TO TERM NAL OR *.LOG FI LE
= 2 MEANS EVEN MORE OUTPUT TO TERM NAL OR *.LOG
FI LE
BG OUT = 1 MEANS BG DAT SAVED ( OTHERW SE NOT SAVED)
LG OUT = 1 MEANS LG DAT SAVED ( OTHERW SE NOT SAVED)
FB_OUT = 0 MEANS OUTPUT WHOLE 3D MAP | N STANDARD 2- FOLD
VI EW
= 5 MEANS OUTPUT TOP HALF IN 5-FOLD VI EW
MODE. EQ 0 THEN ( RUNS ENTI RE PROGRAM)

| NPUT | MAGE FI LENAME

|COIDIM NANNULI, FFT_STEPSIZE, |CO DIAM | CO SPREAD
(21, 3F)

(1CO_I DI M nust be 128, 256, 512, or 1024)

TH S RECORD | GNORED

NANNULI , RADI US, STEP_SI ZE (21, F)

3D MAP OUTPUT FI LENAME (A; DEFAULT = | COS2F. MAP)
HEADER FOR 3D MAP (18A4)

| D, THETA, PHI , OVEGA, FFT_ORI GX, FFT_ORI GY, SCALEF (I, 6F)

MODE. EQ 1 THEN ( STOPS AFTER CALCULATI NG BG DATA)

I NPUT | MAGE FI LENAME
| CO_ IDIM NANNULI, FFT_STEPSIZE, |1CO D AM | CO_SPREAD
(21, 3F)
(1CO_IDIMnnust be 128, 256, 512, or 1024)
THI S RECORD | GNORED
THI S RECORD | GNORED
TH S RECORD | GNORED
TH' S RECORD | GNORED
| D, THETA, PHI , OVEGA, FFT_ORI GX, FFT_ORI GY, SCALEF (1, 6F)

MODE. EQ 2 THEN ( STARTS W TH EXI STI NG BG DATA FI LE)

TH' S RECORD | GNORED



TH' S RECORD | GNORED

FI LE CONTAI NI NG BG DATA (DEFAULT = BG DAT)
NANNULI , RADI US, STEP_SI ZE (21, F)

3D MAP QUTPUT FI LENAME (A; DEFAULT = | COS2F. MAP)
HEADER FOR 3D MAP (18A4)

TH'S AND SUBSEQUENT RECORDS | GNORED

®NOOAW

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

$ RUN SYSS$EXELI B: EM CO3DR. EXE

0o, 0,0 0,0 0, O

BABE3: [ TSB. TEST] 1019- box. PCK

256, 30, 0.757, 169.0, 1.0

BABES: [ TSB. TEST] BG. DAT

30, 84, 1.0

reo. map

15 particle reo map conputed with EM CO3DR

10, 85. 000, 20. 076, 169. 805, 85. 658, 84. 264, 1. 002
13, 79. 000, 9. 168, 53. 789, 90. 083, 80. 719, 1. 002
15, 88. 000, -28.017, 330.117, 88. 976, 83. 627, 1. 002
20, 80. 000, 9.139, 108. 984, 87.322, 81. 299, 1. 001
35, 87.000, -15.021, 87.188, 83. 139, 79. 838, 1. 002
38, 82.000, -16.157, 216.914, 86. 053, 81. 466, 1. 000
45, 88. 000, 25.015, 211.641, 88. 203, 79. 416, 1. 002
47, 89. 000, -28.004, 169. 805, 86. 051, 81. 753, 0.998
58, 87.000, -25.034, 346.992, 85. 577, 82. 448, 0.998
62, 88. 000, 26. 016, 203.555, 87.421, 81. 606, 0. 998
64, 81. 000, 12. 150, 107.227, 86. 847, 79. 774, 0.998
65, 84. 000, -19.105, 133.594, 83. 676, 78. 427, 0.998
66, 75. 000, 3.106, 201. 094, 86. 338, 79. 218, 1. 000
67, 81. 000, 14. 175, 18. 281, 85. 537, 76. 735, 0.998
68, 79. 000, -11.206, 20. 391, 85. 976, 81. 223, 1. 000
$ WVAIT

$ EXIT

E. PROGRAM NOTES

Several paranmeters are listed at the terminal (or in the *.LOG
file):

LG NANNULI = Cut-off radius (in ANNULI) in transform space.
Usual | y equal s MAX NANNULI (set in MAT/BG part of
program, but may be made smaller to reduce
resol ution.

FFT_STEPSI ZE = width of each transform annulus, in transform
pi xel units (TPU), given by:



(1 CO_| 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 pixe
in the reconstruction relative to the origina

pi xel size in the digitized particle inmage.

| CO DI AM Oiginal particle dianmeter (in densitoneter
pi xel s). This also equals | CONSAMP tines the
reci procal of annuli spacing in EM COVATBG

(1 CO_NSAVP/ 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

D nensi on of 3D MAP (# of pixels/row). Also equa
to NROW (# of pixels/colum) and NSEC (# sections
in the MAP).

EM COBDR first conputes one half of the icosahedral particle,
viewed in a five-fold orientation (5-fold axis coincident with 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 multiples of 5. The density map is
calculated a section at a tinme in unique 2pi/5 (= 72 degree)
sectors. Each sector is subdivided in cylindrical coordinates
(RHQ(r, phi)) since the little g's are conputed in polar form The
pol ar section is interpolated to produce a Cartesian section
(MAP(X,y)).

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 (ROAS, COLUWS, 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 may be enforced by use of EM COSYM (to
gi ve 532 symmetry).

F. PROGRAM NOTES FOR SYSTEM MANAGER

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

Worki ng Set (pagelets) /Limt=2000 /Quota=64000 /Extent=300000
Adj ust nent enabl ed Aut horized Quota=64000 Aut hori zed Extent=300000

Working Set (8Kb pages) /Limt=125 [/ Quota=4000 /Extent=18750
Aut hori zed Quot a=4000 Authorized Extent=18750

CPU limt: Infinite Direct 1/Olimt: 150
Buffered I/ O byte count quota: 99616 Buffered I/Olimt: 150
Ti mer queue entry quot a: 10 Open file quota: 511
Pagi ng file quota: 397088 Subprocess quot a: 10
Default page fault cluster: 64 AST quot a: 498
Enqueue quot a: 2000 Shared file limt: 0
Max det ached processes: 0 Max active jobs: 0

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

G 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]J to project the 3D MAP in any equatori al
vi ew (THETA=90. 0 degrees).



H FLOW CHART FOR EM CO3DR PROGRAM
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* MAI N *
* (EM COBDR. FOR) *
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*

*-  Pl| RADDEG

* | - STRING UPPER* |- STRI NG _UPPER*

*- |CO3DRINFO -|- I M3 OPEN ------ | -
| MG_PACK_BI MCOM_CLEAR*

* | - FI LE_CHECK*

*- | CO_3DR_GETMEML - LIB$GET_ VM

*

*- | CO_MATBG_CGETPARANMSG*

*

* | - 1 MG_PACK _FIND - | MG_PACK_NRECS*

* |- IMG FILL - | MGSFI LL(I MSSPACK_FI LL)

*- 1 CO_3DR FFTS -|- I MG FFT -[see bel oy

* | - FFT_TO ATBT - Pl RADEG

* | - | CO_ATBT_STORE*

*

*- | CO_3DR_GETMEMR2 - LI B$CGET_ VI

*

* | - | CO_EMAI MR*

* | - 1 CO_EMVEET*

* | - 1 CO_EMARM *

*- | CO_3DR_MATBG - | - | CO_ZERQZ* | -
| CO_LOCATE*

* | - 1 CO_| NTRP* | -
| CO_TRI DI *

* | - | CO_NVAT* |- 1CO HOW------ | -
| CO_El GVAL*

* | - 1CO BGSOLVE -|- | CO _BGPROD* | -

| CO_El GVEC



*

| - 1 CO_BGOUT*

| CO_RELOCT*
*
*. ] CO_3DR _FREEMEML - LI B$FREE VM
*
*- | CO_3DR_RECS*
* | - - BSLO- *
*. ] CO_3DR_NEWBES - - - - - - | - - BSL1-*
*
*. 1 CO 3DR LG *
*
*. ] CO_3DR_MRC5F - LI BSMOVC3- *
*
*- ] CO_3DR_MRC2F - LI B$MOVC3- *
*
*. ] 0O _3DR XYZ2F - LI BSMOVC3-*
*
*- TSBEND
*
*. |MG_FFT -|- IMG_FFT_FILL - FFT_CLEAR*

| - FFT_2D - FOURT - L6TOL9*



