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A. | NTRODUCTI ON

EM COMATBG is the first of two major programs in the
I cosahedral inmage reconstruction process that are used to produce
a 3D map fromi mage dat a. EM COVATBG extracts the data for
normal equations fromeach particle view and conbi nes the nornal
matricies and solves themto give big Gs which are stored in a
disk file (DEFAULT = BG DAT).

This programis now used in place of the prograns, EM COVAT
and EM COBG and is normally run after EMPFT or EM COGRAD
EM COLGFB is run imedi ately after EM COVATBG

A bi g advantage of this routine is that it does NOTI produce
t he EM COVAT. DAT and *. MAT files previously produced by EM COVAT
Hence, the only disk space need by EM COVATBG is that required to
store the output of the big Gs (BG DAT). EM COVAT needed
enor mous anounts of di sk storage especially for jobs with | arge
nunbers of particles or requiring |arge nunber of annuli for
hi gher resolution analysis. In

THEORY, there EM COVATBG has no restrictions as to nunber of
particles or resolution limt. O course, the nenory capacity of
the conputer and di sk space available WLL pose ultimate limts if
you attenpt to step outside these bounds.

B. PROGRAM | NPUT

1. 1COIDIM NANNULI, FFT_STEPSIZE, |CO DIAM |PRINT, |NCR
| CO_SPREAD (21, 2F, 21, F)

2. INPUT | MAGE FI LENAME (A)

3. 1D, THETA, PHI , OVEGA, FFT_ORI GX, FFT_ORI GY, SCALEF (1, 6F)



1. 1CO_I DM NANNULI, FFT_STEPSI ZE, | CO_DI AM | PRI NT, | NCR, | CO_SPREAD

FORMAT (21, 2F, 21, F)

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

NANNULI, the nunber of annuli in the Fourier transformincluded
in the cal cul ations, defines the highest possible resolution of
the final 3D MAP that can be conputed. |If NANNULI is set too
| arge, then errors are likely to be generated especially for data
sets with very few particles. The upper |imt to NANNULI depends
on the size of the FFT. A warning is given when an attenpt is
made 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 AMF| CO_NSAMP)

| CO_ NSAMWP specifies the nunber of annuli per interval of
1/1CO DIAM where ICODIAMis the dianeter of the 'particle'
(original imge box dinension) in pixels. |1CONSAM = 1 for
single or 2 for double sanpling of the Fourier transformdata. In
nost instances, | CO NSAWP is set = 2 for double sanpling of the
Fourier transform It is recommended that 1 CO NSAMP = 1 only be
used during prelimnary processing to speed up cal cul ati ons.
Doubl e sanpling of the Fourier transforns (I CO NSAMP=2) should
normal Iy be used when the final 3D reconstruction cal cul ations
are perforned (see pp. 321-323 of Crow her, DeRosier and Kl ug
(1970) Proc. Roy. Soc. Lond. A Vol. 317 for futher discussion).

ICODAMis the dianeter of the input particle inages.

| PRINT controls the anount of output (mainly for debugging
purposes). Extra output is only produced for |IPRINT > 0.

NOTE: The follow ng paraneter (INCR) is generally no |onger
used for imges of frozen-hydrated specinens froma single
m crograph. It is believed that radial scaling is inappropriate
for such data since the particle dinensions should be wel
preserved by the | ow tenperature technique.



I NCR was formerly the size of each of NBAND bands (NBAND has
been renoved fromthe progran) in nunber of transform annuli
NBAND* | NCR nust be < ICOIDM2. The wdth of each annulus is
FFT_STEPSI ZE.

| 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.

2. I NPUT | MAGE FI LENAME (A)

nput to EM COVATBG is in the formof |IMAGE data stored as a
group of individual imges stored in a single file (PURDUE BYTE-
PACKED FORVAT). Read BABE3: [ TSB. DOC] EMPROGS. DOC for a descri ption
of the IMAGE file format.

3. | D, THETA, PH , OVEGA, FFT_ORI GX, FFT_ORI GY, SCALEF (I, 6F)
IDis the i mage nunber--the storage position of the | MAGE data
for byte-packed fornmat data.

THETA, PHI , OVEGA are the current values of the three orientation
angles (in degrees) for each particle inmage (obtained from
previous runs of EMPFT or EM COGRAD or EM CORV).

FFT_ORI GX, FFT_ORI GY are the pixel coordinates of the particle
center (the point 0.0,0.0 corresponding to the |ower left 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 inmages of frozen-hydrated particles
boxed froma single mcrograph, SCALEF = 1.0 (DEFAULT) is nornmally
assuned for all particles.

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

C. PROGRAM EXECUTI ON

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

Assune the particle inmages 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 inmges are conputed,
and SCALEF = 1.0, and the transformis doubl e-sanpled (I CO NSAMP =
2), then FFT_STEPSI ZE = (128*1.0)/(99.0*2) = 0.646 TPU. The
resol uti on obtai ned then depends on how | arge NANNULI is set. The
maxi mum radi us, | RAD, at which data in the transformare used =
NANNULI * FFT_STEPSI ZE.

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

RESOLUTI ON  RESOLUTI ON

NANNULI I RAD  (pixels) (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 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 1COIDIM3 or ICOIDIM4. In the exanple above, if the
| MAGE RESOLUTION is 2.0 nmand it is digitized at 0.5 nm
interval s, | RAD should not exceed 128/ 4 = 32.

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

D. EXAMPLE EM COVAT BATCH JOB

! COMMVAND FI LE FOR RUNNI NG EM COVATBG FOR SEVERAL PARTI CLES
!
! THE | NPUT ARE AS FOLLOWS:
|
|

1. 1COIDM NANNULI, FFT_STEPSIZE, |CO DI AM | PRI NT,
| NCR, | CO_SPREAD
! (1CO_IDIMnust be 128, 256, 512, or 1024)
! 2. I NPUT | MAGE FI LENAME
! 3. 1D, THETA, PHI , OVEGA, FFT_ORI GX, FFT_ORI GY, SCALEF (1, 6F)
|
$ RUN SYS$EXEL| B: EM COVATBG. EXE
256, 30, 0.757, 169.0, 0, 0, 1.0
1019- box. PCK
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
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E. FLOWN CHART FOR EM COVATBG PROGRAM

R e R Ik Ik I S e R Rk

* MAI N *
* (EM COVATBG FOR) *
*kk k)i kkhkhhrkh*hIr ki khkhkikkikhk %k
* |- PIRADDEG* |- STRI NG UPPER*
- 1 CO_ MATBG I NFO - |- | MG OPEN --|- | M5 _PACK_BI M3COM CLEAR*
| - FI LE_CHECK*
- | CO_MATBG_GETPARANG*

| - Pl RADDEG*

| - 1 MG_PACK _FIND - | MG_PACK_NRECS*

|- IMG FILL - | MGSFI LL(I MSSPACK_FI LL)
| - I MG_FFT -[see bel owj

| - FFT_TO ATBT - Pl RADEG

|

*

*

*

*

*

*

*

*. | CO_NATBG FFTS -
*

* - 1 CO_ATBT_STORE*
*

*

*

*

|- 1 CO_EMAI MR*
| - | CO_EMVEET*
|- | CO_ EMARM *
*. | CO_MATBG - |- | CO_ZEROZ* | -
| CO_LOCATE*
* | - 1 CO | NTRP* |- 1CO_TRIDI *
* | - | CO_NMAT* |- 1COHOW------ | -
| CO_El GVAL*
* |- 1CO BGSOLVE -|- |CO BGPROD* |-
| CO_El GVEC*
* |- | CO BGOUT* | -
| CO_RELOCT*
*. TSBEND
*
*- IMG_FFT -|- IMSG FFT_FILL - FFT_CLEAR*
*

| - FFT_2D - FOURT - L6TOL9*



