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A. | NTRODUCTI ON

EM COPFTCC i s used after EM COPFT to determ ne
t het a, phi, onega orientation and x,y origin paraneters for inmges
of icosahedral particles. This uses cross-correlation procedures
to conpare "raw' (unfiltered or filtered) inmage data agai nst a
data base of reference projection i mges produced froma 3D
reconstruction or nodel (e.g. fromx-ray crystall ography).

EM COPFTCC is a nuch faster and nore powerful orientation
search procedure than EM COFV, which is a brute-force conmon-Iines
procedure. Note however, that EM COPFTCC CANNOT substitute for
EM COFV if there is no nodel 3D data fromwhich reference data
base can be produced. Thus, EM COFV is still needed when starting
a structure determnation for a new particle of unknown structure.
A key to the success of the EM COPFTCC procedure is that
conpari sons made between the raw and nodel data can include 100%
of the available data, or less if you choose. In common |ines
procedures, the fraction of available data rapidly drops off as a
function of resolution. Thus, in principle, the EM COPFTCC
technique is not resolution |imted.

EM COPFTCC converts each raw image from Cartesian to pol ar
format. Each image is subdivided into a series of annuli (usually
each one pixel wde). Al annuli are sanpled NROT tinmes, with the
i nterpol ation perforned at a fine enough interval to prevent |oss
of pixel resolution. 1In this way, the annuli corresponding to the
| owest radii in the particle inage are over-sanpled by a | arge
amount. A Fourier Transform (PFT) of the image is cal cul ated by
Fourier transform ng each separate annulus. The PFT therefore
provi des the Fourier transformof the density distribution at each
radius of the particle. This provides a particularly useful
representation of the data which allows rapid and sensitive
determination of the particle orientation. The program



achi eves high speed because it deternmines the particle paraneters
in several stages rather than in a single, brute force step.
Theta and phi are determned first, with an anbiguity in the sign
of phi (corresponding to an anbiguity in the hand of the
particle). Next, the sign of phi (relative hand) and the onega
angl e are determned by a real -space, rotational cross-

correl ation between the projected nodel and the inmage. This
correlation is typically perfornmed only for a restricted range of
particle radii (IRADL, | RAD2 are user selected). [|RAD2, for
exanple is best set to a value close to or just inside the

outer particle edge. Setting IRAD2 too |large will add unnecessary
background noi se and hence reduce the sensitivity of the search
procedure. Al so, experience shows that values of IRAD1 >> 0 help
because the lowradii in projected inages typically contain a
significant contribution fromthe nucleic acid core (for mature
virions) which does not generally carry nuch signal correspondi ng
to the icosahedral orientation.

Correl ations can be conputed with Fourier-filtered i mage data
(RES_M N, RES_MAX) and al so for data in which the | ow order Fourier
Bessel terns are omtted: the Jo terns are usually left out of the
cal cul ati ons because they are so dom nant and don't convey
orientation information.

Currently, EM COPFTCC outputs a variety of data including the
standard EM CO. DAT data format (in the file EM COPFTCC. DAT) and
statistics on the correlation coefficients as a function of radius
(EM COPFTCC. RADS) and resolution (EM COPFTCC. RES). The vari abl e,
ILIST, is used to designate what output is produced.

B. PROGRAM | NPUT

| NPUT FI LENAVE FOR PACKED RAW DATA | MAGES (A FORMAT)
| NPUT FI LENAVE FOR REFERENCE PFTS (A FORMAT)

| NPUT FI LENAVE FOR REFERENCE PROJECTI ONS (A FORMAT)
J1,Rl, R2, RES M N, RES_MAX, | LI ST, SI G (3I, 2F, |, F)

| MG_NUML, | MG_NUMR, NUM STEP (31 FORMAT)

ok whE

1. I NPUT FI LENAME FOR PACKED RAW DATA | MACGES (A FORVAT)

This specifies the file that contains the raw i nage dat a.

2. I NPUT FI LENAME FOR REFERENCE PFTS (A FORVAT)

This specifies the file containing the series of reference PFTs
produced by EM COPFT froma 3D nodel or 3D reconstruction.



3. I NPUT FI LENAME FOR REFERENCE PRQIECTI ONS (A FORMVAT)
This specifies the file that contains the series of reference
proj ections produced by EM COPFT from a 3D nodel or
reconstruction.

4. JCUT, | RADL, | RAD2, RES M N, RES_MAX, I LI ST, SIG (3I, 2F, 1, F)

JCUT specifies the mninumrotational Bessel order (Jn) to
include in the cal culations. The DEFAULT (= 1) will omt the Jo
term (this is recommended for the reasons given above). To
i nclude Jo, set JCUT to a NEGATI VE val ue.

| RDAL, | RAD2 specify the m nimum and maxi numradii (annuli) to
be included in the calculations. The best way to determn ne
opti mum val ues for these paraneters is to run EM COPFTCC with the
initial DEFAULT values (0, NANNULI-1) and ILIST = 1, and check the
output file EM COPFTCC. RADS to see what the correl ation
coefficients are like as a function of radius. You wll typically
see a large drop in the AVERAGE correl ation coefficient near the
outer edge of the particle (I RAD2) and you may al so see general ly
| oner correlations at lowradii (IRADl). Thus, |IRAD1 and | RAD2 nay
need sone fine tuning to optimze the orientations found by the
program

RES M N, RES_MAX specify the | ower and upper resolution limts
(in TPU), respectively, of the data to be included in the
cal cul ations. These values are roughly the sanme as those used in
EM COGRAD. Specifying a value of RES MAX greater than the
resolution of the reference data nakes no sense and may generate
meani ngl ess correl ation coefficient values. The DEFAULTS for
RES M N and RES MAX are 0.0 and SQRT(2*IDIM*2), where IDIMis the
di mensi on of the Fourier transform This value for RES MAX i s an
ABSOLUTE UPPER LIM T, and thus is an unrealistic value for rea
(i.e. noisy) data. Thus, your judgenent is MOST | MPORTANT in the
sel ection of this paraneter.

ILIST is a switch used to generate various additional forns of
out put .

<CR> = EM COPFTCC. DAT out put only.
1 = EM COPFTCC. RADS and EM COPFTCC. RES al so out put.
2 = sane as above plus asymmetric unit plots of correlation

coefficients for each inmge output to termnal (*.LOG
file).



SI G enabl es the use of a nasking function that filters the PFT
data on the basis of the variance of the PFT data. PLEASE BEWARE
This option currently DOES NOT WORK CORRECTLY!'!! Don't use it!!!
SI G specifies the threshold for the variance mask. Set SIG = 0.0
(DEFAULT), to disable the nmasking option.

5. | MG_NUML, | MG_NUM2, NUM STEP (31 FORMAT)

| MG NUML and | MG NUM2 specify the range of inages to test.
NUM STEP ( DEFAULT=1) can be used to skip inmages (e.g. NUM STEP = 2
will skip over every other inage). You may keep entering new
val ues for | MG NUML, | MG NUM2, and NUM STEP. Wen I MG NUML is set
= 0, or when no input is provided for this variable, the program
ends.

C. EXAMPLE EM COPFTCC BATCH JOB

$ SET DEF JUSTEMBDKAO: [ TSB]

$ RUN JUSTEMBDKAOQ: [ TSB. EXE] EM COPFTCC
BERNAL2: [ TSB. VI RUSES. SV40] SV40_TI LTO. PCK
BERNAL2: [ TSB. VI RUSES. SV40] SV40_TI LTO. PFTS
BERNAL2: [ TSB. VI RUSES. SV40] SV40_TI LTO. PRIS
1, 21, 34, 6.4, 25.5, 1, 0.0

1, 96, 1

$ EXIT

D. FINAL NOTES FOR PURDUE USERS

1. SUGGESTION: This program works best when run on JUSTEM or by
usi ng the Vaccel erator version ([ TSB. AEXE] A EM COPFTCC. EXE) on
BRAGG.



E. FLON CHART FOR EM COPFTCC PROGRAM

R e e b S I I S IR R e S S

* MAI N *
*  (EM COPFTCC. FOR) *

R e R Ik Ik I S e R Rk
*

-~ Pl RADDEG
| - STRI NG_UPPER!

-~ I MG_OPEN - |- | M5 _PACK_BI M3COM CLEAR!
| - FI LE_CHECK!

-~ I MG_PACK_FIND - | MG_PACK_NRECS!

-- FFT_SETDI M _DEF_SAME - NUMCHARI 4!

-- PFTCC_FI LL!
| - MAP_CLEAR!
-- PFTCC _AVGFFT -|- MAP_FFT FILL - FFT_CLEAR
| - FFT_2D - FOURT - L6TOLO!
-- IMGFILL -|- I MGSPACK FILL - | MG PACK_NRECS!
|- | MGSFI LL!
- 1 MG_MAP!

-~ MAP_FFT _FILL - FFT_CLEAR!

-- FFT_2D - FOURT - L6TOL9!

| - MAP_CLEAR!
-~ PFTCC GETXY -|- CCF_FFT - CCF -|- FOURT - L6TOLO!

* | | - MAP_STATS - MAP$STATS
- MAP_OPENSCR!

* | - PFTCC PEAK -|- MAP_PEAK!

* | - TRUS POLYS - TRUS SOLVE -
TRUS_MATI NV!

*

- MAP_POLAR - |- MAP_CLEAR!
| - MAPSPOLAR - MAP_POLAR GRI D!

* _
*

*

*-. PMAP_FFT - FOURT - L6TC9
*

*_ . PFFT_CONVERT!

*

* _

- PFTCC_AVGE



* Ok ok ok ok Kk Kk K ok ok Kk K K ok Kk K K K Kk K X ¥ ¥ * * %

PFTCC_GETTP!
PFTCC_GETPRJ!
PFTCC_GETPO
MAP_YFLI P!
| - MAP$ROT - LI B$MOVC3!
|- MAP_ROTX!
MAP_ROT -|- MAP_ROTX _SLOW-|- LI B$MOVC3!
| - MAP_ROTY! | - MAP$ROT - LI B$MOVC3!
| - MAP_ROTY SLOW-|- LI B$MOVC3!
|_

MAP$SROT - LI B$MOVCS!

FFT_2D - FOURT - L6TOL9!

CC_RES!
FFT_FLT -|- FFT_H P!

|- FFT_LOP!
FFT_2DBT -|- COPY_R4l

| - FOURT - L6TOLO!
CC_RAD!



