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A. | NTRODUCTI ON

EMPFTCC is used after EMPFT to determ ne theta, phi, onega
orientation and x,y origin paraneters for imges of particles
(DEFAULT is for icosahedral particles). This uses cross-
correl ation procedures to conpare "raw' (unfiltered or filtered)
i mge data agai nst a data base of reference projection inmges
produced froma 3D reconstruction or nodel (e.g. fromx-ray
crystal | ography).

EMPFTCC is a nuch faster and nore powerful orientation search
procedure than the EM COFV program whi ch has been used for nmany
years to determine initial orientation paraneters for icosahedra
particles. EM COFV uses a brute-force comon-I|ines procedure.
Not e however, that EMPFTCC CANNOT substitute for EM COFV-type
routines if there is no nodel 3D data from which reference data
base can be produced. Thus, EM COFV (or some equivalent) is stil
needed when starting a structure determ nation for a new particle
of unknown structure. A key to the success of the EMPFTCC
procedure is that conparisons nmade between the raw and nodel data
can include 100% of the avail able data, or less if you choose (in
filtering node to reduce the effects of noise). |In conmon |ines
procedures, the fraction of available data rapidly drops off as a
function of resolution. Thus, in principle, the EMPFTCC techni que
Is not resolution limted.

EMPFTCC converts each raw i mage from Cartesi an to pol ar
format. Each image is subdivided into a series of annuli (usually
each 1.0 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
determ nation 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 determined 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 determ ned by a real -space, rotational cross-
correlation between the projected nodel and the inage. This
correlation is typically perfornmed only for a restricted range of
particle radii, |RADL, | RAD2, selected by the user. It is best,
for exanple, to set IRAD2 to a value close to or just

inside the outer particle edge. Setting |RAD2 too | arge adds
unnecessary background noi se and hence reduces the sensitivity of
the search procedure. Al so, experience shows that values of | RADL
>> 0 hel p because the lowradii in projected i mages typically
contain a significant contribution fromthe nucleic acid core (for
mature virions) which does not generally carry nuch signa
corresponding to the icosahedral orientation.

Correl ations can be conputed with Fourier-filtered i mage data
(RES_M N, RES MAX) and also 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, EMPFTCC outputs a variety of data including the
standard EM CO. DAT data format (in the file EMPFTCC. DAT) and
statistics on the correlation coefficients as a function of radius
(EMPFTCC. RADS) and resol uti on (EMPFTCC. RES1 and EMPFTCC. RES2).

The variable, ILIST, is used to designate what output is produced.

Two different correlation coefficients are listed out in the
EMPFTCC. DAT file after the THETA PH , OVEGA, X, Y paraneters: the
first is the global correlation coefficient between the PFTs of
the raw and reference inmages (it incorporates the effects of any
radii cutoffs in real-space and resolution limts in reciproca
space). The second is a global real-space correlation coefficient
between the raw and reference i mages, which is only calcul ated for
data between radii |1 RADL and | RAD2.

The program EMPFTREF is a conbination of the algorithns in
EMPFT and EMPFTCC, which can be used essentially like the two
separate prograns, or as a refinenment routine, which allows finer
searches of selected theta, phi regions.



***DISCLAIMER***

To date (Aug 93) this programand those like it (EMPFT,
EM COPFT, EMPFTREF, and EM COPFTCC) have wor ked remar kably well
under a wide variety of conditions. These routines seemto work
flawl essly AS LONG AS THE MODEL 1S "ON THE RI GHT TRACK". |f your
nodel is ridiculous or "trash", then don't expect mracles! Also,
we currently find that, for icosahedral particle data which shows
very weak enantionorphic features, the nodel MJST | NCLUDE sone
(correct) enanti onorphic character or the refinenent will lead to
a 3D map that exhibits mrror line symmetry about the equatori al
line. This is NOT a problemfor icosahedral particles wth handed
surface lattices (e.g. T=7 papovairuses) because the arrangenent
of norphol ogical units is clearly enantionorphic even at very | ow
resolution (>5nn). I n many instances, enantionorphic features do
not becone apparent until mnuch hi gher resolutions (<3-4nm, and
therefore proper refinenment of data cannot proceed until the nodel
i ncorporates information at the higher resolutions. In tricky
situations, it is still advisable to use prograns |ike EM COGRAD
with small data sets (5 particles or less) to try and nake sure
that the particles are oriented with respect to a consistent hand.
A crude 3D reconstruction conputed fromsuch a limted data set,
al t hough noi sy, nmay give a nuch better nodel for further
refinement with the EMPFT* prograns.

B. PROGRAM | NPUT

1. FILE CONTAI NI NG LATEST PARTI CLE PARAMETERS (A FORMAT)
2. | NPUT FI LENAME FOR PACKED RAW DATA | MAGES (A FORMAT)
3. I NPUT FILENAME FOR REFERENCE PFTS (A FORMAT)

4. I NPUT FI LENAVE FOR REFERENCE PROJECTI ONS (A FORMAT)
5. J1, 1 RADL, | RAD2, RES_M N, RES_MAX, | LI ST, SI G (3I, 2F, I, F)
6. | MG _NUML, | MG_NUM2, NUM STEP (3 FORMAT)

1. FILE CONTAI NI NG LATEST PARTI CLE PARAMETERS (A FORMAT)

For REFI NEMENT node operation, supply the nane of the file that
contains the |atest particle paraneters. Oherw se, |eave a BLANK
space for this entry to signify NON REFI NEMENT node (i.e. when
perform ng a whole or half-asymetric unit search). In refinenent
node, the current values of the particle origin (x,y) are used and
the origin search with respect to a circular average is skipped.

2. I NPUT FI LENAME FOR PACKED RAW DATA | MAGES (A FORMNAT)

This specifies the file that contains the raw i nage data.



3. I NPUT FI LENAME FOR REFERENCE PFTS (A FORMAT)
This specifies the file containing the series of reference PFTs
produced by EM COPFT from a 3D nodel or 3D reconstruction.

4. | NPUT FI LENAME FOR REFERENCE PRQIECTI ONS (A FORMAT)

This specifies the file that contains the series of reference
proj ections produced by EM COPFT from a 3D nodel or
reconstruction.

5. JCUT, | RADL, | RAD2, RES M N, RES MAX, I LI ST, SI G (3I, 2F, I, F)

JCUT specifies the mninmumrotational Bessel order (Jn) to
include in the calculations. The DEFAULT (= 1) will omt the Jo
term(this is recomended for the reasons given above). To
I nclude Jo, set JCUT to a NEGATI VE val ue.

| RADL, | RAD2 specify the m nimum and maxi mumradii (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 val ues (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 will 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 generally
| oner correlations at lowradii (IRADLl). Thus, |IRAD1 and | RAD2 may
need sone fine tuning to optimze the orientations found by the
progr am

RES M N, RES MAX specify the | ower and upper resolution limts
(in TPU), respectively, of the data to be included in the
cal culations. These values are roughly the sane 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
nmeani 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 is 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.



EM COPFTCC. RADS and EM COPFTCC. RES al so out put.

sane as above plus asymmetric unit plots of correlation
coefficients for each imge output to termnal (*.LOG
file).

N
I

SI G enabl es the use of a masking 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.

6. | MG _NUML, | MG_NUM2, NUM STEP (3l FORIVAT)

I MG NUML and | MG NUM2 specify the range of inmages to test.
NUM STEP ( DEFAULT=1) can be used to skip imges (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 EMPFTCC BATCH JOB

$ SET DEF JUSTEMBDKAO: [ TSB. SCRATCH|
$ RUN JUSTEMBDKAO: [ TSB. EXE] EMPFTCC

BERNAL2: [ TSB. V. SV40] SV40_TI LTO. DAT

BERNAL2: [ TSB. V. SV40] SV40_TI LTO. PCK

BERNAL2: [ TSB. V. SV40] SV40_TI LTO. PFTS
BERNAL2: [ TSB. V. SV40] SV40_TI LTO0. PRIS
1, 21, 34, 6.4, 25.5, 1, 0.0

1, 96, 1

$ EXIT

D. FI NAL NOTES FOR PURDUE USERS

1. The Al pha version of this programruns fastest.



E. FLOWN CHART FOR EMPFTCC PROGRAM
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Pl RADDEG

| - STRI NG_UPPER!

| MG_OPEN - |- | MG_PACK_BI MGCOM CLEAR!
| - FI LE_CHECK!

| 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!
MG FILL -|- | MSSPACK FILL - | M3 PACK_NRECS!
|- | MGSFI LL!
| 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!

*
*
*
* _
*
* _
*
* _

PVMAP_FFT - FOURT -
PFTCC_CONVERT!

PFTCC_AVA

L6TOO



* 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$ROT - LI B$MOVC3!
FFT 2D - FOURT - L6TOLO!
PFTCC_RES!
FFT_FLT -|- FFT_H P!
| - FFT_LOP!
FFT_2DBT -|- COPY_R4!
| - FOURT - L6TOLO!

PFTCC_RAD!



