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A. | NTRODUCTI ON

EMCOFV is a "brute force" (translates, "sledgehamer")
i cosahedral viewrefining program It calculates the view
paraneters (THETA, PH , OMEGA) for a particle assuned to have
I cosahedral symmetry. The entire icosahedral asymetric unit is
scanned in 1 degree steps in THETA, PH, and OVEGA. The
asymretric unit of an icosahedron is a triangular region (one
third of an icosahedral face) with its corners at a three-fold
axi s (THETA, PH =69. 09, 0.0) and two adjacent five-fold axes (90.0,
31.717474 and 90.0, 31.717474). The THETA, PH , OMEGA coordi nate
systemis that defined by Klug and Finch (J. M. Biol.
31:1-12 [1968]).

B. BACKGROUND

EM COFV is adapted fromthe original MRC routine FINDVIEW |t
has been extensively nodified by S. Fuller (Heidelberg) and T.
Baker (Purdue). The original MRC "phase residual" or "vector
residual " cal culation was nodi fied to conpensate for the conmon
| i nes degeneracies that led to inproper relative weighting of the
residuals for different orientations. The degeneracy of the
conmon lines is conpensated in 2 ways:

1. The conmon |ines subroutine, 1CO COMLIN, now uses a flag to
identify truly degenerate common |ines (I FLAG NVIEW).

2. For a given pair of conmon lines, the radius at which they
are RADM N apart (DEFAULT = 1.0 TPU) is cal cul ated, and
residuals are determned only for those conmmon points for
whi ch their separation is greater than RADM N

The program cal cul ates the chi_square for each orientation and
the probability of that chi_square based on:



1. An estimate of the variance obtained fromthe matri x of
residuals for a fixed THETA, PH and varyi ng OVEGA.

2. The nunber of degrees of freedom which is determ ned from

the nunber of actual points for which residuals were
eval uated and the nunber of sanples on the conplete |ine.

The val ue of the unweighted residual is then nultiplied by the

probability value. Thus, |ow residuals that are highly probable
remai n virtually unchanged whereas those with the sane val ue that
are very inprobable are increased.

C. PROGRAM | NPUT

1.

2.
3.
4

2.

FI LE NAME (A)

1B. | MG_NUML, | MG_NUM2, | MG_NUM STEP (3I)
ICOIDIM (1)

M NR, MAXR, NSAMPL, FM N, RADM N, | LI ST (31, 2F, |)
| D, DUMT, DUMP, DUMD, FFT_ORI GX, FFT_ORI GY (I, 5F)

FI LE NAME (A

Nane of file that contains the | MAGE data. |If the file is
i n BYTE- packed format (see [ TSB. DOC] EMPROGS. DOC), then the
foll ow ng additional input is necessary:

1B. | MG_NUML, | MG _NUMZ, | MG_NUM STEP (3I)
I MG NUML and | MG NUM2 identify the first and | ast | MAGES
to be analyzed. By setting | MG NUM STEP > 1 (DEFAULT =
1), IMMGES in the data file will be left out of the
anal ysis. For exanple, if
| MG_NUML, | M5_NUM2, | MG_NUM STEP = 1, 20,3, then only
| MAGEs # 1, 4, 7, 10, 13, 16, and 19
in the BYTE-packed file will be used in EM COFV.

ICOIDIM(1)
ICOIDIMis the size of the FFT. The only all owed val ues
for ICOID Mare 128, 256, 512 or 1024.



3. M NR, MAXR, NSAMPL, FM N, RADM N, I LI ST (31, 2F, 1)
M NR and MAXR are the inner and outer radii (in INTEGER TPU
steps) of the band of data thought to be correl ated
i cosahedral ly. These paraneters should be carefully chosen as
outlined bel ow.

M NR and MAXR specify the | ower and upper resolution limts
of the data to be used in the refinenent cal cul ations. These
val ues are expressed in | NTEGER transform pi xel units (TPU).
The DEFAULTS for these paraneters are 1 and ((I1COIDM2)-2).

As an exanple, for a particle imge of bovine papillom
virus (BPV) recorded at 36, 000X, scanned at 25 m crons, and
Fourier transfornmed in a 128 by 128 pixel array, the follow ng
rel ati onshi ps can be derived:

Each pixel = scan raster in nm/ magnification
= (25000 nm 36000)
= 0.694 nm

Each TPU 1.0/ (pixel size * 1COID M

magni fication / (scan raster in nm* 1COID M
(36000/ (25000 nnt128))

0.0113 nm1

1/88.9 nm

Judi ci ous choices of MNR and MAXR significantly inprove the
success of the orientation search conputed by EM COFV.

M NR and MAXR are typically estimated by inspection of a few
representative particle Fourier transforns (displayed with
EMFFTDSP) and the sane values are then used for all particle
i mges anal yzed by EM COFV. Typically, the value for MAXR i s
set slightly Iower than the value correspondi ng to the nmaxi num
expected resolution of the data. This hel ps reduce
uncertainties introduced by the presence of high resolution
noi se. For BPV i mages, the maxi mumresol ution was
determ ned to be about 36 TPU (= 3.5 pixel resolution = 2.5 nm
resolution). For EM COFV, MAXR was set = 26 (4.9 pixe
resol ution; 3.4 nmresolution).

NOTE: MAXR nmust be < (ICOIDM2)-1, the limt of the
Fourier transformdata. Since m crographs typically should be
scanned at a raster step size (pixel resolution) AT LEAST TW CE
AS FINE as the expected resol ution, MAXR shoul d never exceed
(1coIDM2)-1. If, for exanple, the data are digitized at a
raster step size three tines finer than the



expected resol ution, MAXR should not exceed |1 CO |ID M 3.

The choice of MNR also has a significant effect on the
success of the orientation search. Setting MNR too | ow has
the effect of overenphasi zi ng very | ow resol ution features,
whi ch generally carry little if any useful information
concerning the orientations of the icosahedral symetry axes of
the particle. MNRis estimated by noting where the particle
transformno | onger appears circularly synmetric. |n the BPV
exanple, MNR was determ ned to be 6 TPU (21.3 pi xe
resolution; 14.8 resolution) which is a resolution
corresponding to about one fourth the particle dianeter.

Thus, for BPV, the spherically symmetric part of the transform
extends to about 14.8 nmresolution and this part of the
transformcarries no useful information about the orientation
of the icosahedral symetry axes.

NSAMPL is the nunber of radial sanple steps to be taken
within the band. NSAMPL is al nost al ways set equal to the
DEFAULT val ue (MAXR-M NR+1). At this value the sanple step
si ze equal s one TPU.

FMNis the fractional m ninmum anplitude (relative to the
mean) of data used in the refinenent. Data points with smaller
anplitudes are ignored. For FM N > 0.0 the average value of F
in each radial zone is calculated and these values are fit, via
a Wlson plot, to a straight Iine to establish the expected
average value of F which is then used as a cutoff. For FMN <
0.0 the average value of F for the entire required area is
calculated and this cutoff is applied to all the F's. The
DEFAULT for FMNis 1.0, a value that is useful in nost
instances. Use FM N > 1.0 or < 1.0 WTH CAUTI ON

RADM N is the distance in reciprocal space beyond which data
points are considered to be independent. This is usually equa

to the reciprocal of twice the particle dianeter (1/2*dianeter)
expressed in REAL*4 TPU. The DEFAULT for RADM N is 1.0.

RADM N can be estimated in the foll ow ng way:

RADMN = ICOIDIM/ (2 * |1COD AV

where 1CO IDIMis the FFT dinension (see 2.) and ICOID AMis
the dianeter of the particle (box) in pixels.

For exanple, for BPV imges, the particle box size was 91 by
91 (NCOL by NROW, and the size of the FFT used was 128 by 128.



Thus, RADM N = (128/(2*91)) = 0.7.

NOTE: It is always a bit safer to set RADM N slightly |arger
than the val ue determ ned by the above cal culation. Thus, in
the BPV exanple, RADM N was set = 1.0 instead of 0.7.

I LI ST controls the anmpbunt of output witten to EM COFV. TMP.

I LI ST

O only prints out the probability wei ghted phase

resi dual

= 1 also perforns a 5 cycle origin refinenent for each
of the 10 best particle orientations found
(essentially using the EM COORG al gorithm). Use of
this option increases total program CPU usage by about
10%

= 2 also prints out the original MRC phase residua

(with a nodified version of the common I|ines

subroutine).

4. | D, DUMT, DUWMP, DUMO, FFT_ORI GX, FFT_ORI GY (I, 5F)

| D, DUMT, DUMP, DUMO ar e dunmy vari abl es, not used by EM COFV.
They are present only for convenience as they are part of the
standard EM CO. DAT i nput data format. FFT_ORI GX, FFT_ORI GY are
t he pi xel coordinates of the particle center (the point 0.0,0.0
corresponding to the lower |eft corner of the boxed particle
image). Initial estimates of FFT_ORI GX and FFT_ORI GY are
usually determned wwth EMCORORG There is one line of this
i nput data for each particle. A separate EM COFV. TWP file is
produced for each particle. Only one EM COGRAD. TMP file is
produced for each run of EM COFV.

D. RUNNI NG THE PROGRAM

The programis typically executed as a BATCH job and output in
the *.LOG EM COFV. TMP, and EM COGRAD. TMP fil es shoul d be exam ned
very carefully to determ ne the nost probable THETA, PH , OVEGA
orientation angle.

PLEASE NOTE: Qutput fromthis programrequires careful
anal ysis, since the correct orientation angle QU TE OFTEN turns
out NOT to be the orientation at which the BEST residual value is
found due to the | ow signal-to-noise in nost EM data (especially
of frozen-hydrated specinens). EM COFV gives the nost trustworthy
results ONLY if the particle phase origins (FFT_ORI GX, FFT_ORI GY)
are fairly accurately known. This is not always easy to do,
especially for particle inage data that is noisy (the case for
nost i mages of frozen-hydrated specinens). In addition, the



results of EM COFV are highly sensitive to the val ues chosen for
M NR, MAXR, and FM N (see 3.).

E. FI NAL NOTES

1. A VACCELLERATOR version of this program
[ TSB. AEXE] A EM COFV. EXE, is avail able and works the sanme as
EM COFV, but nuch faster, and thus it is preferred.

2. For those wishing to do limted searches (finer sanpling of
THETA, PHI, or OVEGA over restricted regions of the asymetric
unit) EM COFV2 nust be used. Note that this version of the
programis not documented, requires FFT data input, and other
paraneters are input differently than in EM COFV. To reconpile
and link this routine you will need subroutines (I COFV_*) that
may be found in [ TSB. NEWFV] SDFLI B. SUBS.

3. See [TSB. FOR] EM COFV. BCH for an exanpl e BATCH command
procedure.

The FORTRAN code for EM COFV is in [ TSB. FOR] EM COFV. FOR.
This docunentation is in [ TSB. DOC| EM COFV. DOC 2-Cct-91

F. FLOW CHART FOR EM COFV PROGRAM
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* MAI N *
*  (EM COFV. FOR) *
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-- Pl RADDEG
-~ | CO_ROTNAT

| -- STRI NG_UPPER
-~ IMG_OPEN ----------- | -- 1 MG_PACK_BI MGCOM CLEAR

| -- FILE_CHECK
-~ | MG_PACK_GETRANGE

-~ I MG_PACK_FIND - | MG _PACK_NRECS
-~ IMG FILL
-~ IMG_PACK_FILL - I M5 _PACK_NRECS

-~ IMG_FFT_FILL - FFT_CLEAR
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