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A. | NTRODUCTI ON

EMCORORG uses cross-correlation procedures to determ ne the
| ocation of the origin (center) of particles which appear circular
in projection. This program can be inplenmented in one of three
di stinct nodes:

B. PROGRAM MODES

OPTION 1: I MAGE(S) VS. A SINGLE REFERENCE

A particle | MAGE (or several | MAGES) may be cross-correl ated
with a single reference particle (which can be either | MAGE or NAP
format data). The reference data is typically froma nodel or
circularly averaged data. This option is especially useful for
determining initial estimates of centers for icosahedral particles
prior to running EM COFV to determne initial orientation
estimates. Results fromthis procedure are usually superior to
those obtained in OPTION #2 (bel ow) because the reference data
(e.g. a straight average or a circular average) has hi gher signal -
to-noi se than the particle being tested, and because the center of
the reference can be determned fairly accurately. This is because
the use of a "nodel" I MAGE (such as that obtained froma
rotationally symmetrized correl ation average) facilitates the
identification of the center of the particle in guestion, since
the center of the "nodel" is known.

OPTION 2: I MAGE VS. | TSELF ROTATED BY 180 DEGREES

The particle IMAGE is cross-correlated with itself, rotated by
180 degrees. The programidentifies the centrosymretric origin of
the particle, which, for particles that appear circular when



viewed in projection, should approximately coincide with the
center of the particle. This nmethod is very sensitive to the high
noi se level in the individual | MAGE. Judicious choice of RES M N
and RES MAX (see below) can help, but use of OPTION #1 usually
seens to give better results.

OPTI ON 3: | MAGE(S) VS. CORRESPONDI NG REFERENCES ( BATCH MODE ONLY)

Particle | MAGEs are cross-correlated with correspondi ng
references (I MAGE or MAP format data). This option was designed
to facilitate accurate refinenent of particle origins in the
processi ng of icosahedral particle data. It is run after a 3D
reconstruction has been conputed (EM COFB) and after the 3D MAP is
reprojected in the corresponding view directions for all the
particles in the 3D data set. EMCO is used to produce the BATCH
command procedure that conputes the set of projections. After
this is done, EMCO is al so used to produce the BATCH command
procedure that executes OPTION 3.

NOTE: OPTION #3 ONLY works as a BATCH job procedure.

EMCORORG is commonly used as a neans to deternmine initia
particle origins in the processing of images of spherical virus
particles. Further refinenment of the particle origins is
acconplished with the programs EM COORG and EM COORGL (i n
conjunction with EM COFV, SIMPLEX, and GRADI ENT) before conputing
a 3D reconstruction. After a believable 3D reconstruction becones
avai | abl e, EMCORORG option #3 provides an extrenely powerful and
accurate way to refine particle origins.

WARNI NG Be careful if you set RES MN > 0.0 since |ow
resol ution information can be crucial for obtaining
an accurate estinmate of particle centers. Even
t hough the RES MAX used in EMCORORG can be the sane
as that used in SI MPLEX( GRADI ENT), the use of
RES M N in EMCORORG i s sonmewhat different than that
i n SI MPLEX( GRADI ENT) .

D. AUTQOVATI C VS. USER- CONTROLLED PROCESSI NG

Thi s program provides two nethods for identifying the peak
position in the cross-correl ation function conputed. The peak
position nmay be |ocated automatically using a quadratic fit
routi ne kindly provided by Dr. Benes Trus, N.I.H , or with user-
controlled interactive graphics. Wth input data from byt e-packed
format files (containing "stacks" of IMAGEs in a single file), the
automati c procedure can be nmuch nore efficient than working
individually with each particle. Wth experience you wll find



that the AUTOVATI C procedure works quite well and is reliable
(i.e. it nmakes just as good or better decisions than us humans!).

E. I NPUT FOR | NTERACTI VE JOBS
1. OPTION (I FORVAT)

The user is pronpted with the foll ow ng nessage:
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* EMCORORG OPTIONS: (CC = cross-correl ate) *
K e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e *
* CCimge(s) with ONE reference (e.g. an average) (1) *
* CCimge wth itself, rotated by 180 degress (2) *
* CC inmage(s) with corresponding reference(s) (3) *
* EXIT PROGRAM (4) *
* *
* NOTE: Option #3 ONLY WORKS i n BATCH node. *
R I I I b S S S S I S S S S i S S i i i e S S i S R I I I S I I

Note that the only options available in interactive node are 1,
2, and 4.

2. Enter <CR> or 1 to specify AUTOVATI C or USER- DEFI NED peak
identification node (see description above).

3. STORE REFINED ORIG NS I N EMCORCORG TMP? Y/ <N>

Touch "Y" to create an ASCI| output file naned EMCORORG TMP in
whi ch the val ues obtained for the | MAGE centers
(FFT_ORIGX, FFT_ORI GY) are stored. Touching "N' or any other key
except "Y' will bypass this option.

4. FILENAME (A FORMAT)

Enter the nanme of the file that contains the | MAGE(S) whose
center(s) you wish to | ocate.

4a. NUML, NUMR, STEP (3I)

If the input file contains | MAGE data stored in BYTE- PACKED
format, specify the nunbers of the first (NUML) and | ast (NUMR)
| MAGES you Wi sh to exam ne and the increnent (STEP) between
I mages. The default values are NUML = 1, NUM2 = nunber of [ ast
IMAGE in the file (BIMGNUMLIM, STEP = 1. Thus, with BYTE-



PACKED data, you can rapidly scan through an entire

(or partial) set of data. Wth BYTE- PACKED data the program
automatically processes successive | MAGES so the user need not
retype the fil enane.

4b. COVPUTE AN AVERAGE? (STORED I N EMCORCRG AVG) Y/ <N>
(asked i f NUM2>NUML)

Touch "Y" to create an ASCI|1 output file naned EMCORORG AVG
in which a global average of the | MAGEs exam ned is stored.
The average is conputed with each of the conponent | MAGES phase
shifted to a common origin (for OPTION #1 this wll correspond
to the center of the reference particle; for OPTION #2 this
corresponds to the center of the 2D data array). Touching "N
or any other key except "Y' will bypass this option.

5. RES_ M N, RES_MAX (2F FORMAT)

RES M N, RES MAX set resolution limts for the correlation
function calculation. These paraneters are expressed in transform
pi xel units (TPU). The DEFAULT for RES MNis 0.0 (i.e. to
include ALL owresolution information). The DEFAULT for RES_MAX
= SQRT [ (IDIML/2)**2 + (IDIM/2)**2 ]. IDIML and IDIM2 are the
di mensi ons of the small est power two transformthat can
accommodat e the | MAGE data. As an exanple, for a 99 by 99 pixe
| MAGE, the snallest FFT would be 128 by 128 and RES MAX woul d be
set = 90.5. This DEFAULT is the MAXI MUM val ue that RES MAX can be
set. It is GENERALLY NOT W SE to use the DEFAULT val ue since the
resulting correlation function will be influenced by the inclusion
of high resolution noise. Normally, RES MAX is set < IDIM2 since
the original imge SHOULD HAVE BEEN densitonetered at a pixel size
that is at least TWCE as fine as the maxi mum expected data
resolution. Any time RES M N or RES MAX are changed t he new
val ues are used as new DEFAULT val ues for subsequent cal cul ati ons.
(NOTE: When processing nultiple data froma BYTE- PACKED array, the
values for RES M N and RES MAX remai n unchanged after they are set
initially).

6. FILENAME (A FORMAT) (relevant ONLY if OPTION #1 is chosen)

Enter the nane of the file containing the REFERENCE data. This
file may contain data in either I MAGE or MAP fornat.

6b. X _SHIFT, Y_SHIFT (2F FORMAT) (DEFAULT = 0.0, 0. 0)

If the origin of the reference | MAGE/ MAP is exaclty in the
center of the data array, enter a correction factor which



will be applied to the final origin positions that are
cal cul at ed.

F. PROGRAM OPERATI ON

A. Termi nal display of the peak of the cross-correlation function
( CCF)

The program conmputes the CCF and | ocates the peak value and its
position. The CCF is scaled to nornalize the peak value to 255.
The values within a 15x15 pi xel wi ndow, centered on the peak
position, are displayed at the user termnal.

The program next cal cul ates by interpol ation the exact
(floating point) position of the peak (PEAKX, PEAKY) in the CCF.
The origin of the CCF is considered to be | ocated at position
0.0,0.0. The shift vector (DX, DY) defines the l|ocation of the
particle center with respect to the center of original | MAGE data
array. The center of the particle is obtained by addi ng DX and DY
to the geonetric center of the particle | MAGE array (in pixel
coordinates). As an exanple, for particle | MAGES boxed with
circul ar boundaries using option "C' of EM M3BOX, the array of
pi xel s i s square and odd-si zed (e.g. NCOL=NROM99). Thus, the
geonetric center of the BOX is at position (NCOL+1)/2, ( NROM1)/2
(or 50.0,50.0 if NCOL=NROM99) .

B. Defining the peak center with interactive graphics

The graphics data tablet puck is used to position the cursor
over the center of the peak identified in the CCF. Depress the
YELLOW button to list the current val ues for PEAKX, PEAKY, DX, and
DY at the terminal. Values obtained by Trus' quadratic fit nethod
are al so given for conparison with the user-obtained positions.
Depress the GREEN puck button to EXIT when you are sati sfi ed.

A choi ce of several cursor types and colors nmay be sel ected
with a sub-nenu by depressing the BLUE puck button. Follow the
directions given on the termnal screen. Depress the WH TE button
if you wish to further optim ze the display of the CCF peak by
sel ecting new values for the nunber of contour intervals (NCONTUR)
used and the density value at which the first contour |evel
(ICLIM is displayed. The initial DEFAULT val ue for NCONTUR (the
nunber of contour l|evels) is 25 (nmaxi num val ue = NCONTUR LI M
defi ned by a PARAMETER STATEMENT in the FORTRAN program [currently
= 50]). The initial DEFAULT value for ICLIMis 105. Opti nal
val ues for NCONTUR and | CLIM are obtained by trial and error.



You may EXIT the program (1) or continue <CR> with anot her
| MVAGE. (For multiple I MAGEs froma BYTE-PACKED | MAGE file this is
handl ed aut omatical ly).

G BATCH MODE PROGRAM OPERATI ON

Al'l three options of the program can be run in BATCH node. The
sinplest way to set up the BATCH conmand procedures is to use the
appropriate sub-nenu option provided by selecting option "B" of
the main nmenu in the EM CO program

A coupl e notes:

1. When run in BATCH node, options #1 and #2 require | MAGE
i nput from BYTE- PACKED data format files.

2. \Wen run in BATCH node, options #1 and #2 automatically send
output to the EMCORORG TMP file and al so the EMCORORG AVG
file if nore than one I MAGE is processed (the typical case).
Thus, if you run EMCORORG as a BATCH process, please be sure
to del ete unwanted EMCORORG TMP and EMCORORG AVG files after
you are done.

The FORTRAN code for EMCORORG i s in [ TSB. FOR] EMCORORG. FOR
This docunmentation is in [ TSB. DOC] EMCORORG. DOC 3- Sep-90

H FLOW CHART FOR EMCORORG PROGRAM

kkkkkhkkkhkkikkkk*%x

* *
* MAI N *
* (EMOORORG)  *
*khkkkkh*kkhkhk*kki*khkhk*k
* | -- STRI NG_UPPER
*.. SYS$| NTERACTIVE |-- |MG OPEN --|-- FILE_CHECK
* | -- | MG_PACK_GETRANGE
oo LXINT | -- GET_YESNO
* |-- | MG PACK FIND -- | MG PACK_NRECS
.- LX_TABINIT | -- | MG_PACK_FI LL
* |-- IMG FILL
*. . LX_CURON | -- FFT_SETDI M DEF_SAME
* | -- STRING UPPER
*.. GET_YESNO | -- FILE_CHECK | -- STRI NG UPPER
* |-- MAP_OPEN ------- | -- FI LE_CHECK
*.. CORORGL2 --------- |-- MAP_FILL_2D
*

|-- IMG_FFT_FILL -- FFT_CLEAR
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FFT 2D -- FOURT -- L6TC®
MAP_FFT_FI LL
COPY_R4
FFT_FLIP
FFT_ PSHFT |-- FOURT -- L6TC®
CCF_FFT ----- |-- CCF -- (#1)
MAP_SCALE
MAP_PEAKSEARCH |-- LX_ ERASE
PEAK_SORT Hi | -- LX_CTSET
PEAK_CHK | -- MAPDSP_VECPLT -
CORORGL2_PEAK --|-- TRUS_POLYS --
| MG_SHI FT | -- CONTUR A --
| MG_ADDI MG | -- LX_TABPCS
| - - CORORG_PLOTI NFO
| - - CORORG_PLOTI NFO
| MG_PACK_FIND -- | MG_PACK_NRECS
| MG_DI VI DE
| MG_STATS
| MG_BKG\D
| MG_WRI TE
LX_TABOFF
LX_CUROFF
LX_CLOSE
| -- STRI NG_UPPER
| MG_OPEN --|-- FILE_CHECK
| MG_PACK_FIND -- | MG _PACK_NRECS
| MG_PACK_FI LL
| MG_FI LL
FFT_SETDI M_DEF_SAVE
| MG_FFT_FILL -- FFT_CLEAR
FFT 2D -- FOURT -- L6TO9
STRI NG_UPPER
FI LE_CHECK | -- STRI NG UPPER
MAP_OPEN - - - - - - | -- FI LE_CHECK
MAP_FI LL_2D
MAP_FFT FI LL
CCF_FFT -- CCF -- (#1)
MAP_SCALE
MAP_PEAKSEARCH
PEAK_SORT_Hi
PEAK_CHK
CORORG3_PEAK -- TRUS_POLYS -- (#3)



* | -- MAP_CLEAR

#1  *-- CCF --|-- FOURT -- L6TO9
* | -- BLANKL
* | -- MAP_STATS
* |-- LX_VEC
#2 *-- MAPDSP_VECPLT --|-- LX VECCLIP

#3 *-- TRUS POLYS -- TRUS SOLVE -- TRUS_MATI NV
#4 *-- CONTUR A -- CONTUR C -- CONTUR D -- (#1)
FI LES REQUI RED TO SETUP EMCORORG PROGRAM

LXLI B. DOC
EMPROGS. DOC
EMCORORG. FOR
EMCORORG. DOC
CONTUR. SUBS
CORLI B. SUBS
FFTLI B1. SUBS
FFTLI B2. SUBS
| MGLI B. SUBS
| MG_PACK. SUBS
MAPLI B. SUBS
M SCLI B. SUBS
PEAKLI B. SUBS
TRUSLI B. SUBS



