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A. | NTRODUCTI ON

The set of prograns for conputing the three-dinensional (3D)
reconstruction of particles with icosahedral symetry are based on
the original core of progranms devel oped at the MRC | aboratory in
Canbridge, England (circa 1970). Several nodifications and
addi tional routines were devel oped by Steve Fuller of the EMBL
(Hei del berg) and Ti m Baker of Purdue (Wst Lafayette, |ndiana)
whi ch provide nore quantitative and adaptabl e anal ysis of inmages
of particles with icosahedral symretry. This document just
i ntroduces the prograns avail able. Specific instructions
concerning the inplenentation of each of the prograns appear in
t he docunentation file for each program (e.g.

BABE3: [ TSB. DOC] EM COLGFB. DCC) .

The followng is a list of avail able docunentation for the
prograns required to conpute 3D reconstructions of the icosahedral
particl es.

Abbrevi ations: C=conplete, |I=inconplete, N=not witten
DOCUMENTATI ON FI LES: STATUS LAST UPDATE
EM CO_SYS. DOC C Jan 31, 1997
EM CO. DOC N
EM COG3DR. DOC C Feb 10, 1997
EM COFV. DOC C Cct 2, 1991
EM COGRAD. DOC C Sep 15, 1994
EM COGRAD2. DOC N
EM COPFTDSP. DOC C May 27, 1992
EM COROT. DOC C Dec 10, 1990
EM COSYM DOC C Dec 10, 1990
EMCORORG. DOC I Sep 3, 1990
EMFFT. DOC I Mar 5, 1992



EM MG. DOC | Feb 25, 1992
EM MGFET. DOC C Nov 27, 1989
EMVAP. DOC | Apr 4, 1990
EMPFTREF. DOC C Aug 24, 1993
EMPROGS. DOC C Mar 12, 1992
EMSYSTEM DOC C Sep 8, 1989
LEXI . DOC | Sep 2, 1987

The followng is a |list of docunentation for progranms no | onger
in use.

Abbrevi ations: C=conplete, |I=inconplete, N=not witten
OLD DOCUMENTATI ON FI LES: STATUS LAST UPDATE
EM COBG DCC C Jan 5, 1991
EM COCOR. DOC I Sep 16, 1987
EM COFB. DOC C Sep 15, 1994
EM COLG DCC C Sep 15, 1994
EM COLGFB. DOC C Jan 31, 1997
EM COVAT. DOC C Dec 27, 1990
EM COVATBG. DOC C Jan 31, 1997
EM COORG. DOC C Dec 17, 1990
EM COORGX2. DOC C Dec 17, 1990
EM COPFT. DOC C May 27, 1992
EM COPFTCC. DOC C Feb 19, 1993
EM COPRJ. DOC C Dec 11, 1990
EMPFT. DOC C Aug 24, 1992
EMPFTCC. DOC C Aug 24, 1993
SURFACE. DOC C Apr 4, 1990

The followng is a list of prograns, subroutines and other
files required to build a VAX/ VM5 version of the icosahedral
particle 3D reconstruction system

FORTRAN PROGRAM DRI VERS
EM CO. FOR

EM CGBDR. FOR

EM COCOR. FOR

EM COFV. FOR

EM COGRAD. FOR
EM COORG. FOR

EM COORGR2. FOR
EM COPFT. FOR

EM COPFTCC. FOR
EM COPFTDSP. FOR



EM COPRJ. FOR
EM COROT. FOR
EM COSYM FOR

EMCORORG. FOR
EMFFT. FOR
EM MG FOR
EM MGFFT. FOR
EMVAP. FOR
EMPFT. FOR
EMPFTCC. FOR
EMPFTREF. FOR
SURFACE. FOR

SUBROUTI NE OBJECT LI BRARI ES
JUSTEMBDKAO: [ TSB. FOR] TSBLI B. OLB
BABE3: [ TSB. LEX] LEXI . OLB

BABE3: [ TSB. NEWFV] SDFLI B. OLB

SUBROUTI NE LI BRARY FI LES (all on di sk BABE3:)
EM CCLI B. SUBS
EMFFT. SUBS

EM MG SUBS
EMVAP. SUBS
FFTLI B1. SUBS
FFTLI B2. SUBS

| MALI B. SUBS

| MG_PACK. SUBS
MAPLI B1. SUBS
MAPL| B2. SUBS
M SCLI B. SUBS
PFTLI B. SUBS

| NCLUDE FI LES (contain many COVMON bl ock decl arations):

EM COSYM | NC
LEXI . CW

Brief descriptions of the icosahedral and related progranms (in
al phabetical order):

PROGRAM DESCRI PTI ON



EMOORORG
EMFFT

EM CO

EM COBDR
EM COCOR
EM CODI F
EM COFV
EM COGRAD
EM COORG

EM COORG2
EM COPFT

EM COPFTCC

EM COPFTDSP

EM COPRJ

EM COROT
EM MEBOX
EM MG

EM MG-FT
EMVAP

EMVAPDSP
EMVAPPRJ

EMVAP3DT
EMPFT

EMPFTCC
EMPFTREF
ENVBF

EMSF3DBT
SI MPLEX

SURFACE

Determ ne particle origin(s) by cross-correlation
met hods.

Mul ti-purpose FFT data mani pul ati ons.

Mul ti - purpose icosahedral data processing.

Comput e 3D-reconstruction of icosahedral particle
Cross-correlate particle images for scaling (rarely
used) .

D fference MAP between raw and reprojected data.

Determ ne particle view orientation

(t het a, phi, onega) .

Mul tiple particle, cross-conmon |ines orientation
refinement.

Refine particle origin.

BATCH node conmon-1lines origin refinenent.
Comput e pol ar Fourier transfornms of icosahedral
proj ections.

Cross-correlate raw i mage data with nodel PRJs and
PFTs.

Di spl ay i cosahedral PRJs or PFTs.

Proj ect 3D icosahedral map in evenly spaced views for
one half of the icosahedral asymmetric unit (al so
EMVAP " X").

Rotate 3D 2-fold MAP to equatorial (theta=90)
orientation.

W ndow out i ndividual particles fromthe scanned
m cr ogr aph.

Mul ti-purpose | MAGE data mani pul ati ons.

Comput e 2D Fourier transformof particle | MAGE
Mul ti - purpose 20/ 3D MAP dat a mani pul ati ons.

Di splay 2D/ 3D MAP with contours/grey-levels (also

EMVAP "D").
Project 2D/ 3D MAP from any view direction (al so EMVAP
n XII) .

3D FFT of 3D MAP: produce 3D SFs

Conmpute projections and pol ar Fourier transforns of
3D dat a.

Cross-correlate raw i mage data with nodel PRJs and
PFTs.

Combi nes work of EMPFT and EMPFTCC for refinenents.
Ceneral purpose SF nmani pul ati on program

Inverse 3D FFT of 3D SF data; produce 3D MAP file
Mul tiple particle, cross-comon |ines orientation
refinement.

Conmpute 3D MAP dept h-cue representation (al so EMVAP
"B").



PROGRAM DESCRI PTI ON

EM COBG Conbi ne i cosahedral data and solve for G s.

EM COFB Fouri er-Bessel synthesis of 3D MAP ("standard" 2-fold
vView ).

EM COLG Compute g's fromG s.

EM COVAT  Sets up normal matrices for each particle.



A former (G rca 1989-1992), "typical" protocol for processing
I cosahedral particles involved running progranms in the follow ng
or der:

1 EM MG DI SPLAY raw digitized | MAGE dat a
%
2 EM MEBOX BOX out individual particles
v
3 [ EM M3 Nor mal i ze dat a/ renpve gradients/etc.
%
4 [ EMFFT] FOURI ER TRANSFORM | MAGE dat a
% (estimate RES M N, RES_MAX)
v
5 EMCORORG Initial particle ORIA N estinate
%
6 EM COFV Initial particle ORI ENTATI ON estimate
%
7 EM COORG Single particle ORIGA N refinenent
%
8 EM COGRAD<- - | Interparticle ORI ENTATI ON refinenent
[ SI MPLEX] | Interparticle ORI ENTATI ON refi nenent
| |
9 | [ EM COOR®X2] Multiple particle ORIG N refinenment
I I
| ------ >|
v
10 EM CO3DR Set up normal MATRICES for particles, conpute

| Gn's the gn's, and finally a 3D MAP with the
| FOURI ER BESSEL procedure

v
11 [ EM COsYM Enforce full 532 symmetry on 3D MAP
Y
12 EMVAP (" X") Reproject 3D MAP in refined view orientations
v
13 EMCORORG Refine particle ORIG@ Ns by CC with projections
v
go back to 8 Add/ del ete particles, increase resolution,
etc.
OR
14 EMPFT Mobdel - based PFT refinenent
v
go back to 10 Add/ del ete particles, increase resolution,
etc.

NEED TO ADD NEW PROTOCOL ( EMPFT, EMPFTCC, EMPFTREF)



Addi ti onal

EM CCODI F,

prograns for analysis of icosahedral particle data:

EM COPFT, EM COPFTDSP, EM COPFTCC, EM COPRJ, EM COROT

EMVAP, EMVAPDSP, EMVAP3DT
EMPFT, EMPFTCC, EMPFTREF
ENVGF, EMSF3DBT

SURFACE

A der routines:

EM COVAT,

EM COBG EM COLG EM COFB, EM COVATBG EM COLGFB

B. DEFINITION OF COMMON VARl ABLES AND PARAMETERS
USED | N EM CO PROGRAMS

FFT_ORI GX,
FFT_ORI GY

FFT_STEPSI

FM N

| CO_DI AM

| CO I DI'M

| CO_NSAMP

I NCR

M NR, MAXR

DEFI NI TON
pi xel coordi nates of the particle center (the point
0.0,0.0 corresponding to the |ower |eft corner of
the boxed particle inmage).

ZE width of each transform annul us, given by:
(1 CO_I DI M RSCALE)

(1 CO_DI AMFI CO_NSAMP)

the fractional m ninmumanplitude (relative to the nean)
of data used in the refinement. This sets a threshold
so that data points with smaller anplitudes are

i gnored. See EM COFV.DOC for nore details.

the diameter of the original boxed particle (in pixels).

transform di mension (same for X or Y directions: nust
be 128, 256, 512, or 1024).

t he nunber of annuli per interval of 1/1COD AM (=1
for single or 2 for double sanpling of the FFT data.
(see EM COVAT. DOC) .

wi dt h of each band in nunber of transform annuli
NBAND* | NCR nust be < |CO ID M 2.

the inner and outer radii (in INTEGER TPU steps) of

the band of data thought to be correl ated icosahedrally.
These paraneters should be carefully chosen as outlined
in EM COFV. DOC



NANNUL | nunmber of annuli into which the transformis divided
( EM CQOVAT. DOC, EM COBG. DOC, EM COLG. DQC) .

NBAND nunber of bands into which the Fourier transformis
subdi vi ded for scaling purposes in EM COVAT and EM COBG

NSAMPL the nunber of radial sanple steps to be taken within
each annul ar band of the transform

RADI US nunber of radial steps in real space, i.e. the outer
radi us of the reconstruction in pixels (EM COLG DOC).

RADM N the di stance in reciprocal space beyond which data
poi nts are considered to be independent (usually
equal to the reciprocal of twice the particle
di aneter (1/2*dianmeter) expressed in REAL*4 TPU
See EM COFV. DOC for nore details.

RES M N, define the | ower and upper radial |limts of data
RES MAX t hought to be correlated icosahedrally. See
EM COFV. DOC for a conpl ete description of howto
estimate these limts (M NR MAXR).

RSCALE radi al scale factor (normally = 1.0 for images of
frozen-hydrated particles boxed froma single
m cr ogr aph.

STEP_SI ZE size of each radial step in pixels used in EM COLG
(aratiorelative to the pixel size in the origina
scanned i nmage).

THETA, PHI , three Eul er angles that define the particle view
OVEGA orientation (Kl ug/Finch convention given in J. Ml
Biol. (1968) 31:1-12).

TPU transform pi xel unit.

C. DEFI NI TION OF "STANDARD' TWO- FOLD PARTI CLE
ORI ENTATI ON

3D reconstructions of icosahedral particle are conputed in the
"standard" 2-fold orientation. In this view the 3D MAP contai ns
the entire icosahedral particle viewed along a 2-fold axis such
that three nutually perpendicular two-fold particle axes are
aligned with an XYZ Cartesi an MAP coordi nate system (NCOL col umms
in the X direction; NRONrows in the Y direction; NSEC sections in
the Z direction: see JUSTEMPDKAO: [ TSB. FOR] EMPROGS. DCC for furt her
detai |l s about the storage of MAP data).



The original MRC program produced a 3D MAP oriented with a two-
fold axis parallel to the Z direction and a five-fold axis
parallel to the Y direction.

The standard orientation is useful since:

1. Any equatorial view (THETA=90) can easily be conputed from
the 2-fold MAP

2. The 2-fold MAP conforms to the Klug & Finch convention as
described in J. Mdl. Biol. 31:1-12 (1968) for the particle
orientation (THETA/PH /OVEGA). THETA is neasured in degrees
positive fromthe Z-axis towards the X-axis; PH is neasured
in the XY plane in degrees positive from X towards Y; OVEGA
is measured in degrees positive, counterclockw se about the
view ng direction.

3. EMVAP and EM COPRJ can be used to obtain 2-D projected
views, and EM COROT to conpute a 3-D MAP with the Z-axis of
the MAP coincident wth an equatorial view

D. REFERENCE LI ST

The followng lists provide a guide to the literature that
deals with icosahedral virus structure and three-di nensi ona
reconstructi on net hods.

GENERAL ( METHODS/ REVI EWS/ ETC. )
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